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ABSTRACT 

CLUSTER HOMOLOG OF IMMUNOGLOBULIN-LIKE RECEPTOR GENES 
IN CHICKEN IMMUNE RESPONSES 

Brandi A Sparling 

This dissertation explores the identity and role of immunoglobulin-like (Ig-like) receptors 
in chickens, with focus on their implications in disease and disease progression. These receptors, 
wisely expressed across immune cells, interact with the major histocompatibility complex (MHC) 
class I molecules to modulate immune responses in mammals. Due to the insufficient 
representation of chicken Ig-like receptors in online databases, this study systematically annotates 
the chicken Cluster Homolog of Immunoglobulin-like Receptors (CHIR) genes using advanced 
bioinformatic techniques, aligning with the release of the 7th edition of the chicken genome 
assembly that comprises builds for a broiler and layer chicken. The analysis identifies over 150 
CHIR genes, refining functional classifications of activatory (CHIRA), inhibitory (CHIRB), 
bifunctional (CHIRAB), and CHIR-like (CHIRL) genes through InterProScan, phylogeny and 
motif searches. Variations in CHIR gene counts across different chicken lines (broiler, N = 124, 
layer, N = 70) suggest links to selective breeding demands, emphasizing their importance in 
poultry health and production. Phylogenetically, CHIRs show close relationships with other 
poultry Ig-like receptors, and structural comparisons indicate analogous roles to Ig-like receptors 
in the human and rat. As an outcome of the analysis, CHIR genes were renamed, in collaboration 
with the Chicken Genome Nomenclature Consortium, from “chicken homolog of Ig-like 
receptors” to “cluster homolog of Ig-like receptors”. Reanalyzing next-generation sequencing data 
reveals CHIR genes are expressed across all tissues of a UCD001 line, with generally higher 
expression in blood-containing organs. Examination of CHIR gene single nucleotide 
polymorphisms across various in inbred lines (UCD001, UCD003, Line 0, Line 6, Line 7, Line 15, 
Line N, Line P, Line C, and Line W) indicates an overall variant rarity and slightly more 
occurrence in CHIRB genes. Over 1,000 protein-encoding variants are associated with differential 
resistance and susceptibility to Marek’s disease (P < 0.05). Two in vitro approaches assessed the 
roles of CHIR molecules in modulating immune responses or targeting pathogens. Re-examination 
of RNA-sequencing data of MHC-I types B2 and B19 macrophages, temporally stimulated with 
interferon-gamma, revealed dynamic and opposite CHIR expression trends, with B2s showing an 
increase and B19s displaying a decrease until returning to basal levels at 24 to 48 hours. These 
findings suggest nuanced and distinct regulatory patterns of CHIRs in different haplotypes during 
immune responses. Additionally, CHIR sequences were aligned for the design of small interfering 
RNA molecules targeting the CHIRB functional group on macrophages retrieved from birds of 
congenic (UCD331 and UCD335) and mixed (WVU1952) backgrounds. CHIRB silencing was 
observed to enhance cellular nitrate release and impact H2O2, particularly in specific MHC-I 
haplotypes and in different genetic backbones, in avian influenza virus infection. While this 
dissertation enhances our understanding of chicken Ig-like receptors and cellular involvement, it 
also recognizes certain limitations, such as variations in gene annotations. Nevertheless, CHIRs 
merit a sizeable acknowledgment as pivotal contributors to the immune response, particularly in 
their intricate interactions with the MHC. Future studies integrating this understanding into 
breeding plans or other interventions becomes a strategic imperative for optimizing poultry health 
and immunity, ensuring wellbeing, and in turn, a more resilient and sustainable food supply.
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INTRODUCTION 

In today’s world, poultry face an onslaught of threats, particularly infectious diseases such 

as those occurring from avian influenza virus. It is important to protect food resources and also 

mitigate the potential threat of zoonoses. One of the strategic missions of the United States 

Department of Agriculture’s National Institute of Food and Agriculture is to contribute to the goal 

of "Providing All Americans Access to a Safe, Nutritious, and Secure Food Supply." Similarly, the 

Foundation for Food and Agriculture Research's Advanced Animal Systems Challenge Area aims 

to "enhance animal production" and address pressing issues that producers face, such as the 

"reliance on antibiotics, minimizing environmental impacts, maintaining productivity, and 

improving animal welfare". Aligned with these objectives, exploring widely expressed genes 

among immunological tissues, which play a crucial role in regulating positive disease outcomes in 

mammals, and understanding how this translates to chickens—one of human’s major food 

sources—is worthy of investigation. 

Critical genes that regulate immune responses against self, non-self, and various pathogens, 

as well as those crucial for survival, are priority areas of investigation. One notable example is the 

Major Histocompatibility Complex (MHC) molecule, a ubiquitous player not only in immune 

function but also in pathogen recognition and reproduction. This molecule is commonly associated 

with blood type compatibility and is weakly linked to pheromones that drive mate choice. 

Nevertheless, the MHC molecule has broad-reaching associations, serving to recognize and 

present foreign antigens. Its absence or dysfunction can compromise the ability to mount effective 

immune responses against infections, preventing the body's system from attacking its own cells or 

leading to a lack of tolerance. Consequently, it has been a large topic of investigation in chickens 

for 50 or more years. 
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 In this dissertation, we delve into a category of cell surface receptors known as 

immunoglobulin-like receptors, which bind to MHC-I molecules. These receptors exhibit 

structural similarities with immunoglobulins and play a broad role in cell activation, inflammation, 

and antigen recognition. Their expression on various blood cell populations suggests a profound 

impact on various bodily organs. Typically arranged in a single cluster on a chromosome, these 

receptors can comprise up to 30 protein-encoding genes in humans and putatively 12 in rodents 

(Martin, et al., 2002a). Structurally, these proteins are classified as activatory, inhibitory, or 

bifunctional on immune response. The impetus for this investigation stems from experiments with 

immunoglobulin-like receptor knockout mice, which succumbed to death after receiving 

incompatible kidney transplants (Dai, et al., 2020). Although immunoglobulin-like receptor genes 

in chickens have been previously described (Dennis, et al., 2000; Viertlboeck, et al., 2004), further 

research is needed to uncover their complete gene repertoire, characteristic expression, and 

understand their roles in disease. 

Selection of genes for increasing disease-resistance is not a recent development. Scientists 

have long pursued breeding strategies to enhance natural resistance in chickens to various diseases, 

such as fowl typhoid (Lambert, 1932), avian pathogenic Escherichia coli, and low pathogenic 

avian influenza (June Byun, et al., 2017) or to increase broad levels of resistance through antibody 

levels (Gross, et al., 1980; Siegel and Gross, 1980). However, it is the fundamental understanding 

of the roles played by these genes and cells that not only contributes to our comprehension of 

natural disease occurrences, but also lays the foundation for developing more sustainable 

agricultural practices. Furthermore, these studies may prove useful in understanding the impact of 

the genetic diversity of these genes on human population health and adaptation, as well as in 

wildlife efforts focused on species recovery and conservation. Therefore, this study aims to delve 
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into the underlying immunology and genetics of immunoglobulin-like receptors in chickens, 

offering insights that can inform broader areas of scientific inquiry and conservation efforts. For 

example, it may be possible to extend these genetic principles to molecules with similar structures, 

or how these molecules might function in various diseases. To achieve these aims, the dissertation 

poses the below major research questions. 

While this research was undergoing, it is important to note additional effort was invested 

into research on canine atopic dermatitis1. Canine atopic dermatits is a characteristicly red, scaley, 

and inflammed skin condition with increasing importance. In brief, the skin cells, gene patterns, 

immune cell development, and severity impact are not well characterized. As such, the overarching 

narrative of this research was annotation of genes and cells. For research on canine atopic 

dermatitis, the reader is encouraged to refer to the appendix section. Taken together, this research 

was focused on animal immunology and genetics, laying the groundwork for future exploration. 

MAJOR RESEARCH QUESTIONS 

Immunoglobulin-like (Ig-like) Receptors 

1. What is their molecular identity and what Ig-like receptors constitute the full repertoire in 

chickens? 

2. Where and when are Ig-like receptors expressed, and do they correlate with disease 

status? 

3. How do Ig-like receptors contribute to the immune response against viral pathogens like 

avian influenza virus?  

 
1 The appendix contains additional information related to the study of canine atopic dermatitis. 
Readers keen on delving into the specifics of the canine atopic dermatitis study are advised to 
consult the appendix for a more in depth understanding. 
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MAIN BODY 

CHAPTER 1. REVIEW OF THE LITERATURE 

Immunoglobulin-like (Ig-like) receptors derive their name from their structural 

resemblance to immunoglobulins, their capacity to bind to major histocompatibility complex class 

I (MHC-I) molecules or pathogens, and sometimes, their presence on the cell surface of different 

leukocyte populations. Ig-like receptors have been implicated in innate immune responses and 

disease resistance (Nakamura, et al., 2004; Bashirova, et al., 2014; Dai, et al., 2020). While the 

majority of the knowledge about Ig-like receptors stems from research on humans and mice, the 

identification of these receptors and their functions in chickens remain largely unclear. 

Consequently, this literature review will predominantly draw insights from human and mouse 

studies to establish a foundation for understanding the genetic underpinnings of Ig-like receptors 

in chickens and their involvement in diseases. 

1.1 GENERAL OVERVIEW OF IG-LIKE RECEPTORS 

Ig-like receptors are transmembrane glycoproteins expressed on innate and adaptive 

immune cells in humans (paired leukocyte immunoglobulin-like receptors), mice (paired 

immunoglobulin-like receptors), and chickens (chicken homolog of paired Immunoglobulin-like 

Receptors, CHIRs) (Dennis, et al., 2000; Takai, 2004; Viertlboeck, et al., 2005; Takeda and 

Nakamura, 2017). Structurally, these different species receptors share characteristic 

immunoglobulin-like domains, predicted MHC-I binding, glycosylation points, and actionable 

sites (more detail provided below). Ig-like receptors are expressed on macrophages, bone marrow 

cells, mast cells, natural killer cells, dendritic cells, T cells, B cells, and intraepithelial lymphocytes 

(Borges, et al., 1997; Dennis, et al., 2000; Belkin, et al., 2003; Viertlboeck, et al., 2004; 

Viertlboeck, et al., 2005; Viertlboeck, et al., 2007). Relatively less focus is placed on pair-
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immunoglobulin-like receptor expression in the central nervous system and digestive system, such 

as on neuronal cell bodies and intestinal epithelial cells (Syken, et al., 2006). While Ig-like 

receptor-A activate processes like inflammation, and T cells proliferation, the Ig-like receptor-B 

directly inhibits these activated processes (Ujike, et al., 2002; Takai, 2005). Further, when the 

MHC-I molecules interact with the Ig-like receptors (Borges, et al., 1997; Ho, et al., 1999; 

Nakamura, et al., 2004; Truong, et al., 2019), and potentially in a MHC-I -dependent manner 

(Syken, et al., 2006), these Ig-like receptors can regulate immune responses.  

1.2 STRUCTURE OF IG-LIKE RECEPTORS 

Ig-like receptors, also known as ILTs/LIRs/MIRs/CD85/CD158 in older literature, are part 

of the Ig superfamily of proteins. These proteins can generally consist of up to four extracellular 

Ig-superfamily domains and actionable sites that may include a positive amino acid within the 

transmembrane domain, as well as immunoreceptor tyrosine-based activatory motifs (ITAM) and 

immunoreceptor tyrosine-based inhibitory motifs (ITIM) (Bléry, et al., 1998). These actionable 

sites in Ig-like receptors' transmembrane and cytoplasmic domains determine whether they are 

activatory (Ig-like receptor A) or inhibitory (Ig-like receptor B) in function. 

Ig-like receptor-A, also known as an activating Ig-like receptor, is a type I transmembrane 

glycoprotein expressed on the surface of various immune cells, including natural killer (NK) cells, 

macrophages, dendritic cells, and some T cells. The structure of Ig-like receptor-A is characterized 

by several key features. At its extracellular region, Ig-like receptor-A possesses one or more 

immunoglobulin-like domains (Ig domains), which are responsible for ligand recognition (Bléry, 

et al., 1998). These Ig domains are structurally like the variable domains of antibodies and play a 

pivotal role in interacting with various ligands, such as specific cell surface proteins or pathogen-
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associated molecules. The positively charged amino acid in the transmembrane domain and 

cytoplasmic tail of Ig-like receptor-A can contain signaling motifs, notably immunoreceptor 

tyrosine-based activation motifs (ITAMs) (Colonna, et al., 2000). These positive amino acids 

within the transmembrane domain can associate with ITAMs in molecules like DAP10, that can 

further transmit activating signals upon ligand engagement. When Ig-like receptor-A binds to its 

extracellular ligand, it triggers the intracellular phosphorylation of tyrosine residues within the 

ITAMs, initiating downstream signaling cascades. Furthermore, Ig-like receptor-A typically 

associates with signaling adaptor molecules, like the Fc receptor gamma chain (FcRγ) (Maeda, et 

al., 1998), which enhances its signaling capability. FcRγ has ITAM motifs as well, and it amplifies 

the activating signals generated by Ig-like receptor-A upon ligand binding. 

Ig-like receptor-B is an inhibitory receptor found on the surface of various immune cells, 

including natural killer (NK) cells, T cells, and some myeloid cells. Its structure is distinctive and 

essential for its regulatory role in immune responses. The extracellular region of Ig-like receptor-

B features one or more Ig domains, like those found in Ig-like receptor-A. These Ig domains are 

responsible for ligand recognition. Ig-like receptor-B typically binds to specific ligands, such as 

major histocompatibility complex class I (MHC-I) molecules or certain pathogen-derived 

molecules. In contrast to activating receptors, Ig-like receptor B possesses a cytoplasmic tail 

containing immunoreceptor tyrosine-based inhibitory motifs (ITIMs) (I/L/V/S)XYXX(L/V)s. In 

mouse Ig-like receptor-B, (PIR-B), the long cytoplasmic tail with around 178 amino acids in 

length, contains three potential ITIMs tyrosine residues Tyr-713 (SLYASV), Tyr-794 (VTYAQL), 

and Tyr-824 (SVYATL) (Kubagawa, et al., 1997). These ITIMs serve as docking sites for 

intracellular signaling molecules. When Ig-like receptor B is engaged by its ligand, the ITIMs are 

phosphorylated, initiating a signaling cascade that recruits inhibitory signaling molecules. One of 
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the most important signaling molecules recruited by Ig-like receptor B is Src-homology 2 domain-

containing protein tyrosine phosphatases. 

As a side, soluble Ig-like receptors (Colonna, et al., 2000), have been described. These 

receptors do not possess a hydrophobic core that is typically integrated into the cell membrane. 

This dissertation will not specifically address this type, as they are often isoforms of the membrane-

integrated receptors and fall beyond the scope of this study. 

1.3 MECHANISMS OF ACTION FOR THESE RECEPTORS 

Ig-like receptor-A and B are large glycoprotein transmembrane receptors that inversely 

regulate immune response (Viertlboeck, et al., 2004). Ig-like receptor-A activation increases 

cellular inflammation and activation through the FcRγ/NF-кB (nuclear factor kappa-light-chain-

enhancer of activated B cells) pathway. FcRγ is an adapter molecule that associates with the 

cytoplasmic tails of several types of cell surface receptors, including Fc receptors (FcRs) and 

certain immune receptors, such as immunoreceptor tyrosine-based activation motifs (ITAM)-

containing receptors. When FcRγ is engaged by ligands, typically the constant (Fc) region of 

antibodies, it initiates a cascade of intracellular signaling events. This signaling pathway involves 

the phosphorylation of ITAM motifs within FcRγ, leading to the recruitment and activation of 

kinases, such as Syk and Lyn (spleen tyrosine kinase and Lck/Yes-related novel protein kinase). 

These kinases, in turn, phosphorylate downstream signaling molecules like Bruton’s tyrosine 

kinase, ultimately culminating in the activation of key transcription factors like NF-κB and 

activation of protein kinases, like MAP kinases (Mitogen-Activated Protein kinases). These events 

collectively trigger immune responses, including phagocytosis, degranulation, cytokine 

production, and other effector functions, depending on the cell type and context. FcRγ signaling is 
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pivotal for antibody-dependent immune processes, such as antibody-dependent cell-mediated 

cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis (ADCP) and plays a crucial 

role in host defense against infections and immune surveillance. 

Ig-like receptor-B stimulation inhibits cellular inflammation and immune activation. The 

activation of Ig-like receptor-B triggers the phosphorylation of tyrosine residues within the 

cytoplasmic tail of the receptors (ITIM domains), and recruitment of Src-homology 2 domain-

containing protein tyrosine phosphatase-1 or -2 (SHP-1 or SHP-2) molecules (Bléry, et al., 1998). 

SHP-1 is a critical intracellular signaling molecule involved in the negative regulation of immune 

responses. It belongs to the family of protein tyrosine phosphatases and plays a crucial role in 

dampening immune cell activation and preventing excessive immune responses (Vivier and 

Daëron, 1997). Once recruited, SHP-1 acts as a phosphatase enzyme that dephosphorylates 

tyrosine residues on various signaling molecules within the immune cell's signaling pathway. This 

dephosphorylation leads to the inhibition of downstream signaling events, preventing the 

activation of transcription factors like NF-κB and the expression of pro-inflammatory genes. As a 

result, SHP-1 contributes to the fine-tuning of immune responses, ensuring that they are 

appropriately regulated to avoid harmful overactivation, which can lead to autoimmune diseases 

or tissue damage. SHP-1 is a critical component of the immune system's mechanisms for 

maintaining immune homeostasis. These protein tyrosine phosphatase proteins may act to inhibit 

the function of Ig-like receptor-A. 

1.4 GENETICS OF IG-LIKE RECEPTORS 

Ig-like receptors are encoded in the leukocyte receptor complex (LRC) on human 

chromosome 19q13.4 (Wende, et al., 1999). The human LRC is 1 million base pairs in size and 

contains 45 genetic sequences, encoding genes for up to 30 Ig-like receptors (Martin, et al., 2002b). 
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At the centromeric end of LRC, the LRC-encoded novel genes (LENGs) encode transfer-RNA-

splicing endonuclease subunit Sen34 and LENG7, unrelated to the Ig-like receptors. At the 

telomeric end of LRC, genes are encoded for structural-related genes (FCAR, NKp46, and GPVI) 

that interact with non-human leukocyte antigen (HLA) ligands. Killer Ig-like Receptors (KIR), or 

killer cell Ig-like Receptor genes, are located centromeric to the FCAR. These KIR genes span 

100-150 kb with either very few or no genes in between them (Martin, et al., 2000; Trowsdale, et 

al., 2001). The leukocyte immunoglobulin-like receptors, LILR, genes (a total of 13 genes) are 

encoded between the LENGs at the centromeric side and the KIR genes at the telomeric side. The 

LILR cluster is separated into two groups spanning about 150 kilobase pairs each separated by 

LENG sequences. Each of the two groups spans 150 kb. The leukocyte-associated 

immunoglobulin-like receptor (LAIR) genes, LAIR1 and LAIR2, are located within the LILR 

complex.  

The genes encoded for the related mouse Ig-like receptors, PIR, are located on chromosome 

7 (Kim, et al., 2001). The PIR cluster is located centromeric to Ly94 at the telomeric end. No 

ortholog of human KIRs has been identified in mice.  

The chicken LRC is located in microchromosome 31 (Laun, et al., 2006; Viertlboeck, et 

al., 2011). Microchromosomes are typically smaller than 10 million base pairs in length (Burt, 

2002; Axelsson, et al., 2005), depending on criterion used. In chickens, there are 39 pairs of 

chromosomes, and among them, 33 pairs are microchromosomes and 6 pairs are 

macrochromosomes. Unlike human LILR and mouse PIR, chicken, the exact gene location on 

publicly available chromosome references has not been identified. 
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1.5 KILLER-CELL IG-LIKE RECEPTORS 

Natural killer (NK) cells make up 10 to 15% of the peripheral blood lymphocytes in 

humans (Vivier, et al., 2008). Killer cell immunoglobulin-like receptors, KIRs, are a sub-family of 

cell surface receptors found specifically on natural killer (NK) cells plus some subsets of T cells 

(Hsu, et al., 2002). NK cells contain dense intracellular cytolytic granules (Caligiuri, 2008). After 

encountering a target, NK cells release granules containing perforin and granzymes to initiate 

apoptosis of the target cell (Shresta, et al., 1998; Lieberman, 2003). NK cells also release cytokines 

and chemokines such as IFNγ, TNFα, and GM-CSF for modulating other immune responses. NK 

cells are thought to be important for eliminating cancer cells and abnormal cells that do not express 

MHC-I molecules (Storkus, et al., 1987; Storkus, et al., 1989).  

KIRs, or CD158, are expressed in NK cells; and they play a critical role in the regulation 

of immune responses similar to other Ig-like receptors. (Vilches and Parham, 2002). KIRs have 

been identified in humans and horses (Takahashi, et al., 2004). The primary ligands of KIR are 

HLA molecules (Boyington and Sun, 2002; Parham, 2005). KIR nomenclature follows the HUGO 

Gene Nomenclature Committee (http://www.gene.ucl.ac.uk/nomenclature/genefamily/kir.html) 

and is determined by the number of extracellular domains “D” followed by either a long “L” or 

short “S” cytoplasmic tail (Marsh, et al., 2003).  

Many studies on KIR focus on determining the variation of KIR between individual 

populations or identifying allelic variants (Norman, et al., 2001; Norman, et al., 2002; Yawata, et 

al., 2002; Jiang, et al., 2005). For functional studies of KIR on health and diseases, KIR have been 

implicated in allograft rejection and human reproduction. By studying match and mismatch KIR 

between donors and recipients, the absence of at least one HLA-B or HLA-C ligand to a donor's 

inhibitory KIR was associated with a reduced risk of relapse in patients undergoing stem cell 
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transplant for myelodysplastic syndrome (Clausen, et al., 2007). This suggests that when the 

recipient lacks certain KIR ligands that would inhibit the donor's NK cells, the donor's NK cells 

may have enhanced activity against residual cancer cells, reducing the risk of relapse. The absence 

of specific KIR ligands was not only associated with a reduced risk of relapse but also translated 

into superior overall survival in patients with acute myeloid leukemia or myelodysplastic 

syndrome. This suggests that the presence or absence of KIR ligands can have a significant impact 

on the long-term outcomes of stem cell transplants. 

Natural killer (NK) cell receptor expressions, particularly the activatory CD94 and 

inhibitory NKG2A decline with age (Lutz, et al., 2005). Conversely, the total KIR expression 

increases with age. However, KIRs in the leukocyte receptor cluster (LRC) are encoded by as many 

as 15 KIR genes in mammals (Hsu, et al., 2002; Bruijnesteijn, et al., 2022). Therefore, whether 

their primary activity is activatory or inhibitory with age is unknown. Using mathematical 

modeling of the inhibition or activation of signal strength of the maternal genome with the paternal 

HLA-C, it was suggested that hyperactivation or hyper inhibition of uterine NK cells can increase 

pregnancy complications (Penman, et al., 2016). This study made many sound assumptions 

regarding the interactions of the HLA ligands and KIR. However, the biological usefulness of this 

finding is unclear.  

In humans, the loss of inhibitory KIRs is associated with recurrent spontaneous abortion 

(RSA) during pregnancies (Varla-Leftherioti, et al., 2005). One study showed that the KIR2DS1 

appears to be productive against RSA because RSA was highly significant in women lacking 

KIR2DS1 (Hiby, et al., 2008). The lack of activating KIR was associated with RSA-affected 

women as was an increased frequency of the HLA-C2 group in RSA couples compared to control 

groups. This suggests that specific KIR–HLA interactions may be involved in RM and that certain 
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genetic combinations may increase the risk of RSA. Moreover, the balance of activation and 

inhibition of physiological functions of uterine NK (uNK) cells, influenced by KIR/HLA-C 

interactions, is crucial for successful implantation and reproductive success (Parham, 2004). The 

increase chance of KIR AA genotype has also been linked to other reproductive conditions such 

as chronic endometritis (Surcel, et al., 2023). 

To summarize, KIRs are involved in regulating the maternal-fetal immune tolerance 

necessary for a successful pregnancy (Riley and Yokoyama, 2008). They help modulate the 

maternal immune system's response to the developing fetus, preventing its rejection as a foreign 

entity. The interactions between maternal KIRs and fetal molecules influence the uterine 

environment, impacting pregnancy outcomes, including the risk of pre-eclampsia and recurrent 

miscarriages. This intricate interplay between KIRs and reproductive contexts highlights the 

importance of immunogenetic compatibility in ensuring successful pregnancies in mammalian 

species. In humans, the maintenance of pregnancy has been linked to the KIR gene combination 

of the mother, and some genes have been correlated to the occurrence or protection of RSA (Flores, 

et al., 2007).  

1.6 IG-LIKE RECEPTORS IN DISEASES 

Studies investigating the role of Ig-like receptors in allograft rejection have primarily 

focused on their interactions with MHC molecules and their potential impact on the immune 

response to transplanted tissues or organs. Because NK cells have been known to recognize cells 

lacking proper MHC-I molecules, NK cells, and KIR receptors have been proposed to be the 

mediator of alloreactivity in transplants (Moretta, et al., 2011). The identification of inhibitory 

receptors that specifically target HLA class I, such as KIRs, along with the discovery of various 

activating receptors and their corresponding binding partners, has yielded valuable insights into 
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the intricate molecular mechanisms governing the activation of natural killer (NK) cells. This 

regulatory process is finely tuned through the delicate balance between activating and inhibitory 

signals. In allogeneic settings, such as T cell-depleted haploidentical hematopoietic stem cell 

transplantation, NK cells have the potential to express inhibitory KIRs that lack compatible 

counterparts among the HLA class I alleles found on donor cells. These "alloreactive" NK cells 

assume a pivotal role in eradicating leukemia cells that manage to survive the preparative treatment 

and in eliminating host dendritic cells and T lymphocytes, thus serving as a safeguard against graft-

versus-host disease and graft rejection, respectively. To enhance the effectiveness of graft-versus-

host disease prevention, a promising strategy entails the induction of CCR7 uptake in alloreactive 

NK cells in vitro, redirecting their migration to lymph nodes upon adoptive transfer. Additionally, 

recent research has hinted at the potential of alloreactive NK cells from an HLA-haploidentical 

donor, following immune-suppressive therapy, in preventing leukemia recurrence in patients who 

have not undergone allogeneic hematopoietic stem cell transplantation. 

Ig-like receptors, such as PIR-A in mice, play a role in what is currently defined as innate 

immune memory, characterized by an enhanced immune response upon repeated exposure to 

antigens (Hajishengallis, et al., 2023). This innate immune memory lacks the specificity seen in 

adaptive immunity, but it is considered to have evolved earlier. Notably, studies utilizing PIR-A 

antibody blockers or PIR-A knockout mice reveal a diminished recruitment of immune cells upon 

re-encounter with antigens, even in the presence of normal PIR-B expression levels, suggesting 

critical involvement of PIR-A in this process (Dai, et al., 2020). Whereas PIR-B knockout mice 

exhibit a rejection-prone phenotype and succumb to death upon transplantation, underscoring the 

critical role of PIR-B in promoting immune tolerance and preventing an overwhelming immune 

response against matched transplants (Dai, et al., 2020). The regulation of gene expression in Ig-
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like receptors is likely influenced by epigenetic processes, as with pathogen recognition receptors 

in the immune response (Cai, et al., 2021). Investigating the variations in the expression of Ig-like 

receptor genes across different immunological responses is crucial. In humans, there is evidence 

indicating lower methylation levels in these genes in CD8 effector memory cells compared to other 

effector cells (Zhang, et al., 2022). Further, there antisense transcripts of the Ig-like receptors 

(Cichocki, et al., 2010), chromatin remodeling, and monoallelic expression of Ig-like receptors can 

be factors in their presentation. This suggests the possibility of distinct regulatory patterns by cell 

type in chickens, emphasizing the need for further exploration. 

Ig-like receptor-A promotes more robust activation responses after non-self-antigen re-

encounters (Dai, et al., 2020). Targeting Ig-like receptor-B with a monoclonal antagonist antibody 

in mice increased cellular activation (Chen, et al., 2018) but reduced antigen presentation (Ujike, 

et al., 2002). Therefore, the use of monoclonal or knockout of the Ig-like receptor or anti-Ig-like 

receptor-B antibodies has limited value in times of pathogen excess in the environment. 

Ig-like receptor-B has not only been linked to MHC-I genotypes but also pinpointed as a 

potential risk factor in poor disease outcomes and during viral infections (Bashirova, et al., 2014). 

Bacteria and viruses can hijack the Ig-like receptor-B on macrophages and decrease the immune 

response in favor of pathogen survival (Nakayama, et al., 2012; Takeda and Nakamura, 2017). 

Simply changing Ig-like receptor-B expression does not necessarily improve the disease state. Ig-

like receptor-B knockouts increased cellular activation and decreased antigen presentation in mice 

infected with E. coli or Salmonella (Ujike, et al., 2002; Pereira, et al., 2004; Torii, et al., 2008; 

Munitz, et al., 2010). The response is effective in reducing pathogen presence, however, the 

uncontrolled activation of the immune response by the Ig-like receptor-B knockout leads to a 
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cytokine storm that increases pathogenicity and mortality (Ujike, et al., 2002; Torii, et al., 2008; 

Munitz, et al., 2010).  

Recent studies indicate that certain human MHC-I haplotypes have two to four times 

increased odds of contracting coronavirus (Lin, et al., 2003; Ng, et al., 2004; Nguyen, et al., 2020) 

and that viral subunit peptides of the SARS-CoV2 and H5N1 viruses are not robustly displayed by 

human MHC-I (Menachery, et al., 2018; Liu, et al., 2020). Although the specific binding site of 

CHIR-B and MHC-I during AIV remains elusive, there is a strong correlation between viral 

replication and the affinity of this interaction in mammals (Bashirova, et al., 2014). On the other 

hand, Ig-like receptor-B stimulation by MHC-I or pathogens such as S. aureus, E. coli, dengue 

virus, human cytomegalovirus UL18 protein, and H. pylori (Borges, et al., 1997; Nakayama, et al., 

2007; Nakayama, et al., 2012; Chan, et al., 2014), results in the recruitment of the negative 

regulator, SHP-1 (Src-homology 2 domain-containing PTP-1). Still, the mechanisms that balances 

Ig-like receptor-A activation and Ig-like receptor-B activation after binding to these pathogens is 

still unclear. 

1.7 WHAT IS KNOWN ABOUT CHIRS 

The discovery of Ig-like receptors in chicken started when Dennis, et al. (2000) aligned  

BLAST. The method uncovered the structural homology of the PIR-B mouse protein to two early 

chicken expressed sequence tag sequences that arise from T cells stimulated with concanavalin A. 

In the same paper, the full-length chicken sequences were determined from 5’ and 3’ rapid 

amplification of cDNA ends. The authors determined that the nucleotide sequence was encoded 

for transmembrane segments. Another feature was a positively charged amino acid within the 

membrane, and polar properties of this amino acid, that could facilitate bindings with 

immunoreceptor tyrosine-based activatory motif-containing adaptor proteins. Separately, the 



16 
 

second protein encoded a cytoplasmic tail that encoded immunoreceptor tyrosine-based inhibitory 

motifs. Because the chicken protein was structurally homologous in the Ig-like domain, and 

positive amino acid, or ITIM motif, it was concluded that this was a chicken homolog of the Ig-

like receptor. c 

The clustered homolog of immunoglobulin-like receptors (CHIR), previously named 

chicken homology of immunoglobulin-like receptors, dually activate and inhibit the immune 

responses in the chicken. CHIR-A and CHIR-B receptors are identified as the activating and 

inhibitory receptors, respectively, through their respective domain sequences (Viertlboeck, et al., 

2004; Viertlboeck, et al., 2005; Laun, et al., 2006). The bifunctional receptor, CHIR-AB has been 

identified in chickens but its function apart from CHIRA and CHIRB is unclear (Viertlboeck, et 

al., 2010).  

In a controlled laboratory study using MDCK cell lines and avian influenza viruses, it was 

observed that CHIRA exhibited binding to the hemagglutinin antigen (Jansen, et al., 2016). 

Additionally, when gene constructs of CHIRA were introduced, they specifically adhered to cells 

infected with avian influenza viruses, while showing no such binding to uninfected cells. This 

finding strongly suggests that CHIRA possesses the capability to interact with viruses, particularly 

those associated with avian influenza (Jansen, et al., 2016). The constructs that were able to bind 

resemble CHIRA, the activatory kind that increases immunity against infections. No difference 

was found in terms of CHIRA binding the AIV between low pathogenic avian influenza virus 

(LPAI), H5N2 (A/chicken/Pennsylvania/21525/83) and H7N1 (A/chicken/Italy/1067/99), and 

high pathogenic avian influenza (HPAI), H9N2 (A/chicken/Saudi Arabia/SP02525/3AAV/2000) 

and H5N1 (A/turkey/turkey/1/05). Blocking of the interactions between CHIRA and AIV reduces 

the AIV-induced NK cell activation (Jansen, et al., 2016). 
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 In a laying hen model for human ovarian cancer, ILT3, otherwise known as a CHIRB, was 

found upregulated in ovarian tumors in laying hens (Khan, et al., 2012). Studying ovarian cancer 

in chicken has been a unique resource for the spontaneous development of ovarian cancer with 

histopathologies similar to those observed in human. During the study, ILT3 was found expressed 

on T cells and macrophage-like cells, and most heavily expressed during the late stages of cancer. 

It was also heavily expressed in a serous cancer, or on the surface of the ovary cancer, in contrast 

to mucinous cancer or endometrioid epithelial ovarian cancer (Khan, et al., 2012). 

In a previous study conducted by Truong, et al. (2018), the transfection of originally 

predicted CHIR-like proteins, specifically LILRA2 and LILRA6, into HD11 cells has been 

documented. However, it's important to highlight that these sequences have been subsequently 

removed due to standard genome annotation processing. This raises concerns about the reliability 

of the reported results, particularly regarding increased NO production and the activation of 

various cell signaling pathways. It's crucial to approach these findings with caution, considering 

the removal of the sequences in question. 

Similarly, in a subsequent study by Truong, et al. (2019), the investigation focused on the 

efficiency and functional impact of an empty eGFP vector and outdated CHIR-like proteins, 

namely LILRB1R, LILRB1S, LILRB3R, and LILRB3S, in HD11 cell lines. Notably, these 

proteins were derived from inbred chicken lines associated with resistance and susceptibility to 

Marek's disease. The study observed an unexpected increase in nitric oxide (NO) production in all 

LILRB-eGFP groups compared to the control, which contradicts the typical inhibitory role 

attributed to receptors with ITIM domains in mammalian research. 

To address this discrepancy, it would be important that future research delve into 

sequencing the coding sequence length of the transfected material to verify whether it accurately 
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represents a CHIR. Additionally, the study highlighted an increased density of SHP-2 protein with 

the transfection of purported soluble LILRB groups (Truong, et al., 2019), suggesting a potential 

mechanism involving SHP-2 recruitment independently of surface ligation before receptor 

expression. However, this mechanism lacks established evidence and warrants further 

investigation. 

CHIR homologs have been identified in turkey, which shares genetic similarity with the 

chicken (Windau, et al., 2013). However, this study could not further locate CHIR in other birds 

such as zebra finch, and duck. 

1.8 CHALLENGES AND FUTURE RESEARCH 

The study of immunoglobulin-like receptors presents a wealth of opportunities for 

advancing our understanding of immune system regulation, but it also comes with several 

challenges. In truth, our comprehension of these receptors is still in its early stages, leaving 

important questions unanswered. These include the detailed structural and functional 

characteristics of these receptors, the genetic control of intracellular signaling pathways, and the 

intricate balance between activation and inhibition. Despite significant progress, bifunctional 

receptors and their regulatory mechanisms remain enigmatic, as do the roles of immunoglobulin-

like receptors in allograft rejections and infectious diseases.  

Given the global significance of chickens as a major food source, ensuring their sustainable 

and welfare-friendly production is a paramount objective. To advance our knowledge in this field, 

it is imperative to delve into the genetic variability within populations and across species, shedding 

light on how genetic variations may influence receptor functions. Examining the tissue-specific 

and species-specific expression patterns of receptors is pivotal in elucidating their roles in host 
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defense mechanisms. Additionally, future research endeavors stand to gain considerable insights 

by employing state-of-the-art single-cell analysis techniques holds great promise for unraveling 

novel avenues in this domain and by exploring the therapeutic potential of these receptors. Overall, 

The study of immunoglobulin-like receptors represents a burgeoning field with the potential to 

enhance our comprehension of immune responses, offering groundbreaking prospects for 

advancing immunotherapy and disease management strategies. 
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ABSTRACT The Cluster Homolog of Immunoglobulin-like Receptors (CHIRs), previously 

known as “Chicken Homolog of Immunoglobulin-like Receptors”, is a group of large 

transmembrane glycoproteins that direct the immune response. However, the full repertoire of 

putatively activating, inhibitory, or dual function CHIRA, CHIRB, and CHIRAB on chickens' 

immune responses is poorly understood. Herein, the study objective was to determine the genes 

encoding CHIR proteins and predict their function by searching canonical protein structure. A 

bioinformatics pipeline based on previous work was employed to search for the CHIRs from the 

newly updated broiler and layer genomes. The categorization into CHIRA, CHIRB, and CHIRAB 

types was assigned through motif searches, multiple sequence alignment, and phylogeny. In total, 

150 protein-encoding genes on Chromosome 31 were identified as CHIRs. Gene members of each 

functional group (CHIRA, CHIRB, CHIRAB) were classified in accordance with previously 

recognized proteins. The genes were renamed to “Cluster Homolog of Immunoglobulin-like 

Receptors” (CHIRs) to allow for the naming of orthologous genes in other avian species. 

Additionally, expression analysis of the classified CHIRs reinforces their importance as immune 

regulators and activation in inflammatory tissues. Furthermore, over 1000 diverse and rare CHIRs 

variants associated with differential Marek’s disease response (P < 0.05) emphasize the impact of 

CHIRs on shaping avian immune responses in diverse contexts. The practical applications of these 

findings encompass advancing immunology, improving poultry health management, optimizing 

breeding programs for disease resistance, and enhancing overall animal health through a deeper 

understanding of the roles and functions of CHIRA, CHIRB, and CHIRAB types in avian immune 

responses. 
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2.1 INTRODUCTION 

Immunoglobulin-like (Ig-like) Receptors -A and -B are large polymorphic transmembrane 

glycoproteins that direct the balance of the immune response, whereby cellular activation and 

inflammatory response are stimulated by Ig-like receptor -A and inhibited by –B (Dennis, et al., 

2000; Takai, 2004; Viertlboeck, et al., 2005). These actions are permitted through the structural 

domains encoded in the transmembrane and cytoplasmic regions of the receptors. These proteins 

are expressed by multiple immune cell types such as monocytes, macrophages, T cells, B cells, 

and natural killer cells (Ravetch and Lanier, 2000; Martin, et al., 2002; Viertlboeck, et al., 2005). 

They interact with the major histocompatibility complex class I (MHC-I) molecules, 

immunoglobulins, as well as pathogens like viruses and bacteria. Notably, the expression of 

mammalian homologous proteins can serve as determinants for increased susceptibility to disease 

or adverse outcomes (Ujike, et al., 2002; Bashirova, et al., 2014). Vertebrate Ig-like receptor genes 

are encoded in the genome of humans (Leukocyte Ig-like Receptors, LILRs; Killer Ig-like 

Receptors, KIRs), rodents (Paired Ig-like Receptors, Pirs) (Ravetch and Lanier, 2000; Martin, et 

al., 2002), as well as within the leukocyte receptor complex on chromosome 31 of the chicken 

genome (Viertlboeck, et al., 2005; Laun, et al., 2006; Lochner, et al., 2010). While gene 

nomenclature varies, from chicken homolog of immunoglobulin-like receptors to leukocyte 

immunoglobulin-like receptors and immunoglobulin-like transcripts, these genes are predicted to 

be functionally equivalent. In chickens, these receptors are located on a microchromosome, 

making sequence determination difficult, which impedes their study and limited understanding of 

their functions. Moreover, although the receptors have conserved functional domains, they are 

evolutionarily divergent across species, and complexities in nomenclature and location have 

collectively posed impediments to the comprehensive study of these receptors' function. 
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Nevertheless, the potential for their application in agriculture, cross-species comparisons, and 

translational analyses remains promising. 

Ig-like receptor proteins in different species were originally defined through their 

immunoglobulin architecture, structure, cell-type expression, and chromosomal grouping (Dennis, 

et al., 2000; Takai, 2005). Previously, 62 to 84 protein-encoding genes in chicken were described 

through bacterial artificial chromosome end sequencing of chicken DNA (Laun, et al., 2006; 

Lochner, et al., 2010). Further, the different functional groups of Ig-like receptors are canonically 

identified through either having positive amino acids in the transmembrane region (i.e., arginine, 

lysine, and or histidine) and or intracellular immunoreceptor tyrosine-based inhibitory motifs 

(ITIMs) which are six amino acid tyrosine motifs that define inhibitory Ig-like receptor (CHIRB) 

proteins. Positive amino acids in the transmembrane region define activating Ig-like receptors 

(CHIRA), serving as a place of recruitment for the high-affinity IgE receptor, Fc epsilon Receptor 

I, and possibly others (Ono, et al., 1999; Viertlboeck, et al., 2005). In contrast, the ITIM motifs of 

Ig-like receptor B proteins mediate negative feedback on or inhibit the phosphorylation of these 

components of Ig-like receptor A's (Maeda, et al., 1999). Despite previous efforts in recognizing 

the chicken Ig-like receptors, there remains a pressing need for a publicly accessible catalog 

accompanied by standardized nomenclature that reflects their putative roles in the immune 

response. Understanding Ig-like receptor expression during immune responses and their 

association with disease resistance will support the breeding and selection of avians with enhanced 

immunity, thus significantly emphasizing their well-being. 

The objective of this study is to provide a comprehensive characterization of the chicken 

Ig-like receptors available in the NCBI database by examining their protein motifs and exact 

chromosomal location, which  were previously identified on chromosome 31 (Viertlboeck, et al., 
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2005). Consequently, this study verified the accuracy of present chicken Ig-like receptor 

annotations in the NCBI Gene database. Current genome sequencing for chicken provides two 

distinct builds: one for broiler chickens and another for layer chickens. From these two annotated 

genomes, we determined the subgrouping of Ig-like receptor A, Ig-like receptor B, and Ig-like 

receptor AB genes based on structural motifs in the protein’s transmembrane domain and 

cytoplasmic region. We compared these results to other avian species, such as turkey, helmeted 

guineafowl, and zebra finch, and gene conservation across birds (along with gene nomenclature 

guidelines) necessitated a change in the previous gene names from "Chicken Homolog of 

Immunoglobulin-like Receptor" to "Cluster Homolog of Immunoglobulin-like Receptor" (Burt, et 

al., 2009). Throughout the text and for simplicity, this study refers to these genes as CHIR. Further 

investigation of CHIR genes included an analysis of their regional clustering on chromosomes and 

the identification of related proteins in humans and rats. To gather more detail on gene activity 

through CHIR gene expression levels, RNA-seq data from Red Jungle Fowl were reanalyzed 

across tissues and sexes (McCarthy, et al., 2019), and sequence variation amongst the CHIR gene 

sets was assessed using DNA-seq data from multiple inbred chicken lines (Kranis, et al., 2013). 

These findings contribute to our comprehension of the diversity and functional roles of CHIRs, 

offering valuable insights into avian immunology, poultry breeding, and overall animal health. 

2.2 MATERIALS AND METHODS 

2.2.1 Identifying CHIR-like proteins in birds 

The protein and RefSeq Gene annotations of earlier and later broiler and layer assemblies 

(NCBI RefSeq assemblies GCF_016699485.1/2 and GCF_016700215.1/2) were downloaded from 

NCBI FTP sites, of which this study primarily focused on the most recent versions. For 

comparative analysis, the pipeline was employed with protein and RefSeq turkey 
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(GCF_000146605.3), helmeted guineafowl (GCF_002078875.1), and zebra finch 

(GCF_003957565.2) sequences and annotations. Similar to methods previously published 

(Viertlboeck, et al., 2009), we used InterProScan (v.5.52-86.0-v.5.56-89.0) and dependencies 

PFAM (v.33.1), TMHMM (v.2.0c), and PANTHER (v.15.0) for protein classifications 

(Sonnhammer, et al., 1997; Krogh, et al., 2001; Zdobnov and Apweiler, 2001; Thomas, et al., 

2003). CHIR proteins were retrieved using specific motif descriptors, including "Immunoglobulin 

domain" (PF00047, PF13895, and PF13927), "Region of a membrane-bound protein predicted to 

be embedded in the membrane", and "MHC CLASS I NK CELL RECEPTOR", obtained from 

Pfam, TMHMM, and PANTHER, respectively. 

2.2.2 Identifying the CHIR genes corresponding to the CHIR-like proteins 

We used protein annotation details to identify which chromosome encoded the Ig-like 

receptor proteins. For chicken, all CHIR proteins that were encoded on chromosome 31 were 

considered for nomenclature. For the turkey, helmeted guineafowl, and zebra finch, all proteins, 

regardless of their chromosomal region, were considered for annotation and phylogenetic analysis. 

2.2.3 Identifying the functional groups of the CHIR-like proteins by motifs and amino acids  

Since the activatory and inhibitory CHIR proteins are defined by the amino acids in their 

transmembrane domains and cytoplasmic tails, charged amino acids in the transmembrane domain, 

and the classical motifs of ITIM ('[SIVLIVL]') were retrieved from avian protein fasta files using 

SeqKit (Shen, et al., 2016). Additionally, immunoreceptor tyrosine-based activation motifs, or 

ITAMs, were retrieved using seqkit ('YM') (Shen, et al., 2016) as they are formally found on some 

activatory type CHIRs (Viertlboeck, et al., 2005). Positive amino acids in the transmembrane 

domain were used to define the CHIRA proteins. ITIMs were used to define the CHIRB proteins. 

If the proteins contained both positive amino acids and ITIMs, they were classified as CHIRAB. 
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If the proteins did not contain the positive amino acids or ITIM, they were classified as unknown 

or CHIR-Like (CHIRL). In the case of 1 gene, CHIRL1, these isoforms contained either a positive 

amino acid or ITIM but not simultaneously. Therefore, this gene’s function was calassified as 

unknown. The correct functional group classification was confirmed using STREME (MEME 

Suite, v.5.5.3) and MAGA to examine functional group conformation beyond canonical domains 

(Mier and Andrade-Navarro, 2020; Bailey, 2021). Non-conforming proteins were identified by 

searching for these motifs in the protein sequence or through phylogenetic analysis (as below), and 

proteins that conformed more closely to functional group motifs outside their original annotation 

were reclassified. Also, since TMHMM is only one technique to determine the amino acids in the 

transmembrane domain region, PROTTER (v1.0) was used to confirm this region and visualize 

membrane topology (Omasits, et al., 2014). 

2.2.4 Characterizing the regional localization of the chickens' CHIR genes on chromosome 
31 

After applying functional group annotation to the CHIR-like proteins, this study sought to 

observe the chromosomal mapping of the genes that encode these proteins using ChromoMap 

(v.4.1.1) (Anand and Lopez, 2022). Simultaneously, gene location in the broiler and layer 

references was visualized using the hyperlinks function in ChromoMap (Anand and Lopez, 2022) 

for identifying regions of rearrangement. 

2.2.5 Analyzing functional group conformity and orthologous CHIR proteins 

For constructing, modeling, and visualizing the phylogenetic relationships MUSCLE, IQ-

TREE (v.2.0, parameters –maximum likelihood –bootstrap N =1000 replicates –substitution model 

AA, JTTmodel), and iTOL (v.6.4.3) (Edgar, 2004; Letunic and Bork, 2007; Nguyen, et al., 2015) 

were used to determine functional group conformity of CHIRs, as well as similarity of chicken 

CHIRs with CHIR-like proteins in other avian or Ig-like receptors in other species. As a control 
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used in CHIR functional group conformity for subgrouping, characterized chicken CHIRB2 

(NP_001139612.2) was used and later excluded to focus on the current genome assemblies. Initial 

subgroup annotation iterations for genes were determined through a phylogenetic tree of their 

encoding proteins for broiler and subsequently reclassified for the phylogenetic tree of broiler and 

layer protein sequences. 

To determine the conformity of the amino acids within the structures of each CHIRA, 

CHIRB, and CHIRAB in chicken, turkey, and helmeted guinea fowl, this study employed the q2-

protein-pca package (v.2021.8.0.dev0) (Wang and Kennedy, 2014) which conducted principal 

component analysis clustering and 3D modeling of the annotated CHIRA, CHIRB, and CHIRAB 

proteins. Phyre2 and PyMOL were used to generate protein models for visualization (DeLano, 

2002; Kelley, et al., 2015). NCBI-annotated Ig-like receptor proteins from chicken, rat, and 

humans were utilized to determine protein clusters in structural and functional similarity (i.e., 

Representative Swiss-Prot Hit and GO annotations) through OrthoVenn (v.3) (Wang, et al., 2015). 

2.2.6 Identifying Ig-like receptor clusters in other species 

For understanding CHIR's relationships with vertebrates other than chicken, putative Ig-

like receptors proteins were retrieved through the NCBI protein database by searching taxonomic 

groups and RefSeq records containing “leukocyte immunoglobulin-like receptor”, 

“immunoglobulin superfamily member”, “V-set and transmembrane domain-containing protein”, 

“platelet glycoprotein VI-like isoform” from avian, and “leukocyte immunoglobulin-like receptor” 

and “killer-cell immunoglobulin-like receptor” from Eastern fence lizard, brown rat, house mouse, 

rhesus macaque, human, and common toad species. Similarly, Ig-like receptor genes of humans 

(GCF_000001405.40) and rats (GCF_015227675.1) were collected through the NCBI gene 
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database (Gene [Internet], 2023), and neighboring genes, through NCBI Genome Data Viewer 

(Rangwala, et al., 2021). 

2.2.7 Examining the tissue expression of CHIRs 

To further functionally characterize chicken CHIR genes and proteins, tissue expression 

patterns were analyzed from RNA sequencing files of the UCD001, Red Jungle Fowl, retrieved 

from the NCBI SRA online database (BioProject number: PRJNA204941) (McCarthy, et al., 

2019). These data were reanalyzed to determine CHIR gene expression across a tissue panel 

(cerebrum, cerebellum, hypothalamus, sciatic nerve, adrenal gland, heart, lung, spleen, kidney, 

proventriculus, liver, breast muscle, adipose, and gonads) from different sexes. The female's CHIR 

gene expression of the adrenal gland was not analyzed due to missing data from the SRA 

submission. Briefly, a total of 27 .fastq files were assessed for quality by FastQC (Andrews, 2010) 

and trimmed for Illumina adapters and Phred scores of ≥ 20 using Trim Galore (Krueger, 2015). 

Trimmed .fastq files were aligned to the broiler (GCF_016699485.2) and layer 

(GCF_016700215.2) assemblies using STAR (v.2.7.10a, --alignMatesGapMax 1000000) (Dobin, 

et al., 2013). The resulting sorted .bam files were supplied into Rsubread featureCounts (--largest 

overlap=TRUE, --requireBothEndsMapped=TRUE, --maxFragLength=2000) (Liao, et al., 2013) 

to produce a raw counts file. The different library's raw counts were normalized by DESeq2 

(v.1.34) varianceStabilizingTransformation (vst) function (Love, et al., 2014), and differential 

expressions were visualized using ggplot2 (v.3.3.6) and chromoMap (Wickham, 2016; Anand and 

Lopez, 2022) in Rstudio (2022.02.3) (Allaire, 2012). The geometric average of all CHIR gene 

expressions was used to determine whether these genes had the central tendency for high or low 

expression in different tissues. Moreover, the geometric average was used to identify the relative 

proportional expression of CHIRA activatory to CHIRB inhibitory genes. It is used similarly for 
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geometric averaging of multiple housekeeping genes in real-time PCR (Vandesompele, et al., 

2002). 

2.2.8 Assessing the biological effect types of CHIR gene variants among inbred chicken 
lines 

This study identified single nucleotide polymorphisms or insertion deletions in CHIR genes 

using whole genomic sequencing files of non-selected and selectively inbred chicken lines. DNA 

sequencing files of UCD001 (Warren, et al., 2017), UCD003 (Halstead, et al., 2020), Line 0, 

Line6, Line 7, Line 15, Line N, Line P, Line C, and Line W (Kranis, et al., 2013) (Table 2.2.1. 

List of inbred chicken line sequences used in this study, their MHC type, and their relative 

Marek’s disease resistance) were retrieved from either the online NCBI SRA database 

(BioProject numbers: PRJNA10808 and PRJNA605842) or through Drs. Janet Fulton of Hy-Line 

International and Jacqueline Smith of The Roslin Institute (Table 1). Briefly, these ten .fastq files 

were assessed for quality by FastQC (Andrews, 2010), trimmed for adapters and Phred scores of 

≥ 20 using Trim Galore (Krueger, 2015), and subsequently aligned to broiler 

(GCF_016699485.2) and layer (GCF_016700215.2) assemblies using the BWA aligner (v.0.7.17-

r1198-dirty) (Li and Durbin, 2009). To understand the low alignment of Line P’s sequence reads, 

Line P’s .bam aligned reads were visualized with karyoplotR (v.1.26.0) (Gel and Serra, 2017) 

after indexing appropriate whole genomic .fasta and .gtf files with BSgenome (Pagès, 2023). 

Read duplicates in the .bam file were removed, and sample IDs were applied with Picard's 

MarkDuplicates and AddOrReplaceReadGroups functions (Broad Institute, 2019). Subsequently, 

GATK was used to retrieve variant calls using HaplotypeCaller (parameters -ERC GVCF) and 

merge and recalibrate sample VCF files using CombineGVCFs (--call-genotypes true) and 

GenotypeGVCFs (McKenna, et al., 2010). Annotating quality metrics and variant types were 

performed with GATK’s VariantAnnotator (--annotation QualByDepth --annotation FisherStrand   
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Table 1. List of inbred chicken line sequences used in this study, their MHC type, and their relative 
Marek’s disease resistance 

 
Chicken 

Line1 

 
MHC-I B 

type 

Sex2 
sequenced 

Marek’s 
Disease 

response 

Rous 
sarcoma 
response 

 
References 

UCD001 BQ Female ND ND Schat et al., 1981; 
Senseney et al., 2000 

UCD003 B17 Male Virus strain 
dependent 

Intermediate Schat et al., 1981; 
Senseney et al., 2000 

0 B21 Female ND Regressor Crittenden, 1991; 
Salter et al., 1999; 
Bacon et al., 2000 

6 B2 Female Resistant Regressor Sharma and Stone, 
1972; Bacon et al., 
2000; Taylor, 2004 

7 B2 Female Susceptible Progressor Sharma and Stone, 
1972; Bacon et al., 
2000; Taylor, 2004 

15 B15 Female Virus strain 
dependent 

Intermediate Bacon and Witter, 
1992; Bacon and 
Witter, 1993; Bacon 
and Witter, 1994; 
Bacon et al., 2000; 
Taylor, 2004 

C B122 Female Resistant Regressor Payne and Biggs, 
1966; Payne and 
Chubb, 1968; Bülow 
and Biggs, 1975; 
Taylor, 2004 

N B21 Male Resistant ND Cole, 1968; Schat et 
al., 1982; Bacon et 
al., 2000 

P B19 Female Susceptible ND Cole, 1968; Schat et 
al., 1982; Bacon et 
al., 2000 

W B14 Female ND ND 
 

ND, not determined. 
1 Other chicken line information is available online (National Avian Research Facility, 2022). 
2 Data sourced from sequence file origin (Warren et al., 2016; Halstead et al., 2020; Kranis et al., 
2013; J. Smith, personal communication).  
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--annotation StrandOddsRatio --annotation RMSMappingQuality --annotation 

MappingQualityRankSumTest and --annotation ReadPosRankSumTest) and through using the 

SnpEff (v.5.1f, build 2023-07-21) and SnpSift extractFields function (CHROM POS 

REF“EFF[*].AA” “ANN[*].AA_POS” “GEN[*].GT”) (Cingolani, et al., 2012a; Cingolani, et al., 

2012b). SNP and Insertion/deletion (Indel) quality scores were extracted through the GATK 

SelectVariants function (parameters -select-type SNP or -select-type INDEL and --ignore-non-ref-

in-types) and visualized through R studio (Allaire, 2012) before filtered for common thresholds 

using GATK’s VariantFiltration (--filter "QUAL < 30.0" --filter "QD < 1.0" --filter "DP < 10" --

filter "MQ < 40.0" --filter "MQRankSum <= -13.0" --filter "ReadPosRankSum < -8.0"--filter 

"SOR > 3.0") (McKenna, et al., 2010). The annotated and filtered variants were then extracted for 

passing variants on chromosome 31 (“NC_052562.1” in the broiler and “NC_052603.1” in the 

layer) using SnpSift filter function (Cingolani, et al., 2012a). The bcftools (v.1.10.2) and IGV 

(v.2.12.2) utilities were used to ensure data integrity and report statistics during data processing 

(Robinson, et al., 2011; Danecek, et al., 2021). The passing variants on chromosome 31 were 

imputed for missing genotypes using BEAGLE (v.5.4) (Browning, et al., 2018). The resulting 

dataset was viewed in Microsoft Excel, and the positions of the variants annotated for the CHIRs 

described in this study using the INDEX and MATCH functions. CHIR gene start and stop 

positions were annotated from their corresponding assemblies feature table. Longer genes in the 

broiler (CHIR4B4, CHIR1AB18, CHIR1AB19, CHIR4B6, CHIR1AB15, CHIR1AB19, CHIR2A15, 

CHIR4AB1, CHIR6B6, CHIR1AB3, and CHIR1AB8) and in the layer (CHIR6A14, CHRI3B10, 

CHIR6B4, CHIR3B11, CHIR1B1, and CHIR6A3) were set to the background to minimize gene 

overlap, and smaller genes were given priority for variant calls. Variants were summarized by 

coding sequence changes (conservative inframe deletion, disruptive inframe deletion, missense 
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variant, start lost, stop gained, stop lost, and synonymous variant), splicing variants (splice 

acceptor variant, splice donor variant, splice region variant), regulatory region changes (5’ UTR, 

3’ UTR, initiator codon variant, upstream gene variant, and downstream gene variant), and non-

coding region changes (intergenic region, intron variant, and frameshift variant). For reporting 

SNP statistics and relationships between samples in CHIR variants, SnpEff (VCF Summary) and 

SNiPlay (VCF Stats, VCFtools, and PCA plot) were used with a 200 kb sliding window where 

appropriate (Cingolani, et al., 2012b; Dereeper, et al., 2015). For differences in variants that may 

be associated with Marek’s disease, the --assoc fisher and --allow-no-sex functions in PLINK 

(v.1.90b7)(Purcell, et al., 2007) were used; and for the purpose of binary categorical assignment 

of inbred lines (Table 1), lines UCD003, Line 0, and Line 15 were considered susceptible, 

susceptible and resistant, respectively. Statistical significance was defined as P-values below 0.05. 

2.3 RESULTS 

2.3.1 Novel CHIR genes were identified 

A compelling observation emerges: 150 genes were identified, and more than 75% 

(113/150) of CHIR genes were allocated a new functional class (Figure 1C). This outcome implies 

that the additional annotations we have introduced represent substantial progress in the 

nomenclature of CHIR genes. A minority of the genes were either uncorrected (10% or 15/150), 

corrected (3.33% or 5/150), or had an unknown functional class in this study (CHIRL; 11.33% or 

17/150). The latest broiler and layer genome assemblies enabled comparing and consolidating 

annotations between these lines (Figure 1D; Supplementary Table 1). Fewer genes were found in 

proximity to the chromosome start (broiler: 7,000 to 100,000 bp, layer: 20,000 to 40,000 bp), while 

more CHIR genes were located distally toward the chromosome end (broiler: 1,400,000 to 

2,500,000 bp, layer: 1,000,000 to 1,600,000 bp). 
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Figure 1 Overview of pipeline and assembly products identified.A) Process used to identify 
putative Cluster Homolog of Immunoglobulin-like Receptor (CHIR) proteins from GRCg7b and 
GRCg7w assemblies including "Immunoglobulin domain", "Region of a membrane-bound 
protein predicted to be embedded in the membrane" and "MHC CLASS I NK CELL 
RECEPTOR" descriptors which were funneled through chromosomal localization, and motif 
and amino acid search. B) Counts of predicted protein isoforms and their respective encoding 
genes. C) Proportion and counts of genes uncorrected, corrected, newly annotated, or of 
unknown functional class. D) Localization of genes on chromosome 31. Blue links denote 
shared genes.
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2.3.2 The broiler assembly contained more CHIRs than the layer assembly 

The broiler and layer assemblies analysis revealed intriguing differences in the CHIR 

repertoire between these two genetic lines. Notably, the broiler assembly exhibited a higher 

number of predicted CHIR genes (125 vs. 71) and protein isoforms (221 vs. 150) compared with 

the layer assembly (Figure 1B), and 48 of the genes were shared between assemblies. Not all CHIR 

genes were protein-coding. One of the CHIRA genes (GeneID: 121107850) was non-coding in the 

layer genome, classified as miscellaneous RNA, and presents RNA evidence for a lost 5’ cap 

(CHIR1A8 [Gene], 2023). One of the CHIRA genes (GeneID: 121107816) was retained in the 

layer 2021 assembly and encoded as a pseudogene in the broiler 2022 assembly (CHIR1A5 [Gene], 

2023), implicating genetic changes between the broiler and layer and modifications in genome 

assembly processing. CHIRB3 (Protein Accession: NP_00139606.1) was present in the 2021 

genome but absent in the 2022 update. Still, most CHIR genes detected were on the distal end of 

the chromosome (Figure 1D). While genetic rearrangements primarily occurred on chromosomal 

ends, CHIRAB GeneIDs 425238 and 100857193 demonstrated consistent positioning on the 

proximal end in both stocks. Also, the notion that the broiler contained more CHIRs than the layer 

was consistent through assembly updates (Supplementary Table 1). 

2.3.3 CHIRs exhibit clear functional subgroup associations based on their structure 

Functional group validations were examined through the phylogenetic relationship of 

CHIRs (Figure 2A) and motif enrichment within CHIR functional groups (Supplementary Figure 

2) since CHIRA, CHIRB, and CHIRAB are defined by only positive amino acids in the 

transmembrane domain, and an ITIM motif in the cytoplasmic domain, or both. Consistent with 

previous models (Figure 2B), this study classified 59/150 genes as CHIRA, 41/150 as CHIRB, 

33/150 as CHIRAB, and 17/150 did not have distinct features and were named “CHIRL” genes;  
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Figure 2 Phylogenetic analysis and subgrouping of identified Cluster Homolog of 
Immunoglobulin-like Receptors (CHIRs).A) The phylogenetic tree visually represents the 
relationship among the identified CHIRs in broiler and layer chickens, accompanied by the 
refinement of annotations. The functional groups denoted as green, pink, and yellow, 
correspond to the activatory (CHIRA), inhibitory (CHIRB), or bifunctional (CHIRAB) types, 
respectively. To simplify the presentation, CHIR-Like proteins (CHIRLs), among others, were 
collapsed, resulting in  142/367 proteins shown. Predicted CHIRB (XP_04678998.1) and 
CHIRAB protein (XP_046761963.1) were excluded due to their disparate alignment. B) The 
membrane topology representation depicts the arrangement of positive control proteins, 
specifically CHIRA (NP_001139610.2) and CHIRB (NP_001139612.3), which were utilized 
for the purpose of subgroup naming. C) The count of CHIR genes is categorized by functional 
group, and a word cloud visualization is illustrated to represent the relative sizes of the 
subgroups. 
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these later genes require additional sequencing and annotation (Figure 2C). Subgroup numbers 

were expanded from previously recognized CHIRs (Supplementary Table 1). CHIR1AB contained 

the most genes (N = 22) (Figure 2.3.2C), while smaller CHIR1B and CHIR4A subgroups contained 

two genes, and CHIR4AB and CHIR5AB contained one gene. Considered separately, the broiler 

contained 124 proteins encoding CHIR genes, whereas the layer contained 70 proteins encoding 

CHIR genes (Table 2.3.1). This study pipeline did not examine for otherwise non-coding 

elementThere were four instances where functional annotation for activatory CHIR types through 

detecting a single amino acid in the transmembrane domain was insufficient. In these cases, earlier 

broiler, and layer assembly versions (Supplementary Table 1), independent methods such as motif 

enrichments within CHIRA, CHIRB, and CHIRAB functional groups (Supplementary Figure 1), 

and predictions for alternative transmembrane domain region (i.e., PROTTER) were necessary to 

ensure annotation coherence. For instance, protein products of LOC112531119 were annotated as 

having a different transmembrane domain positive amino acid (from R to D) in the 2022 update 

(Supplementary Table 1). Without prior knowledge, it would be classified as CHIRL. However, it 

also clusters with other CHIRAs (Figure 2A) and exhibits motifs resembling CHIRA 

(Supplementary Figure 1) and was subsequently assigned to the CHIRA functional class. 

Similarly, protein products of the LOC121107865 gene retained their transmembrane 

positive amino acid (R) in the 2021 assembly and contained motifs resembling CHIRA 

(Supplementary Table 1; Supplementary Figure 1), leading to the classification as a CHIRA gene. 

Furthermore, protein products of LOC112531212 and LOC121112298 genes contained a positive 

amino acid in the transmembrane domain, as predicted by PROTTER membrane topology. 

Interestingly, these proteins also exhibited motifs resembling CHIRAB, separate from their ITIM 

domains, which would otherwise classify them as CHIRBs, leading to their assignment to the 
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CHIRAB functional class (Supplementary Table 1; Supplementary Figure 1). Otherwise, the 

approach used in this study of functionally categorizing CHIR proteins based on positive amino 

acids in the transmembrane domain and ITIM in the cytoplasmic region did not present any 

challenges. Thus, the analysis improved the functional class and expanded the subgroup 

annotation, providing a valuable starting point for further explanation and analysis. 

Table 2. Number of protein-encoding CHIR genes, or otherwise identified, in this study compared 
with previously described counts 

 1 Gene number includes 16 unclassified CHIRL genes. 
3 Gene numbers include 2 unclassified CHIRL genes. 

2.3.4 Two CHIRs are found encoded on the broiler’s chromosome 16 

This study identified two CHIR genes located on chromosome 16. While GeneIDs 425113 

and 121108657 of broiler had motifs resembling CHIRAB and CHIRA as above (Supplementary 

Table 1), these were considered CHIRL as they were situated on an unplaced scaffold on 

chromosome 16 and distinct from the established leukocyte receptor cluster on chromosome 31. 

Chicken chromosome 16 contains the MHC regions, MHC-B and MHC-Y (Miller and Taylor Jr, 

2016), and is highly variable and difficult to assemble and annotate. While finding two CHIR genes 

outside the CHIR cluster is curious, these genes may represent novel immunoglobulin genes 

associated with the MHC region. 

Strain Total 
Protein 
Encoding 

CHIRA CHIRB CHIRAB Non-protein 
encoding 
elements (i.e., 
pseudogenes and 
non-coding 
RNAs) 

Reference 

Lohman 
Selected 
Leghorn 

62 25 22 15 41 Laun et al., 
2006 

Red Jungle 
Fowl 

84 35 26 23 46 Lochner et 
al., 2010 

Broiler 1241 44 30 34 1 This study 
Layer 702 33 17 18 1 This study 
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2.3.5 CHIR homologs are present in the turkey, helmeted guineafowl, and zebra finch  

To determine whether CHIRs are unique to chickens or if similar proteins exist in other 

avian species, the identification pipeline (Figure 1A) was employed to extract CHIRs from the 

current assemblies of the turkey, helmeted guineafowl, and zebra finch. All protein sequences were 

gathered because the chromosome of the different species’ potential homolog was unknown. Those 

proteins lacking a transmembrane domain were included, opening the possibility for membrane-

expressed or secreted products. The search yielded 36 turkey, 159 helmeted guineafowl, and three 

zebra finch protein sequences, which were encoded by 29 turkey, 86 helmeted guineafowl, and 

two zebra finch predicted gene sequences (Figure 3A; Supplementary Table 3). Among the turkey 

sequences, 4, 3, and 3 potential sequences consistent with CHIRA, CHIRB, and CHIRAB were 

identified, respectively. The majority (8/10) of the sequences have only one Ig domain, and the 

remaining (2/10) have two Ig domains that only belong to CHIRA. The undefined sequences have 

Ig domains and MHC-I NK cell receptor domains (26/36) but lacked the positive amino acid in 

the transmembrane or ITIM intracellular domain for classification as CHIRA, CHIRB, or 

CHIRAB; thus, they were classified as CHIRL. 

Among the helmeted guineafowl sequences, 26, 34, and 27 potential sequences consistent 

with CHIRA, CHIRB, and CHIRAB, respectively, were found. A majority (55 out of 87) of these 

sequences possessed only one Ig domain, while the rest had two (31 out of 87) or three Ig domains 

(1 out of 87). There were also 72 out of 159 considered as CHIRL sequences. For zebra finch, the 

three potential sequences found were all classified as CHIRL due to the absence of a positive 

transmembrane amino acid and an intracellular ITIM domain. Still, these proteins' chromosomal 

region needs confirmation as all CHIR-like proteins were found on unlocalized scaffolds. 

This study used principal component analyses to explore the CHIR proteins identified 

across avian species. These analyses revealed that helmeted guineafowl exhibited greater 
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Figure 3 Conservation of Cluster Homolog of Immunoglobulin-like Receptor CHIRs in other 
poultry species. A) Phylogenetic tree representing the relationship between putative CHIR in 
turkey, helmeted guineafowl, zebra finch, and chicken. Highlighted in green (CHIRA, 
activatory), pink (CHIRB, inhibitory), and yellow (CHIRAB, bifunctional) are representative 
chicken CHIRs as detailed in Supplementary Table 2. Predicted protein sequences are 
annotated with immunoreceptor tyrosin-based inhibitory motifs (ITIMs) and positive amino 
acids. Green circles denote protein sequences that contain a positive amino acid in the 
transmembrane domain but no ITIM motifs (CHIRA). Pink squares denote the protein 
sequences with only ITIM motifs and no positive amino acid in the transmembrane domain 
(CHIRB). The yellow star denotes proteins with ITIM motifs and a positive amino acid of either 
arginine (R), lysine (K), or histidine (H) in the transmembrane domain (CHIRAB). B) PCA 
clustering of CHIR proteins for each species. C) 3D modeling illustrating the conservation of 
amino acids (in green) across species on representative chicken CHIRA (XP_046760817.1), 
CHIRB (XP_040510212.1), and CHIRAB (XP_040512631.1). Positive amino acids within the 
transmembrane are shown in blue, while ITIMs are depicted in red. 
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dispersion than chickens and turkeys, yet all three clustered relatively closely (Figure 3B). Upon 

aligning the chicken, turkey, and helmeted guineafowl proteins, a high degree of conservation was 

found in the beta-strand secondary structures (Figure 3C). This observation was expected, as these 

regions play a crucial role in interactions with various ligands and self-proteins (Dennis, 

Kubagawa, and Cooper, 2000).  

2.3.6 CHIR-related proteins are present in other avian and mammalian species 

Phylogenetic analysis of potential CHIR genes from 20 avian species revealed that 

waterfowl, tinamous, land birds, ratites, and cowbirds have more distantly related tree clades than 

poultry (Supplementary Figure 2A). Expanding our scope to include well-studied mammalian 

species, human Ig-like receptor genes, specifically LILRs, and KIRs, were found to be more 

closely related to chicken CHIR genes than to other mammalian species homologous proteins 

(Supplementary Figure 2B), such as LILRs and KIRs of rhesus macaque, and Lilrs and Pirs of 

rodents. 

2.3.7 CHIRs have structural and functional similarities to related proteins in human and 
rat 

A syntenic comparison between chickens, humans, and mice highlights that CHIRs occupy 

an expanded chromosomal region in chickens, distinct from homologous proteins in humans and 

rats (Figure 4A). In contrast, gene neighbors like ZNF628, ZNF71, DHDH, SULT2B1, LIG1, 

THAP8, and FFAR2 remained consistent across human, rat, and chicken genomes, which suggests 

different immunological pressures being placed on these species.  

A total of 10 protein clusters were observed for chicken, human, and rat (Figure 4B). For 

example, chicken CHIR5A3, CHIR6A4, and CHIRL1 protein products clustered closely with 

various human LILRs (LILRA2, LILRB1, and LILRB4, respectively), and CHIR1AB7 was 

closely related to rat Lilrb1 (Supplementary Table 5). Also, a low-quality chicken protein, 
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Figure 4 Chromosomal gene synteny and structural clustering of orthologs.A) Homologous Ig-
like receptor gene clusters on chromosome 19 of human (Leukocyte Immunoglobulin-Lilke 
Receptor, LILR, Killer-cell Immunoglobulin-like Receptor, KIR), chromosome 1 of rat (Lilrs, 
Paired Immunoglobulin-like Receptors, Pirs, and Kir3dl1), and chromosome 31 of chicken 
(Cluster Homolog of Immunoglobulin-like Receptor, CHIRs), and their gene neighbors. The 
reference allele and no alternative haplotypes on the current genome assemblies are illustrated 
(human, GCF_000001405.40, rat, GCF_015227675.2, broiler GCF_016699485.2, and layer 
GCF_016700215.2), and not all LILRs or KIRs could be shown. B) Structural clustering of all 
CHIR proteins from this study with all Ig-like receptor proteins from the human and the rat. A 
total of 762 proteins from the above genome assemblies were clustered (N = 371 of chicken, N 
= 342 of human, and N = 49 of rat). Left, venn diagram illustrating numbers of shared or 
unique protein clusters. Right, top protein clusters and their representative Swiss-Prot protein 
hit, along with GO annotation in support of the predicted shared or unique biological function 
or cellular process. Bottom, phylogenetic analysis describing the relative distance of CHIR 
protein clusters with human and rat Ig-like receptors clusters. 
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CHIR6A10, is similar to human KIR3DL3 and rat Kir3dl, with structural refinements anticipated 

in subsequent assemblies. GO annotations described various functional characteristics indicating 

“negative regulation of tumor necrosis factor production” (GO:0032720, Inferred from mutant 

phenotype) of cluster 1 CHIRs (Swiss-Prot Hit: P59901), and shared biological processes between 

chicken and human in “T cell proliferation involved in immune response” in cluster 20 

(GO:0002309, Inferred from direct assay) (Swiss-Prot Hit: Q8NHL6), and “signal transduction” 

in clusters 16, 26, and 39 (GO:0007165, Traceable author statement) (Swiss-Prot Hits: Q8NHJ6, 

Q8N149, and Q8N149, respectively) (Figure 4B). To the best of this study's knowledge, these 

findings could represent the first instance of 1:1 structural and functional homologous relationships 

between chickens, humans, and rats. Also, it is the first instance of a potential KIR match that 

needs in vitro expression confirmation. However, additional computational evidence, such as 

establishing a common ancestor (Fitch, 1970) and empirical experiments to demonstrate functional 

characteristics in vitro, are necessary to confirm these proteins as orthologs or analogous. 

2.3.8 CHIR genes were given standardized nomenclature  

As a result of these findings, this study worked with the Chicken Gene Nomenclature 

Committee (Burt, et al., 2009) to standardize the CHIR gene names to "Cluster Homolog of 

Immunoglobulin-like Receptor" to reflect their similarity in other avian species, notably poultry, 

and to meet vertebrate gene nomenclature guidelines. 

2.3.9 CHIRs are abundant in immune tissues 

CHIR genes are expressed in all tissues studied, with the spleen expressing the highest 

CHIR gene count in male and female chickens across assemblies (Figure 5A; Supplementary 

Figure 3). Interestingly, when more CHIR genes were expressed, total CHIR expression across 

different tissues were higher (Supplementary Figure 4). This study observed an inflective increase 
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Figure 5 Expressions of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) in various 
tissues of the red jungle fowl after alignment to the broiler assembly. A). Average CHIR gene 
expression profiles in various male and female tissues. Functional groups are depicted 
proportionally, with green indicating CHIRA, pink representing CHIRB, and yellow denoting 
CHIRAB for activatory, inhibitory, and bifunctional types, respectively. The observed high 
expression threshold serves as a reference scale corresponding to CHIR abundance's inflection 
point, as seen in Supplementary Figure 4. B) Relative gene expression levels of CHIRs 
compared to other regions on chromosome 31. Note that the data relating to CHIR expression 
in the adrenal gland of the female was not available. 
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in total CHIR expression when approximately 65-88 genes or more were expressed 

(Supplementary Figure 4). The spleen was well above the inflection point, herein set as high 

expression threshold, independent of assembly. In both sexes, CHIR expression in the heart, lung, 

spleen, liver, breast muscle, and adipose also passes this high abundance threshold. Conversely, 

the lowest expressions were observed in the proventriculus in the male and the gonad of the female. 

Across all tissues, CHIRB genes were proportionally higher in expression than CHIRA genes, if 

not consistent (Figure 5A), and some CHIR genes were constitutively expressed across tissues 

regardless of the sex of the animals (Figure 5B). The CHIRs located around the 1.3-1.7 Mbp 

region, regardless of assembly used, on chromosome 31 were highly expressed across tissues in 

the male and female. Similarly, the data aligned to the layer assembly were consistent with these 

findings (Supplementary Figure 3). 

2.3.10 CHIR genes are polymorphic across inbred chicken lines 

To evaluate functional diversity, CHIR gene variations across inbred chicken lines were 

examined. Overall, the broiler and the layer yielded 38,636 and 39,078 CHIR gene variant calls, 

respectively (Table 2.3.2), with a clear prevalence of nonsynonymous over synonymous mutations. 

Analyzing overall genetic variant patterns (Figure 6A, Supplementary Figure 5A), over 25% of 

calls resided in transcript regions, with intronic and different regulatory regions being the next 

most numerous. On average, accounting for gene numbers, CHIRB variants (0|1 heterozygous or 

1|1 homozygous for alternative allele) were more frequent than CHIRA variants (Figure 6, 

Supplementary Figure 5B). As expected, the non-selected line, UCD001, demonstrated the highest 

heterozygosity (Figure 2.3.6C, Supplementary Figure 5C), a characteristic consistent with the non-

selected red jungle fowl lineage. 
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Table 3. Observed Cluster Homolog of Immunoglobulin-like Receptor (CHIR) variants in the 

different inbred lines and assemblies.  

ND, no data. 

1 Percent changes reflect homozygous alterations 

The majority of identified variants were classified as rare, supported by the negative 

Tajima’s D values (Figure 6D, Supplementary Figure 5D), reflecting the selective nature of most 

studied chicken lines. These findings underscore a purifying selection process that most chickens 

underwent, further highlighted by the distance in clustering to UCD001 (Figure 6E, Supplementary 

Figure 5E). Interestingly, similarities in CHIR variants were found among lines known for disease 

resistance to Marek’s disease virus (Figure 6E, Supplementary Figure 5E). In fact, 1,097 and 1,101 

CHIR variants were discerned in the broiler and layer assemblies, respectively, significantly 

associated with resistance to Marek’s Disease (< 0.05), and the top 10 impactful coding region 

calls were found in the extracellular space or near the Ig domain (Table 2.3.3). These regions hold 

crucial roles in facilitating binding between MHC-I and pathogens (Jansen, et al., 2016; Truong, 

et al., 2019a), potentially offering valuable insights into mechanisms of disease resistance.  
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Figure 6 Presence of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) gene 
variations in inbred chicken line sequences after alignment to the broiler assembly. A) 
Schematic of variants across CHIRs. Only frameshift variants of the non-coding region changes 
were indicated for visualization purposes. B) CHIR mutations by functional group annotated, 
normalized for gene number. No variant (0|0), an allelic variant (0|1), and homozygous for 
alternative allelic variants (1|1) are indicated. C) Relative heterozygosity of variant calls along 
the chromosome. D) Tajima’s D, a measure of observed to expected nucleotide diversity. E) 
Inbred chicken CHIR variant clustering through principal component analysis. 
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Table 4. Top 10 coding region variants of different Cluster Homolog of Immunoglobulin-like 
Receptor (CHIR) genes, by significance 

1 P-values of variants significantly associated with Marek’s Disease-resistant trait. 
  

 CHIR 
gene 
symbol 

Protein 
Codon 
Change 

P-value1 Inbred Line Affected Protein 
Region 
Change 

Broiler 
1 CHIR2A7 p.Met210Leu 0.0001554 Line 6, Line 15, Line N, Line C, 

Line W 
Extracellular 

2 CHIR6AB2 p.Gln52Glu 0.0001554 UCD001, Line 6, Line 15, Line 
N, Line C, Line W 

Extracellular 

3 CHIR4B9 p.Arg303Cys 0.0001554 Line 6, Line 15, Line N, Line C, 
Line W 

Intracellular 

4 CHIR6A6 p.Pro109Pro 0.001399 UCD001, Line 6, Line 15, Line 
N, Line C, Line W 

Extracellular 

5 CHIR6AB2 p.Val49Gly 0.001399 Line 6, Line 15, Line N, Line C, 
Line W 

Extracellular 

6 CHIR1AB8 p.Leu219Pro 0.001399 UCD001, Line 6, Line N, Line 
C, Line W 

Intracellular 

7 CHIR3B16 p.Gly62Arg 0.002165 Line 6, Line N, Line C, Line W Extracellular 
8 CHIR6B6 p.Arg118Ile 

or 
p.Arg118Lys 

0.002165 UCD001, UCD003, Line 6, Line 
15, Line N, Line C, Line W 

Extracellular 

9 CHIR6A2 p.Leu195fs 
or 
p.Asp194Glu 

0.002997 UCD001, Line 6, Line 15, Line 
N, Line W 

Intracellular 

10 CHIR2A2 p.His128Asp 0.006993 UCD001, UCD003, Line 6, Line 
15, Line N, Line C 

Ig domain 

Layer 
1 CHIR5B2 p.Asn41Thr 0.003497 UCD003, Line 0, Line 7 Extracellular 
2 CHIR2A13 p.Asp168Asp 0.003497 UCD003, Line 0, Line 7 Ig domain 
3 CHIR6A10 p.Trp51Arg 0.003497 UCD003, Line 0, Line 7 Ig domain 
4 CHIR4B1 p.Pro358Ser 

or 
p.Pro358Arg 

0.003497 Line 6, Line 7, Line 15, Line N, 
Line C 

Intracellular 

5 CHIR5A1 p.Leu52Leu 0.003497 UCD003, Line 0, Line 7 Ig domain 
6 CHIR5A3 p.His59Gln 0.003497 UCD003, Line 0, Line 7 Ig domain 
7 CHIR4B7 p.Glu82Gly 0.003497 UCD003, Line 0, Line 7 Ig domain 
8 CHIR3AB2 p.Glu152Gly 0.003497 UCD003, Line 0, Line 7 Ig domain 
9 CHIR5B1 p.Leu113Val 0.003497 UCD003, Line 0, Line 7 Extracellular 
10 CHIR2AB1 p.Lys44Asn 0.003497 UCD003, Line 0, Line 7 Ig domain 



 

61 
 

It is also important to note a biological or technical limitation during our analysis. The Line 

P sample had missing calls independent of assembly aligned (i.e., calls were missing (-|-) instead 

of reference alleles (0|0), heterozygous alleles (0|1), or homozygous alternative alleles (1|1). 

Reference is defined as the nucleotide of the source assembly. To confirm, we observed raw read 

density along chromosome 31 and saw little to no reads (Supplementary Figure 6). Conversely, 

when data were aligned to the layer assembly, elevated missing call rates were noted in Line 6, 

Line 15, Line N, Line P, Line C, and Line W. 

2.4 DISCUSSION 

The main objective of this study was to identify and characterize chicken CHIR genes to 

gain insights into their role in the avian immune system. Using the InterProScan pipeline, over 150 

CHIR genes were identified and systematically named based on their function and current best 

practices for vertebrate gene nomenclature. The rigorous pipeline devised based on previous 

research methods (Viertlboeck, et al., 2009) and online accessibility on NCBI marks a substantial 

advancement for CHIR annotation. Moreover, the sequencing and assembly of different chicken 

lines allowed us to compare structural variations and line-specific regulatory elements in CHIRs 

(Warren, et al., 2023). Since CHIR genes are located on the GC-rich microchromosome 31, newer 

sequencing techniques, which, for the first time, can include these gene-rich microchromosomes 

in the genome assembly, allow us to do genomic analyses across this region and related species. 

Likewise, improved sequence and annotation have resulted in five CHIR genes (CHIR1AB1, 

CHIR1AB7, CHIR1AB8, CHIR3AB2, and CHIR5AB1) where the functional class assignment was 

corrected using the positive amino acids in the transmembrane domain or ITIM motif in the 

cytoplasmic domain. All five cases were in the dual-function CHIRs. In the context of these 

findings, it is worth considering the intricacy of CHIR genes, as characterized by the distinct 
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activatory and inhibitory types determined by the motifs, and the challenge they pose to automated 

annotation methods. Methods relying on sequence similarity, like the utilization of BLAST by 

BUSCO (Simão, et al., 2015), may unintentionally assign inaccurate functional categorizations. 

Hence, the meticulous approach to gene annotation, particularly for intricate gene families like 

CHIR, may entail careful curation to accurately describe their functions. 

The number of protein-encoding CHIR genes in various assemblies - Lohman-Selected 

Leghorn (n = 62) (Laun, et al., 2006), Red Jungle Fowl (n = 84) (Lochner, et al., 2010), and this 

studies White Leghorn type layer (n = 70) and broiler (n = 125) - was unexpected (Table 2). 

Notably, the broiler’s 125 genes represent a 50 to 100% increase compared to existing counts. The 

number of CHIRA genes was always greater than other CHIR groups. However, in the recent 

broiler and layer assemblies, in comparison to earlier studies, CHIRABs had higher counts than 

CHIRBs (CHIRA > CHIRAB > CHIRB). While the cause of this shift is unknown, the higher 

count of CHIRAB to CHIRB genes may be attributed to this study’s identification of activatory 

type CHIRs through secondary motif analysis and transmembrane domain search approaches 

(Supplementary Figure 1). The Lohman-Selected Leghorn (LSL), developed with slow feathering 

to prevent a type of avian leukosis virus (i.e., lymphoid leukosis), maintains or even improves egg 

production and feed efficiency for enhanced income (Flock, 2019). These represented the birds 

with 62 protein-encoding CHIR genes.. Traditional white leghorns, said to be derived from 

Livorno, Italy (Parkhurst and Mountney, 2012), have been broadly utilized in agriculture and 

selected upon for their egg-laying capabilities. These represented the birds with 70 protein-

encoding CHIR genes. The Red Jungle Fowl, characterized with 84 protein-encoding CHIR genes, 

is considered more layer-like due to its features. There are different from broilers, which possess 

125 protein-encoding CHIR genes. The numerical disparity in broiler and layer raises the 
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possibility that CHIR genes could have evolved in response to the demands of selective breeding. 

For instance, broilers have been selected for early-age rapid growth profiles (Schmidt, et al., 2009; 

Zuidhof, et al., 2014), where layers with advances in management and selection, such as lowered 

broodiness (Groen, 2003) were adapted from one clutch of eggs (Delany, 2004) to hundreds of 

eggs per year (Hanlon, et al., 2022). Different sets of CHIRs may be related to the relatively large 

divergence of poultry, including chickens, turkeys, and guineafowl, from other avian species like 

waterfowl, tinamous, land birds, ratites, and cowbirds (Supplementary Figure 2), since the 

millennia-old domestication of poultry (West and Zhou, 1988; International Chicken 

Polymorphism Map Consortium, 2004). Though, it is important to recognize that speculations 

regarding potential differences in immune response linked to CHIR genes should be approached 

with care. The underlying inheritance and co-selection of these genes with other important 

agriculturally important markers needs to be determined such that desirable immunological 

profiles and production traits are considered. Despite 3 to 4 unlocalized contigs for chromosome 

31 in the broiler and layer (Genome [Internet], 2023), the dynamic shift in Ig-like receptor gene 

counts underscores a significant developmental trajectory within avian lineages, with crucial roles 

in immunity. 

Through chromosomal mapping and phylogeny, this study identifies a diverse cohort of 

CHIRs, distributed either proximally or distally on chromosome 31, while also identifying a more 

extensive repertoire of Ig-like receptors compared to those in humans and rats (Figure 4). 

Structurally, the CHIRs were observed to contain 1 to 2 Ig domains and ITAM motifs, irrespective 

of their functional categorization. Among them, the charged amino acid arginine was 

predominantly present in activatory receptors. Of particular interest, negatively charged aspartate 

was also present in CHIRA genes (CHIR2A10 and CHIR6A6), a feature responsible for loss of 
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interaction with the human leukocyte antigen C in humans (Richardson, et al., 2000), suggesting 

an analogous role for the MHC and CHIR in chickens. Intriguingly, subgroup CHIR2A, CHIR3A, 

and CHIR5A proteins featured extracytoplasmic ITIM motifs containing reactive amino acids like 

cysteine and serine. At current, these authors have not heard reports of similar domains encoded 

on human or mouse Ig-like receptors. Should these domains remain accessible to extracellular 

proteins, it may be speculated to interact with extracellularly secreted tyrosine kinases, like protein 

kinase domain containing cytoplasmic proteins as in mammals (Bordoli, et al., 2014). Site-directed 

mutagenesis could be employed to clarify functional positive amino acids in the transmembrane 

domain or extracellular tyrosine functionality. Providing these fundamental insights adds to the 

specific roles of each subgroup within the CHIR gene family. Still, many parallels exist between 

chicken, rat, and human. For example, various chicken CHIRAs, CHIRBs, and CHIRABs were 

clustered to LILRB4 human and rat Lilrb4 proteins (Supplementary Table 4), and GO terms related 

such as “signal transduction” and “T cell proliferation and response”, and “plasma membrane” 

(Figure 4) supports the analogous function. Such genetic parallels between chickens and humans 

underscore the enduring role of Ig-like receptors across species and potentially co-evolved 

strategies to counter cross-species disease transmission, potentially bolstering both species’ 

abilities to combat mutual pathogens. To comprehend such relationships, particularly in disease 

resistance, future studies can use modeling to simulate gene variants of both species, exploring 

how CHIR and KIR genes evolve under different conditions. 

Applying standardized gene nomenclature for the CHIR genes is important for clearly and 

consistently communicating about genes. This study systematically named these genes “Cluster 

Homolog of Immunoglobulin-like Receptors”, avoiding the use of “chicken” in genes that may 

also be found in other poultry species and conforming to Human Genome Nomenclature 
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Consortium (HGNC) guidelines (Burt, et al., 2009; Bruford, et al., 2020) while retaining the 

“CHIR” symbol used in previous literature. Moreover, this gene family can be further subclassified 

as activating, inhibiting, and dual function using CHIRA, CHIRB, and CHIRAB symbols, 

respectively. 

In the current pipeline analysis for CHIR genes in chickens, two broiler genes, GeneIDs 

425113 (subclassified as CHIRAB) and 121108657 (subclassified as CHIRA), are located on 

chicken chromosome 16 (Supplemental Table 1). The reason that these genes are present in the 

broiler but not the layer is unclear. Despite the presence of protein motifs in CHIR genes, these 

two genes were rejected for further annotation and nomenclature since they are outside the known 

leukocyte receptor cluster on chromosome 31. Chicken chromosome 16 encodes most immune-

related genes, most notably the MHC-I (Miller and Taylor Jr, 2016). Presumably, if these two genes 

are classified as CHIR regardless of the chromosomes, disease manifestations can be directly 

linked with CHIRs as different MHC-B haplotype chickens illicit differences in infection 

responses, including Mareks’s disease (Cole, 1968; Sharma and Stone, 1972; Bülow and Biggs, 

1975; Pazderka, et al., 1975; Schat, et al., 1981; Schat, et al., 1982; Bacon and Witter, 1992; Bacon 

and Witter, 1993; Bacon and Witter, 1994; Salter, et al., 1999; Bacon, et al., 2000; Miller and Taylor 

Jr, 2016), avian leukosis virus (Crittenden, 1991), Rous sarcoma virus tumors (Payne and Biggs, 

1966; Payne and Chubb, 1968; White, et al., 1994; Senseney, et al., 2000; Taylor Jr, 2004; Miller 

and Taylor Jr, 2016), coccidiosis (Clare, et al., 1985; Uni, et al., 1993; Caron, et al., 1997; Pinard-

van Der Laan, et al., 1998; Kim, et al., 2008), avian influenza (Hunt, et al., 2010), gallid 

herpesvirus 2 (Goto, et al., 2009) and infectious bronchitis virus (Bumstead, et al., 1989; Banat, et 

al., 2013; Dawes, et al., 2014). The Atlantic salmon has a larger repertoire of receptors than 

mammalian species, and Type 1 interferon receptor genes are found dispersed across chromosomes 
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21 and 25 (Sun, et al., 2014). The encoding of CHIR in different chromosomes poses questions 

regarding CHIR's functional diversity and receptor lineage. Therefore, the two CHIR genes on 

chromosome 16 should await further validation by resequencing the full-length cDNA, including 

the 5’ and 3’ UTR in chickens. 

Chicken CHIRs are notably expressed in adipose tissue, an unexpected site for immune 

activity because this tissue is not traditionally considered a primary site for immune activity. This 

expression hints at pro-inflammatory macrophages and regulatory T cells or the presence of other 

immune cells, possibly influenced by age and obesity. McCarthy, et al. (2019) studied 2.5-year-

old red jungle fowl with abdominal fat accumulation, suggesting a link between chronic obesity 

and heightened CHIR expression. CHIR homologous proteins are functionally diverse influencing 

processes. They have been implicated in various processes, including their role in infectious 

diseases, allograft rejection, cancers, Alzheimer's-linked Tau protein formation, and numerous 

autoimmune diseases in humans and mice. Functionally, the CHIRB-related mouse protein, Pirb, 

can be pivotal in lipid biosynthesis as well as the arrest of T cell growth through their stimulation 

of downstream extracellular signal-regulated kinase 1/2, or ERK1/2 signaling (Gao, et al., 2021). 

In contrast, the CHIRB-related mouse protein, Lilrb4, counteracts lipid accumulation in vital 

tissues such as the liver through mitigating nuclear factor kappa-light-chain-enhancer, or NFκB, 

and subsequent pro-inflammatory cytokines (Lu, et al., 2018). These actions may be actionable 

and broadly expressed among cell types (Viertlboeck, et al., 2005) or natural killer-cell-specific 

expression (Neulen, et al., 2015). Required intracellular signaling molecules of Src homology 2 

domain containing protein tyrosine phosphatase (SHP)-1 and -2 (Maeda, et al., 1998), are 

expressed (Viertlboeck, et al., 2004), as well as the high-affinity IgE receptor, FcεRIγ (Viertlboeck, 

et al., 2005; Viertlboeck, et al., 2007), Bruton’s tyrosine kinase, spleen tyrosine kinase, and 
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tyrosine-protein kinase Lyn (Takata and Kurosaki, 1996), supporting intracellular signaling of 

CHIRs are well conserved to mammals. However, the distinct immune cell subsets expressing 

different CHIRs are currently not well characterized. Therefore, it is essential to further study 

CHIR gene expression during disease challenges and identify their cellular locations, potentially 

using techniques like single-cell sequencing. 

The investigation demonstrated that chicken lines susceptible to Marek’s Disease Virus 

(Line 7, 0, and P) clustered closely together when CHIR variants are considered, forming a distinct 

group from Marek’s Disease resistant lines (Line N, C, 15, W, and 6) (Figure 6; Supplementary 

Figure 5). Most notably, this study detected > 1000 CHIR gene variants significantly associated 

with resistance and susceptibility to Marek’s disease, where the most significant variants indicated 

substitutions in the extracellular region or Ig-domains. Noteworthy examples include variants in 

disease-resistant lines, such as the alteration of histidine to negatively charged aspartate in 

CHIR2A2 (Table 4) when aligned to the broiler assembly. This substitution may imply a reduction 

in binding with MHC-I, similar to prior findings (Richardson, et al., 2000). Conversely, when data 

were aligned to the layer assembly, disease susceptible lines displayed a change from tryptophan 

to a positively charged arginine in gene CHIR6A10 (Table 4). These findings are supported by 

CHIRs that have already been found significant in association or interaction with MHC-I and avian 

influenza virus antigens (Jansen, et al., 2016; Truong, et al., 2019b). However, it is not clear 

whether the variants found associated with Marek’s disease hold with other viruses. These disease 

resistance and susceptible line categorizations are relative and sometimes dependent on viral strain. 

On a technical note, Line P, which is known for its MHC-I B19 haplotype and disease susceptibility 

to Marek’s disease (Table 1), had missing raw read alignments on chromosome 31 in both 

assemblies (Supplementary Figure 6), indicating loss of the 31st chromosome. To verify this 
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assertion, a deeper understanding of the microchromosome in Line P could be obtained through 

pan-genome data analysis strategies, identifying genomic conservation and potential CHIR gene 

reorganization or selection. Nevertheless, this study begins to uncover the nature of CHIR gene 

variants, their functional implications, and inheritance patterns, broadening the scope of chicken 

families. As future research examines variability, there is potential to identify distinct CHIR cluster 

haplotypes within various chicken populations. 

While this study found and improved the annotation of chicken CHIR genes, certain 

limitations warrant consideration. These annotations' accuracy depends on the current assembly’s 

quality, and the nascent state of avian CHIR gene research complicates direct comparisons with 

other genome assemblies and annotations for other avian species. Nevertheless, this study serves 

as a foundation for subsequent CHIR gene investigations in chickens. Expanding our scope to 

include a wider variety of chicken lines would enrich our knowledge of CHIR genes’ roles across 

diverse physiological settings. Functional validation of the identified genes through siRNA 

knockdown or knockout experiments, while beyond the scope of this study, is crucial to strengthen 

the findings. Verifying protein expressions and elucidating their structures would support their 

existence as well as their interactions with other proteins. This research offers a fresh perspective 

on chicken CHIR genes' diversity and potential roles, broadening our comprehension of avian 

immunity and the evolutionary trajectory of vertebrate immune genes. Continued research to 

address the present constraints promises to unveil the broader implications of CHIR genes for 

poultry health, breeding, and disease resistance. 
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ABSTRACT 

The chicken cluster homolog of immunoglobulin-like receptor (CHIR) molecules roles 

during infection in chicken are not well established. We hypothesized that CHIR -B types, as 

classified by their intracellular inhibitory domain, will suppress macrophage immune responses 

against avian influenza infection. Previous RNA-sequencing data of chicken macrophages from 

different MHC-I haplotypes stimulated with interferon-γ was re-analyzed. Separately, small 

interfering RNAs were generated for gene-mediated degradation of CHIRs in vitro macrophage 

culture prior to avian influenza infection, co-culture with T lymphocytes, detection of supernatant 

oxide species and observed for viral load over time in culture. Results indicate that CHIR-B acts 

directly or indirectly to suppress nitrate production while restricting reactive oxygen species 

formation. In addition, CHIR-B silencing produced a decrease in viral load within macrophages 

during early infection. This basic study adds to the importance of CHIR molecules in immune 

response and provides important implications for CHIR-based genetic selection in chickens. 
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3.1 INTRODUCTION 

The immunoglobulin-like receptors, categorized as activatory (-A) or inhibitory (-B), are 

vital components of the immune system, influencing cellular differentiation in response to 

pathogens. In chickens, the cluster homolog of immunoglobulin-like receptors (CHIRs) were not 

well-characterized and in the public domain until recent genome assemblies. This study aims to 

empirically elucidate their functions, aiding in the selection of desirable traits in chickens, 

including the balance of activatory CHIRs for optimal immune responses.  

The previously limited access to CHIR nomenclated sequences hindered the study of their 

cell surface expression and therefore role during disease, therefore reannotation and updated 

nomenclature was done as described in the previous chapter. However, prior research suggests 

their likely interaction with major histocompatibility complex class I (MHC-I) molecules (Truong, 

et al., 2018; Truong, et al., 2019), where CHIRA and CHIRB sequences act as activatory and 

inhibitory receptors, respectively. Furthermore, some CHIRA molecules have shown affinity for 

the avian influenza virus's hemagglutinin protein (Jansen, et al., 2016). 

The intricate modulation of avian immune responses involves a dynamic interaction of 

genetic factors including the MHC-I, and CHIR genes are hypothesized to hold a central position 

in influencing immune defense mechanisms. Despite their presumed structural and functional 

similarity with mammalian immunoglobulin-like receptors, the exact functions of these genes 

remain unclear. This study undertook separate yet complementary investigations to explore the 

roles and effects of CHIR genes on immune responses. Advanced methodologies, including the 

reanalysis of prior RNA-sequencing data and the utilization of small interfering RNA (siRNA) 

techniques, were employed to gain deeper insights. 
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RNA-sequencing (RNA-seq) emerges as a powerful tool for unraveling the intricacies of 

avian immunogenetics, particularly in delineating when and sometime where CHIR genes can play 

a role. In reevaluating a previously generated RNA-seq dataset, focused on MHC-I-defined 

chicken populations after interferon-γ stimulation of primary blood derived macrophages γ 

(Irizarry, et al., 2017), the dynamic expression of CHIR genes over varying timeframes was 

determined. This approach unveils critical genetic signatures characteristic in viral infection, 

shedding light on the nuanced roles of CHIRs in avian immune responses. 

Through a carefully designed infection co-culture model as used previously (Collisson, et 

al., 2017), and the application of small interfering RNA (siRNA), this study aims to unveil the role 

of Ig-like receptors in cell-mediated immune responses (i.e. nitrate and H2O2) in active viral 

infection, and link viral dynamics with changes in CHIR messenger RNA levels. 

Given the pressing need to combat disease outbreaks in the poultry industry, focusing on 

disease resistance, particularly against pathogens like avian influenza, is imperative. This study 

addresses the basic relationships between chicken CHIRs and MHC-I on innate immune cells, and 

how they could be related to disease resistance and susceptibility, serving as markers for immune 

system competence. This study used chickens with previously characterized MHC-I types B2 and 

B19, that have relative resistance and susceptibility to diseases, including various respiratory 

viruses (Hunt, et al., 2010; Banat, et al., 2013; Dawes, et al., 2014; Collisson, et al., 2017).  

This study focuses on the presumed CHIRB inhibitory receptor, as signaling molecules 

recruited to the immunoreceptor tyrosine-based inhibitory motifs may lead to the direct reduction 

of CHIRA signaling. Overall, this research not only contributes to our understanding of immune 

response mechanisms in chickens but also provides insights for strategic marker-assisted selection.  
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3.2 MATERIALS AND METHODS 

3.2.1 Annotation 

For thorough detail on the process used to identify and functionally characterize CHIRs, 

the reader is encouraged to refer to Chapter 2. In brief, Protein and RefSeq Gene annotation of the 

bGalGal1.mat.broiler.GRCg7b and bGalGal1.pat.whiteleghornlayer.GRCg7w assemblies 

(GCF_016699485.1/2 and GCF_016700215.1/2) were downloaded from the NCBI FTP site. 

InterProScan (v.5.52-86.0-v.5.56-89.0) and dependencies PFAM (v33.1), TMHMM (v2.0c), and 

PANTHER (v15.0) were used for protein classifications (Sonnhammer, et al., 1997; Krogh, et al., 

2001; Zdobnov and Apweiler, 2001; Thomas, et al., 2003). SeqKit was used for retrieving ITAM 

('Y.XXM'), ITIM ('[SIVL]XYXX[IVL]'), and transmembrane amino acids (Shen, et al., 2016). 

MUSCLE (v3.8), IQ-TREE (v2.0, parameters –maximum likelihood –bootstrap N =1000 

replicates –substitution model AA, JTTmodel), and iTOL (v6.4.3) were used for constructing, 

modeling, and visualizing the phylogenetic relationships (Edgar, 2004; Letunic and Bork, 2007; 

Nguyen, et al., 2015). 

3.2.2 Examining Ig-like receptor expression during interferon-γ stimulation 

We re-analyzed data from our previous study (Irizarry, et al., 2017), involving B2/B2 and 

B19/B19 MHC-I defined chickens from Northern-Illinois University (N = 2 replicates). Peripheral 

blood mononuclear cells (≈5x10^6 cells/ml in 12-well) were cultured for various durations (0, 2, 

4, 8, 12, 16, 24, and 48 hours) with 50 pg/ml IFNγ. 

The .fastq files were trimmed for adaptors using TrimGalore (v0.4.1, parameters -clip_R2) 

(Krueger, 2015), and the resulting reads were aligned to the most recent Red Jungle Fowl genome 

available through NCBI (GRCg6a, GCA_000002315.5) using HISAT2 (v2.2.1, parameters --dta –

x –U –S) (Kim, et al., 2015). To compare the annotated features from the alignment results with a 
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reference annotation, and to assess how well the aligned reads correspond to the known genomic 

features, we used gffCompare (v0.11.6, parameters -R –r) (Pertea and Pertea, 2020). Samtools 

(v1.14) (Danecek, et al., 2021) and Stringtie (v2.2.0) (Pertea, et al., 2015) were used for file 

conversion and quantification, and HTSeq (v1.99.2) (Anders, et al., 2015) was used for differential 

expression analysis. Subsequently, the reference gene set was manually reannotated for CHIR 

genes identified prior to the study.  

Transcripts per million of each gene were normalized to the B2/B2 birds at 0 hours. The 

geometric average of all CHIR A, CHIRB, and CHIRAB expressions were taken to explain general 

trends relative to the 0-hour group, and individual gene expressions were organized into a heatmap 

in Excel. Qlucore Omic Explorer (v3.8, parameters –PCA) was used for principal component 

analysis visualization. 

3.2.3 Animals 

Fertile eggs of different chicken strains (UCD331, UCD335, and WVU 1952) were sourced 

from West Virginia University from Spring 2021 to Winter 2023. Incubation and hatching, 

following the procedure by Collisson, et al. (2017), involved batches of 100 to 200 fertile eggs. 

Each batch represented a flock. Our study anticipated a 50% expected loss in both fertility and 

hatchability, considering vivarium space constraints. This study used 5 WVU 1952 flocks (B2B2, 

B2B19, and B19B19), 3 flocks of the UCD331 (B2B2), and 2 flocks of the UCD335 (B19B19). 

Birds, aged between 3 and 17 weeks, were included in the study, representing both male and female 

sexes. All animal studies underwent thorough review and received approval from the Institutional 

Animal Care and Use Committee and Institutional Biosafety Committee at Western University of 

Health Sciences (R21IACUC016, 21IBC008), adhering to the ARRIVE guidelines. 
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Up to 45 birds from each strain were included in each in vitro culture studies experiment, 

with approximately half representing each haplotype. It's important to note that due to inherent 

biological variability in the starting point of monocyte-derived macrophages (MDM) or technical 

challenges in culture techniques, less than half of the birds demonstrated a nitrate response. 

However, no such limitation was observed for H2O2 detection. For the temporal studies conducted 

in experiment 1 and experiment 2 using WVU 1952 strain, only birds that demonstrated a nitrate 

response were retained for the experiment 2 studies. This selection aimed to minimize bias and 

ensure a more focused investigation of responsive individuals in the subsequent study.  

The MHC-I haplotype of B2 and B19 chickens was determined by microsatellite markers 

from blood as previously (Iglesias, et al., 2019), except the PCR reaction and running conditions 

were modified for our lab. In brief, 100 ng of DNA was amplified in 25 µL reaction (1X EconoTaq 

Buffer without Mg, 1.25 units of EconoTaq, 200 µM of dNTPs, 0.1 µM of forward and reverse 

LEI0258 primers, and 1.5 mM MgCl2) and amplified through 95°C for 5 minutes, 50 cycles of 

denaturation, annealing, and extension (95°C for 15 seconds, 57°C for 15 seconds, and 72°C for 

50 seconds), and final extension of 72°C for 5 minutes. PCR products were examined on a 2% 

agarose gel to ascertain haplotype as previously published (Fulton, et al., 2016). Blood samples 

were collected by wing ulnar venipuncture into EDTA-coated tubes.  

On a given day for our in vitro studies, a maximum of 12 birds served as blood cell donors, 

and the blood was collected through wing ulnar venipuncture. The amount of blood drawn from 

each bird did not exceed 1% of their body weight, and donors were given a two-week resting 

period before being used again. 
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3.2.4 NP_pcDNA propagation and extraction 

NP_pcDNA3.1 encodes the nucleoprotein (NP) of the H5N9 avian influenza virus. The 

NP_pcDNA plasmid contained in previous TOP10 cells (Singh, et al., 2010b) was re-transformed 

into Endura chemically competent cells (60240, Biosearch Technologies), grown in 1-2 L flasks 

of Luria Burani Broth containing Kanamycin, and harvested at exponential phase (after 17 hours), 

to limit amplification of host genomic material (Supplementary Figure S 7). Subsequently, to 

centrifugation, NP_pcDNA was extracted using NucleoBond PC 10000 EF, Giga kit for endotoxin-

free plasmid DNA (740548, Machery-Nagel). Resuspended NP_pcDNA was nanodropped for 

concentration and stored at the -20°C until preparation for inoculation. Prior to inoculation, the 

resulting NP_pcDNA was filtered through 0.2 µM polyethersulfone syringe filters, an aliquot was 

nanodropped to confirm concentration, and in a biological safety cabinet, 1 mL or less of 

NP_pcDNA was allocated into insulin syringes. 

3.2.5 NP_pcDNA-inoculation 

While the majority of the birds were not inoculated (control) and served as blood donors 

for our naive macrophages, three or more of the different UCD or WVU MHC-I hapltyope (B2B2, 

B2B19, or B19B19) were randomly selected according to previously published (Cochran and Cox, 

1957) for intramuscular inoculation at 10 and 70 days of age with 500 µg of the NP_pcDNA3.1. 

While prior studies by our lab inoculated at 21 and 77 or 91 days of age with 1 × 108 infectious 

units of H1N1 adenovirus vector nucleoprotein (Singh, et al., 2010c),  the 60-day interval was 

determined to increase vaccine effectiveness for individuals taking the Pfizer-BioNTech or 

Moderna covid-19 vaccines (Chung, et al., 2021). Also, the NP_pcDNA3.1 preparation has been 

used by our lab on 21 day of age chicks (Singh, et al., 2010a), and the initial inoculation is observed 
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to increase nitrate production (Supplementary Figure S 7). The inoculated birds served as blood T 

cell donors for co-culture which were collected at least ten days after inoculation. 

3.2.6 Generation of siRNA 

Four control sequences used elsewhere (Beck, et al., 2013) were modified for length and 

flanking G and C, 5' and 3' ends before genome searching against complementarity in UCSC BLAT 

(Mar. 2018 GRCg6a) (Kent, 2002) and NCBI BLAST. The resulting small interfering RNA 

sequences were deemed non-specific for chicken and suitable for use in this study. 

In the absence of annotation for the newer 2022 assembly versions of CHIR genes and 

CHIRs in the layer, the alignment was conducted with 80 CHIR genes sourced from a prior 

bGalGal1.mat.broiler.GRCg7b assembly (GCF_016699485.1, 2021 version). All functionally 

annotated CHIRA, CHIRB, and CHIRAB gene sequences were aligned and grouped by function 

in AliView (v1.28) (Larsson, 2014). In a similar manner, all 5'G(N)17C3' regions specific for 

CHIRBs were identified, thereby increasing the comprehensiveness of knockdown-induced 

silencing through a pooled approach. As a result, 12 consensus sequences were chosen to result in 

maximal CHIR-B group silencing. Preference was given to target sequences indicated to be most 

specific by NCBI BLAST, and unlikely to form improper primer dimer pairing (Multiple Primer 

Analyzer, ThermoFisher Scientific). To visualize the specificity of the sequences used for the 

generation of siRNA, this study used MCAST (v5.4.1, parameters –Motif p-value threshold <5e-

11, –Output threshold E-value ≤10000) (Supplementary Figure S 8). The resulting sequences along 

with CHIR sequences used for generating siRNAs are detailed in Table 1. 

To permit in vitro transcription of the non-targeting and gene-targeting siRNA pools 

following the T7 RiboMAX Express RNAs System (Promega), the T7 promoter sequence was 

added onto the top and bottom, sense and antisense strand oligo following kit directions. All DNA  
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Table 5. Non-targeting and CHIR targeting sequences used for small interfering RNA generation. 

1Constructed based on (Beck, et al., 2013). 
 

Name Sequence Reverse Complement 

NTi_011 GTAGCGACTAAACACATCC GGATGTGTTTAGTCGCTAC 
NTi_021 GTAAGGCTATGAAGAGATC GATCTCTTCATAGCCTTAC 
NTi_031 GTGTATTGGCCTGTATTAC GTAATACAGGCCAATACAC 
NTi_041 GATGAACGTGAATTGCTCC GGAGCAATTCACGTTCATC 
CHIRBi_01 GTACACAGATGTGCACTCC GGAGTGCACATCTGTGTAC 
CHIRBi_02 GCTACCGTCACAGTGCATC GATGCACTGTGACGGTAGC 
CHIRBi_03 GCAGGAAGCGTGTGACAGC GCTGTCACACGCTTCCTGC 
CHIRBi_04 GTCCTCACTGCCTCTTTGC GCAAAGAGGCAGTGAGGAC 
CHIRBi_05 GTGCCTCCACAGCACATGC GCATGTGCTGTGGAGGCAC 
CHIRBi_06 GTACCAAAATCCAACATAC GTATGTTGGATTTTGGTAC 
CHIRBi_07 GGTCACCTCTGGACATTTC GAAATGTCCAGAGGTGACC 
CHIRBi_08 GCACCCACCCCCCAGATTC GAATCTGGGGGGTGGGTGC 
CHIRBi_09 GGCCACTTCCTGTCCCCAC GTGGGGACAGGAAGTGGCC 
CHIRBi_10 GGCGCCATGCAGTGACAGC GCTGTCACTGCATGGCGCC 
CHIRB/ABi_01 GTAGGGGGCTCCTACCTTC GAAGGTAGGAGCCCCCTAC 
CHIRB/ABi_02 GATTCCCAGACCTGCAATC GATTGCAGGTCTGGGAATC 
CHIR-ABi_01 GCTTTGGAAAAATATATTC GAATATATTTTTCCAAAGC 
CHIR-ABi_02 GTGCATCCCAAATGCTTCC GGAAGCATTTGGGATGCAC 
CHIR-ABi_03 GGATGGACAGTGGAGATCC GGATCTCCACTGTCCATCC 
CHIR-ABi_04 GAGATGCACAAGTCAGTGC GCACTGACTTGTGCATCTC 
CHIR-ABi_05 GAGATGCCCGAGTCAGTGC GCACTGACTCGGGCATCTC 
CHIRi_01 GTCACCCTGCGCTGCCACC GGTGGCAGCGCAGGGTGAC 
CHIRi_02 GTCACCCTGCGGTGCCACC GGTGGCACCGCAGGGTGAC 
CHIRi_03 GAGCTGGTGCTGACAGATC GATCTGTCAGCACCAGCTC 
CHIRi_04 GTGGCACCTACAGGTGCTC GAGCACCTGTAGGTGCCAC 
CHIRi_05 GAAGCAGCTTGAGGAGATC GATCTCCTCAAGCTGCTTC 
CHIRi_06 GAGTCCCAGGAAACAGGGC GCCCTGTTTCCTGGGACTC 
CHIRi_07 GCTGGTGATGACAGATCAC GTGATCTGTCATCACCAGC 
CHIRi_08 GTCACCCTGCGCTGCTACC GGTAGCAGCGCAGGGTGAC 
CHIRi_09 GTCACCCTGCGATGCCACC GGTGGCATCGCAGGGTGAC 
CHIRi_10 GTCACTCTGCGCTGCCACC GGTGGCAGCGCAGAGTGAC 
CHIRi_11 GTCACCCTGTGCTGCCACC GGTGGCAGCACAGGGTGAC 
CHIRi_12 GTCACCCTGCACTGCCACC GGTGGCAGTGCAGGGTGAC 
CHIRi_13 GTCACCCTGAGGTGCCACC GGTGGCACCTCAGGGTGAC 
CHIRi_14 GTCACCCTGCGCTGCCGTC GACGGCAGCGCAGGGTGAC 
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oligos were ordered dry in plate format from Eurofins Genomics (Louisville, Kentucky). Once 

oligos were resuspended to 100 µM, complementary top and bottom oligos were annealed in Oligo 

Annealing Buffer (2X: 200 mM Tris HCl and 1.5 M NaCl) in 100 µL at 10 µM final concentration 

subjected to heat through 90-95°C for 5 minutes, and then slowly cooled to room temperature over 

two hours. Each of NTi_01-4 was combined (1 volume: 1 volume) to generate an NTi sequence 

pool. For CHIRBi, CHIRBi_01-10 and CHIRB/ABi_01 to 02 were combined (1 volume: 1 

volume). For CHIRABi, CHIRAB_01-5 were combined, and for CHIRi, CHIRi_01-14 were 

combined (1 volume: 1 volume). Subsequently, RNA templates for each sense and antisense strand 

were synthesized separately according to the RiboMAX Express T7 kit (Promega)  

For enhanced product stability and reduced immunogenicity in macrophages, as they are 

known to be difficult to transfect, 5-methyl-CTP and pseudo-UTP were substituted (1.25 mM final) 

in the RNA synthesis reaction as detailed (Herb, et al., 2019; Moradian, et al., 2020), and dsRNA 

5’ ends were dephosphorylated using Antarctic phosphatase before silica column purification 

(T1030S, Monarch PCR & DNA Cleanup Kit) (Herb, et al., 2019). Finally, the resulting siRNA 

pools were diluted into 100 µL from the column, and 4 µL aliquots in PCR tubes, were stored at -

80°C. 

3.2.7 AIV stock 

A low pathogenic strain of avian influenza virus (AIV) (H5N9) was propagated in the 

allantoic sac of three embryonic eggs as previously reported (Collisson, et al., 2017). The eggs 

were harvested 48 to 72 hours post-infection (Woolcock, 2008), and contents were cleared of any 

debris by syringing through 1 µM filters thrice, to retrieve clarified AIV. Each egg stock was 

assessed for AIV presence through a hemagglutination activity test before pooling and aliquoting 

30 µL amounts into 100 cryogenic vials and storing at -80°C. The final pooled aliquot 
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concentration was subsequently determined through a hemagglutination activity test using 2% red 

blood cells from control birds (Supplementary Figure S 7). 

3.2.8 In vitro co-culture experiment 

The blood monocyte-derived macrophages (MDMs) from our control birds were isolated 

through using our density gradient centrifugation, and 5 days differentiation method (Dawes, et 

al., 2014) on 48-well or 96-well plates. On the 5th day of differentiation, we recovered T 

lymphocytes from NP_pcDNA-inoculated birds through differential monocyte attachment, and B 

cell (BU-1) depletion (Pan-mouse Dynabeads, ThermoFisher Scientific) after which the cells were 

returned to 5% CO2 levels for co-culture. 

MDMs were treated with a total of 500 ng of non-targeting (NTi) or CHIR-B siRNAs 

(CHIRBi or Bi) for 4 hours. After incubation, the media were removed, and the cells were infected 

with AIV for 1 hour. Subsequently, the MDMs were washed and co-cultured for up to two days 

with matched MHC-I haplotype T cells from NP_pcDNA-inoculated donors. The siRNA 

incubation duration and amount were determined to reduce expression of at least one CHIRB gene 

without affecting analyzed CHIRA genes (Supplementary Figure S 9). However, in adjustment for 

silencing, the MDMs from each donor were grown for five days under elevated CO2 level (8%) 

(Supplementary Figure S 9).  

The cells were cultured for 0 to 48 hours after co-culture. For time proceeding co-culture, 

the cell supernatant and cell pellets were collected for nitrate (Griess Assay reagents R1 and R2, 

Cayman Chemicals, Ann Arbor, MI) and hydrogen peroxide (H2O2) (ROS-Glo from Promega, or 

Hydrogen Peroxide Assay kit from Cayman Chemical). The cell pellets were retrieved through 

gentle scraping into PBS, centrifuged, and supernatant with any debris removed before the cell 

pellets were frozen in the -80°C freezer. Mismatched co-culture resulted in more aberrant 
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responses (Supplementary Figure S 10), aligning with the concept of donor incompatibility 

observed in graft-versus-host scenarios. Therefore, this study focused on matched co-culture. 

Control MDM progenitors were plated over three to four consecutive days to minimize the 

impact of age-related or T-cell-mediated immune responses. Each occasion, including incubation 

and collection, extended up to 11 days. Considering this experimental setup, each bird during this 

period was treated as a biological replicate. For the temporal experiment, we replicated this study 

within the same flock, and it took place over a two-month period, using only half the birds from 

the first experiment. To investigate the impact of CHIRB silencing on 48-hour nitrate production, 

this experiment was repeated three or more times for each bird strain, involving over five different 

flocks of WVU1952, three flocks of UCD331, and two flocks of UCD335. 

3.2.9 Semi-quantitative determination of AIV load 

One B2 and one B19 temporal set of pellets (0, 2, 8, and 48 hours post-incubation) (N =16 

samples total), were extracted for RNA using a modified phenol-chloroform viral recovery 

protocol called PEARL method that uses glycerol to aid in small RNA recovery (Ponce-Rojas, et 

al., 2021). RNA was resuspended into 20 uL, and concentration and purity were determined on a 

nanodrop1000 where all samples A260/A280 were over 1.73. AIV load was determined through 

semi-quantitative PCR using a 1-step RT-PCR kit (AB Biosystems). The AIV primers (F: 

GGAGCAACAGTGAAAGGGGT, R: CCTGGTCCATCATTGCTCGT) and β-actin primers (F: 

CCTGGTCCATCATTGCTCGT, R: CAGATCCAGACGGAGGATGG) were used at a final 

concentration of 0.1 µM in a 20 µL reaction. The cycling conditions consisted of an initial holding 

of 48°C for 30 minutes, a secondary holding of 95°C for 10 minutes, and cycling (40 cycles of 

95°C for 15 seconds and 60°C for 1 minute) on a StepOnePlus Real-Time PCR System (Applied 

Biosystems). PCR product for AIV and β-actin was confirmed as specific through 2% agarose gel. 
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Raw absorbance data (RDML) was collected from the Real-Time PCR system and was 

uploaded to the web-based LinRegPCR program (Untergasser, et al., 2021) to identify the initial 

starting quantities of RNA transcripts related to the initiation of the exponential phase. Resulting 

quantification cycles (Cq) were used to calculate relative expression through the 2(-delta delta 

C(T) method (Livak and Schmittgen, 2001), with β-actin as the housekeeping gene. GraphPad 

Prism (v9.2) was used for visualization.  

Select samples at the 8-hour time-period, will be sent for RNA sequencing to understand 

the precise percent downregulation and transcriptomic-wide effects of our siRNA pools. 

3.2.10 Statistics 

A simple linear regression or two-way repeated measures ANOVA with Fisher’s Exact 

Post-hoc tests were used as appropriate. Statistical significance was set to P < 0.05. Meanwhile, 

post-hoc tests were performed when data appeared to trend at P < 0.1. Arithmetic average and 

standard error of the mean are presented where appropriate. 

3.3 RESULTS 

3.3.1 CHIRs are differentially regulated after IFNγ stimulation 

Clustering data indicate that macrophage CHIR gene expression may be in part associated 

with the MHC-I haplotype (N = 2), and demonstrate fluidity in expression over time (Figure 7A). 

After an immune stimulus, the relative abundance of CHIRA: CHIRB genes is higher in B2 than 

B19 haplotype in the early innate stage (<16 h) (Figure 7B). Interestingly, the B2 haplotype had 

higher global CHIR expression in the early hours after IFNγ stimulation than B19 (Figure 7C). 

However, this gene expression returns to baseline by 48 hours post-stimulation, indicating only 

early immune response activity. 



 

100 
 

3.3.2 The modified in vitro co-culture design is consistent with previous NO data 

To validate the siRNA procedure and add to the cell culture model previously utilized by 

our lab (Dawes, et al., 2014; Collisson, et al., 2017), we included WVU 1952 B2B19 heterozygotes. 

Consistent with prior findings (Dawes, et al., 2014), B2B2 birds generally exhibited higher nitrate 

levels at 48 hours post non-targeting siRNA, AIV application, and T cell co-culture compared to 

B19B19 on different occasions (Supplementary Figure S 10B,D). Despite individual bird 

variability, our results consistently demonstrate a haplotype-related trend: B2B2 birds tended to 

produce the highest nitrate, those bred for B2B19 loci showed intermediate nitrate levels, and 

 
Figure 7. Haplotype and temporal variation in CHIRs after monocyte-derived macrophages 
IFNγ stimulation.A) Principal component analysis and clustering by haplotype and time. B) 
Ratio describing expression of activatory to inhibitory phenotype in different haplotypes over 
time.Yellow region and blue region indicate B2 or B19 ratio are higher, respectively. C) 
Individual CHIR gene expressions, with red meaning higher in expression, and blue indicating 
lower in expression compared to the 0-hour timepoint control. 
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B19B19 homozygous birds displayed the lowest nitrate levels (F1,9=3.602, p=0.0902) 

(Supplementary Figure S 10B).  

While investigating the role of CHIR-B in immune response, we utilized the UCD congenic 

strain to exclude any differences in genetic background. As the UCD produced significantly less 

nitrate than the WVU 1952 strain (Supplementary Figure S 10A), these bird strains were analyzed 

separately. 

3.3.3 NO release is inhibited by CHIRB in MHC-I B2B2 

This study examined the NO release in the congenic UCD331 and UCD335 strain: the 

impact of haplotype on NO production at 48 hours post-co-culture appeared comparable between 

UCD 331 B2B2 birds (N = 5) and UCD335 B19B19 birds (N = 4) (F1,7=0.1917, P = 0.6747) 

(Figure 8A). However, CHIR-Bi was noted to modestly enhance nitrate production across all UCD 

birds (F1,4=6.099, P = 0.0690), showing a range from 0.7770 µM lower to NTi to 13.28 µM higher 

than NTi for UCD331 B2B2 birds (N= 3) and UCD335 B19B19 birds (N =3) (95% CI of 

difference) (Figure 8B; Supplementary Figure S 10C). Ensuring NO responses were matched on 

the individual bird level was essential for investigating the effect of silencing (F4,4=30.73, P = 

0.0029). 

Next, this study examined NO release in the mixed-background WVU 1952 strain: in the 

temporal experiment, the interactive effect of haplotype and time exhibited a trending impact 

(F3,39=2.432, P=0.0795), consistent with NO's cumulative nature and previous data from our lab 

(Figure 8C). Specifically, at the 48-hour timepoint and considering a 3 µM detection threshold, 

B2B2 birds (N = 5) demonstrated significantly higher NO production compared to B19B19 birds 

(N = 10) (t52=3.034, P = 0.0038). Surprisingly, the correlation between birds' NO release in 

temporal experiment was not observed for B2B2 (Pearson’s r = 0.70, P = 0.3958) or B19B19  
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In our detailed exploration of WVU 1952, B2B2 birds showed a slight increase in nitrate 

 
Figure 8. Nitrate secretion by MHC-I haplotype and CHIRB silencing in different genetic 
lines.A) UCD331 and 335 temporal nitrate secretion, and B) effect of CHIRB silencing 48-
hours post-incubation C) Nitrate accumulates and is differently secreted by MHC-I haplotypes 
by 48-hours post-incubation in the WVU1952. D) Nitrate secretion within the same flock of 
WVU1952 are weakly correlated over replication of the temporal experiment. E) WVU1952 
MHC-I B2B2 haplotype and F) on B19B19 haplotype macrophage response against AIV in 
vitro in response to silencing. G) Effect of CHIRB silencing in different MHC-I haplotyopes of 
WVU1952, including heterozygous, 48-hours post-incubation and H) effect of pre-stimulation. 
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(Pearson’s r = -0.3920, P = 0.4421) (Figure 8D), hinting at potential complexities beyond bird age 

or study time and without considering possible effects of sex. with CHIRB silencing, while 

B19sB19s had little change in NO levels (Figure 8E,F,G,H, Supplementary Figure S 10D). 

Temporal experiments found no significant boost in NO with CHIRB silencing for B2B2 (N= 5) 

(F1,8=0.1606, P = 0.6991) or B19B19 (N = 10) (F1,18=0.0118, P = 0.9146) at various timepoints 

(Figure 8E,F). Focusing on the 48-hour time-point, while the main silencing effect on NO was not 

significant (F1,13=1.602, P = 0.2278) (F2,13=1.258, P =0.3166) (B2B2, N = 6, B2B19, N = 5, 

B19B19, N = 5) (Figure 8G), a separate analysis of B2B2 revealed a marginally significant NO 

increase upon silencing (t13=2.102, P = 0.0556) like the congenic strain. This effect may be 

magnified by a 24-hour pre-silencing treatment main effect of silencing (F1,8=9.171, P = 0.0164). 

Specifically, individual B2B2 MDM cultures showed an increase in NO ranging from -1 to 37 µM 

(t8=3.287, P = 0.0111) (N = 3), whereas individual B19B19 MDM cultures NO response was 

mixed, from -7 to +15 µM (t8=0.7624, P = 0.4677) (N = 6) (Figure 8H). These results hint at a 

possible influence of macrophage differentiation dynamics and difference in genetic backbone. 

The observed effect of CHIRB silencing on increased NO at the 48-hour timepoint was repeated 

(Figure 8E,H). 

3.3.4 H2O2 levels are controlled by CHIRB 

Since nitrate is 1) an accumulated product in our culture with an estimated relatively short 

half-life, 2) nitrate was only detected from half of the birds, and 3) it may not be the only oxygen 

species used in defense against pathogens, we investigated changes in H2O2. 

This study examined the H2O2 levels in the congenic UCD331 and UCD335 strain: The 

B2B2 and B19B19 haplotypes exhibited different H2O2 levels over time (B2B2, N = 14, B19B19, 

N = 10) (F2,44=8.827, P = 0.0006) (Figure 9A). B19B19 started with higher H2O2 levels before  
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co-culture (t66=2.704, P = 0.0087), dropping to lower levels than B2B2 at 8 hours post co-

 
Figure 9. H2O2 secretion by MHC-I haplotype and CHIRB silencing in different genetic lines. 
A) UCD331 and 335 temporal H2O2 levels, and B) effect of CHIRB silencing 48-hours post-
incubation. C) H2O2 levels decrease in culture, independent of MHC-I haplotypes in the 
WVU1952. D) H2O2 secretion within the same flock of WVU1952 are weakly correlated by 
experiment. E) WVU1952 MHC-I B2B2 haplotype and F) on B19B19 haplotype macrophage 
response against AIV in vitro in response to silencing. G) Effect of CHIRB silencing in different 
MHC-I haplotyopes of WVU1952, including heterozygous, 48-hours post-incubation and H) 
effect of pre-stimulation.
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culture (t66=3.585, P = 0.0006), indicating a rapid change in pathological or metabolic response 

and potential impact of MHC-I. The main effect of CHIRB silencing on H2O2 levels was 

significant (F1,9=5.807, P = 0.0393) (Figure 9B), with both B2B2 (N = 5) and B19B19 (N = 6) 

showing a 10% decrease in H2O2 levels, or around 3000 relative luminescence units independent 

of haplotype. 

In the investigation of H2O2 levels in the diverse WVU 1952 strain, temporal changes 

were observed, showing a significant decrease over time (F3,111=7.307, P=0.0002) (Figure 9B). 

While B19B19 (N=21) exhibited higher H2O2 levels compared to B2B2 (N=18), the difference 

by haplotype was not statistically significant (F1,37=0.1688, P=0.6835) (Figure 9C). Examining the 

correlation with NO release in the temporal experiment, no significant correlation was found for 

B2B2 (Pearson’s r=0.09378, P=0.9402) or B19B19 (Pearson’s r=-0.5228, P=0.2873) (Figure 9D). 

However, a linear relationship was evident, with H2O2 decreasing in B2B2 (Y=0.7691X+0.000, 

F1,2=59.99, P = 0.0163) and increasing in B19B19 (Y=1.662X+0.000, F1,5=66.53, P = 0.0004) 

over the collected occasions. This suggests a potential avenue for further exploration into the 

relationship between H2O2 levels and immune response by haplotype. 

In the analysis of CHIRB silencing effects on H2O2 levels in the WVU 1952 strain, B2B2 

showed slight increases, whereas the impact was less noticeable in B19B19 (Figure 9E,F,G,H). 

Temporally, there was a marginal increase in H2O2 levels over time in B2B2 (N=18) 

(F2,68=2.823, P=0.0664) and a marginal decrease by silencing in B19B19 (N=23) (F1,22=4.185, 

P=0.0529) (Figure 9E,F). Specifically, B2B2 H2O2 levels tended to increase (t102=1.389, 

P=0.1679), and B19B19 H2O2 levels significantly lowered at 48 hours post-co-culture (t59=2.334, 

P=0.0230). At the 48-hour time-point, H2O2 levels were significantly different in the CHIRB 

silencing treatment (F1,36=6.470, P=0.0154) (B2B2, N=20, B19B19, N=23) (Figure 9G), with 
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B2B2 H2O2 levels higher than B19B19 after CHIRB silencing (t77=2.561, P=0.0124). 

Additionally, a haplotype difference in H2O2 levels between B2B2 (N=8) and B19B19 (N=8) was 

confirmed with a 24-hour CHIRB silencing pre-treatment (F1,14=5.726, P=0.0313) (Figure 9H). 

However, B19B19 H2O2 levels were no longer decreasing significantly but showed a change in 

the direction of B2B2, suggesting a potential reversal effect. 

3.3.5 AIV load is reduced by CHIRB 

 AIV load is lower in CHIRB-silenced macrophages in the early hours after transfection 

(Figure 10). Whereas, AIV seems to rebound after 8 hours, and this effect is likely related to the 

transient nature of the siRNA. 

 
Figure 10.AIV load in WVU1952 macrophages in response to non-targeting siRNA and CHIRB 
targeting siRNA.A) AIV gene expression by haplotype (Blue, B2B2 and red, B19B19) and 
silencing (NTi, non-targeting, Bi, targeting) relative to a housekeeping control gene, GAPDH. 
B) AIV-amplified and C) β-actin-amplified PCR products from B2B2 bird (W014) and B19B19 
bird (B151). 
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3.4 DISCUSSION 

CHIR molecules have been predicted to regulate immune responses during infection and 

performing these experiments in defined strains enabled elucidation of CHIRs role in the broad 

immune response landscape. Moreover, the incorporation of inbred chicken lines selectively bred 

for the MHC-I, permits our understanding of CHIRs role in association with their MHC-I 

haplotype against a background of genes that may contribute to differential immune responses. 

Plus, the studied WVU 1952 bird population has a historical record for their association with 

disease-resistance and susceptibility, allowing our study of these genes’ impact in correspondence 

with established immune traits. 

CHIR genes exhibit a dynamic expression pattern in response to immune stimulation by 

IFNγ. Additionally, the B2B2 haplotype exhibits elevated global CHIR expression in the early 

hours post-IFNγ stimulation, suggesting an active role during the early immune response. 

However, this heightened expression returns to baseline by 48 hours post-stimulation, indicating a 

transient nature of activity. Also, the B2B2 haplotype demonstrates higher CHIRA: CHIRB gene 

abundance in the early innate phase (<16hr) compared to the B19 haplotype. This could explain 

the higher NO immune responses to viruses previously observed (Collisson, et al., 2017). 

Previously, it was shown that the B2 haplotype response to stimulation occurred much early than 

B19 and as early as 2 hours post-stimulation (Irizarry, et al., 2017). This study may align with a 

delayed response observed in B19B19, particularly concerning oxygen-containing species. 

While the WVU1952 B2B2 haplotype is oberved here, and in previous studies (Dawes, et 

al., 2014; Collisson, et al., 2017)), to have higher NO reponses in comparison to B19B19, these 

differences are not always noticeable. NO is generally known to play a antimicrobial role, either 

direct effects on pathogen DNA or their proteins, or indirectly through reaction with superoxide 
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(O2
-), producing peroxynitrate (Bogdan, 2001; Radi, 2013). However, this view has also been 

considered oversimplified, and does not consider that inducible NO may also be a feedback 

regulator (Bogdan, 2001). Certain types of T cells may be suppressed in activity by NO, preventing 

their promotion of inflammatory responses through increased cyclic guanosine monophosphate 

and the inhibition of Janus kinase 3 and Signal Transducer and Activator of Transcription 5 

pathways (Bingisser, et al., 1998). NO from a macrophage may also act back on itself to reduce 

production (Griscavage, et al., 1993), potentially limiting tissue damage. Therefore, future studies 

should investigate the interplay between IFN-γ, a potent stimulator of NO production by 

macrophages, and other signaling molecules in the context of observed genetic variations. 

CHIR-B silencing may improve cellular nitrate release, congruent with nitric oxide’s anti-

inflammatory role and the effects of Ig-like receptor knockout in humans and mice (Ujike, et al., 

2002; Young, et al., 2008), but this impact may not be as strong in the B19B19 haplotype. To 

explain, it could be either technically and biologically related to the transfection ability of the 

B19B19 haplotype cells, or biologically, the presence or half-life of CHIR-B molecules on the 

surface of B19B19 cells was greater. The consequences of expressing the CHIR-B inhibitory 

molecules may explain the lower nitrate production by B19B19’s, and a mechanism that could 

contribute to the WVU 1952 B19B19’s relative disease susceptibility to a multitude of diseases 

(White, et al., 1994; Goto, et al., 2009; Hunt, et al., 2010; Banat, et al., 2013). 

 Nitrate, being an accumulated product with a relatively short half-life prompted an 

investigation into changes in H2O2 levels. Intriguingly, CHIR-Bi silencing significantly reduces 

supernatant H2O2 species, with greater effects observed in the B2B2 haplotype. Precisely how it 

affects long term immune response or adaptive immunity is unclear. Most layer and broiler 

production chickens are of B2B2 haplotype. Therefore, gaining additional insights into the 
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genetics that distinguish B2B2 from B19B19 would aid in identifying genes that warrant attention 

in selective breeding. Silencing of CHIRB leads to a notable decrease in avian influenza virus 

(AIV) load in macrophages. However, additional in vitro testing is required to determine the 

dynamics of viral viability and the clearance of the virus. These findings collectively contribute to 

a deeper understanding of how CHIR genes impact immune responses, shedding light on critical 

genetic signatures and mechanisms underlying avian immune defense mechanisms. 

Although the production of extracellular H2O2 in order to limit pathogen infection and 

survival was expected, this was not a mechanism used by most of our cells during the infected co-

culture experiment. To rectify, reactive oxygen species like H2O2 are produced when the 

mitochondria detect deleterious superoxide and convert through superoxide dismutase; but in the 

Fenton reaction, H2O2 is consumed after reaction with metalloproteins and superoxide’s are 

produced (Rehman, et al., 2018). Still, it is unclear from our culture if the lower H2O2 represents 

increased decomposition and altered cellular stress, or if the lower H2O2 species comes from 

impaired redox signaling and superoxide dismutase metalloenzyme activity. Nevertheless, CHIR-

B silencing appears to augment these redox cascade differences in the WVU 1952 strain 

haplotypes. Since the WVU B2B2 represents the immunocompetent type, it may be attractive to 

look at background redox genes for the study of disease resistance. 

As part of these studies limitations’, we used NP-educated T cells in our cell culture model 

which may still express CHIRs or an increased amount of them, In fact, in humans, vaccination 

with influenza vaccine increased the expression of leukocyte immunoglobulin-like receptor 

(LILR) genes (Nakaya, et al., 2011). Further expanding our scope, it would be important to assess 

how CHIRB silencing in donor T cells would contribute to the immune changes and viral load. 

Also, limiting the temporal experiment to only half of the flock might have underestimated the 
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actual impact of the experiment, as the reduced number of birds may not adequately capture the 

full spectrum of responses present in the broader avian population. To address this limitation in 

future studies constrained by vivarium space, this study recommends randomizing the selection of 

birds to ensure a more representative NO response. Pending further analysis, the macrophage 

pellets are helpful to learn CHIRB silencing efficacy on the transcriptomic level, while considering 

CHIRA to CHIRB balance and any possible differences in core signaling molecule signatures.  
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CONCLUSIONS 

For Ig-like receptors in chickens, we aimed to identify their specific types and understand 

their expression patterns. We also wanted to see if there were any connections between their 

expression and disease 

The identification of 150 CHIR genes and the substantial progress in their nomenclature 

marks a significant stride in avian genetics. Notably, the distinctions in CHIR repertoires between 

broilers and layers unveil the complexity of genetic variations within the same species. The 

classification of CHIR genes into distinct functional groups like CHIRA, CHIRB, CHIRAB, and 

CHIRL provides a foundation for deeper explorations. These functional subgroup associations 

were validated through phylogenetic relationships and motif enrichment, offering a robust 

framework for understanding their roles in immune responses. The study also delves into potential 

challenges in functional annotation, providing valuable insights into refining these classifications. 

Expanding beyond chickens, the presence of CHIR-related proteins in other avian species like 

turkeys, helmeted guineafowls, and zebra finches underscores the evolutionary significance of 

these genes. Furthermore, the syntenic comparison with humans and mice demonstrates the unique 

genomic landscape of CHIRs in chickens, highlighting diverse immunological pressures in 

different species.The identification of CHIRs in immune tissues, with the spleen exhibiting the 

highest CHIR gene count, sheds light on their potential roles in avian immunity. The prevalence 

of nonsynonymous mutations suggests ongoing evolutionary adaptations, with some variants 

linked to disease resistance, particularly against Marek's Disease. 

We also delved into roles of CHIR genes and their impact on immune response through 

reanalysis of previous RNA-sequencing data from our lab, and small interfering RNAs. Notably, 

the B2 haplotype exhibited heightened CHIR gene expression following immune stimulation, 
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suggesting its pivotal role in the early stages of immune response. From cell culture studies, we 

observed distinct variations in nitrate production across different genetic backgrounds, 

highlighting the critical influence of genetic factors on immune defense mechanisms. 

Incorporating B2B19 heterozygotes and the UCD congenic strain, we uncovered a linear trend in 

nitrate production. B2B2 homozygotes demonstrated the highest nitrate levels, whereas B19B19 

birds exhibited the lowest. This trend suggests a strong genetic influence on nitrate responses, with 

potential implications for immune defense strategies. Furthermore, our findings demonstrated that 

silencing CHIR-Bi led to alterations in nitrate levels. Silencing CHIR-Bi also led to a significant 

decrease in supernatant H2O2 species, particularly notable in the B2B2 haplotype. While the effect 

was more pronounced in certain haplotypes, such as the B2B2 background, it underscores the 

significant role of CHIR genes in modulating oxygen-containing molecules in pathological 

processes. Intriguingly, we observed a reduction in avian influenza virus load in CHIR-B silenced 

macrophages. These discoveries not only provides valuable insights into viral defense mechanisms 

but also suggests potential avenues for developing antiviral strategies such as selective breeding 

for upregulation of CHIRs during immune stimulation. It is crucial to note that our study indicates 

that CHIRs can exert their influence on nitrate production through mechanisms separate from that 

of the MHC. This expands our understanding of their multifaceted role in immune responses. 

The study's findings have far-reaching implications for avian biology and immunology. 

By uncovering CHIR-related proteins in various avian species, including turkeys, helmeted 

guineafowls, and zebra finches, the research underscores the evolutionary significance of these 

genes in avian immunity. Additionally, the syntenic comparison with humans and mice highlights 

the unique genomic landscape of CHIRs in chickens, suggesting diverse immunological 

pressures across species. While the study provides crucial insights, it's important to acknowledge 
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potential limitations. The functional annotation of CHIR genes may face challenges, indicating a 

need for continued refinement of these classifications. Additionally, while the prevalence of 

nonsynonymous mutations suggests ongoing evolutionary adaptations, further research is needed 

to elucidate the specific functional consequences of these genetic variations. Moreover, while 

some variants are associated with disease resistance, particularly against Marek's Disease, more 

comprehensive studies are required to fully understand the complex interplay between CHIR 

genes and avian health. 

By reanalyzing previous RNA-sequencing data and employing small interfering RNAs, 

the research sheds light on the pivotal role of the B2 haplotype in the early stages of immune 

response. The observed variations in nitrate production across different genetic backgrounds 

underscore the critical influence of genetic factors on avian immune defense mechanisms. The 

observed alterations in nitrate levels and supernatant H2O2 species following CHIR-Bi silencing 

highlight the significant role of CHIR genes in modulating oxygen-containing molecules in 

pathological processes. These findings have broad implications for our comprehension of avian 

immune systems and their potential applications in developing immune defense strategies. While 

the study presents valuable insights, it's important to acknowledge certain limitations. The 

research, while providing a comprehensive understanding of CHIR genes, may not cover all 

possible genetic interactions or immune response mechanisms. Additionally, further studies may 

be needed to elucidate the specific molecular mechanisms through which CHIRs exert their 

influence on nitrate production, particularly in contexts unrelated to the MHC. Moreover, the 

potential practical applications of these findings, such as selective breeding strategies, would 

require additional validation and implementation considerations in real-world scenarios. 
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In conclusion, the studies on CHIR genes represent a significant advancement in avian 

genetics, shedding light on the intricate genetic variations within a species. The classification of 

CHIR genes into distinct functional groups and their validation through phylogenetic relationships 

provide a solid foundation for understanding their roles in immune responses. The findings not 

only expand our comprehension of CHIRs' multifaceted roles but also highlight their potential as 

targets for selective breeding strategies in poultry production. Additionally, the investigation into 

CHIRs' influence on immune response and nitrate production underscores the critical genetic 

factors shaping avian immune defense mechanisms. These studies lay the groundwork for further 

research into the underlying mechanisms and potential applications in disease resistance strategies. 

Future research directions, including functional validation, evolutionary analysis, and clinical 

integration, promise to advance our knowledge and potentially lead to targeted therapeutic 

interventions. Overall, these studies contribute significantly to our understanding of avian genetics, 

immune responses, and disease dynamics, with implications for both agricultural practices and 

clinical interventions. 
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APPENDIX  

A.1 INTRODUCTION TO CANINE ATOPIC DERMATITIS 

A.1.1 GENERAL OVERVIEW OF ATOPIC DERMATITIS 

Atopic dermatitis (AD) in dogs involves complex cellular and molecular changes within 

the skin, contributing to the development and progression of this chronic inflammatory condition. 

There are various funding bodies such as the National Institutes of Health in allergy and 

musculoskeltal divisions and the Dermatology Foundation that supports basic research on AD. 

With particular canine focus, there are Morris Animal Foundation, American Kennel Club Canine 

Health Foundation and private pharmaceutical companies that partake in funding translatable dog-

specific AD research. The skin, being the body's largest organ, undergoes intricate alterations in 

cell composition and gene expression patterns in response to environmental triggers. 

Key cellular players include epithelial cells (Keratinocytes), connective tissue cells 

(fibroblasts), sweat gland cells, nervous system components, vascular system components, and 

immune cells. Keratinocytes, the predominant cells in the epidermis, play a crucial role in AD. 

They contribute to cellular recruitment and participate in the skin's barrier function. Changes in 

gene expression patterns of keratinocytes are associated with alterations in skin integrity and 

immune responses. Fibroblasts, as connective tissue cells, exhibit extensive involvement in 

inflammatory pathways. Their activity correlates with the severity of AD, highlighting the role of 

the skin's structural components in the disease process. Sweat gland cells impact transdermal water 

loss dynamics, influencing the skin's hydration levels. Their involvement in AD suggests a 

connection between altered moisture balance and disease progression. Components of the nervous 

system exhibit distinct patterns associated with itch, a hallmark symptom of AD. The interaction 

between mast cells and sensory neurons underscores the complex relationship between the immune 
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response and neurological components. Changes in the vascular system, such as compromised 

vessel integrity, contribute to the characteristic skin discoloration observed in AD. The influx of 

immune cells and plasma proteins further underscores the vascular changes associated with the 

disease. Lastly, various immune cell types, including T lymphocytes, innate lymphoid cells (ILCs), 

B cells, and myeloid cells, contribute to the inflammatory milieu in AD. The recruitment of specific 

immune cell subsets is associated with the IL-17 immune phenotype, while B cells may influence 

Th2 immune profiles. 

Key gene expression and severity markers include those genes associated with epithelial 

cells, providing insight into the cellular changes occurring in response to environmental triggers, 

where altered genes expressions in these cells may also contribute to the observed skin 

manifestations in AD. Also, specific genes associated with immune responses, phagocytosis, and 

tissue repair, give added insight to disease severity state, and can also be associated with outcome. 

In summary, the shifts in cell behavior seen in atopic dermatitis (AD) demonstrate how 

different parts of the skin and the immune system interact. This growing understanding opens 

doors to better diagnosis and personalized treatments, bringing optimism for enhanced care of dogs 

with atopic dermatitis. 

A.1.2 MAJOR RESEARCH QUESTIONS 

Atopic Dermatitis (AD) 

1. What cell types are in the skin of canines with AD, and how do their gene expression 

patterns differ from those with healthy skin? 

2. Where and at what stage do immune cells go off track in development in AD, indicating 

potential problems in pathways and processes? 

3. How does AD severity affect the skin's cellular composition and gene expression?  
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A.1.3 ABBREVIATIONS 

AD, Atopic dermatitis 

ADSC, Axl+Siglec6+ myeloid DCs 

α-SMA, alpha-smooth muscle actin 

BPI, bactericidal permeability-increasing protein 

cDC, Dendritic cells, conventional 

DC, Dendritic cells 

DEGs, Differentially expressed genes 

ECM, Extracellular matrix 

Eczema Area and Severity Index (EASI) 

FSP1 or S100A4, Fibroblast-specific protein 1 

GZMB, granzyme B 

ILCs, Innate lymphoid cells 

ICAM-1, intercellular adhesion molecule 1 

IgE, Immunoglobulin-E 

IκBζ, inhibitor of nuclear factor kappa B zeta 

MITF, microphthalmia-associated transcription factor 

MHC, major histocompatibility complex 

NF-κB, nuclear factor-kappa B 

NRS, numerical rating scale 

PDGFR-β, platelet-derived growth factor receptor beta 

pDCs, plasmacytoid dendritic cells 

SCORAD, SCOring Atopic Dermatitis  



 

125 
 

A.1.4 REVIEW OF THE LITERATURE 

Atopic Dermatitis (AD) is characterized by skin inflammation and cell infiltration, leading 

to a distinct red and raised skin. However, we do not have a thorough understanding of cellular 

features that distinguish different severity levels in atopic dermatitis. In this brief review, research 

focusing on the cellular changes that occur during the progression of AD, specifically relating the 

transitions from control to moderate to severe cases in different species are discussed to assist with 

a more comprehensive understanding of the initiation, propagation, and resolution of AD. 

A1.4.1 General characterization of AD 

Chronically red, raised, scaley, frequently itchy (pruritus), and dry skin was first described 

as Atopic Dermatitis (AD) in 1933 (Wise and Sulzberger, 1933). The term ‘atopic’ describes a 

heritable hypersensitive skin condition that may react to various environmental stimuli including 

pollens, dust mites, foods, fabrics, and metals (Wüthrich, 1999; Wüthrich and Schmid-

Grendelmeier, 2003). While ‘dermatitis’ denotes skin inflammation and cell infiltration, these 

terms alone do not provide the depth and insight required to fully understand this complex 

condition. 

AD is not limited to humans, it affects up to 15 percent of dogs (Hillier and Griffin, 2001; 

Nødtvedt, et al., 2006), including West Highland White Terriers, Jack Russel Terriers, Bull Terriers, 

French Bulldogs, Poomies, Labradors and Golden Retrievers, Dalmatians, Doberman Pinschers, 

Shar-peis, and German Shepherds (Zur, et al., 2002; Nødtvedt, et al., 2006; Jaeger, et al., 2010; 

Nobuaki, et al., 2012; Hensel, et al., 2015). Early childhood onset of AD is common, or before 

three years of age for canines (Picco, et al., 2008; Nobuaki, et al., 2012). It affects the flexures, 

face, back, and lower abdomen (Jaeger, et al., 2010; Olivry, et al., 2014). Those with filaggrin 
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mutations (Rodríguez, et al., 2009) or other genetic mutations that affect the structural components 

of skin cells are predisposed to the condition. 

In humans and dogs, clinical evaluation relies on visual scoring systems, such as the 

SCOring Atopic Dermatitis (SCORAD) and Eczema Area and Severity Index (EASI) in humans 

(Eichenfield, et al., 2014), and Canine Atopic Dermatitis Extent and Severity Index (CADESI-4) 

in dogs (Olivry, et al., 2014) and pruritic-based assessments for severity via the worst pruritus 

numerical rating scale (NRS) in human, and pruritus analog scale in canine (Olivry, et al., 2007; 

Silverberg, et al., 2023). Checklists and scales have been used to inform the use of topical and 

systemic treatments (Heratizadeh, et al., 2023). However, visual assessments for severity are not 

recommended (Eichenfield, et al., 2014), as this introduces observer subjectivity and is not 

predictive of AD progression. Therefore, clinicians have pushed for more quantitative methods. 

Immunoglobulin-E, IgE is commonly used as an allergy marker (Willemse, 1986; 

Eichenfield, et al., 2014). IgE is not a recommended marker for AD severity as the disease can 

manifest with both normal and elevated peripheral blood serum IgE levels (Stone, et al., 1973; 

DeBoer, 1999; Laske and Niggemann, 2004; Eichenfield, et al., 2014). This intricacy has led to 

the subdivision of AD into intrinsic (aka pure AD, nonallergic AD, and atopiform dermatitis) and 

extrinsic (aka mixed AD, allergic AD, and classical AD) subtypes, further adding nuance to this 

condition (Tokura and Hayano, 2022). Furthermore, individuals with immune dysregulation, 

genetic predisposition, and continuous exposure to allergens can be disproportionately affected by 

AD (Peters, et al., 2010). 

Treatment options for AD include IL-31 antagonist antibody (Nemolizumab) and IL-4 

antagonist antibody (Dupilumab) targeting itch and inflammation. IL-4 plays a pivotal role in type 
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I hypersensitivity reactions, stimulating B cells to produce IgE. Additionally, corticosteroids, 

considered standard care by the American Academy of Dermatology and used in veterinary 

medicine (Olivry and Sousa, 2001), work by permeating cell membranes, bindings to cytosolic 

glucocorticoid receptors, and translocating to the nucleus where they engage glucocorticoid 

response elements, leading to the suppression of various inflammatory players in AD. However, 

these treatments have limitations because patients may experience relapse after discontinuation. 

Furthermore, the long-term use of corticosteroids can be associated with side effects of hair loss 

(Olsen, et al., 1992) and bacterial urinary tract infections (Freshman, et al., 1989). 

As the current treatments are often symptom-focused and yield inconsistent results, there 

is an urgent need to determine the distinct cellular features and cellular progression in AD. 

A1.4.2 Structural and Accessory Cells Associated Changes in AD Architecture 

The following section delves into the intricate cellular aspects of AD. It explores the role of 

various skin cells, such as keratinocytes, fibroblasts, melanocytes, and vascular endothelial cells, 

in AD pathogenesis and progression. Additionally, it discusses genetic factors, gene expression 

patterns, and cellular interactions within the context of AD. This comprehensive analysis reveals 

the complex nature of AD, involving multiple cell types and genetic influences, emphasizing the 

importance of understanding these cellular features for developing effective interventions and 

treatments. Several types of non-immune cells are involved in the development and progression of 

AD. Understanding the interactions and dysregulation of these cell types is essential for 

comprehending the complexity of AD and developing targeted treatments for this skin condition. 

Keratinocytes, as the primary constituents of the epidermis, the outermost layer of the skin, 

serve as the guardians of skin integrity and function (Gröne, 2002). These specialized epithelial 
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cells form a protective barrier that shields against the invasion of harmful microorganisms, 

allergens, and irritants. The production of keratin, a structural protein that imparts strength and 

resilience to the skin, hair, and nails is central to their role. Keratinocytes continually undergo a 

renewal process, known as desquamation, wherein older surface cells are shed and replaced by 

fresher cells from deeper layers, ensuring the skin's ongoing health and repair. Additionally, these 

cells participate in the skin's immune response, producing immune signaling molecules in response 

to injuries, infections, or inflammation. Keratinocytes can be identified using various markers. 

Common markers include cytokeratins, involucrin, filaggrin, and keratinocyte-specific proteins 

like KRT5 and KRT14 (Müller, et al., 2006). Proliferation markers such as Ki-67 can assess cell 

growth, while differentiation markers like loricrin and cornifin indicate maturation (Wiener, et al., 

2018). Transcription factors like p63 and AP-2 regulate keratinocyte differentiation (McDade, et 

al., 2012). These markers are crucial for researchers studying keratinocyte biology, helping them 

identify, characterize, and track these cells in different epidermal layers and under various 

conditions, including skin disorders. 

Dysregulation of keratinocytes can lead to various skin disorders, underscoring their 

importance in dermatology and skin health. These abundant cells in the epidermis play a key role 

in forming the skin's barrier. Keratinocytes are among the initial cells exposed to external antigens 

or light on the outermost layer of the skin (Ong, 2022). They make up most of the cells in the 

epidermis. Within epidermal sections, as observed by Olivry, et al. (1997), keratinocytes in 

samples of clinically normal atopic (non-lesional) and lesional atopic skin, in contrast to healthy 

controls, displayed varying levels of intercellular adhesion molecule 1 (ICAM-1) protein 

expression, ranging from absent to weak or mild staining. ICAM-1 serves as a marker implicated 

in adhesion and leukocyte recruitment processes (Bui, et al., 2020), highlighting the role of 
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epithelial cells, particularly keratinocytes, in mediating local leukocyte recruitment in AD. By this 

time, it was known that filaggrin mutations, possibly single nucleotide polymorphisms in this 

fillagrin gene in Labradors and Shiba Inu’s (Wood, et al., 2010), and alterations in intercellular 

spaces including tight junctions can lead to dysregulation in immune response and the onset of AD 

(Das, et al., 2022). The skin appears to have increased trans-epidermal water loss, as measured by 

the device detecting surface evaporation (Kezic, et al., 2008). With the exception of commercial 

antibodies, genetic tests for skin barrier abnormalities are possible, however, tests must 

appropriately account for structural domain differences found in dogs and humans (Brown and 

Irwin McLean, 2012; Kanda, et al., 2013). 

Keratinocytes, keratinocyte-derived mediators, and receptors have been implicated in 

canine AD (Chiocchetti, et al., 2022). Proinflammatory cytokines such as IL-1β, IL-18, and IL-8 

have been found to increase in AD lesional skin (Lyubchenko, et al., 2021). Keratinocytes express 

IL-1 receptors on the cell surfaces (Groves, et al., 1995). IL-18 may subsequently trigger histamine 

release by mast cells or basophils, a molecule commonly associated with itchiness in AD 

(Yoshimoto and Matsushita, 2014). This finding coincides with the increase in type 2 inflammatory 

responses such as CCL22, CCL17, and TSLP, as well as the AD severity index (i.e., SCORAD). 

Interestingly, IL1a expression decreased in the same study. In another study, CCL17 was also 

found to be increased in lesional skin in canine AD than in non-lesional AD skin or healthy dogs 

(Maeda, et al., 2002). Similarly, IL1β, IFNγ, and TNFα were also higher in the affected skin. In 

humans, CCL17 is also increased in AD (Vestergaard, et al., 2000). Also, this upregulation in 

keratinocytes is believed to be a defensive response against chemical or environmental irritants, 

albeit not physical ones (Scieglinska, et al., 2019). 
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Fibroblasts, found in the dermis, are responsible for producing extracellular matrix 

components like collagen and elastin, providing structural support to the skin (Grinnell, 2003). In 

AD, they can become activated and release inflammatory mediators. Fibroblasts, contained within 

the dermis, traditionally serve as both scaffolds and sentinels while generating and secreting 

components of the extracellular matrix such as collagen and elastin fibers. Key markers for 

identifying and characterizing fibroblasts include proteins associated with their function and 

presence: Fibroblast-specific protein 1 (FSP1 or S100A4), vimentin, and platelet-derived growth 

factor receptor beta (PDGFR-β) (Orimo, et al., 2007). FSP1 is considered a reliable fibroblast 

marker, while vimentin is an intermediate filament protein expressed in fibroblasts and various 

other mesenchymal cells (Strutz, et al., 1995). PDGFR-β, a cell surface receptor, is often used to 

identify fibroblasts in tissues and is involved in fibroblast activation (Yu, et al., 2001). Additionally, 

markers like alpha-smooth muscle actin (α-SMA) can indicate fibroblast activation and 

differentiation into myofibroblasts, which play a role in tissue contraction and repair (Hinz, et al., 

2001). These markers are essential tools in research and diagnostics for studying fibroblast biology 

and their involvement in various physiological and pathological processes. 

Fibroblasts serve key roles in providing for the structural framework of the skin and are 

exemplified by their CD40 expression indicating activation, and their ability to release 

inflammatory mediators (Kaufman, et al., 2001). A recent study observed proliferation and 

differentiation of fibroblasts in AD (Berroth, et al., 2013). Recently, single-cell RNA-seq has 

identified a unique fibroblast COL6A5+COL18A1+ subpopulation in lesional AD skin in humans 

(He, et al., 2020). CCL2 and CCL19 cytokines were expressed in these fibroblasts (He, et al., 

2020). Fibroblasts have been proposed to have a major signaling role due to their vast 

heterogeneity that has previously been overlooked (Croft, et al., 2019). Interestingly, fibroblasts 
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may exhibit heightened cytotoxicity when exposed to myeloid cells, as gleaned from co-culture 

experiments with unfractionated PBMC (Leung, et al., 1982) 

While transposing this understanding to fibroblasts needs further review, related studies 

have linked increased heat shock protein gene expression in keratinocytes with reduced nuclear 

factor-kappa B (NF-κB) activity (Sur, et al., 2008). NFKbIA, or the inhibitor alpha unit, essentially 

constitutes the subunit of the inhibitor of nuclear factor κ-B, the IKK protein complex that restrains 

NF-κB, preventing it from transcribing a multitude of inflammatory cell mediators. Interestingly, 

scientists engineered a rodent line with a fibroblast-specific (Prx1+) Ikkb knockout resulted in a 

similar red and dry appearance to AD (although no changes in skin thickness were noted) (Ko, et 

al., 2022). This alteration also led to an increased Th2 phenotype in the skin and infiltration of 

cells such as Th2 cells (CD4+IL4+) and eosinophils. Similarly, knockout of a downstream 

regulator, an inhibitor of nuclear factor kappa B zeta or IκBζ, in mice also resulted in severe AD 

within 1 to 2 months after birth (Shiina, et al., 2004). Thus, studies suggest a complex interplay 

between heat shock proteins, Nf-κB activity, and inflammatory signaling pathways in fibroblasts 

during AD. 

Melanocytes are responsible for producing melanin, the pigment that determines skin color. 

Changes in melanocyte function can lead to alterations in skin pigmentation seen in some AD 

patients. Within the epidermis, melanocytes are situated in the basal layer, and they play a major 

role in producing melanin, the pigment responsible for determining skin, hair, and eye coloration. 

Key markers for identifying and characterizing melanocytes include proteins and 

molecules specific to melanin production and melanocyte function. Melanocyte-specific markers 

include melan-A (also known as MART-1), tyrosinase, and microphthalmia-associated 

transcription factor (MITF) (Du, et al., 2003). Melan-A is widely used as a specific marker for 
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melanocytes and melanoma cells due to its melanocyte-restricted expression. Tyrosinase is an 

enzyme critical for melanin synthesis and is expressed in melanocytes (Hearing and Jiménez, 

1987). MITF is a transcription factor that regulates the development and function of melanocytes, 

and its expression is indicative of melanocyte presence and activity. These markers are essential 

in both research and clinical settings for the identification and study of melanocytes. 

Notably, individuals with AD may experience post-inflammatory pigment alteration by 

inflammatory molecules, leading to lighter or darker skin tones (Morelli and Norris, 1993). This 

observation could offer insight into the clinical manifestation of the condition in dogs. In a separate 

study by Rindler, et al. (2021) involving individuals with AD that was ongoing or has resolved 

spontaneously the number of melanocytes was lower in spontaneously healed AD cases. 

Furthermore, the top markers exhibiting increased expression in melanocytes encompassed genes 

related to retinoid acid transport, Wnt signaling antagonists, and pigmentation (Rindler, et al., 

2021). Hence, a nuanced interplay exists among the smaller melanocyte, neuron, and Schwann 

populations in AD, highlighting their potential influence on neighboring cellular differentiation 

processes and, externally, skin pigmentation. 

Sweat Gland Cells produce sweat, which can influence skin hydration and temperature 

regulation. While their exact role in AD is not fully understood, sweat gland activity can impact 

AD symptoms. Vascular Endothelial Cells line blood vessels and play a role in nutrient and oxygen 

supply to the skin. In AD, alterations in vascular endothelial cells can affect blood flow and 

contribute to skin inflammation. 

In the dermis, alongside sweat gland cells, vascular endothelial cells project into the 

epidermis. The evaporation of sweat helps regulate body temperature, and the vascular endothelial 

cells constitute part of the blood vessels that supply nutrients and oxygen to the epidermis. The 
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commonly regarded itch cytokine, IL-31 (Arai, et al., 2013; Gonzales, et al., 2013; Lewis, et al., 

2017), while not associated with levels of severity, was located in sebaceous glands in the AD dog 

(Tamamoto‐Mochizuki and Olivry, 2021). Histidine decarboxylase is highly expressed in sweat 

glands of AD patients (Inami, et al., 2022). Additionally, pericytes and vascular smooth muscle 

cells provide vital structural support to the vascular endothelial cells, wrapping around capillaries 

and venules, as well as Merkel cells, a type of somatosensory cell in skin that can detect force. 

Interestingly, researchers have recently linked ion channel proteins (Piezo2) to Merkel cells in AD 

itch (Feng, et al., 2022), suggesting alternative pathways contributing to pruritis. Furthermore, 

sphingosylphosphorylcholine, aids in skin moisturization. Its accumulation is more pronounced in 

the stratum corneum of the epidermis in non-lesional and lesional AD patients (Okamoto, et al., 

2003), likely within endothelial cells (Boguslawski, et al., 2000). While the full extent of the sweat 

gland involvement warrants further exploration, the contributory function of vascular cells in 

intercellular communication and structural support adds to the complexity of the progression of 

AD. 

Therefore, AD is a multifaceted skin condition influenced by intricate cellular interactions 

involving keratinocytes, fibroblasts, melanocytes, and vascular endothelial cells. These diverse 

cell types play pivotal roles in maintaining skin integrity, responding to inflammatory signals, 

regulating pigmentation, and ensuring proper blood supply to the skin. Genetic factors and gene 

expression patterns further contribute to the complexity of AD's pathogenesis. As our 

understanding of these cellular features deepens, it becomes increasingly evident that addressing 

AD necessitates a comprehensive approach, encompassing both the genetic and cellular aspects of 

the condition. Future research and therapeutic interventions should continue to explore these 
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intricate cellular mechanisms to develop more targeted and effective treatments for AD, ultimately 

improving the quality of life for individuals affected by this challenging skin disorder. 

A1.4.3 Lymphoid Immune Cell in AD Skin 

The immune system is a complex network of specialized cells, each with a unique role in 

defending the body against pathogens. Among these immune cells, lymphoid cells like T cells, B 

cells, innate lymphoid cells, and NK cells stand out as critical players in both innate and adaptive 

immune responses. They originate from hematopoietic cells in the bone marrow (Katsura, 2002) 

and are known for specialized memory for past encounters and their ability to mount specific 

responses against foreign and self-substances. Any disruption in these processes can lead to 

conditions like AD. 

T cells are one such specialized cells of the adaptive immune system that respond to 

specific threats, such as encountered pathogens. These T cells begin their journey as naïve 

precursors during their development process in the thymus. They have the remarkable ability to 

recognize particular antigens, that are presented to them by dendritic cells, and less classically, by 

macrophages when T cells drain to the lymph nodes. The differentiation of T cells into specific 

subtypes, such as cytotoxic T cells (CD8 cells) or CD4 cells, depends in part on their interaction 

between the antigen-presenting cell’s MHC class I or II and co-stimulatory signals (such as 

glycoproteins like CD28). CD4 cells, further mature into helper T cells (Th cells) and T regulatory 

cells. Effector helper T cells can be short-lived and memory helper T cells are longer-lived. Th1 

cells are predominant in cell-mediated immunity and secrete interferon-γ which can help to 

stimulate B cell class switching in producing IgG antibodies. Whereas Th2 cells are predominant 

in humoral immunity and secrete largely, anti-inflammatory cytokines like IL-4, IL-5, and IL-13, 

that promote B cell class switching towards IgE. These developmental patterns serve as a basis for 
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the immune responses that can occur in the skin, where dysregulation of these processes can lead 

to characteristic symptoms and manifestations of AD. 

Epidermal T cells are rare in normal canine skin (Olivry, et al., 1996; Sinke, et al., 1997), 

and still, the absolute numbers of CD8 T and CD4 cells are higher in AD lesional skin than in 

healthy skin (Olivry, et al., 1997; Sinke, et al., 1997). The ratio of CD8 cells to CD4 cells is higher 

in the epidermis (Olivry, et al., 1997; Sinke, et al., 1997), with sometimes bunched behavior of T 

cells (γδTCR, αβTCR, CD4, or CD8) compared to CTRL skin, and the CD4 to CD8 cells higher 

in the dermis layer in AD dogs (Olivry, et al., 1997; Sinke, et al., 1997). Note that there may be 

body site locations that have a higher CD4 to CD8 ratio in the epidermis, namely the chin, elbow 

flexor, regions taken from the axilla and tarsus flexor may be inversed (higher CD4 to CD8). Yet, 

always higher CD4 to CD8 T cells in the dermis of lesional and mostly non-lesional skin, 

independent of the location (Sinke, et al., 1997). These findings provide evidence of differential 

site migration ratio into the skin and nuances between cellular roles in the epidermis and dermis 

in cell density. 

In addition to the presence of these subtypes, other increased T cell populations are 

predominant in AD such as T regulatory cells, and γδT cells and αβT cells (Olivry, et al., 1997), 

each possessing a more diverse recognition of antigens. In contrast to previous studies detecting 

elevated Th2/Th22 immune pathways in canine AD after dermal patch mite challenges (Olivry, et 

al., 2016), found increased expressions of IL-17A and IL-17F, along with receptor and signaling 

components IL-1R1, IL-7R, IL-23R, and IL-26 expression on CD4 cells in AD dogs not subjected 

to any challenge. This suggests the Th17 immune response associated with inflammation and 

autoimmune diseases constitutes a significant component of canine AD. 
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In a study involving 13 individuals diagnosed with AD, six of whom exhibited detectable 

IgE levels to allergen D. pteronyssinus, researchers assessed the severity of AD symptoms 

following an Atopy Patch Test (Holm, et al., 2004). The investigation included takling skin 

biopsies 6 to 72 hours after the test. In addition, the SCORAD index was not different between AD 

patients with and without IgE antibody levels. Notably, in the epidermis, cells expressing CD4, 

IgE, and MMP9 proteins were observed throughout the layer 48 hours to 72 hours post-test, and 

their presence correlated with the atopy patch test score (Holm, et al., 2004). Similarly, in a 

separate study by Hennino, et al. (2011), CD8 T cells were seen to infiltrate the epidermis of the 

atopy patch test site within 9 hours of application. The high staining of granzyme B (GZMB) 

indicated that the T cells were actively secreting these molecules. These observations may not be 

observed in individuals without prior antigen sensitization or testing with pan-T cell CD3 antibody 

(Sirvent, et al., 2021).  

 In contrast, in the dermis, markers including CD4, CD1a, MMP9, EG2, and IgE were 

correlated with the atopy patch score (Holm, et al., 2004). These markers, as well as reportedly 

FcεRI, were found in cells surrounding the blood vessels, suggesting that these cells not only 

responded promptly to antigens but played a prolonged role in blood vessel function. Regardless 

of IgE detectability towards D. pteronyssinus, both CD8+ and FcεRI+ cells increased in the skin, 

congruent with findings in the dog above. Interestingly, MMP9+ cells were notably higher in 

individuals with detectable IgE antibodies compared with those without IgE. The authors posit that 

it could be related to a more permeable layer between the epidermis and dermis, potentially 

allowing Langerhans cells to enter the epidermis. This observation sheds light on why individuals 

with detectable IgE have been considered to exhibit more severe AD symptoms in the past. 
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 Other lymphoid cell subsets such as B cells, innate lymphoid cells (ILCs), and NK cells, 

themselves, have received comparatively less attention in canine AD research. B cells, a crucial 

component of the adaptive immune system, specialize in producing antibodies. They originate in 

the bone marrow and, upon activation as mentioned earlier, undergo differentiation into 

plasmablasts and plasma cells. This differentiation process may also involve isotype switching, 

wherein B cells alter the type of antibody produced to best combat the encountered pathogen. 

Despite the association of AD and IgE, there are no studies on the role of B cells in AD. Innate 

immune lymphoid cells and natural killer cells, on the other hand do not have antigen-specific 

receptors like T cells and instead respond through different cytokines depending on their group. 

Group 1 ILCs produce interferon-gamma and tumor-necrosis factors akin to Th1 cells. Group 2 

ILCs produce anti-inflammatory cytokines like IL4 and IL13, like Th2 cells. Group 3 ILCs produce 

IL17 and IL22, resembling Th17 cells. The majority of ILCs in AD belong to the group 2 ILCs 

CRTH2+ subset (Alkon, et al., 2022b). Unlike ILC cells in other parts of the body that have more 

defined marker expression, the ILC2 cells in AD skin surprisingly also express type 2 GATA3, 

type RORC, and type 3 AHR. The AD skin ILC2 cells have higher expression of IL5, IL13, IL22, 

and IL26 compared to normal skin. Furthermore, LTB, IL23A, and IL4 expressions have lower 

expression in ILC2 cells from AD skin (Alkon, et al., 2022a). Unique cytokine expression patterns 

were found only in AD skin, which are IL13+IL22+IL26+, IL13+Il26+, and IL13+Il22+. Natural 

killer cells, however, target cells for destruction based on their ability to detect self and non-self, 

which is partly achieved through the detection of MHC molecules or fragment crystallizable Fc-

labelled cells. NK cells in AD-affected skin have higher CCL4, CCL5, and CCL4L2 expressions 

and lower IFNG, CCL3, CCL3L1, and IL10 expressions than normal controls (Alkon, et al., 

2022a).  
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In summary, lymphoid cells play a vital role in safeguarding the body from various threats. 

Their journey from basic forms to specialized types orchestrates a complex defense mechanism 

that adapts to challenges. In conditions like AD, we observe disruptions in this balance, reflected 

in T cell changes and gene expressions that signify disease severity. Involvement of other lymphoid 

cell subsets further emphasizes the complexity of the immune response in AD. Ongoing research 

aims to unravel these interactions, offering hope for better treatments to restore immunological 

balance. 

A1.4.4 Myeloid Immune Cell in AD Skin 

Myeloid cells, which encompass monocytes, dendritic cells, granulocytes, platelets, mast 

cells, and erythrocytes are descendants of common progenitors derived from hematopoietic stem 

cells in the bone marrow (Katsura, 2002). These cells generally play a pivotal role in innate 

immunity. When pathogens invade, myeloid cells are rapidly recruited to local tissues, where they 

become activated for functions such as phagocytosis and secretions of inflammatory cytokines. 

Additionally, dendritic cells, as antigen-presenting cells, contribute to adaptive immune responses. 

Platelets play a crucial role in blood clotting and possess immune-modulating properties. Mast 

cells are central players in allergic responses, and even erythrocytes, primarily known for oxygen 

transport, have been shown to have some immune-related functions. Understanding their roles is 

of paramount importance in the context of conditions like AD. 

Monocytes, macrophages, and dendritic cells (DCs) are integral components of the innate 

immune system, acting as the first line of defense against pathogens and contributing to immune 

surveillance. Monocytes, characterized by the pattern recognition receptors CD14 (classical) and 

CD16 (non-classical and more adherent) (Waschbisch, et al., 2016), serve as precursors to 

professional phagocytes, macrophages and dendritic cells (Rabinovitch, 1995). They originate in 
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the bone marrow, circulate in the bloodstream, and stand ready for recruitment to sites of infection 

or inflammation. Once at the site, they further differentiate, giving rise to tissue-resident 

macrophages such as Langerhans cells, which excel at functions like phagocytosis and tissue repair 

(Lucas, et al., 2010). In contrast, dendritic cells play a crucial role in antigen presentation, a process 

vital for initiating adaptive immune responses. This group comprises distinct subsets, including 

Axl+Siglec6+ myeloid DCs (ASDCs), plasmacytoid dendritic cells (pDCs), classical dendritic 

cells type 1 (cDC1s) responsible for priming naïve CD8 T cells, and classical dendritic cells type 

2 (cDC2s) responsible for inducing ILC2, ILC3, and Th2 cells. For DC development, the reader is 

encouraged to read the review by See, et al. (2017).  

Monocytes and macrophages are pivotal players in the innate immune system, 

distinguishable by specific cell surface markers (Orecchioni, et al., 2019; Nakai, 2021  ). 

Monocytes typically express CD14, a receptor for lipopolysaccharide complexes, CD16 involved 

in cellular cytotoxicity, CD64 or FcγRI which is a high-affinity receptor for IgG, and CD115 or 

CSF-1R, the receptor for colony-stimulating factor 1 essential for monocyte functions. On the 

other hand, macrophages are often identified by CD68, a lysosomal/endosomal-associated 

membrane glycoprotein, and F4/80, a primary marker for murine macrophages. They also express 

CD11b or Mac-1 involved in adhesion and phagocytosis and retain CD14 expression from their 

monocyte stage. Additionally, macrophages can express CD163 and CD206, markers often 

associated with the anti-inflammatory or "M2" macrophage phenotype. CD204 or MSR1, a 

scavenger receptor, is another notable macrophage marker. Expression of these markers' 

expression can be influenced by factors like tissue environment, activation status, and species, and 

some markers might be present on other cell types under specific conditions. 
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BPI is the bactericidal permeability-increasing protein (BPI) which is a granule component 

recently found to enhance phagocytosis (Weiss and Olsson, 1987; Balakrishnan, et al., 2016), 

C1QB is a complement component that has been associated with a subpopulation of more 

developed macrophage cells (Reynolds, et al., 2021). Uniquely, MT2A is metallothionein that is 

involved in metal homeostasis and was upregulated in cells of AD patients with non-reactive skin 

in comparison to reactive to house dust mites, suggesting a contribution to immunotolerance 

(Sirvent, et al., 2021). These genes have been found differentially expressed in Sparling, et al. 

(2022). Curiously, a decrease in CD16+ monocyte presence is associated with the resolution of 

AD (Novak, et al., 2002), but this shift in engulfment activity observed in AD could be largely 

influenced by CD16+ monocyte presence. If these cells are predominantly located in perivascular 

regions, akin to observations in other autoimmune diseases like multiple sclerosis lesions 

(Waschbisch, et al., 2016), it could potentially accentuate a characteristic feature of AD such as 

leaky vasculature (Leung, et al., 2023).  

In AD, leaky vasculature, characterized by an influx of Heme-binding plasma proteins, has 

been identified. This phenomenon changes in response to Dupilumab, an IL-4 antagonist treatment 

(Leung, et al., 2023). This indicates the monocyte's active involvement in processes related to 

immune cell recruitment and inflammatory responses, a cascade that could be partly mediated 

through tryptophan metabolism pathways (Schall, et al., 1990; Mellor and Munn, 2004; Araujo, et 

al., 2018). However, CD14+ monocytes also downregulated genes associated with phagocytosis 

and antigen presentation or co-stimulation of T cells (CD1C, CD80, and CD86) (Morton, et al., 

1996; Sugita, et al., 2000). This finding suggests a potential induction of immune tolerance and 

raises the possibility of a limitation in debris clearance, a critical aspect of immune defense. Still, 

there is a dual effect at play, CD14+ and CD16+ monocytes upregulated OTOF in Sparling, et al. 
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(2022). OTOF which is implicated in pathogen entry and activity independent of the process of 

phagocytosis (Ding, et al., 2022), which could mean the allocation of resources towards self-repair 

over immune activation. This suggests an active involvement of these cells in the repair processes 

following skin damage. Furthermore, Langerhans cells, as determined by CD1a, CD1c, CD11c, 

and MHCII protein expressions, are remarkably higher in the lesioned AD skin of canines (Olivry, 

et al., 1996). These studies strongly support the pivotal role of CD16 monocytes and Langerhans 

cells as key players in the antigen clean-up process within the context of AD. 

ASDCs that develop into cDC1 and cDC2 are usually differentiated at the site of the bone 

marrow before migrating. Dendritic cells (DCs) are specialized antigen-presenting cells that play 

a pivotal role in initiating and regulating immune responses (Gardner, et al., 2020). Originating 

from bone marrow precursors, they are distributed throughout the body, especially in areas that 

interface with the external environment, such as the skin and mucosal tissues. In their immature 

state, DCs are adept at capturing and processing antigens. Upon encountering pathogens or 

inflammatory signals, they mature while upregulating major histocompatibility complex (MHC) 

molecules and co-stimulatory proteins. Mature DCs then migrate to lymph nodes where they 

present processed antigens to T cells. Their unique ability to activate naive T cells makes them 

crucial for shaping the body's immune response against foreign invaders and maintaining tolerance 

to self-antigens. DCs, pivotal in bridging innate and adaptive immunity, exhibit a distinct set of 

cell surface markers that vary based on their subtype and maturation state. A widely recognized 

marker for conventional DCs, especially in mice, is CD11c (Kim and Kim, 2019). In humans, DCs 

prominently express HLA-DR, a major histocompatibility complex (MHC) class II molecule. The 

C-type lectin receptor CD209 or DC-SIGN is primarily found on human DCs in the skin and 

mucosal tissues. As DCs mature, they often upregulate markers like CD83, as well as co-
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stimulatory molecules CD86 and CD80, which are vital for T cell activation (Lim, et al., 2012). 

Specific dendritic cell subsets express CD205 or DEC-205, involved in antigen uptake, and 

Langerhans cells in the skin uniquely express CD207 or Langerin. Lipid antigen-presenting 

molecules such as CD1a, CD1c, and CD1d are also characteristic of various DC subsets (Peña-

Cruz, et al., 2003);’. Furthermore, the chemokine receptor CCR7, guiding DCs to lymph nodes, is 

upregulated upon their maturation. It's essential to understand that while these markers typify 

dendritic cells, they can also appear on other cell types under specific conditions, and their 

expression can be influenced by factors like tissue environment and activation status. 

Intriguingly, (Ura, et al., 2016) collected serum samples from children with AD as well as 

from children with with allergies to serve as the control group. Through the application of 

serological proteome analysis, it was determined that IGKC, a specific protein, elicited a response 

from IgE antibodies in both sets of samples (Ura, et al., 2016). These may be expressed by DCs. 

In individuals with AD, a decrease in the number of cDC1 cells has been associated with several 

effects, including an increase in the thickness of the epithelium, a reduction in protein FLGN 

expression, and elevated levels of certain cytokines like IL4, IL17, IL33, S100a8, and S100a9 

genes (Nishikawa, et al., 2021). Recently, single-cell RNA-seq has identified a unique LAMP3+ 

DC  subpopulation in lesional AD skin in humans that expresses CCL19 receptor and CCR7 (He, 

et al., 2020).  

Granulocytes, which include eosinophils, neutrophils, and basophils, release granules upon 

stimulation and are part of the innate immune system. Eosinophils are specialized white blood 

cells that originate from hematopoietic stem cells in the bone marrow (Sugita and Kabashima, 

2020). Once matured, they circulate in the bloodstream, playing a vital role in the body's immune 

response. Microscopically, they are characterized by their large granules, which stain bright pink 
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or red with eosin, a specific type of dye, giving them their distinctive name. Eosinophils are 

particularly involved in combating parasitic infections and are also associated with allergic 

reactions and certain inflammatory processes. An elevated number of eosinophils in the blood, a 

condition known as eosinophilia, can indicate a parasitic infection, an allergic reaction, or other 

medical conditions.  

Eosinophils were observed in lesioned atopic skin, and some with cytoplasmic granules 

forming aggregates (Olivry, et al., 1996). Because of their aggregate formation, it may be 

suggestive that these cells are actively engaged in immune response in AD. In fact, marked 

eosinophilia, eosinophilic granule protein, and neutrophil elastase are commonly increased in AD. 

Eosinophilic granules protein was significantly increased with the severity of epidermal 

hyperplasia, while eosinophil count was increased with severity of spongiosis (Kiehl, et al., 2001). 

Neutrophils, as detected through myeloperoxidase, are commonly recruited in AD skin as well as 

other skin diseases like psoriasis, possibly through CXCL1, CXCL2, IL-8, and CSF2 (Choy, et al., 

2012). These cell counts are associated with the severity of atopic dermatitis, with severe cases 

exhibiting higher counts than mild cases (Jiang and Ma, 2017). Basophils, known for releasing 

leukotriene C4 associated with itch, were found to interact with sensory neurons (Wang, et al., 

2021). This is significant because it suggests another potential mechanism for the sensation of 

itchiness. Basophils is their ability to form extracellular traps in AD, dependent on the release of 

IgE and IL-3 (Morshed, et al., 2014). These traps are part of the body’s defense mechanism against 

pathogens. Therefore, there are pivotal roles for these cells in granule release and immune defense. 

Platelets play chief roles in clotting the release of anti-inflammatory mediators and the 

transport of blood oxygen. A higher platelet-to-lymphocyte ratio, however, correlated with 

increased SCORAD in patients (Jiang and Ma, 2017). This suggests that platelets may play an 
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important role in inflammatory processes and could exacerbate symptoms. One study evaluated 

platelets in AD using platelet count and the platelet distribution width (PDW) (Gayret, et al., 2019). 

PDW shows the alteration of platelet indexes. Platelet count was not different between AD-affected 

children and healthy controls, but PDW was lower in AD. In another study, mean platelet volume 

was higher in AD children (Akcal and Taskırdı, 2022). The opposite has also been observed in AD-

affected infants, in which MPV was lower (Sanli Gunes, et al., 2019). This highlights the 

inconsistency regarding platelets in AD individuals and the unreliability of using platelets to 

diagnose AD.  

Mast cells are best known for their involvement in allergic reactions, releasing histamines 

and other substances in response to allergens, which trigger typical allergy symptoms 

(Theoharides, et al., 2012). Beyond allergies, mast cells play a role in defending against parasites 

and bacteria, promote tissue repair, contribute to inflammation processes, and possess granules 

filled with various bioactive molecules. When activated by different stimuli, mast cells release 

these granules, exerting their effects on immune responses and inflammatory reactions. 

Dysregulation in mast cell function can lead to disorders like mastocytosis, underlining their 

significance in maintaining health and mediating various immune and inflammatory processes. In 

the context of AD, histological staining shows that mast cells are increased in AD skin (Damsgaard, 

et al., 1997). These cell numbers tend to be low and vary with body site in the canine (Wilkie, et 

al., 1990; Auxilia and Hill, 2000). From a clinical perspective, histamine, which is the primary 

itch-inducing substance released by mast cells, proved to be a less effective target for anti-itch 

treatments. Non-sedating antihistamines showed limited effectiveness in relieving itch associated 

with eczema while sedating antihistamines were more successful in both human cases and mouse 

models of atopic dermatitis (AD) (Krause and Shuster, 1983; Fujii, et al., 2006). Some studies 
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suggest a correlation between mast cells and neurological components because mast cells are 

closely situated at the afferent neuron terminals, which reduces the effectiveness of antihistamine 

therapy. (Stead, et al., 1987; Naukkarinen, et al., 1993; Naukkarinen, et al., 1994). Several studies 

also suggest tryptase/PAR2 pathways in AD activated by mast cells (Steinhoff, et al., 2003; Ui, et 

al., 2006). Substance-P from the mast cell-associated nerves activates mast cells through the TNF 

receptors (Yosipovitch, et al., 2003). The connection of mast cells and the neurological component 

demonstrates another complexity of AD.  

In summary, myeloid cells and other immune cell types play crucial roles in AD complex 

development. Elevated expression of specific genes in monocytes and dendritic cells underscores 

their active involvement in processes like phagocytosis, immune response, and tissue repair. 

Moreover, these studies implicate granulocytes, platelets, mast cells, and erythrocytes in granule 

release, extracellular trap formation, and itchiness in AD. Understanding these shifts not only 

deepens our grasp of the condition but also offers avenues for targeted therapies to alleviate its 

impact on patients. 

A1.4.5 Challenges and Future Research 

In treatment, the use of corticosteroids in the treatment of AD reduced heat shock protein, 

whose levels correlate with disease severity in human skin (Niiyama, et al., 2016). This suggests 

a potential method to target their expressions. Despite the rodent community’s challenge in 

developing models for atopic dermatitis mirroring human eczema, scientists deleted the gene Ikk2, 

an inhibitor of nuclear factor kappa-B kinase subunit beta, in mouse dermal fibroblasts of Nestincre 

mice to simulate a mouse model exhibiting AD symptoms in the facial region. Notably, mice 

treated with Tacrolimus, Stattic, and Tofacitinib exhibited significantly reduced eosinophils in the 

dermis, along with decreased epidermal thickness compared to the control group (Nunomura, et 
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al., 2019). This indicates there are avenues for macrolide calcineurin inhibitor immunosuppressant 

drugs, STAT3 inhibitors, and pan-JAK inhibitors, all showing positive outcomes in reducing 

immune cell infiltration and skin thickening (also known as skin lichenification). However, these 

drugs do not all work the same in every animal or patient, and there are side effects such as 

autophagy and cell death by Stattic (Poria, et al., 2021), reduction in T cell proliferation by 

Tacrolimus (Miroux, et al., 2012), and reductions in T regulatory cells by JAK inhibitors (Massa, 

et al., 2014) that increases the risk for comorbidities. 

To assess for risk factors that could potentially increase AD, a Swedish epidemiological 

study examined 58 canine offspring of different breeds (boxer, bullterrier, and West Highland white 

terriers) meeting AD diagnostic criteria, alongside 61 controls for effects of breed, gender, season, 

household, vaccination, species cohabitation, and diet (Nødtvedt, et al., 2007). The investigation 

revealed a significant (P<0.05) association between the diet of lactating females after giving birth 

and the development of AD in their offspring (Nødtvedt, et al., 2007). This observation was made 

following dietary elimination trials designed to explore the potential like between current 

dermatological issues and the present diet. Intriguingly, diets categorized as home-made, non-

packaged, or non-commercial were linked to a lower likelihood of AD development in offspring, 

whereas dogs not exposed to such diets being twice as likely to develop AD (95% CI: 1.2-3.8, P = 

0.02). (Nødtvedt, et al., 2007). Supporting this finding, early puppy diets consisting of non-

processed meat-based food were found to be protective against AD when compared to ultra-

processed carbohydrate-based diets, which increased the risk (Hemida, et al., 2020). This suggests 

that certain predisposing factors in the diet may enhance immunity from a young age, or that 

commercial diets might introduce sensitizing elements. Drawing parallels from human research, 

lower levels of soluble CD14 in colostrum have been linked to the development of AD in infants 
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(Fikri, et al., 2019). A factor we have previously discussed on monocyte, CD14, is responsible for 

binding lipopolysaccharides that are found on the surfaces of bacteria (Takeuchi, et al., 1999). In 

the context of AD, it could imply a reduced capacity to detect and respond to bacterial triggers. 

 In a study comparing dogs with AD to healthy dogs, researchers found an unexpected 

presence of bacteria in the conjunctival sac, a membrane lining the inner surface of the eyelids, 

suggesting a systemic immune response in AD (Furiani, et al., 2011). However, this bacterial 

presence did not correlate with the severity of AD (Furiani, et al., 2011) possibly due to variations 

in scoring across anatomical sites (Bradley, et al., 2016), where some areas may appear more 

severe than others. In a separate study involving infants, greater severity of eczema was associated 

with lower microbial diversity but an increase and decrease in bacteria-producing butyrate, linked 

to milder and more severe cases of AD, respectively (Nylund, et al., 2015). When severe AD 

children received Lactobacillus rhamnosus GG supplementation, there was an increase in 

butyrate-producing bacteria, correlating with a decrease in AD severity (Nylund, et al., 2015).  

Furthermore, changes in immune response are not restricted to bacteria. In dogs with AD, 

treatment involving nematode eggs resulted in a reduction of certain immune cells like mast cells 

and eosinophils, alongside an increase in neutrophils. This suggests a complex interplay between 

AD and helminth infection in the immune response (Mueller, et al., 2011). The study also 

highlighted the different types of Th2 immune responses involved. Helminth-induced responses 

may act to suppress excessive inflammation through IL-10 and TGFβ. On the other hand, AD-

related Th2 responses, typically IL-4, IL-5, and IL-13 may enhance mast cell activity. Therefore, 

these nuanced responses to microorganism presence may significantly contribute to the 

complexities of AD severity, potentially paving the way for more tailored and precise healthcare 

interventions. 
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While identifying and addressing triggers such as specific foods, microbes, and, in the case 

of dogs, fleas, can often mitigate the skin inflammation associated with AD (Marsella and De 

Benedetto, 2017), this approach may not always yield complete relief, as demonstrated by Keppel, 

et al. (2008). In instances where plant allergen immunotherapy does not yield a positive response, 

dogs may still require management or treatment, and the available long-term options such as 

glucocorticoids or hydrocortisone creams, are somewhat limited. This underscores the critical need 

for precise insights into the cellular composition and severity markers associated with AD. Such 

information is invaluable for practitioners and veterinarians seeking to differentiate between 

various subtypes and tailor treatment approaches, thereby mitigating the risk of secondary 

conditions. It is imperative, however, that future studies extend into clinical settings to validate the 

utility of these markers in veterinary practice. Additionally, establishing correlations with disease 

severity will enhance our ability to predict the disease’s progression toward a greater or lesser 

severity. 

In summary, these studies offer valuable insights into the intricate cellular and molecular 

distinctions within AD. The identified cell types and phenotypes in AD skin and blood offer insight 

into numerous pivotal aspects of the condition. Notably, epithelial cells like keratinocytes play a 

crucial role in cellular recruitment, while sweat gland cells impact transdermal water loss 

dynamics. Fibroblasts, as connective tissue cells, exhibit extensive involvement in inflammatory 

pathways, correlating with disease severity. Additionally, components of the nervous and vascular 

systems exhibit distinct patterns associated with itch, compromised vessel integrity, and skin 

discoloration. The recruitment of T lymphocytes and ILCs contribute to the IL-17 phenotype, 

whereas B cells may influence Th2 immune profiles. Myeloid cells, on the other hand, can 

contribute to cytotoxicity and potentially influence vessel integrity. Overall, the gene expressions 
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of skin-related genes offer a promising avenue for objective characterization of AD severity. Future 

studies may consider exploring how AD differs from similar skin conditions like contact 

dermatitis, as well as delving into epigenetic research to advance our understanding of diagnostics 

and treatments for canines with AD. 

A.1.5 BACKWARD 

Seeing as the above literature review was written to integrate some of the results from the 

published paper by Sparling et al., 2022, it is important to mention more broadly how our study 

contributed to the broad literature available. Regarding AD in dogs, we looked at the different 

types of cells present in the affected skin compared to healthy skin. We also studied when and 

where immune cells in AD-affected skin may deviate from their normal development. 

Additionally, we examined how the severity of AD affects the skin's characteristics and gene 

activity. 

We also took to a comprehensive understanding of the cellular dynamics in AD. The single-

cell transcriptomic analysis revealed significant insights into the various cell populations and their 

gene expression profiles in both affected and control samples. The study encompassed a total of 

153,115 cells, further categorized into 11 distinct cell classes, with fibroblasts, keratinocytes, 

macrophages, and T cells being the most prevalent. Notably, there was a relative decrease in 

fibroblast cells in AD samples compared to controls, along with an increase in keratinocytes and 

T cell populations. Differential expression analysis identified 5,441 genes showing significant 

variations across the five main cell types. Some genes, such as DLA88 and CCL5, exhibited 

consistent upregulation in AD across all cell types. Furthermore, a detailed exploration of immune 

cell subtypes revealed a notable increase in NK and CD8+ T cells in AD samples, indicating 

heightened inflammatory activity. The analysis of fibroblasts and keratinocytes, the predominant 
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cell populations, unveiled disruptions in ECM organization and apoptotic signaling, along with the 

upregulation of genes associated with immune responses. Notably, IL26-expressing fibroblasts, 

indicative of a proinflammatory state, were identified. In the vascular endothelial population, a 

distinct subcluster primarily composed of AD cells was observed. Marker genes for this subcluster, 

including CXCL14, B2M, and SELE, were found to be upregulated in AD cells, suggesting 

potential inflammatory signaling pathways. The identification of potential biomarkers for disease 

progression in AD, such as NINJ1 and DLA88, provides valuable insights for prognostic and 

diagnostic purposes. The study also highlighted the role of MHC class I molecules in cytokine 

signaling, further implicating their significance in AD. 

By employing single-cell transcriptomic analysis for AD, the research provides 

comprehensive insights into the various cell populations and their gene expression profiles in both 

affected and control samples. The study's inclusion of a large dataset comprising over 150,000 

cells and its categorization into 11 distinct cell classes is noteworthy. The observed shifts in cell 

populations, especially the decrease in fibroblast cells and increase in keratinocytes and T cell 

populations in AD samples, are critical indicators of altered cellular dynamics in the disease. The 

identification of specific genes showing significant variations across different cell types further 

deepens our understanding of the molecular mechanisms underlying AD. The study's findings have 

significant implications for our comprehension of AD pathogenesis. The observed upregulation of 

genes like DLA88 and CCL5 across all cell types in AD samples suggests their consistent 

involvement in the disease process. The notable increase in NK and CD8+ T cells indicates 

heightened inflammatory activity, shedding light on the immune response in AD. The disruptions 

in ECM organization and apoptotic signaling in fibroblasts and keratinocytes, along with the 

identification of IL26-expressing fibroblasts, provide crucial insights into the cellular processes 



 

151 
 

involved in AD. Additionally, the identification of potential biomarkers for disease progression, 

such as NINJ1 and DLA88, holds promise for prognostic and diagnostic applications. The 

implication of MHC class I molecules in cytokine signaling further emphasizes their role in AD. 

While the study offers valuable insights, it is important to acknowledge certain limitations. The 

research primarily focuses on transcriptomic analysis, and other omics approaches or functional 

studies may be needed to provide a more holistic understanding of AD. Additionally, the study's 

observations are based on cellular data, and further investigations into tissue-level interactions may 

be warranted. It's also essential to consider the dynamic nature of immune responses, and 

longitudinal studies could provide insights into the temporal changes in cellular dynamics in AD. 

Moreover, the potential clinical applications of identified biomarkers would require further 

validation and integration into diagnostic or prognostic tools. 

Furthermore, the single-cell transcriptomic analysis in Atopic Dermatitis provides a 

comprehensive understanding of cellular dynamics, offering valuable insights into disease 

progression and potential biomarkers for prognostic and diagnostic purposes. 
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ABSTRACT  

Atopic dermatitis (AD) is a common pruritic inflammatory skin disease with unclear 

molecular and cellular contributions behind the complex etiology. To unravel these differences 

between healthy control and AD skin we employed single-cell transcriptomics, utilizing the canine 

AD model for its resemblance to human clinical and molecular phenotypes. Herein we show that 

there are overall increases in keratinocyte and T cells and decreases in fibroblast populations in 

AD dogs. Within immune cell types, we identified an enriched γδ T cell population in AD, which 

may contribute to cutaneous inflammation. A prominent IL26-positive fibroblast subpopulation in 

AD was detected, which may activate neighboring cells in the dermal-epidermal niche. Lastly, by 

comparing dogs with different disease severities, we found genes that follow disease progression 

and may serve as potential biomarkers. In this work, we characterized key atopic dermatitis cell 

types and cellular processes that can be further leveraged in diagnosis and treatment. 

  



 

175 
 

A.2.1 INTRODUCTION 

Atopic Dermatitis (AD) is the most common, chronic, and inflammatory allergic skin 

disease worldwide, with a high prevalence both in children and adults, particularly in developed 

countries (Wüthrich and Schmid-Grendelmeier, 2003; Weidinger and Novak, 2016). Intense itch 

(pruritus) and associated cutaneous infections significantly affect health and quality of life, with 

possible progression to food allergies, rhinitis, and asthma (atopic march) (Paternoster, et al., 

2018). The pathogenesis of AD is complex, involving multiple factors such as skin barrier defects, 

microbiome changes, and dysregulated innate and adaptive immune responses, the latter of which 

consists predominantly of a Th2 type in the initial phase (Boguniewicz and Leung, 2010). 

Incidentally, the structural and immunologic changes allow for opportunistic infection of 

pathogens and different Th populations make for a complex inflammatory condition, including 

Th1, Th9, Th17, and Th22. Infiltrating immune cells, including T cells, eosinophils, and 

macrophages, in addition to activated resident tissue cells are localized in AD-affected skin 

(Leung, et al., 1983; Reinhold, et al., 1991; Olivry, et al., 1997). Although family history is a risk 

factor for AD, only a few true causal genes and their molecular mechanisms have been identified 

and account for about 20% of heritability (Mucha, et al., 2020). Genome-wide association studies 

and meta-analyses have identified 38 risk loci for AD, and several loci have also been associated 

with atopic march development (Grosche, et al., 2021). Despite decades of studying AD in large 

European and East Asian populations, few causal genes are known. 

While genome-wide association studies or bulk-RNA-sequencing are valuable, they do not 

provide the necessary information to better understand the individual cell populations and their 

gene expression involved in the initiation and progression of AD (Tang, et al., 2019). Many 

different cell types are involved in the progression of such a complex disease, including dendritic 
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cells (DCs), T cells, B cells, keratinocytes, and macrophages. The predominant cell type 

considered to be contributing to AD pathology is T cells; an example being their IL-4 and IL-13 

production mediation of B cell-IgE hypersensitivity (Akdis, et al., 1999; Conde, et al., 2021). 

Keratinocytes mediate early leukocyte chemoattraction via MCP-1 (Goebeler, et al., 2001). 

Meanwhile, macrophage and DC cell accumulation near the vasculature and secretion of pro-

inflammatory molecules like TNFα and IL-31, have been related to aggravated atopic dermatitis 

and itch (Goebeler, et al., 2001; Hashizume, et al., 2005; Wang, et al., 2006; Xu, et al., 2020). 

However, the complete picture of cell phenotypes and identity of subpopulations, and how these 

cells change during stages of severity, are unaccounted for. Genes related to the structural integrity 

of the epidermis and Th2 immune response have been proposed to be diagnostic markers as well 

as therapeutic targets in AD (Renert-Yuval, et al., 2021). 

Similar to humans, AD occurs in 3-15% of dogs (Hillier and Griffin, 2001). In humans, the 

areas mainly affected are the scalp, face, neck, and flexural surfaces of the extremities. Likewise 

in dogs, the extremities and muzzle (face) are frequently affected. Other areas commonly affected 

in dogs include the ears, ventrum, and axillae (Griffin and DeBoer, 2001). Part of the complexity 

in diagnosing AD is due to the resemblance and overlap of clinical signs with ectoparasite 

infestations, pyoderma, fungal dermatitis, cutaneous adverse food reactions, and other 

inflammatory skin conditions (Hensel, et al., 2015). Canine AD can be environmentally triggered 

(Hill and DeBoer, 2001), and similarly to humans (Caubet and Eigenmann, 2010), dust mites and 

other allergens can contribute to the disease's onset and severity (Nuttall, et al., 2006). 

In this study, we utilized single-cell RNA sequencing (scRNA-seq) to determine the cells 

involved in canine AD. We are the first to report a precise composition of skin immune cells and 

cell-to-cell gene expression variability in AD-affected tissue in the canine using droplet-based 
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scRNA-seq technology. The depth of cells surveyed allowed us to identify enriched cell types such 

as γδ T cells, and subpopulations of fibroblasts and vascular endothelial cells in AD-affected skin. 

We unraveled the subtle differences between AD severities reflected by the skewing in cell 

populations and gene expression markers, which may serve as biomarkers to aid in diagnosing the 

disease. Finally, the enriched cellular pathways in AD highlighted in this study will inform 

potential therapies. 

A.2.2 MATERIALS AND METHODS 

A2.2.1 Ethics Statement 

Animal use was approved by the Western University of Health Sciences (WesternU) 

Institutional Animal Care and Use Committee (IACUC) under number R19IACUC035. The 

ARRIVE guidelines were followed. 

A2.2.2 Animal Recruitment and Care 

A total of seven dogs; three canines considered healthy controls and four with AD were 

recruited in Spring 2021 to the WesternU Pet Health Center (Table 4.1). Samples collected from 

dogs within each control and AD group were considered distinct biological replicates; control 

samples were alesional and AD samples were lesional. Within the AD group, there were two 

biological replicates of each mild and severe AD, which were based on clinical history. Inclusion 

and exclusion criteria were set out as previously (Koury, et al., 2019). Briefly, all enrolled canines 

were >6 months of age. A detailed history was obtained, and a complete physical examination was 

performed on each dog. Skin scrapings, skin cytology, and routine blood chemistry and 

hematology were used to exclude ectoparasites, bacterial or fungal infections, and systemic 

diseases. Any a priori evidence of skin infections, systemic diseases, or use of antipruritic or 

immune-medicating medications resulted in exclusion from the study. AD dogs were required to 
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undergo an elimination dietary trial with hydrolyzed protein for 8 weeks to eliminate sole 

cutaneous adverse food reactions. Consequently, and for purposes of data analysis, there was no 

blinding to group allocations. 

Table A1. Description of the canines used in our study. 

Group Age Sex/Intact? Breed 

Control 6m F/I Boxer mix 

Control 6m F/I Mixed 

Control 8y F/S Mixed 

Atopic 2y9m M/N Mixed 

Atopic 6y4m F/S Pitbull 
Terrier 

Severe 
Atopic 9y9m M/N Staffordshire 

Terrier 
Severe 
Atopic 9y10m M/N Labradoodle 

mix 
 

A.2.2.3 Skin Sample Collection and Processing 

Following the patient sedation and anesthesia guidelines at the WUPHC, the enrolled 

patients were put under deep sedation, and local analgesic blocks with lidocaine were administered 

for sample collection. The hair by the inguinal and lateral shoulder regions was clipped, the skin 

cleaned with a chlorhexidine scrub (4%), and an 8 mm diameter punch biopsy of the skin from 

each site was recovered gently with thumb forceps and placed in saline. The biopsy sites were 

closed with Poliglecaprone 25 monofilament suture material. Post-procedural pain medications 

were dispensed. Each canine skin sample was taken back to the lab and processed to get the biopsy 

cut within an hour. The lab is located 300 yards from the Pet Health Center. Also, the gentleMACS 

Octo Dissociator was located 250 yards from the lab. Therefore, we worked promptly, kept the 

sample on ice during transportation, and to prevent interference from environmental 

RNAses/DNAses, always used sterile techniques and supplies. Although both shoulder and 
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inguinal areas were processed, only inguinal samples were sequenced for this study, and 

sequencing was conducted only once. Samples from control dogs and the shoulder of AD dogs 

were considered alesional. Inguinal samples of AD dogs were considered lesional. All 

centrifugations for cell collections were carried out at 400 x g for 10 minutes. 

The skin punch was rinsed in PBS in a biological safety hood, and the epidermal and dermal 

layers were separated from the hypodermal layer using fine dissecting scissors and forceps. The 

section devoid of subcutaneous tissue was cut into ≤4mm3 pieces and rinsed in PBS before 

dissociation with a skin dissociation kit as used on humans (Miltenyi, 130-101-540) as per 

instruction. The cells were mechanically disrupted in a gentleMACS Octo Dissociator (Miltenyi, 

130-095-937) following the gentleMACS h_skin-01 program and applied through a 70 µm nylon 

filter into low-bind Eppendorf tubes (Eppendorf, 022431048). Subsequent to washing with 1 mL 

wash buffer (PBS containing 1% bovine serum albumin and 50 units of DNase I), the cell pellet 

was cryopreserved in 100 µL fresh cryopreservation media (RPMI medium containing 20% 

DMSO, 10% fetal bovine serum, and 1% penicillin-streptomycin) and stored into a -80 degrees 

Celsius freezer until further purification. 

Once samples from all dogs were collected, vials were thawed and purified using MACS 

Dead cell Removal kit and instructions (Miltenyi, 130-090-101), with the exception of adding 50 

units of DNase I to the 1x Binding Buffer before column application (a modification included in 

the Miltenyi tumor dissociation protocol). Once the live cells flow-through was collected, the cells 

were resuspended in PBS containing ultrapure BSA to 1500 cells/µL for library preparation. 

A.2.2.4 Library Preparation 

Samples were sent to the City of Hope Integrative Genomics Core (Monrovia, CA) for 

single-cell library preparation with the 10x Chromium Next GEM Single Cell 3’ v3.1 kit. The 
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paired-end cDNA libraries were sequenced on a NovaSeq 6000 by TGen, an affiliate of the City 

of Hope. 

A.2.2.5 Data analysis 

Raw reads were pseudoaligned to CanFam3.1 and transcripts were quantified using 

Kallisto (Bray, et al., 2016). Most pre-processing and analysis steps were conducted using 

Monocle3 (Trapnell, et al., 2014; Qiu, et al., 2017; Cao, et al., 2019). Samples were combined into 

a single monocle CDS object, and a batch correction was performed using align_cds. Cells were 

placed in low-dimensional space via UMAP dimensionality reduction (L. McInnes, J. Healy, and 

J. Melville, manuscript posted on arXiv, Bibcode: 2018arXiv180203426M). Cell-type identities 

were manually annotated by cross-referencing cluster genes with known cell-specific markers. For 

reference mapping, immune cells were pooled and mapped to the Azimuth PBMC reference 

(Stuart, et al., 2019) in Seurat. 

Differentially expressed genes (DEGs) were identified by fitting quasipoisson models, 

using fit_models in Monocle3, and considered significant at q-value < 0.05. For GO analysis, the 

top 200 DEGs (by significance) for each cell were considered. Cellular trajectories were calculated 

by building a principal graph, using learn_graph, and genes changing along the trajectory were 

identified using Moran’s I test. 

A.2.2.6 Statistical Information 

Based on power analyses with v1.14 of SCOPIT (Davis, et al., 2019), we required 10,000 

cells sequenced from each distinct sample to identify at least three of the least frequent cells 

previously identified elsewhere (TCR1-γδ T cells; 0.06% of dermal cells) (Olivry, et al., 1997), 

with 95% probability. 
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A.2.3 RESULTS 

A.2.3.1 Cell atlas of healthy and AD skin lesions 
After processing single-cell transcriptomic data, we obtained a total of 153,115 cells, with 

84,751 cells across four AD samples and 68,364 from three unaffected control samples 

(Supplemental Table 1). We pooled these cells, generated distinct clusters, and used the Shannon-

Entropy-based approach to determine cluster-specific markers. Via manual referencing with 

known markers, we identified 11 broad cell classes (Figure A.1A, Supplementary Table S 6). The 

most abundant cell types were fibroblasts, followed by keratinocytes, macrophages, and T cell 

populations. Compared to controls, there was a relative decrease in fibroblast cells across AD 

samples, and an increase in keratinocyte and T cell populations (Figure A.1A, B; Supplementary 

Table S 7). For further analyses, we focused on five cell populations with sufficient cell numbers 

(>1,000 total cells), fibroblasts, keratinocytes, vascular endothelial, macrophage, and T cells. 

Relative percentages of more discrete immune cell types are discussed in detail in a later section 

(Supplementary Table S 7).  

Using the Poisson-based linear model approach, we identified a total of 5,441 differentially 

expressed genes (DEGs) across five cell types (Figure A.1C, Supplementary Table S 9). Many of 

these are shared among cell types. For instance, DLA88 and CCL5 are both upregulated in AD 

across all cell types. DLA88, dog leukocyte antigen 88, is a canine MHC class I gene (Wagner, et 

al., 2000) and CCL5 is an inflammatory cytokine typical of Th2 responses that have been 

previously associated with AD progression (Canavese, et al., 2010). 

Other genes are dynamically expressed or differentially expressed in only certain cell types. 

For example, EZR, a membrane protein in microvilli that has been previously associated with AD, 

is upregulated in fibroblasts and keratinocytes (Park, et al., 2007). CXCL14, encoding a chemokine 

that plays a role in the regulation of immune cell migration (Lu, et al., 2016), is drastically 
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upregulated in the vascular endothelial cells, but slightly downregulated in keratinocytes. CENPF, 

upregulated exclusively in keratinocytes, encodes a nuclear protein that forms part of the 

kinetochore and is involved in cell cycle progression and cellular division (Liao, et al., 1995). 

Additionally, SELE, upregulated in vascular endothelial cells, has been previously implicated in 

endothelial cells where the protein drives the accumulation of blood leukocytes at the inflammation 

sites (Arvanitis, et al., 2005). The top DEGs across cell types show varying degrees of cell-type-

specific expression patterns (Figure A.1D). Interestingly, there were eight unique DEGs expressed 

 
Figure A.1 Broad and disproportionate cell type classes with stimulated immune gene 

signatures  A) UMAP representation of all cells across seven samples, clustered and colored 

by identified cell-type. Right, relative percentage (of total immune cells) of the four AD and 

three control populations belonging to identified cell types. B) Same as a, classified by disease 

condition. Three control samples and four AD samples C) Left, all DEGs across cell types. Bar 

indicates presence of DEG in cell. Right, specific DEGs highlighted. D) Heatmap (log2 FC) of 

top upregulated DEGs across cell-types. Significance at p-value < 0.05 using the Wald test. 
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by granulocytes, most of which were highly upregulated, including IL12RB2, which can contribute 

to the inflammatory response. (Supplementary Figure S 9, Supplementary Table S 9). 

A.2.3.2 Phenotypic diversity of immune cells in atopic dermatitis 
To explore more granular immune cell subtypes, we first pooled the identified T cell and 

macrophage populations. This pooled immune cell population was then mapped to a high-quality 

reference PBMC dataset using Azimuth (Zhang, et al., 2021), annotating every cell to 13 specific 

immune cell classes (Figure A.2A). Strikingly, we noticed a drastic increase in the proportion of 

NK and CD8+ T cells in the AD population as compared to the control samples, a potential 

indicator of increased inflammatory activity at sites of injury (Figure A.2B). Further, we saw an 

inverse relationship between CD16+ and CD14+ monocytes, with CD16+ monocytes increased in 

AD (Supplementary Table S 8). Axl+Siglec6+ myeloid DCs (ASDC) cells were increased in AD, 

but there was an overall decrease in mature DC cells (pDC, cDC1, cDC2), inferring our AD 

samples are past lesion initialization and priming of innate lymphoid cells (ILCs) and naïve T cells 

(Supplementary Table S 8). 

For the immune subclasses for which there are sufficient cell numbers, we identified 

subtype-specific differentially expressed genes, resulting in 925 total DEGs (Figure A.2C; 

Supplementary Table S 10). Though we cannot rule out that the differing numbers of DEGs are a 

result of the varied cell counts for each population, CCL5 is again shown as upregulated DEG 

across these immune cell types congruent with the different analysis toolkit used for broad cell 

types above (Figure A.1C). Similarly, we see genes associated with cell signaling and apoptosis 

pathways. The hedgehog and WNT signaling pathway antagonist SFRP1 is upregulated 

specifically in CD4+ T cells, ILC, and plasmablast cells (Katoh and Katoh, 2006) (Figure A.2C). 

The metallothionein MT1E gene, previously shown to have apoptotic activity (Faller, et al., 2010), 

is upregulated in CD14+ and CD16+ monocytes, cDC1, and CD4+ cells, but downregulated in NK 
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and CD8 T cells (Figure A.2C, D). Interestingly, NK and ILC cells show upregulation of T cell 

receptor CD3E (Figure A.2C). GZMB, encoding a granzyme protein that plays a role in inducing 

apoptosis, is upregulated in CD8+ and NK cells (Figure A.2C, D). 

Notably, there is consistent downregulation of several genes across most immune cells, 

including RPB4, CPZ, SPARC, and SERPINF1 (Supplementary Table S 10). CPZ, a 

carboxypeptidase, and SPARC, an extracellular matrix-associated (ECM) protein, are interesting 

 
Figure A.2 Immune cell landscape characterized by gamma-delta T cell expansion during 

AD.A) UMAP of reference-map labeled immune cells for the seven canines B) Relative 

percentages (of total immune cells) of the three control and four AD populations belonging to 

identified subtypes. C) Left, all DEGs across cell types. Right, specific DEGs highlighted. D) 

Heatmap (log2 FC) of top upregulated DEGs across cell-types. Significance at p-value < 0.05 

using the Wald test. E) T cells, highlighting a unique gamma-delta population composed almost 

exclusively of AD cells. F) Markers of the gamma-delta T cell population, including IL17A/F, 

BCL2A1, and IL7R. G) Top 10 GO terms associated with DEGs from the entire T cell 

population. 
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in that their genes are also downregulated in fibroblast and keratinocytes, indicating a largely 

tissue-agnostic phenotype. SERPINF1 has been implicated as an anti-angiogenesis factor 

(McHale, et al., 2019). 

We uncovered numerous AD-specific subpopulations of immune cells. Clustered among T 

cells we discovered a distinct population of cells lacking CD4 or CD8 expression, and 

predominantly composed of AD cells (Figure A.2E). Upregulated genes in this population include 

IL17A, IL17F, SCART1, and anti-apoptotic gene BCL2A1 (Figure A.2F; Supplementary Table S 

11). These markers have been previously associated with skin V6 gamma-delta (γδ) T cells, which 

are known to play an important role in skin inflammation (Tan, et al., 2019). GO analysis of the 

total T cell population reveals AD-induced disruptions to NK cells chemoattraction and cytokine 

signaling (Figure A.2G). While downregulated genes in this population include genes implicated 

in T cell receptor signaling and activation (CD28, CD40LG, CTLA4) (Supplementary Table S 12). 

Secondly, we identified a subset of conventional DC type 2 cells (cDC2) characterized in 

the AD disease by IDO1; an enzyme among the identified upregulated markers that are involved 

in preventing autoimmune reactions (Supplementary Figure S 10; Supplementary Table S 13). This 

distinct subcluster also shows upregulation of B2M and IL4L1 genes, important for immune 

recognition and Th2 development (Supplementary Figure S 10). 

A.2.3.3 Disruption of cellular processes in fibroblasts and keratinocytes 
We next focused our analyses on the largest cell populations, fibroblasts, and keratinocytes. 

In these populations, AD appeared to cause similar disruptions to ECM organization and induce 

cell instability, resulting in upregulation of apoptotic genes. Consistent with recent studies that 

surveyed fewer cells, we did not observe separate subclustering within the fibroblast population of 

AD and control cells (Figure A.3A) (He, et al., 2020; Rojahn, et al., 2020). 



 

186 
 

Furthermore, we determined a total of 3,987 differentially expressed genes, 3,252 of which 

were upregulated and 735 downregulated (Supplementary Table S 9). Upregulated genes include 

MAN1A1, a transmembrane protein that catalyzes the hydrolysis of mannose, PIR, a transcriptional 

coregulator of NF-κB, PLAUR, which is a plasminogen activator receptor associated with local 

ECM degradation and has been implicated in macrophage attraction (Cancello, et al., 2005), and 

SOD2, which encodes an enzyme capable of inducing apoptotic activity (Kokoszka, et al., 2001) 

(Figure A.3B). Downregulated genes include previously mentioned CPZ, ITIH5, a trypsin inhibitor 

involved in matrix stabilization, OGN, involved in growth regulation, and SPARC, an ECM 

regulator whose expression was similarly decreased in immune cells (Figure A.3B). Fibroblast 

DEGs represent a set of genes responsible for the regulation of the ECM, apoptotic signaling, and 

cell migration (Figure A.3C). 

Similar expression change patterns were evident in the keratinocyte population, which also 

did not display sub-clustering of AD cells (Figure A.3, Supplementary Figure S 10). We identified 

2038 DEGs in keratinocytes, with 1053 upregulated and 985 downregulated genes (Supplementary 

Table S 9). Amongst the top upregulated genes in keratinocytes are B2M, DLA88, and two 

metallothioneins, MT1E and MT2A (Figure A.3E). B2M is a protein component of the MHC I 

complex, and overexpression has been associated with dramatic immune response signatures 

(Zhang, et al., 2021). DLA88, an MHC I gene, is upregulated across numerous cell types in AD. 

The metallothioneins (MT1E, MT2A) act as antioxidants and thus indirectly regulate the apoptotic 

signaling cascade. Interestingly, the top three downregulated genes (COL1A1, COL1A2, COL3A1) 
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encode various collagen proteins (Figure A.3E), perhaps indicating a loss of matrix integrity. 

SPARC as mentioned was also downregulated in fibroblasts. GO analysis revealed a similar set of 

molecular changes as observed in the fibroblasts, with disruptions to ECM organization, apoptosis, 

and cytokine-mediated signaling pathways (Figure 4.3.3F).  

 
Figure A.3 Loss of ECM integrity and induced apoptosis in fibroblasts and keratinocytes.A) 

UMAP of fibroblast cells colored by disease state for the three control and four AD canines. 

B) Expression of top four upregulated (top) and downregulated (bottom) genes in AD 

fibroblasts. C) Top 10 GO terms associated with DEGs in AD fibroblasts. D,E,F) Same as A-

C, but for keratinocytes. G) IL26+ fibroblast cells and H) Relative percentage (of total 

fibroblast cells) in the three control and four AD cell populations. 
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We did, however, identify an AD positively-skewed subgroup of IL26 expressing 

fibroblasts (Figure 4.3.3G), which are indicative of a proinflammatory state (Itoh, et al., 2019). IL-

26 has been implicated in other inflammatory diseases (Dambacher, et al., 2009; Itoh, et al., 2019; 

Gowhari Shabgah, et al., 2022) and in this discernible IL26 fibroblast cluster, nearly two-thirds are 

AD cells (Figure A.3H). 

A.2.3.4 Inflammatory signaling in the vascular endothelium 
We next performed sub-clustering on the vascular endothelial population and noticed one 

particular cluster, indicated as subcluster 2, that was composed primarily of AD cells (Figure A.4A, 

B, C). We then identified marker genes of cluster 2 to explore the drivers of this distinct population 

in AD (Supplementary Table S 14). The top markers of this population include CXCL14, B2M, and 

SELE genes which are upregulated in AD cells in a correlated manner (Figure A.4D). 

In the pooled population, we identified 682 DEGs, 334 of which are upregulated and 348 

downregulated (Supplementary Table S 14). The top GO terms revealed changes in growth-factor 

binding, IL-18, and inflammatory response pathways, generally indicative of altered cellular 

signaling (Figure A.4E). Additionally, ECM axis and focal adhesion terms hint at a loss of ECM 

integrity, a phenotypic change also observed in keratinocytes and fibroblasts. 

A.2.3.5 Potential biomarkers of AD progression 
To gain insight into the etiology and pathogenesis of the disease, it is of interest to identify 

determinants of disease progression. Two of the AD donors had a noticeably worse prognosis and 

a more severe form of the disease in relation to the other two. Thus, we separated the AD 

population into mild and severe to explore disease progression. To find potential biomarkers from 

DEGs discovered for each cell type, we asked which genes were differentially expressed in the 

same direction when comparing the control to mild and mild to severe cell populations. We 

identified a total of 554 of these potential biomarkers, genes whose expression is either positively 
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or negatively correlated with disease progression (Supplementary Table S 15). The top biomarkers 

across cell types highlight genes with varied roles and molecular functions (Figure A.5A, 

 
Figure A.4 Unique AD subpopulation of vascular endothelial cells highlights increased 

cytokine signaling.A) UMAP of vascular endothelial cells colored by disease state. B) Left, 

UMAP showing five subclusters of vascular endothelial cell population. Right, relative 

percentage (of total immune cells) of control or AD cells belonging to each cluster. Cluster 2, 

over 77% AD cells. C) Expression of top markers associated with cells from cluster 2 and D) 
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Supplementary Figure S 11). For instance, we discovered a T cell-specific biomarker NINJ1, which 

has been shown to mediate leukocyte migration during inflammatory responses (Figure A.5B). 

 
Figure A.5 Using different AD severities to identify tissue-wide and cell-specific disease 

markersA) Cell-specific biomarkers of disease progression. DEGs showing sequential, 

directional differential expression from control to mild and mild to severe AD populations are 

identified as biomarkers. A p-value < 0.05 was considered significant by Wald test. B) 

Expression of NINJ1 in T cells across samples, ordered by disease progression. C) Expression 

trajectory in vascular endothelial population, from root node (1) to branching nodes. Right, 

barplot showing percentages (of total immune cells) of control or AD cells belonging to 

indicated pseudotime bin, showing mirroring of disease progression D) Associated pseudotime 

coloring of cells across the trajectory. E) Ordered scatterplot demonstrating expression of 

three genes that vary significantly along the pseudotime trajectory in the five major cell types. 
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Consistently featured, however, was DLA88, which is an upregulated biomarker in all cells 

except for the DC population (Supplementary Table S 15). Indeed, upon pooling cells across 

tissues, we observed a progressive increase in DLA88 expression upon ordering samples by disease 

severity (Supplementary Figure S 11B). Increased expression of MHC class I molecules has been 

specifically associated with increased cytokine signaling (Végh, et al., 1993). 

Returning to vascular endothelial cells, we observed a distinct subcluster that was skewed 

in favor of the AD cell population and overall partitioning of cells by disease severity (Figure 

A.4B). Using a trajectory-based approach, we ordered cells by pseudotime values that mirror 

disease progression (Figure A.5C, D). DEGs in vascular endothelial cells display different 

expression patterns associated with AD severity prognosis. B2M expression is similarly elevated 

in mild and severe AD cells, whereas CXCL14, from a low baseline in healthy cells, increases from 

mild to severe (Figure A.5E). Expression of VWF, important in the maintenance of platelet 

adhesion and aggregation, remains low in healthy and mild AD cells but increases sharply in the 

severe population. 

Altogether, we identified sets of potential cell-independent and cell-specific biomarkers for 

AD. We believe these sets represent putative drivers of AD that could be leveraged as valuable 

prognostic or diagnostic tools. 

A.2.4 DISCUSSION 

Delineating the pathogenesis of a complex disease such as atopic dermatitis requires a 

better understanding of all the cellular and molecular players involved. It has been suggested that 

dogs with AD can serve as an excellent model for human disease (Marsella and Girolomoni, 2009), 

given the fact that the disease occurs naturally and displays many common features, as compared 
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to induced mouse models. Dogs also allow for large cohort studies, preclinical screening of novel 

therapies, and more human-like physiology. 

Leveraging single-cell RNA sequencing, we analyzed the cell populations and genes 

expressed in the epidermis and interface of dermis and epidermis of atopic lesions in canines. Here 

we show that similarities exist in canine atopic skin compared to humans on the single-cell level. 

In addition, we identified subpopulations of cells present in AD that were previously not found in 

recent studies (He, et al., 2020; Rojahn, et al., 2020), which possibly is due to the higher number 

of cells we profiled and the focus on epidermal tissue in our study. 

γδ T cells are characterized by their distinct TCR chains and play an important role in 

immune homeostasis. They are considered innate-like T cells and are not MHC-restricted, while 

capable of expressing Th1, Th2, and Th17 cytokines. In human and mouse models, γδ T cells have 

been associated with autoimmune diseases (Mo, et al., 2017; Jee, et al., 2020), and skin 

inflammatory conditions, such as contact dermatitis, psoriasis, and atopic dermatitis (Laggner, et 

al., 2011), with γδ T cells being the major IL-17-producing cells in the skin that respond to IL-23 

stimulation. In mice, a subset of γδ T cells has been identified that express the IL-7 receptor, CCR6, 

and retinoic acid-related orphan receptor-γt (RORγt), and increase IL-17 production in response 

to microbial challenge (Gray, et al., 2011; Sumaria, et al., 2011). In the canine atopic samples of 

this study, a unique population of cells in the atopic skin compared to healthy skin was identified 

as γδ T cells. These cells highly expressed IL17A, IL17F, IL7R, and anti-apoptotic BCL2A1, which 

is a marker for v6 γδT cells previously identified in mice (Tan, et al., 2019). Other genes 

upregulated in γδ T cells were IL23R, CCR6, and RORA, all indicating a Th17 response, consistent 

with chronic inflammatory conditions. One of the genes highly upregulated in the γδ T cells was 

HDAC9, which is involved in the downregulation of T regulatory cells that play an important role 
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in promoting immune tolerance. Notably, FOXP3 was downregulated in the larger T cell 

population in the atopic samples, indicating suppression of T regulatory (Treg) cell development 

and activation. Interestingly, IL9 was also upregulated in the γδ subpopulation. Our data indicate 

that γδ T cells might be a significant source of this cytokine. IL-9 increases VEGF secretion of 

mast cells that lead to angiogenesis in addition to the inflammatory response these cells represent 

(Ciprandi, et al., 2013; Ma, et al., 2014; Olivry, et al., 2016). 

Another cell subpopulation identified as predominant in atopic samples was a subcluster 

within the endothelial cell population. Vascular endothelial cells are cells associated with 

angiogenesis in inflammatory skin diseases such as psoriasis and atopic dermatitis (Lee, et al., 

2021). This subcluster was characterized by the expression of SELE, VIM, B2M, CXCL14, and 

other genes, which are involved in cell adhesion, migration, and angiogenesis (Gout, et al., 2006; 

Nieminen, et al., 2006; Nomura, et al., 2006). Previous single-cell profiling showed that vascular 

endothelial cells in human skin are very heterogeneous with SELE highly expressed in one of the 

subclusters that were mostly involved in response to hypoxia and cytokines (Li, et al., 2021). 

A small population of fibroblasts was found expressing IL26, which is a relatively recently 

discovered cytokine in the IL-10 family (Knappe, et al., 2000), and while conserved across 

vertebrate species, it appears to be deleted in rodents (Dumoutier, et al., 2000). IL-26 is mainly 

produced by Th17 cells, NK cells, and macrophages. On the other hand, CD4+ Treg and Th2 cells 

do not express significant amounts of this cytokine (Wolk, et al., 2002). IL-26 has been shown to 

be expressed by non-immune cells as well, such as fibroblasts, and activates a wide variety of cells, 

including epithelial cells and keratinocytes (Hör, et al., 2004). In a recent study, IL-26 was shown 

to be highly expressed in atopic skin, inducing both Th2 and Th17 pathways (Kamijo, et al., 2020). 

We found its receptor IL20R upregulated in the keratinocytes of the canine atopic samples, 
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indicating that these inflammatory fibroblasts may act on the keratinocytes in the atopic skin. IL-

26 directly acts on endothelial cells promoting proliferation and tube formation, which warrants 

further investigation in light of the distinct subcluster of endothelial cells we identified. In addition, 

IL-26 promotes the production of Th17 cells (Corvaisier, et al., 2012), which is a clear signature 

found across the cells in our samples. It has been proposed that IL-26 is involved in the 

pathophysiology of various chronic inflammatory disorders acting as a disease-promoting 

mediator and serving as a biomarker for disease prognosis (Dambacher, et al., 2009; Gowhari 

Shabgah, et al., 2022) and might be a promising therapeutic target. 

Overall, we observed a clear shift in cell populations from healthy to atopic skin, with 

keratinocytes and T cells increasing, particularly CD8+ T cells. Other immune cell shifts we 

observed were increases in NK cells, while CD14+ monocytes decreased and CD16+ monocytes 

increased in the atopic samples. Mature DC cell populations are decreased, which may be 

immediately replenished by ASDCs. Genes upregulated across many cell types were representative 

of a typical Th2 response, such as CCL5, IL13, and IL33. CCL5 was highly expressed in AD across 

many of the different cell types, including various immune cells but also fibroblasts, keratinocytes, 

and vascular endothelial cells. Other genes highly expressed were in the Th17 category of 

cytokines and other inflammatory mediators such as MMPs, and various CCLs. For instance, the 

upregulation of CCL17/TARC on macrophage/dendritic cells is consistent with a prior human 

study (He, et al., 2020), indicating possible parallels in cell recruitment. Another group of 

molecules often associated with atopic dermatitis are calcium-binding proteins, such as S100A12, 

which was highly upregulated in gene expression across immune and non-immune cell types, 

indicating a disturbance of the skin barrier function of the epidermis. 
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The picture that emerges is that of an inflammatory state that displays both Th2 and Th17 

elements. This is in agreement with many other studies on atopic dermatitis. Single-cell sequencing 

poses the advantage of discerning which cells up or down-regulate specific cytokines, which can 

lead to a much better understanding of the individual players involved in the pathogenesis of this 

disease. It seems that while many cells are involved in a Th2 pattern, an almost autoimmune 

signature is emerging in the epidermis of AD skin. Not only is there a robust inflammatory Th17 

response, as evidenced by the cells and mediators involved, but it appears also that the Treg cell 

function is being suppressed. Both of these pathways might be triggered by inflammatory 

fibroblasts expressing IL-26. 

Keratinocyte and fibroblast populations not only shifted in the atopic samples, but the gene 

expression patterns also indicated a strong response involved in skin homeostasis. Gene ontology 

terms are primarily associated with extracellular matrix organization, response to unfolded 

protein, and apoptotic signaling. Keratinocytes also expressed high levels of IL33, which is a 

protein that in turn increases IL-31, a major factor in the pruritic cycle (Xu, et al., 2020). 

Additionally, after further classification of AD samples into mild and severe cases, we 

uncovered a putative set of cell-specific biomarkers of disease progression. T cell-specific 

biomarker, NINJ1, has been associated with monocyte and dendritic cell migration during 

inflammation. NFKBIA, a marker in fibroblasts, is an inhibitor of NF-κB that is induced during 

proinflammatory responses. We also uncovered DLA88 as a biomarker across four of the five 

primary cell types surveyed, underlining a potential cell-independent indicator of AD progression. 

In the vascular endothelial population, trajectory analysis revealed a progression from healthy to 

severe cells, demonstrating varied expression dynamics of genes involved in immune signaling. 
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At the time of writing, we recognize factors that may have limited our detection of 

granulocytic cells. For example, we were unable to identify mast cells and eosinophils from our 

data’s granulocyte cluster, which are characteristically pronounced in AD compared to control skin 

samples with other techniques (Olivry and Hill, 2001). Beyond known biological variabilities 

arising from cell-to-cell heterogeneity (Welle, et al., 1999) and regionality (Auxilia and Hill, 2000), 

this discrepancy may perhaps be explained by these samples' exposure to low temperatures and or 

cryopreservation (Burja, et al., 2022) and these cells’ high RNAase and low RNA content (Wang, 

et al., 2021). Therefore, single-cell RNA sequencing trajectories of eosinophils and mast cells are 

still desired to understand their contribution and development in AD.  

Our study samples are from a representative population presented at a veterinary facility. 

For this study, we sampled control canines that were numerically younger than AD samples. 

Whether age may have played a factor in the preference for calling older age AD genes is 

undetermined. The disease phenotype was not different based on the age group, and we studied a 

mixed dog breed population to find commonalities in the cell populations in AD dogs and to 

compare those to healthy dogs. Additional studies are needed with a focus on specific ages and 

breeds to identify specific regions of polymorphisms and targets for future treatments. 

In summary, our data indicate that inflammatory cells, including γδ T cells and a subset of 

fibroblasts, might signal to promote chronic inflammation and angiogenesis. Our study also shows 

a trajectory of certain inflammatory markers associated with AD disease progression. More studies 

are warranted to further elucidate these interactions of cell populations not well studied in the 

context of atopic dermatitis. 
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Supplementary Figure S 1. Analysis of motif and amino acid conservation in Cluster Homolog of 
Immunoglobulin-like Receptors (CHIRs) functional groups.
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Supplementary Figure S.1. Analysis of motif and amino acid conservation in Cluster Homolog of 
Immunoglobulin-like Receptors (CHIRs) functional groups. A) The top three motifs identified 
represent each functional group’s proteins compared against the backdrop of other CHIR groups 
(CHIRA, CHIRB, and or CHIRAB) using STREME motif analysis. Details such as motif consensus, 
P-value, E-value, site position, and the number of matches per sequence are presented. B) The 
conservation of amino acids within each functional group is determined through MAGA and 
visually represented. The categories include amino acids conserved in all proteins (black), those 
conserved in 75% or more but less than 100% of proteins (dark gray), those conserved in more 
than 50% but less than 75% of the proteins (medium gray), and those not considered conserved 
(light gray).  
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Supplementary Figure S 2. Comparative phylogenetic analysis of chicken Cluster Homolog of 
Immunoglobulin-like Receptors (CHIRs) with other avian and vertebrate species. 
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Supplementary Figure S.2. Comparative phylogenetic analysis of chicken Cluster Homolog of 
Immunoglobulin-like Receptors (CHIRs) with other avian and vertebrate species. Proteins with 
immunoglobulin-like receptor annotations were manually searched on NCBI. Each protein is 
labeled with its corresponding gene symbols. A) A total of 20 avian including the turkey 
(XP_019467467.1, XP_031413664.1, and XP_031413666.1), helmeted guineafowl 
(XP_021237453.1, XP_021237658.1, XP_021238293.1, XP_021238295.1, XP_021238296.1, 
XP_021238298.1, XP_021238300.1, XP_021238302.1, XP_021238303.1 ,XP_021238304.1, 
XP_021238312.1, XP_021238341.1 ,XP_021238886.1, XP_021238896.1,  XP_021238901.1, 
XP_021238926.1, XP_021238929.1, XP_021238931.1, XP_021239022.1, XP_021239114.1, 
XP_021239243.1, XP_021239375.1, XP_021239388.1, XP_021239430.1, XP_021239493.1, 
XP_021239496.1, XP_021239497.1, XP_021239499.1, XP_021239564.1, and XP_021239715.1) 
ring-necked pheasant (XP_031467894.1 and XP_031468009.1), tufted duck (XP_032060992.1), 
white-throated tinamou (XP_010223534.1, XP_010223546.1, and XP_010224112.1), North 
Island brown kiwi (XP_013794984.1, XP_013794985.1, and XP_013794987.1), blue-crowned 
manakin (XP_017691102.1, XP_017691103.1, XP_017691104.1, and XP_017691106.1), white-
ruffed manakin (XP_027519865.1), willow flycatcher (XP_027744284.1), white-throated sparrow 
(XP_026654494.1 and XP_026654495.1), brown-headed cowbird (XP_036251750.1), rufous-
necked snowfinch (XP_041346380.1), eurasian tree sparrow (XP_039555508.1), great tit 
(XP_015502602.1), burrowing owl (XP_026723006.1), little egret (XP_035749301.1), South 
African ostrich (XP_009677502.1), emu (XP_025955907.1 and XP_025955908.1), Chilean 
tinamou (XP_025893100.1), and Tibetan ground-tit (XP_014118363.1) were compared with 
representative chicken CHIRs. B) Six vertebrate species, namely the common toad 
(XP_040288758.1), rhesus macaque (NP_001035761.1, NP_001035764.1, NP_001035766.1, 
NP_001035765.1, NP_001035767.1, NP_001233183.1, NP_001035762.2, NP_001035760.2, 
XP_014980399.2, XP_028695115.1, XP_028695128.1, XP_028695138.1, and 
XP_014984951.2), human (NP_055327.1, NP_065396.1, NP_067073.1, NP_056952.2, 
NP_001074239.1, NP_001077008.1, NP_055034.2, NP_055328.2, NP_001166125.1, 
NP_001229796.1, NP_001265247.1, NP_001268900.1, NP_001074919.2, NP_001075106.2, 
NP_001074447.2, NP_001265355.2, NP_001278624.1, NP_703144.3, NP_001309097.1, 
NP_001347096.1, NP_001074911.2, NP_001018091.2, and XP_054187211.1), brown rat 
(NP_001013916.1, NP_001300853.1, XP_038956289.1, XP_038956583.1, and 
NP_001406420.1), house mouse (NP_001160144.1, NP_001344323.1, and XP_036009508.1), 
and Eastern fence lizard (XP_042329717.1) were also compared with representative chicken 
CHIRs, phylogenetically. 
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Supplementary Figure S 3. Expressions of Cluster Homolog of Immunoglobulin-like Receptor 
(CHIRs) in various tissues of the red jungle fowl after alignment to the broiler assembly. 



 

216 
 

Supplementary Figure S.3. Expressions of Cluster Homolog of Immunoglobulin-like Receptor 
(CHIRs) in various tissues of the red jungle fowl after alignment to the broiler assembly. A). The 
total geometric mean represents CHIR gene expression profiles in various male and female tissues. 
Functional groups are depicted proportionally, with green indicating CHIRA, pink representing 
CHIRB, and yellow denoting CHIRAB for activatory, inhibitory, and bifunctional types, 
respectfully. The observed high expression threshold serves as a reference scale corresponding to 
the inflection point of CHIR abundance, as observed in Supplementary Figure 4. B) Relative gene 
expression levels of CHIRs compared to other regions on chromosome 31. Note that the data 
relating to CHIR expression in the adrenal gland of the female was not available. 
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Supplementary Figure S 4. Counts of expressed Cluster Homolog of Immunoglobulin-like 
Receptor (CHIRs) genes in relation to averaged expression across tissues. 
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Supplementary Figure S.4. Counts of expressed Cluster Homolog of Immunoglobulin-like 
Receptor (CHIRs) genes in relation to averaged expression across tissues. Different shapes indicate 
different sexes: triangles for males and circles for females. Various colors represent different 
tissues. A high expression threshold is set at the inflection point of the lowess curve, characterized 
by an inflection point in the number of expressed genes and Log2 CPM counts when the data were 
aligned to the A) broiler and B) layer assemblies. 
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Supplementary Figure S 5. Presence of Cluster Homolog of Immunoglobulin-like Receptor 
(CHIRs) gene variations in inbred chicken line sequences after alignment to the layer assembly. 
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Supplementary Figure S.5. Presence of Cluster Homolog of Immunoglobulin-like Receptor 
(CHIRs) gene variations in inbred chicken line sequences after alignment to the layer assembly. 
A) Schematic of variants across CHIRs. Only frameshift variants of the non-coding region changes 
were indicated for visualization purposes. B) CHIR mutations by functional group annotated, 
normalized for gene number. No variant (0|0), an allelic variant (0|1), and homozygous for 
alternative allelic variants (1|1) are indicated. C) Relative heterozygosity of variant calls along the 
chromosome. D) Tajima’s D, a measure of observed to expected nucleotide diversity. E) Inbred 
chicken CHIR variant clustering through principal component analysis. 
  



 

221 
 

Supplementary Figure S 6. Line P’s raw read density along chromosome 31. 
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Supplementary Figure S.6. Line P’s raw read density along chromosome 31. Line P’s .bam file 
was visualized for read density along chromosome 31 of the A) broiler and B) layer assemblies. 
The read densities for chromosomes 29 to 39 were enlarged to facilitate visualization. 
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Supplementary Table S 1. Identification of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) proteins in the 2021 and 2022 
assembly updates. 

Supplementary Table S1.Galgal7.2 
Protein 
ID Strain Length 

Gene 
Symbol Chr. 

Gene 
Start 

Gene 
Stop Gene Name Class 

Annotation 
Status 

New 
Symbol Notes 

XP_025
001834.
3 Broiler 201 

LOC100
857570 31 2315376 2316183 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A1   

XP_046
760817.
1 Broiler 324 

LOC100
859274 31 1859281 1860568 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A2   

XP_040
549459.
1 Layer 200 

LOC100
859274 31 1342476 1343279 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A2   

XP_046
790071.
1 Layer 354 

LOC107
050070 31 1256967 1259823 

LOW QUALITY 
PROTEIN: T-cell-
interacting 

CHIR
A 

New 
Functional 
Class CHIR1A3 

Low 
Qualit
y 
Protei
n 

XP_040
510417.
1 Broiler 201 

LOC107
050231 31 1597330 1598139 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
A 

New 
Functional 
Class CHIR1A4   

XP_046
760848.
1 Broiler 201 

LOC107
050231 31 1597330 1598139 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
A 

New 
Functional 
Class CHIR1A4   

XP_046
790009.
1 Layer 283 

LOC107
050231 31 1243983 1245186 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
A 

New 
Functional 
Class CHIR1A4   
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XP_040
510416.
1 Broiler 201 

LOC121
107876 31 1817379 1818185 #N/A 

CHIR
A 

New 
Functional 
Class CHIR1A6   

XP_040
510440.
1 Broiler 246 

LOC121
107888 31 2094876 2095818 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A7   

XP_040
510221.
1 Broiler 341 

LOC121
107850 31 2336289 2339514 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A8   

XP_040
510222.
1 Broiler 314 

LOC121
107850 31 2336289 2339584 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR1A8   

XP_040
512625.
1 Broiler 176 

LOC121
108675 31 7466 8255 #N/A 

CHIR
A 

New 
Functional 
Class CHIR1A9   

XP_040
512619.
1 Broiler 201 

LOC100
857894 31 62386 63192 T-cell-interacting 

CHIR
A 

New 
Functional 
Class 

CHIR1A1
0   

XP_040
510424.
2 Broiler 257 

LOC107
049195 31 2387072 2388270 

immunoglobulin 
superfamily 
member 1-like 

CHIR
A 

New 
Functional 
Class CHIR2A1   

XP_040
549417.
2 Layer 269 

LOC107
049195 31 1409219 1410417 

immunoglobulin 
superfamily 
member 1-like 

CHIR
A 

New 
Functional 
Class CHIR2A1   

XP_046
760739.
1 Broiler 229 

LOC107
050189 31 1581507 1582542 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR2A2   

XP_046
790008.
1 Layer 255 

LOC107
050189 31 1216998 1218040 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR2A2   

XP_040
509928.
1 Broiler 253 

LOC107
050651 31 1945793 1946829 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR2A3   



 

225 
 

XP_040
549463.
2 Layer 269 

LOC107
050651 31 1301772 1302970 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR2A3   

XP_040
510445.
2 Broiler 269 

LOC107
049116 31 1437248 1438446 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A4   

XP_040
510450.
2 Broiler 257 

LOC107
050037 31 1447648 1448692 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A5   

XP_040
509910.
1 Broiler 257 

LOC107
050303 31 1532646 1533836 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A6   

XP_040
510333.
1 Broiler 269 

LOC107
050509 31 1469537 1470735 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A7   

XP_040
510446.
2 Broiler 269 

LOC112
531126 31 1789643 1790841 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A8   

XP_040
510295.
1 Broiler 300 

LOC121
107860 31 2229224 2230523 #N/A 

CHIR
A 

New 
Functional 
Class CHIR2A9   

XP_040
549415.
2 Layer 269 

LOC107
049924 31 1514990 1516188 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
0   

XP_040
549431.
1 Layer 268 

LOC121
107862 31 1205460 1206656 T-cell-interacting 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
1   

XP_040
549110.
1 Layer 261 

LOC121
112265 31 1611799 1612989 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
2   

XP_040
549383.
1 Layer 269 

LOC121
112289 31 1019476 1020674 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
3   
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XP_040
549468.
2 Layer 276 

LOC121
112307 31 1051728 1052923 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
4   

NP_001
139610.
2 Broiler 266 

CHIR-
A2 31 1620205 1771612 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
5   

NP_001
139610.
2 Layer 266 

CHIR-
A2 31 1358690 1359880 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
5   

XP_046
760735.
1 Broiler 230 

LOC121
112296 31 1449550 1452913 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
6   

XP_046
790082.
1 Layer 269 

LOC121
112296 31 1162242 1163441 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
6 

Low 
Qualit
y 
Protei
n 

XP_040
510425.
1 Broiler 164 

LOC107
055384 31 1667474 1668168 T-cell-interacting 

CHIR
A 

New 
Functional 
Class 

CHIR2A1
7   

XP_046
760850.
1 Broiler 188 

LOC101
748339 31 1561859 1562609 #N/A 

CHIR
A 

New 
Functional 
Class CHIR3A1   

XP_040
549456.
1 Layer 209 

LOC101
748339 31 1190702 1191434 #N/A 

CHIR
A 

New 
Functional 
Class CHIR3A1   

XP_040
549457.
1 Layer 182 

LOC101
748339 31 1190702 1191434 #N/A 

CHIR
A 

New 
Functional 
Class CHIR3A1   

XP_040
509925.
1 Broiler 261 

LOC107
049796 31 1922576 1924083 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR3A2   
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XP_040
549109.
1 Layer 277 

LOC121
112264 31 1582515 1584786 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR3A3   

XP_040
510423.
1 Broiler 180 

LOC112
531125 31 2057770 2058496 #N/A 

CHIR
A 

New 
Functional 
Class CHIR3A4   

XP_040
549097.
1 Layer 347 

LOC121
112259 31 1453086 1461438 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR3A5   

XP_040
549470.
1 Layer 367 

LOC121
112311 31 1053281 1058276 #N/A 

CHIR
A 

New 
Functional 
Class CHIR3A6 

Low 
Qualit
y 
Protei
n 

XP_040
510448.
1 Broiler 272 

LOC121
107894 31 1976064 1977269 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A1   

XP_046
790007.
1 Layer 429 

LOC121
107894 31 1171169 1174887 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A1   

XP_046
760822.
1 Broiler 278 

LOC124
417461 31 2370630 2371913 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A2   

XP_046
760823.
1 Broiler 266 

LOC124
417461 31 2370630 2371913 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A2   

XP_046
760820.
1 Broiler 312 

LOC124
417461 31 2370706 2371913 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A2   

XP_046
760821.
1 Broiler 300 

LOC124
417461 31 2370706 2371913 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR4A2   
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XP_040
510182.
1 Broiler 435 

LOC100
858963 31 1756864 1758490 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_040
510183.
1 Broiler 343 

LOC100
858963 31 1756864 1758100 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_040
510184.
1 Broiler 338 

LOC100
858963 31 1756864 1758100 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_040
510185.
1 Broiler 269 

LOC100
858963 31 1757289 1758490 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_046
790054.
1 Layer 264 

LOC100
858963 31 1076366 1079867 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_040
549375.
1 Layer 435 

LOC100
858963 31 1078242 1079867 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 6-like 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR5A1   

XP_040
549378.
1 Layer 269 

LOC100
858963 31 1078667 1079867 

leukocyte 
immunoglobulin-
like receptor 

CHIR
A 

Uncorrecte
d CHIR5A1   
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subfamily A 
member 6-like 

Functional 
Class 

XP_040
510330.
1 Broiler 270 

LOC107
050473 31 2149544 2150747 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A2 

Low 
Qualit
y 
Protei
n 

XP_040
549466.
1 Layer 302 

LOC107
050473 31 1335841 1337140 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A2   

XP_040
510447.
1 Broiler 269 

LOC112
531107 31 1702237 1703437 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A3   

XP_046
790096.
1 Layer 269 

LOC112
531107 31 1116437 1117635 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A3 

Low 
Qualit
y 
Protei
n 

XP_040
510348.
1 Broiler 269 

LOC121
107865 31 2032260 2033458 #N/A 

CHIR
A 

New 
Functional 
Class CHIR5A4 

Low 
Qualit
y 
Protei
n. 

XP_040
512614.
1 Broiler 458 

LOC121
108670 31 68792 72234 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A5   

XP_040
512615.
1 Broiler 449 

LOC121
108670 31 68792 72234 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A5   

XP_040
512616.
1 Broiler 292 

LOC121
108670 31 68792 70028 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A5   
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XP_046
761953.
1 Broiler 338 

LOC121
108670 31 68792 70028 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A5   

XP_040
512617.
1 Broiler 292 

LOC121
108670 31 69217 72234 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR5A5   

XP_046
760845.
1 Broiler 207 

LOC107
049516 31 2071231 2073225 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A1   

XP_040
549432.
1 Layer 265 

LOC107
049516 31 1441477 1442639 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A1   

XP_040
549433.
1 Layer 256 

LOC107
049516 31 1441477 1442639 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A1   

XP_040
510421.
1 Broiler 199 

LOC107
049945 31 1501770 1503973 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A2   

XP_040
510422.
1 Broiler 177 

LOC107
049945 31 1501770 1503207 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A2   
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XP_046
760849.
1 Broiler 140 

LOC107
049945 31 1501881 1503207 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A2   

XP_040
549469.
1 Layer 260 

LOC107
049945 31 1600526 1602287 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A2   

XP_040
510297.
1 Broiler 290 

LOC107
050390 31 2112474 2114799 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_046
760829.
1 Broiler 299 

LOC107
050390 31 2112474 2114799 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
510298.
1 Broiler 273 

LOC107
050390 31 2112800 2114799 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_046
760830.
1 Broiler 282 

LOC107
050390 31 2112800 2114799 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_046
790066.
1 Layer 306 

LOC107
050390 31 1451944 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549384.
1 Layer 371 

LOC107
050390 31 1563361 1566952 

natural 
cytotoxicity 

CHIR
A 

New 
Functional 
Class CHIR6A3   
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triggering receptor 
1-like 

XP_040
549385.
1 Layer 371 

LOC107
050390 31 1563361 1566952 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549386.
1 Layer 325 

LOC107
050390 31 1563361 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549388.
1 Layer 299 

LOC107
050390 31 1565773 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549389.
1 Layer 290 

LOC107
050390 31 1565773 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549391.
1 Layer 282 

LOC107
050390 31 1566099 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
549392.
1 Layer 273 

LOC107
050390 31 1566099 1568098 

natural 
cytotoxicity 
triggering receptor 
1-like 

CHIR
A 

New 
Functional 
Class CHIR6A3   

XP_040
510288.
1 Broiler 305 

LOC112
531338 31 1839295 1841841 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   
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XP_040
510289.
1 Broiler 299 

LOC112
531338 31 1839295 1841841 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
510290.
1 Broiler 275 

LOC112
531338 31 1839295 1841289 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
510291.
1 Broiler 272 

LOC112
531338 31 1839295 1841289 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
510292.
1 Broiler 269 

LOC112
531338 31 1839295 1847081 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_046
760828.
1 Broiler 296 

LOC112
531338 31 1839295 1841841 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
549404.
1 Layer 337 

LOC112
531338 31 1393250 1395799 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
549405.
1 Layer 297 

LOC112
531338 31 1393250 1395799 

leukocyte 
immunoglobulin-
like receptor 

CHIR
A 

Uncorrecte
d CHIR6A4   
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subfamily A 
member 2 

Functional 
Class 

XP_046
790073.
1 Layer 277 

LOC112
531338 31 1394394 1445643 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_046
790074.
1 Layer 266 

LOC112
531338 31 1394394 1445855 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A4   

XP_040
510274.
1 Broiler 286 

LOC112
531339 31 2341960 2345209 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_025
002098.
2 Broiler 269 

LOC112
531339 31 2343231 2345209 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
510276.
1 Broiler 268 

LOC112
531339 31 2344019 2345209 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
550468.
1 Layer 323 

LOC112
531339 31 20017 25031 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   
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XP_040
550470.
1 Layer 257 

LOC112
531339 31 20017 25031 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
550472.
1 Layer 220 

LOC112
531339 31 20650 25031 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
550469.
1 Layer 265 

LOC112
531339 31 23869 25031 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
550471.
1 Layer 256 

LOC112
531339 31 23869 25031 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
A 

Uncorrecte
d 
Functional 
Class CHIR6A5   

XP_040
510234.
1 Broiler 351 

LOC112
531119 31 2000459 2005386 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   

XP_040
510235.
1 Broiler 342 

LOC112
531119 31 2000459 2005386 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   

XP_040
510236.
1 Broiler 306 

LOC112
531119 31 2000459 2003019 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   

XP_040
510237.
1 Broiler 297 

LOC112
531119 31 2000459 2003019 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   
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XP_040
510238.
1 Broiler 283 

LOC112
531119 31 2000459 2002460 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   

XP_040
510239.
1 Broiler 274 

LOC112
531119 31 2000459 2002460 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A6   

XP_040
509924.
1 Broiler 263 

LOC107
049909 31 1907167 1908671 #N/A 

CHIR
A 

New 
Functional 
Class CHIR6A7   

XP_040
549414.
1 Layer 269 

LOC121
112295 31 1232845 1234045 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A8   

XP_046
790079.
1 Layer 282 

LOC121
112295 31 1232845 1234262 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A8   

XP_046
790080.
1 Layer 270 

LOC121
112295 31 1232845 1234262 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A8   

XP_046
790081.
1 Layer 218 

LOC121
112295 31 1232845 1234004 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class CHIR6A8   

XP_040
549094.
1 Layer 295 

LOC121
112257 31 1110176 1112174 #N/A 

CHIR
A 

New 
Functional 
Class CHIR6A9   

XP_040
509952.
1 Broiler 249 

LOC112
531328 31 2451512 2452642 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
0 

Low 
Qualit
y 
Protei
n 

XP_040
549426.
1 Layer 268 

LOC112
531328 31 1037802 1038999 

platelet 
glycoprotein VI-
like 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
0   
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XP_046
760747.
1 Broiler 265 

LOC112
531100 31 2377549 2378730 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
1   

XP_046
761955.
1 Broiler 151 

LOC121
108673 31 51445 52606 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
2   

XP_040
512623.
2 Broiler 160 

LOC121
108673 31 52004 52606 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
2   

XP_046
790075.
1 Layer 336 

LOC124
417062 31 1155821 1158282 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
3   

XP_046
790006.
1 Layer 339 

LOC124
417061 31 1125532 1149329 #N/A 

CHIR
A 

New 
Functional 
Class 

CHIR6A1
4   

XP_025
001831.
2 Broiler 313 

LOC101
747711 31 1682624 1686080 #N/A 

CHIR
A 

New 
Functional 
Class CHIR7A1 

Low 
Qualit
y 
Protei
n 

XP_040
549101.
1 Layer 319 

LOC101
747711 31 1294388 1296278 #N/A 

CHIR
A 

New 
Functional 
Class CHIR7A1 

Low 
Qualit
y 
Protei
n 

XP_040
510442.
1 Broiler 158 

LOC121
107891 31 1518241 1519212 #N/A 

CHIR
A 

New 
Functional 
Class CHIR7A2   

XP_046
760736.
1 Broiler 256 

LOC124
417453 31 1461925 1463098 #N/A 

CHIR
A 

New 
Functional 
Class CHIR7A3   
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XP_046
760858.
1 Broiler 274 

LOC121
107892 31 2262413 2263636 T-cell-interacting 

CHIR
A 

New 
Functional 
Class CHIR7A4   

XP_046
790095.
1 Layer 274 

LOC124
418255 31 1090139 1091352 #N/A 

CHIR
A 

New 
Functional 
Class CHIR7A5   

XP_040
512596.
2 Broiler 257 

LOC121
108657 16 6086 7284 #N/A 

CHIR
A 

New 
Functional 
Class 

Not 
Annotated   

XP_040
510377.
1 Broiler 244 

LOC107
050521 31 2175879 2178048 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
510379.
1 Broiler 199 

LOC107
050521 31 2175879 2178048 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
510378.
1 Broiler 218 

LOC107
050521 31 2175988 2178048 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
510380.
1 Broiler 173 

LOC107
050521 31 2175988 2178048 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
549452.
1 Layer 218 

LOC107
050521 31 1589997 1591994 

leukocyte 
immunoglobulin-
like receptor 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   
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subfamily B 
member 1 

XP_040
549453.
1 Layer 173 

LOC107
050521 31 1589997 1591994 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
549454.
1 Layer 157 

LOC107
050521 31 1589997 1591884 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
1   

XP_040
510335.
1 Broiler 245 

CHIR-
AB-600 31 2144376 2146439 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   

XP_040
510336.
1 Broiler 218 

CHIR-
AB-600 31 2144376 2146439 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   

XP_040
510337.
1 Broiler 157 

CHIR-
AB-600 31 2144486 2146439 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   

XP_040
549429.
1 Layer 218 

CHIR-
AB-600 31 1279372 1283875 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   

XP_040
549427.
2 Layer 242 

CHIR-
AB-600 31 1281745 1283875 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   
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XP_040
549428.
2 Layer 215 

CHIR-
AB-600 31 1281745 1283875 

immunoglobulin-
like receptor 
CHIR-AB-600 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
2   

NP_001
139613.
3 Broiler 218 

CHIR-
AB1 31 1610890 1784149 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

NP_001
384373.
1 Broiler 209 

CHIR-
AB1 31 1610890 1784149 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
760729.
1 Broiler 308 

CHIR-
AB1 31 1610890 1631936 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
760730.
1 Broiler 305 

CHIR-
AB1 31 1610890 1631936 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
789987.
1 Layer 268 

CHIR-
AB1 31 1367076 1369199 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
789988.
1 Layer 250 

CHIR-
AB1 31 1367076 1370574 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
789989.
1 Layer 229 

CHIR-
AB1 31 1367076 1369199 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   
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XP_046
789990.
1 Layer 180 

CHIR-
AB1 31 1367076 1369089 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

NP_001
139613.
3 Layer 218 

CHIR-
AB1 31 1367145 1369199 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

NP_001
384373.
1 Layer 209 

CHIR-
AB1 31 1367145 1369199 

immunoglobulin-
like receptor 
CHIR-AB1 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
3   

XP_046
761954.
1 Broiler 241 

CHIR-
AB-487 31 28174 30302 

immunoglobulin-
like receptor 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
4   

XP_046
790090.
1 Layer 218 

CHIR-
AB-487 31 1414088 1418457 

immunoglobulin-
like receptor 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
4   

XP_046
790088.
1 Layer 242 

CHIR-
AB-487 31 1416386 1418457 

immunoglobulin-
like receptor 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
4   

XP_046
790089.
1 Layer 203 

CHIR-
AB-487 31 1416464 1418457 

immunoglobulin-
like receptor 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
4   

XP_040
512627.
2 Broiler 258 

LOC100
857193 31 81744 82719 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
5   
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XP_040
550475.
2 Layer 258 

LOC100
857193 31 26267 27242 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
5   

XP_040
510449.
2 Broiler 215 

LOC112
531171 31 1676515 1678565 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
6   

XP_040
549445.
1 Layer 245 

LOC112
531171 31 1289013 1291071 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
6   

XP_040
549446.
1 Layer 218 

LOC112
531171 31 1289013 1291071 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
6   

XP_040
549447.
1 Layer 173 

LOC112
531171 31 1289013 1291071 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
6   

XP_040
510441.
2 Broiler 229 

LOC121
107890 31 2292271 2294223 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 3 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   

XP_040
549369.
1 Layer 424 

LOC121
107890 31 1542775 1549124 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 3 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   

XP_040
549371.
1 Layer 397 

LOC121
107890 31 1542775 1549124 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 3 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   

XP_046
790064.
1 Layer 218 

LOC121
107890 31 1542775 1547017 

leukocyte 
immunoglobulin-
like receptor 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   
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subfamily B 
member 3 

XP_046
790062.
1 Layer 242 

LOC121
107890 31 1545149 1547017 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 3 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   

XP_046
790063.
1 Layer 215 

LOC121
107890 31 1545149 1547017 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 3 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
7   

XP_025
001938.
2 Broiler 218 

LOC112
531212 31 2282377 2284376 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_040
510361.
1 Broiler 245 

LOC112
531212 31 2282377 2284376 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_040
510363.
1 Broiler 245 

LOC112
531212 31 2282377 2284376 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_040
510364.
1 Broiler 173 

LOC112
531212 31 2282377 2284376 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   
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XP_040
510366.
1 Broiler 157 

LOC112
531212 31 2282377 2284266 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_046
790083.
1 Layer 245 

LOC112
531212 31 1535136 1537137 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_046
790084.
1 Layer 218 

LOC112
531212 31 1535136 1537137 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_046
790085.
1 Layer 173 

LOC112
531212 31 1535136 1537137 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR1AB
8   

XP_040
510401.
1 Broiler 220 

LOC121
107874 31 2064340 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_040
510402.
1 Broiler 218 

LOC121
107874 31 2064340 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_040
510403.
1 Broiler 175 

LOC121
107874 31 2064340 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_040
510405.
1 Broiler 173 

LOC121
107874 31 2064340 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   
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XP_040
510406.
1 Broiler 159 

LOC121
107874 31 2064450 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_040
510407.
1 Broiler 157 

LOC121
107874 31 2064450 2066336 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_046
790087.
1 Layer 244 

LOC121
107874 31 1030901 1033007 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
9   

XP_046
760738.
1 Broiler 172 

CHIR-
AB-502 31 1505270 1506485 

immunoglobulin-
like receptor 
CHIR-AB-502 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
10   

XP_040
549464.
2 Layer 241 

CHIR-
AB-502 31 1596396 1598535 

immunoglobulin-
like receptor 
CHIR-AB-502 

CHIR
AB 

Uncorrecte
d 
Functional 
Class 

CHIR1AB
10 

Low 
Qualit
y 
Protei
n. 

XP_040
510359.
1 Broiler 218 

LOC107
049793 31 1413029 1463139 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
11   

XP_046
760748.
1 Broiler 290 

LOC107
049819 31 2410562 2414453 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
12   

XP_040
510349.
2 Broiler 218 

LOC107
049967 31 1937536 1939604 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
13   

XP_040
510350.
1 Broiler 218 

LOC107
049967 31 1937536 1941934 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
13   

XP_040
510351.
2 Broiler 173 

LOC107
049967 31 1937536 1939604 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
13   
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XP_040
510352.
2 Broiler 157 

LOC107
049967 31 1937646 1939604 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
13   

XP_040
510411.
1 Broiler 218 

LOC121
106510 31 2352869 2357120 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
14   

XP_046
760842.
1 Broiler 230 

LOC121
106510 31 2352869 2357120 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
14   

XP_040
510367.
1 Broiler 245 

LOC121
107868 31 1474488 1478909 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
15   

XP_040
510368.
1 Broiler 245 

LOC121
107868 31 1474488 1492402 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
15   

XP_040
510369.
1 Broiler 245 

LOC121
107868 31 1474488 1507323 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
15   

XP_040
510370.
1 Broiler 218 

LOC121
107868 31 1474488 1478909 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
15   

XP_040
510372.
1 Broiler 173 

LOC121
107868 31 1474488 1478909 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
15   

XP_046
760834.
1 Broiler 215 

LOC121
107871 31 2009385 2011446 

V-set and 
transmembrane 
domain-containing 
protein 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
16   

XP_046
760835.
1 Broiler 170 

LOC121
107871 31 2009385 2011446 

V-set and 
transmembrane 
domain-containing 
protein 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
16   
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XP_001
236760.
5 Broiler 215 

LOC100
859740 31 2394295 2396170 T-cell-interacting 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
17   

XP_040
512618.
1 Broiler 218 

LOC100
857860 31 50843 52840 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
18 

Low 
Qualit
y 
Protei
n 

XP_046
760846.
1 Broiler 206 

LOC124
417463 31 1422703 1664170 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
19 

Low 
Qualit
y 
Protei
n 

XP_040
549434.
1 Layer 245 

LOC124
417054 31 1101487 1103548 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
20   

XP_040
549435.
1 Layer 218 

LOC124
417054 31 1101487 1103548 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
20   

XP_040
549441.
1 Layer 173 

LOC124
417054 31 1101487 1103548 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
20   

XP_040
549442.
1 Layer 245 

LOC121
112298 31 1130503 1132564 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
21   

XP_040
549443.
1 Layer 218 

LOC121
112298 31 1130503 1132564 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
21   

XP_040
549444.
1 Layer 173 

LOC121
112298 31 1130503 1132564 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
21   
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XP_040
549449.
1 Layer 244 

LOC121
112299 31 1200347 1202437 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
22   

XP_040
549450.
1 Layer 241 

LOC121
112299 31 1200347 1202437 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
22   

XP_040
549451.
1 Layer 196 

LOC121
112299 31 1200347 1202437 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
22   

XP_046
790086.
1 Layer 229 

LOC121
112299 31 1200347 1202437 

platelet 
glycoprotein VI-
like 

CHIR
AB 

New 
Functional 
Class 

CHIR1AB
22   

XP_046
760843.
1 Broiler 221 

LOC121
112263 31 2122797 2126277 

V-set and 
transmembrane 
domain-containing 
protein 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
1   

XP_046
760844.
1 Broiler 218 

LOC121
112263 31 2122797 2126277 

V-set and 
transmembrane 
domain-containing 
protein 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
1   

XP_040
549107.
1 Layer 205 

LOC121
112263 31 1576097 1577916 

V-set and 
transmembrane 
domain-containing 
protein 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
1   

XP_040
512631.
1 Broiler 350 

LOC425
238 31 94349 101908 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
512635.
1 Broiler 241 

LOC425
238 31 94349 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
512641.
1 Broiler 229 

LOC425
238 31 94349 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   
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XP_040
512642.
1 Broiler 221 

LOC425
238 31 94349 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
512650.
2 Broiler 246 

LOC425
238 31 94845 96414 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761957.
1 Broiler 266 

LOC425
238 31 94845 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761958.
1 Broiler 254 

LOC425
238 31 94845 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761959.
1 Broiler 246 

LOC425
238 31 94845 96414 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761960.
1 Broiler 246 

LOC425
238 31 94845 96414 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761961.
1 Broiler 246 

LOC425
238 31 94845 97835 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761964.
1 Broiler 196 

LOC425
238 31 94845 96074 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
761963.
1 Broiler 214 

LOC425
238 31 97035 98007 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550477.
1 Layer 227 

LOC425
238 31 31101 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550478.
1 Layer 226 

LOC425
238 31 31101 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   
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XP_040
550476.
1 Layer 241 

LOC425
238 31 32169 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550479.
1 Layer 221 

LOC425
238 31 32169 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550481.
1 Layer 209 

LOC425
238 31 32169 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550482.
1 Layer 209 

LOC425
238 31 32169 34234 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550483.
1 Layer 193 

LOC425
238 31 32169 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
793481.
1 Layer 229 

LOC425
238 31 32169 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_046
793482.
1 Layer 221 

LOC425
238 31 32169 34234 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
550484.
1 Layer 177 

LOC425
238 31 32279 35656 

immunoglobulin-
like receptor 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
2   

XP_040
510339.
1 Broiler 221 

LOC112
531128 31 1399750 1401815 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
3   

XP_040
510340.
1 Broiler 218 

LOC112
531128 31 1399750 1401815 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
3   

XP_040
510341.
1 Broiler 217 

LOC112
531128 31 1399750 1401475 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
3   



 

251 
 

XP_040
512655.
1 Broiler 276 

LOC107
050652 31 87921 90078 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR2AB
4   

XP_040
510438.
2 Broiler 256 

LOC107
049014 31 1567640 1569178 

uncharacterized 
LOC107049014 

CHIR
AB 

New 
Functional 
Class 

CHIR3AB
1   

XP_046
760833.
1 Broiler 223 

LOC107
049014 31 1567640 1569068 

uncharacterized 
LOC107049014 

CHIR
AB 

New 
Functional 
Class 

CHIR3AB
1   

XP_046
790077.
1 Layer 324 

LOC107
049014 31 1505289 1507208 

uncharacterized 
LOC107049014 

CHIR
AB 

New 
Functional 
Class 

CHIR3AB
1   

XP_040
510439.
1 Broiler 267 

LOC112
531162 31 1746243 1747815 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR3AB
2   

XP_040
549103.
2 Layer 306 

LOC112
531162 31 1330410 1332201 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR3AB
2   

XP_046
760816.
1 Broiler 332 

LOC121
107854 31 1694793 1722484 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR4AB
1   

XP_040
510230.
2 Broiler 332 

LOC121
107854 31 1720542 1722484 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR4AB
1   

XP_040
510231.
2 Broiler 320 

LOC121
107854 31 1720542 1722484 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR4AB
1   
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XP_046
790093.
1 Layer 323 

LOC121
107854 31 1381482 1383399 

immunoglobulin 
superfamily 
member 1-like 

CHIR
AB 

New 
Functional 
Class 

CHIR4AB
1 

Low 
Qualit
y 
Protei
n 

XP_040
510284.
1 Broiler 305 

LOC107
050226 31 1546862 1548957 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR5AB
1   

XP_040
510287.
1 Broiler 239 

LOC107
050226 31 1546862 1548957 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR5AB
1   

XP_040
510286.
1 Broiler 268 

LOC107
050226 31 1547761 1548957 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR5AB
1   

XP_046
760827.
1 Broiler 268 

LOC107
050226 31 1547761 1563040 

leukocyte 
immunoglobulin-
like receptor 
subfamily A 
member 2 

CHIR
AB 

Corrected 
Functional 
Class 

CHIR5AB
1   

XP_046
760856.
1 Broiler 324 

LOC112
531095 31 1734301 1736228 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR6AB
1   

XP_046
760737.
1 Broiler 406 

LOC124
417454 31 1482247 1486649 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR6AB
2 

Low 
Qualit
y 
Protei
n 
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XP_040
509949.
1 Broiler 278 

LOC121
107824 31 2424585 2426513 #N/A 

CHIR
AB 

New 
Functional 
Class 

CHIR6AB
3 

Low 
Qualit
y 
Protei
n 

NP_001
026502.
1 Broiler 218 

CHIR-
IG1-5 16 10345 12408 #N/A 

CHIR
AB 

New 
Functional 
Class 

Not 
Annotated   

XP_046
790060.
1 Layer 369 

LOC100
858385 31 1340478 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790057.
1 Layer 396 

LOC100
858385 31 1340548 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790055.
1 Layer 425 

LOC100
858385 31 1340972 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790056.
1 Layer 425 

LOC100
858385 31 1340972 1446598 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790058.
1 Layer 378 

LOC100
858385 31 1340972 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790059.
1 Layer 377 

LOC100
858385 31 1340972 1352193 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_046
790061.
1 Layer 273 

LOC100
858385 31 1340972 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   

XP_040
549412.
1 Layer 324 

LOC100
858385 31 1350400 1352317 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR1B1   
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XP_040
509946.
1 Broiler 308 

LOC112
531140 31 2380589 2382265 #N/A 

CHIR
B 

New 
Functional 
Class CHIR1B2   

XP_040
509918.
1 Broiler 317 

LOC107
050438 31 1741602 1743646 #N/A 

CHIR
B 

New 
Functional 
Class CHIR2B1   

XP_046
790072.
1 Layer 347 

LOC107
050438 31 1325866 1327953 

LOW QUALITY 
PROTEIN: T-cell-
interacting 

CHIR
B 

New 
Functional 
Class CHIR2B1 

Low 
Qualit
y 
Protei
n 

XP_040
549410.
2 Layer 347 

LOC121
112294 31 1501668 1503761 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR2B2 

Low 
Qualit
y 
Protei
n 

XP_040
509934.
1 Broiler 404 

LOC112
531163 31 2084125 2087147 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR3B1   

XP_040
549095.
1 Layer 313 

LOC112
531163 31 1137519 1139342 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR3B1   

XP_040
510260.
1 Broiler 328 

LOC107
049973 31 1865952 1867780 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR3B2   

XP_040
510261.
1 Broiler 324 

LOC107
049973 31 1865952 1867780 

platelet 
glycoprotein VI-
like 

CHIR
B 

New 
Functional 
Class CHIR3B2   

XP_040
510257.
1 Broiler 328 

LOC107
050008 31 1388402 1390230 

uncharacterized 
LOC107050008 

CHIR
B 

New 
Functional 
Class CHIR3B3   



 

255 
 

XP_040
510259.
1 Broiler 324 

LOC107
050008 31 1388402 1390230 

uncharacterized 
LOC107050008 

CHIR
B 

New 
Functional 
Class CHIR3B3   

XP_040
510264.
1 Broiler 319 

LOC107
050060 31 2050314 2052128 #N/A 

CHIR
B 

New 
Functional 
Class CHIR3B4   

XP_040
509927.
1 Broiler 309 

LOC112
530310 31 1933133 1934951 #N/A 

CHIR
B 

New 
Functional 
Class CHIR3B5 

Low 
Qualit
y 
Protei
n 

XP_040
510444.
1 Broiler 324 

LOC121
107893 31 1763523 1765351 #N/A 

CHIR
B 

New 
Functional 
Class CHIR3B6   

XP_040
510437.
1 Broiler 306 

LOC112
531135 31 1985263 1986847 #N/A 

CHIR
B 

New 
Functional 
Class CHIR3B7   

XP_040
509933.
2 Broiler 363 

LOC121
107815 31 2042065 2044277 #N/A 

CHIR
B 

New 
Functional 
Class CHIR3B8   

XP_040
549406.
1 Layer 328 

LOC121
112293 31 1528395 1530224 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 5 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR3B9   

XP_040
549407.
1 Layer 324 

LOC121
112293 31 1528395 1530224 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 5 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR3B9   

XP_040
549408.
1 Layer 316 

LOC121
112293 31 1528395 1530224 

leukocyte 
immunoglobulin-
like receptor 

CHIR
B 

Uncorrecte
d CHIR3B9   



 

256 
 

subfamily B 
member 5 

Functional 
Class 

XP_046
790076.
1 Layer 312 

LOC121
112293 31 1528395 1530224 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 5 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR3B9   

XP_040
510228.
2 Broiler 324 

CHIR-
B3 31 2190899 2192733 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   

XP_040
549393.
1 Layer 369 

CHIR-
B3 31 1000832 1002784 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   

XP_040
549394.
1 Layer 365 

CHIR-
B3 31 1000832 1002784 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   

XP_046
790067.
1 Layer 309 

CHIR-
B3 31 1000832 1002652 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   

XP_046
790068.
1 Layer 328 

CHIR-
B3 31 1000832 1314744 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   

XP_046
790069.
1 Layer 324 

CHIR-
B3 31 1000832 1314744 

immunoglobulin-
like receptor 
CHIR-B3 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
0   



 

257 
 

XP_046
760740.
1 Broiler 354 

LOC107
049104 31 1603897 1605815 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
1   

XP_046
790065.
1 Layer 424 

LOC107
049104 31 1312933 1380799 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
B 

Uncorrecte
d 
Functional 
Class 

CHIR3B1
1   

XP_046
760853.
1 Broiler 308 

LOC124
417464 31 1881610 1883200 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR3B1
2 

Low 
Qualit
y 
Protei
n. 

XP_040
512621.
1 Broiler 296 

LOC101
751016 31 8561 10106 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR3B1
3   

XP_040
512626.
1 Broiler 361 

LOC107
050135 31 35266 41150 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR3B1
4   

XP_040
510443.
1 Broiler 324 

LOC107
049488 31 1914161 1915989 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR3B1
5   

XP_040
510262.
1 Broiler 324 

LOC101
749511 31 2275650 2277478 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR3B1
6   

XP_040
510208.
1 Broiler 379 

LOC431
060 31 2037074 2039081 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_040
510209.
1 Broiler 332 

LOC431
060 31 2037074 2039081 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   



 

258 
 

XP_040
510210.
1 Broiler 324 

LOC431
060 31 2037166 2039081 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790048.
1 Layer 379 

LOC431
060 31 1062597 1064604 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790047.
1 Layer 411 

LOC431
060 31 1062689 1274706 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790049.
1 Layer 324 

LOC431
060 31 1062689 1064604 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790050.
1 Layer 290 

LOC431
060 31 1251110 1274706 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790051.
1 Layer 290 

LOC431
060 31 1251110 1274706 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_046
790052.
1 Layer 290 

LOC431
060 31 1251110 1274706 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B1   

XP_040
509901.
1 Broiler 378 

CHIR-
B4 31 2117523 2119526 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

XP_040
509902.
1 Broiler 331 

CHIR-
B4 31 2117523 2119526 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

NP_001
139609.
1 Broiler 324 

CHIR-
B4 31 2117612 2119526 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   



 

259 
 

XP_046
789996.
1 Layer 378 

CHIR-
B4 31 1570822 1572825 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

XP_046
789997.
1 Layer 331 

CHIR-
B4 31 1570822 1572825 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

XP_046
789998.
1 Layer 280 

CHIR-
B4 31 1570822 1572092 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

NP_001
139609.
1 Layer 324 

CHIR-
B4 31 1570911 1572825 

immunoglobulin-
like receptor 
CHIR-B4 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B2   

XP_040
510212.
1 Broiler 379 

LOC100
858226 31 1640848 1642861 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B3   

XP_040
510213.
1 Broiler 324 

LOC100
858226 31 1640848 1642769 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR4B3   

XP_040
512624.
2 Broiler 321 

LOC107
049514 31 15625 17555 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR4B4   

XP_040
510214.
1 Broiler 379 

LOC107
050774 31 1540442 1542434 

leukocyte 
immunoglobulin-
like receptor 
subfamily B 
member 1 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR4B5   

XP_040
510215.
1 Broiler 332 

LOC107
050774 31 1540442 1542434 

leukocyte 
immunoglobulin-
like receptor 

CHIR
B 

Uncorrecte
d CHIR4B5   



 

260 
 

subfamily B 
member 1 

Functional 
Class 

XP_040
510216.
1 Broiler 379 

LOC112
531104 31 1456995 1459002 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B6   

XP_040
510217.
1 Broiler 332 

LOC112
531104 31 1456995 1459002 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B6   

XP_046
760813.
1 Broiler 379 

LOC112
531104 31 1456995 1558287 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B6   

XP_046
760814.
1 Broiler 332 

LOC112
531104 31 1456995 1558287 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B6   

XP_040
510218.
1 Broiler 324 

LOC112
531104 31 1457087 1459002 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B6   

XP_040
509930.
1 Broiler 346 

LOC107
055386 31 1965989 1968727 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B7   

XP_046
790092.
1 Layer 324 

LOC107
055386 31 1225379 1227319 

osteoclast-
associated 
immunoglobulin-
like receptor 

CHIR
B 

New 
Functional 
Class CHIR4B7 

Low 
Qualit
y 
Protei
n 



 

261 
 

XP_046
760818.
1 Broiler 321 

LOC124
417460 31 1589907 1591820 #N/A 

CHIR
B 

New 
Functional 
Class CHIR4B8   

XP_025
001865.
2 Broiler 324 

LOC100
859725 31 1393043 1394957 #N/A 

CHIR
B 

New 
Functional 
Class CHIR4B9   

XP_040
549462.
2 Layer 337 

LOC121
112304 31 1620573 1622459 #N/A 

CHIR
B 

New 
Functional 
Class 

CHIR4B1
0   

XP_025
001885.
2 Broiler 323 

LOC100
857597 31 2137551 2139489 #N/A 

CHIR
B 

New 
Functional 
Class CHIR5B1   

XP_046
790053.
1 Layer 324 

LOC100
857597 31 1423071 1425011 #N/A 

CHIR
B 

New 
Functional 
Class CHIR5B1   

XP_046
760857.
1 Broiler 324 

LOC107
050503 31 2165844 2167786 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR5B2   

XP_040
549465.
2 Layer 322 

LOC107
050503 31 1014686 1016572 

immunoglobulin 
superfamily 
member 1-like 

CHIR
B 

New 
Functional 
Class CHIR5B2   

XP_046
790094.
1 Layer 324 

LOC121
112261 31 1024347 1026284 #N/A 

CHIR
B 

New 
Functional 
Class CHIR5B3   

XP_040
510232.
2 Broiler 321 

LOC107
050230 31 2103188 2105118 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B1   

XP_040
549398.
2 Layer 321 

LOC107
050230 31 1556459 1558389 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B1   

XP_040
510273.
1 Broiler 321 

LOC112
529946 31 1887156 1889081 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B2   



 

262 
 

XP_046
760819.
1 Broiler 271 

LOC112
529946 31 1887875 1889081 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B2   

XP_046
790078.
1 Layer 324 

LOC112
529946 31 1400881 1402796 #N/A 

CHIR
B 

New 
Functional 
Class CHIR6B2   

XP_040
509931.
1 Broiler 333 

LOC121
107814 31 1979591 1981919 #N/A 

CHIR
B 

New 
Functional 
Class CHIR6B3 

Low 
Qualit
y 
Protei
n 

XP_040
549396.
1 Layer 366 

LOC121
112290 31 1046353 1075371 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B4   

XP_040
549397.
1 Layer 322 

LOC121
112290 31 1046353 1075371 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B4   

XP_046
790070.
1 Layer 321 

LOC121
112290 31 1046353 1048283 T-cell-interacting 

CHIR
B 

New 
Functional 
Class CHIR6B4   

NP_001
385011.
1 Broiler 324 

CHIR-
B6 31 1774976 1894321 

immunoglobulin-
like receptor 
CHIR-B6 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR6B6   

XP_046
760734.
1 Broiler 324 

CHIR-
B6 31 1774976 1776783 

immunoglobulin-
like receptor 
CHIR-B6 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR6B6   

NP_001
305335.
2 Broiler 274 

CHIR-
B6 31 1775670 1894321 

immunoglobulin-
like receptor 
CHIR-B6 

CHIR
B 

Uncorrecte
d 
Functional 
Class CHIR6B6   



 

263 
 

XP_040
510320.
1 Broiler 282 

LOC107
051138 31 1657451 1658638 #N/A 

CHIR
B 

New 
Functional 
Class CHIR6B7   

XP_040
509943.
1 Broiler 373 

LOC121
107821 31 2330427 2331963 #N/A 

CHIR
B 

New 
Functional 
Class CHIR6B8   

XP_046
760786.
1 Broiler 638 

LOC100
859870 31 1524964 1617341 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_046
760787.
1 Broiler 582 

LOC100
859870 31 1524964 1617341 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_046
760788.
1 Broiler 570 

LOC100
859870 31 1524964 1617341 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_046
760789.
1 Broiler 537 

LOC100
859870 31 1524964 1529655 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_003
643733.
5 Broiler 272 

LOC100
859870 31 1616030 1617238 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_040
549422.
1 Layer 272 

LOC100
859870 31 1362856 1364064 

platelet 
glycoprotein VI-
like 

CHIR
L 

Unknown 
Functional 
Class CHIRL1   

XP_040
509935.
1 Broiler 342 

LOC100
857964 31 2110480 2112376 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL2   

XP_040
509926.
1 Broiler 301 

LOC107
057632 31 1928135 1929351 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL3   

XP_040
509941.
1 Broiler 271 

LOC107
050770 31 2208592 2210320 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL4   



 

264 
 

XP_040
509915.
1 Broiler 284 

LOC107
056128 31 1670006 1673457 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL5   

XP_046
760746.
1 Broiler 214 

LOC112
531224 31 2311138 2312176 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL6   

XP_040
509939.
1 Broiler 120 

LOC121
107817 31 2196076 2196635 T-cell-interacting 

CHIR
L 

Unknown 
Functional 
Class CHIRL7   

XP_040
509940.
1 Broiler 317 

LOC121
107818 31 2198285 2200720 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL8   

XP_040
509944.
1 Broiler 140 

LOC121
107822 31 2340852 2341768 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL9   

XP_040
509948.
1 Broiler 235 

LOC121
107823 31 2418067 2420654 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL10   

XP_040
510433.
1 Broiler 132 

LOC121
107882 31 2391953 2392541 T-cell-interacting 

CHIR
L 

Unknown 
Functional 
Class CHIRL11   

XP_040
510436.
1 Broiler 120 

LOC121
107883 31 2290008 2290596 T-cell-interacting 

CHIR
L 

Unknown 
Functional 
Class CHIRL12   

XP_046
760743.
1 Broiler 228 

LOC124
417456 31 1873561 1874470 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL13   

XP_046
760745.
1 Broiler 258 

LOC124
417457 31 2012998 2015468 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL14 

Low 
Qualit
y 
Protei
n 



 

265 
 

XP_025
001893.
2 Broiler 206 

LOC100
857302 31 15450 16337 T-cell-interacting 

CHIR
L 

Unknown 
Functional 
Class CHIRL15 

Low 
Qualit
y 
Protei
n 

XP_040
509919.
1 Broiler 240 

LOC107
049489 31 1853783 1855101 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL16   

XP_040
549455.
1 Layer 210 

LOC121
112301 31 1094351 1094983 #N/A 

CHIR
L 

Unknown 
Functional 
Class CHIRL17   
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Supplementary Table S 1. Galgal7.1 

Protein ID Strain Length Gene Symbol 
Chr
. 

Gene 
Start 

Gene 
Stop Gene Name Class 

New 
Symbol Notes 

NP_001139610.
1 Broiler 269 CHIR-A2 31 

160399
4 

162139
8 

Immunoglobulin
-like receptor 
CHIR-A2 CHIRA     

XP_025001834.
2 Broiler 243 

LOC10085757
0 31 

231457
5 

231630
8 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040510329.
1 Broiler 235 

LOC10085761
5 31 

161582
1 

161858
9 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510328.
1 Broiler 247 

LOC10085761
5 31 

161582
1 

161858
9 

Platelet 
glycoprotein VI-
like CHIRA     

XP_003643733.
5 Broiler 272 

LOC10085761
5 31 

161582
1 

161858
9 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549422.
1 Layer 272 

LOC10085761
5 31 

136234
9 

136427
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549423.
1 Layer 260 

LOC10085761
5 31 

136234
9 

136427
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510185.
1 Broiler 269 

LOC10085896
3 31 

175521
4 

176039
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     



 

267 
 

XP_040510182.
1 Broiler 435 

LOC10085896
3 31 

175521
4 

176039
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040549375.
1 Layer 435 

LOC10085896
3 31 

103779
7 

114934
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040549378.
1 Layer 269 

LOC10085896
3 31 

103779
7 

114934
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040549376.
1 Layer 294 

LOC10085896
3 31 

103779
7 

114934
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040549377.
1 Layer 279 

LOC10085896
3 31 

103779
7 

114934
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040549379.
1 Layer 265 

LOC10085896
3 31 

103779
7 

114934
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6-like CHIRA     

XP_040509920.
1 Broiler 273 

LOC10085927
4 31 

185809
3 

187446
9 

T-cell-
interacting, 
activating CHIRA     



 

268 
 

receptor on 
myeloid cells 
protein 1-like 

XP_040549459.
1 Layer 200 

LOC10085927
4 31 

134224
2 

134448
2 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_025001831.
2 Broiler 313 

LOC10174771
1 31 

168262
3 

168607
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040509913.
1 Broiler 294 

LOC10174833
9 31 

155858
5 

156303
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040510445.
1 Broiler 300 

LOC10704911
6 31 

143702
9 

143924
9 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510424.
1 Broiler 164 

LOC10704919
5 31 

238685
3 

238803
2 

Immunoglobulin 
superfamily 
member 1-like CHIRA     

XP_040549417.
1 Layer 300 

LOC10704919
5 31 

140853
6 

141067
8 

Immunoglobulin 
superfamily 
member 1-like CHIRA     



 

269 
 

XP_040510277.
1 Broiler 226 

LOC10704951
6 31 

207039
6 

207405
0 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040549432.
1 Layer 265 

LOC10704951
6 31 

144113
0 

144430
0 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040549433.
1 Layer 256 

LOC10704951
6 31 

144113
0 

144430
0 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040509925.
1 Broiler 261 

LOC10704979
6 31 

192226
0 

192408
2 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040509924.
1 Broiler 263 

LOC10704990
9 31 

190716
6 

190867
1 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040549416.
1 Layer 288 

LOC10704992
4 31 

151378
5 

151634
1 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549415.
1 Layer 300 

LOC10704992
4 31 

151378
5 

151634
1 

platelet 
glycoprotein VI-
like CHIRA     

XP_040510421.
1 Broiler 199 

LOC10704994
5 31 

150172
3 

150404
2 

Leukocyte 
immunoglobulin
-like receptor CHIRA     



 

270 
 

subfamily A 
member 2 

XP_040510422.
1 Broiler 177 

LOC10704994
5 31 

150172
3 

150404
2 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040549469.
1 Layer 260 

LOC10704994
5 31 

159968
2 

160228
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 3 CHIRA     

XP_040510450.
1 Broiler 447 

LOC10705003
7 31 

144787
8 

145301
3 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549403.
1 Layer 340 

LOC10705007
0 31 

125420
2 

127622
0 

Immunoglobulin 
superfamily 
member 1-like CHIRA   

Low 
qualit
y 
protei
n 

XP_040509914.
1 Broiler 235 

LOC10705018
9 31 

157976
7 

158275
8 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510285.
1 Broiler 297 

LOC10705022
6 31 

154634
0 

154931
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510286.
1 Broiler 268 

LOC10705022
6 31 

154634
0 

154931
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     
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XP_040510417.
1 Broiler 201 

LOC10705023
1 31 

159613
3 

160082
3 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRA     

XP_040510418.
1 Broiler 201 

LOC10705023
1 31 

159613
3 

160082
3 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRA     

XP_040510419.
1 Broiler 201 

LOC10705023
1 31 

159613
3 

160082
3 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRA     

XP_040510420.
1 Broiler 201 

LOC10705023
1 31 

159613
3 

160082
3 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRA     

XP_040549421.
1 Layer 279 

LOC10705023
1 31 

124308
7 

124540
0 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRA     

XP_040509910.
1 Broiler 257 

LOC10705030
3 31 

153264
5 

153501
7 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510298.
1 Broiler 273 

LOC10705039
0 31 

211236
0 

211495
4 

Natural 
cytotoxicity 
triggering 
receptor 1-like CHIRA     

XP_040510297.
1 Broiler 290 

LOC10705039
0 31 

211236
0 

211495
4 

Natural 
cytotoxicity 
triggering 
receptor 1-like CHIRA     

XP_040549388.
1 Layer 299 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity CHIRA     
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triggering 
receptor 1-like 

XP_040549389.
1 Layer 290 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRA     

XP_040549391.
1 Layer 282 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRA     

XP_040549392.
1 Layer 273 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRA     

XP_040510330.
1 Broiler 270 

LOC10705047
3 31 

214932
6 

215077
4 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549466.
1 Layer 302 

LOC10705047
3 31 

133562
3 

133836
3 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510333.
1 Broiler 269 

LOC10705050
9 31 

146873
8 

148159
4 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040509928.
1 Broiler 253 

LOC10705065
1 31 

194579
2 

194704
5 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549463.
1 Layer 261 

LOC10705065
1 31 

130155
3 

130287
2 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510447.
1 Broiler 269 

LOC11253110
7 31 

170103
5 

170377
4 

Platelet 
glycoprotein VI-
like CHIRA     
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XP_040510237.
1 Broiler 297 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510239.
1 Broiler 274 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510236.
1 Broiler 306 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510238.
1 Broiler 283 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510234.
1 Broiler 351 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510235.
1 Broiler 342 

LOC11253111
9 31 

200012
2 

200554
1 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510446.
1 Broiler 300 

LOC11253112
6 31 

178942
5 

179094
8 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510439.
1 Broiler 267 

LOC11253116
2 31 

174624
2 

174793
5 

Leukoyte 
immunoglobulin
-like receptor 
subfamily B 
member 2 CHIRA     

XP_040510294.
1 Broiler 234 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510293.
1 Broiler 240 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin CHIRA     
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-like receptor 
subfamily A 
member 2 

XP_040510291.
1 Broiler 272 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510292.
1 Broiler 269 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510289.
1 Broiler 299 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510290.
1 Broiler 275 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510288.
1 Broiler 305 

LOC11253133
8 31 

183799
2 

184827
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040549404.
1 Layer 337 

LOC11253133
8 31 

139320
4 

139586
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 3 CHIRA     



 

275 
 

XP_040549405.
1 Layer 297 

LOC11253133
8 31 

139320
4 

139586
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 4 CHIRA     

XP_025002098.
2 Broiler 269 

LOC11253133
9 31 

234189
0 

234524
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510274.
1 Broiler 286 

LOC11253133
9 31 

234189
0 

234524
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510276.
1 Broiler 268 

LOC11253133
9 31 

234189
0 

234524
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040509912.
1 Broiler 280 

LOC12110780
8 31 

155525
7 

155848
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 1 CHIRA     

XP_040549099.
1 Layer 249 

LOC12110781
6 31 

100981
2 

101205
7 

osteoclast-
associated 
immunoglobulin
-like receptor CHIRA 

CHIR1A
5 

Low 
qualit
y 
protei
n 

XP_040510295.
1 Broiler 300 

LOC12110786
0 31 

222920
8 

223224
3 

Platelet 
glycoprotein VI-
like CHIRA     
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XP_040510334.
1 Broiler 269 

LOC12110786
2 31 

189284
9 

189448
4 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040549431.
1 Layer 268 

LOC12110786
2 31 

120356
9 

120672
6 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040510348.
1 Broiler 269 

LOC12110786
5 31 

203225
9 

203385
4 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRA     

XP_040510416.
1 Broiler 201 

LOC12110787
6 31 

181716
1 

181836
0 

Immunoglobulin 
superfamily 
member 1-like CHIRA     

XP_040510429.
1 Broiler 140 

LOC12110788
1 31 

178536
3 

178752
9 

Uncharacterized 
LOC121107881 CHIRA     

XP_040510430.
1 Broiler 135 

LOC12110788
1 31 

178536
3 

178752
9 

Uncharacterized 
LOC121107881 CHIRA     

XP_040510431.
1 Broiler 134 

LOC12110788
1 31 

178536
3 

178752
9 

Uncharacterized 
LOC121107881 CHIRA     

XP_040510440.
1 Broiler 246 

LOC12110788
8 31 

209487
5 

209602
6 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     
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XP_040510442.
1 Broiler 158 

LOC12110789
1 31 

151824
0 

151929
3 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040510448.
1 Broiler 272 

LOC12110789
4 31 

197585
5 

197726
8 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549096.
1 Layer 255 

LOC12110789
4 31 

121699
7 

121921
4 

Platelet 
glycoprotein VI-
like CHIRA     

XP_040549094.
1 Layer 295 

LOC12111225
7 31 

110954
9 

111217
3 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549109.
1 Layer 277 

LOC12111226
4 31 

158251
4 

158594
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRA     

XP_040549110.
1 Layer 261 

LOC12111226
5 31 

161179
8 

161320
4 

leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 1 CHIRA     

XP_040549370.
1 Layer 424 

LOC12111228
4 31 

153457
5 

155029
6 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 2 CHIRA     

XP_040549373.
1 Layer 397 

LOC12111228
4 31 

153457
5 

155029
6 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 2 CHIRA     
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XP_040549374.
1 Layer 383 

LOC12111228
4 31 

153457
5 

155029
6 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 2 CHIRA     

XP_040549383.
1 Layer 269 

LOC12111228
9 31 

101940
3 

102153
1 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549413.
1 Layer 303 

LOC12111229
5 31 

115574
6 

123420
5 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549414.
1 Layer 269 

LOC12111229
5 31 

115574
6 

123420
5 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549426.
1 Layer 268 

LOC12111229
7 31 

103768
3 

103920
6 

platelet 
glycoprotein VI-
like CHIRA     

XP_040549468.
1 Layer 307 

LOC12111230
7 31 

105150
9 

105314
1 

platelet 
glycoprotein VI-
like CHIRA     

NP_001139613.
1 Broiler 218 CHIR-AB1 31 

161037
9 

161294
9 

Immunoglobulin
-like Receptor 
CHIR-AB1 

CHIRA
B     

XP_025001842.
2 Broiler 229 CHIR-AB-502 31 

178158
7 

178425
2 

Immunoglobulin
-like Receptor 
CHIR-AB-502 

CHIRA
B     

XP_040510383.
1 Broiler 180 CHIR-AB-502 31 

178158
7 

178425
2 

Immunoglobulin
-like receptor 
CHIR-AB-502 

CHIRA
B     

XP_040549464.
1 Layer 200 CHIR-AB-502 31 

159580
0 

159833
8 

Immunoglobulin
-like receptor 
CHIR-AB-503 

CHIRA
B   

Low 
qualit
y 
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protei
n 

XP_040510336.
1 Broiler 218 CHIR-AB-600 31 

214380
8 

214649
6 

Immunoglobulin
-like receptor 
CHIR-AB-600 

CHIRA
B     

XP_040510335.
1 Broiler 245 CHIR-AB-600 31 

214380
8 

214649
6 

Immunoglobulin
-like receptor 
CHIR-AB-600 

CHIRA
B     

XP_040549429.
1 Layer 218 CHIR-AB-600 31 

127932
9 

128444
1 

Immunoglobulin
-like receptor 
CHIR-AB-601 

CHIRA
B     

XP_040549424.
1 Layer 247 

LOC10085761
5 31 

136234
9 

136427
1 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040549425.
1 Layer 235 

LOC10085761
5 31 

136234
9 

136427
1 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510438.
1 Broiler 294 

LOC10704901
4 31 

156752
5 

156936
7 

Uncharacterized 
LOC107049014 

CHIRA
B     

XP_040510359.
1 Broiler 218 

LOC10704979
3 31 

141242
8 

146314
8 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510358.
1 Broiler 245 

LOC10704979
3 31 

141242
8 

146314
8 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040509947.
1 Broiler 247 

LOC10704981
9 31 

241215
4 

241495
7 

Leukocyte 
immunoglobulin

CHIRA
B     
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-like receptor 
subfamily B 
member 3 

XP_040510350.
1 Broiler 218 

LOC10704996
7 31 

193702
4 

194199
6 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510287.
1 Broiler 239 

LOC10705022
6 31 

154634
0 

154931
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 

CHIRA
B     

XP_040510284.
1 Broiler 305 

LOC10705022
6 31 

154634
0 

154931
5 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 

CHIRA
B     

XP_040510378.
1 Broiler 218 

LOC10705052
1 31 

217572
4 

217861
4 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 1 

CHIRA
B     

XP_040510377.
1 Broiler 244 

LOC10705052
1 31 

217572
4 

217861
4 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 1 

CHIRA
B     

XP_040509917.
1 Broiler 420 

LOC11253109
5 31 

173151
9 

173641
8 

Immunoglobulin 
superfamily 
member 1-like 

CHIRA
B     



 

281 
 

XP_040510340.
1 Broiler 218 

LOC11253112
8 31 

139923
8 

140325
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510339.
1 Broiler 221 

LOC11253112
8 31 

139923
8 

140325
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510338.
1 Broiler 267 

LOC11253112
8 31 

139923
8 

140325
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510411.
1 Broiler 218 

LOC12110651
0 31 

235282
6 

235716
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like 

CHIRA
B     

XP_040510231.
1 Broiler 343 

LOC12110785
4 31 

172035
4 

172324
3 

Immunoglobulin 
superfamily 
member 1-like 

CHIRA
B     

XP_040510230.
1 Broiler 355 

LOC12110785
4 31 

172035
4 

172324
3 

Immunoglobulin 
superfamily 
member 1-like 

CHIRA
B     

XP_040510370.
1 Broiler 218 

LOC12110786
8 31 

147447
2 

150782
7 

Platelet 
glycoprotein VI-
like 

CHIRA
B     
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XP_040510371.
1 Broiler 218 

LOC12110786
8 31 

147447
2 

150782
7 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510367.
1 Broiler 245 

LOC12110786
8 31 

147447
2 

150782
7 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510368.
1 Broiler 245 

LOC12110786
8 31 

147447
2 

150782
7 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510369.
1 Broiler 245 

LOC12110786
8 31 

147447
2 

150782
7 

Platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510384.
1 Broiler 237 

LOC12110787
1 31 

200889
1 

201570
8 

V-set and 
transmembrane 
domain-
containing 
protein 1-like 

CHIRA
B     

XP_040549434.
1 Layer 245 

LOC12110787
4 31 

103033
9 

110471
0 

platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040549435.
1 Layer 218 

LOC12110787
4 31 

103033
9 

110471
0 

platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040549436.
1 Layer 218 

LOC12110787
4 31 

103033
9 

110471
0 

platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040549438.
1 Layer 181 

LOC12110787
4 31 

103033
9 

110471
0 

platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040549440.
1 Layer 181 

LOC12110787
4 31 

103033
9 

110471
0 

platelet 
glycoprotein VI-
like 

CHIRA
B     
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XP_040549107.
1 Layer 205 

LOC12111226
3 31 

157558
5 

157791
5 

V-set and 
transmembrane 
domain-
containing 
protein 1-like 

CHIRA
B     

XP_040549452.
1 Layer 218 

LOC12111230
0 31 

158962
5 

159247
4 

platelet 
glycoprotein VI-
like 

CHIRA
B     

XP_040510382.
1 Broiler 196 CHIR-AB-502 31 

178158
7 

178425
2 

Immunoglobulin
-like receptor 
CHIR-AB-502 CHIRB     

NP_001139606.
1 Broiler 324 CHIR-B3 31 

219068
7 

219314
2 

Immunoglobulin
-like receptor 
CHIR-B3 CHIRB     

XP_040510228.
1 Broiler 365 CHIR-B3 31 

219068
7 

219314
2 

Immunoglobulin
-like receptor 
CHIR-B3 CHIRB     

XP_040549393.
1 Layer 369 CHIR-B3 31 999674 

100294
0 

immunoglobulin
-like receptor 
CHIR-B3 CHIRB     

XP_040549394.
1 Layer 365 CHIR-B3 31 999674 

100294
0 

immunoglobulin
-like receptor 
CHIR-B3 CHIRB     

XP_040509901.
1 Broiler 378 CHIR-B4 31 

206212
5 

212053
8 

Immunoglobulin
-like receptor 
CHIR-B4 CHIRB     

XP_040509903.
1 Broiler 324 CHIR-B4 31 

206212
5 

212053
8 

Immunoglobulin
-like receptor 
CHIR-B4 CHIRB     

NP_001139609.
1 Broiler 324 CHIR-B4 31 

206212
5 

212053
8 

Immunoglobulin
-like receptor 
CHIR-B4 CHIRB     
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NP_001305335.
1 Broiler 274 CHIR-B6 31 

177567
1 

239841
9 

Immunoglobulin
-like receptor 
CHIR-B6 CHIRB     

NP_001385011.
1 Broiler 324 CHIR-B6 31 

177567
1 

239841
9 

Immunoglobulin
-like receptor 
CHIR-B6 CHIRB     

XP_025001885.
2 Broiler 323 

LOC10085759
7 31 

213736
3 

213952
5 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040549400.
1 Layer 351 

LOC10085759
7 31 

141392
8 

142521
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040549401.
1 Layer 324 

LOC10085759
7 31 

141392
8 

142521
9 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040510212.
1 Broiler 379 

LOC10085822
6 31 

164066
2 

164324
9 

Immunoglobulin 
superfamily 
member 1-like CHIRB     

XP_040510213.
1 Broiler 324 

LOC10085822
6 31 

164066
2 

164324
9 

Immunoglobulin 
superfamily 
member 1-like CHIRB     

XP_040549412.
1 Layer 324 

LOC10085838
5 31 

134865
2 

135251
0 

platelet 
glycoprotein VI-
like CHIRB     
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XP_040510262.
1 Broiler 324 

LOC10174951
1 31 

227452
9 

227756
6 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 5-like CHIRB     

XP_040549106.
1 Layer 342 

LOC10704901
4 31 

150530
7 

150739
8 

Uncharacterized 
LOC107049014 CHIRB     

XP_040510443.
1 Broiler 324 

LOC10704948
8 31 

191305
1 

191663
5 

Uncharacterized 
LOC107049488 CHIRB     

XP_040549364.
1 Layer 411 

LOC10704951
4 31 

106251
7 

127493
1 

 osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040549365.
1 Layer 379 

LOC10704951
4 31 

106251
7 

127493
1 

 osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040549366.
1 Layer 324 

LOC10704951
4 31 

106251
7 

127493
1 

 osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040510260.
1 Broiler 328 

LOC10704997
3 31 

186439
3 

186888
4 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040510261.
1 Broiler 324 

LOC10704997
3 31 

186439
3 

186888
4 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040510257.
1 Broiler 328 

LOC10705000
8 31 

138729
3 

140365
6 

Uncharacterized 
LOC107050008 CHIRB     

XP_040510259.
1 Broiler 324 

LOC10705000
8 31 

138729
3 

140365
6 

Uncharacterized 
LOC107050008 CHIRB     
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XP_040510263.
1 Broiler 323 

LOC10705006
0 31 

204900
9 

205325
2 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040510264.
1 Broiler 319 

LOC10705006
0 31 

204900
9 

205325
2 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040510232.
1 Broiler 352 

LOC10705023
0 31 

210297
8 

210533
9 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 5 CHIRB     

XP_040549398.
1 Layer 352 

LOC10705023
0 31 

155624
9 

155865
4 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 6 CHIRB     

XP_040549384.
1 Layer 371 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRB     

XP_040549385.
1 Layer 371 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRB     

XP_040549386.
1 Layer 325 

LOC10705039
0 31 

156316
0 

156934
4 

natural 
cytotoxicity 
triggering 
receptor 1-like CHIRB     

XP_040509918.
1 Broiler 317 

LOC10705043
8 31 

174160
1 

174452
7 

T-cell-
interacting, 
activating 
receptor on CHIRB     
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myeloid ells 
protein 1-like 

XP_040549102.
1 Layer 519 

LOC10705043
8 31 

132076
2 

132879
4 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040509938.
1 Broiler 370 

LOC10705050
3 31 

216619
1 

216880
2 

Immuoglobulin 
superfamily 
member 1-like CHIRB     

XP_040549465.
1 Layer 379 

LOC10705050
3 31 

216619
2 

216880
3 

Immuoglobulin 
superfamily 
member 1-like CHIRB     

XP_040549465.
1 Layer 379 

LOC10705050
3 31 

101447
6 

101709
6 

Immuoglobulin 
superfamily 
member 1-like CHIRB     

XP_040510214.
1 Broiler 379 

LOC10705077
4 31 

154025
4 

154256
2 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 1 CHIRB     

XP_040510273.
1 Broiler 321 

LOC11252994
6 31 

188694
6 

188913
3 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040509927.
1 Broiler 309 

LOC11253031
0 31 

193313
2 

193603
0 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 5 CHIRB     
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XP_040549402.
1 Layer 351 

LOC11253109
5 31 

144466
3 

149413
0 

Immunoglobulin 
superfamily 
member 1-like CHIRB   

Low 
qualit
y 
protei
n 

XP_040510216.
1 Broiler 379 

LOC11253110
4 31 

145676
4 

145919
0 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040510218.
1 Broiler 324 

LOC11253110
4 31 

145676
4 

145919
0 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040549105.
1 Layer 321 

LOC11253110
4 31 

140068
9 

140278
6 

Osteoclast-
associated 
immunoglobulin
-like receptor CHIRB     

XP_040510437.
1 Broiler 306 

LOC11253113
5 31 

198526
2 

198792
8 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040509946.
1 Broiler 308 

LOC11253114
0 31 

238058
8 

238245
8 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040549103.
1 Layer 319 

LOC11253116
2 31 

133029
2 

133238
7 

Leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 2 CHIRB     

XP_040509934.
1 Broiler 404 

LOC11253116
3 31 

208330
7 

208714
6 

Platelet 
glycoprotein VI-
like CHIRB     
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XP_040549095.
1 Layer 313 

LOC11253116
3 31 

113751
8 

114024
7 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040509931.
1 Broiler 333 

LOC12110781
4 31 

197959
0 

198210
7 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 6 CHIRB     

XP_040509933.
1 Broiler 327 

LOC12110781
5 31 

204087
0 

204427
6 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040549411.
1 Layer 324 

LOC12110781
5 31 

131185
2 

131478
2 

Platelet 
glycoprotein VI-
like CHIRB     

XP_040510444.
1 Broiler 324 

LOC12110789
3 31 

176320
1 

176717
3 

Leukocyte 
immunoglobulin
-like receptor 
subfamily A 
member 2 CHIRB     

XP_040549104.
1 Layer 405 

LOC12111226
2 31 

134039
5 

134964
4 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 1 CHIRB   

Low 
qualit
y 
protei
n 

XP_040549397.
1 Layer 322 

LOC12111229
0 31 

104618
5 

107738
6 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040549406.
1 Layer 328 

LOC12111229
3 31 

152762
7 

153115
7 

leukocyte 
immunoglobulin
-like receptor CHIRB     
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subfamily B 
member 5 

XP_040549407.
1 Layer 324 

LOC12111229
3 31 

152762
7 

153115
7 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 5 CHIRB     

XP_040549408.
1 Layer 316 

LOC12111229
3 31 

152762
7 

153115
7 

leukocyte 
immunoglobulin
-like receptor 
subfamily B 
member 5 CHIRB     

XP_040549410.
1 Layer 334 

LOC12111229
4 31 

150159
6 

150492
1 

T-cell-
interacting, 
activating 
receptor on 
myeloid cells 
protein 1-like CHIRB     

XP_040549451.
1 Layer 196 

LOC12111229
9 31 

119985
3 

120291
3 

platelet 
glycoprotein VI-
like CHIRB     

XP_040510208.
1 Broiler 379 LOC431060 31 

203690
2 

204067
3 

Immunoglobulin 
superfamily 
member 1-like CHIRB     

XP_040510210.
1 Broiler 324 LOC431060 31 

203690
2 

204067
3 

Immunoglobulin 
superfamily 
member 1-like CHIRB     

XP_040510383.
1 Broiler 180 CHIR-AB-502 31 

178158
7 

178425
2 

Immunoglobulin
-like receptor 
CHIR-AB-502 CHIRL     

XP_040549430.
1 Layer 180 CHIR-AB-600 31 

127932
9 

128444
1 

Immunoglobulin
-like receptor 
CHIR-AB-600 CHIRL     
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XP_040509935.
1 Broiler 342 

LOC10085796
4 31 

210986
0 

211237
5 

Platelet 
glycoprotein VI-
like CHIRL     

XP_040509926.
1 Broiler 301 

LOC10705763
2 31 

192813
4 

192959
1 

Uncharacterized 
LOC107057632 CHIRL     

XP_040549100.
1 Layer 269 

LOC12111226
1 31 

102415
9 

102627
4 

osteoclast-
associated 
immunoglobulin
-like receptor CHIRL   

Low 
qualit
y 
protei
n 



 

292 
 

Supplementary Table S 1. Other 

Protein ID Strain 
Lengt
h 

Gene 
Symbol 

Chr
. 

Gen
e 
Start 

Gen
e 
Stop Gene Name Class 

New 
Symbol Notes 

NP_001026513.
1 

DT40 
Cell 
Line 334 

LOC42553
4 . . . 

Immunoglobulin
-like receptor 
CHIR-B2-like CHIRB . 

Not in current 
genome 
assemblies 

NP_001139607.
1 

Leghor
n 324 CHIR-AB3 . . . 

Immunoglobulin
-like receptor 
CHIR-AB3 

CHIRA
B . 

Not in current 
genome 
assemblies 

NP_001139608.
1 

Leghor
n 324 CHIR-B5 . . . 

Immunoglobulin
-like receptor 
CHIR-B5 CHIRB . 

Not in current 
genome 
assemblies 

NP_001139612.
3 

Red 
Jungle 
Fowl 333 CHIR-B2 . . . 

Immunoglobulin
-like receptor 
CHIR-B2 CHIRB 

CHIR2B
3 

Latest, but not 
in current 
genome 
assemblies 

Supplementary Table S1. Identification of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) proteins in the 2021 and 2022 
assembly updates. A list of CHIR protein sequences identified to possess "Immunoglobulin", a transmembrane domain, and "MHC 
CLASS I NK CELL RECEPTOR'' as per the CHIR identification pipeline in the broiler and layer updates of 2021 and 2022. Each 
protein is accompanied by its corresponding gene symbol, location, and name. The annotations status of each gene is categorized into 
new functional class, uncorrected functional class, corrected functional class, and unknown functional class.
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Supplementary Table S 2. Observed structural motifs in CHIR subgroups 
 
Functional 
class 

Subgroup ITAM 
motif 

TMD 
AA1 

ITIM 
motif 

Other 
characteristics 

Representative 
example 

CHIRA       
 1A YKDM R . 1 Ig domain  XP_046760817.1 
 2A . R VQYQCL2 1-2 Ig domains XP_040510424.1 
 3A . R VFYLGL2 1 Ig domain XP_040509925.1 
 4A . R . 2 Ig domains XP_040510448.1 
 5A YAFM R SSYFIV2 1-2 Ig domains XP_040510182.1 
 6A YAFM/

YGEM 
R . 1-2 Ig domains XP_040510288.1 

 7A . R . 1-2 Ig domains XP_046760736.1 
CHIRB       
 1B YKDM . LTYVEL 2 Ig domains XP_040509946.1 
 2B . . SGYPFV 1 Ig domain XP_040509918.1 
 3B YAFM . LTYLEL/V

IYTEV 
1-2 Ig domain XP_040510260.1 

 4B YKVM
/YVEM 

. LTYAQL/ 
IIYAEV/ 
IIYTEV 

1-2 Ig domain XP_040510212.1 

 5B . . LTYAQL/ 
IIYTEV/ 
IIYAEV 

2 Ig domain XP_025001885.2 

 6B . . LTYAQL/ 
IIYAEV 

1-2 Ig domain XP_040510232.2 

CHIRAB       
 1AB YAEM/ 

YTEM 
R VIYTTV 1 Ig domain XP_040510377.1 

 2AB YAEM K VIYTTV 1 Ig domain XP_040512631.1 
 3AB . R or 

H 
LTYAQL/ 
IIYAEV 

1-2 Ig domains XP_040510438.2 

 4AB . R LTYAQL/ 
IIYAEV 

2 Ig domains, 
Long N-
terminal 

XP_046760816.1 

 5AB YAFM R LTYAEI? 1 Ig domain XP_040510284.1 
 6AB . R LTYAQL/ 

IIYAEV 
1-2 Ig domains? XP_046760856.1 

1TMD AA: Transmembrane domain amino acid, charged. 
2Motif is found in the reverse orientation within the extracellular or transmembrane domain. 
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Supplementary Table S 2. Representative structural motifs in Cluster Homolog of 
Immunoglobulin-like Receptor (CHIRs) subgroups. CHIRA, CHIRB, and CHIRAB were 
categorized into subgroups based on phylogeny and observations of their transmembrane domain 
amino acids (TMD AA), ITIM motifs, and other characteristics such as the number of Ig domains 
and ITAM motifs. This study found 7, 6, and 6 subgroups of CHIRA, CHIRB, and CHIRAB, 
respectively. About half of the CHIRA (3/7), CHIRB (3/6), and CHIRAB (3/6) express ITAM 
motifs, whereas the rest of the subgroups do not express ITAM motifs. Some CHIR subgroups 
may express two different ITAM motifs (YAFM or YGEM for CHIR6A, YKVM or YVEM for 
CHIR4B, and YAEM or YTEM for CHIR1AB). All CHIRA subgroups express the amino acid 
arginine (“R”) in the transmembrane domain. CHIRB subgroups do not express any TMD AA. 
CHIRAB may express arginine (“R”), lysine (“K”), or histidine (“H”) amino acids on their TMD, 
while arginine (“R”) is the most common (5/6). CHIR2AB expresses lysine (“K”) in the TMD, 
and CHIR3AB expresses arginine (“R”) or histidine (“H”) in the TMD. All except CHIR1A, 
CHIR4A, and CHIR6A subgroups express a variety of ITIM motifs. Several subgroups express up 
to three different ITIM motifs. The number of Ig domains or long N-terminal have been further 
identified for each CHIR subgroup.
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Supplementary Table S 3. Identification of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) proteins in turkey, helmeted 
guineafowl, and zebra finch. 
 
Protein ID Species Length Gene Symbol Chr. Gene Name Class Notes 

XP_041569238.
1 

Zebra 
finch 386 

LOC12146900
5 

unplace
d alpha-1B-glycoprotein-like   

Partial 
sequence
. 

XP_041576194.
1 

Zebra 
finch 234 

LOC12147095
5 20 

immunoglobulin superfamily member 
1-like isoform X2     

XP_041576193.
1 

Zebra 
finch 254 

LOC12147095
5 20 

immunoglobulin superfamily member 
1-like isoform X1     

XP_021237413.
1 

Helmeted 
guineafow
l 110 

LOC11039042
5 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_021237416.
1 

Helmeted 
guineafow
l 271 

LOC11039042
9 

unplace
d 

uncharacterized protein 
LOC110390429 isoform X1     

XP_021237453.
1 

Helmeted 
guineafow
l 201 

LOC11039045
5 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3A CHIRB   

XP_021237455.
1 

Helmeted 
guineafow
l 288 

LOC11039045
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 4     

XP_021237417.
1 

Helmeted 
guineafow
l 226 

LOC11039042
9 

unplace
d 

natural cytotoxicity triggering receptor 
1-like isoform X2     

XP_021237429.
1 

Helmeted 
guineafow
l 246 

LOC11039043
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 1     

XP_021237658.
1 

Helmeted 
guineafow
l 252 

LOC11039059
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 3 

CHIRA
B   
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XP_021237663.
1 

Helmeted 
guineafow
l 326 

LOC11039060
4 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 

CHIRA
B   

XP_021237665.
1 

Helmeted 
guineafow
l 266 

LOC11039060
4 

unplace
d 

platelet glycoprotein VI-like isoform 
X2 

CHIRA
B   

XP_021237638.
1 

Helmeted 
guineafow
l 212 

LOC11039057
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     

XP_021237675.
1 

Helmeted 
guineafow
l 272 

LOC11039061
6 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor CHIRB   

XP_021237752.
1 

Helmeted 
guineafow
l 212 

LOC11039066
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2     

XP_021238015.
1 

Helmeted 
guineafow
l 268 

LOC11039082
8 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_021238069.
1 

Helmeted 
guineafow
l 167 

LOC11039085
1 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021238305.
1 

Helmeted 
guineafow
l 858 

LOC11039098
8 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily A member 2 CHIRB 

Low 
Quality 
Protein 

XP_021238304.
1 

Helmeted 
guineafow
l 323 

LOC11039098
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X4 CHIRB   

XP_021238296.
1 

Helmeted 
guineafow
l 355 

LOC11039098
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 1 
isoform X4 CHIRB   

XP_021238302.
1 

Helmeted 
guineafow
l 350 

LOC11039098
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 5 
isoform X2     
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XP_021238306.
1 

Helmeted 
guineafow
l 272 

LOC11039098
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 

CHIRA
B   

XP_021238343.
1 

Helmeted 
guineafow
l 202 

LOC11039101
3 

unplace
d 

platelet glycoprotein VI-like isoform 
X3     

XP_021238307.
1 

Helmeted 
guineafow
l 282 

LOC11039099
1 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021238301.
1 

Helmeted 
guineafow
l 350 

LOC11039098
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3 
isoform X1 CHIRB   

XP_021238341.
1 

Helmeted 
guineafow
l 264 

LOC11039101
3 

unplace
d 

uncharacterized protein 
LOC110391013 isoform X1     

XP_021238345.
1 

Helmeted 
guineafow
l 182 

LOC11039101
3 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 
isoform X5     

XP_021238346.
1 

Helmeted 
guineafow
l 182 

LOC11039101
3 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 
isoform X5     

XP_021238342.
1 

Helmeted 
guineafow
l 252 

LOC11039101
3 

unplace
d 

uncharacterized protein 
LOC110391013 isoform X2     

XP_021238290.
1 

Helmeted 
guineafow
l 145 

LOC11039098
2 

unplace
d platelet glycoprotein VI-like     

XP_021238303.
1 

Helmeted 
guineafow
l 338 

LOC11039098
7 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3 
isoform X3 CHIRB   

XP_021238299.
1 

Helmeted 
guineafow
l 291 

LOC11039098
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3A 
isoform X6     
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XP_021238300.
1 

Helmeted 
guineafow
l 291 

LOC11039098
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3A 
isoform X6     

XP_021238295.
1 

Helmeted 
guineafow
l 369 

LOC11039098
6 

unplace
d 

uncharacterized protein 
LOC110390986 isoform X3     

XP_021238298.
1 

Helmeted 
guineafow
l 297 

LOC11039098
6 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X5     

XP_021238294.
1 

Helmeted 
guineafow
l 373 

LOC11039098
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 
isoform X2     

XP_021238293.
1 

Helmeted 
guineafow
l 377 

LOC11039098
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 
isoform X1     

XP_021238312.
1 

Helmeted 
guineafow
l 254 

LOC11039099
5 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 CHIRA   

XP_021238288.
1 

Helmeted 
guineafow
l 250 

LOC11039098
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 

CHIRA
B   

XP_021238886.
1 

Helmeted 
guineafow
l 125 

LOC11039137
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 1     

XP_021238889.
1 

Helmeted 
guineafow
l 333 

LOC11039137
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3 CHIRB   

XP_021238892.
1 

Helmeted 
guineafow
l 327 

LOC11039138
1 

unplace
d 

uncharacterized protein 
LOC110391381 isoform X1 

CHIRA
B   

XP_021238890.
1 

Helmeted 
guineafow
l 324 

LOC11039137
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X4 CHIRB   
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XP_021238893.
1 

Helmeted 
guineafow
l 292 

LOC11039138
1 

unplace
d 

uncharacterized protein 
LOC110391381 isoform X2 

CHIRA
B   

XP_021238888.
1 

Helmeted 
guineafow
l 351 

LOC11039137
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRB   

XP_021238891.
1 

Helmeted 
guineafow
l 269 

LOC11039137
9 

unplace
d 

uncharacterized protein 
LOC110391379 isoform X5 CHIRB   

XP_021238887.
1 

Helmeted 
guineafow
l 360 

LOC11039137
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 CHIRB   

XP_021238918.
1 

Helmeted 
guineafow
l 334 

LOC11039139
8 

unplace
d 

platelet glycoprotein VI-like isoform 
X4     

XP_021238925.
1 

Helmeted 
guineafow
l 326 

LOC11039139
9 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 
isoform X2 CHIRB   

XP_021238932.
1 

Helmeted 
guineafow
l 231 

LOC11039140
5 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021238921.
1 

Helmeted 
guineafow
l 309 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X6     

XP_021238916.
1 

Helmeted 
guineafow
l 346 

LOC11039139
8 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X2     

XP_021238931.
1 

Helmeted 
guineafow
l 267 

LOC11039140
4 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3 CHIRB   

XP_021238898.
1 

Helmeted 
guineafow
l 285 

LOC11039138
2 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 5 
isoform X2 CHIRA   
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XP_021238923.
1 

Helmeted 
guineafow
l 282 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X8     

XP_021238926.
1 

Helmeted 
guineafow
l 323 

LOC11039140
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 1 CHIRB   

XP_021238894.
1 

Helmeted 
guineafow
l 237 

LOC11039138
1 

unplace
d 

uncharacterized protein 
LOC110391381 isoform X3 

CHIRA
B   

XP_021238903.
1 

Helmeted 
guineafow
l 940 

LOC11039138
8 

unplace
d  platelet glycoprotein VI-like CHIRA 

Low 
Quality 
Protein 

XP_021238930.
1 

Helmeted 
guineafow
l 323 

LOC11039140
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like CHIRB   

XP_021238901.
1 

Helmeted 
guineafow
l 253 

LOC11039138
5 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 CHIRA   

XP_021238900.
1 

Helmeted 
guineafow
l 253 

LOC11039138
5 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 CHIRA   

XP_021238922.
1 

Helmeted 
guineafow
l 308 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 1 
isoform X7     

XP_021238929.
1 

Helmeted 
guineafow
l 258 

LOC11039140
1 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRA   

XP_021238904.
1 

Helmeted 
guineafow
l 294 

LOC11039138
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 

CHIRA
B   

XP_021238905.
1 

Helmeted 
guineafow
l 263 

LOC11039139
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 3 CHIRB   
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XP_021238897.
1 

Helmeted 
guineafow
l 323 

LOC11039138
2 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X1 CHIRA   

XP_021238896.
1 

Helmeted 
guineafow
l 323 

LOC11039138
2 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X1 CHIRA   

XP_021238895.
1 

Helmeted 
guineafow
l 323 

LOC11039138
2 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X1 CHIRA   

XP_021238920.
1 

Helmeted 
guineafow
l 325 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 5 
isoform X5 CHIRB   

XP_021238917.
1 

Helmeted 
guineafow
l 339 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X3     

XP_021238899.
1 

Helmeted 
guineafow
l 258 

LOC11039138
2 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 5 
isoform X3 CHIRA   

XP_021238915.
1 

Helmeted 
guineafow
l 351 

LOC11039139
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X1     

XP_021238927.
1 

Helmeted 
guineafow
l 289 

LOC11039140
1 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 
isoform X1     

XP_021238924.
1 

Helmeted 
guineafow
l 330 

LOC11039139
9 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 
isoform X1     

XP_021238902.
1 

Helmeted 
guineafow
l 355 

LOC11039138
6 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_021239020.
1 

Helmeted 
guineafow
l 328 

LOC11039145
5 

unplace
d 

platelet glycoprotein VI-like isoform 
X1 CHIRB   



 

302 
 

XP_021239022.
1 

Helmeted 
guineafow
l 265 

LOC11039145
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 

CHIRA
B   

XP_021239019.
1 

Helmeted 
guineafow
l 511 

LOC11039145
4 

unplace
d 

immunoglobulin superfamily member 
1-like 

CHIRA
B   

XP_021239021.
1 

Helmeted 
guineafow
l 279 

LOC11039145
5 

unplace
d 

platelet glycoprotein VI-like isoform 
X2     

XP_021239023.
1 

Helmeted 
guineafow
l 269 

LOC11039145
7 

unplace
d 

immunoglobulin superfamily member 
1-like CHIRA   

XP_021239024.
1 

Helmeted 
guineafow
l 119 

LOC11039145
8 

unplace
d 

natural cytotoxicity triggering receptor 
1-like     

XP_021239119.
1 

Helmeted 
guineafow
l 328 

LOC11039154
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X5 CHIRB   

XP_021239129.
1 

Helmeted 
guineafow
l 296 

LOC11039155
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 CHIRA   

XP_021239115.
1 

Helmeted 
guineafow
l 345 

LOC11039154
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X1 CHIRB   

XP_021239126.
1 

Helmeted 
guineafow
l 162 

LOC11039154
9 

unplace
d 

platelet glycoprotein VI-like isoform 
X2 

CHIRA
B   

XP_021239117.
1 

Helmeted 
guineafow
l 337 

LOC11039154
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X3 CHIRB   

XP_021239116.
1 

Helmeted 
guineafow
l 341 

LOC11039154
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRB   



 

303 
 

XP_021239122.
1 

Helmeted 
guineafow
l 289 

LOC11039154
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X8     

XP_021239131.
1 

Helmeted 
guineafow
l 222 

LOC11039155
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3     

XP_021239114.
1 

Helmeted 
guineafow
l 282 

LOC11039154
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 5     

XP_021239123.
1 

Helmeted 
guineafow
l 285 

LOC11039154
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X9     

XP_021239120.
1 

Helmeted 
guineafow
l 325 

LOC11039154
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X6 CHIRB   

XP_021239124.
1 

Helmeted 
guineafow
l 326 

LOC11039154
9 

unplace
d 

platelet glycoprotein VI-like isoform 
X1 

CHIRA
B   

XP_021239121.
1 

Helmeted 
guineafow
l 324 

LOC11039154
7 

unplace
d 

platelet glycoprotein VI-like isoform 
X7 CHIRB   

XP_021239118.
1 

Helmeted 
guineafow
l 336 

LOC11039154
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X4 CHIRB   

XP_021239128.
1 

Helmeted 
guineafow
l 124 

LOC11039155
1 

unplace
d platelet glycoprotein VI-like CHIRA   

XP_021239127.
1 

Helmeted 
guineafow
l 293 

LOC11039154
9 

unplace
d 

platelet glycoprotein VI-like isoform 
X3 

CHIRA
B   

XP_021239130.
1 

Helmeted 
guineafow
l 295 

LOC11039155
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRA   



 

304 
 

XP_021239241.
1 

Helmeted 
guineafow
l 348 

LOC11039161
4 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 CHIRB   

XP_021239240.
1 

Helmeted 
guineafow
l 304 

LOC11039161
3 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021239247.
1 

Helmeted 
guineafow
l 197 

LOC11039161
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3     

XP_021239315.
1 

Helmeted 
guineafow
l 339 

LOC11039169
2 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X1 CHIRA   

XP_021239316.
1 

Helmeted 
guineafow
l 323 

LOC11039169
2 

unplace
d 

platelet glycoprotein VI-like isoform 
X2 CHIRA   

XP_021239311.
1 

Helmeted 
guineafow
l 115 

LOC11039168
7 

unplace
d platelet glycoprotein VI-like     

XP_021239314.
1 

Helmeted 
guineafow
l 344 

LOC11039169
1 

unplace
d 

natural cytotoxicity triggering receptor 
1-like     

XP_021239248.
1 

Helmeted 
guineafow
l 971 

LOC11039161
9 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily A member 2 CHIRB 

Low 
Quality 
Protein 

XP_021239242.
1 

Helmeted 
guineafow
l 345 

LOC11039161
4 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRB   

XP_021239310.
1 

Helmeted 
guineafow
l 143 

LOC11039168
5 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021239245.
1 

Helmeted 
guineafow
l 275 

LOC11039161
7 

unplace
d 

V-set and transmembrane domain-
containing protein 1-like isoform X1 

CHIRA
B   



 

305 
 

XP_021239313.
1 

Helmeted 
guineafow
l 869 

LOC11039169
0 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily B member 3   

Low 
Quality 
Protein 

XP_021239318.
1 

Helmeted 
guineafow
l 296 

LOC11039169
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X4 CHIRA   

XP_021239243.
1 

Helmeted 
guineafow
l 152 

LOC11039161
5 

unplace
d 

putative killer cell immunoglobulin-
like receptor-like protein KIR3DX1 

CHIRA
B   

XP_021239246.
1 

Helmeted 
guineafow
l 242 

LOC11039161
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRB   

XP_021239319.
1 

Helmeted 
guineafow
l 327 

LOC11039169
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like CHIRA   

XP_021239309.
1 

Helmeted 
guineafow
l 861 

LOC11039168
3 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily A member 3 

CHIRA
B 

Low 
Quality 
Protein 

XP_021239317.
1 

Helmeted 
guineafow
l 312 

LOC11039169
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3 CHIRA   

XP_021239375.
1 

Helmeted 
guineafow
l 337 

LOC11039175
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1     

XP_021239376.
1 

Helmeted 
guineafow
l 319 

LOC11039175
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2     

XP_021239378.
1 

Helmeted 
guineafow
l 244 

LOC11039175
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X4     

XP_021239353.
1 

Helmeted 
guineafow
l 271 

LOC11039171
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 CHIRB   
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XP_021239374.
1 

Helmeted 
guineafow
l 180 

LOC11039175
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_021239379.
1 

Helmeted 
guineafow
l 233 

LOC11039175
3 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 
isoform X5     

XP_021239352.
1 

Helmeted 
guineafow
l 279 

LOC11039171
9 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 CHIRB   

XP_021239383.
1 

Helmeted 
guineafow
l 323 

LOC11039175
5 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3 

CHIRA
B   

XP_021239388.
1 

Helmeted 
guineafow
l 189 

LOC11039176
4 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     

XP_021239380.
1 

Helmeted 
guineafow
l 119 

LOC11039175
4 

unplace
d 

natural cytotoxicity triggering receptor 
1-like     

XP_021239387.
1 

Helmeted 
guineafow
l 725 

LOC11039176
1 

unplace
d 

 osteoclast-associated 
immunoglobulin-like receptor   

Low 
Quality 
Protein 

XP_021239382.
1 

Helmeted 
guineafow
l 326 

LOC11039175
5 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 

CHIRA
B   

XP_021239377.
1 

Helmeted 
guineafow
l 287 

LOC11039175
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3     

XP_021239350.
1 

Helmeted 
guineafow
l 204 

LOC11039171
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_021239381.
1 

Helmeted 
guineafow
l 335 

LOC11039175
5 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 

CHIRA
B   



 

307 
 

XP_021239448.
1 

Helmeted 
guineafow
l 378 

LOC11039182
5 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor CHIRA   

XP_021239449.
1 

Helmeted 
guineafow
l 378 

LOC11039182
5 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor CHIRA   

XP_021239498.
1 

Helmeted 
guineafow
l 187 

LOC11039186
9 

unplace
d 

killer cell immunoglobulin-like 
receptor 2DS5 isoform X5     

XP_021239429.
1 

Helmeted 
guineafow
l 257 

LOC11039180
9 

unplace
d platelet glycoprotein VI-like 

CHIRA
B   

XP_021239431.
1 

Helmeted 
guineafow
l 159 

LOC11039181
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 
isoform X2     

XP_021239450.
1 

Helmeted 
guineafow
l 195 

LOC11039182
6 

unplace
d platelet glycoprotein VI-like     

XP_021239499.
1 

Helmeted 
guineafow
l 155 

LOC11039186
9 

unplace
d 

killer cell immunoglobulin-like 
receptor 3DL3 isoform X6     

XP_021239497.
1 

Helmeted 
guineafow
l 191 

LOC11039186
9 

unplace
d 

killer cell immunoglobulin-like 
receptor 2DS5 isoform X4     

XP_021239492.
1 

Helmeted 
guineafow
l 136 

LOC11039186
8 

unplace
d 

natural cytotoxicity triggering receptor 
1-like isoform X2     

XP_021239495.
1 

Helmeted 
guineafow
l 230 

LOC11039186
9 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X2     

XP_021239430.
1 

Helmeted 
guineafow
l 186 

LOC11039181
0 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor isoform 
X1     



 

308 
 

XP_021239447.
1 

Helmeted 
guineafow
l 136 

LOC11039182
4 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_021239428.
1 

Helmeted 
guineafow
l 731 

LOC11039180
8 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily A member 4   

Low 
Quality 
Protein 

XP_021239493.
1 

Helmeted 
guineafow
l 234 

LOC11039186
9 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 2 
isoform X1     

XP_021239496.
1 

Helmeted 
guineafow
l 209 

LOC11039186
9 

unplace
d 

killer cell immunoglobulin-like 
receptor 3DL3 isoform X3 CHIRB   

XP_021239491.
1 

Helmeted 
guineafow
l 144 

LOC11039186
8 

unplace
d 

natural cytotoxicity triggering receptor 
1-like isoform X1     

XP_021239563.
1 

Helmeted 
guineafow
l 111 

LOC11039192
8 

unplace
d 

platelet glycoprotein VI-like isoform 
X2     

XP_021239525.
1 

Helmeted 
guineafow
l 177 

LOC11039189
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2 

CHIRA
B   

XP_021239580.
1 

Helmeted 
guineafow
l 366 

LOC11039195
0 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like CHIRA   

XP_021239536.
1 

Helmeted 
guineafow
l 240 

LOC11039190
3 

unplace
d 

natural cytotoxicity triggering receptor 
1-like CHIRA   

XP_021239538.
1 

Helmeted 
guineafow
l 1001 

LOC11039190
5 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily B member 1 CHIRB 

Low 
Quality 
Protein 

XP_021239579.
1 

Helmeted 
guineafow
l 302 

LOC11039194
8 

unplace
d 

immunoglobulin superfamily member 
1-like CHIRA   



 

309 
 

XP_021239561.
1 

Helmeted 
guineafow
l 269 

LOC11039192
7 

unplace
d platelet glycoprotein VI-like 

CHIRA
B   

XP_021239564.
1 

Helmeted 
guineafow
l 201 

LOC11039193
1 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2 CHIRA   

XP_021239524.
1 

Helmeted 
guineafow
l 263 

LOC11039189
2 

unplace
d 

platelet glycoprotein VI-like isoform 
X1 

CHIRA
B   

XP_021239560.
1 

Helmeted 
guineafow
l 400 

LOC11039192
6 

unplace
d 

uncharacterized protein 
LOC110391926 

CHIRA
B   

XP_021239526.
1 

Helmeted 
guineafow
l 172 

LOC11039189
2 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X3 

CHIRA
B   

XP_021239562.
1 

Helmeted 
guineafow
l 123 

LOC11039192
8 

unplace
d 

platelet glycoprotein VI-like isoform 
X1     

XP_021239592.
1 

Helmeted 
guineafow
l 209 

LOC11039197
0 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 

CHIRA
B   

XP_021239715.
1 

Helmeted 
guineafow
l 330 

LOC11039208
4 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 CHIRA   

XP_021272383.
1 

Helmeted 
guineafow
l 464 

LOC11040817
4 19 

immunoglobulin superfamily member 
1-like     

XP_010724887.
1 Turkey 173 

LOC10490920
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily B member 5 

CHIRA
B   

XP_010724985.
2 Turkey 301 

LOC10491576
0 

unplace
d platelet glycoprotein VI-like CHIRB   

XP_010725071.
2 Turkey 174 

LOC10491583
6 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     



 

310 
 

XP_010725663.
2 Turkey 132 

LOC10491631
0 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_010725767.
2 Turkey 171 

LOC10491642
7 

unplace
d 

 killer cell immunoglobulin-like 
receptor 3DL3   

Low 
Quality 
Protein 

XP_010726082.
2 Turkey 89 

LOC10491677
2 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 5   

Partial 
Protein 

XP_010726649.
2 Turkey 215 

LOC10491719
6 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_010726747.
1 Turkey 214 

LOC10491724
5 

unplace
d 

 uncharacterized protein 
LOC104917245   

Low 
Quality 
Protein 

XP_010726743.
1 Turkey 331 

LOC10054052
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X1 CHIRB   

XP_010726742.
1 Turkey 326 

LOC10054159
8 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1 CHIRB   

XP_010726768.
2 Turkey 162 

LOC10491727
0 

unplace
d 

killer cell immunoglobulin-like 
receptor 3DL3     

XP_019466667.
2 Turkey 145 

LOC10936448
6 

unplace
d 

 T-cell-interacting, activating receptor 
on myeloid cells protein 1-like   

Low 
Quality 
Protein 

XP_019466747.
1 Turkey 156 

LOC10936458
4 

unplace
d 

 killer cell immunoglobulin-like 
receptor 3DL3   

Low 
Quality 
Protein 

XP_019466720.
2 Turkey 156 

LOC10936454
0 

unplace
d  platelet glycoprotein VI-like   

Low 
Quality 
Protein 

XP_019466919.
1 Turkey 135 

LOC10936477
2 

unplace
d 

killer cell immunoglobulin-like 
receptor 3DL3     

XP_019466872.
1 Turkey 129 

LOC10936470
8 

unplace
d 

 leukocyte immunoglobulin-like 
receptor subfamily A member 2   

Low 
Quality 
Protein 
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XP_019466921.
1 Turkey 127 

LOC10491655
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     

XP_019466969.
1 Turkey 194 

LOC10491663
0 

unplace
d 

 osteoclast-associated 
immunoglobulin-like receptor   

Low 
Quality 
Protein 

XP_019467043.
1 Turkey 105 

LOC10936491
6 

unplace
d  platelet glycoprotein VI-like   

Low 
Quality 
Protein 

XP_019467031.
1 Turkey 135 

LOC10936489
4 

unplace
d 

osteoclast-associated 
immunoglobulin-like receptor     

XP_019467055.
1 Turkey 218 

LOC10491675
4 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 6 CHIRA   

XP_019467224.
1 Turkey 141 

LOC10491703
0 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     

XP_019467468.
1 Turkey 218 

LOC10054175
0 

unplace
d 

V-set and transmembrane domain-
containing protein 1 isoform X1 

CHIRA
B   

XP_019467467.
1 Turkey 267 

LOC10491724
3 

unplace
d 

platelet glycoprotein VI-like isoform 
X1 CHIRA   

XP_019467466.
1 Turkey 292 

LOC10054052
7 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like 
isoform X2     

XP_019467487.
1 Turkey 141 

LOC10936526
1 

unplace
d 

 osteoclast-associated 
immunoglobulin-like receptor   

Low 
Quality 
Protein 

XP_019467478.
1 Turkey 145 

LOC10936521
3 

unplace
d 

 killer cell immunoglobulin-like 
receptor 3DL3   

Low 
Quality 
Protein 

XP_019467424.
2 Turkey 122 

LOC10491721
3 

unplace
d platelet glycoprotein VI-like     

XP_019467469.
1 Turkey 206 

LOC10054175
0 

unplace
d 

V-set and transmembrane domain-
containing protein 1 isoform X2 

CHIRA
B   

XP_031413459.
1 Turkey 137 

LOC11621767
8 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 5     
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XP_031413511.
1 Turkey 95 

LOC11621772
3 

unplace
d 

T-cell-interacting, activating receptor 
on myeloid cells protein 1-like     

XP_031413526.
1 Turkey 114 

LOC10936484
5 

unplace
d platelet glycoprotein VI-like     

XP_031413617.
1 Turkey 272 

LOC10054129
1 

unplace
d 

immunoglobulin superfamily member 
1 CHIRA   

XP_031413616.
1 Turkey 210 

LOC10054144
5 

unplace
d 

 immunoglobulin superfamily member 
1-like   

Low 
Quality 
Protein 

XP_031413664.
1 Turkey 238 

LOC10491724
3 

unplace
d 

killer cell immunoglobulin-like 
receptor 3DL1 isoform X2 CHIRA   

XP_031413666.
1 Turkey 278 

LOC11621782
3 

unplace
d 

leukocyte immunoglobulin-like 
receptor subfamily A member 2     

Supplementary Table S 3. Identification of Cluster Homolog of Immunoglobulin-like Receptor (CHIRs) proteins in turkey, helmeted 
guineafowl, and zebra finch. A list of CHIR protein sequences identified to possess "MHC CLASS I NK CELL RECEPTOR'' as per the 
CHIR identification pipeline. Each protein by species is accompanied by its corresponding gene symbol, location, and name and 
categorized into putative functional class. 
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Supplementary Table S 4: Related protein clusters between chicken, human, and rat. 
 
Cluster 
ID 

Chicken Human Rat 

1 CHIR7A2 (XP_040510442.1), CHIR1AB1 (XP_040510377.1, 
XP_040510378.1, XP_040510379.1, XP_040510380.1, XP_040549452.1, 
XP_040549452.1, XP_040549452.1, XP_040549453.1, 
XP_040549454.1), CHIR1AB2 (XP_040510335.1, XP_040510336.1, 
XP_040510337.1, XP_040549427.2, XP_040549428.2, XP_040549429.1, 
XP_040549429.1), CHIR1AB3 (NP_001139613.3, NP_001384373.1, 
XP_046760729.1, XP_046760730.1, XP_046789987.1, XP_046789988.1, 
XP_046789989.1, XP_046789990.1), CHIR1AB4 (XP_046761954.1, 
XP_046790088.1, XP_046790089.1, XP_046790090.1) CHIR1AB6 
(XP_040510449.2, XP_040549445.1, XP_040549446.1, 
XP_040549447.1), CHIR1AB7 (XP_040510441.2), CHIR1AB7 
(XP_046790062.1, XP_046790063.1, XP_046790064.1), CHIR1AB8 
(XP_025001938.2, XP_040510361.1, XP_040510363.1, 
XP_040510364.1, XP_040510366.1, XP_046790083.1, XP_046790084.1, 
XP_046790085.1), CHIR1AB9 (XP_040510401.1, XP_040510402.1, 
XP_040510403.1, XP_040510405.1, XP_040510406.1, XP_040510407.1, 
XP_046790087.1), CHIR1AB10 (XP_040549464.2, XP_046760738.1), 
CHIR1AB11 (XP_040510359.1), CHIR1AB12 (XP_046760748.1), 
CHIR1AB13 (XP_040510349.2, XP_040510350.1, XP_040510351.2, 
XP_040510352.2), CHIR1AB14 (XP_040510411.1, XP_046760842.1), 
CHIR1AB15 (XP_040510367.1, XP_040510368.1, XP_040510369.1, 
XP_040510370.1, XP_040510372.1), CHIR1AB16 (XP_046760834.1, 
XP_046760835.1), CHIR1AB17 (XP_001236760.5), CHIR1AB18 
(XP_040512618.1), CHIR1AB19 (XP_046760846.1), CHRI1AB20 
(XP_040549434.1, XP_040549435.1, XP_040549441.1), CHIR1AB21 
(XP_040549442.1, XP_040549443.1, XP_040549444.1), CHIR1AB22 
(XP_040549449.1, XP_040549450.1, XP_040549451.1, 
XP_046790086.1), CHIRL7 (XP_040509939.1), CHIR-Like 
(NP_001026502.1) 
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2 CHIR6A3 (XP_040549384.1, XP_040549385.1, XP_040549386.1), 
CHIR6A4 (XP_040510288.1, XP_040510289.1, XP_046760828.1), 
CHIR6A5 (XP_025002098.2, XP_040510274.1, XP_040510276.1, 
XP_040550468.1, XP_040550470.1), CHIR6A9 (XP_040549094.1), 
CHIR6A11 (XP_046760747.1), CHIR7A1 (XP_040549101.1), CHIR7A4 
(XP_046760858.1), CHIR7A5 (XP_046790095.1), CHIR1B1 
(XP_040549412.1, XP_046790055.1, XP_046790056.1, 
XP_046790057.1, XP_046790058.1, XP_046790059.1, XP_046790060.1, 
XP_046790061.1), CHIR1B2 (XP_040509946.1), CHIR4B2 
(NP_001139609.1, XP_040509901.1, XP_040509902.1, XP_046789996.1, 
XP_046789997.1, XP_046789997.1, XP_046789998.1), CHIR4B3 
(XP_040510212.1, XP_040510213.1), CHIR4B9 (XP_025001865.2), 
CHIR4B10 (XP_040549462.2), CHIR6B2 (XP_046760819.1, 
XP_046790078.1), CHIR6B4 (XP_040549396.1, XP_040549397.1), 
CHIR3AB1 (XP_046790077.1), CHIR3AB2 (XP_040510439.1), 
CHIR4AB1 (XP_040510230.2, XP_040510231.2, XP_046760816.1, 
XP_046790093.1), CHIRL2 (XP_040509935.1), CHIR-Like 
(NP_001139608.1) 

LILRB4 
(NP_001265355.2, 
NP_001265356.2, 
NP_001265357.2, 
NP_001265358.3, 
NP_001381862.1, 
NP_001381863.1, 
NP_001381864.1, 
NP_001381865.1, 
NP_001381866.1, 
XP_016881705.2, 
XP_047294056.1, 
XP_047294057.1, 
XP_047294059.1, 
XP_054185621.1, 
XP_054189498.1, 
XP_054189584.1) 

Lilrb4 
(NP_001013916.1, 
NP_001406335.1, 
NP_001406336.1, 
NP_001406337.1, 
XP_038959789.1, 
XP_038959790.1, 
XP_038959797.1) 

3  LILRB4 
(XP_054175602.1, 
XP_054175603.1, 
XP_054175604.1, 
XP_054175605.1, 
XP_054175606.1, 
XP_054175607.1, 
XP_054175608.1, 
XP_054175609.1, 
XP_054175610.1, 
XP_054175611.1, 
XP_054175612.1, 
XP_054175613.1, 
XP_054175614.1, 
XP_054185608.1, 
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XP_054185609.1, 
XP_054185610.1, 
XP_054185611.1, 
XP_054185612.1, 
XP_054185613.1, 
XP_054185614.1, 
XP_054185615.1, 
XP_054185616.1, 
XP_054185617.1, 
XP_054185618.1, 
XP_054185619.1, 
XP_054185620.1, 
XP_054187438.1, 
XP_054187439.1, 
XP_054187440.1, 
XP_054187441.1, 
XP_054187442.1, 
XP_054187443.1, 
XP_054187444.1, 
XP_054187445.1, 
XP_054187446.1, 
XP_054187447.1, 
XP_054189487.1, 
XP_054189488.1, 
XP_054189489.1, 
XP_054189490.1, 
XP_054189491.1, 
XP_054189492.1, 
XP_054189493.1, 
XP_054189494.1, 
XP_054189495.1, 
XP_054189496.1, 
XP_054189497.1, 
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XP_054189570.1, 
XP_054189571.1, 
XP_054189572.1, 
XP_054189573.1, 
XP_054189574.1, 
XP_054189575.1, 
XP_054189576.1, 
XP_054189577.1, 
XP_054189578.1, 
XP_054189579.1, 
XP_054189580.1, 
XP_054189581.1, 
XP_054189582.1) 

4  KIR3DL2 
(NP_001229796.1, 
NP_006728.2, 
XP_047294751.1, 
XP_054186144.1, 
XP_054186931.1, 
XP_054187212.1, 
XP_054187486.1, 
XP_054188006.1, 
XP_054188017.1, 
XP_054188022.1, 
XP_054188028.1, 
XP_054188030.1, 
XP_054189401.1, 
XP_054189405.1, 
XP_054189406.1, 
XP_054189408.1, 
XP_054189412.1, 
XP_054189415.1, 
XP_054189417.1, 
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XP_054189424.1, 
XP_054189427.1, 
XP_054189429.1, 
XP_054189437.1, 
XP_054189438.1, 
XP_054189443.1, 
XP_054189449.1, 
XP_054189457.1, 
XP_054189463.1, 
XP_054189469.1, 
XP_054189472.1, 
XP_054189475.1, 
XP_054189478.1, 
XP_054189622.1) 

5  KIR2DS1 
(NP_055327.1, 
XP_011546300.1),  
KIR2DS2 
(NP_001278624.1, 
NP_001278625.1, 
NP_001278629.1, 
NP_001278630.1, 
NP_001355180.1, 
NP_036444.1, 
XP_054189458.1, 
XP_054189486.1) 
KIR2DS3 
(NP_036445.1, 
XP_054189411.1, 
XP_054189428.1)  
KIR2DS4 
(NP_001268900.1, 
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NP_001268901.1, 
NP_036446.3)  
KIR2DS5 
(NP_055328.2, 
XP_054186141.1, 
XP_054186142.1, 
XP_054186143.1, 
XP_054189418.1, 
XP_054189419.1, 
XP_054189420.1, 
XP_054189470.1, 
XP_054189471.1, 
XP_054189479.1, 
XP_054189480.1, 
XP_054189481.1)  
KIR2DL1 
(NP_055033.2, 
XP_054187211.1) 
KIR2DL2 
(NP_055034.2)  
KIR2DL3 
(NP_056952.2) 

6 CHIR2AB1 (XP_040549107.1, XP_046760843.1, XP_046760844.1), 
CHIR2AB2 (XP_040512631.1, XP_040512635.1, XP_040512641.1, 
XP_040512642.1, XP_040512650.2, XP_040550476.1, XP_040550477.1, 
XP_040550478.1, XP_040550479.1, XP_040550481.1, XP_040550482.1, 
XP_040550483.1, XP_040550484.1, XP_046761957.1, XP_046761958.1, 
XP_046761959.1, XP_046761960.1, XP_046761961.1, XP_046761964.1, 
XP_046793481.1, XP_046793482.1), CHIR2AB3 (XP_040510339.1, 
XP_040510340.1, XP_040510341.1), CHIR2AB4 (XP_040512655.1) 

  

7  KIR2DL4 
(NP_001074239.1, 
NP_001074241.1, 
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NP_002246.5) 
KIR2DL5A 
(NP_065396.1, 
XP_054186174.1, 
XP_054188019.1, 
XP_054189403.1, 
XP_054189414.1, 
XP_054189422.1, 
XP_054189431.1, 
XP_054189451.1, 
XP_054189483.1)  
KIR2DL5B 
(NP_001018091.2, 
XP_054188012.1, 
XP_054189404.1, 
XP_054189409.1, 
XP_054189410.1, 
XP_054189425.1, 
XP_054189426.1, 
XP_054189452.1, 
XP_054189473.1, 
XP_054189476.1, 
XP_054189477.1)  

8 CHIR1A1 (XP_025001834.3), CHIR1A2 (XP_040549459.1, 
XP_046760817.1), CHIR1A3 (XP_046790071.1), CHIR1A4 
(XP_040510417.1, XP_046760848.1), CHIR1A6 (XP_040510416.1), 
CHIR1A7 (XP_040510440.1),  CHIR1A8 (XP_040510221.1, 
XP_040510222.1), CHIR1A9 (XP_040512625.1), CHIR1A10 
(XP_040512619.1), CHIR1AB5 (XP_040512627.2, XP_040550475.2),  
CHIRL4 (XP_040509941.1), CHIRL11 (XP_040510433.1), CHIRL12 
(XP_040510436.1), CHIRL13 (XP_046760743.1), CHIRL14 
(XP_046760745.1), CHIRL15 (XP_025001893.2) 
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9  KIR3DS1 
(NP_001077008.1, 
NP_001269099.1, 
NP_001269100.1, 
NP_001355183.1, 
XP_054186145.1, 
XP_054188018.1, 
XP_054188023.1, 
XP_054189402.1, 
XP_054189413.1, 
XP_054189421.1, 
XP_054189430.1, 
XP_054189450.1, 
XP_054189482.1)  
KIR3DL1 
(NP_001309097.1, 
NP_037421.2)  

 

10 CHIR2A1 (XP_040510424.2, XP_040549417.2), CHIR2A2 
(XP_046760739.1), CHIR2A3 (XP_040549463.2), CHIR2A4 
(XP_040510445.2), CHIR2A6 (XP_040509910.1), CHIR2A7 
(XP_040510333.1), CHIR2A8 (XP_040510446.2), CHIR2A9 
(XP_040510295.1), CHIR2A10 (XP_040549415.2), CHIR2A13 
(XP_040549383.1), CHIR2A14 (XP_040549468.2), CHIR2A15 
(NP_001139610.2) 

  

11 CHIR4B4 (XP_040512624.2), CHIR4B7 (XP_046790092.1), CHIR5B1 
(XP_025001885.2, XP_046790053.1), CHIR5B2 (XP_040549465.2, 
XP_046760857.1), CHIR5B3 (XP_046790094.1), CHIR6B1 
(XP_040510232.2, XP_040549398.2), CHIR6B2 (XP_040510273.1), 
CHIR6B4 (XP_046790070.1), CHIR6AB1 (XP_046760856.1) 

  

12 CHIR4B1 (XP_040510208.1, XP_040510209.1, XP_040510210.1, 
XP_046790048.1, XP_046790049.1), CHIR4B5 (XP_040510214.1, 
XP_040510215.1), CHIR4B6 (XP_040510216.1, XP_040510217.1, 
XP_040510218.1, XP_046760813.1, XP_046760814.1) 
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13 CHIR6A13 (XP_046790075.1) LILRA6 
(NP_001347096.,1 
NP_077294.3, 
XP_011545432.1, 
XP_047298872.1, 
XP_054178780.1, 
XP_054178781.1, 
XP_054185682.1)  

Lilrb1 
(XP_006228104.1) 
Pira2 
(XP_038937331.1)  
Pira12 
(XP_038956278.1) 

14 CHIR6A3 (XP_040510297.1, XP_040510298.1, XP_040549388.1, 
XP_040549389.1, XP_040549391.1, XP_040549392.1, XP_046760829.1, 
XP_046760830.1, XP_046790066.1), CHIR6A6 (XP_040510236.1, 
XP_040510239.1) 

  

15   Lilrb3 
(XP_006228295.1, 
XP_006228298.1, 
XP_038956575.1, 
XP_038956576.1, 
XP_038956577.1, 
XP_038956578.1, 
XP_038956579.1, 
XP_038956580.1, 
XP_038956581.1, 
XP_038956582.1, 
XP_038956583.1)  

16 CHIRL1 (XP_046760786.1, XP_046760787.1, XP_046760788.1, 
XP_046760789.1) 

LILRA2 
(XP_054175630.1, 
XP_054185622.1, 
XP_054187449.1, 
XP_054189585.1)  

 

17 CHIR5A1 (XP_040510182.1, XP_040510183.1, XP_040510184.1, 
XP_040549375.1), CHIR5A5 (XP_040512614.1, XP_040512615.1, 
XP_040512616.1, XP_046761953.1) 
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18 CHIR6A1 (XP_040549432.1), CHIR6A5 (XP_040550469.1), CHIR6A6 
(XP_040510238.1) 

LILRB5 
(NP_001074912.2) 

Lilrb1 
(XP_003748759.1, 
XP_006228101.1, 
XP_006228102.1, 
XP_038956289.1)  

19   Pirb 
(NP_001300853.1, 
XP_001076302.3, 
XP_006228129.1, 
XP_006228130.1, 
XP_006228131.1, 
XP_038946652.1, 
XP_038946673.1)  

20 CHIR5A3 (XP_046790096.1) LILRB1 
(XP_047294045.1, 
XP_054175568.1, 
XP_054185607.1, 
XP_054187437.1, 
XP_054189569.1)  

 

21 CHIR6A1 (XP_046760845.1), CHIR6A2 (XP_040510421.1, 
XP_040510422.1, XP_046760849.1), CHIR6A12 (XP_040512623.2, 
XP_046761955.1) 

  

22 CHIR7A1 (XP_025001831.2), CHIR6B7 (XP_040510320.1), CHIR6B8 
(XP_040509943.1), CHIR6AB2 (XP_046760737.1), CHIR6AB3 
(XP_040509949.1), CHIR3AB1 (XP_040510438.2) 

  

23 CHIR6B3 (XP_040509931.1), CHIR6B6 (NP_001305335.2, 
NP_001385011.1, XP_046760734.1), CHIR-Like (NP_001139607.1) 

  

24 CHIR2B1 (XP_040509918.1, XP_046790072.1), CHIR2B2 
(XP_040549410.2), CHIR2B3 (NP_001139612.3), CHIR-Like 
(NP_001026513.1) 

  

25 CHIR1A4 (XP_046790009.1), CHIR2A2 (XP_046790008.1), CHIR4A1 
(XP_040510448.1), CHIR6A8 (XP_040549414.1), CHIR6A10 
(XP_040549426.1), 
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26 CHIR6A4 (XP_040549405.1) LILRA2 
(XP_054175632.1, 
XP_054185624.1, 
XP_054187451.1, 
XP_054189587.1)  

 

27   Pira2 
(NP_001406420.1, 
XP_006228094.1, 
XP_006228095.1, 
XP_038937295.1, 
XP_038937314.1) 

28 CHIR5A1 (XP_040510185.1, XP_040549378.1, XP_046790054.1), 
CHIR5A5 (XP_040512617.1) 

  

29 CHIR3A1 (XP_040549456.1, XP_040549457.1, XP_046760850.1), 
CHIR3A4 (XP_040510423.1) 

  

30  LILRA5 
(NP_871714.1) 

Lilra5 
(NP_001070261.1, 
XP_006228287.1, 
XP_008757210.1) 

31  LILRA5 
(NP_067073.1) 

Lilrc2 
(NP_001093593.1, 
XP_006228232.1, 
XP_038947454.1)  

32 CHIR4A2 (XP_046760822.1, XP_046760823.1), CHIR-Like 
(XP_046790091.1) 

  

33 CHIR2A11 (XP_040549431.1), CHIR2A16 (XP_046790082.1), 
CHIR6A4 (XP_040510292.1) 

  

34 CHIR6A4 (XP_046790073.1, XP_046790074.1), CHIR6A5 
(XP_040550472.1) 

  

35 CHIR4B1 (XP_046790050.1, XP_046790051.1, XP_046790052.1)   
36 CHIR2A5 (XP_040510450.2), CHIR7A3 (XP_046760736.1), CHIR2AB2 

(XP_046761963.1) 
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37 CHIR1AB7 (XP_040549369.1, XP_040549371.1)  Lilrb1 
(XP_038956307.1) 

38 CHIR3A2 (XP_040509925.1), CHIR3A3 (XP_040549109.1), CHIR6A7 
(XP_040509924.1)  

  

39 CHIR6A4 (XP_040510290.1, XP_040510291.1) LILRB4 
(NP_001265359.2) 

 

40 CHIR6A10 (XP_040509952.1) KIR3DL3 
(NP_703144.3) 

Kir3dl1 
(NP_852144.1) 

41  LILRB4 
(XP_054175615.1, 
XP_054187448.1, 
XP_054189583.1)  

 

42 CHIR6A8 (XP_046790079.1, XP_046790080.1)   
43 CHIR4A1 (XP_046790007.1) LILRA6 

(XP_054178779.1) 
 

44 CHIR5AB1 (XP_040510286.1, XP_046760827.1)   
45 CHIR4A2 (XP_046760820.1, XP_046760821.1)   
46 CHIR4B7 (XP_040509930.1), CHIR4B8 (XP_046760818.1)   
47 CHIR6A1 (XP_040549433.1), CHIR6A5 (XP_040550471.1)   
48 CHIRL1 (XP_003643733.5, XP_040549422.1)   
49 CHIR3B10 (XP_040549393.1, XP_040549394.1)   
50 CHIR2A3 (XP_040509928.1), CHIR2A17 (XP_040510425.1)   
51 CHIR6A6 (XP_040510234.1, XP_040510235.1)   
52  LILRB3 

(XP_006726343.1) 
Pirb 
(XP_006228132.1) 

53   Pira2 
(XP_006228096.1, 
XP_038937327.1)  

Supplementary Table S 4. Related protein clusters across chicken, human, and rat. In this table, Cluster Homolog of Immunoglobulin-
like Receptor (CHIRs) symbols used in this study, or Ig-like receptor symbols from other species, are annotated next to their 
corresponding protein accession numbers to aid in the identification of related proteins
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S.2 CHICKEN CHIR GENE FUNCTION STUDY: THE CHICKEN CLUSTER 

HOMOLOG OF IMMUNOGLOBULIN-LIKE RECEPTOR-B PLAYS A 

SUPPRESSIVE ROLE DURING AVIAN INFLUENZA INFECTION IN VITRO 
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Supplementary Figure S 7: NP and AIV Generation.

 
Supplementary Figure S.7. NP and AIV Generation. A) NP_pcDNA3.1 extraction, restriction 
digestion, and PCR.B) Hemagglutinin inhibition and macrophage nitrate response by viral titer. 
B2B2 and B19B19 represented in red and blue, respectively. C) CHIR PCRs on HD11 cell 
cDNA, indicating the expression of annotated genes 2/4 CHIRA, 3/7 CHIRAB, and 4/5 CHIRB. 
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Supplementary Figure S 8. siRNA Generation and Target Specificity of Sequences. 

 

Supplementary Figure S 8. A) Compilation of 5’-GN(17)C-3’ sequences chosen for pooled 
targeting. B) Assessment of siRNA target specificity against distinct CHIR transcripts, 
demonstrating minimal overlap among CHIRA, CHIRB, and CHIRAB functional groups. C) 
MCAST program parameters employed for the run. 
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Supplementary Figure S 9. Effects of different CO2 levels in the silencing in vitro co-culture 
model, two-days post-silencing. 

 
Supplementary Figure S.9. Effects of different CO2 level in the silencing in vitro co-culture 
model, two-days post-silencing. A) Conducted PCR analysis on select CHIRA and CHIRB genes 
following non-targeting interference (NTi), CHIRBi, CHIRABi, and CHIRBi silencing in 
matched donor cultures. Cells differentiated under 5% CO2 were stimulated with IFNγ, while 
cells under 8% CO2 were co-cultured with matched MHC-I T cell donors. The red arrow 
indicates the expected size. B) Measured nitrate production by cells differentiated under 5% CO2 
and stimulated with IFNγ, and 8% CO2 differentiated cells co-cultured with matched MHC-I T 
cell donors. The donors were either not silenced or subjected to non-targeting siRNA (NTi), 
CHIRBi, or CHIRAB and CHIRBi. Included haplotypes were B2B2 and B19B19, with 
references to different male birds (184M and 187). Additionally, B2w003T represents the B2B2 
T cell donor. 
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Supplementary Figure S 10. Individual NO Responses in different strains, and after CHIRB 
silencing. 

 

Supplementary Figure S.10. Individual NO Responses in different strains, and after CHIRB 
silencing. A) NO response by the UCD and WVU 1952 strains co-cultured with mis-matching or 
matching haplotype T cell donor cells.. B) Linear regression of NO response by MHC-I B type. 
Average is presented in boxplot. C) UCD NO response after CHIRB silencing, matched by bird 
macrophage. D) WVU 1952 NO repsonse after CHIRB silencing, matched by bird macrophage. 
All graphs are indicated by mean and SEM. 
 



 

330 
 

S.3 CANINE ATOPIC DERMATITIS STUDY: UNIQUE CELL SUBPOPULATIONS 

AND DISEASE PROGRESSION MARKERS IN CANINES WITH ATOPIC 

DERMATITIS (PUBLISHED) 
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Supplementary Figure S 11. DEGs shared between cell types. 

 
Supplementary Figure S 11. DEGs shared between cell types. A) Total DEG count (Log10) for each broad cell type, and right, shared 
DEGs between cell types indicated with connected ●. B) Count of shared or unique DEGs across cell types respective to A. C) DEG 
group FC (log2) respective to cell groups in A. Box-plot elements shows median, upper and lower quartiles, comparison interval, and 
outliers.
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Supplementary Figure S 12. DEGs of cDC2 subclusters. A) cDC2 colored by cell disease state. 
 

  
 
Supplementary Figure S 12. DEGs of cDC2 subclusters. A) cDC2 colored by cell disease state. b) 
Subclustering of cDC2 cells, including cluster three composed primarily of AD cells. C) Top 
marker genes of cluster three. 
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Supplementary Figure S 13: Cell-specific and cell-independent biomarkers. 

 
Supplementary Figure S 13. Cell-specific and cell-independent biomarkers. A) Top cell-specific 
downregulated biomarkers of AD progression. B) Expression of DLA88 in all cells across samples, 
ordered by disease progression.
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Supplementary Table S 5. scRNA-seq summary statistic 
 
Supplemental Table 1. scRNA-seq summary statistics.  
            
Sample Status # of 

Cells 
Total 
Reads 

UMIs/cell Genes/cell 

1 healthy 27051 491842780 2834 1134 
2 healthy 22258 440875050 2950 1070 
3 mild_AD 21908 328911451 2067 901 
4 severe_AD 21373 237809745 1850 729 
5 mild_AD 23785 324803100 2336 990 
6 healthy 19055 266105637 1946 809 
7 severe_AD 17685 211432865 1687 669 
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Supplementary Table S 6. Major cell type distribution 
 
Supplemental Table 1. Major cell type distributions. 
                            

Sam
ple Status 

Erythro
cyte 

Fibrob
last 

Granulo
cyte 

Keratino
cyte 

Lymph
atic 
endothe
lial 

Macrop
hage, 
Dendriti
c 

Melanoc
yte, 
Neuron, 
Schwan
n 

Pericyt
es, 
Vascul
ar 
smoot
h 
muscle 

Swe
at 
glan
d 

T 
cells 

Vascula
r 
endothe
lial 

Uncharacte
rized 

1 
health
y 2 13589 80 8446 219 1836 0 462 17 988 1396 16 

2 
health
y 15 12956 341 2193 62 3765 0 450 14 1567 892 3 

3 
mild_
AD 4 6120 311 13032 118 853 15 258 3 396 779 19 

4 
severe
_AD 509 3678 80 7511 269 2044 184 974 0 4411 1708 5 

5 
mild_
AD 57 16587 297 2184 140 2881 0 80 4 777 777 1 

6 
health
y 22 10032 91 3769 153 2242 238 342 17 1464 675 10 

7 
severe
_AD 630 6868 633 2341 121 1901 248 308 0 3718 914 3 
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Supplementary Table S 7. All cell percentages 
 
Supplemental Table 2. All cell percentages.  
              
Cell AD_percent_total control_percent_total AD_relative control_relative AD_raw control_raw 
Fibroblast 0.217 0.239 0.476 0.524 33253 36577 
Macrophage, Dendritic 0.05 0.051 0.495 0.505 7679 7843 
Keratinocyte 0.164 0.094 0.635 0.365 25068 14408 
T cell 0.061 0.026 0.698 0.302 9302 4019 
Vascular endothelial 0.027 0.019 0.585 0.415 4178 2963 
Pericytes, Vascular 
smooth muscle 0.011 0.008 0.564 0.436 1620 1254 
Lymphatic endothelial 0.004 0.003 0.599 0.401 648 434 
Granulocyte 0.009 0.003 0.721 0.279 1321 512 
Sweat gland 0 0 0.127 0.873 7 48 
Erythrocyte 0.008 0 0.969 0.031 1200 39 
Melanocyte, Neuron, 
Schwann 0.003 0.002 0.653 0.347 447 238 
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Supplementary Table S 8. Blood cell percentages 
Supplemental Table 2. Blood cell percentages.   
              
Cell AD_percent_total control_percent_total AD_relative control_relative AD_raw control_raw 
CD14 Mono 0.141 0.146 0.491 0.509 4069 4210 
CD4 0.101 0.086 0.541 0.459 2925 2478 
ILC 0.033 0.034 0.497 0.503 966 978 
cDC2 0.05 0.073 0.405 0.595 1435 2106 
cDC1 0.007 0.01 0.394 0.606 190 292 
NK 0.027 0.003 0.897 0.103 782 90 
Platelet 0.003 0.003 0.514 0.486 89 84 
Plasmablast 0.02 0.003 0.877 0.123 575 81 
CD8 0.132 0.008 0.945 0.055 3794 219 
B cell 0.002 0.001 0.576 0.424 57 42 
Treg 0.009 0.006 0.605 0.395 265 173 
CD16 Mono 0.056 0.031 0.64 0.36 1614 906 
dnT 0.002 0.002 0.52 0.48 53 49 
ASDC 0.005 0.005 0.547 0.453 157 130 
pDC 0 0.001 0.294 0.706 10 24 
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Supplementary Table S 9. DEGs across all major cell types.  

Gene ID q-value 
Fold-change 
(AD/control) Cell 

ABHD5 2.78E-10 0.4387615 Erythrocyte 
ACTN4 0.03462609 -0.375246 Erythrocyte 
AHNAK 0.00283482 -0.3973015 Erythrocyte 
AKAP13 0.0143822 -0.2713701 Erythrocyte 
ANXA5 0.00422741 -0.5277364 Erythrocyte 
ARL4C 0.00604706 0.5107953 Erythrocyte 
ATP6V0D2 9.33E-07 0.9216836 Erythrocyte 
B2M 5.51E-13 0.2654527 Erythrocyte 
C6H7orf50 0.0002822 0.8645232 Erythrocyte 
CCL7 4.16E-12 0.7072203 Erythrocyte 
CLDN1 2.95E-07 -1.306765 Erythrocyte 
CMA1 3.19E-25 -0.4005066 Erythrocyte 
COL1A1 1.55E-35 -2.4377275 Erythrocyte 
COL1A2 1.34E-38 -2.046432 Erythrocyte 
COL3A1 9.68E-35 -2.2402079 Erythrocyte 
COL5A1 0.01850823 -1.830209 Erythrocyte 
COL5A2 0.00047544 -1.203753 Erythrocyte 
COL6A3 3.63E-07 -1.025445 Erythrocyte 
CPZ 6.72E-12 -1.746327 Erythrocyte 
DDX21 0.00239169 -0.3750458 Erythrocyte 
DLA88 1.81E-43 1.30879 Erythrocyte 
DNAJA4 0.000131 1.078779 Erythrocyte 
DNAJB1 8.41E-08 1.6159031 Erythrocyte 
DUSP1 4.62E-05 -0.443208 Erythrocyte 
EEF1A1 2.59E-08 -0.2954338 Erythrocyte 
EIF1 4.87E-05 0.1900738 Erythrocyte 
ENPP2 3.42E-11 -0.5754586 Erythrocyte 
ESYT3 0.00015271 -0.9563304 Erythrocyte 
FCRL2 4.91E-11 -1.155949 Erythrocyte 
FLVCR2 0.01356031 -0.8221935 Erythrocyte 
FTL 6.48E-08 0.4821195 Erythrocyte 
GALK1 0.00391125 0.2051908 Erythrocyte 
GNPTAB 0.00603161 -0.3546739 Erythrocyte 
HERPUD1 0.00016333 0.4336367 Erythrocyte 
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HIPK1 0.00330972 -0.4955156 Erythrocyte 
HPGD 8.08E-07 -0.3884448 Erythrocyte 
HSBP1 1.91E-10 -0.5268983 Erythrocyte 
HSP90AA1 1.36E-06 0.4842696 Erythrocyte 
HSPA8 2.87E-10 0.5406947 Erythrocyte 
HSPB1 2.97E-07 0.6239615 Erythrocyte 
HSPH1 0.00043268 0.9787142 Erythrocyte 
ITGB1 0.00688518 -0.6136176 Erythrocyte 
LGALS3 0.02814714 -0.168053 Erythrocyte 
LYST 0.00088732 -0.4536413 Erythrocyte 
MGAT4B 0.00427464 -0.3968032 Erythrocyte 
MMP9 3.92E-07 1.119315 Erythrocyte 
MT-CO2 0.00151133 0.3035106 Erythrocyte 
NFKBIA 0.00037094 0.4519152 Erythrocyte 
NIBAN1 0.01501413 -0.3849177 Erythrocyte 
NR1H3 0.01058626 0.418272 Erythrocyte 
PCOLCE 0.00677481 -0.8783473 Erythrocyte 
PLAC8A 2.07E-16 0.984457 Erythrocyte 
PLEC 9.28E-05 -0.4986659 Erythrocyte 
PLEK 0.00266078 0.9445833 Erythrocyte 
PLIN2 0.0246714 0.2597873 Erythrocyte 
PPP3CA 3.43E-09 -0.5341312 Erythrocyte 
PRDX1 7.96E-11 0.4959718 Erythrocyte 
PRRC2C 0.01882342 -0.2488529 Erythrocyte 
PRRX1 0.00890948 -0.9282112 Erythrocyte 
PTGS2 0.00125477 0.373626 Erythrocyte 
PTN 0.00688518 -1.69226 Erythrocyte 
REL 2.18E-11 -0.4306572 Erythrocyte 
RPL19 1.58E-26 0.3839183 Erythrocyte 
RPL32 0.00025685 -0.1530276 Erythrocyte 
RPL35A 0.00038676 -0.1562677 Erythrocyte 
RPL7A 0.00082558 0.1774396 Erythrocyte 
RPS15A 0.03257272 -0.1488158 Erythrocyte 
RPS21 1.09E-05 -0.3665576 Erythrocyte 
RPS23 0.00013337 -0.2051306 Erythrocyte 
RPS26 0.00041369 -0.1977567 Erythrocyte 
RPS27 2.24E-07 -0.2440138 Erythrocyte 
RPS28 3.10E-21 -0.3959807 Erythrocyte 
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RPS3 0.00063705 0.2033579 Erythrocyte 
RREB1 0.01536122 -0.4675445 Erythrocyte 
RYBP 0.00204336 -0.4685013 Erythrocyte 
S100A11 2.74E-05 -0.2144422 Erythrocyte 
S100A8 1.94E-08 -0.2540345 Erythrocyte 
SAT1 0.00180587 0.3769469 Erythrocyte 
SCIN 0.04853056 -0.6583535 Erythrocyte 
SEC11C 1.18E-05 0.7609227 Erythrocyte 
SERF2 0.0040535 -0.2313586 Erythrocyte 
SERPINB1 0.02625124 0.1762312 Erythrocyte 
SERPINF1 0.0003456 -0.869415 Erythrocyte 
SLC6A4 0.00018076 -0.7621025 Erythrocyte 
SNW1 0.02024448 -0.6601376 Erythrocyte 
SPARC 1.33E-25 -2.432094 Erythrocyte 
SPCS3 0.02008759 0.3415204 Erythrocyte 
STAG2 0.00765978 -0.3595814 Erythrocyte 
TNNC1 0.04521374 -1.08979 Erythrocyte 
UBB 0.00094272 0.2912665 Erythrocyte 
UMODL1 0.0366792 -0.6343535 Erythrocyte 
A4GALT 6.06E-05 0.4158292 Fibroblast 
AADAT 0.00013678 0.1995411 Fibroblast 
AAK1 0.00199264 0.1117656 Fibroblast 
AAMDC 0.04569573 0.1288595 Fibroblast 
AAMP 1.77E-06 0.1976466 Fibroblast 
AARS1 2.15E-09 0.1448491 Fibroblast 
AATF 3.28E-09 0.2450778 Fibroblast 
ABCA5 0.00667162 -0.0617729 Fibroblast 
ABCC4 0.00905908 0.3864354 Fibroblast 
ABCC5 3.18E-05 0.3434223 Fibroblast 
ABCE1 7.52E-39 0.3691793 Fibroblast 
ABCF1 8.10E-10 0.1890247 Fibroblast 
ABHD13 1.48E-05 0.1684326 Fibroblast 
ABHD3 2.00E-08 0.7288531 Fibroblast 
ABHD5 1.01E-70 0.1223414 Fibroblast 
ABHD8 2.23E-08 0.2663836 Fibroblast 
ABI1 2.47E-05 0.1440059 Fibroblast 
ABI3BP 9.38E-82 0.148745 Fibroblast 
ABL1 1.73E-53 0.1749452 Fibroblast 
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ABL2 0.01106889 0.2595281 Fibroblast 
ABRAXAS2 3.98E-10 0.3251083 Fibroblast 
ABTB1 2.14E-08 0.3187165 Fibroblast 
ACACA 8.93E-08 0.3536012 Fibroblast 
ACADM 1.31E-17 0.2891582 Fibroblast 
ACADSB 1.32E-53 -0.2706598 Fibroblast 
ACADVL 0.00089567 0.1305859 Fibroblast 
ACAT1 0.00043369 0.135245 Fibroblast 
ACAT2 0.001869 0.2141173 Fibroblast 
ACBD3 1.35E-21 0.3072363 Fibroblast 
ACBD5 6.05E-10 0.3076535 Fibroblast 
ACBD6 0.03109295 0.0876373 Fibroblast 
ACER3 0.00437609 0.112033 Fibroblast 
ACIN1 4.82E-49 0.2862476 Fibroblast 
ACKR3 1.46E-46 -0.2158266 Fibroblast 
ACLY 4.80E-48 0.5158811 Fibroblast 
ACOT6 1.26E-09 0.944356 Fibroblast 
ACOT9 4.34E-09 0.1435723 Fibroblast 
ACP5 3.54E-39 0.5171501 Fibroblast 
ACSL4 5.65E-43 0.4430741 Fibroblast 
ACSL5 6.60E-07 0.5277002 Fibroblast 
ACSS3 0.04029509 0.2248164 Fibroblast 
ACTB 1.03E-104 -0.1370123 Fibroblast 
ACTG1 1.20E-79 0.1270766 Fibroblast 
ACTL6A 9.74E-05 0.2688711 Fibroblast 
ACTR10 7.27E-15 0.1787734 Fibroblast 
ACTR3 1.47E-15 0.0876007 Fibroblast 
ACTR8 0.00454571 0.1520575 Fibroblast 
ACVR1B 0.02364152 0.3221528 Fibroblast 
ACVR2A 3.20E-39 0.241166 Fibroblast 
ACYP1 8.70E-10 0.2796862 Fibroblast 
ADA 7.73E-22 0.2343244 Fibroblast 
ADAL 0.00023925 0.2750788 Fibroblast 
ADAM10 2.86E-10 0.2507522 Fibroblast 
ADAM12 1.71E-64 -0.758551 Fibroblast 
ADAM17 7.58E-22 0.2424672 Fibroblast 
ADAM19 3.88E-30 0.4976692 Fibroblast 
ADAM33 8.35E-06 0.5218083 Fibroblast 
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ADAM9 1.26E-83 0.3118863 Fibroblast 
ADAMTS1 3.34E-52 0.250941 Fibroblast 
ADAMTS17 8.46E-103 -0.6926403 Fibroblast 
ADAMTS19 1.05E-26 -2.419281 Fibroblast 
ADAMTS2 5.86E-166 -0.650196 Fibroblast 
ADAMTS4 2.39E-80 0.2483369 Fibroblast 
ADAMTS5 2.35E-164 0.3872966 Fibroblast 
ADAMTS9 0.00880702 -0.3962195 Fibroblast 
ADAMTSL1 4.47E-13 0.4225459 Fibroblast 
ADCY5 0.04169852 0.541812 Fibroblast 
ADCY8 0.0229292 1.206171 Fibroblast 
ADCY9 0.00611544 0.378689 Fibroblast 
ADD1 1.30E-05 0.1342555 Fibroblast 
ADD2 3.09E-06 0.7965931 Fibroblast 
ADD3 5.98E-11 0.0916572 Fibroblast 
ADGRA2 6.83E-10 0.2905342 Fibroblast 
ADGRA3 0.0323946 -0.2746498 Fibroblast 
ADGRB3 9.45E-09 -1.776078 Fibroblast 
ADGRD1 5.55E-29 0.3951847 Fibroblast 
ADGRG2 1.03E-45 0.4931488 Fibroblast 
ADGRL2 2.88E-10 -0.2213354 Fibroblast 
ADGRL3 1.30E-07 -1.718014 Fibroblast 
ADIRF 1.43E-17 -0.055666 Fibroblast 
ADK 1.69E-16 0.2239026 Fibroblast 
ADM 1.43E-102 0.5543067 Fibroblast 
ADM5 2.31E-61 1.288202 Fibroblast 
ADNP 5.61E-05 0.1899203 Fibroblast 
ADNP2 0.01419561 0.1485115 Fibroblast 
ADRA2A 4.11E-20 -0.4071717 Fibroblast 
ADRM1 1.97E-29 0.2183263 Fibroblast 
ADSS2 7.56E-27 0.2729909 Fibroblast 
AEBP2 4.97E-27 0.3576043 Fibroblast 
AEN 5.85E-58 0.3583308 Fibroblast 
AFAP1 7.71E-09 -0.2932788 Fibroblast 
AFAP1L2 1.26E-12 0.3586302 Fibroblast 
AFF2 1.22E-37 -2.448873 Fibroblast 
AFF3 4.15E-20 0.2175905 Fibroblast 
AFF4 1.26E-23 0.2017316 Fibroblast 
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AGA 1.88E-08 -0.1484449 Fibroblast 
AGAP3 4.99E-07 0.2563116 Fibroblast 
AGBL3 0.02304606 0.5743113 Fibroblast 
AGBL5 7.12E-14 -0.1371874 Fibroblast 
AGFG1 0.0001672 0.1504843 Fibroblast 
AGGF1 2.70E-09 0.1874177 Fibroblast 
AGL 5.25E-15 0.2069963 Fibroblast 
AGMO 1.56E-33 0.4617835 Fibroblast 
AGPAT3 3.07E-05 0.3926715 Fibroblast 
AGPAT4 1.69E-05 -0.3558073 Fibroblast 
AGPAT5 0.00144965 0.2301801 Fibroblast 
AGRN 0.02672658 -0.5421246 Fibroblast 
AGTR1 0.00054984 0.2188106 Fibroblast 
AHCTF1 9.84E-68 0.3437167 Fibroblast 
AHCYL1 0.0205445 0.1467427 Fibroblast 
AHDC1 0.0029593 0.3705689 Fibroblast 
AHI1 1.57E-88 0.4108875 Fibroblast 
AHNAK 4.81E-22 0.0991981 Fibroblast 
AHR 5.98E-60 0.2672706 Fibroblast 
AHSA1 9.05E-61 0.280445 Fibroblast 
AIF1L 1.54E-62 1.580732 Fibroblast 
AIG1 9.10E-72 -0.2747346 Fibroblast 
AIMP1 0.00034986 0.1040719 Fibroblast 
AIP 0.00088827 0.1781429 Fibroblast 
AK2 1.59E-12 0.2458937 Fibroblast 
AKAP1 0.00982836 0.2464264 Fibroblast 
AKAP11 0.00038372 0.1844559 Fibroblast 
AKIP1 5.06E-15 0.4330642 Fibroblast 
AKIRIN1 0.00015071 0.24294 Fibroblast 
AKIRIN2 7.71E-42 0.194516 Fibroblast 
AKR1C3 0.00070619 0.2157884 Fibroblast 
AKT3 3.22E-11 0.2635356 Fibroblast 
ALAS1 6.92E-188 0.3206289 Fibroblast 
ALCAM 1.61E-94 0.2352858 Fibroblast 
ALDH1A1 8.69E-52 0.2302746 Fibroblast 
ALDH1A2 1.73E-10 0.8272939 Fibroblast 
ALDH1L1 0.00247118 0.3483925 Fibroblast 
ALDH1L2 4.70E-49 -0.5491545 Fibroblast 
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ALDH3B1 0.00964704 0.4009436 Fibroblast 
ALG11 2.20E-07 0.2204646 Fibroblast 
ALX1 9.33E-08 1.125343 Fibroblast 
ALYREF 1.56E-12 0.1344515 Fibroblast 
AMD1 9.22E-91 0.4311685 Fibroblast 
AMDHD1 2.07E-06 0.1323134 Fibroblast 
AMOTL2 0.04931982 0.2454769 Fibroblast 
AMPD2 0.00437609 0.1380084 Fibroblast 
AMPD3 2.85E-20 0.4310032 Fibroblast 
ANGPTL1 1.63E-61 0.1925322 Fibroblast 
ANGPTL4 1.02E-104 0.4558276 Fibroblast 
ANGPTL6 3.30E-19 0.4214211 Fibroblast 
ANKFY1 0.00010529 0.2553413 Fibroblast 
ANKRD11 4.36E-16 0.1035318 Fibroblast 
ANKRD12 5.10E-253 0.2671622 Fibroblast 
ANKRD13A 1.10E-10 0.3290675 Fibroblast 
ANKRD17 1.64E-55 0.247631 Fibroblast 
ANKRD22 0.02150062 -0.5639753 Fibroblast 
ANKRD28 7.78E-28 0.2877862 Fibroblast 
ANKRD29 2.66E-61 -0.6585045 Fibroblast 
ANKRD37 0.00837139 0.1383406 Fibroblast 
ANKRD49 0.03935498 0.2692849 Fibroblast 
ANKRD52 0.00030729 0.260331 Fibroblast 
ANKRD53 0.00094022 0.1509593 Fibroblast 
ANKRD54 0.0205445 0.1251262 Fibroblast 
ANKS1B 0.0025819 0.1089226 Fibroblast 
ANO10 4.40E-05 -0.2082771 Fibroblast 
ANO8 4.37E-21 0.3549199 Fibroblast 
ANOS1 1.16E-07 -1.564266 Fibroblast 
ANP32A 1.36E-30 0.2846208 Fibroblast 
ANP32E 2.60E-35 0.290872 Fibroblast 
ANTXR1 5.27E-59 -0.2060404 Fibroblast 
ANTXR2 2.95E-23 -0.093662 Fibroblast 
ANXA1 8.84E-37 0.0811086 Fibroblast 
ANXA11 8.32E-10 0.2721631 Fibroblast 
ANXA2 2.62E-27 0.061139 Fibroblast 
ANXA7 1.12E-50 0.3245877 Fibroblast 
AP2A1 1.89E-12 0.2380468 Fibroblast 
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AP2B1 0.00113039 -0.1227939 Fibroblast 
AP2S1 1.33E-13 -0.1571587 Fibroblast 
AP3D1 6.16E-07 0.1791279 Fibroblast 
AP3M2 8.44E-12 0.196777 Fibroblast 
AP5M1 9.77E-17 0.382546 Fibroblast 
APC 0.00828719 0.0697132 Fibroblast 
APCDD1L 1.18E-05 0.6545755 Fibroblast 
APEX1 2.15E-18 0.1486216 Fibroblast 
APH1A 1.61E-08 -0.1625872 Fibroblast 
API5 1.06E-05 0.1830252 Fibroblast 
APLP2 1.25E-108 0.3260445 Fibroblast 
APOE 2.41E-121 0.158276 Fibroblast 
APOL5 9.86E-13 -0.1558833 Fibroblast 
APOLD1 4.79E-05 0.2977506 Fibroblast 
APP 1.33E-08 -0.0724588 Fibroblast 
APPL1 0.00760104 -0.0813188 Fibroblast 
AQP1 2.40E-07 0.3549256 Fibroblast 
AQP9 0.00382664 2.456578 Fibroblast 
AQR 2.71E-11 0.2493625 Fibroblast 
ARAP2 3.98E-84 1.494441 Fibroblast 
ARCN1 1.38E-09 0.1713117 Fibroblast 
ARF1 0.00061367 0.2692044 Fibroblast 
ARF4 1.82E-27 0.1395224 Fibroblast 
ARF5 0.018392 -0.1313068 Fibroblast 
ARF6 0.022218 0.2377096 Fibroblast 
ARFGAP3 1.93E-07 0.067968 Fibroblast 
ARFRP1 5.94E-07 0.2618576 Fibroblast 
ARGLU1 7.47E-23 0.1548057 Fibroblast 
ARHGAP20 8.52E-10 0.4484567 Fibroblast 
ARHGAP21 8.33E-87 0.2553523 Fibroblast 
ARHGAP24 2.51E-13 0.3216035 Fibroblast 
ARHGAP26 4.79E-05 -0.2263783 Fibroblast 
ARHGAP28 0.00207798 0.2493853 Fibroblast 
ARHGAP29 1.11E-21 0.1870921 Fibroblast 
ARHGAP32 1.96E-50 -0.372475 Fibroblast 
ARHGAP42 1.16E-05 0.1307077 Fibroblast 
ARHGAP45 7.58E-100 0.1048307 Fibroblast 
ARHGAP6 5.55E-45 0.4645192 Fibroblast 
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ARHGEF10L 9.87E-09 0.362006 Fibroblast 
ARHGEF12 7.46E-11 0.1558365 Fibroblast 
ARID1A 1.16E-09 0.2616146 Fibroblast 
ARID1B 8.14E-05 0.2357111 Fibroblast 
ARID2 1.16E-25 0.3078637 Fibroblast 
ARID3A 2.71E-11 0.3441853 Fibroblast 
ARID4A 2.53E-62 0.365488 Fibroblast 
ARID4B 5.70E-53 0.1939085 Fibroblast 
ARID5A 0.00030729 0.236021 Fibroblast 
ARID5B 0 0.3504362 Fibroblast 
ARIH1 2.73E-20 0.2759361 Fibroblast 
ARIH2 1.77E-05 0.17717 Fibroblast 
ARL1 0.00027329 -0.1025583 Fibroblast 
ARL13B 8.91E-110 0.3992521 Fibroblast 
ARL14EP 2.45E-25 0.2824447 Fibroblast 
ARL15 3.24E-20 0.3042167 Fibroblast 
ARL5B 4.71E-72 0.3296003 Fibroblast 
ARL6IP5 4.36E-42 -0.1410068 Fibroblast 
ARL8B 0.04558024 0.1386112 Fibroblast 
ARMC1 8.63E-06 0.1760819 Fibroblast 
ARMC12 2.04E-38 0.5595003 Fibroblast 
ARMC7 0.04499495 0.1679081 Fibroblast 
ARMCX1 2.95E-13 0.1276767 Fibroblast 
ARNTL 2.73E-12 0.6106542 Fibroblast 
ARNTL2 0.00053979 1.302133 Fibroblast 
ARPC1B 0.01227756 0.1210735 Fibroblast 
ARPC2 0.04569573 -0.045082 Fibroblast 
ARPC3 1.15E-16 0.1245762 Fibroblast 
ARRDC3 4.28E-68 -0.2950257 Fibroblast 
ARRDC4 2.36E-14 0.3583763 Fibroblast 
ARSA 1.36E-13 0.1213154 Fibroblast 
ARSI 4.65E-10 0.8294383 Fibroblast 
ARSK 1.36E-11 0.3617377 Fibroblast 
ASAH1 1.16E-24 0.2960249 Fibroblast 
ASAP2 1.08E-07 0.1165666 Fibroblast 
ASB1 0.00750496 0.1203579 Fibroblast 
ASB9 4.52E-10 0.5197942 Fibroblast 
ASF1A 5.89E-12 0.4017354 Fibroblast 
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ASH1L 6.99E-83 0.2381955 Fibroblast 
ASIP 3.03E-31 0.4221648 Fibroblast 
ASPH 1.25E-21 -0.1389294 Fibroblast 
ASPN 1.28E-256 -0.57508 Fibroblast 
ASXL1 3.61E-85 0.332021 Fibroblast 
ATF1 5.52E-42 0.2418474 Fibroblast 
ATF2 1.60E-08 0.1999454 Fibroblast 
ATF3 2.43E-133 0.3501333 Fibroblast 
ATF4 1.78E-59 0.1040769 Fibroblast 
ATF6 8.57E-09 0.1910606 Fibroblast 
ATF7IP 7.30E-32 0.2850872 Fibroblast 
ATG3 3.86E-28 0.1968868 Fibroblast 
ATIC 0.00195559 0.1526052 Fibroblast 
ATL1 0.00032608 0.4447224 Fibroblast 
ATL2 9.72E-24 0.2434493 Fibroblast 
ATN1 1.90E-14 0.2553654 Fibroblast 
ATP1A1 9.96E-164 0.3917655 Fibroblast 
ATP1B3 1.83E-17 0.4233357 Fibroblast 
ATP2A2 4.61E-18 0.2010496 Fibroblast 
ATP2B4 0.00016593 0.1014504 Fibroblast 
ATP2C1 1.72E-08 0.3831055 Fibroblast 
ATP5F1B 8.39E-26 0.0981579 Fibroblast 
ATP5F1D 5.95E-12 0.0964503 Fibroblast 
ATP5F1E 1.16E-95 -0.2588538 Fibroblast 
ATP5IF1 0.00536324 0.0641542 Fibroblast 
ATP5PF 8.19E-39 -0.1576785 Fibroblast 
ATP6AP2 4.27E-45 0.2533809 Fibroblast 
ATP6V0B 1.96E-07 0.1131625 Fibroblast 
ATP6V0E1 2.42E-19 0.0812021 Fibroblast 
ATP6V1B2 0.00632266 0.13766 Fibroblast 
ATP6V1C1 0.01683568 0.1596727 Fibroblast 
ATP6V1F 0.0001129 0.0804706 Fibroblast 
ATP6V1H 2.23E-11 0.1967538 Fibroblast 
ATP8B1 0.00011682 0.1471575 Fibroblast 
ATP8B2 0.01038332 0.233283 Fibroblast 
ATRX 0.00113039 0.066808 Fibroblast 
ATXN10 2.34E-24 -0.2810683 Fibroblast 
ATXN2 9.83E-06 0.1173864 Fibroblast 
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ATXN2L 8.03E-36 0.2937206 Fibroblast 
ATXN7 1.00E-27 0.3315827 Fibroblast 
ATXN7L3 0.00067498 0.2900868 Fibroblast 
AURKB 4.93E-08 0.3203334 Fibroblast 
AVIL 1.26E-12 0.4016595 Fibroblast 
AVL9 0.00305687 0.321105 Fibroblast 
AVPR1A 1.79E-27 -1.067091 Fibroblast 
AXIN1 0.01683568 0.1955801 Fibroblast 
AXIN2 4.79E-36 0.3638189 Fibroblast 
AZIN1 9.72E-16 0.1586414 Fibroblast 
AZIN2 5.99E-09 0.929829 Fibroblast 
B2M 7.92E-47 0.1253402 Fibroblast 
B3GALNT2 5.06E-05 0.1722495 Fibroblast 
B3GNT2 0.00137544 0.2284486 Fibroblast 
B4GALT3 1.30E-05 0.2352679 Fibroblast 
B4GALT7 8.22E-05 -0.2312797 Fibroblast 
BABAM2 1.18E-09 0.3187084 Fibroblast 
BACE2 5.74E-13 0.2773708 Fibroblast 
BACH1 0.00142477 0.1089824 Fibroblast 
BACH2 1.78E-09 -0.2726016 Fibroblast 
BAG2 0.00174594 0.2194611 Fibroblast 
BAG3 4.75E-35 0.4155381 Fibroblast 
BAG4 0.00095262 0.2980924 Fibroblast 
BAG5 5.73E-43 0.3855959 Fibroblast 
BAG6 0.00865034 0.1728037 Fibroblast 
BANK1 4.48E-24 0.5215733 Fibroblast 
BAP1 2.16E-12 0.1903187 Fibroblast 
BASP1 5.80E-10 0.3296244 Fibroblast 
BATF2 0.00527927 1.032217 Fibroblast 
BATF3 1.97E-31 0.8721719 Fibroblast 
BAZ1A 0 0.4069289 Fibroblast 
BAZ1B 1.17E-12 0.1648897 Fibroblast 
BAZ2A 6.35E-13 0.1751552 Fibroblast 
BAZ2B 1.90E-22 0.1969819 Fibroblast 
BBLN 0.00012494 -0.0461716 Fibroblast 
BBS7 1.81E-05 0.2487402 Fibroblast 
BBX 0.02862426 0.0963399 Fibroblast 
BCAP31 6.46E-08 0.2194495 Fibroblast 
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BCAS2 1.16E-22 0.3051211 Fibroblast 
BCAS3 0.00469202 0.3071787 Fibroblast 
BCCIP 2.01E-40 0.2111504 Fibroblast 
BCHE 2.15E-27 -0.3515094 Fibroblast 
BCL10 5.83E-24 0.3042177 Fibroblast 
BCL2A1 1.79E-14 0.4126202 Fibroblast 
BCL2L11 8.08E-18 0.2356323 Fibroblast 
BCL2L13 1.93E-18 0.3341051 Fibroblast 
BCL3 9.00E-08 0.4833245 Fibroblast 
BCL6B 1.85E-11 0.542011 Fibroblast 
BCL7B 0.00202951 0.286521 Fibroblast 
BCL9L 1.70E-18 0.4364883 Fibroblast 
BCLAF1 9.27E-08 0.1110421 Fibroblast 
BCLAF3 3.41E-05 0.396829 Fibroblast 
BCOR 2.62E-45 0.4815996 Fibroblast 
BCORL1 2.26E-08 0.3913062 Fibroblast 
BDKRB2 5.64E-10 0.6005913 Fibroblast 
BDP1 2.98E-58 0.255284 Fibroblast 
BHLHE40 0.0465153 -0.0931766 Fibroblast 
BICC1 1.08E-11 0.1465166 Fibroblast 
BICD1 0.00199264 -1.274132 Fibroblast 
BID 0.00014565 -0.1858331 Fibroblast 
BIN1 5.69E-26 -0.2235908 Fibroblast 
BIRC2 2.08E-117 0.4564336 Fibroblast 
BIRC6 1.75E-24 0.17216 Fibroblast 
BLOC1S2 0.0073255 0.2235921 Fibroblast 
BLZF1 0.00088465 0.2846436 Fibroblast 
BMP1 1.29E-08 -0.2992296 Fibroblast 
BMP15 2.41E-09 0.2698553 Fibroblast 
BMP7 1.19E-06 0.1729651 Fibroblast 
BMS1 2.52E-07 0.1912007 Fibroblast 
BNC2 6.64E-06 0.6963011 Fibroblast 
BOP1 0.00315435 0.2196003 Fibroblast 
BPTF 3.71E-28 0.1688933 Fibroblast 
BRAF 5.76E-15 0.2809555 Fibroblast 
BRD1 5.13E-38 0.2835304 Fibroblast 
BRD2 2.46E-118 0.260677 Fibroblast 
BRD4 5.55E-14 0.129748 Fibroblast 



 

350 
 

BRD9 8.06E-10 -0.2291009 Fibroblast 
BRI3 1.58E-29 -0.1667949 Fibroblast 
BRIX1 6.67E-86 0.3460801 Fibroblast 
BRMS1L 0.00010479 0.2360813 Fibroblast 
BROX 1.55E-05 0.2423868 Fibroblast 
BRPF3 1.63E-15 0.3286882 Fibroblast 
BSCL2 9.83E-12 0.2315413 Fibroblast 
BSG 0.00352118 0.1625677 Fibroblast 
BST1 1.59E-21 0.238045 Fibroblast 
BTAF1 1.88E-10 0.2359894 Fibroblast 
BTBD1 2.53E-05 0.1685556 Fibroblast 
BTBD10 0.00037998 0.2354859 Fibroblast 
BTBD6 6.34E-37 -0.6658862 Fibroblast 
BTBD9 0.04920482 0.2387603 Fibroblast 
BTF3 4.75E-106 0.1475634 Fibroblast 
BTG1 8.97E-55 0.2605052 Fibroblast 
BTG2 0.00011352 0.1246821 Fibroblast 
BTG3 1.34E-14 0.3948714 Fibroblast 
BUD23 2.52E-24 0.2496874 Fibroblast 
BYSL 8.99E-20 0.367284 Fibroblast 
BZW1 2.54E-99 0.2199017 Fibroblast 
BZW2 8.64E-76 0.3369608 Fibroblast 
C10H12orf45 0.0014125 0.1951041 Fibroblast 
C10H12orf56 3.11E-08 0.3874603 Fibroblast 
C11H9orf72 1.07E-08 0.3245655 Fibroblast 
C12H6orf136 1.14E-25 0.4380591 Fibroblast 
C12H6orf141 8.10E-10 0.7068976 Fibroblast 
C14H1orf35 3.54E-08 0.1771355 Fibroblast 
C14orf132 1.37E-08 0.6819733 Fibroblast 
C17orf49 5.26E-16 0.1601053 Fibroblast 
C18H7orf57 0.03321784 -0.216787 Fibroblast 
C1GALT1 7.76E-23 0.2469389 Fibroblast 
C1H18orf54 0.0002001 0.1906537 Fibroblast 
C1H9orf64 8.22E-10 0.2009591 Fibroblast 
C1orf54 1.23E-112 0.5556429 Fibroblast 
C1QTNF1 0.02815488 0.205008 Fibroblast 
C1QTNF2 1.08E-114 -0.4788407 Fibroblast 
C1QTNF6 3.75E-265 -1.336488 Fibroblast 
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C1R 2.93E-289 0.409496 Fibroblast 
C1RL 1.92E-14 0.3734557 Fibroblast 
C1S 1.44E-132 0.247592 Fibroblast 
C2 2.83E-61 0.8075105 Fibroblast 
C20H3orf14 3.78E-06 0.7487929 Fibroblast 
C20H3orf49 0.01959066 0.1937714 Fibroblast 
C21H11orf97 6.27E-05 0.2046574 Fibroblast 
C26H12orf65 2.37E-05 0.2274124 Fibroblast 
C26H22orf39 4.03E-05 -0.2964562 Fibroblast 
C3 7.57E-147 1.256965 Fibroblast 
C30H15orf48 4.43E-05 0.9991665 Fibroblast 
C31H21orf91 0.00013423 0.272556 Fibroblast 
C35H6orf62 8.05E-12 0.1702936 Fibroblast 
C4H1orf131 0.00188131 0.099258 Fibroblast 
C4H1orf198 0.00097741 0.0905659 Fibroblast 
C4H5orf22 0.02968199 0.2928606 Fibroblast 
C5H1orf87 5.24E-51 -0.2866902 Fibroblast 
C6 7.35E-05 1.778589 Fibroblast 
C6H16orf72 3.55E-13 0.1199394 Fibroblast 
C6H16orf91 1.76E-08 -0.2720008 Fibroblast 
C6H1orf52 1.80E-23 0.2670356 Fibroblast 
C6H7orf50 4.14E-25 0.1637941 Fibroblast 
C7 5.25E-62 0.6518588 Fibroblast 
C7H18orf25 0.00835985 0.2469903 Fibroblast 
C7H1orf21 7.41E-20 0.3111748 Fibroblast 
C9H17orf58 3.77E-06 0.5835012 Fibroblast 
CA4 0 3.211742 Fibroblast 
CAB39 1.83E-63 0.4561999 Fibroblast 
CABCOCO1 0.00032362 -0.5552416 Fibroblast 
CACHD1 1.06E-06 -0.3204869 Fibroblast 
CACNA1G 1.14E-15 0.3243025 Fibroblast 
CACNA2D1 2.84E-10 0.1945029 Fibroblast 
CACNG4 1.21E-05 -0.5101137 Fibroblast 
CACTIN 6.71E-08 0.6401259 Fibroblast 
CACYBP 1.44E-13 0.1307791 Fibroblast 
CADM1 0.047688 0.1344385 Fibroblast 
CALCOCO1 3.77E-09 0.2200971 Fibroblast 
CALCOCO2 3.72E-49 0.1914057 Fibroblast 
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CALCRL 6.05E-38 0.3149181 Fibroblast 
CALHM3 5.15E-07 0.23814 Fibroblast 
CALHM6 0.00078499 -1.091441 Fibroblast 
CALM1 1.15E-136 0.1348953 Fibroblast 
CALR 1.46E-111 0.2570817 Fibroblast 
CAMK4 0.00137544 -0.8681948 Fibroblast 
CAMSAP1 0.03392038 0.2830122 Fibroblast 
CAMTA1 2.46E-07 0.1152195 Fibroblast 
CAND1 0.01196347 0.0849295 Fibroblast 
CANX 3.21E-07 -0.0625422 Fibroblast 
CAPG 1.65E-61 0.3013136 Fibroblast 
CAPN2 1.95E-67 0.4001015 Fibroblast 
CAPNS1 7.56E-06 0.2197216 Fibroblast 
CAPRIN2 2.19E-16 0.3749038 Fibroblast 
CARD11 1.19E-17 -1.513714 Fibroblast 
CARD6 1.56E-28 0.4422344 Fibroblast 
CARMIL1 6.08E-06 0.2939303 Fibroblast 
CARS2 0.00049245 0.2699119 Fibroblast 
CASD1 0.01959066 -0.2530722 Fibroblast 
CASP3 2.15E-06 0.2460366 Fibroblast 
CASP6 1.22E-10 0.2559282 Fibroblast 
CASP8 6.41E-09 0.5827734 Fibroblast 
CASTOR1 0.0076249 -0.2159009 Fibroblast 
CASZ1 1.84E-05 -0.3111233 Fibroblast 
CAT 3.84E-24 0.2684017 Fibroblast 
CAV2 2.08E-26 -0.2594165 Fibroblast 
CAVIN1 0.01947134 0.1168972 Fibroblast 
CBARP 7.67E-05 0.2112899 Fibroblast 
CBD103 7.11E-20 -0.4519302 Fibroblast 
CBFA2T3 6.27E-08 0.2190551 Fibroblast 
CBFB 0.00053109 0.2824376 Fibroblast 
CBLL1 4.11E-21 0.4058331 Fibroblast 
CBX1 6.07E-08 -0.2123473 Fibroblast 
CBX4 1.78E-24 0.4404646 Fibroblast 
CC2D1B 0.01970833 0.1649948 Fibroblast 
CCAR1 4.04E-06 0.1007032 Fibroblast 
CCBE1 9.60E-188 0.537751 Fibroblast 
CCDC112 1.45E-24 -0.3163649 Fibroblast 
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CCDC124 1.05E-10 0.2223765 Fibroblast 
CCDC137 0.00055727 0.4561654 Fibroblast 
CCDC141 0.0292086 0.5211897 Fibroblast 
CCDC148 0.00530302 0.7304991 Fibroblast 
CCDC152 1.59E-50 0.6438067 Fibroblast 
CCDC158 0.00123437 0.3052723 Fibroblast 
CCDC170 0.03321784 -0.4188123 Fibroblast 
CCDC18 4.82E-13 0.3457696 Fibroblast 
CCDC186 7.35E-11 -0.0959033 Fibroblast 
CCDC34 1.10E-77 -0.3217062 Fibroblast 
CCDC39 0.00073616 0.3063351 Fibroblast 
CCDC59 0.03675404 0.1025689 Fibroblast 
CCDC66 5.76E-19 0.2980377 Fibroblast 
CCDC80 0 -0.3641845 Fibroblast 
CCDC85A 0.0049244 1.064283 Fibroblast 
CCDC86 5.25E-12 0.531042 Fibroblast 
CCDC88A 2.39E-09 -0.1181817 Fibroblast 
CCDC9 3.78E-11 0.431446 Fibroblast 
CCDC91 9.69E-14 0.2487279 Fibroblast 
CCKAR 3.16E-08 0.1373966 Fibroblast 
CCL13 0.00267905 0.7987234 Fibroblast 
CCL14 3.34E-39 -1.925536 Fibroblast 
CCL19 0.00048503 0.1230718 Fibroblast 
CCL4 1.47E-20 1.111821 Fibroblast 
CCL5 4.48E-75 2.81764 Fibroblast 
CCL7 0 0.6675657 Fibroblast 
CCL8 6.33E-79 3.392349 Fibroblast 
CCN1 1.14E-188 0.447625 Fibroblast 
CCN3 0 -2.031097 Fibroblast 
CCND2 7.66E-31 0.2171927 Fibroblast 
CCNDBP1 4.37E-35 0.4142965 Fibroblast 
CCNH 7.98E-11 0.1836696 Fibroblast 
CCNK 6.06E-08 0.3220609 Fibroblast 
CCNL1 1.34E-39 0.2021557 Fibroblast 
CCNL2 1.60E-11 0.1815594 Fibroblast 
CCNT1 0.01743552 0.2675742 Fibroblast 
CCNT2 0.0026183 0.2531504 Fibroblast 
CCP110 0.02862426 0.152024 Fibroblast 
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CCPG1 7.81E-12 0.0925343 Fibroblast 
CCS 1.67E-37 0.3970654 Fibroblast 
CCT2 6.53E-49 0.1983912 Fibroblast 
CCT3 2.57E-87 0.3058637 Fibroblast 
CCT4 1.78E-15 0.1211641 Fibroblast 
CCT5 2.98E-57 0.2324565 Fibroblast 
CCT6A 1.81E-22 0.1405167 Fibroblast 
CCT8 0.00081618 0.0867487 Fibroblast 
CD109 2.96E-162 0.7559639 Fibroblast 
CD151 1.26E-37 0.2371105 Fibroblast 
CD163 0.01132934 0.2105352 Fibroblast 
CD2 0.00073251 0.489493 Fibroblast 
CD248 5.51E-92 -0.2755417 Fibroblast 
CD274 3.04E-29 0.2977123 Fibroblast 
CD2BP2 1.06E-05 0.1446368 Fibroblast 
CD302 0.00090055 -0.0599574 Fibroblast 
CD34 6.02E-23 0.0822489 Fibroblast 
CD38 6.96E-65 1.824383 Fibroblast 
CD3D 3.15E-14 0.7214299 Fibroblast 
CD3E 1.49E-10 0.672986 Fibroblast 
CD3G 1.71E-05 0.8333228 Fibroblast 
CD40 5.25E-49 0.7175014 Fibroblast 
CD44 2.42E-144 0.186204 Fibroblast 
CD47 4.13E-52 0.1523601 Fibroblast 
CD55 0.00024806 0.1295198 Fibroblast 
CD63 5.58E-99 -0.1189067 Fibroblast 
CD68 1.83E-07 1.263671 Fibroblast 
CD69 0.01875035 0.8889546 Fibroblast 
CD79A 1.91E-62 0.0686767 Fibroblast 
CDA 1.70E-109 0.5706278 Fibroblast 
CDADC1 1.59E-08 0.2097632 Fibroblast 
CDC123 2.18E-30 0.2545982 Fibroblast 
CDC14A 3.32E-05 0.4764964 Fibroblast 
CDC23 0.00185669 0.2084853 Fibroblast 
CDC26 1.58E-24 0.2499675 Fibroblast 
CDC27 2.09E-05 0.2173735 Fibroblast 
CDC37 1.61E-28 0.3139597 Fibroblast 
CDC37L1 3.27E-08 0.1225654 Fibroblast 
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CDC40 1.37E-46 0.2610179 Fibroblast 
CDC42BPA 8.16E-28 -0.1915142 Fibroblast 
CDC42BPB 6.39E-07 0.1708429 Fibroblast 
CDC42EP5 1.33E-178 -0.3090594 Fibroblast 
CDH1 2.07E-12 -0.4128456 Fibroblast 
CDH13 0.00371645 0.1609908 Fibroblast 
CDK12 1.60E-76 0.3211915 Fibroblast 
CDK13 4.15E-33 0.3106623 Fibroblast 
CDK17 8.83E-29 0.4726516 Fibroblast 
CDK2AP2 0.0012515 0.3270531 Fibroblast 
CDK3 2.01E-92 0.7783262 Fibroblast 
CDK7 5.71E-08 0.2978432 Fibroblast 
CDK8 0.03321784 0.3604164 Fibroblast 
CDKN1A 3.14E-90 0.4621972 Fibroblast 
CDKN1B 7.25E-35 0.3245178 Fibroblast 
CDKN2AIP 6.91E-37 0.4137896 Fibroblast 
CDKN2AIPNL 0.0433422 0.1379862 Fibroblast 
CDO1 3.10E-115 -0.4244976 Fibroblast 
CDON 6.88E-14 -0.2142731 Fibroblast 
CDR2 7.53E-82 0.5051626 Fibroblast 
CDV3 2.26E-25 0.4660792 Fibroblast 
CEACAM28 1.21E-14 -0.4334685 Fibroblast 
CEBPB 9.19E-23 0.3012933 Fibroblast 
CEBPG 0.00092161 0.3214448 Fibroblast 
CECR2 0.0441706 0.2333056 Fibroblast 
CELF2 9.44E-40 -0.1291857 Fibroblast 
CEMIP2 3.48E-07 0.2053737 Fibroblast 
CENPB 1.12E-07 0.2630659 Fibroblast 
CENPV 1.00E-24 -0.3251844 Fibroblast 
CEP120 0.00190607 0.1570458 Fibroblast 
CEP126 4.14E-08 -0.6742286 Fibroblast 
CEP170 2.03E-24 0.2061558 Fibroblast 
CEP192 9.82E-21 0.2692185 Fibroblast 
CEP295 0.00174594 0.2243832 Fibroblast 
CEP350 8.58E-10 0.1697655 Fibroblast 
CEP41 7.97E-06 0.2722179 Fibroblast 
CEP63 1.20E-06 0.1511796 Fibroblast 
CEP85L 0.00196789 0.1606249 Fibroblast 
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CERCAM 3.77E-09 -0.353613 Fibroblast 
CERKL 5.98E-15 -0.5204875 Fibroblast 
CERS4 9.90E-27 0.2488901 Fibroblast 
CERS6 3.46E-06 0.4809686 Fibroblast 
CERT1 2.23E-13 0.2112508 Fibroblast 
CES2 1.13E-12 0.6786353 Fibroblast 
CES5A 1.16E-103 1.451301 Fibroblast 
CETN3 6.79E-09 0.1439145 Fibroblast 
CFAP206 1.91E-11 0.3395649 Fibroblast 
CFAP251 7.32E-06 0.5209358 Fibroblast 
CFAP300 0.00247118 -0.5346468 Fibroblast 
CFAP73 0.00702097 0.3308757 Fibroblast 
CFDP1 1.84E-53 -0.2396918 Fibroblast 
CFI 0 1.494642 Fibroblast 
CFL1 6.80E-23 0.0700188 Fibroblast 
CFL2 0.0046562 0.187933 Fibroblast 
CFLAR 9.25E-14 0.2193962 Fibroblast 
CGGBP1 2.71E-19 0.1583148 Fibroblast 
CGNL1 1.49E-48 -0.4859095 Fibroblast 
CHAC1 0.01227756 0.8675143 Fibroblast 
CHAD 0.03097806 -2.525315 Fibroblast 
CHAMP1 1.34E-05 0.2321196 Fibroblast 
CHCHD10 1.54E-10 -0.1105263 Fibroblast 
CHCHD2 0.00147441 0.0481537 Fibroblast 
CHCHD7 0.00032981 0.401968 Fibroblast 
CHD1 9.51E-27 0.1637946 Fibroblast 
CHD1L 3.27E-38 0.4470234 Fibroblast 
CHD2 4.01E-16 0.1243407 Fibroblast 
CHD3 0.00736045 0.1098219 Fibroblast 
CHD4 3.06E-09 0.1001198 Fibroblast 
CHD7 1.80E-51 0.6191884 Fibroblast 
CHD8 0.0001963 0.1917749 Fibroblast 
CHKA 0.02542128 0.2912598 Fibroblast 
CHL1 2.84E-12 0.8672931 Fibroblast 
CHM 0.02042703 0.2089718 Fibroblast 
CHMP2A 1.44E-13 0.1215265 Fibroblast 
CHN2 0.00053862 0.8680085 Fibroblast 
CHP1 0.00107961 0.2330957 Fibroblast 
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CHPF 2.62E-216 -0.7739121 Fibroblast 
CHRDL1 1.77E-45 0.2667799 Fibroblast 
CHRNA2 0.02185756 0.5273002 Fibroblast 
CHRNB4 0.00671903 -0.2397488 Fibroblast 
CHRNE 1.35E-35 -0.2056381 Fibroblast 
CHST11 7.22E-07 0.575297 Fibroblast 
CHST3 1.87E-30 0.4969481 Fibroblast 
CHSY1 1.44E-55 0.6928367 Fibroblast 
CHTOP 1.61E-16 0.2477806 Fibroblast 
CHUK 6.91E-05 0.3274383 Fibroblast 
CIAO2B 4.04E-58 0.3075166 Fibroblast 
CIB1 0.0127575 -0.0755084 Fibroblast 
CIB2 1.88E-20 -0.2995622 Fibroblast 
CIDEC 0.00169674 0.2896018 Fibroblast 
CILK1 2.28E-07 -0.1602658 Fibroblast 
CIRBP 3.26E-13 -0.0918008 Fibroblast 
CISD2 1.00E-05 0.1302592 Fibroblast 
CIT 5.90E-05 -1.208332 Fibroblast 
CITED2 8.68E-09 0.2951242 Fibroblast 
CKAP2 0.0133573 0.2014029 Fibroblast 
CKAP4 1.47E-68 -0.1809884 Fibroblast 
CKAP5 2.62E-16 0.3582827 Fibroblast 
CKS1B 1.37E-16 0.1817566 Fibroblast 
CLASP1 1.79E-13 0.3196732 Fibroblast 
CLASRP 1.20E-08 0.3553749 Fibroblast 
CLCA2 0.04018224 -0.3928373 Fibroblast 
CLDN2 0.00031354 0.1463924 Fibroblast 
CLDND1 1.70E-20 0.1373875 Fibroblast 
CLEC11A 0 -0.8085539 Fibroblast 
CLEC3B 1.10E-79 -0.1147939 Fibroblast 
CLIC1 4.26E-197 0.2992229 Fibroblast 
CLIC3 3.63E-18 -0.4955405 Fibroblast 
CLIC4 3.38E-37 0.3628066 Fibroblast 
CLIC5 6.82E-05 0.4767067 Fibroblast 
CLIP1 6.06E-08 0.1166955 Fibroblast 
CLK1 3.38E-10 0.1113963 Fibroblast 
CLK3 3.42E-19 0.3078817 Fibroblast 
CLK4 1.61E-12 0.183261 Fibroblast 
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CLNS1A 2.32E-06 0.2182673 Fibroblast 
CLOCK 1.70E-13 0.335112 Fibroblast 
CLPTM1L 4.85E-32 0.3379032 Fibroblast 
CLPX 9.34E-06 0.2025727 Fibroblast 
CLSTN1 6.26E-19 0.3106634 Fibroblast 
CLSTN3 3.58E-07 0.8180466 Fibroblast 
CLU 0.00123437 0.3048467 Fibroblast 
CMA1 0.016954 0.6889491 Fibroblast 
CMIP 7.11E-09 0.1396792 Fibroblast 
CMTM3 1.53E-15 -0.2500338 Fibroblast 
CMTM8 0.00658631 -0.1599958 Fibroblast 
CNN3 0.00148655 -0.0636205 Fibroblast 
CNNM4 1.23E-07 0.5035957 Fibroblast 
CNOT1 0.00110442 0.1062633 Fibroblast 
CNOT10 9.45E-24 0.2772179 Fibroblast 
CNOT11 1.03E-05 0.4403007 Fibroblast 
CNOT4 4.56E-58 0.2971635 Fibroblast 
CNOT6 1.68E-06 0.2015062 Fibroblast 
CNOT6L 0.004437 0.1874859 Fibroblast 
CNTN1 8.72E-24 -0.9774465 Fibroblast 
COBLL1 9.20E-06 -0.1976794 Fibroblast 
COCH 9.38E-15 -0.7729995 Fibroblast 
COG2 1.47E-05 0.1712199 Fibroblast 
COG3 0.01659618 0.2316155 Fibroblast 
COIL 6.55E-24 0.2705659 Fibroblast 
COL11A1 6.30E-40 -1.46261 Fibroblast 
COL12A1 2.10E-07 -0.1227909 Fibroblast 
COL14A1 2.40E-13 -0.0910422 Fibroblast 
COL15A1 1.30E-40 -0.3770172 Fibroblast 
COL1A1 0 -1.757415 Fibroblast 
COL1A2 0 -1.451484 Fibroblast 
COL21A1 5.01E-55 -0.6942105 Fibroblast 
COL23A1 2.70E-58 0.3855579 Fibroblast 
COL27A1 0.00175813 0.2734508 Fibroblast 
COL28A1 6.95E-29 0.2238477 Fibroblast 
COL3A1 0 -1.648848 Fibroblast 
COL4A1 7.05E-12 -0.1361713 Fibroblast 
COL4A5 7.27E-17 -1.090117 Fibroblast 
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COL4A6 0.00010033 -1.687667 Fibroblast 
COL5A1 0 -0.9772621 Fibroblast 
COL5A2 5.97E-305 -0.3639238 Fibroblast 
COL5A3 5.82E-08 -0.1036857 Fibroblast 
COL6A1 2.28E-43 -0.085272 Fibroblast 
COL6A3 0 -0.5365422 Fibroblast 
COL6A5 2.45E-159 3.8030989 Fibroblast 
COL6A6 1.31E-64 2.020213 Fibroblast 
COL7A1 7.37E-24 -0.4331013 Fibroblast 
COL8A1 7.33E-22 0.6465883 Fibroblast 
COL8A2 6.88E-21 -0.6551557 Fibroblast 
COLEC12 1.26E-11 0.2069007 Fibroblast 
COMP 3.10E-241 0.9382494 Fibroblast 
COPB1 0.00199264 0.0769776 Fibroblast 
COPB2 0.00575125 -0.0854881 Fibroblast 
COPS2 7.20E-13 0.180671 Fibroblast 
COPS3 4.51E-07 0.2181524 Fibroblast 
COPS5 0.00092279 0.189092 Fibroblast 
COPS6 6.41E-11 0.2337727 Fibroblast 
COPS7A 0.00449753 0.2101552 Fibroblast 
COPZ2 0 -0.6161056 Fibroblast 
COQ2 0.01105762 0.1961217 Fibroblast 
COQ8B 1.87E-11 0.2280535 Fibroblast 
CORO1B 9.62E-05 0.2098723 Fibroblast 
CORO1C 0.00292262 -0.1364448 Fibroblast 
COTL1 7.60E-40 0.648946 Fibroblast 
COX18 1.25E-07 0.2235393 Fibroblast 
COX20 0.00375318 0.1791056 Fibroblast 
COX7A1 3.76E-08 -0.145562 Fibroblast 
COX8A 0.00487555 -0.1760472 Fibroblast 
CP 2.14E-58 -0.4136542 Fibroblast 
CPA3 9.05E-05 0.7770832 Fibroblast 
CPAMD8 4.78E-10 0.3762233 Fibroblast 
CPD 1.24E-37 0.2685933 Fibroblast 
CPE 5.35E-87 -0.4592171 Fibroblast 
CPEB2 2.42E-09 0.2655498 Fibroblast 
CPED1 3.15E-12 0.1978761 Fibroblast 
CPLANE1 1.62E-05 0.1209987 Fibroblast 
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CPLX4 8.65E-12 0.4755466 Fibroblast 
CPNE3 7.07E-07 0.1278281 Fibroblast 
CPNE4 2.08E-08 0.215502 Fibroblast 
CPNE5 2.64E-10 0.2178049 Fibroblast 
CPNE6 1.95E-10 0.192612 Fibroblast 
CPOX 0.00655058 0.4283737 Fibroblast 
CPPED1 2.22E-05 -0.4141838 Fibroblast 
CPQ 1.09E-103 -0.4152482 Fibroblast 
CPSF6 0.03581422 0.110736 Fibroblast 
CPT1A 5.48E-14 0.1729584 Fibroblast 
CPXM1 7.78E-174 -0.7035209 Fibroblast 
CPZ 0 -1.2715601 Fibroblast 
CRABP2 1.13E-67 -0.5875193 Fibroblast 
CRCP 0.04111488 0.1021407 Fibroblast 
CREB1 1.07E-17 0.3174427 Fibroblast 
CREB3L1 0.00955182 -0.2045013 Fibroblast 
CREBBP 6.36E-27 0.2272453 Fibroblast 
CREG1 1.01E-95 0.6352545 Fibroblast 
CRELD2 1.07E-89 0.4840602 Fibroblast 
CRIM1 1.80E-08 0.3258605 Fibroblast 
CRIP1 2.04E-30 0.0759899 Fibroblast 
CRIP2 2.83E-05 -0.1408988 Fibroblast 
CRISPLD2 9.21E-15 0.2715275 Fibroblast 
CRKL 0.00022918 0.2351901 Fibroblast 
CRLF1 8.03E-113 0.4445442 Fibroblast 
CRLF3 3.13E-08 0.4579965 Fibroblast 
CROT 4.13E-05 0.2467777 Fibroblast 
CRP 0.00287471 0.1668513 Fibroblast 
CRTAP 1.27E-06 -0.1623335 Fibroblast 
CRTC2 4.08E-05 0.215509 Fibroblast 
CRTC3 2.03E-07 0.2256171 Fibroblast 
CRYAB 1.53E-156 0.4083803 Fibroblast 
CRYBG1 9.37E-29 0.5271645 Fibroblast 
CRYBG2 0.01118791 -0.5551208 Fibroblast 
CRYBG3 2.84E-28 0.2365607 Fibroblast 
CRYL1 1.64E-06 0.281576 Fibroblast 
CRYM 2.31E-38 -0.2004037 Fibroblast 
CSE1L 4.62E-41 0.2740641 Fibroblast 
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CSF1 4.36E-56 0.458338 Fibroblast 
CSGALNACT1 0.01407544 0.1491603 Fibroblast 
CSGALNACT2 8.33E-05 0.1328884 Fibroblast 
CSNK1A1 6.86E-68 0.1682036 Fibroblast 
CSNK1D 2.67E-11 0.2086561 Fibroblast 
CSNK1E 9.55E-29 0.5308253 Fibroblast 
CSNK1G1 2.09E-71 0.1081687 Fibroblast 
CSNK1G3 7.24E-08 0.1170472 Fibroblast 
CSNK2A2 0.0014125 0.1615248 Fibroblast 
CSRNP1 0.00029974 0.5583475 Fibroblast 
CSTB 2.35E-110 0.1192785 Fibroblast 
CSTF2T 7.10E-22 0.2906029 Fibroblast 
CTBP2 2.53E-12 0.1510447 Fibroblast 
CTDP1 3.93E-23 0.3805655 Fibroblast 
CTHRC1 0 -1.117571 Fibroblast 
CTNNA1 2.20E-17 0.1419641 Fibroblast 
CTNNBL1 0.01587589 0.1416314 Fibroblast 
CTSB 2.99E-25 0.2918766 Fibroblast 
CTSC 5.38E-126 -0.3244579 Fibroblast 
CTSF 0.00302048 0.1263882 Fibroblast 
CTSH 0.00151141 -0.0922147 Fibroblast 
CTSK 3.81E-14 -0.0795623 Fibroblast 
CTSS 1.26E-07 0.1612712 Fibroblast 
CTTNBP2NL 0.00052621 0.0993267 Fibroblast 
CUL2 0.00683996 0.1363731 Fibroblast 
CUL3 4.99E-31 0.2122578 Fibroblast 
CUL4A 0.01515625 0.1683574 Fibroblast 
CUL5 3.61E-77 0.3707837 Fibroblast 
CUTA 5.84E-05 -0.1253881 Fibroblast 
CWC22 9.74E-06 0.167087 Fibroblast 
CWC25 2.20E-62 0.3971558 Fibroblast 
CWC27 0.00226281 0.1311391 Fibroblast 
CWF19L1 3.31E-05 0.342876 Fibroblast 
CX3CL1 0.00036236 0.7419541 Fibroblast 
CXADR 6.15E-08 0.6681331 Fibroblast 
CXCL10 0.0179154 0.857864 Fibroblast 
CXCL12 5.97E-111 0.3486975 Fibroblast 
CXCL16 2.88E-47 0.2329786 Fibroblast 
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CXCL6 2.87E-29 1.806068 Fibroblast 
CXCR4 6.42E-40 -0.2926076 Fibroblast 
CXHXorf38 5.24E-10 0.4618532 Fibroblast 
CXXC1 3.82E-07 0.2122652 Fibroblast 
CYB5A 5.38E-08 0.1833672 Fibroblast 
CYB5R3 0.01051479 0.1626236 Fibroblast 
CYBRD1 3.69E-31 0.1243774 Fibroblast 
CYFIP1 7.34E-10 0.2611044 Fibroblast 
CYFIP2 0.02459832 0.2063374 Fibroblast 
CYLD 0.00209026 0.09216 Fibroblast 
CYP1B1 0 0.3913664 Fibroblast 
CYP21A2 5.29E-30 0.3694248 Fibroblast 
CYP26B1 1.65E-174 0.3172636 Fibroblast 
CYP27A1 3.12E-78 0.3088449 Fibroblast 
CYP2U1 0.00032484 0.3714298 Fibroblast 
CYP39A1 9.44E-07 -0.2359061 Fibroblast 
CYP7B1 9.34E-63 0.3048158 Fibroblast 
CYSTM1 2.38E-23 0.1023073 Fibroblast 
CYTH1 2.48E-14 0.2185243 Fibroblast 
CYTH2 4.83E-25 0.3460339 Fibroblast 
CYYR1 4.14E-08 -1.107029 Fibroblast 
DAGLB 6.02E-23 0.5317842 Fibroblast 
DAPK2 0.0002178 0.1879737 Fibroblast 
DAPK3 9.25E-19 0.4853695 Fibroblast 
DAZAP1 2.24E-07 0.2237195 Fibroblast 
DBI 3.59E-05 -0.0850563 Fibroblast 
DBP 1.87E-105 -0.6587826 Fibroblast 
DBR1 0.00036112 0.2333958 Fibroblast 
DCAF1 0.0010547 0.1815686 Fibroblast 
DCAF13 0.01527498 0.3028344 Fibroblast 
DCAF5 0.00010351 0.1574247 Fibroblast 
DCAF6 0.0034358 -0.1374573 Fibroblast 
DCAF8 5.09E-10 0.2059322 Fibroblast 
DCBLD2 5.01E-140 0.6242818 Fibroblast 
DCPS 4.60E-08 0.2071279 Fibroblast 
DCTN2 0.00541024 0.1154677 Fibroblast 
DCTN3 6.51E-12 0.1312241 Fibroblast 
DCTN4 0.00012419 0.1707029 Fibroblast 
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DCTN6 3.77E-06 0.1479924 Fibroblast 
DCTPP1 2.98E-14 0.2276451 Fibroblast 
DCUN1D3 1.59E-22 0.5524366 Fibroblast 
DCXR 1.63E-08 0.1941359 Fibroblast 
DDA1 1.02E-29 0.3573661 Fibroblast 
DDAH2 0.00670731 0.0830945 Fibroblast 
DDHD2 3.37E-08 0.2392612 Fibroblast 
DDI1 0.00600785 0.2251608 Fibroblast 
DDIT3 3.52E-36 0.3594437 Fibroblast 
DDIT4 4.78E-152 0.3544525 Fibroblast 
DDOST 3.19E-107 0.4774595 Fibroblast 
DDR2 1.09E-11 0.149922 Fibroblast 
DDX10 2.54E-07 0.2002768 Fibroblast 
DDX17 2.16E-11 0.0776132 Fibroblast 
DDX18 3.03E-05 0.1328888 Fibroblast 
DDX19A 0.00111553 0.1367839 Fibroblast 
DDX20 1.12E-14 0.409347 Fibroblast 
DDX21 2.02E-43 0.1595318 Fibroblast 
DDX24 6.44E-07 0.0637677 Fibroblast 
DDX27 1.70E-11 0.1676122 Fibroblast 
DDX39A 4.07E-28 0.39771 Fibroblast 
DDX39B 5.97E-22 0.2125954 Fibroblast 
DDX3X 4.37E-66 0.1441353 Fibroblast 
DDX41 0.00272778 0.1898692 Fibroblast 
DDX47 1.69E-08 0.168655 Fibroblast 
DDX49 1.73E-27 0.4304898 Fibroblast 
DDX5 1.31E-256 0.193198 Fibroblast 
DDX50 0.01659618 0.1235646 Fibroblast 
DDX55 1.28E-07 0.2609045 Fibroblast 
DDX6 1.06E-06 0.2060597 Fibroblast 
DEDD 5.17E-15 0.2553942 Fibroblast 
DEFB1 0.0004763 -2.044342 Fibroblast 
DEGS1 1.54E-101 0.2286036 Fibroblast 
DENND1B 0.02459832 0.270811 Fibroblast 
DENND2A 1.47E-05 0.1731742 Fibroblast 
DENND4A 7.98E-80 0.4331576 Fibroblast 
DENND4C 0.00341164 0.1601077 Fibroblast 
DENND5A 3.76E-38 0.1368116 Fibroblast 
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DERL1 1.61E-08 0.1786304 Fibroblast 
DERL2 1.14E-09 0.1864237 Fibroblast 
DERL3 0.0117952 1.77927 Fibroblast 
DGKI 0.00012 0.1232819 Fibroblast 
DGUOK 0.00021906 0.2738742 Fibroblast 
DHRS1 2.94E-14 0.3325222 Fibroblast 
DHRS7 8.19E-14 -0.0755258 Fibroblast 
DHX15 2.81E-08 0.1265032 Fibroblast 
DHX36 0.00652658 0.0676403 Fibroblast 
DHX38 2.59E-05 0.2963946 Fibroblast 
DHX40 0.00152378 0.1183293 Fibroblast 
DHX9 0.00023925 0.1052478 Fibroblast 
DIAPH1 1.68E-06 0.1619632 Fibroblast 
DIAPH2 3.58E-07 0.0995829 Fibroblast 
DIAPH3 8.18E-06 -0.7225864 Fibroblast 
DIDO1 2.97E-06 0.2580075 Fibroblast 
DIMT1 0.03156526 0.3577165 Fibroblast 
DIS3 6.63E-34 0.3347589 Fibroblast 
DIXDC1 3.77E-07 0.1886028 Fibroblast 
DKC1 5.38E-19 0.1857643 Fibroblast 
DKK1 2.73E-09 0.2753326 Fibroblast 
DLA-64 5.25E-126 0.199805 Fibroblast 
DLA88 0 0.9297687 Fibroblast 
DLA-DMA 0.00039126 0.5000508 Fibroblast 
DLC1 1.09E-49 0.1637412 Fibroblast 
DLG1 0.00404654 0.1188104 Fibroblast 
DLGAP4 2.55E-13 0.1237736 Fibroblast 
DLST 0.00232385 0.1363064 Fibroblast 
DMAC1 3.29E-41 -0.3201039 Fibroblast 
DMD 4.48E-14 -0.2926679 Fibroblast 
DMRT2 7.91E-06 0.7932862 Fibroblast 
DMTF1 0.00126391 0.2018096 Fibroblast 
DMXL2 0.00570349 0.3302825 Fibroblast 
DNAH3 1.52E-06 0.4359415 Fibroblast 
DNAI1 6.16E-06 0.2633884 Fibroblast 
DNAJA1 4.60E-76 0.1471432 Fibroblast 
DNAJA4 1.80E-10 0.2005965 Fibroblast 
DNAJB1 2.53E-27 0.2384695 Fibroblast 
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DNAJB11 7.84E-56 0.2956103 Fibroblast 
DNAJB12 0.02968199 0.1189422 Fibroblast 
DNAJB9 5.12E-39 0.2682031 Fibroblast 
DNAJC1 3.35E-29 -0.2528925 Fibroblast 
DNAJC10 7.81E-29 0.2011447 Fibroblast 
DNAJC13 9.91E-05 0.1594677 Fibroblast 
DNAJC19 3.88E-69 -0.2485715 Fibroblast 
DNAJC25 1.18E-26 0.163989 Fibroblast 
DNAJC3 3.21E-60 0.1738568 Fibroblast 
DNAJC4 9.77E-05 0.1367057 Fibroblast 
DNAL1 0.00694859 0.1811942 Fibroblast 
DNASE1L1 3.38E-16 0.2356084 Fibroblast 
DNLZ 1.50E-34 0.3570634 Fibroblast 
DNM1 4.49E-08 0.1595247 Fibroblast 
DNM1L 7.58E-11 0.2331814 Fibroblast 
DNM2 0.0026305 0.2237975 Fibroblast 
DNM3 1.99E-05 0.5963596 Fibroblast 
DNMT1 8.33E-19 0.2840528 Fibroblast 
DNPEP 0.00175813 0.2156833 Fibroblast 
DNPH1 0.00116269 -0.3614302 Fibroblast 
DNTTIP1 4.61E-10 -0.1436455 Fibroblast 
DNTTIP2 7.31E-89 0.3292475 Fibroblast 
DOC2A 1.61E-16 0.3832115 Fibroblast 
DOCK1 2.85E-24 0.2110038 Fibroblast 
DOCK2 8.27E-05 0.2239038 Fibroblast 
DOK4 0.00032238 0.3275256 Fibroblast 
DOK6 0.02233505 -1.453089 Fibroblast 
DOP1A 2.88E-20 0.3111766 Fibroblast 
DPAGT1 0.01177282 0.3618119 Fibroblast 
DPCD 0.00227487 0.2460476 Fibroblast 
DPEP1 2.06E-12 -0.4580531 Fibroblast 
DPH6 0.00013805 0.1700129 Fibroblast 
DPM1 0.0089277 0.0985341 Fibroblast 
DPP4 5.03E-56 0.6493596 Fibroblast 
DPP7 4.02E-07 0.1491748 Fibroblast 
DPP8 0.0248333 0.1522141 Fibroblast 
DPT 5.28E-06 -0.0759727 Fibroblast 
DPY30 4.20E-30 0.2641932 Fibroblast 
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DPYD 1.28E-39 0.2844645 Fibroblast 
DPYSL3 2.39E-27 -0.5170937 Fibroblast 
DRAM1 6.29E-130 0.9106743 Fibroblast 
DRAP1 2.60E-39 0.2430717 Fibroblast 
DRG1 1.65E-07 0.1902014 Fibroblast 
DSC1 0.00164749 -0.2190401 Fibroblast 
DSEL 7.68E-73 -0.4100839 Fibroblast 
DSP 3.02E-20 -0.3687086 Fibroblast 
DST 3.48E-27 0.1077775 Fibroblast 
DSTN 3.81E-07 0.133364 Fibroblast 
DSTYK 6.75E-16 0.3985693 Fibroblast 
DTNBP1 3.15E-44 0.3682211 Fibroblast 
DTX4 1.27E-14 0.3280325 Fibroblast 
DUOX1 9.37E-05 -0.7475416 Fibroblast 
DUS4L 0.0001748 0.1881352 Fibroblast 
DUSP1 0.0004575 -0.0991587 Fibroblast 
DUSP11 0.00012914 0.138003 Fibroblast 
DUSP16 2.47E-07 0.2321424 Fibroblast 
DXO 0.00100485 0.3014464 Fibroblast 
DYNC1H1 2.33E-10 0.0774001 Fibroblast 
DYNC1LI1 6.04E-26 0.2379689 Fibroblast 
DYNC2LI1 0.00108821 0.226899 Fibroblast 
DYNLL2 2.68E-05 0.1237714 Fibroblast 
DYNLRB1 0.01117665 0.04378 Fibroblast 
DYNLT1 3.11E-76 -0.3813827 Fibroblast 
DYNLT3 7.69E-10 0.1563076 Fibroblast 
DYRK1A 0.00597148 0.2163678 Fibroblast 
DYRK1B 1.17E-94 0.0899525 Fibroblast 
DYRK2 2.50E-18 0.2785706 Fibroblast 
DZIP3 6.50E-13 0.3952405 Fibroblast 
EBAG9 0.01143604 0.1281822 Fibroblast 
EBF1 1.35E-38 0.2214633 Fibroblast 
EBPL 5.36E-26 -0.196662 Fibroblast 
ECE1 1.38E-41 0.4659903 Fibroblast 
ECHDC2 1.45E-28 0.3516573 Fibroblast 
ECI1 0.0001469 0.2910689 Fibroblast 
ECM1 1.33E-30 0.1776241 Fibroblast 
ECM2 1.95E-10 -0.0557796 Fibroblast 
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ECPAS 1.30E-06 0.1711139 Fibroblast 
ECRG4 3.23E-13 -1.048068 Fibroblast 
EDEM2 9.50E-41 0.5559459 Fibroblast 
EDEM3 7.83E-12 0.2551219 Fibroblast 
EDF1 8.42E-07 0.0844252 Fibroblast 
EDIL3 1.60E-37 -1.019716 Fibroblast 
EDN1 6.60E-28 0.5721195 Fibroblast 
EDN3 1.25E-14 1.261618 Fibroblast 
EDNRA 1.33E-09 -0.3546069 Fibroblast 
EDRF1 5.81E-05 0.2246274 Fibroblast 
EED 1.47E-17 0.298866 Fibroblast 
EEF1A1 3.12E-202 -0.177164 Fibroblast 
EEF1B2 8.75E-19 0.0588115 Fibroblast 
EEF1D 1.52E-47 0.0980284 Fibroblast 
EEF2 3.03E-10 -0.0951883 Fibroblast 
EFCAB1 0.00287471 0.6187448 Fibroblast 
EFCAB8 1.15E-29 0.2361626 Fibroblast 
EFEMP1 2.50E-291 0.7130439 Fibroblast 
EFEMP2 3.71E-23 0.1690572 Fibroblast 
EGFLAM 1.11E-05 -0.3174765 Fibroblast 
EGLN1 2.54E-11 0.1726996 Fibroblast 
EGLN2 1.57E-32 0.3069257 Fibroblast 
EGR1 2.28E-42 0.2358686 Fibroblast 
EGR2 5.22E-23 0.2701792 Fibroblast 
EGR3 0.00014565 0.7359055 Fibroblast 
EHBP1 1.96E-127 0.4939923 Fibroblast 
EHD1 5.02E-06 0.2198317 Fibroblast 
EHD2 1.59E-09 0.2521235 Fibroblast 
EHD4 4.12E-222 1.006683 Fibroblast 
EHMT1 5.73E-10 0.2488223 Fibroblast 
EID1 1.50E-08 -0.1449953 Fibroblast 
EIF1 0 0.1938994 Fibroblast 
EIF1AD 1.93E-16 0.2898022 Fibroblast 
EIF1B 5.62E-104 0.2256601 Fibroblast 
EIF2A 5.50E-19 -0.0870275 Fibroblast 
EIF2AK1 0.02661061 0.2300142 Fibroblast 
EIF2B5 8.06E-07 0.2257889 Fibroblast 
EIF2S1 3.50E-59 0.3061059 Fibroblast 
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EIF2S2 7.84E-05 -0.0625253 Fibroblast 
EIF3A 3.38E-22 0.0953318 Fibroblast 
EIF3B 3.56E-06 0.221336 Fibroblast 
EIF3D 2.20E-26 0.1544789 Fibroblast 
EIF3E 1.91E-10 0.0788874 Fibroblast 
EIF3F 3.37E-20 0.0943104 Fibroblast 
EIF3G 5.25E-62 0.1864592 Fibroblast 
EIF3H 4.50E-09 0.0891905 Fibroblast 
EIF3I 1.96E-42 0.2391062 Fibroblast 
EIF3J 1.04E-12 0.099548 Fibroblast 
EIF3K 6.41E-107 0.1535949 Fibroblast 
EIF3M 0.00326436 0.0596598 Fibroblast 
EIF4A1 0 0.2562164 Fibroblast 
EIF4A2 1.14E-17 0.1455051 Fibroblast 
EIF4A3 4.05E-60 0.2691094 Fibroblast 
EIF4B 1.09E-09 0.08319 Fibroblast 
EIF4E 8.61E-13 0.2099846 Fibroblast 
EIF4E1B 1.06E-10 0.3477035 Fibroblast 
EIF4EBP3 6.76E-41 0.1691639 Fibroblast 
EIF4ENIF1 0.00082982 0.2552611 Fibroblast 
EIF4G2 1.05E-24 0.0949322 Fibroblast 
EIF4G3 2.14E-07 -0.1060766 Fibroblast 
EIF4H 8.80E-08 0.1576439 Fibroblast 
EIF5B 2.99E-18 0.0971621 Fibroblast 
EIF6 2.23E-36 0.2602757 Fibroblast 
ELF1 2.04E-25 0.1874958 Fibroblast 
ELF2 1.28E-54 0.2099502 Fibroblast 
ELF4 0.01863092 0.4189846 Fibroblast 
ELK3 0.00022283 0.1948606 Fibroblast 
ELL 6.83E-41 0.1750187 Fibroblast 
ELL2 3.09E-59 0.3785683 Fibroblast 
ELMO1 1.97E-09 0.3221733 Fibroblast 
ELOA 1.47E-37 0.2930179 Fibroblast 
ELOB 1.46E-51 -0.1174589 Fibroblast 
ELP5 6.40E-05 0.2355665 Fibroblast 
EMC8 0.00303261 0.1598835 Fibroblast 
EMD 6.27E-49 0.1959885 Fibroblast 
EMID1 7.64E-27 -0.5289401 Fibroblast 
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EMILIN1 4.72E-09 0.4906515 Fibroblast 
EML1 1.62E-25 0.4142358 Fibroblast 
EML4 8.36E-13 0.2556253 Fibroblast 
EMP1 6.98E-119 0.2359558 Fibroblast 
EMP2 5.17E-30 0.2519444 Fibroblast 
EMP3 6.41E-209 0.2398446 Fibroblast 
EMSY 0.00978039 0.1765325 Fibroblast 
EMX2 4.22E-108 0.2210096 Fibroblast 
ENGASE 2.14E-05 0.122597 Fibroblast 
ENO1 2.11E-98 0.281085 Fibroblast 
ENO2 1.11E-39 0.7768758 Fibroblast 
ENPP1 2.13E-29 0.2496558 Fibroblast 
ENPP4 3.12E-17 1.001964 Fibroblast 
ENPP5 4.47E-17 1.525693 Fibroblast 
ENTPD2 1.46E-05 -0.8292248 Fibroblast 
ENTPD3 4.86E-15 1.159935 Fibroblast 
EOGT 3.40E-07 0.3412604 Fibroblast 
EP300 6.28E-38 0.2759925 Fibroblast 
EP400 0.00387539 0.1590362 Fibroblast 
EPB41L3 0.0253071 -0.0803521 Fibroblast 
EPB41L4B 9.66E-10 0.5328967 Fibroblast 
EPC2 2.75E-24 0.3070008 Fibroblast 
EPG5 2.22E-05 0.2949991 Fibroblast 
EPGN 0.006816 -0.7405241 Fibroblast 
EPM2AIP1 9.38E-07 0.5611718 Fibroblast 
EPS8 4.70E-09 0.1837882 Fibroblast 
EPSTI1 3.07E-28 -0.2828013 Fibroblast 
ERBIN 6.75E-10 0.1604666 Fibroblast 
ERF 8.27E-53 0.7062112 Fibroblast 
ERGIC1 2.28E-34 -0.4319303 Fibroblast 
ERH 1.70E-21 0.1070407 Fibroblast 
ERI1 7.20E-07 0.2494382 Fibroblast 
ERLEC1 1.18E-120 -0.3386553 Fibroblast 
ERMP1 0.00609187 0.4473864 Fibroblast 
ERN1 0.03132783 0.3827246 Fibroblast 
ERO1B 0.00399784 0.2285154 Fibroblast 
ERP29 0.00052373 -0.3185829 Fibroblast 
ERP44 0.00042627 0.1192227 Fibroblast 
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ERRFI1 7.15E-62 0.3622394 Fibroblast 
ESCO1 5.56E-22 0.2781777 Fibroblast 
ESD 0.00031232 0.1924572 Fibroblast 
ESF1 7.70E-07 0.1459184 Fibroblast 
ESR1 7.63E-09 -0.166571 Fibroblast 
ESS2 1.01E-06 0.4132831 Fibroblast 
ESYT1 1.15E-16 0.4620492 Fibroblast 
ESYT2 4.18E-08 0.2583231 Fibroblast 
ETAA1 6.92E-06 0.1979255 Fibroblast 
ETF1 8.24E-60 0.2931753 Fibroblast 
ETFA 9.70E-10 0.1454023 Fibroblast 
ETFB 1.70E-36 0.2858964 Fibroblast 
ETFDH 2.62E-07 0.3094938 Fibroblast 
ETHE1 1.13E-61 0.3415823 Fibroblast 
ETS1 8.11E-143 0.4337852 Fibroblast 
ETS2 2.44E-70 0.2079346 Fibroblast 
ETV2 4.34E-47 0.3440724 Fibroblast 
ETV3 8.54E-06 0.3098332 Fibroblast 
EVA1B 7.22E-18 -0.1461041 Fibroblast 
EVA1C 4.94E-67 1.648299 Fibroblast 
EXD2 0.0323946 0.33784 Fibroblast 
EXOC3 5.73E-09 0.2052319 Fibroblast 
EXOC6 6.49E-06 0.8051847 Fibroblast 
EXOC6B 7.78E-14 0.2439158 Fibroblast 
EXOSC1 2.04E-06 0.3560363 Fibroblast 
EXOSC10 1.45E-16 0.2301828 Fibroblast 
EXOSC2 0.038883 0.0833043 Fibroblast 
EXOSC3 1.49E-35 0.3906743 Fibroblast 
EXOSC4 1.03E-34 0.306707 Fibroblast 
EXOSC7 6.21E-11 0.2519002 Fibroblast 
EXOSC8 2.71E-46 0.4714964 Fibroblast 
EXOSC9 8.29E-47 0.4458259 Fibroblast 
EXTL2 3.80E-07 0.2086873 Fibroblast 
EZH2 1.03E-06 0.2188719 Fibroblast 
EZR 3.56E-72 0.1481968 Fibroblast 
F11 1.70E-09 0.3809029 Fibroblast 
F13A1 0 0.5344292 Fibroblast 
F2R 0.00050871 0.1280718 Fibroblast 
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F2RL2 6.31E-06 0.4528784 Fibroblast 
F3 0 1.3739578 Fibroblast 
FABP12 0.00047381 0.2972489 Fibroblast 
FABP3 6.03E-09 -0.6471115 Fibroblast 
FADS1 4.86E-05 -0.6225291 Fibroblast 
FAIM2 3.13E-40 0.8606769 Fibroblast 
FAM102A 0.01123568 0.3338263 Fibroblast 
FAM111B 0.0279212 0.1767116 Fibroblast 
FAM114A1 6.09E-47 -0.2016129 Fibroblast 
FAM126A 0.00211497 0.1046826 Fibroblast 
FAM126B 3.87E-11 0.3652001 Fibroblast 
FAM13B 4.00E-11 0.2300003 Fibroblast 
FAM13C 5.48E-27 0.2996066 Fibroblast 
FAM155B 2.01E-23 -0.2207352 Fibroblast 
FAM162B 0.01180639 -0.2177092 Fibroblast 
FAM166A 1.12E-94 0.6521065 Fibroblast 
FAM167A 9.84E-112 0.557692 Fibroblast 
FAM168B 0.00193084 0.186834 Fibroblast 
FAM171B 1.01E-06 -0.2000175 Fibroblast 
FAM178B 0.00679204 0.5620443 Fibroblast 
FAM180A 9.09E-28 -0.2953432 Fibroblast 
FAM199X 1.05E-13 0.3162102 Fibroblast 
FAM204A 0.0059351 -0.0722478 Fibroblast 
FAM20A 1.10E-11 -0.3623703 Fibroblast 
FAM20C 2.17E-19 0.2098783 Fibroblast 
FAM216A 8.84E-05 0.2250146 Fibroblast 
FAM227B 0.0127575 0.2838595 Fibroblast 
FAM234A 6.44E-13 0.3324555 Fibroblast 
FAM43A 5.44E-82 -0.522456 Fibroblast 
FAM76B 9.54E-12 0.3442783 Fibroblast 
FAP 0.00133814 -0.0483401 Fibroblast 
FAR1 1.12E-07 0.2245333 Fibroblast 
FARP1 0.00366765 -0.182919 Fibroblast 
FARS2 0.00276431 0.2258154 Fibroblast 
FARSB 1.88E-05 0.2267421 Fibroblast 
FASLG 3.51E-11 -0.3938978 Fibroblast 
FAT1 2.07E-11 -0.1124328 Fibroblast 
FAT4 0.0002909 -0.1563324 Fibroblast 
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FAU 3.83E-40 0.0521659 Fibroblast 
FAXDC2 0.04628064 0.2698947 Fibroblast 
FBL 1.76E-53 0.2534437 Fibroblast 
FBLN1 0 0.4065716 Fibroblast 
FBLN2 1.22E-38 0.4714944 Fibroblast 
FBN1 0 -0.2498003 Fibroblast 
FBN2 4.56E-28 -1.483895 Fibroblast 
FBRS 8.06E-10 0.3143874 Fibroblast 
FBXO11 6.97E-48 0.2662807 Fibroblast 
FBXO17 2.42E-10 0.2627435 Fibroblast 
FBXO21 0.0002342 0.1924667 Fibroblast 
FBXO3 0.00854108 0.22199 Fibroblast 
FBXO30 7.94E-22 0.3185026 Fibroblast 
FBXO31 1.02E-18 0.3635318 Fibroblast 
FBXO34 1.58E-23 0.2812483 Fibroblast 
FBXO38 8.06E-08 0.2402673 Fibroblast 
FBXO4 0.02565798 0.1600084 Fibroblast 
FBXO42 0.0307456 0.1467705 Fibroblast 
FBXO48 9.01E-06 0.5982508 Fibroblast 
FBXO9 9.63E-08 0.2078812 Fibroblast 
FBXW7 2.40E-22 0.2471967 Fibroblast 
FCER1G 4.40E-05 0.2088112 Fibroblast 
FCHO2 0.00016342 0.157428 Fibroblast 
FDX1 2.93E-58 0.2333025 Fibroblast 
FEM1C 0.00052987 0.2211985 Fibroblast 
FGD4 2.58E-13 0.5453952 Fibroblast 
FGD6 5.42E-09 0.5567358 Fibroblast 
FGF10 0.03439121 0.2277937 Fibroblast 
FGF18 0.00287471 0.5137363 Fibroblast 
FGF7 2.08E-114 0.5369661 Fibroblast 
FGFR1 6.57E-56 0.2382961 Fibroblast 
FGFR1OP2 7.15E-07 0.2130525 Fibroblast 
FGFR2 4.39E-09 -0.304047 Fibroblast 
FGFR3 6.84E-15 -0.5620958 Fibroblast 
FGL1 3.65E-51 0.829201 Fibroblast 
FGL2 1.79E-80 0.1887638 Fibroblast 
FHL1 2.97E-06 -0.1316446 Fibroblast 
FICD 1.52E-06 0.7290526 Fibroblast 



 

373 
 

FILIP1L 7.02E-43 -0.2720319 Fibroblast 
FIS1 1.50E-45 0.1807635 Fibroblast 
FITM2 0.03192 0.1925136 Fibroblast 
FKBP10 1.19E-07 -0.2893413 Fibroblast 
FKBP11 2.31E-269 -0.4106528 Fibroblast 
FKBP2 7.58E-13 0.1275347 Fibroblast 
FKBP3 3.55E-15 0.3145416 Fibroblast 
FKBP4 1.15E-11 0.3483682 Fibroblast 
FKBP5 1.34E-32 0.4643929 Fibroblast 
FKBP7 1.47E-189 -0.455824 Fibroblast 
FKBP9 8.75E-36 -0.4586685 Fibroblast 
FLII 0.00281321 0.1251255 Fibroblast 
FLNA 9.35E-21 0.2204864 Fibroblast 
FLNC 2.56E-09 0.4934624 Fibroblast 
FLRT2 7.37E-13 0.2430999 Fibroblast 
FLT3LG 0.02077932 0.1076929 Fibroblast 
FMN2 2.47E-35 0.2522528 Fibroblast 
FMNL2 3.81E-17 0.3544527 Fibroblast 
FMO2 1.69E-05 2.452376 Fibroblast 
FN1 7.05E-252 -0.4540549 Fibroblast 
FNBP1 2.05E-38 0.2584299 Fibroblast 
FNBP4 5.56E-73 0.2499251 Fibroblast 
FNDC1 3.63E-140 0.3371939 Fibroblast 
FNDC3A 9.56E-18 0.2003894 Fibroblast 
FNDC3B 7.56E-16 -0.1744525 Fibroblast 
FNIP2 3.90E-45 0.372129 Fibroblast 
FNTA 2.55E-34 0.3038478 Fibroblast 
FOLH1 9.67E-53 0.6523939 Fibroblast 
FOS 5.38E-13 0.1271971 Fibroblast 
FOSB 2.59E-227 0.5523682 Fibroblast 
FOSL1 3.64E-178 0.7525894 Fibroblast 
FOXF2 0.022218 -0.2425802 Fibroblast 
FOXI2 6.68E-07 0.2044893 Fibroblast 
FOXJ3 1.82E-05 0.1803278 Fibroblast 
FOXO1 3.79E-06 0.1419515 Fibroblast 
FOXO4 0.00144965 0.4418496 Fibroblast 
FRA10AC1 3.00E-21 0.3335706 Fibroblast 
FRMD3 0.00038372 -0.2709781 Fibroblast 
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FRMD4A 0.00042005 0.2546173 Fibroblast 
FRYL 5.90E-09 0.1928735 Fibroblast 
FST 5.53E-247 0.5208787 Fibroblast 
FTL 1.75E-60 0.1548538 Fibroblast 
FTSJ3 4.14E-19 0.3551891 Fibroblast 
FUCA1 8.10E-09 -0.1375572 Fibroblast 
FUNDC2 0.00095144 0.1232201 Fibroblast 
FURIN 0.00127612 0.330492 Fibroblast 
FUS 5.45E-31 0.2331808 Fibroblast 
FXR1 4.60E-23 0.1303712 Fibroblast 
FXYD1 5.54E-28 0.0683958 Fibroblast 
FXYD5 5.01E-13 0.4985259 Fibroblast 
FYCO1 0.00288617 0.2327802 Fibroblast 
FYN 4.24E-31 0.3642438 Fibroblast 
FZD10 1.11E-07 -0.3206976 Fibroblast 
G3BP1 2.21E-74 0.3518043 Fibroblast 
GABARAP 2.19E-44 -0.0973503 Fibroblast 
GABPB1 1.96E-14 0.4410658 Fibroblast 
GABRA1 0.00634669 0.4195777 Fibroblast 
GABRA3 1.05E-22 0.8411155 Fibroblast 
GADD45A 7.07E-148 0.2358044 Fibroblast 
GADD45B 2.07E-91 0.306867 Fibroblast 
GADD45G 1.06E-57 0.3187419 Fibroblast 
GADD45GIP1 6.03E-15 0.2384565 Fibroblast 
GALK1 0 0.323048 Fibroblast 
GALNT1 1.85E-63 0.2985486 Fibroblast 
GALNT10 3.38E-06 0.5104341 Fibroblast 
GALNT13 0.00287471 -0.9960624 Fibroblast 
GALNT15 5.61E-251 0.832995 Fibroblast 
GALNT18 1.63E-63 -0.404232 Fibroblast 
GALNT2 3.21E-09 0.2242139 Fibroblast 
GALNT5 9.93E-69 -1.259704 Fibroblast 
GAN 0.00018237 0.2669029 Fibroblast 
GAP43 6.47E-38 -0.9992585 Fibroblast 
GAPDH 4.22E-47 0.2095361 Fibroblast 
GAPVD1 4.87E-14 0.1540197 Fibroblast 
GAR1 7.91E-45 0.4520804 Fibroblast 
GARRE1 4.66E-08 0.2751301 Fibroblast 
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GARS1 1.04E-05 -0.0795712 Fibroblast 
GAS1 0.00429049 0.5349761 Fibroblast 
GAS2L1 7.17E-12 -0.2095665 Fibroblast 
GAS6 2.48E-136 0.7225837 Fibroblast 
GAS7 0.0399464 0.1336312 Fibroblast 
GASK1A 1.43E-07 -0.3231012 Fibroblast 
GASK1B 1.08E-106 0.6698614 Fibroblast 
GATAD2A 3.61E-35 0.3066824 Fibroblast 
GATAD2B 1.14E-06 0.2821147 Fibroblast 
GBP1 0.01599444 0.6977189 Fibroblast 
GCH1 2.77E-106 0.6326595 Fibroblast 
GCNA 1.46E-07 0.5208941 Fibroblast 
GDNF 0.01299836 0.5271127 Fibroblast 
GDPD1 0.00041758 1.292776 Fibroblast 
GEM 3.73E-35 0.3136446 Fibroblast 
GEMIN6 8.13E-19 0.3473634 Fibroblast 
GFI1 0.00165971 0.1026937 Fibroblast 
GFM1 1.94E-06 0.2009138 Fibroblast 
GFPT2 5.11E-208 0.2741665 Fibroblast 
GFRA1 1.37E-08 -0.6014345 Fibroblast 
GFRA2 9.83E-69 0.2990304 Fibroblast 
GGCX 1.92E-05 0.2394539 Fibroblast 
GGH 5.97E-07 0.1417224 Fibroblast 
GGNBP2 5.10E-24 0.1756999 Fibroblast 
GGPS1 1.31E-18 0.4497001 Fibroblast 
GIGYF1 0.00010655 0.5266914 Fibroblast 
GIMAP8 5.75E-05 0.2213351 Fibroblast 
GINM1 9.17E-30 0.2032587 Fibroblast 
GINS3 7.93E-08 0.4655474 Fibroblast 
GIT2 7.17E-05 0.2794322 Fibroblast 
GJA1 8.02E-08 -0.1050854 Fibroblast 
GJB2 4.58E-07 0.8967601 Fibroblast 
GLA 0.04897065 -0.1723144 Fibroblast 
GLB1 1.37E-21 -0.1928971 Fibroblast 
GLG1 3.00E-06 -0.0862327 Fibroblast 
GLI1 4.43E-05 -0.5311413 Fibroblast 
GLI2 0.00032981 -0.4345737 Fibroblast 
GLI3 6.45E-05 0.2504177 Fibroblast 
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GLIPR1 9.80E-06 0.2151028 Fibroblast 
GLIS3 0.00056223 0.4964832 Fibroblast 
GLO1 1.10E-09 0.099582 Fibroblast 
GLOD4 2.53E-11 0.2524191 Fibroblast 
GLRB 7.07E-30 0.7948199 Fibroblast 
GLRX 6.00E-18 0.1604066 Fibroblast 
GLRX2 0.00643158 0.1219454 Fibroblast 
GLS 4.41E-53 0.2896523 Fibroblast 
GLT8D2 2.57E-10 -0.1289023 Fibroblast 
GLYR1 0.00244654 0.1779001 Fibroblast 
GMEB2 5.70E-20 0.2884606 Fibroblast 
GNA13 2.94E-05 0.2260024 Fibroblast 
GNAI3 1.40E-42 0.276522 Fibroblast 
GNAS 9.58E-182 -0.1806133 Fibroblast 
GNB1 7.24E-09 0.1350776 Fibroblast 
GNB4 9.27E-07 -0.2729803 Fibroblast 
GNE 6.32E-44 0.471983 Fibroblast 
GNG10 1.93E-13 -0.1024508 Fibroblast 
GNG11 3.93E-22 -0.2205567 Fibroblast 
GNG12 1.66E-05 0.0934423 Fibroblast 
GNG4 0.00169674 0.3285428 Fibroblast 
GNL2 2.94E-18 0.2797807 Fibroblast 
GNL3 6.21E-17 0.1708263 Fibroblast 
GNPNAT1 2.87E-137 0.3914209 Fibroblast 
GNPTAB 3.82E-10 0.239446 Fibroblast 
GOLGA1 0.00124043 0.3012998 Fibroblast 
GOLM2 6.53E-27 -0.2307781 Fibroblast 
GOPC 1.97E-05 0.1106775 Fibroblast 
GORAB 0.01029971 0.1114235 Fibroblast 
GOSR1 4.18E-06 0.1845704 Fibroblast 
GOT2 7.59E-13 -0.176007 Fibroblast 
GPAM 7.61E-23 0.2825223 Fibroblast 
GPANK1 0.00052865 0.2829081 Fibroblast 
GPATCH1 7.89E-32 0.2303523 Fibroblast 
GPATCH4 1.38E-122 0.4517313 Fibroblast 
GPATCH8 2.77E-24 0.2397702 Fibroblast 
GPBP1 1.07E-23 0.1156291 Fibroblast 
GPBP1L1 0.0107793 0.1493024 Fibroblast 
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GPC3 3.29E-16 0.1614821 Fibroblast 
GPC6 4.11E-06 0.1322454 Fibroblast 
GPD2 5.83E-07 0.3966409 Fibroblast 
GPN3 5.12E-09 0.1124254 Fibroblast 
GPNMB 4.43E-265 0.5783191 Fibroblast 
GPR137B 0.00023294 0.2184184 Fibroblast 
GPR180 0.00181974 -0.3895819 Fibroblast 
GPRASP1 0.0145536 -0.5409446 Fibroblast 
GPRC5A 8.26E-76 0.767495 Fibroblast 
GPRC5B 0.00282538 0.3846367 Fibroblast 
GPX1 7.65E-13 0.0599744 Fibroblast 
GPX8 1.39E-83 -0.3553187 Fibroblast 
GRAMD1A 6.97E-06 0.1702251 Fibroblast 
GRAMD2B 0.00014817 -0.164256 Fibroblast 
GRAMD4 0.0253071 -0.2766412 Fibroblast 
GRB2 2.64E-34 0.1940974 Fibroblast 
GREM1 2.93E-65 0.5215206 Fibroblast 
GRIA1 7.24E-39 1.679844 Fibroblast 
GRIA4 6.88E-06 -0.278403 Fibroblast 
GRIPAP1 3.75E-08 0.227588 Fibroblast 
GRM7 2.06E-08 0.4725572 Fibroblast 
GRN 7.04E-73 -0.2144603 Fibroblast 
GRPEL1 2.50E-09 0.2831258 Fibroblast 
GSDMD 4.59E-15 0.3422532 Fibroblast 
GSE1 7.28E-08 0.4368312 Fibroblast 
GSK3B 1.15E-47 0.2722705 Fibroblast 
GSN 1.11E-274 0.1949547 Fibroblast 
GSPT1 1.25E-05 0.0670731 Fibroblast 
GSTCD 0.00740883 0.4031278 Fibroblast 
GSTO1 3.68E-14 0.1531243 Fibroblast 
GSTP1 1.25E-10 0.1336124 Fibroblast 
GSTZ1 0.00827565 0.5046917 Fibroblast 
GTF2A1 1.62E-27 0.3913623 Fibroblast 
GTF2A2 2.31E-08 0.1094479 Fibroblast 
GTF2B 3.58E-56 0.2928555 Fibroblast 
GTF2F1 1.25E-117 0.3469979 Fibroblast 
GTF2H1 0.00042128 0.1999584 Fibroblast 
GTF2H5 3.19E-14 -0.1453265 Fibroblast 
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GTF3A 1.27E-05 -0.1070166 Fibroblast 
GTPBP4 1.44E-80 0.3078297 Fibroblast 
GTPBP6 5.78E-11 0.3887927 Fibroblast 
GUCY1A2 4.05E-10 -0.4438374 Fibroblast 
GUF1 0.00038122 0.1055715 Fibroblast 
GXYLT2 0.00520586 -0.2713403 Fibroblast 
GYG1 0.00932233 0.1473056 Fibroblast 
GZMB 7.22E-12 0.2459851 Fibroblast 
H2AJ 2.26E-29 0.2268376 Fibroblast 
H2AX 0.00131334 0.4641881 Fibroblast 
H2AZ1 0 0.3160827 Fibroblast 
HACD1 2.16E-14 0.4506583 Fibroblast 
HACE1 5.94E-22 0.1966694 Fibroblast 
HAGH 0.02991237 -0.1620317 Fibroblast 
HAND2 0.00026949 0.4270147 Fibroblast 
HAPLN3 9.19E-05 -0.2689442 Fibroblast 
HARS1 2.45E-08 0.390496 Fibroblast 
HAS2 3.14E-87 0.1608315 Fibroblast 
HAT1 3.43E-14 0.261219 Fibroblast 
HAUS1 0.00320331 0.2218424 Fibroblast 
HAUS2 0.01110451 0.372986 Fibroblast 
HAUS6 9.55E-09 0.2420363 Fibroblast 
HAX1 3.82E-05 0.132208 Fibroblast 
HBEGF 2.11E-09 0.2871388 Fibroblast 
HBP1 0.0001748 0.1067921 Fibroblast 
HBS1L 1.13E-05 0.1044912 Fibroblast 
HCFC1R1 4.38E-14 -0.2110272 Fibroblast 
HCFC2 0.00223884 0.1844433 Fibroblast 
HDAC1 1.43E-05 0.4377586 Fibroblast 
HDAC2 4.03E-15 0.1602704 Fibroblast 
HDGF 1.23E-07 0.150118 Fibroblast 
HDGFL2 7.77E-13 0.2281762 Fibroblast 
HDGFL3 1.14E-25 0.2277746 Fibroblast 
HDLBP 3.39E-88 -0.2014598 Fibroblast 
HDX 7.27E-06 0.3493365 Fibroblast 
HEATR1 7.93E-43 0.325309 Fibroblast 
HECTD1 0.0205445 0.0977512 Fibroblast 
HECTD2 0.0025819 0.2411602 Fibroblast 
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HECW1 5.15E-19 0.7306892 Fibroblast 
HECW2 7.71E-06 0.2373526 Fibroblast 
HEG1 0.00025561 0.100533 Fibroblast 
HELQ 1.63E-09 0.3007738 Fibroblast 
HELZ 1.17E-29 0.2594893 Fibroblast 
HERC6 0.01779582 0.3195317 Fibroblast 
HERPUD1 0 0.3550128 Fibroblast 
HEXIM1 5.09E-21 0.6145532 Fibroblast 
HGF 1.95E-07 0.2562676 Fibroblast 
HIBCH 0.00075372 0.1562515 Fibroblast 
HIF1A 1.20E-15 0.0971712 Fibroblast 
HIF3A 1.30E-18 1.145963 Fibroblast 
HINT2 1.62E-10 0.2967357 Fibroblast 
HIPK1 0.03521826 0.1089342 Fibroblast 
HIPK2 2.24E-22 0.2344047 Fibroblast 
HIPK3 2.11E-10 0.1528732 Fibroblast 
HIVEP1 5.53E-81 0.3747097 Fibroblast 
HIVEP2 0.03664044 0.0917427 Fibroblast 
HIVEP3 4.26E-220 -0.4277737 Fibroblast 
HK1 1.65E-10 0.150113 Fibroblast 
HK2 1.10E-05 0.2973613 Fibroblast 
HLA-DQB2 0.00449753 0.1758306 Fibroblast 
HLF 7.80E-39 0.5826893 Fibroblast 
HMCES 0.00121984 0.2927878 Fibroblast 
HMCN1 2.86E-32 0.2220725 Fibroblast 
HMGA1 0.00042504 0.1376476 Fibroblast 
HMGB2 0 0.4839072 Fibroblast 
HMGB3 1.20E-64 -0.3512778 Fibroblast 
HMGCR 0.02803689 0.1469078 Fibroblast 
HMGN3 2.66E-18 -0.2683113 Fibroblast 
HMGXB3 2.74E-06 0.380755 Fibroblast 
HMGXB4 1.49E-06 0.2084335 Fibroblast 
HMOX1 1.48E-91 -0.6823262 Fibroblast 
HMOX2 0.00466814 0.1939021 Fibroblast 
HNRNPA0 7.23E-37 0.5648546 Fibroblast 
HNRNPA2B1 3.48E-82 0.1720736 Fibroblast 
HNRNPA3 8.08E-14 0.0955754 Fibroblast 
HNRNPAB 1.61E-34 0.1699831 Fibroblast 
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HNRNPD 9.33E-13 0.0958224 Fibroblast 
HNRNPDL 5.56E-34 0.1128353 Fibroblast 
HNRNPF 1.04E-47 0.2379132 Fibroblast 
HNRNPH1 1.52E-92 0.1855796 Fibroblast 
HNRNPH2 1.44E-05 0.2332061 Fibroblast 
HNRNPH3 4.95E-27 0.1458519 Fibroblast 
HNRNPK 3.34E-32 0.0958377 Fibroblast 
HNRNPU 6.45E-152 0.3149925 Fibroblast 
HOMER1 3.55E-36 0.5199638 Fibroblast 
HOMER2 7.12E-28 -0.1540199 Fibroblast 
HOMER3 2.83E-09 0.2525814 Fibroblast 
HOOK3 7.77E-12 0.1224808 Fibroblast 
HOXA9 2.67E-07 0.3155257 Fibroblast 
HOXB9 1.28E-18 -0.3244366 Fibroblast 
HOXC13 0.00064995 0.2817597 Fibroblast 
HOXC6 6.27E-08 0.3786957 Fibroblast 
HPCAL1 0.00043369 0.2806463 Fibroblast 
HPF1 2.76E-09 0.2604335 Fibroblast 
HPRT1 6.46E-08 0.1637444 Fibroblast 
HPS4 4.80E-09 0.1967426 Fibroblast 
HPSE 1.14E-15 0.9906108 Fibroblast 
HRC 3.69E-15 -0.5221871 Fibroblast 
HRH4 2.08E-05 0.3307109 Fibroblast 
HSBP1 2.12E-12 -0.1295981 Fibroblast 
HSCB 2.56E-05 0.1950486 Fibroblast 
HSD11B1 4.24E-38 0.7030259 Fibroblast 
HSD17B10 2.34E-13 0.1532338 Fibroblast 
HSD17B13 0.00163514 0.6088998 Fibroblast 
HSD17B14 5.21E-06 0.3760585 Fibroblast 
HSF1 8.97E-07 0.1996864 Fibroblast 
HSF2 0.0064556 0.1643246 Fibroblast 
HSH2D 1.04E-05 0.2482249 Fibroblast 
HSP90AA1 1.33E-40 0.1191342 Fibroblast 
HSP90AB1 1.88E-128 0.1298272 Fibroblast 
HSP90B1 3.79E-224 0.1972522 Fibroblast 
HSPA13 5.21E-12 0.2626383 Fibroblast 
HSPA14 4.23E-07 0.1529899 Fibroblast 
HSPA2 0.00024929 0.575505 Fibroblast 
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HSPA4 4.09E-45 0.2158551 Fibroblast 
HSPA5 0 0.566407 Fibroblast 
HSPA8 3.27E-280 0.2649522 Fibroblast 
HSPA9 1.70E-37 0.1793668 Fibroblast 
HSPB1 0 0.41365 Fibroblast 
HSPB11 0.00175813 0.2519733 Fibroblast 
HSPB3 0.04311062 0.6813508 Fibroblast 
HSPB8 5.96E-66 0.4305274 Fibroblast 
HSPH1 2.28E-78 0.2788915 Fibroblast 
HTR2A 0.00018614 -1.008823 Fibroblast 
HTR2B 0.0453454 0.2992065 Fibroblast 
HTR3B 5.45E-06 0.6083101 Fibroblast 
HTR4 0.015756 0.1573638 Fibroblast 
HTRA3 1.57E-21 0.2855597 Fibroblast 
HTT 4.26E-07 0.1859961 Fibroblast 
HYAL1 1.20E-39 0.6548442 Fibroblast 
HYDIN 0.00095757 0.7180449 Fibroblast 
HYI 0.03321784 -0.1570317 Fibroblast 
HYOU1 7.18E-87 0.5853485 Fibroblast 
IARS2 0.00020513 -0.1417906 Fibroblast 
IBTK 4.50E-10 0.1652287 Fibroblast 
ICAM1 1.56E-278 0.3514733 Fibroblast 
ICAM4 2.99E-07 0.4737505 Fibroblast 
ICE1 2.32E-08 0.230165 Fibroblast 
ICE2 2.98E-12 0.3940031 Fibroblast 
ICOS 1.19E-07 0.9050425 Fibroblast 
ID1 5.86E-184 0.5673462 Fibroblast 
ID3 1.16E-35 0.1490254 Fibroblast 
ID4 3.93E-58 0.6843174 Fibroblast 
IDH2 3.41E-17 -0.6390216 Fibroblast 
IDH3B 2.29E-06 0.2156446 Fibroblast 
IDUA 6.55E-41 0.3769529 Fibroblast 
IER2 1.12E-17 0.3220263 Fibroblast 
IER3 0 0.51013 Fibroblast 
IER5 0.00071368 0.5011891 Fibroblast 
IER5L 5.05E-20 0.2149524 Fibroblast 
IFFO2 1.45E-12 0.4813274 Fibroblast 
IFGGB2 1.32E-10 0.4491048 Fibroblast 
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IFI30 5.11E-35 -0.294489 Fibroblast 
IFI44 7.08E-12 0.4055472 Fibroblast 
IFIT5 0.04979216 0.1275015 Fibroblast 
IFRD1 9.07E-78 0.2525584 Fibroblast 
IFT22 0.0012491 0.2095995 Fibroblast 
IFT57 2.04E-05 0.2200078 Fibroblast 
IGBP1 0.00733715 0.1121765 Fibroblast 
IGF1 7.00E-28 -0.6902261 Fibroblast 
IGF1R 5.82E-68 0.3629001 Fibroblast 
IGF2R 6.77E-18 -0.2703008 Fibroblast 
IGFBP2 1.50E-250 1.4574581 Fibroblast 
IGFBP4 4.86E-24 0.6517566 Fibroblast 
IGFBP5 1.32E-261 0.35284 Fibroblast 
IGFBP6 1.52E-132 0.3545022 Fibroblast 
IGFBP7 1.40E-79 0.3073761 Fibroblast 
IGSF10 3.45E-27 -0.1357492 Fibroblast 
IGSF23 0.00529115 0.2663085 Fibroblast 
IK 2.25E-10 0.1270139 Fibroblast 
IKBIP 5.84E-05 -0.0815565 Fibroblast 
IKBKB 8.22E-07 0.3497447 Fibroblast 
IKBKE 0.01154459 0.1757667 Fibroblast 
IKZF3 0.0098999 0.9482032 Fibroblast 
IL12A 1.19E-05 0.2077543 Fibroblast 
IL13 0.00347232 1.014995 Fibroblast 
IL13RA1 4.20E-26 0.1939253 Fibroblast 
IL13RA2 4.44E-164 1.597514 Fibroblast 
IL16 0.00070126 -0.2072813 Fibroblast 
IL18BP 4.22E-11 0.2871145 Fibroblast 
IL18R1 3.73E-05 0.1961736 Fibroblast 
IL1R1 0 0.6295802 Fibroblast 
IL1RAP 0.00938257 0.4235005 Fibroblast 
IL1RL1 3.29E-22 1.896452 Fibroblast 
IL25 1.47E-06 0.239457 Fibroblast 
IL26 4.44E-06 1.359091 Fibroblast 
IL33 4.35E-259 1.00353 Fibroblast 
IL4I1 1.12E-14 1.245941 Fibroblast 
IL6 1.83E-16 0.3237677 Fibroblast 
IL6ST 1.49E-12 -0.0629738 Fibroblast 
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IL7R 0.00916596 0.383976 Fibroblast 
ILDR2 7.80E-10 1.026057 Fibroblast 
ILF2 1.85E-12 0.1380589 Fibroblast 
ILK 0.00957543 0.0985391 Fibroblast 
ILRUN 4.21E-06 0.20756 Fibroblast 
IMMT 1.14E-10 0.1421347 Fibroblast 
IMP4 4.02E-15 0.2671885 Fibroblast 
IMPDH2 1.75E-33 0.1771491 Fibroblast 
ING1 1.62E-06 0.1960382 Fibroblast 
ING2 1.28E-10 0.2124247 Fibroblast 
ING5 1.07E-06 0.3633431 Fibroblast 
INHBA 3.22E-25 -0.1985001 Fibroblast 
INO80 6.12E-23 0.3748697 Fibroblast 
INO80D 1.08E-90 0.3019363 Fibroblast 
INSC 0.00018111 0.2778906 Fibroblast 
INTS12 0.00875887 0.2802218 Fibroblast 
INTS2 0.0422853 0.2462743 Fibroblast 
INTS3 1.15E-08 0.3884312 Fibroblast 
INTS6 1.41E-90 0.4246597 Fibroblast 
IP6K2 4.98E-36 0.41535 Fibroblast 
IPO11 0.00051245 0.418818 Fibroblast 
IPO7 7.37E-24 0.2541453 Fibroblast 
IPO9 1.28E-05 0.2567462 Fibroblast 
IPPK 6.86E-07 0.3021329 Fibroblast 
IQCD 0.0039738 0.7619153 Fibroblast 
IQCG 2.84E-14 0.2691847 Fibroblast 
IQCN 2.77E-06 0.5557772 Fibroblast 
IQGAP1 0.00266708 0.0623017 Fibroblast 
IRAK1 2.71E-07 0.3968027 Fibroblast 
IRAK1BP1 0.02364152 0.190331 Fibroblast 
IRAK2 2.67E-42 0.4623358 Fibroblast 
IRAK3 0.04522986 -0.1821566 Fibroblast 
IRF1 7.93E-86 0.2768523 Fibroblast 
IRF2BP2 0.04849812 -0.1734818 Fibroblast 
IRF3 6.67E-09 0.145123 Fibroblast 
IRS2 0.01419561 0.572845 Fibroblast 
IRX1 2.72E-10 0.3339811 Fibroblast 
IRX2 3.19E-47 0.2146092 Fibroblast 
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IRX3 3.63E-10 0.1722135 Fibroblast 
ISG20 1.25E-07 0.3090776 Fibroblast 
ISLR 4.26E-19 0.6186206 Fibroblast 
ISM1 1.72E-46 0.3370513 Fibroblast 
ISOC1 1.54E-12 0.3055955 Fibroblast 
ISOC2 0.01227756 0.1692865 Fibroblast 
ITGA2 3.12E-40 0.3001685 Fibroblast 
ITGA4 3.43E-14 -0.4484847 Fibroblast 
ITGA5 8.25E-24 0.3561156 Fibroblast 
ITGA6 2.57E-35 -0.5835822 Fibroblast 
ITGA7 0.00781817 -0.825433 Fibroblast 
ITGA9 0.0340374 0.2688771 Fibroblast 
ITGAV 6.14E-09 0.0921903 Fibroblast 
ITGB1BP1 0.04041128 0.0852808 Fibroblast 
ITGB3 9.65E-38 0.4627708 Fibroblast 
ITGBL1 2.24E-35 -0.1814647 Fibroblast 
ITIH5 0 -0.5239139 Fibroblast 
ITPKC 4.47E-17 0.6498536 Fibroblast 
ITPR3 0.03250645 0.3413765 Fibroblast 
ITPRID2 5.55E-15 0.2315172 Fibroblast 
ITSN2 0.00206604 0.1629963 Fibroblast 
IVNS1ABP 3.99E-25 0.2935688 Fibroblast 
JADE1 0.00259369 0.2345324 Fibroblast 
JADE2 7.98E-17 0.2577036 Fibroblast 
JAK1 1.71E-16 0.0643108 Fibroblast 
JAK2 2.78E-157 0.2634893 Fibroblast 
JAM2 3.10E-22 -0.1498332 Fibroblast 
JAZF1 0.00016846 -0.1604184 Fibroblast 
JCHAIN 7.33E-18 1.482018 Fibroblast 
JDP2 1.73E-11 0.2762407 Fibroblast 
JMJD1C 3.50E-45 -0.1981977 Fibroblast 
JPT1 1.96E-94 0.4088624 Fibroblast 
JUN 6.64E-99 0.2584294 Fibroblast 
JUNB 1.34E-162 0.5064835 Fibroblast 
JUND 1.23E-28 0.2421542 Fibroblast 
KALRN 0.04686918 -0.2777704 Fibroblast 
KANSL1 2.64E-13 0.3446318 Fibroblast 
KANSL1L 8.02E-50 0.4005244 Fibroblast 
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KANSL2 0.00308088 0.2669665 Fibroblast 
KARS1 1.26E-05 0.0999076 Fibroblast 
KAT6A 0.00121984 0.0687272 Fibroblast 
KAT6B 5.44E-08 0.1541675 Fibroblast 
KATNA1 3.81E-07 0.1967993 Fibroblast 
KATNBL1 0.00270342 0.2130484 Fibroblast 
KAZALD1 9.27E-07 -0.5217114 Fibroblast 
KBTBD2 5.56E-41 0.4388358 Fibroblast 
KCMF1 1.63E-57 0.3234098 Fibroblast 
KCNA1 3.03E-11 0.3452062 Fibroblast 
KCNB2 6.95E-07 1.247179 Fibroblast 
KCNK16 1.58E-06 0.2854023 Fibroblast 
KCNT2 8.66E-150 0.569417 Fibroblast 
KCTD9 3.71E-15 0.2247206 Fibroblast 
KDELR3 1.69E-104 -0.5504246 Fibroblast 
KDM2A 0.0480376 0.2074647 Fibroblast 
KDM5A 1.85E-54 -0.3328945 Fibroblast 
KDM5B 1.23E-13 0.1265822 Fibroblast 
KDM6A 3.20E-07 0.1363207 Fibroblast 
KDM6B 1.20E-164 0.3146848 Fibroblast 
KDM7A 5.58E-51 0.3847632 Fibroblast 
KDR 2.24E-53 0.7182536 Fibroblast 
KHK 3.47E-09 0.6477925 Fibroblast 
KIAA0586 5.81E-06 0.2675742 Fibroblast 
KIAA1109 7.47E-09 0.20599 Fibroblast 
KIAA1755 3.34E-12 0.9308414 Fibroblast 
KIAA1841 6.40E-05 0.2693223 Fibroblast 
KIAA2026 1.30E-30 0.3439887 Fibroblast 
KIDINS220 2.65E-24 0.1597906 Fibroblast 
KIF13B 5.50E-13 0.2357646 Fibroblast 
KIF18A 0.00147441 0.6203776 Fibroblast 
KIF1B 2.31E-73 0.3058071 Fibroblast 
KIF21A 1.26E-13 0.2409377 Fibroblast 
KIF22 5.59E-75 -0.416454 Fibroblast 
KIF2A 5.06E-61 -0.2195175 Fibroblast 
KIF3A 1.33E-05 0.2818571 Fibroblast 
KIF5B 3.34E-16 0.1150657 Fibroblast 
KIF5C 1.48E-26 0.6331319 Fibroblast 
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KIF6 0.00223884 0.2147641 Fibroblast 
KIFAP3 0.01371481 -0.1021933 Fibroblast 
KIFBP 4.98E-11 0.1938816 Fibroblast 
KIFC1 4.91E-09 0.1686243 Fibroblast 
KIN 5.34E-06 0.1467899 Fibroblast 
KIRREL1 4.05E-25 0.4948251 Fibroblast 
KLC3 0.041811 -0.4604014 Fibroblast 
KLF3 6.87E-150 0.3429582 Fibroblast 
KLF4 3.49E-16 0.0947338 Fibroblast 
KLF7 1.18E-06 0.3645472 Fibroblast 
KLHDC2 8.05E-13 0.1585208 Fibroblast 
KLHL21 0.00060872 0.4177692 Fibroblast 
KLHL36 0.00448557 0.1909303 Fibroblast 
KLHL42 4.85E-22 0.3453167 Fibroblast 
KLHL7 6.85E-13 0.2958707 Fibroblast 
KLK10 0.00306875 -1.298603 Fibroblast 
KLK4 3.07E-32 -0.457443 Fibroblast 
KLRK1 6.37E-07 0.4092663 Fibroblast 
KMT2A 6.76E-77 0.2564193 Fibroblast 
KMT2B 1.41E-14 0.3019393 Fibroblast 
KMT2C 4.28E-07 0.1134306 Fibroblast 
KMT2D 0.00027329 0.2350637 Fibroblast 
KMT2E 2.32E-16 0.0964498 Fibroblast 
KMT5A 5.42E-52 0.2542798 Fibroblast 
KMT5B 2.88E-07 0.2564387 Fibroblast 
KPNA1 0.00772092 0.1287182 Fibroblast 
KPNA3 0.00572714 0.1701528 Fibroblast 
KPNA4 2.43E-30 0.2941 Fibroblast 
KPNA6 0.00226281 0.410805 Fibroblast 
KPNB1 2.54E-09 0.2545074 Fibroblast 
KRAS 2.05E-22 0.1961398 Fibroblast 
KREMEN1 1.58E-07 -0.1776318 Fibroblast 
KRIT1 3.25E-14 0.2175243 Fibroblast 
KRR1 9.59E-37 0.2078733 Fibroblast 
KRT14 1.45E-37 -0.2468211 Fibroblast 
KRTCAP2 2.74E-21 -0.0884974 Fibroblast 
KRTDAP 1.81E-07 0.3367363 Fibroblast 
KTI12 4.02E-16 0.6930964 Fibroblast 
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KTN1 2.80E-06 0.0722968 Fibroblast 
KYAT1 2.56E-09 0.6362915 Fibroblast 
L3MBTL4 1.37E-05 0.5590514 Fibroblast 
LACTB2 1.48E-06 0.1183697 Fibroblast 
LAMA2 5.43E-22 0.1356918 Fibroblast 
LAMA3 5.89E-34 -0.7851648 Fibroblast 
LAMA4 2.25E-22 -0.1149966 Fibroblast 
LAMB1 5.78E-54 0.1763904 Fibroblast 
LAMB2 9.28E-23 -0.2334222 Fibroblast 
LAMC3 4.74E-10 0.1616369 Fibroblast 
LAMP1 5.86E-26 0.2039843 Fibroblast 
LAMTOR2 2.86E-20 -0.1354984 Fibroblast 
LAMTOR3 4.40E-11 0.2170665 Fibroblast 
LAMTOR4 8.24E-29 0.1498915 Fibroblast 
LAP3 9.98E-07 0.1064387 Fibroblast 
LAPTM4B 4.87E-06 -0.5397941 Fibroblast 
LARP1 1.67E-20 0.1358335 Fibroblast 
LARP4 2.82E-19 0.1789357 Fibroblast 
LARP4B 0.00147441 0.2408137 Fibroblast 
LARP6 1.66E-80 0.3199572 Fibroblast 
LARP7 2.11E-09 0.131673 Fibroblast 
LARS1 0.00692464 0.0981878 Fibroblast 
LAS1L 7.44E-08 0.2764417 Fibroblast 
LATS2 1.24E-11 0.1043768 Fibroblast 
LBHD1 0.00893918 -0.1339556 Fibroblast 
LBP 0.00041132 2.781301 Fibroblast 
LCN2 1.12E-12 0.9561999 Fibroblast 
LCOR 1.26E-16 0.2282037 Fibroblast 
LCORL 2.03E-17 0.2995336 Fibroblast 
LCT 1.11E-10 -1.022889 Fibroblast 
LDB1 1.01E-06 0.2802715 Fibroblast 
LDHB 0.0066956 -0.2067763 Fibroblast 
LEF1 0.02827285 0.196724 Fibroblast 
LEMD3 1.51E-10 0.3010133 Fibroblast 
LENG1 3.13E-14 0.3551409 Fibroblast 
LEPR 8.72E-24 0.3918613 Fibroblast 
LETM1 5.47E-19 0.2864986 Fibroblast 
LGALS1 1.91E-130 0.1340861 Fibroblast 
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LGALS3 0 0.306912 Fibroblast 
LGALS8 0.01227756 0.0626709 Fibroblast 
LGALS9 0.00020263 0.3879688 Fibroblast 
LGALSL 8.05E-13 0.2559759 Fibroblast 
LGI1 0.00049995 -0.5518457 Fibroblast 
LGMN 3.61E-06 -0.1352945 Fibroblast 
LGR5 4.30E-07 0.3431996 Fibroblast 
LHFPL6 4.65E-44 0.2086969 Fibroblast 
LHX2 1.95E-10 -0.1613985 Fibroblast 
LIAS 0.00634669 0.306547 Fibroblast 
LIF 2.40E-10 0.503029 Fibroblast 
LIMA1 0.00011314 0.0777918 Fibroblast 
LIMCH1 1.12E-39 -0.494931 Fibroblast 
LIMD1 1.51E-09 0.1400587 Fibroblast 
LIN37 2.24E-15 0.4030145 Fibroblast 
LIN54 8.68E-09 0.2670778 Fibroblast 
LIN9 0.00620039 0.3641201 Fibroblast 
LIPC 1.49E-07 0.3474409 Fibroblast 
LLPH 4.66E-07 0.1184124 Fibroblast 
LMAN1 0.00010959 -0.0722366 Fibroblast 
LMAN2 3.10E-21 0.1743886 Fibroblast 
LMBRD1 3.99E-18 0.2784631 Fibroblast 
LMCD1 1.14E-130 0.9655235 Fibroblast 
LMNA 1.80E-207 0.1718583 Fibroblast 
LMNB2 0.01299836 0.3105132 Fibroblast 
LMO1 0.02873497 -0.6075073 Fibroblast 
LMO3 2.08E-22 0.5745287 Fibroblast 
LMO4 2.60E-05 0.1910341 Fibroblast 
LNPEP 3.57E-07 0.3101822 Fibroblast 
LONRF1 3.36E-10 0.2606059 Fibroblast 
LONRF3 1.73E-98 0.5428902 Fibroblast 
LOX 8.98E-25 -0.4209404 Fibroblast 
LPL 0.01395525 0.6815421 Fibroblast 
LPP 1.21E-06 0.1770884 Fibroblast 
LRCH3 2.92E-10 0.307659 Fibroblast 
LRP1 7.35E-23 0.1574654 Fibroblast 
LRP10 1.96E-19 0.1898587 Fibroblast 
LRP11 6.18E-05 0.1846224 Fibroblast 
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LRP8 8.02E-102 0.320752 Fibroblast 
LRPPRC 3.00E-11 0.2187034 Fibroblast 
LRRC32 4.05E-12 0.7839571 Fibroblast 
LRRC49 4.39E-05 0.3048782 Fibroblast 
LRRC59 1.65E-28 0.4269399 Fibroblast 
LRRC73 0.00291071 -0.5289971 Fibroblast 
LRRC9 0.00655058 1.076553 Fibroblast 
LRRCC1 3.28E-30 0.2619562 Fibroblast 
LRRFIP2 0.01156796 -0.0620025 Fibroblast 
LRRK2 4.76E-13 0.2375249 Fibroblast 
LRRN4CL 0.00036867 0.255721 Fibroblast 
LSAMP 9.89E-16 -1.821199 Fibroblast 
LSG1 1.30E-08 0.2973294 Fibroblast 
LSM1 6.29E-17 0.1935149 Fibroblast 
LSM12 7.89E-14 0.2468236 Fibroblast 
LSM14A 9.09E-41 0.2646431 Fibroblast 
LSM14B 5.99E-06 0.3873917 Fibroblast 
LSP1 2.35E-49 0.281404 Fibroblast 
LTBP1 2.69E-268 0.3894535 Fibroblast 
LTBP2 2.42E-07 0.5657276 Fibroblast 
LTBP4 0 0.3873276 Fibroblast 
LTN1 9.36E-09 0.2001546 Fibroblast 
LUC7L 4.79E-07 0.1431329 Fibroblast 
LUC7L2 2.41E-36 0.1922393 Fibroblast 
LUC7L3 2.05E-41 0.1693367 Fibroblast 
LUM 6.39E-17 0.0923615 Fibroblast 
LUZP1 6.29E-117 0.3242301 Fibroblast 
LUZP2 2.29E-93 0.5818474 Fibroblast 
LVRN 1.69E-20 0.2219305 Fibroblast 
LXN 1.66E-15 0.2719833 Fibroblast 
LY96 1.95E-05 0.4211463 Fibroblast 
LYAR 3.03E-60 0.245718 Fibroblast 
LYPLAL1 0.02589675 0.2425898 Fibroblast 
LYRM7 0.03923864 -0.3238102 Fibroblast 
LYSMD2 1.27E-43 0.5814856 Fibroblast 
LYSMD3 1.04E-06 0.1837361 Fibroblast 
LYST 2.17E-10 0.207315 Fibroblast 
LZTFL1 0.02897302 0.1198471 Fibroblast 
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M6PR 0.03050794 0.142261 Fibroblast 
MACF1 8.74E-26 0.130792 Fibroblast 
MACO1 2.04E-05 0.0913172 Fibroblast 
MAD2L1BP 6.03E-07 0.2950931 Fibroblast 
MAEL 0.00300858 0.4507582 Fibroblast 
MAFB 4.97E-08 0.1096414 Fibroblast 
MAFF 3.53E-20 0.5488722 Fibroblast 
MAGED1 1.03E-60 -0.3805238 Fibroblast 
MAGT1 2.95E-19 0.5467617 Fibroblast 
MAIP1 0.00227487 0.1454824 Fibroblast 
MAK16 1.07E-06 0.1334977 Fibroblast 
MAL 3.55E-38 0.4101949 Fibroblast 
MALSU1 5.90E-05 -0.2460911 Fibroblast 
MAML2 0.00686392 0.2022008 Fibroblast 
MAML3 2.94E-08 0.6306471 Fibroblast 
MAMLD1 7.53E-09 0.2506628 Fibroblast 
MAN1A1 0 0.4236616 Fibroblast 
MAN1A2 0.00468008 0.0958675 Fibroblast 
MAN1C1 0.00092397 0.8404585 Fibroblast 
MANF 2.85E-284 0.3432779 Fibroblast 
MAOA 4.79E-26 0.8249955 Fibroblast 
MAOB 3.37E-181 0.9794534 Fibroblast 
MAP1B 1.94E-50 -0.3074963 Fibroblast 
MAP1S 5.25E-15 0.4379389 Fibroblast 
MAP2 9.82E-09 0.6781198 Fibroblast 
MAP2K1 7.88E-08 0.140647 Fibroblast 
MAP2K3 3.73E-13 0.3330809 Fibroblast 
MAP2K4 5.57E-13 0.2712772 Fibroblast 
MAP3K1 1.12E-08 0.3384693 Fibroblast 
MAP3K14 2.11E-08 0.2975901 Fibroblast 
MAP3K2 3.33E-14 0.2609299 Fibroblast 
MAP3K5 9.53E-05 0.3041354 Fibroblast 
MAP3K7 2.39E-07 0.3070753 Fibroblast 
MAP3K8 3.57E-11 0.2871028 Fibroblast 
MAP4K5 0.00043123 0.1703348 Fibroblast 
MAP7D1 0.00305687 0.114298 Fibroblast 
MAP7D3 2.96E-05 -0.1207711 Fibroblast 
MAPK1IP1L 2.01E-38 0.1821385 Fibroblast 
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MAPK6 2.14E-11 0.1407918 Fibroblast 
MAPK8 6.29E-07 0.3204411 Fibroblast 
MAPK8IP1 0.00805825 0.4984973 Fibroblast 
MAPK9 1.04E-15 0.2982961 Fibroblast 
MAPKAP1 0.00232385 0.1899231 Fibroblast 
MAPKAPK5 4.03E-06 0.2121713 Fibroblast 
MAPRE2 5.73E-13 -0.1579771 Fibroblast 
MARCHF3 3.92E-59 0.5901931 Fibroblast 
MARCHF5 0.01227756 0.1950875 Fibroblast 
MARCKS 0 -0.8155564 Fibroblast 
MARCKSL1 0.0006363 0.1968872 Fibroblast 
MARK1 2.71E-13 0.4115352 Fibroblast 
MARK2 2.01E-20 0.273209 Fibroblast 
MARK3 8.06E-195 0.2273635 Fibroblast 
MASP1 0.0307456 0.1894993 Fibroblast 
MASP2 0.00027329 0.2205147 Fibroblast 
MAST4 0.01135181 -0.3908312 Fibroblast 
MAT2A 0 0.4977169 Fibroblast 
MATN2 1.32E-14 -0.1600227 Fibroblast 
MATR3 1.44E-13 0.0834963 Fibroblast 
MBD2 1.84E-17 0.2457917 Fibroblast 
MBNL1 6.28E-05 -0.0545165 Fibroblast 
MCCD1 1.86E-07 0.4519873 Fibroblast 
MCFD2 5.61E-94 0.3046228 Fibroblast 
MCL1 1.55E-21 0.1658725 Fibroblast 
MCM7 9.95E-09 0.2623576 Fibroblast 
MCM8 2.99E-08 0.2791202 Fibroblast 
MCUB 0.03698112 0.0847744 Fibroblast 
MDC1 2.10E-14 0.4955711 Fibroblast 
MDGA1 0.0113181 -0.8157935 Fibroblast 
MDGA2 1.58E-07 -1.544019 Fibroblast 
MDM4 3.54E-11 0.2490925 Fibroblast 
MDN1 5.80E-09 0.2137524 Fibroblast 
ME1 3.97E-40 0.4920441 Fibroblast 
MEAF6 0.0079495 0.1526272 Fibroblast 
MECOM 0.00266708 -0.3564618 Fibroblast 
MECP2 0.02340222 0.1237559 Fibroblast 
MED10 1.29E-46 0.3399795 Fibroblast 
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MED13 7.54E-52 0.1914995 Fibroblast 
MED13L 1.88E-39 0.3010252 Fibroblast 
MED15 0.03675404 0.1967935 Fibroblast 
MED17 0.0253071 0.1759675 Fibroblast 
MED19 8.12E-09 0.1674439 Fibroblast 
MED21 4.95E-06 0.2589905 Fibroblast 
MED28 0.00082737 -0.1814757 Fibroblast 
MED29 1.65E-32 0.2403834 Fibroblast 
MED30 5.80E-17 -0.2547711 Fibroblast 
MED4 8.39E-09 0.1656942 Fibroblast 
MED6 0.0283908 0.2390289 Fibroblast 
MEDAG 1.36E-153 0.3965207 Fibroblast 
MEF2A 0.00223884 0.1020208 Fibroblast 
MEF2C 0.04041128 -0.2147408 Fibroblast 
MEF2D 8.05E-10 0.3597204 Fibroblast 
MEGF6 1.07E-29 -0.4721103 Fibroblast 
MEIS2 5.32E-10 0.1404292 Fibroblast 
MEPCE 1.43E-50 0.6375118 Fibroblast 
METRNL 0 0.3567567 Fibroblast 
METTL1 9.15E-13 0.3382644 Fibroblast 
METTL16 8.60E-50 0.5400823 Fibroblast 
METTL23 6.47E-60 0.3251339 Fibroblast 
METTL24 8.54E-33 0.2470527 Fibroblast 
METTL26 0.00418123 0.1129253 Fibroblast 
METTL3 5.69E-05 0.2875285 Fibroblast 
METTL7A 0.00013805 0.1190497 Fibroblast 
MFAP1 1.57E-09 0.1759974 Fibroblast 
MFAP4 3.18E-24 0.2287273 Fibroblast 
MFAP5 2.72E-61 0.1399929 Fibroblast 
MFGE8 4.56E-24 0.5717084 Fibroblast 
MFHAS1 1.31E-23 0.3266618 Fibroblast 
MFN1 2.11E-05 0.1946336 Fibroblast 
MFSD1 0.01431458 -0.3601859 Fibroblast 
MFSD13A 2.34E-06 0.2325017 Fibroblast 
MFSD14A 0.00091297 0.2433268 Fibroblast 
MFSD2A 3.93E-10 0.3238588 Fibroblast 
MFSD2B 1.07E-18 0.211625 Fibroblast 
MGARP 0.01767622 -0.1804857 Fibroblast 
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MGAT2 2.73E-77 0.4982998 Fibroblast 
MGAT4B 0.00846846 0.1276416 Fibroblast 
MGLL 2.56E-132 0.6153104 Fibroblast 
MGP 8.59E-161 -0.3577228 Fibroblast 
MGST1 1.35E-165 0.873985 Fibroblast 
MIA3 3.33E-11 -0.0952057 Fibroblast 
MICAL1 4.57E-08 0.3807334 Fibroblast 
MID1IP1 0.00539838 0.521693 Fibroblast 
MIDEAS 6.08E-35 0.4416888 Fibroblast 
MIDN 4.54E-16 0.5601208 Fibroblast 
MIER1 1.39E-21 0.158419 Fibroblast 
MIER3 2.89E-14 0.2887935 Fibroblast 
MIOS 0.00019122 0.2367673 Fibroblast 
MITF 6.21E-12 0.1808442 Fibroblast 
MKLN1 3.10E-09 0.1918545 Fibroblast 
MLEC 0.00170894 0.1017544 Fibroblast 
MLLT6 2.62E-06 0.2781601 Fibroblast 
MME 1.20E-125 0.3748139 Fibroblast 
MMP1 3.73E-62 1.23201 Fibroblast 
MMP11 0.00108704 0.1447176 Fibroblast 
MMP14 3.80E-28 -0.1255268 Fibroblast 
MMP16 5.06E-204 -0.7657807 Fibroblast 
MMP19 0.00017227 0.2473732 Fibroblast 
MMP2 2.60E-74 -0.1430938 Fibroblast 
MMP23 1.45E-116 -0.3593946 Fibroblast 
MMP27 1.22E-06 -0.128246 Fibroblast 
MMP9 0 1.175728 Fibroblast 
MNDA 0.00153602 0.1204547 Fibroblast 
MNS1 0.01587589 0.1995022 Fibroblast 
MOB2 0.0292086 0.1119592 Fibroblast 
MOCS2 1.47E-06 -0.0842366 Fibroblast 
MON2 1.65E-14 0.2332731 Fibroblast 
MORC3 4.56E-05 0.2349283 Fibroblast 
MORC4 2.88E-08 -0.1251525 Fibroblast 
MORF4L2 2.67E-14 0.1908915 Fibroblast 
MOXD1 9.06E-62 -0.2517323 Fibroblast 
MPC2 1.43E-13 0.1807738 Fibroblast 
MPDZ 3.71E-05 0.165066 Fibroblast 
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MPHOSPH10 0.00320331 0.1310173 Fibroblast 
MPRIP 0.00024426 0.1297771 Fibroblast 
MPV17L2 2.42E-06 0.178863 Fibroblast 
MRAP2 4.72E-24 -0.7472682 Fibroblast 
MRAS 9.43E-15 0.1939764 Fibroblast 
MRC2 0.0026305 0.2746948 Fibroblast 
MRGPRF 0.01311768 -0.1446825 Fibroblast 
MRPL1 4.19E-10 0.2410228 Fibroblast 
MRPL11 2.48E-16 0.1931001 Fibroblast 
MRPL21 7.78E-35 -0.1682311 Fibroblast 
MRPL22 1.95E-08 0.1403932 Fibroblast 
MRPL24 1.44E-08 0.2003704 Fibroblast 
MRPL3 0.00032113 0.1416568 Fibroblast 
MRPL32 6.08E-15 0.2492203 Fibroblast 
MRPL39 1.76E-16 0.2273444 Fibroblast 
MRPL47 0.00020892 0.1675462 Fibroblast 
MRPL50 0.00077751 0.1802306 Fibroblast 
MRPS12 0.00018361 0.1599292 Fibroblast 
MRPS15 7.53E-05 0.1785351 Fibroblast 
MRPS18A 2.90E-05 0.1808584 Fibroblast 
MRPS21 2.17E-05 -0.1164482 Fibroblast 
MRPS26 1.44E-06 0.1569347 Fibroblast 
MRPS28 9.95E-05 0.1486159 Fibroblast 
MRPS30 9.83E-08 0.2405609 Fibroblast 
MRPS5 0.03344652 0.1163726 Fibroblast 
MRPS6 2.48E-21 0.3746977 Fibroblast 
MRTO4 1.16E-16 0.2262523 Fibroblast 
MSANTD2 3.55E-59 0.4447066 Fibroblast 
MSANTD3-
TMEFF1 0.00570349 -0.5018526 Fibroblast 
MSC 1.22E-19 1.235158 Fibroblast 
MSH3 0.00342372 -0.277773 Fibroblast 
MSH6 2.91E-60 0.2821308 Fibroblast 
MSN 8.43E-76 0.2406687 Fibroblast 
MSTN 0.00205409 -3.200113 Fibroblast 
MSX1 0 0.5844912 Fibroblast 
MT1E 9.65E-06 -0.1621353 Fibroblast 
MT2A 0.00206604 -0.0766121 Fibroblast 
MT3 1.04E-97 2.522421 Fibroblast 
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MTA2 2.33E-36 0.5461486 Fibroblast 
MTAP 7.76E-10 0.223634 Fibroblast 
MT-ATP8 5.09E-17 -0.178794 Fibroblast 
MTCH1 2.03E-13 0.2846408 Fibroblast 
MT-CO1 1.78E-70 0.1665221 Fibroblast 
MT-CO2 8.06E-207 0.2546584 Fibroblast 
MT-CYB 6.79E-55 0.1465589 Fibroblast 
MTF1 0.00647909 0.3125034 Fibroblast 
MTF2 8.95E-10 0.2538232 Fibroblast 
MTFMT 0.04464438 0.3708272 Fibroblast 
MTFR1 0.00294715 0.2072726 Fibroblast 
MTHFD2 7.09E-20 0.2596992 Fibroblast 
MTMR10 3.86E-09 0.5078072 Fibroblast 
MTMR14 0.00270342 0.2716146 Fibroblast 
MTMR3 3.82E-09 0.2981276 Fibroblast 
MTMR7 4.44E-07 0.3572857 Fibroblast 
MT-ND1 6.84E-147 0.2738727 Fibroblast 
MT-ND2 3.40E-158 0.3248675 Fibroblast 
MT-ND3 3.20E-32 -0.2415423 Fibroblast 
MT-ND4 1.32E-230 0.2587035 Fibroblast 
MT-ND5 1.03E-29 0.1820279 Fibroblast 
MT-ND6 3.80E-25 0.2145179 Fibroblast 
MTR 2.41E-05 0.1325145 Fibroblast 
MTREX 0.00034233 0.1469244 Fibroblast 
MTSS2 0.00084735 0.3253992 Fibroblast 
MTUS1 1.73E-15 -0.2268694 Fibroblast 
MTUS2 4.54E-17 0.5921608 Fibroblast 
MVB12A 1.81E-07 0.141473 Fibroblast 
MVP 4.11E-14 0.2307602 Fibroblast 
MX2 6.81E-07 0.2058064 Fibroblast 
MXRA5 1.71E-299 -0.5626832 Fibroblast 
MXRA8 1.90E-41 -0.2130427 Fibroblast 
MYBPC1 1.28E-11 0.2452952 Fibroblast 
MYBPC2 0.00018488 1.021493 Fibroblast 
MYC 2.12E-69 0.4708498 Fibroblast 
MYCBP2 3.94E-29 0.1779474 Fibroblast 
MYCT1 0.00098612 0.1630125 Fibroblast 
MYG1 4.02E-23 0.2154091 Fibroblast 
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MYH10 2.32E-05 0.1175719 Fibroblast 
MYH9 2.64E-59 0.1542143 Fibroblast 
MYL5 1.17E-106 -0.3917907 Fibroblast 
MYLIP 4.79E-37 0.2048994 Fibroblast 
MYO19 0.00959904 0.1796563 Fibroblast 
MYO1B 0.00037748 -0.0733789 Fibroblast 
MYO1C 5.79E-09 0.3904451 Fibroblast 
MYO1E 2.28E-66 0.5758506 Fibroblast 
MYO6 1.60E-26 0.3351779 Fibroblast 
MYO9A 3.71E-13 0.1739645 Fibroblast 
MYO9B 6.12E-13 0.1958954 Fibroblast 
MYOC 1.94E-21 -0.5226099 Fibroblast 
MYOCD 0.02862426 3.040163 Fibroblast 
MYSM1 1.65E-07 0.2115558 Fibroblast 
N4BP2 8.52E-23 0.2419228 Fibroblast 
N4BP2L2 4.97E-17 0.1564378 Fibroblast 
NAA15 5.20E-12 0.1868631 Fibroblast 
NAA16 8.80E-18 0.1427345 Fibroblast 
NAA20 1.10E-08 0.1898771 Fibroblast 
NAA25 4.73E-11 0.2769355 Fibroblast 
NAA30 3.58E-07 0.2095487 Fibroblast 
NAA38 0.00029974 -0.1304086 Fibroblast 
NAA50 4.12E-21 0.1502822 Fibroblast 
NAALADL2 1.91E-52 0.4990255 Fibroblast 
NAB1 2.47E-56 0.4471591 Fibroblast 
NABP1 1.58E-22 0.285773 Fibroblast 
NACA 1.06E-09 0.0455571 Fibroblast 
NADK 1.69E-07 0.6365304 Fibroblast 
NAGA 0.00043861 0.2515478 Fibroblast 
NAMPT 1.73E-131 0.2826116 Fibroblast 
NANS 9.25E-86 0.1849738 Fibroblast 
NAP1L1 8.12E-106 -0.1784875 Fibroblast 
NAP1L4 2.04E-40 0.2296808 Fibroblast 
NAPSA 1.24E-05 0.1804056 Fibroblast 
NARS1 0.00010021 0.104886 Fibroblast 
NASP 3.72E-13 0.1589057 Fibroblast 
NAV1 1.01E-13 0.2093127 Fibroblast 
NAV3 0.02328352 0.1796717 Fibroblast 
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NBR1 0.00533907 -0.0987386 Fibroblast 
NCALD 0.01443351 0.5988275 Fibroblast 
NCAM1 1.46E-15 -0.5052405 Fibroblast 
NCAPG2 3.63E-66 0.6394495 Fibroblast 
NCAPH2 0.00068495 0.1577871 Fibroblast 
NCBP1 6.42E-08 0.2315046 Fibroblast 
NCBP2 1.27E-05 -0.1429695 Fibroblast 
NCKAP1L 3.60E-07 0.9644359 Fibroblast 
NCKAP5 1.49E-10 -0.2669872 Fibroblast 
NCL 5.64E-81 0.1434679 Fibroblast 
NCOA1 0.00027576 0.149116 Fibroblast 
NCOA2 8.64E-06 0.1433755 Fibroblast 
NCOA7 9.56E-22 -0.2245463 Fibroblast 
NCOR1 3.30E-12 0.1243866 Fibroblast 
NCOR2 2.05E-12 0.2435335 Fibroblast 
ND4L 1.08E-55 0.250173 Fibroblast 
NDEL1 2.05E-27 0.2788221 Fibroblast 
NDFIP1 5.95E-27 -0.1021873 Fibroblast 
NDRG1 2.33E-17 0.4413706 Fibroblast 
NDUFA12 9.89E-21 -0.1675049 Fibroblast 
NDUFA9 0.00048381 0.1746179 Fibroblast 
NDUFAF1 0.03168264 0.2740634 Fibroblast 
NDUFAF2 9.82E-05 0.1256179 Fibroblast 
NDUFAF4 3.38E-35 0.408076 Fibroblast 
NDUFB10 3.68E-07 0.1143808 Fibroblast 
NDUFB11 0.0001431 -0.0704327 Fibroblast 
NDUFB6 0.00090055 0.0899624 Fibroblast 
NDUFB8 1.47E-32 0.1979556 Fibroblast 
NDUFB9 3.85E-25 0.1686778 Fibroblast 
NDUFS1 0.0312104 0.1908031 Fibroblast 
NDUFS2 3.44E-12 0.1416797 Fibroblast 
NDUFS5 2.17E-26 -0.1200037 Fibroblast 
NDUFS7 0.00034233 0.1007853 Fibroblast 
NDUFS8 0.0007887 0.0865168 Fibroblast 
NDUFV1 9.79E-05 0.1569794 Fibroblast 
NECAP1 1.23E-07 0.3075679 Fibroblast 
NECTIN1 8.33E-05 -0.1769585 Fibroblast 
NECTIN2 6.16E-25 0.2137126 Fibroblast 
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NECTIN3 1.87E-28 0.2162111 Fibroblast 
NEDD4L 0.0279212 -0.2667423 Fibroblast 
NEDD9 5.23E-27 0.6474868 Fibroblast 
NEK1 9.90E-16 0.2351734 Fibroblast 
NEK4 7.17E-24 -0.1080142 Fibroblast 
NEK9 2.93E-18 0.1249651 Fibroblast 
NELL2 3.14E-23 0.8305174 Fibroblast 
NEMF 2.14E-15 0.1730242 Fibroblast 
NEO1 5.42E-10 -0.1965388 Fibroblast 
NET1 0.0323946 -0.3708534 Fibroblast 
NEU2 8.25E-08 0.2466639 Fibroblast 
NEURL3 0.00016342 -0.6077326 Fibroblast 
NEXN 2.14E-111 -0.6164965 Fibroblast 
NFAT5 4.44E-31 0.2215259 Fibroblast 
NFATC1 1.22E-15 0.4185263 Fibroblast 
NFATC2 1.53E-06 0.1519478 Fibroblast 
NFATC4 0.02245206 0.2888612 Fibroblast 
NFE2L2 1.48E-129 0.2658846 Fibroblast 
NFE2L3 0.00088709 0.3262126 Fibroblast 
NFIC 5.06E-06 -0.0546937 Fibroblast 
NFIL3 1.35E-33 0.2783206 Fibroblast 
NFKB1 9.45E-106 0.2312177 Fibroblast 
NFKB2 1.65E-24 0.2380616 Fibroblast 
NFKBIA 0 0.5473255 Fibroblast 
NFKBIB 8.50E-101 0.3810763 Fibroblast 
NFKBID 9.92E-69 0.3641217 Fibroblast 
NFKBIE 7.33E-07 0.3612211 Fibroblast 
NFKBIZ 3.07E-101 0.2581282 Fibroblast 
NFYA 2.37E-20 0.4777332 Fibroblast 
NFYB 6.45E-05 0.2623904 Fibroblast 
NGDN 4.01E-32 0.28703 Fibroblast 
NGF 0.01097328 0.6023742 Fibroblast 
NHLRC2 3.64E-05 0.1507061 Fibroblast 
NHP2 0.00027955 0.0974598 Fibroblast 
NIBAN1 1.29E-18 0.185025 Fibroblast 
NID2 3.78E-14 -0.5810788 Fibroblast 
NIF3L1 0.00011466 0.194596 Fibroblast 
NIFK 1.25E-06 -0.0727738 Fibroblast 
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NIP7 2.02E-25 0.2687522 Fibroblast 
NIPBL 1.72E-19 0.1422767 Fibroblast 
NKAIN1 3.88E-31 -1.163009 Fibroblast 
NKAIN3 3.72E-15 0.7907213 Fibroblast 
NKD1 0.00786582 0.135405 Fibroblast 
NKIRAS1 1.63E-08 0.3010939 Fibroblast 
NKPD1 0.01923264 1.936274 Fibroblast 
NKRF 1.28E-06 0.2028221 Fibroblast 
NMD3 1.24E-05 0.1715602 Fibroblast 
NME1 5.65E-11 0.1414771 Fibroblast 
NME2 2.02E-216 -0.1922697 Fibroblast 
NMI 1.01E-15 0.1399691 Fibroblast 
NMT2 0.00020389 0.2314939 Fibroblast 
NMU 5.39E-17 0.4174137 Fibroblast 
NOB1 1.07E-29 0.2928999 Fibroblast 
NOC2L 0.0033751 0.23418 Fibroblast 
NOC3L 5.36E-35 0.3349947 Fibroblast 
NOCT 2.62E-12 0.2242488 Fibroblast 
NOD1 2.17E-05 0.5945374 Fibroblast 
NOL10 3.26E-11 0.2771748 Fibroblast 
NOL11 1.24E-05 0.174058 Fibroblast 
NOL3 2.78E-15 -0.2410416 Fibroblast 
NOL8 4.33E-06 0.2269717 Fibroblast 
NOLC1 1.02E-80 0.2727477 Fibroblast 
NOM1 3.75E-08 0.1601763 Fibroblast 
NONO 0.03097806 0.1475002 Fibroblast 
NOP10 1.72E-18 -0.1051 Fibroblast 
NOP14 0.00221414 -0.0962605 Fibroblast 
NOP16 0.00805825 0.3112259 Fibroblast 
NOP2 3.44E-27 0.4149679 Fibroblast 
NOP53 1.31E-38 0.1924088 Fibroblast 
NOP56 1.65E-21 0.161552 Fibroblast 
NOP58 1.53E-20 0.1684596 Fibroblast 
NOP9 3.95E-16 0.2750702 Fibroblast 
NOVA1 2.10E-17 0.3625207 Fibroblast 
NPEPPS 0.00267905 0.1102678 Fibroblast 
NPM1 6.74E-32 0.1047943 Fibroblast 
NPS 4.79E-07 2.155747 Fibroblast 
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NPTN 0.00066376 0.1170372 Fibroblast 
NPY 8.39E-09 0.6019938 Fibroblast 
NQO1 2.96E-06 0.2619192 Fibroblast 
NR1D1 3.62E-97 -0.76943 Fibroblast 
NR1D2 2.12E-16 -0.2501735 Fibroblast 
NR1H2 9.75E-16 0.2664719 Fibroblast 
NR2C1 2.51E-08 0.3491579 Fibroblast 
NR2F6 0.0341544 0.2231391 Fibroblast 
NR4A1 7.72E-34 0.1411438 Fibroblast 
NR4A2 3.24E-31 0.3343618 Fibroblast 
NR4A3 9.07E-42 0.3954645 Fibroblast 
NRBP1 0.00183206 0.0984701 Fibroblast 
NRDC 2.94E-33 0.3116077 Fibroblast 
NREP 7.79E-35 -1.00396 Fibroblast 
NRIP1 2.68E-16 0.158241 Fibroblast 
NRN1 5.01E-21 0.848889 Fibroblast 
NRP1 1.88E-24 0.1905322 Fibroblast 
NRP2 4.28E-132 0.6362771 Fibroblast 
NRXN1 5.20E-14 0.3660236 Fibroblast 
NRXN2 0.00749333 0.7888711 Fibroblast 
NSD3 1.84E-42 0.220607 Fibroblast 
NSF 0.01128344 0.1982607 Fibroblast 
NSFL1C 3.94E-25 0.3046529 Fibroblast 
NSMCE4A 7.06E-13 0.3428292 Fibroblast 
NT5C 1.38E-15 0.2223351 Fibroblast 
NT5DC2 8.25E-29 -0.543441 Fibroblast 
NTAN1 9.23E-10 0.1542082 Fibroblast 
NTN1 1.81E-12 0.4728586 Fibroblast 
NTRK2 6.81E-19 -0.2626101 Fibroblast 
NUAK1 0.00012383 0.304282 Fibroblast 
NUCB1 1.36E-30 0.2260664 Fibroblast 
NUCB2 7.96E-203 -0.2624564 Fibroblast 
NUCKS1 7.95E-05 0.0450218 Fibroblast 
NUDC 0.00231161 0.0926998 Fibroblast 
NUDT1 5.52E-41 0.5717608 Fibroblast 
NUDT14 1.47E-13 -0.5272025 Fibroblast 
NUDT3 8.71E-05 0.1490094 Fibroblast 
NUDT4 0.01371481 0.1708079 Fibroblast 
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NUDT5 0.00024806 0.1398431 Fibroblast 
NUDT9 6.34E-05 0.1455888 Fibroblast 
NUF2 1.78E-09 -0.7861346 Fibroblast 
NUFIP1 2.03E-31 0.3138875 Fibroblast 
NUFIP2 1.28E-123 0.3256186 Fibroblast 
NUMA1 8.55E-11 0.2941968 Fibroblast 
NUP153 1.65E-50 0.3003751 Fibroblast 
NUP188 0.00016088 0.2857875 Fibroblast 
NUP205 5.84E-10 0.3062486 Fibroblast 
NUP210L 0.00647909 0.2874933 Fibroblast 
NUP214 4.97E-15 0.2862088 Fibroblast 
NUP35 5.11E-06 0.2484758 Fibroblast 
NUP37 0.0225709 0.2257771 Fibroblast 
NUP50 4.86E-24 0.2175468 Fibroblast 
NUP54 2.95E-15 0.2536795 Fibroblast 
NUP98 2.11E-97 0.3911743 Fibroblast 
NUPR1 8.70E-304 -0.2765418 Fibroblast 
NXF1 4.43E-20 0.2546529 Fibroblast 
NXF3 2.10E-08 0.2026375 Fibroblast 
NYNRIN 0.00275213 0.1978267 Fibroblast 
OAZ1 2.39E-99 0.1424909 Fibroblast 
OAZ2 0.00010541 0.1204649 Fibroblast 
OBI1 5.38E-08 0.2086459 Fibroblast 
OCIAD2 5.83E-106 -0.2082675 Fibroblast 
OCRL 0.00421754 0.217685 Fibroblast 
ODAD4 0.00017354 1.034706 Fibroblast 
ODC1 2.75E-14 0.2127187 Fibroblast 
OFD1 3.92E-06 -0.1284003 Fibroblast 
OGFRL1 1.20E-14 0.2708839 Fibroblast 
OGN 0 -1.26712 Fibroblast 
OGT 5.97E-14 0.1413761 Fibroblast 
OLFM1 0.00018237 -0.701467 Fibroblast 
OLFML1 1.80E-14 -0.1443097 Fibroblast 
OLFML2A 0.01039381 -0.3673271 Fibroblast 
OLFML2B 3.03E-08 -0.160887 Fibroblast 
OMD 6.60E-11 -0.2178773 Fibroblast 
ONECUT1 0.01214484 0.637872 Fibroblast 
ORC4 2.06E-07 -0.1165894 Fibroblast 



 

402 
 

OS9 9.77E-19 0.3252745 Fibroblast 
OSBP 1.21E-29 0.4614547 Fibroblast 
OSBPL11 0.00126391 0.1350492 Fibroblast 
OSBPL1A 0.00012469 0.1714515 Fibroblast 
OSER1 1.74E-51 0.3872936 Fibroblast 
OSGEP 0.0370977 0.1354422 Fibroblast 
OSGIN1 2.17E-10 0.6852251 Fibroblast 
OSMR 3.37E-28 0.5045041 Fibroblast 
OSR2 1.16E-19 0.2764579 Fibroblast 
OSTF1 4.16E-06 -0.1801862 Fibroblast 
OSTM1 0.01623544 0.1282642 Fibroblast 
OTUD4 4.16E-10 0.1692161 Fibroblast 
OTUD5 9.05E-09 0.3102893 Fibroblast 
OXA1L 2.25E-06 0.1865403 Fibroblast 
OXNAD1 7.11E-05 0.2644787 Fibroblast 
OXSR1 1.20E-06 0.211989 Fibroblast 
OXT 3.60E-09 0.9430218 Fibroblast 
P3H1 4.19E-23 -0.3092282 Fibroblast 
P3H3 1.63E-21 -0.3674327 Fibroblast 
P3H4 1.21E-127 -0.5673927 Fibroblast 
P4HA2 0 -0.6593938 Fibroblast 
P4HTM 0.01970833 0.1995111 Fibroblast 
PABIR2 3.56E-19 0.3201424 Fibroblast 
PABPC1 1.66E-06 0.0634064 Fibroblast 
PABPN1 3.48E-56 0.1887389 Fibroblast 
PACSIN3 1.78E-05 0.4102851 Fibroblast 
PADI2 5.99E-07 1.151777 Fibroblast 
PAF1 2.67E-11 0.2158319 Fibroblast 
PAFAH1B1 5.00E-84 0.2076129 Fibroblast 
PAIP2 4.52E-08 -0.1170471 Fibroblast 
PAIP2B 9.29E-06 0.4370545 Fibroblast 
PAK1IP1 1.35E-48 0.3240405 Fibroblast 
PALLD 2.41E-14 -0.1624446 Fibroblast 
PALM2AKAP2 4.85E-28 0.3013888 Fibroblast 
PALMD 3.94E-31 0.6467497 Fibroblast 
PAM 2.06E-27 0.1995706 Fibroblast 
PAMR1 4.71E-28 0.2992065 Fibroblast 
PANK2 0.0004887 0.230789 Fibroblast 
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PAPOLA 1.30E-19 0.1236848 Fibroblast 
PAPOLG 0.03652375 0.1735823 Fibroblast 
PAPPA 5.62E-12 0.466131 Fibroblast 
PAPSS1 0.00040635 -0.1709962 Fibroblast 
PARD3 4.99E-13 0.1522937 Fibroblast 
PARD3B 1.11E-41 0.256534 Fibroblast 
PARK7 7.24E-22 0.1515146 Fibroblast 
PARP1 1.90E-07 0.2161456 Fibroblast 
PARP4 0.00055358 0.0818548 Fibroblast 
PARP8 2.95E-16 0.3413118 Fibroblast 
PAXIP1 8.86E-09 0.2814927 Fibroblast 
PBX1 4.88E-23 0.1949003 Fibroblast 
PBXIP1 6.18E-09 0.5174217 Fibroblast 
PCBD1 2.24E-25 -0.1612901 Fibroblast 
PCBP3 0.0034358 -0.7215717 Fibroblast 
PCDH18 2.84E-193 -0.4492666 Fibroblast 
PCDH9 3.15E-80 0.5670442 Fibroblast 
PCDHGC3 2.66E-20 0.2180561 Fibroblast 
PCF11 5.50E-94 0.3874948 Fibroblast 
PCM1 1.71E-12 0.1081713 Fibroblast 
PCMT1 5.43E-13 0.1785312 Fibroblast 
PCNP 5.96E-12 0.1062231 Fibroblast 
PCOLCE 0 -0.4749098 Fibroblast 
PCP4L1 5.27E-15 0.897505 Fibroblast 
PCSK1N 4.40E-56 -1.942483 Fibroblast 
PCSK2 3.56E-09 0.6372008 Fibroblast 
PCSK5 0.00073371 -0.1608398 Fibroblast 
PCTP 1.93E-07 0.4002131 Fibroblast 
PCYOX1L 0.00128843 0.2553541 Fibroblast 
PCYT2 1.02E-16 0.2202767 Fibroblast 
PDCD10 8.22E-40 0.2374318 Fibroblast 
PDCD11 4.24E-06 0.2232046 Fibroblast 
PDCD2 4.09E-06 -0.1383063 Fibroblast 
PDCD2L 4.19E-13 0.3339296 Fibroblast 
PDCD4 3.32E-25 -0.1777927 Fibroblast 
PDCD6IP 0.03581422 0.0894597 Fibroblast 
PDCD7 1.78E-22 0.3700743 Fibroblast 
PDCL 8.17E-06 0.4896282 Fibroblast 
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PDE12 0.00033229 0.4201903 Fibroblast 
PDE1C 0.0480376 0.9846157 Fibroblast 
PDE4B 2.10E-25 0.2358664 Fibroblast 
PDE4D 1.31E-17 -0.3651094 Fibroblast 
PDE4DIP 5.36E-12 0.3985442 Fibroblast 
PDE5A 5.64E-19 -0.434567 Fibroblast 
PDE6A 2.18E-18 0.2589552 Fibroblast 
PDE7B 5.09E-05 -0.6608451 Fibroblast 
PDE8A 4.56E-21 0.2293534 Fibroblast 
PDGFC 0.00338719 0.4928903 Fibroblast 
PDGFRA 2.84E-81 0.3452305 Fibroblast 
PDGFRB 2.38E-08 0.2234511 Fibroblast 
PDGFRL 0 -0.6211023 Fibroblast 
PDHA1 1.93E-12 0.3042196 Fibroblast 
PDIA3 1.58E-79 0.1933746 Fibroblast 
PDIA4 2.83E-40 0.2220051 Fibroblast 
PDIA5 4.10E-30 -0.3666235 Fibroblast 
PDIA6 5.27E-151 0.4036935 Fibroblast 
PDK2 0.00010071 0.3252302 Fibroblast 
PDK3 0.00303261 -0.3005742 Fibroblast 
PDK4 1.47E-70 0.8337757 Fibroblast 
PDLIM2 2.49E-33 0.2478157 Fibroblast 
PDLIM3 0.00025561 -0.1789749 Fibroblast 
PDP1 7.10E-05 0.4114318 Fibroblast 
PDPK1 5.67E-10 0.2969977 Fibroblast 
PDPN 0 0.3550492 Fibroblast 
PDS5A 3.60E-20 0.1452094 Fibroblast 
PDXK 1.50E-12 0.3328911 Fibroblast 
PDZD7 1.17E-05 0.2264977 Fibroblast 
PDZRN3 4.63E-06 0.1934662 Fibroblast 
PEA15 2.24E-09 0.3709004 Fibroblast 
PEBP4 0.00091666 0.2123284 Fibroblast 
PECR 8.98E-26 -0.6721911 Fibroblast 
PELI2 6.55E-05 0.3365618 Fibroblast 
PEMT 8.51E-11 -0.4958561 Fibroblast 
PENK 2.49E-17 0.4569113 Fibroblast 
PEPD 9.55E-07 0.2145534 Fibroblast 
PER3 0.00048626 -0.2709853 Fibroblast 
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PES1 0.0005548 0.201245 Fibroblast 
PEX11B 7.53E-08 0.1290181 Fibroblast 
PEX26 0.00033229 0.2304088 Fibroblast 
PFDN2 1.36E-51 0.1818137 Fibroblast 
PFDN5 0.01129469 0.0465915 Fibroblast 
PFDN6 1.99E-05 0.1977869 Fibroblast 
PFN1 1.11E-132 0.1852553 Fibroblast 
PFN2 0.0181515 -0.193202 Fibroblast 
PGM2L1 7.27E-07 0.3734716 Fibroblast 
PGM3 6.27E-75 0.4097846 Fibroblast 
PGM5 0.00256991 0.3817039 Fibroblast 
PGRMC1 7.72E-34 0.12847 Fibroblast 
PGS1 2.21E-12 0.186108 Fibroblast 
PHACTR1 6.54E-05 0.1645585 Fibroblast 
PHACTR3 6.19E-25 -0.9754593 Fibroblast 
PHAX 6.30E-19 0.2800847 Fibroblast 
PHB 1.43E-11 0.3987664 Fibroblast 
PHC2 3.38E-11 0.2250985 Fibroblast 
PHF1 4.34E-06 0.2604265 Fibroblast 
PHF12 0.0016844 0.1621118 Fibroblast 
PHF13 1.21E-19 0.2980131 Fibroblast 
PHF2 4.77E-06 0.2138764 Fibroblast 
PHF20 7.82E-14 0.2087246 Fibroblast 
PHF23 7.38E-72 0.4079499 Fibroblast 
PHF3 0.00561836 0.0697112 Fibroblast 
PHF6 0.03510433 0.1615222 Fibroblast 
PHIP 6.07E-32 0.2322464 Fibroblast 
PHKG1 8.40E-09 1.595963 Fibroblast 
PHLDA1 1.11E-13 0.5847957 Fibroblast 
PHLDB1 1.23E-133 0.5078266 Fibroblast 
PHLPP1 5.03E-23 0.6280889 Fibroblast 
PHLPP2 0.00086482 0.1790208 Fibroblast 
PHPT1 2.35E-87 -0.2068859 Fibroblast 
PHYH 1.53E-69 -0.2537283 Fibroblast 
PHYHD1 7.30E-13 0.2832766 Fibroblast 
PI15 1.36E-51 -0.7672698 Fibroblast 
PI16 1.82E-132 0.3334203 Fibroblast 
PI3 4.76E-87 0.2386967 Fibroblast 
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PI4K2A 0.00031232 0.1976198 Fibroblast 
PI4K2B 8.06E-45 0.3420141 Fibroblast 
PIAS1 2.25E-22 0.3113497 Fibroblast 
PIAS2 8.46E-05 0.1689649 Fibroblast 
PIAS3 0.00127612 0.207323 Fibroblast 
PIBF1 0.00106465 0.2149196 Fibroblast 
PICALM 2.68E-06 0.1535183 Fibroblast 
PIEZO2 4.31E-51 -1.131733 Fibroblast 
PIGK 1.53E-06 0.2273436 Fibroblast 
PIGU 6.29E-07 0.2276726 Fibroblast 
PIGV 2.00E-09 0.3291078 Fibroblast 
PIH1D1 2.69E-09 0.2413963 Fibroblast 
PIK3CB 0.00650257 0.2351901 Fibroblast 
PIK3R1 1.71E-16 -0.159328 Fibroblast 
PIK3R2 6.81E-05 -0.2627842 Fibroblast 
PIM1 5.02E-41 0.7165976 Fibroblast 
PIM2 2.20E-05 1.295432 Fibroblast 
PINK1 0.00024929 0.2261073 Fibroblast 
PIP4K2A 5.48E-18 -0.2631933 Fibroblast 
PIP5K1A 5.90E-80 0.2901022 Fibroblast 
PIP5K1C 2.35E-05 0.2405014 Fibroblast 
PIR 0 0.6602114 Fibroblast 
PITPNB 4.27E-11 0.1280727 Fibroblast 
PJVK 1.31E-05 0.2640306 Fibroblast 
PKD1 7.51E-12 0.1699778 Fibroblast 
PKN2 2.24E-15 0.1366565 Fibroblast 
PKNOX1 0.00407088 0.3276472 Fibroblast 
PLA2G12A 1.59E-08 0.2086572 Fibroblast 
PLAC8 6.65E-05 1.071331 Fibroblast 
PLAC8A 6.64E-06 0.2338244 Fibroblast 
PLAU 2.75E-21 0.1852464 Fibroblast 
PLAUR 0 0.5003277 Fibroblast 
PLBD1 1.06E-24 1.249973 Fibroblast 
PLBD2 0.00205409 -0.1302194 Fibroblast 
PLCB1 6.83E-09 0.1994423 Fibroblast 
PLCB4 3.83E-28 -0.8438235 Fibroblast 
PLCE1 2.38E-11 0.5616542 Fibroblast 
PLCL1 2.51E-14 0.2552194 Fibroblast 



 

407 
 

PLD1 2.16E-09 0.2308901 Fibroblast 
PLEC 1.26E-38 0.2426185 Fibroblast 
PLEKHA1 2.41E-26 0.2359353 Fibroblast 
PLEKHA2 1.13E-08 0.6058525 Fibroblast 
PLEKHA4 8.63E-07 0.2275647 Fibroblast 
PLEKHA5 3.79E-09 0.1530909 Fibroblast 
PLEKHA8 5.97E-25 0.351921 Fibroblast 
PLEKHG2 0.00096376 0.2950457 Fibroblast 
PLEKHH2 5.40E-05 0.1960569 Fibroblast 
PLEKHH3 0.01527498 0.266742 Fibroblast 
PLEKHO1 9.02E-14 0.3368401 Fibroblast 
PLEKHO2 0.03286356 0.3659414 Fibroblast 
PLIN2 0 0.5080173 Fibroblast 
PLK3 2.98E-27 0.5237252 Fibroblast 
PLPP1 1.74E-130 -0.2616749 Fibroblast 
PLPP2 0.00040132 -0.3950437 Fibroblast 
PLPP3 0 0.307191 Fibroblast 
PLPP4 1.68E-21 -0.4339339 Fibroblast 
PLS3 1.49E-12 0.1729758 Fibroblast 
PLSCR4 3.21E-17 0.2856213 Fibroblast 
PLSCR5 0.00471626 -0.4119321 Fibroblast 
PLTP 0.0076249 0.1723164 Fibroblast 
PLXDC1 4.68E-28 0.4494073 Fibroblast 
PLXDC2 6.60E-108 0.552832 Fibroblast 
PLXNB3 0.02613331 -0.3469201 Fibroblast 
PM20D2 4.69E-56 0.1150912 Fibroblast 
PMP22 0 0.2291991 Fibroblast 
PMPCA 0.0001177 0.2097964 Fibroblast 
PMS1 4.72E-05 0.1587931 Fibroblast 
PMVK 9.56E-10 0.2171392 Fibroblast 
PNISR 1.07E-29 0.1534328 Fibroblast 
PNKD 1.07E-09 -0.3934402 Fibroblast 
PNN 0.00917741 0.0662184 Fibroblast 
PNP 2.08E-51 0.2182199 Fibroblast 
PNPLA2 1.68E-12 0.6516276 Fibroblast 
PNPLA8 2.04E-32 0.2067373 Fibroblast 
PNPO 1.13E-39 0.5504313 Fibroblast 
PNPT1 0.0283908 0.239586 Fibroblast 
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POC1A 0.0179154 0.3727107 Fibroblast 
POGK 1.81E-10 0.3476205 Fibroblast 
POGLUT3 7.23E-80 0.3550987 Fibroblast 
POLB 1.12E-21 0.383406 Fibroblast 
POLE2 2.47E-07 0.292673 Fibroblast 
POLE3 1.10E-17 0.195551 Fibroblast 
POLR1A 0.02507024 0.3028458 Fibroblast 
POLR1B 0.00063872 0.2561026 Fibroblast 
POLR1C 3.67E-05 0.2530849 Fibroblast 
POLR1D 5.91E-11 0.0964287 Fibroblast 
POLR1F 2.43E-61 0.2932199 Fibroblast 
POLR1G 1.82E-49 0.6027164 Fibroblast 
POLR1H 6.41E-08 0.1571899 Fibroblast 
POLR2A 3.77E-22 0.280351 Fibroblast 
POLR2B 1.01E-34 0.2404948 Fibroblast 
POLR2E 2.13E-16 0.1644352 Fibroblast 
POLR2I 1.40E-08 -0.1209285 Fibroblast 
POLR2K 8.64E-06 0.1475537 Fibroblast 
POLR3A 0.02720588 0.2382317 Fibroblast 
POLR3G 7.95E-07 -0.4857426 Fibroblast 
POLR3K 8.67E-50 0.2345079 Fibroblast 
POMK 0.00369205 0.3731371 Fibroblast 
PON2 4.33E-36 -0.5377705 Fibroblast 
POP5 6.41E-05 0.2272547 Fibroblast 
POR 1.05E-05 -0.1840023 Fibroblast 
POSTN 7.61E-146 0.6349766 Fibroblast 
POU2AF1 0.01054961 3.013495 Fibroblast 
POU2F1 0.00041382 0.1843896 Fibroblast 
PPA1 1.30E-149 0.2689195 Fibroblast 
PPAN 6.13E-15 0.2868378 Fibroblast 
PPARD 0.00110809 0.1835034 Fibroblast 
PPFIA1 1.42E-07 0.1403946 Fibroblast 
PPFIBP1 2.53E-09 0.1574066 Fibroblast 
PPIC 1.51E-121 -1.077675 Fibroblast 
PPID 4.76E-13 0.2157199 Fibroblast 
PPIH 0.00086845 0.1878557 Fibroblast 
PPIL2 0.00786582 0.2957099 Fibroblast 
PPIL4 3.11E-06 0.1306417 Fibroblast 
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PPIP5K2 8.32E-08 0.2250851 Fibroblast 
PPL 4.04E-59 0.4521773 Fibroblast 
PPM1D 1.14E-38 0.3857753 Fibroblast 
PPM1G 2.19E-05 0.1428739 Fibroblast 
PPME1 0.01803198 0.2366116 Fibroblast 
PPP1CB 2.27E-12 0.2308546 Fibroblast 
PPP1CC 2.78E-145 0.3248856 Fibroblast 
PPP1R10 1.11E-36 0.441243 Fibroblast 
PPP1R12A 7.91E-13 0.1247115 Fibroblast 
PPP1R14A 0.0002342 -0.9824795 Fibroblast 
PPP1R14B 3.36E-39 0.1948527 Fibroblast 
PPP1R15A 8.46E-58 0.2264848 Fibroblast 
PPP1R15B 1.51E-15 0.3823859 Fibroblast 
PPP1R16B 3.71E-10 -0.1922579 Fibroblast 
PPP1R18 3.46E-118 0.5361589 Fibroblast 
PPP1R2 3.37E-36 0.155291 Fibroblast 
PPP1R35 6.77E-08 0.1910341 Fibroblast 
PPP1R7 5.69E-06 0.2787636 Fibroblast 
PPP1R8 1.57E-11 0.4320039 Fibroblast 
PPP1R9B 6.67E-10 0.4025984 Fibroblast 
PPP2CA 2.62E-14 0.2247425 Fibroblast 
PPP2CB 1.33E-10 0.1729759 Fibroblast 
PPP2R2A 8.45E-30 0.2585163 Fibroblast 
PPP2R3A 7.78E-17 0.3174337 Fibroblast 
PPP2R3C 9.75E-08 0.290671 Fibroblast 
PPP2R5A 4.46E-10 0.2090408 Fibroblast 
PPP2R5C 6.40E-06 0.127607 Fibroblast 
PPP3CA 5.32E-95 -0.2665321 Fibroblast 
PPP3R1 1.49E-11 0.2674971 Fibroblast 
PPP4C 1.47E-06 0.129755 Fibroblast 
PPP4R2 0.03664044 0.0779972 Fibroblast 
PPP4R3A 3.81E-22 0.2622689 Fibroblast 
PPP4R3B 8.59E-54 0.2563585 Fibroblast 
PPP6R2 0.00081863 -0.1826902 Fibroblast 
PPP6R3 1.90E-07 0.222004 Fibroblast 
PPRC1 1.08E-14 0.2345236 Fibroblast 
PPT1 3.09E-08 -0.124813 Fibroblast 
PPWD1 0.00206604 0.2449954 Fibroblast 
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PRDM1 4.53E-19 0.1482586 Fibroblast 
PRDM11 0.00382664 -0.4871965 Fibroblast 
PRDM2 8.04E-28 0.2758319 Fibroblast 
PRDM4 1.07E-10 0.6339315 Fibroblast 
PRDM8 1.04E-24 0.1675515 Fibroblast 
PRDX1 1.24E-120 0.20531 Fibroblast 
PRDX2 4.10E-10 0.0984022 Fibroblast 
PRELID3B 3.62E-07 0.2191408 Fibroblast 
PREPL 0.03510433 0.1672511 Fibroblast 
PREX1 1.26E-07 0.3149977 Fibroblast 
PRG4 0.00548357 1.048044 Fibroblast 
PRICKLE2 5.21E-50 0.2212754 Fibroblast 
PRICKLE3 0.00089937 0.164673 Fibroblast 
PRIMA1 2.06E-16 -0.3544849 Fibroblast 
PRKAB2 3.56E-30 0.2660757 Fibroblast 
PRKACA 1.34E-10 0.1564956 Fibroblast 
PRKAG2 0.04369674 0.1845726 Fibroblast 
PRKAR2B 8.58E-10 -0.3368827 Fibroblast 
PRKCD 4.18E-05 0.144273 Fibroblast 
PRKCE 2.12E-06 0.3417463 Fibroblast 
PRKD2 9.82E-05 0.3261403 Fibroblast 
PRKD3 0.0231648 0.2141802 Fibroblast 
PRKG1 1.80E-19 0.4194944 Fibroblast 
PRKRIP1 4.80E-06 0.1881079 Fibroblast 
PRMT1 6.05E-79 0.2660759 Fibroblast 
PRMT2 0.00216456 -0.1803324 Fibroblast 
PRNP 8.69E-118 0.364368 Fibroblast 
PROS1 1.45E-155 0.4589682 Fibroblast 
PRPF19 3.97E-18 0.2512284 Fibroblast 
PRPF3 4.39E-12 0.284115 Fibroblast 
PRPF31 7.48E-13 0.2954281 Fibroblast 
PRPF38A 5.81E-12 0.3207055 Fibroblast 
PRPF4 5.99E-10 0.4709865 Fibroblast 
PRPF40A 3.54E-44 0.1881793 Fibroblast 
PRPF8 0.00046251 0.0870405 Fibroblast 
PRPS2 0.00041009 0.1668163 Fibroblast 
PRPSAP1 0.00066496 -0.1868194 Fibroblast 
PRR14 2.01E-09 0.2729904 Fibroblast 
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PRR16 4.31E-09 0.4562579 Fibroblast 
PRRC2A 3.43E-24 0.2526054 Fibroblast 
PRRC2B 2.92E-07 0.311075 Fibroblast 
PRRC2C 1.42E-15 0.0690448 Fibroblast 
PRRT1 7.56E-05 0.1732869 Fibroblast 
PRRX1 2.37E-91 -0.178871 Fibroblast 
PRRX2 1.00E-06 -0.1852098 Fibroblast 
PRSS12 5.26E-23 0.4097202 Fibroblast 
PRSS23 7.41E-68 -0.348102 Fibroblast 
PRSS35 1.13E-13 1.214218 Fibroblast 
PSAP 3.11E-90 0.33393 Fibroblast 
PSD2 0.0076249 0.0800415 Fibroblast 
PSENEN 1.94E-07 0.0801578 Fibroblast 
PSIP1 5.72E-07 0.0920178 Fibroblast 
PSMA2 3.59E-20 0.1608091 Fibroblast 
PSMA3 7.06E-10 0.1263694 Fibroblast 
PSMA5 1.10E-21 0.1707239 Fibroblast 
PSMA6 6.83E-47 0.2003368 Fibroblast 
PSMB1 2.14E-29 0.1524904 Fibroblast 
PSMB2 1.56E-42 0.1369327 Fibroblast 
PSMB3 1.08E-47 0.1894979 Fibroblast 
PSMB4 9.07E-22 0.1505521 Fibroblast 
PSMB5 5.63E-12 0.1413492 Fibroblast 
PSMB6 1.27E-54 0.233677 Fibroblast 
PSMB7 1.97E-15 0.1744296 Fibroblast 
PSMB9 1.52E-14 0.3030898 Fibroblast 
PSMC2 5.46E-18 0.2574241 Fibroblast 
PSMC4 9.06E-24 0.2915271 Fibroblast 
PSMC5 1.58E-35 0.2694441 Fibroblast 
PSMD11 5.81E-18 0.2283535 Fibroblast 
PSMD12 6.28E-38 0.2543564 Fibroblast 
PSMD14 4.78E-10 0.2564063 Fibroblast 
PSMD2 6.82E-05 0.1159584 Fibroblast 
PSMD4 2.16E-21 0.2379957 Fibroblast 
PSMD8 2.20E-12 0.1662703 Fibroblast 
PSMD9 1.00E-08 0.247693 Fibroblast 
PSME1 4.92E-09 -0.1151396 Fibroblast 
PSME2 2.29E-28 0.2430694 Fibroblast 
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PSMG1 1.30E-07 0.1536548 Fibroblast 
PSMG2 2.04E-06 0.1943313 Fibroblast 
PSPC1 1.33E-08 0.1994159 Fibroblast 
PSPH 0.00033729 0.1257347 Fibroblast 
PTCD3 4.52E-11 0.3409119 Fibroblast 
PTGDR 8.72E-44 0.996941 Fibroblast 
PTGES 4.10E-186 0.2637552 Fibroblast 
PTGFRN 1.20E-46 -0.193066 Fibroblast 
PTGIS 3.82E-08 0.6607161 Fibroblast 
PTGR1 5.30E-40 0.2538912 Fibroblast 
PTGS2 2.64E-23 0.2752831 Fibroblast 
PTMA 0 0.1797452 Fibroblast 
PTN 0 -1.022483 Fibroblast 
PTP4A1 1.51E-26 0.3089808 Fibroblast 
PTPN1 1.09E-166 0.3916422 Fibroblast 
PTPN11 8.17E-07 0.1614366 Fibroblast 
PTPN12 3.52E-15 0.2855897 Fibroblast 
PTPN13 1.50E-20 0.1577655 Fibroblast 
PTPN2 1.61E-05 0.1684219 Fibroblast 
PTPN23 0.0133573 0.4130818 Fibroblast 
PTPN6 2.66E-22 0.234588 Fibroblast 
PTPRA 0.00272778 0.1066862 Fibroblast 
PTPRC 0.04464438 0.2907955 Fibroblast 
PTPRD 1.04E-06 -0.7062776 Fibroblast 
PTPRG 1.61E-19 0.3073251 Fibroblast 
PTPRJ 4.32E-15 0.6130989 Fibroblast 
PTPRM 0.00922547 0.2611636 Fibroblast 
PTPRR 2.32E-11 -0.2840182 Fibroblast 
PTRH2 1.62E-48 0.3649653 Fibroblast 
PTRHD1 4.21E-19 -0.3215343 Fibroblast 
PTX3 1.61E-276 0.9510219 Fibroblast 
PUF60 0.00024176 0.1175241 Fibroblast 
PUM3 3.64E-16 0.212778 Fibroblast 
PURA 0.004437 0.1249811 Fibroblast 
PUS3 1.62E-05 0.4182181 Fibroblast 
PWP1 2.02E-14 0.2100594 Fibroblast 
PXDC1 5.36E-29 0.3446331 Fibroblast 
PXK 1.35E-40 0.3150499 Fibroblast 
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PXN 0.00537423 0.4903781 Fibroblast 
PYCR1 1.10E-288 -1.487403 Fibroblast 
PYROXD1 0.00025684 0.2873023 Fibroblast 
QARS1 2.24E-05 0.1780639 Fibroblast 
QDPR 1.34E-21 -0.2243571 Fibroblast 
QKI 4.00E-30 0.2420579 Fibroblast 
QPCT 5.77E-27 -0.2171004 Fibroblast 
QRICH1 0.00118004 0.265862 Fibroblast 
QSER1 1.87E-07 0.149656 Fibroblast 
QSOX2 0.00757718 0.109898 Fibroblast 
R3HCC1 0.00530302 0.2397633 Fibroblast 
RAB11A 2.39E-35 0.1587618 Fibroblast 
RAB11FIP2 1.69E-49 0.2193904 Fibroblast 
RAB13 2.56E-80 0.3250311 Fibroblast 
RAB2A 1.13E-29 -0.1159315 Fibroblast 
RAB35 4.68E-05 0.3264979 Fibroblast 
RAB3GAP1 3.34E-13 0.2056669 Fibroblast 
RAB3IL1 1.23E-46 0.2882385 Fibroblast 
RAB4B 0.00378992 0.1817028 Fibroblast 
RAB5A 1.30E-12 0.2545732 Fibroblast 
RAB6A 2.11E-10 0.1556987 Fibroblast 
RAB7A 4.29E-14 0.1036507 Fibroblast 
RAB8B 2.47E-13 0.1603207 Fibroblast 
RABAC1 3.94E-306 -0.2176937 Fibroblast 
RABEPK 3.18E-37 0.445983 Fibroblast 
RABGGTB 1.86E-07 0.1651979 Fibroblast 
RAD17 3.91E-07 0.1772343 Fibroblast 
RAD18 0.00867407 0.3476969 Fibroblast 
RAD21 2.78E-17 0.1579131 Fibroblast 
RAD23A 9.13E-16 0.233246 Fibroblast 
RAD23B 3.32E-12 0.1488008 Fibroblast 
RALA 1.10E-13 0.1120179 Fibroblast 
RALGAPA1 9.83E-35 0.2394771 Fibroblast 
RALGAPB 0.00566707 0.2891623 Fibroblast 
RALGPS2 0.01359456 0.3482749 Fibroblast 
RAMAC 1.15E-28 0.283082 Fibroblast 
RAMP1 1.52E-22 1.507872 Fibroblast 
RAN 3.10E-10 0.0858993 Fibroblast 
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RANBP10 0.02507024 0.40271 Fibroblast 
RANBP17 0.00014056 0.290452 Fibroblast 
RANBP2 3.82E-33 0.197036 Fibroblast 
RANGAP1 3.07E-07 0.2569169 Fibroblast 
RAP1A 1.62E-07 0.1895477 Fibroblast 
RAP1B 1.46E-18 0.1730378 Fibroblast 
RAP2A 9.01E-08 -0.3456634 Fibroblast 
RARA 0.00240987 0.2164802 Fibroblast 
RARG 0.02589675 0.1504309 Fibroblast 
RARRES1 0.00043738 0.1512126 Fibroblast 
RARRES2 0 0.5626824 Fibroblast 
RASA1 1.50E-12 0.2171825 Fibroblast 
RASAL2 1.34E-08 0.1548351 Fibroblast 
RASGEF1A 0.00699703 0.7300306 Fibroblast 
RASGRP3 3.14E-06 0.8068896 Fibroblast 
RASL11B 5.75E-85 1.010252 Fibroblast 
RASSF1 0.00010275 0.4363558 Fibroblast 
RASSF8 1.77E-22 0.2137308 Fibroblast 
RAX 9.51E-05 1.61419 Fibroblast 
RB1 7.75E-06 0.3079709 Fibroblast 
RB1CC1 0.00116385 0.0753506 Fibroblast 
RBAK 6.48E-06 0.2995874 Fibroblast 
RBBP6 1.25E-156 0.2351814 Fibroblast 
RBBP8 1.18E-12 0.2642901 Fibroblast 
RBFOX2 1.73E-27 0.220692 Fibroblast 
RBM10 1.48E-22 0.3667588 Fibroblast 
RBM14 5.41E-37 0.2668059 Fibroblast 
RBM15 0.00012723 0.2363609 Fibroblast 
RBM17 0.00122215 -0.1444899 Fibroblast 
RBM19 1.11E-06 0.2033468 Fibroblast 
RBM22 1.78E-48 0.4068356 Fibroblast 
RBM26 0.00243432 0.1292301 Fibroblast 
RBM33 2.30E-06 0.1848466 Fibroblast 
RBM39 5.08E-61 0.1346324 Fibroblast 
RBM46 0.00364325 2.255208 Fibroblast 
RBM48 2.60E-23 0.4238491 Fibroblast 
RBM6 1.54E-19 0.2912311 Fibroblast 
RBM8A 3.81E-90 0.3241399 Fibroblast 
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RBMS1 1.92E-21 0.1438506 Fibroblast 
RBMS3 1.83E-160 -0.5816546 Fibroblast 
RBMX 6.88E-10 0.2106168 Fibroblast 
RBMX2 5.70E-05 0.2299487 Fibroblast 
RBP4 4.51E-265 0.5531285 Fibroblast 
RBPMS 5.92E-107 0.3392727 Fibroblast 
RC3H1 0.00104726 0.1235371 Fibroblast 
RC3H2 0.00785423 0.1285223 Fibroblast 
RCAN3 0.00909496 -0.1378232 Fibroblast 
RCN1 4.51E-192 -0.2705968 Fibroblast 
RCN3 8.27E-112 -0.4629338 Fibroblast 
RDH10 0.00013296 0.4245199 Fibroblast 
RDX 3.57E-29 0.188783 Fibroblast 
RECK 4.65E-10 -0.1756229 Fibroblast 
RECQL 0.00024301 0.2624534 Fibroblast 
REEP5 0.0307456 -0.1941681 Fibroblast 
REL 2.98E-66 0.2052669 Fibroblast 
RELA 1.46E-44 0.2654242 Fibroblast 
RELB 2.11E-18 0.2271996 Fibroblast 
RELCH 0.00478976 0.2878391 Fibroblast 
REM1 1.45E-16 0.7073781 Fibroblast 
RERE 1.81E-27 0.1835011 Fibroblast 
RESF1 3.92E-15 0.3051551 Fibroblast 
REST 6.92E-16 0.1985868 Fibroblast 
RETN 1.08E-08 0.7853929 Fibroblast 
REV3L 4.60E-171 0.2347157 Fibroblast 
REX1BD 0.00068249 -0.1007522 Fibroblast 
REXO1 2.07E-07 0.4743077 Fibroblast 
REXO5 6.26E-13 0.5629146 Fibroblast 
RFC3 3.37E-09 0.4553795 Fibroblast 
RFC4 0.00135054 0.1971837 Fibroblast 
RFK 3.35E-18 0.402469 Fibroblast 
RFTN1 6.69E-08 0.1464661 Fibroblast 
RFX1 3.43E-06 -0.3107417 Fibroblast 
RFXANK 0.00048258 0.4670706 Fibroblast 
RGL1 0.01707369 0.2069496 Fibroblast 
RGMA 3.68E-06 0.4190986 Fibroblast 
RGN 1.89E-07 -0.418544 Fibroblast 
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RGS1 4.26E-15 0.6597257 Fibroblast 
RGS10 1.42E-47 -0.7908406 Fibroblast 
RGS16 1.29E-31 -0.4377144 Fibroblast 
RGS19 9.28E-14 -0.3053731 Fibroblast 
RGS3 9.44E-34 0.4684725 Fibroblast 
RHCG 0.0001748 0.8270923 Fibroblast 
RHEBL1 6.69E-14 0.8510673 Fibroblast 
RHOA 5.58E-42 0.2277741 Fibroblast 
RHOB 1.55E-21 0.1137277 Fibroblast 
RHOBTB1 1.47E-06 -0.5119011 Fibroblast 
RHOJ 5.81E-44 -0.529072 Fibroblast 
RIC1 3.81E-48 0.331929 Fibroblast 
RICTOR 1.77E-10 0.2287274 Fibroblast 
RIDA 2.22E-22 0.295735 Fibroblast 
RIF1 4.59E-16 0.1243237 Fibroblast 
RILPL1 0.00223884 0.1704785 Fibroblast 
RIOK3 2.46E-06 0.1623459 Fibroblast 
RIPK2 6.05E-10 0.1901204 Fibroblast 
RIPOR3 0.00165971 0.3171663 Fibroblast 
RIT1 9.47E-14 0.2265636 Fibroblast 
RIT2 3.68E-46 0.9374103 Fibroblast 
RLF 5.79E-10 0.1199268 Fibroblast 
RNase_MRP 0.00348439 -0.4670929 Fibroblast 
RNASEK 6.30E-60 -0.0973142 Fibroblast 
RNASEL 3.51E-06 0.168678 Fibroblast 
RND3 5.30E-39 0.3218285 Fibroblast 
RNF10 0.00086363 0.0624633 Fibroblast 
RNF103 8.28E-15 0.2601661 Fibroblast 
RNF111 5.94E-15 0.2568076 Fibroblast 
RNF112 1.66E-06 0.2142223 Fibroblast 
RNF138 9.76E-09 0.3130386 Fibroblast 
RNF139 2.16E-09 0.2703826 Fibroblast 
RNF144A 0.00120124 0.099693 Fibroblast 
RNF145 0.0294441 0.1711672 Fibroblast 
RNF166 7.32E-08 0.2587636 Fibroblast 
RNF168 7.37E-17 0.1251958 Fibroblast 
RNF19A 1.56E-08 0.087389 Fibroblast 
RNF19B 8.00E-43 0.4536214 Fibroblast 
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RNF2 1.98E-08 0.2253512 Fibroblast 
RNF216 0.0004275 0.1943328 Fibroblast 
RNF4 3.48E-13 0.3361923 Fibroblast 
RNF8 0.00233571 0.2054151 Fibroblast 
RNGTT 3.33E-12 0.3229355 Fibroblast 
RNPS1 1.20E-37 0.2128609 Fibroblast 
RO60 8.03E-26 0.2155821 Fibroblast 
ROBO1 1.68E-05 -0.2532337 Fibroblast 
ROCK1 2.20E-13 0.1105544 Fibroblast 
ROCK2 6.62E-24 0.1650403 Fibroblast 
RORB 3.54E-43 0.2715473 Fibroblast 
RPAIN 4.24E-06 0.1244356 Fibroblast 
RPF1 3.81E-54 0.2737031 Fibroblast 
RPF2 1.70E-14 0.17221 Fibroblast 
RPGRIP1 0.00121367 0.1729473 Fibroblast 
RPGRIP1L 7.18E-08 -0.3356359 Fibroblast 
RPL10A 6.94E-111 -0.1387001 Fibroblast 
RPL11 7.59E-69 0.0729148 Fibroblast 
RPL12 4.49E-46 0.0648454 Fibroblast 
RPL13 2.55E-166 0.1014581 Fibroblast 
RPL13A 1.12E-71 0.077754 Fibroblast 
RPL14 6.03E-107 -0.1410556 Fibroblast 
RPL15 3.69E-07 0.0282749 Fibroblast 
RPL19 0 0.4409901 Fibroblast 
RPL22 4.83E-40 -0.0785579 Fibroblast 
RPL22L1 2.61E-18 0.0750753 Fibroblast 
RPL24 7.09E-08 0.0251418 Fibroblast 
RPL26 2.76E-07 -0.1264969 Fibroblast 
RPL27A 4.42E-12 0.1007862 Fibroblast 
RPL28 6.81E-05 0.0221665 Fibroblast 
RPL3 2.83E-25 0.0652567 Fibroblast 
RPL34 0 -0.5795725 Fibroblast 
RPL35 1.00E-39 -0.0607467 Fibroblast 
RPL35A 6.55E-97 -0.0860215 Fibroblast 
RPL36AL 0.01347651 0.0354971 Fibroblast 
RPL5 1.44E-32 0.0586319 Fibroblast 
RPL7 2.87E-15 0.0482951 Fibroblast 
RPL7A 1.26E-188 0.1295013 Fibroblast 
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RPL8 2.70E-69 0.0725744 Fibroblast 
RPLP0 1.20E-06 0.309216 Fibroblast 
RPN1 1.60E-39 -0.1994993 Fibroblast 
RPN2 2.07E-08 0.1318707 Fibroblast 
RPP38 0.0264924 0.1917525 Fibroblast 
RPP40 0.00080373 0.2966219 Fibroblast 
RPRD1B 1.15E-06 0.2946497 Fibroblast 
RPS10 0.00608009 -0.0415141 Fibroblast 
RPS11 5.48E-249 0.1218854 Fibroblast 
RPS12 2.15E-54 -0.0649701 Fibroblast 
RPS13 2.56E-17 0.0374095 Fibroblast 
RPS15 1.29E-27 -0.0601804 Fibroblast 
RPS15A 2.85E-30 -0.0523872 Fibroblast 
RPS21 1.02E-16 -0.0641128 Fibroblast 
RPS23 3.46E-220 -0.1224574 Fibroblast 
RPS24 5.47E-247 -0.1973476 Fibroblast 
RPS25 4.95E-36 0.0505784 Fibroblast 
RPS26 0 -0.1736458 Fibroblast 
RPS27 4.74E-231 -0.1416224 Fibroblast 
RPS27A 2.27E-49 0.0584313 Fibroblast 
RPS28 0 -0.2952782 Fibroblast 
RPS3 6.23E-43 0.0750058 Fibroblast 
RPS3A 2.95E-05 -0.0284343 Fibroblast 
RPS4X 3.77E-31 0.0526692 Fibroblast 
RPS5 6.34E-60 -0.0682015 Fibroblast 
RPS6 1.45E-77 -0.1581877 Fibroblast 
RPS6KA3 2.37E-12 0.2458852 Fibroblast 
RPS6KB1 2.95E-23 0.3107273 Fibroblast 
RPS6KC1 1.03E-10 0.159768 Fibroblast 
RPS7 9.21E-74 0.0729735 Fibroblast 
RPS8 3.08E-142 0.0898988 Fibroblast 
RPSA 1.38E-58 -0.1877155 Fibroblast 
RPUSD2 0.0225709 0.4356604 Fibroblast 
RRAS 3.54E-30 0.1758844 Fibroblast 
RRAS2 5.55E-29 0.330027 Fibroblast 
RRBP1 1.20E-170 -0.2420993 Fibroblast 
RRN3 0.00021018 0.1496116 Fibroblast 
RRNAD1 0.00164749 0.2005148 Fibroblast 
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RRP1 4.01E-14 0.3585393 Fibroblast 
RRP15 0.02897302 0.1259638 Fibroblast 
RRP1B 1.00E-11 0.2366483 Fibroblast 
RRP9 3.02E-10 0.3782273 Fibroblast 
RRS1 1.82E-18 0.4746664 Fibroblast 
RSBN1 1.05E-123 0.5067751 Fibroblast 
RSBN1L 1.42E-07 0.1601501 Fibroblast 
RSL1D1 0.00055975 0.1185482 Fibroblast 
RSPO1 0.00600785 0.1306098 Fibroblast 
RSPO3 7.91E-149 0.5504208 Fibroblast 
RSRP1 4.51E-153 0.4729607 Fibroblast 
RSU1 1.66E-06 0.1391794 Fibroblast 
RTF2 0.01052611 0.1139995 Fibroblast 
RTN3 1.95E-10 0.1080577 Fibroblast 
RTN4 1.06E-28 0.1991627 Fibroblast 
RUNDC1 0.0001963 0.3657377 Fibroblast 
RUNDC3B 6.50E-13 0.2792149 Fibroblast 
RUNX1 7.36E-24 0.553785 Fibroblast 
RUVBL1 3.61E-35 0.3580882 Fibroblast 
RWDD1 2.37E-38 -0.1562148 Fibroblast 
RXFP1 3.95E-15 -1.159587 Fibroblast 
RXRG 4.83E-13 -1.294295 Fibroblast 
RYBP 1.46E-55 0.2511833 Fibroblast 
S100A1 2.46E-128 1.239438 Fibroblast 
S100A11 3.49E-264 -0.2086973 Fibroblast 
S100A12 2.31E-27 1.493695 Fibroblast 
S100A5 3.80E-175 0.1522508 Fibroblast 
S100P 0.00013929 0.7576882 Fibroblast 
S100PBP 2.45E-06 0.3876937 Fibroblast 
S1PR1 2.26E-07 0.3050297 Fibroblast 
S1PR2 2.10E-06 0.666035 Fibroblast 
SACS 1.70E-10 0.2624421 Fibroblast 
SAE1 2.30E-06 0.3175763 Fibroblast 
SAFB 2.46E-10 0.1537502 Fibroblast 
SAFB2 1.09E-30 0.3267571 Fibroblast 
SAMD4A 1.37E-47 0.4097785 Fibroblast 
SAMD4B 1.42E-16 0.4152838 Fibroblast 
SAMD9L 1.19E-09 0.185882 Fibroblast 
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SAP18 1.45E-58 0.2109027 Fibroblast 
SAP30 8.40E-251 0.4880573 Fibroblast 
SAP30BP 3.73E-15 0.3238177 Fibroblast 
SAP30L 1.48E-08 0.1780046 Fibroblast 
SAR1A 4.68E-11 -0.1802924 Fibroblast 
SARAF 1.64E-40 0.1572315 Fibroblast 
SARNP 0.00400985 0.0756486 Fibroblast 
SARS1 1.47E-05 0.096211 Fibroblast 
SART1 0.00043123 0.2012419 Fibroblast 
SART3 0.00361884 0.1844048 Fibroblast 
SASH1 2.59E-35 -0.1224279 Fibroblast 
SAT1 2.85E-25 -0.1311481 Fibroblast 
SAV1 1.75E-06 0.1407936 Fibroblast 
SBDS 1.15E-39 0.3440275 Fibroblast 
SBNO1 2.48E-36 0.2389994 Fibroblast 
SBSPON 7.57E-40 1.257096 Fibroblast 
SCAF1 1.63E-16 0.3605575 Fibroblast 
SCAF11 3.51E-25 0.1447518 Fibroblast 
SCAF4 3.88E-19 0.2824219 Fibroblast 
SCAF8 0.0006363 0.1928151 Fibroblast 
SCAND1 3.93E-12 -0.2465306 Fibroblast 
SCAPER 5.05E-07 0.1467175 Fibroblast 
SCARA3 9.78E-141 0.4671773 Fibroblast 
SCARA5 0 0.5236951 Fibroblast 
SCARB1 4.52E-10 0.1465367 Fibroblast 
SCD5 0.0424012 -0.2212711 Fibroblast 
SCEL 0.03616752 0.7369114 Fibroblast 
SCG3 2.61E-78 0.7808959 Fibroblast 
SCIN 1.72E-23 -1.179708 Fibroblast 
SCN1B 3.49E-10 0.6030953 Fibroblast 
SCOC 0.00035107 0.2914685 Fibroblast 
SCP2 8.64E-69 0.25565 Fibroblast 
SCPEP1 3.81E-51 0.2520609 Fibroblast 
SCRN1 6.09E-69 -0.4987125 Fibroblast 
SDAD1 3.83E-10 0.1829912 Fibroblast 
SDC2 5.26E-26 -0.1153322 Fibroblast 
SDC4 4.66E-141 0.5043742 Fibroblast 
SDE2 9.59E-27 0.2745966 Fibroblast 
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SDF2L1 1.24E-257 0.5764307 Fibroblast 
SDHB 3.91E-32 0.2807943 Fibroblast 
SDHC 0.0031912 0.1104045 Fibroblast 
SDK2 1.04E-31 -1.067427 Fibroblast 
SDR16C5 3.20E-08 0.2691085 Fibroblast 
SDR9C7 0.00205409 0.2714848 Fibroblast 
SEC14L1 0.02233505 -0.087589 Fibroblast 
SEC14L4 2.00E-11 2.250389 Fibroblast 
SEC23B 5.93E-08 0.2075118 Fibroblast 
SEC24A 0.00427851 0.1862244 Fibroblast 
SEC24C 0.0283908 0.213507 Fibroblast 
SEC31A 5.21E-33 -0.199884 Fibroblast 
SEC61G 1.07E-22 -0.0806765 Fibroblast 
SECISBP2 6.23E-24 0.1605716 Fibroblast 
SECISBP2L 1.30E-09 -0.1360354 Fibroblast 
SEL1L 2.88E-09 0.1408378 Fibroblast 
SELENOK 2.82E-91 0.2081005 Fibroblast 
SELENOM 1.62E-202 -0.2781553 Fibroblast 
SELENOP 2.53E-05 -0.0543283 Fibroblast 
SELENOS 0.00020389 0.1060249 Fibroblast 
SELENOT 5.14E-39 0.1586435 Fibroblast 
SEMA3A 0.0164764 -0.3886464 Fibroblast 
SEMA3C 1.77E-62 0.5352529 Fibroblast 
SEMA3D 6.61E-34 0.8548767 Fibroblast 
SEMA3E 1.24E-32 1.892167 Fibroblast 
SEMA4C 0.00089072 0.2846524 Fibroblast 
SENP1 3.87E-10 0.2958501 Fibroblast 
SENP5 3.71E-13 0.2580155 Fibroblast 
SENP6 2.45E-09 0.1185984 Fibroblast 
SEPTIN10 4.99E-16 0.2450585 Fibroblast 
SEPTIN11 8.04E-16 -0.1415733 Fibroblast 
SEPTIN2 6.73E-05 0.0918022 Fibroblast 
SEPTIN6 0.00600785 -0.2136811 Fibroblast 
SEPTIN7 1.32E-47 0.1115303 Fibroblast 
SEPTIN9 8.22E-15 0.1173735 Fibroblast 
SERF1A 9.53E-05 -0.1352312 Fibroblast 
SERF2 0 -0.3966753 Fibroblast 
SERGEF 0.005059 0.3531796 Fibroblast 
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SERINC1 3.56E-24 0.1773915 Fibroblast 
SERPINB2 0.0001158 -0.1591403 Fibroblast 
SERPINB8 1.84E-24 0.4552499 Fibroblast 
SERPINE1 7.29E-21 0.5806096 Fibroblast 
SERPINE2 2.57E-17 0.6900647 Fibroblast 
SERPINE3 6.38E-44 0.4133345 Fibroblast 
SERPINF1 0 -0.4543141 Fibroblast 
SERPING1 5.69E-143 0.2085917 Fibroblast 
SERPINH1 0 -0.2785192 Fibroblast 
SERTAD1 3.30E-19 0.5330999 Fibroblast 
SERTAD3 1.09E-30 0.341823 Fibroblast 
SESN3 1.03E-10 -0.2269499 Fibroblast 
SETBP1 2.15E-05 0.161083 Fibroblast 
SETD1A 1.67E-08 0.4784678 Fibroblast 
SETD2 1.96E-08 0.1079044 Fibroblast 
SETD3 0.00015834 -0.190791 Fibroblast 
SETD5 1.13E-09 0.146271 Fibroblast 
SETD7 9.13E-12 -0.1808603 Fibroblast 
SETDB2 1.52E-19 0.2952478 Fibroblast 
SETX 1.22E-16 0.2222213 Fibroblast 
SF1 5.22E-36 0.3454278 Fibroblast 
SF3A2 0.01431458 0.1813713 Fibroblast 
SF3B2 5.92E-23 0.1693984 Fibroblast 
SF3B3 4.61E-09 0.1647303 Fibroblast 
SF3B6 1.29E-48 0.1914666 Fibroblast 
SFPQ 1.73E-142 0.3162778 Fibroblast 
SFRP4 5.23E-12 -0.8651046 Fibroblast 
SGCA 4.52E-14 0.4216272 Fibroblast 
SGCZ 3.54E-20 0.7824609 Fibroblast 
SGK1 3.37E-12 0.273492 Fibroblast 
SGMS2 4.67E-14 0.2788638 Fibroblast 
SH2D1B 0.00015707 0.3457226 Fibroblast 
SH2D3A 3.98E-24 0.2840919 Fibroblast 
SH2D4A 4.47E-09 0.426058 Fibroblast 
SH2D5 0.02459832 -0.5843511 Fibroblast 
SH3BGRL3 1.31E-140 0.1964663 Fibroblast 
SH3D21 2.17E-18 0.2055648 Fibroblast 
SH3GLB1 2.72E-07 0.0961448 Fibroblast 
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SH3GLB2 0.01056093 0.3081826 Fibroblast 
SH3KBP1 1.28E-10 -0.2110665 Fibroblast 
SH3PXD2A 9.90E-10 0.1632138 Fibroblast 
SH3PXD2B 4.06E-74 0.4386435 Fibroblast 
SH3RF3 0.00173361 0.2372973 Fibroblast 
SHB 1.07E-14 0.4063955 Fibroblast 
SHISA7 4.07E-08 0.3815386 Fibroblast 
SHOC2 0.00911788 0.1564682 Fibroblast 
SIAH2 2.79E-13 0.3237642 Fibroblast 
SIK3 3.70E-05 0.147744 Fibroblast 
SIL1 1.29E-05 0.2343101 Fibroblast 
SIM2 6.26E-09 0.2232245 Fibroblast 
SIN3A 4.62E-20 0.2575641 Fibroblast 
SINHCAF 2.59E-10 0.3538449 Fibroblast 
SIPA1 2.41E-05 0.3019433 Fibroblast 
SIPA1L2 1.11E-17 0.7160338 Fibroblast 
SIRT1 7.11E-12 0.2385007 Fibroblast 
SIVA1 5.11E-09 0.1197617 Fibroblast 
SIX1 5.68E-06 1.209721 Fibroblast 
SIX4 2.64E-07 -0.6484784 Fibroblast 
SKA3 8.20E-09 0.4194614 Fibroblast 
SKI 9.10E-26 0.2284158 Fibroblast 
SKIL 3.19E-86 0.3461258 Fibroblast 
SLA 3.81E-06 0.5649898 Fibroblast 
SLBP 1.42E-15 0.3109114 Fibroblast 
SLC11A2 0.02542128 0.234021 Fibroblast 
SLC14A1 9.92E-16 -0.455012 Fibroblast 
SLC16A1 2.79E-12 0.2782091 Fibroblast 
SLC16A12 0.00035862 0.135734 Fibroblast 
SLC16A7 1.85E-08 -0.0870526 Fibroblast 
SLC17A9 8.95E-06 -0.2296123 Fibroblast 
SLC19A2 3.93E-09 0.2708404 Fibroblast 
SLC1A2 7.23E-25 0.3166535 Fibroblast 
SLC1A3 2.28E-54 0.1586881 Fibroblast 
SLC1A5 0.01000881 0.1570381 Fibroblast 
SLC20A1 3.78E-27 0.1356794 Fibroblast 
SLC22A3 9.29E-06 0.2635713 Fibroblast 
SLC22A9 0.00227487 -0.1392696 Fibroblast 
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SLC25A25 2.78E-15 0.4309518 Fibroblast 
SLC25A36 4.63E-13 0.1592957 Fibroblast 
SLC25A4 4.01E-32 0.1976961 Fibroblast 
SLC25A43 7.05E-08 -0.4375745 Fibroblast 
SLC25A5 1.82E-70 0.2712678 Fibroblast 
SLC25A6 3.24E-34 0.0759563 Fibroblast 
SLC27A6 2.67E-69 0.8919462 Fibroblast 
SLC2A1 0.00536324 -0.2046509 Fibroblast 
SLC2A3 1.03E-70 0.5365983 Fibroblast 
SLC30A6 1.16E-07 0.3167747 Fibroblast 
SLC30A8 1.48E-16 -0.8962786 Fibroblast 
SLC33A1 3.21E-30 0.3395498 Fibroblast 
SLC35B1 1.45E-09 0.2387049 Fibroblast 
SLC35B3 2.61E-13 -0.2952123 Fibroblast 
SLC35D1 1.35E-06 0.2910719 Fibroblast 
SLC36A4 5.83E-08 0.1983937 Fibroblast 
SLC38A1 1.68E-08 -0.2156626 Fibroblast 
SLC38A10 0.041586 0.131693 Fibroblast 
SLC38A2 2.06E-26 0.0998045 Fibroblast 
SLC39A10 0.00052621 0.1174712 Fibroblast 
SLC39A4 7.51E-07 -0.7745634 Fibroblast 
SLC39A6 6.40E-05 0.1011974 Fibroblast 
SLC39A8 1.03E-61 0.5294311 Fibroblast 
SLC3A2 8.61E-33 0.4011764 Fibroblast 
SLC40A1 0.0297972 -0.1497665 Fibroblast 
SLC43A1 0.00256991 -0.1620633 Fibroblast 
SLC43A3 2.23E-06 0.2386301 Fibroblast 
SLC46A3 1.07E-16 0.4533907 Fibroblast 
SLC4A1AP 3.03E-05 0.1908847 Fibroblast 
SLC4A4 1.40E-09 -0.2410722 Fibroblast 
SLC52A3 0.00435178 0.2250266 Fibroblast 
SLC6A12 6.16E-50 1.567452 Fibroblast 
SLC6A6 8.95E-48 0.3276899 Fibroblast 
SLC6A9 2.05E-05 -0.6174239 Fibroblast 
SLC7A11 9.95E-35 0.8752885 Fibroblast 
SLC7A5 0.00047259 0.3441507 Fibroblast 
SLC9A1 6.50E-07 0.2653458 Fibroblast 
SLC9A3R2 0.01239402 -0.1569307 Fibroblast 
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SLF2 0.00015325 0.2707366 Fibroblast 
SLIT1 7.84E-30 1.670526 Fibroblast 
SLIT2 2.02E-42 0.1979582 Fibroblast 
SLIT3 1.07E-222 0.3640803 Fibroblast 
SLK 0.02042703 0.0745235 Fibroblast 
SLU7 3.68E-45 0.3043954 Fibroblast 
SMAD1 3.35E-26 0.3256324 Fibroblast 
SMAD6 0.00030097 0.5046433 Fibroblast 
SMAD7 6.53E-09 0.707681 Fibroblast 
SMAP2 8.17E-20 0.3542346 Fibroblast 
SMARCA1 1.50E-05 -0.1313756 Fibroblast 
SMARCA2 2.50E-06 0.1258863 Fibroblast 
SMARCA4 3.69E-27 0.3920014 Fibroblast 
SMARCA5 1.09E-30 0.13336 Fibroblast 
SMARCC2 1.52E-06 0.1373966 Fibroblast 
SMARCD2 0.00034986 0.3355026 Fibroblast 
SMC1A 3.94E-09 0.1479437 Fibroblast 
SMC3 6.70E-18 0.1938628 Fibroblast 
SMC4 0.041586 0.0902803 Fibroblast 
SMCHD1 9.31E-134 0.4095741 Fibroblast 
SMCO3 0.04135046 -1.408353 Fibroblast 
SMG1 1.68E-27 0.2378055 Fibroblast 
SMG7 9.06E-16 0.3364312 Fibroblast 
SMIM1 0.00070126 -0.6104104 Fibroblast 
SMIM19 4.32E-09 -0.1820328 Fibroblast 
SMIM4 2.81E-51 -0.3472168 Fibroblast 
SMNDC1 7.65E-11 0.1691927 Fibroblast 
SMOC2 6.01E-06 -0.412082 Fibroblast 
SMS 2.91E-12 0.1806308 Fibroblast 
SMTN 2.88E-25 -0.3603628 Fibroblast 
SMU1 2.22E-67 0.3363674 Fibroblast 
SMURF1 4.84E-06 0.3600587 Fibroblast 
SMURF2 2.17E-10 0.2448034 Fibroblast 
SNAI1 9.73E-43 0.2563838 Fibroblast 
SNAP29 2.95E-10 0.2636568 Fibroblast 
SNAPC1 5.81E-08 0.2470486 Fibroblast 
SNCG 4.60E-15 -1.721353 Fibroblast 
SNF8 5.04E-10 0.2295073 Fibroblast 
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SNIP1 4.65E-16 0.3759914 Fibroblast 
SNORD27 1.30E-09 0.4686365 Fibroblast 
SNORD29 0.00075618 0.8132626 Fibroblast 
SNRNP200 1.57E-21 0.1749143 Fibroblast 
SNRNP25 2.81E-13 -0.2122968 Fibroblast 
SNRNP40 1.17E-11 0.2986042 Fibroblast 
SNRNP48 2.86E-39 0.2282007 Fibroblast 
SNRNP70 5.26E-10 0.1266582 Fibroblast 
SNRPB 6.99E-66 0.1910987 Fibroblast 
SNRPB2 1.60E-05 0.109901 Fibroblast 
SNRPD1 7.96E-55 0.1304451 Fibroblast 
SNRPN 0.0205445 0.0733019 Fibroblast 
SNTB2 8.42E-22 0.2045023 Fibroblast 
SNW1 1.19E-06 0.1107915 Fibroblast 
SNX13 0.03793222 0.1443049 Fibroblast 
SNX15 0.03039036 0.1798938 Fibroblast 
SNX16 3.56E-34 0.343846 Fibroblast 
SNX24 7.11E-09 -0.236171 Fibroblast 
SNX3 3.54E-25 -0.0924972 Fibroblast 
SNX30 1.66E-06 0.3170234 Fibroblast 
SNX5 0.00988852 0.1519695 Fibroblast 
SNX9 1.23E-34 0.1584632 Fibroblast 
SOAT1 1.12E-08 0.4717186 Fibroblast 
SOCS2 2.10E-32 0.4556231 Fibroblast 
SOCS5 2.12E-08 0.2714435 Fibroblast 
SOD1 1.29E-54 0.1247218 Fibroblast 
SOD2 0 0.3534767 Fibroblast 
SOD3 0.00010756 0.2363943 Fibroblast 
SOGA1 0.01347651 0.4340498 Fibroblast 
SORBS1 0.00037244 0.3685909 Fibroblast 
SORCS2 2.61E-06 -0.6228329 Fibroblast 
SORL1 0.00897509 1.083111 Fibroblast 
SOS1 1.93E-09 0.1998274 Fibroblast 
SOS2 3.49E-51 0.3675939 Fibroblast 
SOX18 0.00419322 -0.5988549 Fibroblast 
SOX4 0.00172127 0.1822148 Fibroblast 
SP1 1.67E-15 0.2391541 Fibroblast 
SP100 1.63E-09 0.3437682 Fibroblast 



 

427 
 

SP110 2.31E-14 0.3572845 Fibroblast 
SP3 0.04733828 0.070644 Fibroblast 
SP4 7.43E-10 0.4533433 Fibroblast 
SPAG16 0.02756244 0.2558385 Fibroblast 
SPAG9 4.17E-20 0.1331805 Fibroblast 
SPARC 0 -1.8590622 Fibroblast 
SPARCL1 4.58E-42 -0.5466434 Fibroblast 
SPAST 9.81E-08 0.3325324 Fibroblast 
SPATA1 0.00880702 0.105719 Fibroblast 
SPATA5 1.94E-34 0.4299898 Fibroblast 
SPATA7 0.0020418 0.1921276 Fibroblast 
SPATS2 0.00131334 0.1454793 Fibroblast 
SPCS1 6.32E-15 -0.2891709 Fibroblast 
SPCS3 1.59E-53 0.219193 Fibroblast 
SPEGNB 1.70E-05 -2.260928 Fibroblast 
SPG11 6.51E-17 0.3311145 Fibroblast 
SPIDR 0.00409522 0.2072221 Fibroblast 
SPO11 1.65E-05 0.1818808 Fibroblast 
SPON1 6.14E-05 0.1194416 Fibroblast 
SPOP 8.86E-20 0.2811165 Fibroblast 
SPOPL 3.01E-08 0.332594 Fibroblast 
SPOUT1 1.66E-07 0.2919884 Fibroblast 
SPP1 3.01E-33 -0.7494016 Fibroblast 
SPP2 1.00E-194 -0.5036198 Fibroblast 
SPRED2 2.01E-05 0.1821475 Fibroblast 
SPRTN 0.00355766 0.2442105 Fibroblast 
SPRYD3 1.60E-15 0.2874377 Fibroblast 
SPRYD7 1.67E-12 0.2831704 Fibroblast 
SPSB2 3.18E-06 0.5925172 Fibroblast 
SPTAN1 7.25E-09 0.1431669 Fibroblast 
SPTBN1 0.03675404 -0.0308932 Fibroblast 
SPTLC1 2.71E-06 0.2221981 Fibroblast 
SPTLC2 4.16E-56 0.3168311 Fibroblast 
SPTY2D1 1.45E-67 0.3008274 Fibroblast 
SQOR 8.87E-08 0.2340718 Fibroblast 
SQSTM1 1.25E-17 0.1771138 Fibroblast 
SREK1IP1 4.19E-13 -0.2074276 Fibroblast 
SRGAP1 2.70E-13 0.1339598 Fibroblast 
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SRGN 1.14E-27 0.4335452 Fibroblast 
SRM 9.13E-17 -0.2810958 Fibroblast 
SRP14 6.07E-07 -0.0887042 Fibroblast 
SRP19 3.54E-11 0.0989535 Fibroblast 
SRPK2 9.87E-06 -0.1149685 Fibroblast 
SRPRA 4.88E-55 0.2189541 Fibroblast 
SRRM1 2.19E-06 0.2134572 Fibroblast 
SRRM2 6.04E-32 0.101001 Fibroblast 
SRRT 7.24E-90 0.4032972 Fibroblast 
SRSF1 1.14E-23 0.3556081 Fibroblast 
SRSF10 1.68E-32 0.2380489 Fibroblast 
SRSF11 2.84E-07 0.0716385 Fibroblast 
SRSF2 2.50E-27 0.4045622 Fibroblast 
SRSF3 2.27E-24 0.2514074 Fibroblast 
SRSF4 3.19E-21 0.2315821 Fibroblast 
SRSF5 1.49E-30 0.2041834 Fibroblast 
SRSF7 1.38E-38 0.2906914 Fibroblast 
SS18 0.00049494 0.3113928 Fibroblast 
SS18L2 0.03203733 0.1129981 Fibroblast 
SSB 2.08E-125 0.2897499 Fibroblast 
SSBP1 2.81E-21 0.3518157 Fibroblast 
SSBP2 4.26E-14 0.4027804 Fibroblast 
SSBP4 9.68E-12 0.1863811 Fibroblast 
SSC5D 1.19E-11 0.4414481 Fibroblast 
SSPN 4.51E-11 -0.1044232 Fibroblast 
SSR1 1.63E-21 -0.1961295 Fibroblast 
SSR2 2.72E-11 -0.0756585 Fibroblast 
SSR3 2.52E-11 -0.0613029 Fibroblast 
SSR4 2.81E-26 -0.0895724 Fibroblast 
SSX2IP 0.00333828 -0.3586058 Fibroblast 
ST13 1.67E-09 -0.0806421 Fibroblast 
ST3GAL5 4.57E-36 0.4062695 Fibroblast 
ST8SIA2 1.91E-63 -1.619419 Fibroblast 
STAG1 1.25E-12 0.1861863 Fibroblast 
STAG2 3.14E-243 -0.3361306 Fibroblast 
STAM 1.74E-28 0.3004637 Fibroblast 
STAP2 0.00043 -0.5943698 Fibroblast 
STAT1 6.51E-30 0.2997362 Fibroblast 
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STAT3 2.42E-34 0.2188728 Fibroblast 
STAT6 0.0001748 0.4897864 Fibroblast 
STAU1 2.09E-09 0.1143746 Fibroblast 
STC1 2.74E-52 0.8042482 Fibroblast 
STIM1 2.97E-26 0.4629144 Fibroblast 
STIM2 0.04169852 0.1806162 Fibroblast 
STIP1 8.33E-12 0.3180464 Fibroblast 
STK10 1.49E-06 0.3541858 Fibroblast 
STK17B 7.29E-34 0.4033626 Fibroblast 
STK3 1.73E-08 0.167167 Fibroblast 
STK38 0.01034761 -0.0781759 Fibroblast 
STK38L 1.17E-19 0.355221 Fibroblast 
STK4 0.00043488 0.2228891 Fibroblast 
STK40 4.13E-06 0.3008924 Fibroblast 
STMN2 1.21E-54 1.658463 Fibroblast 
STMN3 8.41E-138 -0.6003373 Fibroblast 
STMP1 3.23E-127 -0.3680079 Fibroblast 
STOM 0.00159795 0.1533367 Fibroblast 
STOML2 1.94E-08 0.1944081 Fibroblast 
STON2 2.75E-10 0.3699969 Fibroblast 
STRAP 4.31E-12 0.1479787 Fibroblast 
STRIT1 0.018392 0.5692425 Fibroblast 
STRN3 2.86E-61 0.2918819 Fibroblast 
STT3B 4.40E-11 0.1737407 Fibroblast 
STX10 5.90E-07 0.2858239 Fibroblast 
STX7 9.68E-05 0.2842364 Fibroblast 
STX8 0.00028207 -0.1094961 Fibroblast 
STXBP1 0.02030784 0.2386339 Fibroblast 
STXBP3 8.40E-45 0.149607 Fibroblast 
STXBP4 0.00059743 0.4385783 Fibroblast 
SUCLA2 0.02862426 0.2137931 Fibroblast 
SUCNR1 1.39E-07 1.274379 Fibroblast 
SUCO 3.89E-12 0.1439217 Fibroblast 
SUGP2 1.52E-19 0.3026016 Fibroblast 
SUGT1 2.71E-07 0.15673 Fibroblast 
SULF1 4.21E-14 0.4651708 Fibroblast 
SULF2 2.35E-82 0.4987125 Fibroblast 
SULT1C4 3.02E-31 0.2320253 Fibroblast 
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SUMO2 0.00103112 0.0342153 Fibroblast 
SUN2 6.84E-05 0.5342289 Fibroblast 
SUPT16H 7.77E-13 0.1590011 Fibroblast 
SUPT4H1 3.56E-24 0.1953113 Fibroblast 
SUPT5H 7.92E-06 0.1323619 Fibroblast 
SUPT6H 3.70E-06 0.1198918 Fibroblast 
SUPT7L 0.0095038 -0.3961191 Fibroblast 
SURF2 0.00034355 0.242184 Fibroblast 
SUSD2 0.04757277 -0.6757923 Fibroblast 
SUSD4 2.39E-46 -0.1356415 Fibroblast 
SUZ12 0.02018863 0.1395557 Fibroblast 
SVEP1 8.90E-140 0.2890813 Fibroblast 
SVIL 0.00012407 0.0927151 Fibroblast 
SVIP 1.48E-16 0.9833351 Fibroblast 
SWAP70 1.90E-92 0.3656843 Fibroblast 
SWI5 9.28E-08 -0.2021797 Fibroblast 
SWT1 2.86E-13 0.2684105 Fibroblast 
SYNC 0.00013805 0.271235 Fibroblast 
SYNCRIP 4.94E-44 0.1873762 Fibroblast 
SYNDIG1 8.56E-05 0.3040591 Fibroblast 
SYNE1 1.07E-84 0.4463383 Fibroblast 
SYNE2 1.78E-47 -0.3044155 Fibroblast 
SYNE3 2.70E-06 0.4756952 Fibroblast 
SYNGR1 1.52E-22 -0.5479802 Fibroblast 
SYNJ1 4.35E-25 0.3472899 Fibroblast 
SYNM 5.43E-09 -0.4531405 Fibroblast 
SYNRG 3.13E-10 0.3328358 Fibroblast 
SYTL3 2.63E-12 0.5795702 Fibroblast 
SYVN1 0.00051245 0.3791416 Fibroblast 
SZRD1 0.02661061 0.1979025 Fibroblast 
TACC2 3.96E-09 0.1819318 Fibroblast 
TADA1 0.0179154 0.2771609 Fibroblast 
TAF11 1.75E-08 0.2254855 Fibroblast 
TAF4B 1.18E-11 0.4673374 Fibroblast 
TAF5 8.44E-20 0.4648948 Fibroblast 
TAF7 6.84E-26 0.2467954 Fibroblast 
TAF9 7.72E-20 0.2051937 Fibroblast 
TAGLN 5.97E-60 0.5298866 Fibroblast 
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TAGLN3 0.00048748 1.097876 Fibroblast 
TAMM41 0.01132934 0.2527378 Fibroblast 
TAOK1 8.48E-07 0.1690087 Fibroblast 
TAOK3 2.62E-29 0.2295603 Fibroblast 
TAP1 1.85E-16 0.2196743 Fibroblast 
TAPT1 1.39E-11 0.2486705 Fibroblast 
TARBP2 1.98E-12 -0.2265848 Fibroblast 
TARS1 6.50E-08 0.1945357 Fibroblast 
TASOR 5.95E-21 0.2488587 Fibroblast 
TASP1 1.35E-07 0.2798045 Fibroblast 
TATDN1 2.81E-24 0.4092664 Fibroblast 
TAX1BP1 1.35E-12 0.0726803 Fibroblast 
TBC1D10B 8.16E-05 0.2606442 Fibroblast 
TBC1D12 9.43E-27 0.2620019 Fibroblast 
TBC1D15 3.68E-10 0.1625615 Fibroblast 
TBC1D8 6.98E-17 0.2815624 Fibroblast 
TBC1D8B 1.33E-07 -0.3131911 Fibroblast 
TBCB 1.17E-18 0.2002841 Fibroblast 
TBK1 1.18E-09 0.2172869 Fibroblast 
TBL1XR1 4.22E-08 0.2042403 Fibroblast 
TBPL1 0.0429948 0.129513 Fibroblast 
TBPL2 3.52E-05 0.2578949 Fibroblast 
TBRG1 6.61E-08 0.1634379 Fibroblast 
TBX19 2.10E-11 0.137844 Fibroblast 
TBX2 1.82E-07 0.6906009 Fibroblast 
TBX3 3.58E-117 0.3483448 Fibroblast 
TCEA1 0.04814872 0.0568271 Fibroblast 
TCEA3 5.41E-214 -0.6370129 Fibroblast 
TCF12 5.42E-08 0.1142231 Fibroblast 
TCF7L2 1.48E-51 0.2423559 Fibroblast 
TCHP 3.62E-29 0.4769541 Fibroblast 
TCIM 4.77E-18 -0.3753266 Fibroblast 
TCP1 1.65E-29 0.2052082 Fibroblast 
TDG 0.00178264 0.1220384 Fibroblast 
TDP2 0.00300858 0.1299582 Fibroblast 
TECRL 6.73E-05 0.3288991 Fibroblast 
TEN1 4.40E-05 0.8206198 Fibroblast 
TENM3 5.15E-19 0.4488915 Fibroblast 
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TENT2 2.04E-17 0.3156907 Fibroblast 
TERF2IP 0.00116028 0.087166 Fibroblast 
TES 1.53E-07 -0.1233087 Fibroblast 
TET1 3.28E-21 -0.3757177 Fibroblast 
TEX26 0.00237279 0.975647 Fibroblast 
TEX30 8.86E-16 0.3352254 Fibroblast 
TF 0.00010883 0.7188035 Fibroblast 
TFAP2A 4.38E-09 -0.5674482 Fibroblast 
TFAP2B 1.02E-06 -0.5167712 Fibroblast 
TFB2M 2.37E-05 0.1752027 Fibroblast 
TFDP1 0.02720588 0.2264832 Fibroblast 
TFG 4.91E-17 -0.198745 Fibroblast 
TFIP11 0.00022918 0.2699364 Fibroblast 
TFPI 0.00123197 0.2707959 Fibroblast 
TFPI2 1.96E-17 -0.4431716 Fibroblast 
TFPT 3.39E-88 0.0864937 Fibroblast 
TGFB1 1.15E-24 0.2478071 Fibroblast 
TGFB2 2.37E-90 -0.3757048 Fibroblast 
TGFB3 4.93E-05 -0.6307596 Fibroblast 
TGFBI 9.35E-29 -0.5858027 Fibroblast 
TGFBR1 3.71E-10 0.3274234 Fibroblast 
TGFBR3 1.47E-59 0.3361531 Fibroblast 
TGFBRAP1 3.63E-05 0.3239566 Fibroblast 
TGM2 1.19E-17 2.981813 Fibroblast 
TGM3 9.09E-07 0.2824157 Fibroblast 
TGS1 5.14E-09 0.1771374 Fibroblast 
THAP12 4.35E-13 0.3509413 Fibroblast 
THAP5 1.34E-20 0.1586962 Fibroblast 
THBD 0.03816835 0.6486418 Fibroblast 
THBS1 5.87E-159 0.4039717 Fibroblast 
THBS2 5.05E-132 0.333299 Fibroblast 
THOC1 8.80E-06 0.2177974 Fibroblast 
THOC2 0.00022918 0.0930922 Fibroblast 
THOC5 0.00450912 0.2011459 Fibroblast 
THOC7 1.35E-06 -0.2042051 Fibroblast 
THRB 9.37E-24 0.4130007 Fibroblast 
THY1 2.33E-64 -0.2202471 Fibroblast 
THYN1 0.04076314 -0.1891875 Fibroblast 
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TICAM1 2.48E-16 0.3117746 Fibroblast 
TIGAR 5.01E-08 0.337864 Fibroblast 
TIMM10 5.24E-37 0.2966262 Fibroblast 
TIMM17A 0.04311062 0.1435762 Fibroblast 
TIMM44 1.29E-07 0.1714659 Fibroblast 
TIMM8A 8.33E-18 0.3729273 Fibroblast 
TIMM8B 9.59E-116 -0.4287933 Fibroblast 
TIMP1 1.16E-67 0.3999 Fibroblast 
TIMP3 1.18E-275 0.4030333 Fibroblast 
TIPARP 0 0.3335307 Fibroblast 
TIPIN 0.00899877 0.2014162 Fibroblast 
TJP1 2.82E-11 0.1732995 Fibroblast 
TJP3 0.00359443 -0.7321556 Fibroblast 
TKT 3.51E-83 0.3559079 Fibroblast 
TLCD4 1.56E-08 -0.3832205 Fibroblast 
TLDC2 7.61E-05 0.1904075 Fibroblast 
TLE1 7.56E-70 0.373881 Fibroblast 
TLE2 0.00796108 0.2539269 Fibroblast 
TLE3 0.00035484 0.3538555 Fibroblast 
TLE4 1.12E-34 0.4342205 Fibroblast 
TLK2 4.15E-17 0.2912645 Fibroblast 
TLN1 3.79E-72 0.2173535 Fibroblast 
TLR3 2.64E-11 0.2289939 Fibroblast 
TM9SF2 1.40E-09 0.1616863 Fibroblast 
TMBIM6 6.01E-34 0.1089111 Fibroblast 
TMED2 0.0011192 0.1262021 Fibroblast 
TMED3 6.22E-79 -0.3155396 Fibroblast 
TMED5 6.18E-114 0.4109692 Fibroblast 
TMED7 0.01022741 -0.0615056 Fibroblast 
TMEFF2 1.00E-70 -0.6088233 Fibroblast 
TMEM117 7.16E-05 -0.2541214 Fibroblast 
TMEM119 3.10E-13 -0.2358238 Fibroblast 
TMEM120A 6.89E-15 0.3521699 Fibroblast 
TMEM131L 1.28E-08 -0.2631457 Fibroblast 
TMEM132B 2.52E-12 0.1915756 Fibroblast 
TMEM132C 7.90E-09 -0.6281949 Fibroblast 
TMEM134 2.69E-05 0.1986059 Fibroblast 
TMEM138 2.20E-08 0.4790362 Fibroblast 
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TMEM147 2.20E-06 -0.0757731 Fibroblast 
TMEM150A 0.00126391 0.3048437 Fibroblast 
TMEM150C 2.41E-23 0.5486873 Fibroblast 
TMEM165 3.38E-230 0.3136314 Fibroblast 
TMEM167A 1.00E-26 -0.2306374 Fibroblast 
TMEM176A 4.00E-107 0.4337739 Fibroblast 
TMEM176B 4.93E-12 0.4841363 Fibroblast 
TMEM179B 2.20E-05 0.1324844 Fibroblast 
TMEM196 0.04592665 -0.2564767 Fibroblast 
TMEM200A 0.00744496 -0.5167553 Fibroblast 
TMEM205 6.80E-09 0.3497894 Fibroblast 
TMEM213 7.59E-06 0.2534193 Fibroblast 
TMEM220 4.80E-10 0.4480992 Fibroblast 
TMEM225B 2.59E-08 -0.1999263 Fibroblast 
TMEM37 5.94E-34 0.3167991 Fibroblast 
TMEM41B 7.00E-11 0.2395951 Fibroblast 
TMEM43 3.94E-06 0.3214076 Fibroblast 
TMEM45A 0.00086726 -0.156363 Fibroblast 
TMEM47 2.70E-38 -0.1274564 Fibroblast 
TMEM53 5.01E-10 -0.4249449 Fibroblast 
TMEM54 1.32E-08 0.9290178 Fibroblast 
TMEM60 0.00715458 -0.1787362 Fibroblast 
TMEM63B 4.17E-07 0.2664771 Fibroblast 
TMEM87A 0.00352118 0.1461874 Fibroblast 
TMEM97 1.55E-17 -0.2646977 Fibroblast 
TMF1 4.06E-55 0.2159032 Fibroblast 
TMOD1 7.06E-19 0.4849221 Fibroblast 
TMOD2 8.45E-21 0.1239637 Fibroblast 
TMPO 9.38E-38 0.3871125 Fibroblast 
TMPRSS11A 0.01347651 0.1438497 Fibroblast 
TMPRSS13 0.03286356 0.1483487 Fibroblast 
TMSB10 0 -0.3705956 Fibroblast 
TMTC1 9.87E-75 0.5186269 Fibroblast 
TMTC4 2.14E-19 0.4901941 Fibroblast 
TMX1 0.00041758 0.1900684 Fibroblast 
TMX3 0.00028713 0.1402689 Fibroblast 
TNC 7.05E-40 0.9433793 Fibroblast 
TNFAIP3 3.35E-11 0.3149435 Fibroblast 
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TNFAIP6 0 0.5121144 Fibroblast 
TNFAIP8L3 0.00045248 -0.3309787 Fibroblast 
TNFRSF12A 7.56E-294 0.5345479 Fibroblast 
TNFRSF18 3.79E-10 0.4233213 Fibroblast 
TNFSF10 1.31E-167 0.3783493 Fibroblast 
TNFSF13 6.05E-21 0.4919177 Fibroblast 
TNFSF13B 9.47E-05 0.6718995 Fibroblast 
TNFSF18 1.78E-10 -0.2878413 Fibroblast 
TNIK 9.91E-06 -0.6693584 Fibroblast 
TNIP1 3.77E-09 0.2524822 Fibroblast 
TNKS 0.00096996 0.2381228 Fibroblast 
TNKS1BP1 4.74E-47 0.3478574 Fibroblast 
TNKS2 0.047223 -0.1346794 Fibroblast 
TNN 5.76E-06 -0.5344886 Fibroblast 
TNNC1 1.54E-302 -0.4800402 Fibroblast 
TNRC18 4.14E-06 0.2323724 Fibroblast 
TNS2 0.03959091 0.177402 Fibroblast 
TNXB 6.54E-188 0.3822684 Fibroblast 
TOB1 1.36E-58 0.30266 Fibroblast 
TOB2 5.90E-138 0.3298804 Fibroblast 
TOP1 7.53E-144 0.2319153 Fibroblast 
TOPORS 7.66E-63 0.2338273 Fibroblast 
TOR1AIP2 0.03344652 0.1532583 Fibroblast 
TOX 7.56E-06 -0.3882904 Fibroblast 
TOX4 3.06E-67 0.2805164 Fibroblast 
TP53 0.007889 0.1478755 Fibroblast 
TPI1 1.81E-68 0.2113538 Fibroblast 
TPM1 0.04018224 -0.0705927 Fibroblast 
TPM2 0.00022159 0.2586241 Fibroblast 
TPM4 2.34E-09 0.0701249 Fibroblast 
TPR 0.04099879 0.0525287 Fibroblast 
TPST1 1.95E-08 0.2734498 Fibroblast 
TPT1 6.89E-32 0.0459612 Fibroblast 
TRA2B 2.13E-46 0.172529 Fibroblast 
TRAF2 6.92E-10 0.2659407 Fibroblast 
TRAF6 4.45E-12 0.2518131 Fibroblast 
TRAFD1 0.00611544 0.1800575 Fibroblast 
TRAM1 0.00514474 -0.0559508 Fibroblast 
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TRAPPC2L 5.78E-22 -0.2333379 Fibroblast 
TRAPPC4 9.29E-11 0.2455016 Fibroblast 
TRAPPC5 2.92E-06 -0.1333532 Fibroblast 
TRAPPC8 0.00039249 0.1752009 Fibroblast 
TRIB1 7.05E-30 0.2435466 Fibroblast 
TRIM25 5.91E-20 0.2299544 Fibroblast 
TRIM27 2.17E-25 0.4199999 Fibroblast 
TRIM34 6.64E-05 0.5802657 Fibroblast 
TRIM59 0.01515625 0.2808481 Fibroblast 
TRIM8 3.61E-104 0.2499232 Fibroblast 
TRIO 8.36E-06 0.16778 Fibroblast 
TRIOBP 0.00179496 0.3815524 Fibroblast 
TRIP10 9.49E-37 0.2541853 Fibroblast 
TRIQK 8.57E-06 -0.4809224 Fibroblast 
TRIR 2.37E-38 0.1960332 Fibroblast 
TRMT10A 0.00032608 0.2615551 Fibroblast 
TRMT10C 0.0006112 0.1205079 Fibroblast 
TRMT112 7.39E-36 0.1234857 Fibroblast 
TRMT44 1.05E-26 0.4454761 Fibroblast 
TRMT6 3.42E-14 0.4054318 Fibroblast 
TRNT1 3.27E-26 0.3766635 Fibroblast 
TRPC6 0.00536324 -0.5455032 Fibroblast 
TRPM7 1.49E-07 0.1565307 Fibroblast 
TRPM8 1.93E-10 -1.696036 Fibroblast 
TRUB1 0.00426653 -0.3487508 Fibroblast 
TSC1 0.00225055 0.2083428 Fibroblast 
TSC22D2 8.02E-98 0.3880366 Fibroblast 
TSEN34 6.28E-19 0.2874883 Fibroblast 
TSFM 7.57E-15 0.1605888 Fibroblast 
TSG101 1.17E-07 0.1845275 Fibroblast 
TSHZ1 0.0026305 0.4401945 Fibroblast 
TSHZ2 5.74E-29 0.7539995 Fibroblast 
TSHZ3 8.53E-09 0.1923755 Fibroblast 
TSKS 9.27E-17 0.5117587 Fibroblast 
TSPAN18 5.17E-07 -1.232812 Fibroblast 
TSPAN3 3.11E-42 -0.2154087 Fibroblast 
TSPAN4 8.98E-07 -0.1049144 Fibroblast 
TSPAN5 2.20E-12 -0.3055831 Fibroblast 
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TSPO 1.81E-18 0.1141951 Fibroblast 
TSPYL2 3.50E-27 0.4021304 Fibroblast 
TSTD2 2.43E-07 0.4948799 Fibroblast 
TTC1 5.86E-10 0.2371031 Fibroblast 
TTC28 7.55E-12 0.1619733 Fibroblast 
TTC3 3.07E-35 -0.1387642 Fibroblast 
TTC9C 0.00032362 0.1745571 Fibroblast 
TTF1 0.00033605 0.1324253 Fibroblast 
TTL 0.00016467 0.4558611 Fibroblast 
TTYH3 1.19E-101 0.3401538 Fibroblast 
TUBA1B 1.28E-257 0.3151111 Fibroblast 
TUBB4B 4.63E-280 0.5361287 Fibroblast 
TUBB6 2.46E-239 0.4998522 Fibroblast 
TUT7 9.98E-24 0.2954248 Fibroblast 
TVP23B 1.78E-28 -0.3026705 Fibroblast 
TWF1 2.14E-12 0.2442114 Fibroblast 
TWF2 6.53E-07 0.201004 Fibroblast 
TWSG1 1.42E-21 0.2414244 Fibroblast 
TXLNA 0.00277626 0.2275899 Fibroblast 
TXLNG 6.79E-66 0.3431275 Fibroblast 
TXNDC11 2.47E-06 0.151844 Fibroblast 
TXNDC17 8.76E-06 -0.0889374 Fibroblast 
TXNDC9 1.58E-71 0.5564973 Fibroblast 
TXNIP 8.50E-118 0.5035785 Fibroblast 
TXNL1 6.82E-22 0.1588926 Fibroblast 
TXNRD1 7.12E-25 0.1350567 Fibroblast 
TXNRD3 0.00137544 -0.3338657 Fibroblast 
TYMS 7.94E-05 0.1832479 Fibroblast 
TYW5 7.51E-07 0.2779235 Fibroblast 
U2SURP 4.13E-07 0.1208922 Fibroblast 
UACA 6.00E-11 -0.2495872 Fibroblast 
UAP1 1.70E-35 0.161956 Fibroblast 
UBA2 1.06E-10 0.145787 Fibroblast 
UBA3 2.77E-06 0.3232194 Fibroblast 
UBA5 4.39E-05 0.1441301 Fibroblast 
UBA52 1.95E-23 0.0510897 Fibroblast 
UBA6 1.89E-12 0.1089511 Fibroblast 
UBAP2 7.61E-07 0.155875 Fibroblast 
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UBB 1.76E-70 0.1528071 Fibroblast 
UBE2A 0.00610366 0.1267583 Fibroblast 
UBE2B 2.20E-15 0.0861473 Fibroblast 
UBE2C 0.00184438 0.4559524 Fibroblast 
UBE2D1 3.14E-19 0.2633763 Fibroblast 
UBE2D2 4.95E-05 0.1567882 Fibroblast 
UBE2E1 1.06E-30 0.2086453 Fibroblast 
UBE2G1 0.0001115 0.1347046 Fibroblast 
UBE2H 7.68E-08 0.1150572 Fibroblast 
UBE2I 0.0070694 0.1228593 Fibroblast 
UBE2J2 1.04E-41 0.3339101 Fibroblast 
UBE2K 6.83E-11 0.1108918 Fibroblast 
UBE2R2 2.14E-12 0.1775396 Fibroblast 
UBE2S 4.79E-149 0.3857391 Fibroblast 
UBE2V2 7.91E-28 0.2142303 Fibroblast 
UBE3A 3.64E-23 0.1825973 Fibroblast 
UBL3 4.99E-42 0.3400296 Fibroblast 
UBL5 8.06E-72 -0.140323 Fibroblast 
UBN1 1.29E-06 0.17419 Fibroblast 
UBN2 1.79E-07 0.2309454 Fibroblast 
UBP1 0.0001748 0.3047244 Fibroblast 
UBQLN1 0.00026062 0.1372716 Fibroblast 
UBR2 2.16E-11 0.1781435 Fibroblast 
UBR4 1.99E-11 0.1501496 Fibroblast 
UBR5 6.57E-18 0.1272213 Fibroblast 
UBXN1 9.27E-78 0.3817953 Fibroblast 
UBXN6 9.15E-08 0.2147174 Fibroblast 
UCHL3 3.03E-08 0.2930606 Fibroblast 
UFD1 1.70E-11 0.2383087 Fibroblast 
UFM1 1.40E-09 -0.1621866 Fibroblast 
UGCG 1.54E-37 0.1430407 Fibroblast 
UGDH 5.18E-113 0.2839352 Fibroblast 
UGGT1 1.21E-10 0.2900107 Fibroblast 
UGP2 4.73E-77 0.2887125 Fibroblast 
UHRF1BP1L 1.15E-07 0.2222609 Fibroblast 
UHRF2 3.57E-05 0.2728278 Fibroblast 
UMPS 1.31E-15 0.2207236 Fibroblast 
UNC13B 6.08E-05 0.4179727 Fibroblast 
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UOX 0.03675404 0.2674461 Fibroblast 
UPF1 8.15E-18 0.2674751 Fibroblast 
UPK1B 8.32E-08 -1.444721 Fibroblast 
UQCC3 2.11E-09 -0.2204517 Fibroblast 
UQCR10 6.61E-14 -0.0971466 Fibroblast 
UQCRB 1.81E-28 0.1643045 Fibroblast 
UQCRC2 3.01E-07 0.1985785 Fibroblast 
UQCRQ 4.77E-52 -0.2403442 Fibroblast 
URB2 0.00733715 0.223718 Fibroblast 
UROS 5.86E-05 -0.2104429 Fibroblast 
USF1 2.91E-12 0.7484162 Fibroblast 
USF3 0.00152378 0.1934726 Fibroblast 
USO1 0.00058109 -0.085146 Fibroblast 
USP1 2.72E-39 0.2276864 Fibroblast 
USP10 3.48E-22 0.1932619 Fibroblast 
USP12 1.30E-12 0.2256501 Fibroblast 
USP14 7.70E-12 0.1939326 Fibroblast 
USP15 4.39E-06 0.1497795 Fibroblast 
USP21 0.01038332 0.0581428 Fibroblast 
USP22 3.21E-05 0.3078033 Fibroblast 
USP24 1.14E-15 0.2857818 Fibroblast 
USP28 0.01527498 0.1597653 Fibroblast 
USP3 5.33E-09 0.1761841 Fibroblast 
USP34 1.71E-07 0.1312244 Fibroblast 
USP36 5.54E-07 0.2582998 Fibroblast 
USP39 0.0237582 0.2521178 Fibroblast 
USP4 0.00154839 0.2277471 Fibroblast 
USP42 1.93E-11 0.1791691 Fibroblast 
USP44 2.64E-06 0.489561 Fibroblast 
USP46 1.30E-43 0.2661 Fibroblast 
USP49 0.00011074 0.313225 Fibroblast 
USP54 2.38E-12 0.5562269 Fibroblast 
USP8 2.71E-06 0.1213454 Fibroblast 
UST 5.25E-07 0.1847001 Fibroblast 
UTP15 5.73E-07 0.3078853 Fibroblast 
UTP20 8.36E-13 0.2963041 Fibroblast 
UTP23 0.00064119 0.2165055 Fibroblast 
UTP25 2.87E-43 0.3745916 Fibroblast 
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UTP3 5.38E-71 0.3583184 Fibroblast 
UTP4 2.38E-06 0.2291181 Fibroblast 
UTP6 4.33E-56 0.5362982 Fibroblast 
UTRN 1.85E-64 0.2933736 Fibroblast 
UTS2B 0.00646734 0.4885786 Fibroblast 
UVRAG 5.66E-20 0.3258772 Fibroblast 
UXT 0.00162279 0.1466944 Fibroblast 
VAMP5 7.68E-22 0.3114436 Fibroblast 
VAMP8 3.83E-10 -0.0973797 Fibroblast 
VANGL1 0.0217404 -0.2613717 Fibroblast 
VAPA 1.83E-18 0.2032064 Fibroblast 
VAPB 1.35E-08 0.2264942 Fibroblast 
VARS1 4.99E-06 0.1869976 Fibroblast 
VASP 8.64E-06 0.230854 Fibroblast 
VAT1 0.00029215 0.2412569 Fibroblast 
VAV3 7.23E-58 0.3670271 Fibroblast 
VBP1 0.0237582 0.1701745 Fibroblast 
VCAM1 2.18E-120 0.660945 Fibroblast 
VCAN 0 0.4180602 Fibroblast 
VCL 1.03E-18 0.2284868 Fibroblast 
VCP 1.05E-07 0.0943025 Fibroblast 
VCPIP1 0.00053862 0.2453832 Fibroblast 
VDAC1 8.70E-05 0.0877356 Fibroblast 
VDAC2 3.95E-35 0.1667896 Fibroblast 
VDAC3 5.41E-25 0.1929295 Fibroblast 
VDR 3.42E-18 0.8639786 Fibroblast 
VEGFA 2.45E-94 0.2789128 Fibroblast 
VEGFC 5.38E-05 0.0919673 Fibroblast 
VEGFD 4.04E-52 -0.9568625 Fibroblast 
VEPH1 1.57E-27 1.06125 Fibroblast 
VEZF1 4.86E-12 0.1892102 Fibroblast 
VGLL4 2.84E-07 0.2408104 Fibroblast 
VIRMA 3.90E-05 0.1429403 Fibroblast 
VIT 1.10E-60 0.465089 Fibroblast 
VKORC1 1.42E-231 -0.3097715 Fibroblast 
VMP1 1.93E-30 0.207972 Fibroblast 
VPREB1 8.59E-15 0.1823373 Fibroblast 
VPS13D 9.68E-97 0.5777741 Fibroblast 
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VPS26A 4.44E-38 0.3037013 Fibroblast 
VPS28 6.44E-121 -0.2670967 Fibroblast 
VPS29 1.31E-32 0.1678547 Fibroblast 
VPS35 0.00050117 0.0993146 Fibroblast 
VPS37A 7.98E-08 0.2804252 Fibroblast 
VRK1 5.28E-19 0.4872187 Fibroblast 
VRK3 0.00020513 0.3009061 Fibroblast 
VSIG10 1.65E-05 0.1844056 Fibroblast 
VSIR 0.00154839 0.3426428 Fibroblast 
VWA5A 1.56E-24 0.8752452 Fibroblast 
VWDE 7.48E-17 -1.002888 Fibroblast 
WAPL 1.22E-19 0.2081185 Fibroblast 
WASF2 2.27E-23 0.1817264 Fibroblast 
WASHC4 1.15E-11 0.2690892 Fibroblast 
WDFY3 3.52E-06 0.1455459 Fibroblast 
WDR1 1.50E-17 0.2280609 Fibroblast 
WDR20 6.26E-07 0.3448189 Fibroblast 
WDR3 2.07E-06 0.2202345 Fibroblast 
WDR33 6.85E-11 0.2500516 Fibroblast 
WDR36 8.59E-05 0.189144 Fibroblast 
WDR43 6.49E-08 0.1064929 Fibroblast 
WDR44 6.25E-09 0.1925867 Fibroblast 
WDR45B 2.59E-22 -0.2846145 Fibroblast 
WDR46 2.12E-34 0.3629298 Fibroblast 
WDR47 5.70E-07 0.2486975 Fibroblast 
WDR5 0.00806916 0.1481439 Fibroblast 
WDR54 0.01491498 0.2919434 Fibroblast 
WDR70 0.00496093 -0.1240399 Fibroblast 
WDR74 6.24E-32 0.5147277 Fibroblast 
WDR75 9.90E-20 0.246017 Fibroblast 
WEE1 2.66E-38 0.4558237 Fibroblast 
WFDC10B 0.00087089 -5.524677 Fibroblast 
WHAMM 0.00156063 0.2048224 Fibroblast 
WIF1 1.52E-30 0.1279415 Fibroblast 
WIPI1 2.10E-29 -0.1771934 Fibroblast 
WIPI2 2.54E-15 0.1968201 Fibroblast 
WIZ 2.80E-58 0.3543487 Fibroblast 
WLS 1.73E-06 0.1885011 Fibroblast 



 

442 
 

WNK1 1.38E-15 0.1181712 Fibroblast 
WNK3 0.04838302 0.1067631 Fibroblast 
WNT11 6.53E-12 0.3494355 Fibroblast 
WNT5A 2.36E-16 0.5101577 Fibroblast 
WNT5B 0.0145536 0.2812661 Fibroblast 
WSB1 6.26E-69 0.3914539 Fibroblast 
WTAP 1.54E-12 0.2638143 Fibroblast 
WWC2 1.12E-11 0.1943172 Fibroblast 
XAB2 0.0210192 0.2561867 Fibroblast 
XBP1 2.02E-50 0.2755516 Fibroblast 
XPNPEP2 8.76E-07 0.6732409 Fibroblast 
XPO1 1.51E-10 0.1981996 Fibroblast 
XPO6 1.92E-94 0.3943409 Fibroblast 
XPO7 0.00314223 0.1482754 Fibroblast 
XRCC4 0.00310537 0.3204411 Fibroblast 
XRCC5 5.84E-05 0.2373868 Fibroblast 
XRN1 6.74E-07 0.1175491 Fibroblast 
XRN2 5.15E-06 0.1237696 Fibroblast 
XYLT1 3.48E-12 0.497958 Fibroblast 
YAF2 0.00276431 0.12077 Fibroblast 
YAP1 3.49E-25 0.1656152 Fibroblast 
YARS1 1.97E-22 0.3407178 Fibroblast 
YARS2 9.61E-06 0.370849 Fibroblast 
YBX3 7.71E-15 0.0704901 Fibroblast 
YEATS4 4.05E-06 0.2277556 Fibroblast 
YES1 5.26E-34 0.2351363 Fibroblast 
YIF1A 1.82E-06 -0.1854862 Fibroblast 
YIF1B 0.00240987 -0.2458588 Fibroblast 
YPEL5 6.29E-09 0.1808021 Fibroblast 
YTHDC1 3.89E-12 0.1604899 Fibroblast 
YTHDC2 1.44E-18 0.2660521 Fibroblast 
YTHDF1 0.00040635 0.1509104 Fibroblast 
YTHDF2 9.53E-16 0.1406106 Fibroblast 
YTHDF3 4.15E-08 0.2637094 Fibroblast 
YWHAB 3.70E-88 0.1872073 Fibroblast 
YWHAG 6.60E-18 0.229687 Fibroblast 
YY1 1.85E-149 0.2535465 Fibroblast 
ZBED9 2.94E-24 0.4272157 Fibroblast 
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ZBTB1 2.04E-06 0.1790825 Fibroblast 
ZBTB10 8.80E-08 0.2187998 Fibroblast 
ZBTB11 1.93E-33 0.2842549 Fibroblast 
ZBTB2 2.15E-18 0.2630503 Fibroblast 
ZBTB21 1.40E-65 0.4207245 Fibroblast 
ZBTB24 3.08E-05 0.3885045 Fibroblast 
ZBTB38 1.96E-20 0.1880137 Fibroblast 
ZBTB4 3.39E-07 0.1180803 Fibroblast 
ZBTB40 0.01323805 0.3002382 Fibroblast 
ZBTB41 5.68E-10 0.2585252 Fibroblast 
ZBTB47 2.45E-11 -0.2603861 Fibroblast 
ZBTB49 0.01177282 0.1875507 Fibroblast 
ZBTB6 6.09E-05 0.2392721 Fibroblast 
ZBTB7A 2.58E-27 0.2366368 Fibroblast 
ZBTB8OS 1.95E-05 0.2301149 Fibroblast 
ZC3H12A 3.07E-44 0.6391122 Fibroblast 
ZC3H12C 0.0248333 0.2248136 Fibroblast 
ZC3H13 7.29E-05 0.0840624 Fibroblast 
ZC3H15 2.44E-20 0.114321 Fibroblast 
ZC3H18 1.66E-14 0.2490096 Fibroblast 
ZC3H4 0.0217404 0.214661 Fibroblast 
ZC3H6 1.13E-07 0.2798653 Fibroblast 
ZC3HAV1L 0.0001063 -0.522388 Fibroblast 
ZCCHC14 1.11E-22 0.3094877 Fibroblast 
ZCCHC2 1.96E-84 0.3668816 Fibroblast 
ZCCHC24 5.69E-06 0.3181555 Fibroblast 
ZCCHC9 9.62E-05 -0.2231983 Fibroblast 
ZDBF2 0.0229292 0.2501553 Fibroblast 
ZDHHC14 0.00022159 0.2734758 Fibroblast 
ZDHHC17 0.0012233 0.3357587 Fibroblast 
ZEB2 7.15E-31 -0.1416005 Fibroblast 
ZFAND3 0.0025819 0.1314281 Fibroblast 
ZFAND5 1.00E-102 0.20657 Fibroblast 
ZFAND6 0.00291071 0.1532837 Fibroblast 
ZFC3H1 8.26E-21 0.2412024 Fibroblast 
ZFP36 0.00103605 0.0650028 Fibroblast 
ZFPM2 0.00232385 0.1923885 Fibroblast 
ZFR 3.81E-16 0.1823316 Fibroblast 
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ZIC3 0.01323805 -0.6723245 Fibroblast 
ZMAT2 0.0039738 0.1943315 Fibroblast 
ZMIZ1 2.74E-40 0.4526712 Fibroblast 
ZMYM2 5.83E-13 0.2394261 Fibroblast 
ZMYM5 9.21E-42 0.343806 Fibroblast 
ZMYND19 0.00320331 0.1966648 Fibroblast 
ZMYND8 0.00138761 -0.1257829 Fibroblast 
ZNF106 0.00815408 -0.1400247 Fibroblast 
ZNF131 2.01E-25 0.3535904 Fibroblast 
ZNF143 0.00025809 0.2356838 Fibroblast 
ZNF146 4.07E-07 0.3194504 Fibroblast 
ZNF189 0.01923264 0.2952629 Fibroblast 
ZNF217 0.00028965 0.1707005 Fibroblast 
ZNF236 1.17E-09 0.2949414 Fibroblast 
ZNF24 6.10E-14 0.2232126 Fibroblast 
ZNF276 3.55E-11 0.377211 Fibroblast 
ZNF326 3.21E-51 0.161627 Fibroblast 
ZNF335 0.01157918 0.307033 Fibroblast 
ZNF385A 0.00756556 0.2851078 Fibroblast 
ZNF385D 2.41E-13 -0.2344394 Fibroblast 
ZNF394 8.90E-22 0.3489867 Fibroblast 
ZNF423 5.10E-36 -0.4623207 Fibroblast 
ZNF462 5.94E-13 0.1793811 Fibroblast 
ZNF503 9.41E-10 0.3662478 Fibroblast 
ZNF517 6.18E-07 0.181107 Fibroblast 
ZNF518B 0.00909496 0.295364 Fibroblast 
ZNF571 1.26E-09 0.2251719 Fibroblast 
ZNF579 0.04792242 0.347301 Fibroblast 
ZNF592 0.00032857 0.1490699 Fibroblast 
ZNF593 7.82E-66 0.3231088 Fibroblast 
ZNF608 0.03439121 0.1427064 Fibroblast 
ZNF609 2.93E-13 0.170106 Fibroblast 
ZNF615 0.0297972 0.2316718 Fibroblast 
ZNF628 2.46E-05 0.3733049 Fibroblast 
ZNF630 8.46E-05 0.3086459 Fibroblast 
ZNF638 2.05E-42 0.2747961 Fibroblast 
ZNF644 2.13E-45 0.2003588 Fibroblast 
ZNF704 0.0025577 -0.3263557 Fibroblast 
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ZNF706 1.10E-06 -0.1129369 Fibroblast 
ZNF740 0.0008087 0.1957825 Fibroblast 
ZNF800 7.60E-83 0.3889391 Fibroblast 
ZNF804B 2.22E-39 -1.064107 Fibroblast 
ZNF830 2.94E-61 0.4200199 Fibroblast 
ZNFX1 4.72E-20 0.2463695 Fibroblast 
ZNHIT1 3.48E-13 -0.2079185 Fibroblast 
ZNHIT3 5.36E-67 0.3227168 Fibroblast 
ZNHIT6 6.76E-14 0.2061929 Fibroblast 
ZNRF1 4.38E-17 0.3369262 Fibroblast 
ZPLD1 1.19E-07 2.274256 Fibroblast 
ZRANB1 4.86E-50 0.2524437 Fibroblast 
ZRANB3 2.30E-12 0.4251822 Fibroblast 
ZSCAN12 7.57E-11 0.3133895 Fibroblast 
ZSCAN20 2.63E-05 0.2236223 Fibroblast 
ZSWIM6 4.08E-14 0.1937356 Fibroblast 
C2CD2 0.00915034 -2.664375 Granulocyte 
C3orf85 0.00745241 -4.014302 Granulocyte 
CHCHD7 0.0112307 -2.615585 Granulocyte 
EIF1AX 0.00768979 -1.675578 Granulocyte 
IL12RB2 0.00746783 -3.244194 Granulocyte 
INTS4 0.00406861 -2.528574 Granulocyte 
MCTS1 0.00481528 -1.448653 Granulocyte 
MOV10 0.00174845 -2.24786 Granulocyte 
RANGAP1 0.00012686 -2.380547 Granulocyte 
RC3H2 6.88E-05 -2.194371 Granulocyte 
SNX31 0.00884906 -2.733368 Granulocyte 
SPAG9 0.03764508 -1.278936 Granulocyte 
TMEM63A 0.00225695 -3.426515 Granulocyte 
VAV2 0.0005357 -4.119662 Granulocyte 
ZNF268 0.0054665 -2.807476 Granulocyte 
AADAC 3.78E-17 -0.5480712 Keratinocyte 
AAK1 0.00141658 0.2854478 Keratinocyte 
AAMDC 2.58E-16 0.3826127 Keratinocyte 
AASS 5.12E-33 0.550716 Keratinocyte 
ABCA1 4.09E-34 -0.2990112 Keratinocyte 
ABCC4 5.50E-09 -0.6171762 Keratinocyte 
ABCC5 8.11E-25 0.8807395 Keratinocyte 
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ABHD5 8.40E-103 0.2097104 Keratinocyte 
ABI3BP 1.28E-21 -0.388325 Keratinocyte 
ABL1 9.89E-07 -0.3076333 Keratinocyte 
ABLIM3 6.88E-09 0.5825606 Keratinocyte 
ABRACL 1.71E-22 -0.263493 Keratinocyte 
ACAA1 2.04E-08 0.3209723 Keratinocyte 
ACAT2 0.00014904 0.1750283 Keratinocyte 
ACOT6 5.79E-06 0.9663235 Keratinocyte 
ACOT7 4.36E-27 0.917543 Keratinocyte 
ACP5 2.07E-05 0.6303555 Keratinocyte 
ACSBG1 2.17E-07 0.4638349 Keratinocyte 
ACSF2 0.01182446 -0.500713 Keratinocyte 
ACSL1 9.93E-05 -0.159292 Keratinocyte 
ACTG1 1.04E-61 0.1380896 Keratinocyte 
ACTN1 4.64E-35 -0.3232945 Keratinocyte 
ACTN4 1.37E-39 -0.172473 Keratinocyte 
ACTR3 0.0001951 -0.0854298 Keratinocyte 
ACYP2 0.01806645 -0.3045871 Keratinocyte 
ADAM12 0.00435203 -1.23268 Keratinocyte 
ADAM9 0.00097315 -0.2752744 Keratinocyte 
ADAMTS1 7.27E-12 -0.2375827 Keratinocyte 
ADAMTS14 6.50E-08 -0.255059 Keratinocyte 
ADAMTS17 1.80E-07 -0.9623422 Keratinocyte 
ADAMTS4 8.12E-18 -0.4542775 Keratinocyte 
ADAMTS9 2.59E-06 -0.6342957 Keratinocyte 
ADAMTSL3 2.36E-08 -0.5252163 Keratinocyte 
ADD2 0.03312484 -0.8324525 Keratinocyte 
ADGRL2 8.61E-11 -0.6100591 Keratinocyte 
ADGRV1 3.46E-19 2.602936 Keratinocyte 
ADIRF 7.47E-11 -0.0839254 Keratinocyte 
ADSS2 1.38E-11 -0.2716831 Keratinocyte 
AFDN 6.65E-07 -0.1805934 Keratinocyte 
AFF3 0.00056885 -0.2066257 Keratinocyte 
AGL 0.0037183 0.2100417 Keratinocyte 
AGO2 3.16E-16 -0.3442769 Keratinocyte 
AGPAT4 4.21E-13 -0.5473484 Keratinocyte 
AHCTF1 5.22E-32 -0.3226465 Keratinocyte 
AHNAK 8.07E-93 -0.2930529 Keratinocyte 
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AHR 2.90E-12 0.2496643 Keratinocyte 
AIG1 0.0306592 0.1562104 Keratinocyte 
AIP 0.00018358 0.3777344 Keratinocyte 
AK1 8.89E-17 0.8601843 Keratinocyte 
AKAP12 5.37E-15 -0.4211988 Keratinocyte 
AKAP13 2.99E-06 -0.1628329 Keratinocyte 
AKAP9 4.17E-07 -0.1238998 Keratinocyte 
AKNAD1 6.99E-05 0.8137375 Keratinocyte 
ALAD 0.00012383 0.5648916 Keratinocyte 
ALAS1 1.15E-07 -0.1686717 Keratinocyte 
ALCAM 8.64E-18 -0.2007072 Keratinocyte 
ALDH3A2 0.00955031 -0.2280962 Keratinocyte 
ALDH5A1 4.23E-05 0.5250278 Keratinocyte 
ALKBH7 6.68E-06 0.3021752 Keratinocyte 
ALYREF 4.21E-15 -0.1853305 Keratinocyte 
AMOTL1 0.0410996 -0.1457809 Keratinocyte 
AMTN 0.020979 -0.3049224 Keratinocyte 
ANAPC11 1.10E-30 0.2714379 Keratinocyte 
ANAPC15 0.00023526 0.2578988 Keratinocyte 
ANGPTL1 0.01221293 -0.3470794 Keratinocyte 
ANKH 0.00032706 -0.3653768 Keratinocyte 
ANKK1 1.10E-05 0.3319358 Keratinocyte 
ANKRD11 2.31E-106 -0.2973515 Keratinocyte 
ANKRD12 6.90E-32 -0.169414 Keratinocyte 
ANKRD17 6.43E-20 -0.1900718 Keratinocyte 
ANKRD35 0.00058031 0.7667805 Keratinocyte 
ANKRD37 0.00072596 0.2294024 Keratinocyte 
ANKRD54 1.79E-13 0.3535258 Keratinocyte 
ANKRD6 0.02056677 -0.2802718 Keratinocyte 
ANKRD9 5.07E-34 0.4810217 Keratinocyte 
ANKS1B 4.00E-11 -0.2272847 Keratinocyte 
ANO1 1.24E-22 1.299805 Keratinocyte 
ANO6 2.14E-45 -0.3534313 Keratinocyte 
ANP32A 2.07E-05 0.1798783 Keratinocyte 
ANTXR1 0.00613199 -0.2833143 Keratinocyte 
ANTXR2 4.04E-12 -0.3884499 Keratinocyte 
ANXA2 0.03107059 0.0352123 Keratinocyte 
ANXA4 8.88E-06 0.1392701 Keratinocyte 
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ANXA5 1.58E-06 -0.1913012 Keratinocyte 
AP1M1 1.39E-07 0.4584621 Keratinocyte 
AP1M2 0.00088379 0.2466279 Keratinocyte 
AP2S1 1.17E-05 0.195742 Keratinocyte 
AP3D1 1.49E-08 -0.2413534 Keratinocyte 
APIP 0.00015622 0.243336 Keratinocyte 
APLP2 2.25E-19 -0.2494369 Keratinocyte 
APOBR 0.00135574 -0.5219944 Keratinocyte 
APOE 2.00E-49 -0.5444366 Keratinocyte 
APPL1 1.62E-13 0.2112664 Keratinocyte 
APRT 2.16E-23 0.3276041 Keratinocyte 
ARF4 2.56E-06 -0.1629448 Keratinocyte 
ARFIP1 0.00449221 -0.1390212 Keratinocyte 
ARG2 4.12E-17 0.5280892 Keratinocyte 
ARGLU1 1.09E-05 0.123267 Keratinocyte 
ARHGAP17 0.00515024 -0.2084366 Keratinocyte 
ARHGAP29 1.39E-06 0.267618 Keratinocyte 
ARHGAP31 5.55E-08 -0.6643644 Keratinocyte 
ARHGAP45 2.78E-24 -0.3432897 Keratinocyte 
ARHGEF12 1.26E-35 -0.3227268 Keratinocyte 
ARHGEF4 0.01431876 0.3857518 Keratinocyte 
ARID5B 0.04467428 0.0706676 Keratinocyte 
ARL1 0.03478 -0.158551 Keratinocyte 
ARL13B 2.89E-32 0.3105058 Keratinocyte 
ARL15 0.01515456 0.3194272 Keratinocyte 
ARL5B 1.89E-09 0.1821019 Keratinocyte 
ARL6IP4 1.20E-06 0.3456185 Keratinocyte 
ARMC12 0.00043167 0.6312688 Keratinocyte 
ARPC1A 0.00458914 -0.1898004 Keratinocyte 
ARPC3 1.40E-08 0.1329577 Keratinocyte 
ARPC5L 4.03E-30 0.3130804 Keratinocyte 
ARRDC3 2.93E-05 -0.1928135 Keratinocyte 
ARSF 5.28E-07 5.53212 Keratinocyte 
ART3 8.44E-06 -0.5892601 Keratinocyte 
ASB1 3.04E-12 -0.2578822 Keratinocyte 
ASB7 8.45E-15 -0.3366398 Keratinocyte 
ASH1L 9.88E-05 -0.1158475 Keratinocyte 
ASNS 3.72E-11 -0.4953079 Keratinocyte 
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ASPH 1.59E-07 -0.2625284 Keratinocyte 
ASPM 3.17E-17 0.601195 Keratinocyte 
ASPN 1.07E-15 -0.5672608 Keratinocyte 
ASXL1 0.00401407 -0.1521895 Keratinocyte 
ATAD2 0.00220767 0.1609439 Keratinocyte 
ATF3 0.0328512 0.0850368 Keratinocyte 
ATF4 2.63E-86 -0.200999 Keratinocyte 
ATF7IP 8.37E-132 0.7009668 Keratinocyte 
ATG2B 1.42E-08 -0.2497315 Keratinocyte 
ATOX1 5.89E-17 0.2001404 Keratinocyte 
ATP13A3 2.39E-07 -0.280986 Keratinocyte 
ATP1A1 3.24E-09 -0.1150932 Keratinocyte 
ATP2A2 0.01668142 -0.1357992 Keratinocyte 
ATP2B1 1.12E-50 -0.2133394 Keratinocyte 
ATP5F1C 6.57E-30 0.2167477 Keratinocyte 
ATP5F1D 9.41E-08 0.0997831 Keratinocyte 
ATP5IF1 1.02E-08 0.1184444 Keratinocyte 
ATP5MC1 5.07E-32 0.2803554 Keratinocyte 
ATP5PB 5.23E-16 0.1912064 Keratinocyte 
ATP6V1C1 0.00203832 0.2189881 Keratinocyte 
ATP6V1H 0.00256014 0.2251992 Keratinocyte 
ATP8B1 0.00544429 -0.2510242 Keratinocyte 
ATR 4.63E-06 -0.2695635 Keratinocyte 
ATRIP 2.85E-05 0.2916859 Keratinocyte 
AUH 0.0441225 0.3785002 Keratinocyte 
AURKAIP1 1.25E-09 0.4371653 Keratinocyte 
AXL 3.51E-13 -0.5973449 Keratinocyte 
B2M 0 0.6737908 Keratinocyte 
BAG3 5.74E-06 -0.2291436 Keratinocyte 
BANF1 5.64E-13 0.1880498 Keratinocyte 
BARX2 3.34E-08 -0.4110709 Keratinocyte 
BASP1 1.73E-25 0.7801257 Keratinocyte 
BBIP1 0.00079118 0.2343674 Keratinocyte 
BBLN 1.23E-62 0.2981455 Keratinocyte 
BBS7 0.01020365 0.3782751 Keratinocyte 
BCAR3 1.07E-20 -0.7216602 Keratinocyte 
BCKDK 0.00031412 -0.1726414 Keratinocyte 
BCL10 4.32E-07 0.300431 Keratinocyte 
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BCL9 8.69E-05 0.3648502 Keratinocyte 
BCLAF1 4.44E-08 -0.165439 Keratinocyte 
BDP1 1.30E-20 -0.1744395 Keratinocyte 
BHLHE40 0.00330813 -0.1267368 Keratinocyte 
BIRC2 0.01161604 0.1349049 Keratinocyte 
BIRC6 0.00017928 -0.1197404 Keratinocyte 
BLVRB 8.53E-14 0.5558363 Keratinocyte 
BMERB1 3.13E-07 -0.3475461 Keratinocyte 
BMF 0.00025106 -0.2913142 Keratinocyte 
BMP15 1.38E-05 -0.3809589 Keratinocyte 
BMP2K 0.02485058 -0.137006 Keratinocyte 
BMPR1B 0.041649 -0.6008702 Keratinocyte 
BNC1 0.00725305 -0.1981637 Keratinocyte 
BNIPL 2.30E-08 0.575512 Keratinocyte 
BOD1L1 0.00117117 -0.110498 Keratinocyte 
BOLA1 0.00030982 0.2167885 Keratinocyte 
BOP1 0.0168192 -0.1929911 Keratinocyte 
BPGM 0.00027833 0.5885571 Keratinocyte 
BRD2 2.19E-10 -0.1221314 Keratinocyte 
BRD4 1.05E-08 -0.1638879 Keratinocyte 
BRI3 1.46E-05 0.251681 Keratinocyte 
BRWD1 4.55E-26 -0.2875573 Keratinocyte 
BTBD6 0.00761562 -0.3699035 Keratinocyte 
BTBD8 0.01331276 0.623683 Keratinocyte 
BTF3 3.66E-68 0.1801874 Keratinocyte 
BTF3L4 1.49E-08 -0.1932044 Keratinocyte 
BTG2 3.60E-124 0.5371921 Keratinocyte 
BUB1B 1.26E-12 0.8141476 Keratinocyte 
BZW1 5.53E-34 -0.1922617 Keratinocyte 
C14H1orf35 0.00620175 0.1805203 Keratinocyte 
C15H1orf109 0.02596002 -0.2494956 Keratinocyte 
C17orf49 0.00509436 0.2091586 Keratinocyte 
C1GALT1 0.00963414 0.331449 Keratinocyte 
C1QB 6.66E-06 1.18581 Keratinocyte 
C1QBP 0.04879776 -0.2298554 Keratinocyte 
C1QTNF12 5.25E-11 -0.726545 Keratinocyte 
C1QTNF2 8.24E-13 -1.039573 Keratinocyte 
C1QTNF6 1.06E-08 -1.947732 Keratinocyte 
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C1R 3.01E-07 0.4595383 Keratinocyte 
C20H19orf53 1.45E-12 0.1738706 Keratinocyte 
C23H3orf33 0.0292803 0.3084111 Keratinocyte 
C27H12orf57 6.66E-16 0.3354581 Keratinocyte 
C5H16orf74 4.23E-28 0.7165379 Keratinocyte 
C5H1orf87 7.89E-98 -0.5499514 Keratinocyte 
C5orf34 0.0145964 0.2270972 Keratinocyte 
C6H16orf72 2.89E-06 0.1541492 Keratinocyte 
C6H7orf50 8.16E-34 0.3304186 Keratinocyte 
C7H1orf116 0.00649658 0.43676 Keratinocyte 
C7H1orf53 0.00243248 0.5551168 Keratinocyte 
C9H17orf64 5.94E-09 0.7959553 Keratinocyte 
CA13 3.23E-07 0.2122604 Keratinocyte 
CA4 1.56E-17 3.515033 Keratinocyte 
CA9 3.49E-47 -0.9260487 Keratinocyte 
CACHD1 1.31E-06 -0.5835016 Keratinocyte 
CACNB2 9.43E-05 -0.4734714 Keratinocyte 
CACYBP 1.46E-13 0.2100346 Keratinocyte 
CADPS2 0.00040885 -0.3245538 Keratinocyte 
CALCOCO1 1.81E-07 0.3281635 Keratinocyte 
CALCOCO2 2.23E-13 0.1917782 Keratinocyte 
CALHM3 2.71E-09 -0.3247403 Keratinocyte 
CALM1 1.04E-11 0.0994836 Keratinocyte 
CAMK1D 1.13E-22 -0.5718309 Keratinocyte 
CAMSAP2 1.69E-16 -0.1996745 Keratinocyte 
CAND1 1.54E-05 -0.1608902 Keratinocyte 
CANX 6.70E-111 0.3921564 Keratinocyte 
CAPG 4.99E-71 0.2617067 Keratinocyte 
CAPRIN1 0.00014617 -0.1017519 Keratinocyte 
CARD19 8.52E-44 0.4934955 Keratinocyte 
CARNMT1 0.00975883 0.4236631 Keratinocyte 
CARS1 3.93E-14 -0.4748675 Keratinocyte 
CASP14 1.55E-10 1.508284 Keratinocyte 
CASP6 2.27E-07 0.2838456 Keratinocyte 
CAST 9.91E-20 -0.1315793 Keratinocyte 
CAT 2.56E-17 0.3936051 Keratinocyte 
CATIP 2.49E-06 -0.2902094 Keratinocyte 
CBD103 4.27E-72 -0.3720311 Keratinocyte 
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CBX1 0.00900415 0.2326801 Keratinocyte 
CBX4 2.85E-11 0.3670483 Keratinocyte 
CC2D1B 0.00536058 -0.1886042 Keratinocyte 
CCAR1 7.97E-05 -0.1242966 Keratinocyte 
CCDC107 0.00646879 0.4701847 Keratinocyte 
CCDC124 1.77E-06 0.3244961 Keratinocyte 
CCDC127 1.76E-12 -0.3772944 Keratinocyte 
CCDC146 0.0001188 -0.5175329 Keratinocyte 
CCDC186 0.02221866 0.1547229 Keratinocyte 
CCDC196 5.76E-05 -0.2846548 Keratinocyte 
CCDC47 0.00010107 -0.1932484 Keratinocyte 
CCDC56 0.00129896 0.2398918 Keratinocyte 
CCDC80 1.09E-67 -0.8967616 Keratinocyte 
CCDC85B 0.0028422 0.3075655 Keratinocyte 
CCKAR 1.68E-06 -0.1655109 Keratinocyte 
CCL20 1.31E-10 -0.2956511 Keratinocyte 
CCL27 1.08E-122 0.4583316 Keratinocyte 
CCL4 1.07E-14 1.112207 Keratinocyte 
CCL5 1.47E-23 4.78561 Keratinocyte 
CCL8 1.42E-10 1.486156 Keratinocyte 
CCN3 2.86E-17 -1.815912 Keratinocyte 
CCNB2 5.15E-09 0.7735173 Keratinocyte 
CCND2 1.01E-57 0.3206006 Keratinocyte 
CCNE1 7.34E-05 -0.4700612 Keratinocyte 
CCNL2 0.00045888 -0.1686912 Keratinocyte 
CCS 0.0161276 0.2853523 Keratinocyte 
CCT4 5.37E-05 -0.0965553 Keratinocyte 
CCT8 9.46E-24 -0.1975361 Keratinocyte 
CD2 4.50E-05 0.7976983 Keratinocyte 
CD248 1.83E-23 -0.7594185 Keratinocyte 
CD2AP 1.50E-09 -0.1667266 Keratinocyte 
CD2BP2 7.38E-10 0.2736477 Keratinocyte 
CD34 3.25E-12 -0.3588865 Keratinocyte 
CD3D 8.97E-15 1.451182 Keratinocyte 
CD3E 1.08E-14 1.438269 Keratinocyte 
CD3G 2.73E-09 1.907277 Keratinocyte 
CD40 2.78E-06 -0.4748558 Keratinocyte 
CD47 7.85E-20 0.2173299 Keratinocyte 
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CD52 5.32E-09 1.454647 Keratinocyte 
CD63 2.45E-18 -0.1603184 Keratinocyte 
CD74 3.88E-09 -0.2838497 Keratinocyte 
CD79A 4.71E-72 0.1468594 Keratinocyte 
CDA 0.00011965 0.5982562 Keratinocyte 
CDC20 2.21E-08 0.4759475 Keratinocyte 
CDC40 0.00154148 0.134604 Keratinocyte 
CDC42BPA 8.74E-05 -0.277582 Keratinocyte 
CDC42EP3 2.74E-13 0.3989005 Keratinocyte 
CDC42EP5 6.75E-17 -0.5096125 Keratinocyte 
CDCA4 6.18E-07 -0.5085401 Keratinocyte 
CDCA8 0.00136555 0.6822325 Keratinocyte 
CDCP1 4.31E-07 -0.1637432 Keratinocyte 
CDH1 9.36E-05 -0.0838313 Keratinocyte 
CDH20 0.00361973 -0.2952222 Keratinocyte 
CDH3 6.58E-16 -0.2371069 Keratinocyte 
CDK3 0.00147063 0.4714653 Keratinocyte 
CDKN1B 1.57E-08 0.3567348 Keratinocyte 
CDO1 6.91E-05 -0.4964865 Keratinocyte 
CEBPZ 4.17E-53 -0.2999782 Keratinocyte 
CELF2 4.51E-17 -0.422265 Keratinocyte 
CEMIP2 0.037252 -0.2065408 Keratinocyte 
CENPF 3.13E-07 0.4664851 Keratinocyte 
CENPJ 0.00285601 0.2925563 Keratinocyte 
CEP162 0.01585164 0.3454885 Keratinocyte 
CEP20 3.26E-11 0.2789569 Keratinocyte 
CEP290 3.20E-08 0.3977673 Keratinocyte 
CEP70 6.93E-08 0.5544642 Keratinocyte 
CETN3 0.00041887 0.2296021 Keratinocyte 
CFAP20 0.00470145 0.2041604 Keratinocyte 
CFAP97 1.76E-26 0.3519933 Keratinocyte 
CFI 1.48E-06 1.065778 Keratinocyte 
CFL1 2.64E-12 -0.0761804 Keratinocyte 
CGGBP1 0.00106858 0.1937527 Keratinocyte 
CGN 2.77E-06 0.372493 Keratinocyte 
CGNL1 2.48E-14 -0.9882906 Keratinocyte 
CHCHD10 1.26E-24 0.3312165 Keratinocyte 
CHCHD2 1.05E-43 0.2084925 Keratinocyte 
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CHCHD5 0.00234878 0.4577885 Keratinocyte 
CHD1L 5.83E-05 -0.2751064 Keratinocyte 
CHD7 6.20E-20 -0.2488251 Keratinocyte 
CHIC2 2.43E-10 -0.2642276 Keratinocyte 
CHL1 1.68E-33 0.6436185 Keratinocyte 
CHMP2A 0.03326163 0.1215853 Keratinocyte 
CHMP2B 0.02277436 -0.2123979 Keratinocyte 
CHMP4B 0.01445708 -0.1916432 Keratinocyte 
CHMP4C 0.0007871 0.7198269 Keratinocyte 
CHPF 1.36E-08 -0.5157512 Keratinocyte 
CHRNA2 0.00750386 0.8101661 Keratinocyte 
CHRNE 8.32E-07 -0.1983508 Keratinocyte 
CIAO2B 5.10E-11 0.324074 Keratinocyte 
CILP2 0.00026544 0.2682677 Keratinocyte 
CIR1 5.22E-07 0.2098042 Keratinocyte 
CISD3 1.22E-16 0.4953188 Keratinocyte 
CKAP2 3.90E-08 0.2070583 Keratinocyte 
CKAP4 4.15E-55 -0.3255236 Keratinocyte 
CKS1B 2.03E-06 0.1869095 Keratinocyte 
CLCA2 6.33E-10 0.374643 Keratinocyte 
CLCN6 0.00048023 -0.3213992 Keratinocyte 
CLCN7 0.03107059 -0.2913191 Keratinocyte 
CLDN2 1.75E-06 -0.2277736 Keratinocyte 
CLEC11A 1.29E-19 -0.9866312 Keratinocyte 
CLEC3B 1.39E-94 -0.7566383 Keratinocyte 
CLIC1 2.20E-95 0.2935638 Keratinocyte 
CLINT1 0.00020223 -0.1646337 Keratinocyte 
CLIP1 0.00404216 -0.128271 Keratinocyte 
CLIP4 0.00121684 -0.3143506 Keratinocyte 
CLTA 2.18E-34 0.2042864 Keratinocyte 
CLYBL 0.02485058 -0.1482356 Keratinocyte 
CNBP 0.0375246 0.043629 Keratinocyte 
CNN3 0.01626668 -0.326569 Keratinocyte 
CNOT1 2.79E-13 -0.2050162 Keratinocyte 
CNOT4 0.00679172 0.1467973 Keratinocyte 
CNTN3 0.02678784 -1.980255 Keratinocyte 
CNTNAP1 7.17E-11 -0.6241363 Keratinocyte 
COA8 0.00277154 0.2241445 Keratinocyte 
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COBLL1 8.79E-06 -0.154774 Keratinocyte 
COL14A1 4.28E-11 -0.4829181 Keratinocyte 
COL1A1 0 -2.172261 Keratinocyte 
COL1A2 0 -1.9341334 Keratinocyte 
COL21A1 0.00499636 -1.223813 Keratinocyte 
COL23A1 0.02180724 0.4408738 Keratinocyte 
COL3A1 0 -1.7269996 Keratinocyte 
COL4A1 6.34E-06 -0.3723506 Keratinocyte 
COL5A1 1.18E-14 -0.6299941 Keratinocyte 
COL5A2 6.14E-53 -0.6628549 Keratinocyte 
COL6A1 0.03161429 -0.1420428 Keratinocyte 
COL6A3 7.55E-90 -0.9024762 Keratinocyte 
COL6A5 4.53E-08 4.030124 Keratinocyte 
COL7A1 3.06E-11 -0.1762642 Keratinocyte 
COMMD10 0.00054886 0.3453262 Keratinocyte 
COMMD3 5.31E-14 0.3635801 Keratinocyte 
COMMD5 0.000111 0.3415025 Keratinocyte 
COMMD6 1.87E-14 0.3973433 Keratinocyte 
COMP 7.30E-11 0.7800246 Keratinocyte 
COPE 2.24E-08 0.1986057 Keratinocyte 
COPS5 0.00019653 0.3143349 Keratinocyte 
COPZ2 7.77E-72 -0.9790425 Keratinocyte 
COQ7 0.00411278 0.3987139 Keratinocyte 
COQ9 0.02734004 0.4248775 Keratinocyte 
CORO1B 1.79E-13 0.6017444 Keratinocyte 
CORO2A 0.00113693 0.5348774 Keratinocyte 
COX11 0.00015479 0.5612219 Keratinocyte 
COX20 0.01399688 0.3148194 Keratinocyte 
COX4I1 2.94E-34 0.1610638 Keratinocyte 
COX5A 4.33E-72 0.3264798 Keratinocyte 
COX5B 8.19E-20 0.1992057 Keratinocyte 
COX7A1 0.00467346 -0.7080613 Keratinocyte 
CPNE3 2.99E-33 0.4298185 Keratinocyte 
CPNE6 3.31E-20 0.6740909 Keratinocyte 
CPQ 0.00485619 -0.6489298 Keratinocyte 
CPT1A 7.78E-28 0.3360626 Keratinocyte 
CPXM1 0.02665023 -0.3863585 Keratinocyte 
CPZ 2.13E-167 -1.689033 Keratinocyte 



 

456 
 

CREG1 1.23E-18 0.627266 Keratinocyte 
CRISPLD2 0.0195944 0.8524986 Keratinocyte 
CRK 0.03188825 0.1282026 Keratinocyte 
CROT 8.39E-07 0.3828954 Keratinocyte 
CRTAM 2.31E-08 -0.5270821 Keratinocyte 
CRTAP 0.00028978 0.3371431 Keratinocyte 
CRYAB 5.64E-66 0.7763831 Keratinocyte 
CRYGS 0.03573585 0.7333353 Keratinocyte 
CRYL1 1.19E-11 0.6394259 Keratinocyte 
CRYM 1.36E-41 -1.24129 Keratinocyte 
CSDE1 0.00191071 -0.1003858 Keratinocyte 
CSE1L 5.62E-05 -0.1893752 Keratinocyte 
CSF2RB 3.88E-18 -0.5939886 Keratinocyte 
CSGALNACT2 2.52E-10 0.3989925 Keratinocyte 
CSNK1A1 1.17E-05 0.0799503 Keratinocyte 
CST6 3.49E-10 0.484274 Keratinocyte 
CSTA 0.00223568 1.189831 Keratinocyte 
CSTB 5.72E-37 -0.1682823 Keratinocyte 
CSTF3 0.03711567 -0.1695733 Keratinocyte 
CTHRC1 4.01E-50 -1.545883 Keratinocyte 
CTNNA1 1.51E-31 -0.1818333 Keratinocyte 
CTNNAL1 6.38E-09 0.1987744 Keratinocyte 
CTR9 3.58E-16 -0.2421998 Keratinocyte 
CTSH 1.04E-06 -0.3568195 Keratinocyte 
CTSK 0.00047742 -0.2720674 Keratinocyte 
CTTNBP2NL 0.00016921 -0.1247015 Keratinocyte 
CUEDC2 1.09E-05 0.3594414 Keratinocyte 
CUL1 0.04069184 -0.2065336 Keratinocyte 
CUTA 2.40E-09 0.2436813 Keratinocyte 
CWC22 0.04287993 -0.1556296 Keratinocyte 
CXADR 1.30E-22 0.3056108 Keratinocyte 
CXCL14 3.49E-65 -0.4097015 Keratinocyte 
CXCL16 0.0025884 0.1069141 Keratinocyte 
CXCR4 3.72E-24 -0.6391045 Keratinocyte 
CYB5A 4.96E-09 0.3118587 Keratinocyte 
CYB5R3 0.02139246 -0.3968582 Keratinocyte 
CYBA 0.02706494 0.1590566 Keratinocyte 
CYBB 4.92E-13 -1.770357 Keratinocyte 
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CYC1 0.00198158 0.1819307 Keratinocyte 
CYCS 7.76E-08 -0.1022062 Keratinocyte 
CYFIP2 6.03E-06 -0.311273 Keratinocyte 
CYP1A2 1.29E-22 0.9843256 Keratinocyte 
CYP1B1 8.90E-41 -0.5615875 Keratinocyte 
CYP26B1 2.00E-07 -0.3128978 Keratinocyte 
CYP4B1 1.74E-11 -0.4556404 Keratinocyte 
CYRIB 9.58E-06 -0.2082824 Keratinocyte 
CYSTM1 7.92E-10 0.1688617 Keratinocyte 
CYTH2 7.15E-09 0.3587258 Keratinocyte 
DAAM1 0.00639908 0.1215133 Keratinocyte 
DAB2IP 0.03257514 0.4736321 Keratinocyte 
DAGLB 0.00049313 0.3037691 Keratinocyte 
DAPP1 0.01585164 -0.1539401 Keratinocyte 
DBP 3.72E-10 0.3149665 Keratinocyte 
DCAF5 4.47E-10 0.2819981 Keratinocyte 
DCBLD2 3.79E-72 0.8799345 Keratinocyte 
DCN 4.03E-36 -0.4065724 Keratinocyte 
DCTN3 3.37E-19 0.2993439 Keratinocyte 
DCXR 0.00585189 0.2270583 Keratinocyte 
DDIT4 6.87E-45 0.3740301 Keratinocyte 
DDOST 0.00010265 0.2804233 Keratinocyte 
DDX1 0.03175128 -0.1339183 Keratinocyte 
DDX10 3.16E-10 -0.2482831 Keratinocyte 
DDX18 9.93E-35 -0.3068903 Keratinocyte 
DDX21 4.30E-87 -0.29268 Keratinocyte 
DDX23 1.79E-08 -0.2686967 Keratinocyte 
DDX24 0.00095072 -0.0788601 Keratinocyte 
DDX27 1.60E-47 -0.4374565 Keratinocyte 
DDX3X 3.31E-123 -0.3314002 Keratinocyte 
DDX46 1.86E-27 -0.1865041 Keratinocyte 
DDX55 0.00010552 -0.3059058 Keratinocyte 
DEFB1 1.09E-42 -1.386388 Keratinocyte 
DEGS1 5.03E-06 0.1181567 Keratinocyte 
DENND4C 7.34E-05 0.1800434 Keratinocyte 
DEPTOR 8.95E-05 -0.5203489 Keratinocyte 
DERL2 4.50E-10 0.2369413 Keratinocyte 
DERL3 0.04948734 1.36693 Keratinocyte 



 

458 
 

DESI1 0.040281 0.3099732 Keratinocyte 
DGCR8 0.00556998 -0.3833369 Keratinocyte 
DGKB 9.75E-10 1.240728 Keratinocyte 
DHRS3 9.73E-11 0.585568 Keratinocyte 
DHRS7 1.75E-21 0.2688445 Keratinocyte 
DHX15 1.68E-22 -0.2589374 Keratinocyte 
DHX30 9.39E-13 -0.3417812 Keratinocyte 
DHX36 0.03670128 -0.0906465 Keratinocyte 
DHX37 2.27E-18 -0.4220191 Keratinocyte 
DHX9 1.08E-12 -0.1985337 Keratinocyte 
DIAPH2 0.00032848 -0.1545528 Keratinocyte 
DIP2B 1.58E-15 -0.2747568 Keratinocyte 
DKC1 1.21E-19 -0.2144577 Keratinocyte 
DKK1 0.00049453 -0.9651185 Keratinocyte 
DLA-64 2.29E-265 0.4583466 Keratinocyte 
DLA-79 4.78E-31 0.3766887 Keratinocyte 
DLA88 0 1.156698 Keratinocyte 
DLA-DQA1 1.15E-12 -0.3531901 Keratinocyte 
DLA-DRA 3.53E-08 -0.2621604 Keratinocyte 
DLC1 1.09E-07 -0.3280144 Keratinocyte 
DLGAP4 2.83E-05 0.2025692 Keratinocyte 
DLX3 8.27E-10 0.5515158 Keratinocyte 
DMKN 0.01695815 -0.2552899 Keratinocyte 
DMPK 0.01431876 0.5985833 Keratinocyte 
DNAH11 7.13E-10 0.2831746 Keratinocyte 
DNAJA4 4.67E-18 0.7667391 Keratinocyte 
DNAJB1 7.80E-198 0.8656021 Keratinocyte 
DNAJB12 0.00077855 0.3215922 Keratinocyte 
DNAJB4 1.67E-19 0.5236974 Keratinocyte 
DNAJC21 0.00069875 0.1471425 Keratinocyte 
DNAJC3 7.34E-13 -0.1881181 Keratinocyte 
DNLZ 1.13E-22 0.583125 Keratinocyte 
DNM2 0.02346456 -0.2588435 Keratinocyte 
DNPEP 0.00019794 0.3480052 Keratinocyte 
DOT1L 1.01E-19 -0.3390492 Keratinocyte 
DPM1 0.00012008 0.161206 Keratinocyte 
DPY30 0.00095208 0.1733328 Keratinocyte 
DRAM2 2.11E-22 0.6239868 Keratinocyte 
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DSG1 9.23E-46 0.3731436 Keratinocyte 
DSG2 1.29E-12 0.1520795 Keratinocyte 
DTWD1 0.00089369 0.2655247 Keratinocyte 
DTX3L 0.04000896 0.4109426 Keratinocyte 
DUOX1 1.89E-11 0.3640949 Keratinocyte 
DUS4L 0.04205943 0.2403509 Keratinocyte 
DUSP1 0.04467428 -0.103226 Keratinocyte 
DUSP11 2.58E-05 0.1939779 Keratinocyte 
DUSP12 2.97E-06 -0.2032532 Keratinocyte 
DUSP4 5.04E-20 0.8154036 Keratinocyte 
DUT 2.07E-10 0.2877647 Keratinocyte 
DYNC1H1 8.80E-33 -0.1623579 Keratinocyte 
DYNC1I2 2.19E-07 -0.0983874 Keratinocyte 
DYNC1LI1 1.60E-17 0.2788009 Keratinocyte 
DYNLRB2 3.75E-16 0.641943 Keratinocyte 
DYNLT3 8.76E-09 0.1925913 Keratinocyte 
DYRK1B 1.22E-07 0.0514861 Keratinocyte 
DZIP3 2.15E-07 0.4355425 Keratinocyte 
EAPP 0.00079973 0.1713993 Keratinocyte 
EBAG9 0.00095774 0.2950839 Keratinocyte 
ECH1 0.0009634 0.3672928 Keratinocyte 
ECM2 0.04205943 -0.202532 Keratinocyte 
ECPAS 0.03353515 -0.1719972 Keratinocyte 
ECRG4 6.10E-11 -0.9363312 Keratinocyte 
ECT2 7.96E-09 0.6018265 Keratinocyte 
EDEM3 0.01709464 -0.2776549 Keratinocyte 
EDF1 9.36E-10 0.1543474 Keratinocyte 
EDN1 0.027896 -0.4403272 Keratinocyte 
EDN2 1.75E-22 1.000808 Keratinocyte 
EEA1 2.47E-05 -0.1148496 Keratinocyte 
EEF1A1 2.26E-96 -0.1904879 Keratinocyte 
EEF1B2 9.80E-25 0.1167244 Keratinocyte 
EEF1D 2.01E-50 0.148962 Keratinocyte 
EFHC1 0.00012859 -0.5195719 Keratinocyte 
EFNB1 3.29E-07 0.2062104 Keratinocyte 
EFNB2 2.77E-10 -0.4964865 Keratinocyte 
EFS 0.03849192 0.4012408 Keratinocyte 
EGFR 5.50E-07 0.1455756 Keratinocyte 



 

460 
 

EGLN1 0.0001407 0.2541292 Keratinocyte 
EHD1 9.00E-12 0.2235406 Keratinocyte 
EHD4 0.00126627 0.3151692 Keratinocyte 
EHF 0.00021657 0.1939575 Keratinocyte 
EID1 6.39E-09 -0.454415 Keratinocyte 
EIF1 8.42E-36 -0.1054039 Keratinocyte 
EIF1AX 1.42E-70 -0.4625601 Keratinocyte 
EIF2A 6.09E-50 -0.2009813 Keratinocyte 
EIF2S2 8.76E-10 -0.1089956 Keratinocyte 
EIF2S3 9.82E-43 -0.3037236 Keratinocyte 
EIF3A 2.58E-94 -0.2221773 Keratinocyte 
EIF3B 0.00034284 -0.213353 Keratinocyte 
EIF3E 3.34E-13 0.1314931 Keratinocyte 
EIF3F 6.19E-23 0.1589822 Keratinocyte 
EIF3G 8.69E-15 0.1459012 Keratinocyte 
EIF3I 1.98E-06 0.1483398 Keratinocyte 
EIF3J 2.93E-22 -0.2123807 Keratinocyte 
EIF3K 1.45E-45 0.1661664 Keratinocyte 
EIF3M 2.43E-12 0.1305956 Keratinocyte 
EIF4A2 2.45E-12 -0.1911203 Keratinocyte 
EIF4E1B 0.00460298 -0.3452989 Keratinocyte 
EIF4E2 1.84E-08 -0.6090839 Keratinocyte 
EIF4G1 3.78E-21 -0.2772576 Keratinocyte 
EIF4G2 4.43E-43 -0.222935 Keratinocyte 
EIF4G3 3.28E-09 -0.2032577 Keratinocyte 
EIF5B 9.60E-169 -0.3690669 Keratinocyte 
EIF6 2.05E-14 0.1592593 Keratinocyte 
ELF1 1.12E-06 0.1842401 Keratinocyte 
ELK4 0.00012268 0.3138011 Keratinocyte 
ELL 0.00035722 0.1284189 Keratinocyte 
ELOF1 0.00993836 0.6318016 Keratinocyte 
ELP1 1.98E-16 -0.3414042 Keratinocyte 
EML2 0.00217933 0.3898202 Keratinocyte 
EML4 0.00550007 0.1791257 Keratinocyte 
EMP1 4.30E-55 -0.3256876 Keratinocyte 
EMP3 9.95E-22 -0.3314904 Keratinocyte 
ENAH 1.61E-20 -0.232231 Keratinocyte 
ENO1 1.65E-26 0.161949 Keratinocyte 



 

461 
 

ENOSF1 3.32E-05 0.6764694 Keratinocyte 
ENY2 0.00044744 0.1234499 Keratinocyte 
EP400 6.88E-13 -0.2666048 Keratinocyte 
EPB41 5.16E-07 -0.2117873 Keratinocyte 
EPB41L2 0.01654242 0.2471422 Keratinocyte 
EPB41L4A 0.00063736 0.2001312 Keratinocyte 
EPCAM 2.15E-06 -0.2306813 Keratinocyte 
EPGN 8.87E-73 -0.9133268 Keratinocyte 
EPHA2 6.89E-10 0.1777985 Keratinocyte 
EPHA4 2.59E-09 -0.3934952 Keratinocyte 
ERBB2 5.12E-09 0.4094016 Keratinocyte 
ERC1 1.20E-17 -0.25496 Keratinocyte 
EREG 5.57E-25 0.4161153 Keratinocyte 
ERICH1 0.00175496 0.4414485 Keratinocyte 
ERRFI1 5.74E-15 -0.161616 Keratinocyte 
ESCO2 0.03052641 0.6371819 Keratinocyte 
ESD 6.29E-11 0.3752966 Keratinocyte 
ESRP1 8.07E-08 0.1667302 Keratinocyte 
ETFA 0.00279976 0.1628538 Keratinocyte 
ETFB 2.58E-126 0.5648486 Keratinocyte 
ETFRF1 0.00124536 0.634421 Keratinocyte 
ETHE1 0.00446418 0.5251682 Keratinocyte 
ETS1 6.21E-09 0.1923122 Keratinocyte 
ETS2 3.10E-15 -0.1349488 Keratinocyte 
ETV6 4.98E-06 -0.4140916 Keratinocyte 
EVA1B 0.00517817 0.1616612 Keratinocyte 
EVI5L 0.00618806 0.4444608 Keratinocyte 
EXOC6B 3.41E-07 -0.2001966 Keratinocyte 
EXOSC10 2.20E-11 -0.2622871 Keratinocyte 
EXOSC2 0.0008124 -0.1355448 Keratinocyte 
EXOSC7 0.00065163 0.1576793 Keratinocyte 
EXT1 1.33E-11 -0.2277014 Keratinocyte 
EZH2 6.70E-13 -0.2707428 Keratinocyte 
EZR 2.38E-305 -0.277232 Keratinocyte 
F3 5.80E-08 -0.2033839 Keratinocyte 
FAM107B 0.00010049 -0.2397053 Keratinocyte 
FAM111B 0.00073452 -0.3588189 Keratinocyte 
FAM114A1 9.20E-07 -0.3500395 Keratinocyte 



 

462 
 

FAM120B 0.00059742 0.3857263 Keratinocyte 
FAM135A 1.06E-14 0.2519138 Keratinocyte 
FAM13A 0.01182446 0.1967962 Keratinocyte 
FAM155B 4.61E-17 -0.3352577 Keratinocyte 
FAM160B1 0.04494528 -0.237082 Keratinocyte 
FAM162A 1.95E-88 0.6717366 Keratinocyte 
FAM163A 4.67E-06 1.320299 Keratinocyte 
FAM184A 4.01E-08 0.4634191 Keratinocyte 
FAM184B 2.74E-05 -0.8747224 Keratinocyte 
FAM227A 7.22E-06 -0.3418297 Keratinocyte 
FAM43A 0.00316705 -0.6614799 Keratinocyte 
FAM71A 7.20E-18 -0.8083944 Keratinocyte 
FAM71F1 0.04233095 -0.1679424 Keratinocyte 
FAM76B 0.00501016 0.2742522 Keratinocyte 
FAP 0.00013449 -0.314308 Keratinocyte 
FARS2 6.56E-07 0.5508528 Keratinocyte 
FAS 1.01E-17 -0.2150115 Keratinocyte 
FASLG 0.00089232 -0.4031029 Keratinocyte 
FASTK 0.0320252 0.3138911 Keratinocyte 
FAT1 0.00077006 0.1183204 Keratinocyte 
FAT2 6.16E-08 0.3426999 Keratinocyte 
FAT4 3.05E-05 -0.946541 Keratinocyte 
FAU 0.02056677 0.0357174 Keratinocyte 
FBF1 7.55E-05 -0.4045795 Keratinocyte 
FBN1 5.10E-94 -0.7534452 Keratinocyte 
FBN2 0.00185393 -2.162577 Keratinocyte 
FBXL14 0.02872464 0.2268336 Keratinocyte 
FBXL15 0.01179718 0.3713114 Keratinocyte 
FBXL19 0.00169801 0.3831749 Keratinocyte 
FBXL5 0.00440843 -0.2161014 Keratinocyte 
FBXO17 4.27E-05 -0.2881289 Keratinocyte 
FBXW8 0.01151842 -0.1869629 Keratinocyte 
FCER1A 9.32E-17 0.8880714 Keratinocyte 
FERMT2 7.15E-14 -0.4309017 Keratinocyte 
FEZ1 3.79E-09 -0.2571195 Keratinocyte 
FGD4 0.00498291 0.5390426 Keratinocyte 
FGFR1 0.000406 -0.3278237 Keratinocyte 
FGFR2 3.26E-15 0.244335 Keratinocyte 



 

463 
 

FGGY 0.00251765 0.5639242 Keratinocyte 
FHDC1 0.00222175 -0.5289115 Keratinocyte 
FIBP 2.56E-07 0.3282188 Keratinocyte 
FILIP1 0.00452023 -0.4991931 Keratinocyte 
FIS1 1.62E-26 0.305221 Keratinocyte 
FKBP11 1.17E-07 0.196568 Keratinocyte 
FKBP3 0.00024098 0.412058 Keratinocyte 
FKBP4 0.00419728 0.2991402 Keratinocyte 
FKBP5 3.89E-10 -0.3748458 Keratinocyte 
FKBP7 2.09E-08 -0.621165 Keratinocyte 
FLII 1.66E-10 -0.2205689 Keratinocyte 
FLNA 1.36E-20 -0.245954 Keratinocyte 
FLNB 0.00036869 -0.2025303 Keratinocyte 
FLRT3 4.71E-27 0.6144664 Keratinocyte 
FMNL1 0.00147063 -0.3475872 Keratinocyte 
FN1 1.71E-37 -0.8733505 Keratinocyte 
FNBP4 6.87E-06 0.1460257 Keratinocyte 
FNDC3A 7.35E-06 0.1959355 Keratinocyte 
FNDC3B 0.00046029 -0.2344887 Keratinocyte 
FOSB 5.01E-15 -0.2076903 Keratinocyte 
FOXK1 3.21E-12 -0.3316525 Keratinocyte 
FRA10AC1 2.33E-06 0.3503647 Keratinocyte 
FRAS1 0.00042169 -0.2677665 Keratinocyte 
FRMD6 3.89E-08 -0.280686 Keratinocyte 
FRRS1 4.32E-07 0.4297376 Keratinocyte 
FSCN1 4.33E-05 -0.1314273 Keratinocyte 
FST 5.38E-06 -0.2112337 Keratinocyte 
FSTL1 1.05E-07 -0.4185748 Keratinocyte 
FTL 3.20E-19 0.1727631 Keratinocyte 
FTSJ3 4.12E-15 -0.3579585 Keratinocyte 
FUNDC1 0.00136831 0.3575136 Keratinocyte 
FUS 0.0242991 -0.1271597 Keratinocyte 
FUT8 5.23E-06 0.5575815 Keratinocyte 
FXR1 1.87E-38 0.2494667 Keratinocyte 
FXYD1 2.20E-17 -0.3374584 Keratinocyte 
FXYD3 2.23E-96 0.243996 Keratinocyte 
FXYD6 0.02471274 -0.2923256 Keratinocyte 
GAA 0.00573922 -0.2915479 Keratinocyte 



 

464 
 

GABARAPL2 4.27E-08 0.1329727 Keratinocyte 
GABRA6 0.0215292 -0.2669678 Keratinocyte 
GABRE 1.59E-18 0.3723028 Keratinocyte 
GADD45B 1.85E-08 0.1465056 Keratinocyte 
GADD45G 0.00693096 -0.2902154 Keratinocyte 
GALK1 1.52E-10 0.0679036 Keratinocyte 
GALNT18 1.18E-16 -0.5144141 Keratinocyte 
GAP43 2.25E-24 -2.365952 Keratinocyte 
GARS1 6.42E-60 -0.3403348 Keratinocyte 
GAS2L1 0.00099168 0.1727982 Keratinocyte 
GATA3 4.64E-08 0.1558123 Keratinocyte 
GATM 1.48E-41 2.134028 Keratinocyte 
GBE1 0.00769969 -0.3615736 Keratinocyte 
GBP1 8.38E-12 0.6907667 Keratinocyte 
GCAT 1.98E-20 0.3615566 Keratinocyte 
GCLC 0.00236268 -0.3508438 Keratinocyte 
GDPD2 0.00026686 0.1652228 Keratinocyte 
GEMIN6 8.39E-10 0.329129 Keratinocyte 
GEMIN8 3.46E-05 0.5549523 Keratinocyte 
GFPT2 0.00034142 -0.27747 Keratinocyte 
GFRA2 0.00019653 -0.4442312 Keratinocyte 
GGCT 2.65E-40 0.7206026 Keratinocyte 
GGT6 0.0001368 0.4270558 Keratinocyte 
GGTA1 1.30E-05 -0.2061973 Keratinocyte 
GIGYF2 5.93E-18 -0.3167004 Keratinocyte 
GINM1 4.27E-05 0.1838227 Keratinocyte 
GJB2 1.22E-93 1.5614198 Keratinocyte 
GKAP1 0.00164105 0.274079 Keratinocyte 
GLI3 0.01695815 -0.40833 Keratinocyte 
GLO1 7.86E-06 -0.0994917 Keratinocyte 
GLOD4 2.82E-07 0.2850748 Keratinocyte 
GLRX2 3.62E-08 0.2918362 Keratinocyte 
GLUL 4.70E-15 -0.2139647 Keratinocyte 
GMNN 8.68E-05 0.261469 Keratinocyte 
GNAS 1.07E-54 -0.203758 Keratinocyte 
GNG12 1.76E-23 0.3358993 Keratinocyte 
GNL2 0.00076161 -0.1872641 Keratinocyte 
GNL3 2.39E-15 -0.2177412 Keratinocyte 



 

465 
 

GNPDA2 7.84E-23 0.4137303 Keratinocyte 
GNPTG 3.15E-05 -0.1509842 Keratinocyte 
GOLGA4 3.51E-27 -0.1614949 Keratinocyte 
GOLGB1 3.55E-45 -0.2043039 Keratinocyte 
GOLIM4 1.26E-16 -0.3293936 Keratinocyte 
GORASP2 0.00126493 -0.1705511 Keratinocyte 
GP6 1.78E-07 -0.3420216 Keratinocyte 
GPALPP1 1.26E-11 0.3850434 Keratinocyte 
GPATCH1 0.00014617 -0.1619348 Keratinocyte 
GPBP1 4.29E-08 0.1338754 Keratinocyte 
GPCPD1 4.85E-31 0.520223 Keratinocyte 
GPNMB 1.61E-62 -0.3767616 Keratinocyte 
GPR183 1.37E-14 -0.4409968 Keratinocyte 
GPR87 2.10E-25 0.3978018 Keratinocyte 
GPRC5A 0.00096476 0.4302579 Keratinocyte 
GPX1 0.00125376 0.0739514 Keratinocyte 
GPX2 1.97E-117 0.84221 Keratinocyte 
GPX3 6.29E-25 0.3000449 Keratinocyte 
GRAMD2B 5.05E-06 -0.5768366 Keratinocyte 
GRAP2 6.63E-06 -0.5131682 Keratinocyte 
GSDMC 0.00052461 3.7743 Keratinocyte 
GSDMD 6.91E-23 0.6000579 Keratinocyte 
GSK3B 5.45E-11 0.2213074 Keratinocyte 
GSN 4.34E-12 -0.1435877 Keratinocyte 
GSPT1 5.13E-24 -0.1575816 Keratinocyte 
GSR 8.03E-06 -0.4529847 Keratinocyte 
GSTO1 9.21E-177 0.6041805 Keratinocyte 
GSTP1 4.64E-15 0.3752495 Keratinocyte 
GTF2B 5.83E-28 0.3225095 Keratinocyte 
GTF2F2 0.00239047 0.1324658 Keratinocyte 
GTF2H5 5.42E-10 0.1608736 Keratinocyte 
GTF2I 0.00230623 -0.2340685 Keratinocyte 
GTF3A 6.01E-08 0.2986361 Keratinocyte 
GTPBP4 4.96E-11 -0.1401586 Keratinocyte 
GTSE1 0.00080672 0.7541124 Keratinocyte 
GUCY1A2 1.49E-15 -1.58506 Keratinocyte 
GUF1 3.78E-16 -0.2333117 Keratinocyte 
GYG1 0.00928465 -0.2452352 Keratinocyte 
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H2AC18 6.68E-06 0.2736324 Keratinocyte 
H2AZ2 3.23E-15 0.3788694 Keratinocyte 
H3-3A 0.02941762 0.0475775 Keratinocyte 
HACD2 0.00771325 0.2021317 Keratinocyte 
HAMP 7.36E-22 -1.237501 Keratinocyte 
HAS2 1.74E-26 -0.5150105 Keratinocyte 
HAT1 2.47E-11 0.3270026 Keratinocyte 
HAX1 5.80E-06 0.1964088 Keratinocyte 
HBEGF 5.33E-21 0.1990088 Keratinocyte 
HBP1 4.23E-05 0.2133803 Keratinocyte 
HDAC5 1.17E-10 0.2742406 Keratinocyte 
HDLBP 3.46E-26 -0.234644 Keratinocyte 
HEATR1 6.84E-13 -0.2356209 Keratinocyte 
HEBP2 1.59E-07 0.3790611 Keratinocyte 
HECTD1 1.22E-05 -0.1569086 Keratinocyte 
HELZ 9.93E-06 0.1927726 Keratinocyte 
HERC1 5.18E-15 -0.1902146 Keratinocyte 
HERC2 2.49E-19 -0.234827 Keratinocyte 
HIBCH 9.00E-18 0.4124416 Keratinocyte 
HINT2 1.27E-08 0.4137999 Keratinocyte 
HIVEP3 6.09E-35 -0.2529546 Keratinocyte 
HK1 4.45E-08 -0.1449179 Keratinocyte 
HLA-DQB2 1.47E-11 -0.2930764 Keratinocyte 
HLF 5.16E-13 0.4224017 Keratinocyte 
HMGA1 1.06E-20 0.1970251 Keratinocyte 
HMGB2 2.54E-25 0.2636928 Keratinocyte 
HMGN1 1.70E-12 -0.2571521 Keratinocyte 
HMMR 2.54E-25 0.9249631 Keratinocyte 
HNRNPA2B1 9.89E-14 -0.1165621 Keratinocyte 
HNRNPA3 7.53E-47 -0.2053918 Keratinocyte 
HNRNPAB 4.57E-17 -0.1772288 Keratinocyte 
HNRNPD 4.28E-05 -0.0782338 Keratinocyte 
HNRNPDL 3.86E-30 -0.1519815 Keratinocyte 
HNRNPH1 1.72E-50 -0.1824765 Keratinocyte 
HNRNPK 2.67E-27 -0.1245137 Keratinocyte 
HNRNPM 1.24E-09 -0.1103611 Keratinocyte 
HNRNPR 7.06E-07 -0.1509223 Keratinocyte 
HNRNPUL1 0.02637306 -0.1335972 Keratinocyte 
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HOOK2 2.43E-09 -0.2494032 Keratinocyte 
HOPX 8.82E-05 -0.1456387 Keratinocyte 
HOXA7 5.61E-11 0.531173 Keratinocyte 
HPF1 1.40E-05 0.3653474 Keratinocyte 
HPRT1 1.05E-06 0.2480765 Keratinocyte 
HRAS 1.27E-41 0.4628087 Keratinocyte 
HSDL2 0.03876426 0.1597517 Keratinocyte 
HSF2 0.00498291 0.2837432 Keratinocyte 
HSP90AA1 7.24E-107 0.2420983 Keratinocyte 
HSP90AB1 1.03E-18 0.063095 Keratinocyte 
HSP90B1 3.69E-53 -0.1563605 Keratinocyte 
HSPA4L 1.80E-09 0.2640303 Keratinocyte 
HSPA8 9.54E-150 0.3322788 Keratinocyte 
HSPA9 8.73E-09 -0.1385668 Keratinocyte 
HSPB1 9.58E-235 0.5097887 Keratinocyte 
HSPB11 1.49E-09 0.7527856 Keratinocyte 
HSPB8 6.02E-05 0.3794803 Keratinocyte 
HSPH1 1.06E-60 0.5006895 Keratinocyte 
HTR4 0.0041834 -0.2075583 Keratinocyte 
HUWE1 3.72E-13 -0.1593756 Keratinocyte 
HYI 6.54E-05 0.585883 Keratinocyte 
HYOU1 1.83E-11 -0.3509995 Keratinocyte 
ICOS 3.46E-06 1.380795 Keratinocyte 
ID1 1.37E-10 -0.2715377 Keratinocyte 
ID3 3.31E-13 -0.3922926 Keratinocyte 
IDH3A 0.00377454 0.2550545 Keratinocyte 
IDH3G 3.40E-08 0.2771917 Keratinocyte 
IER5L 8.14E-13 -0.4821755 Keratinocyte 
IFI35 2.24E-07 0.7198269 Keratinocyte 
IFI44 4.41E-05 0.7887977 Keratinocyte 
IFI44L 0.04784115 0.9673515 Keratinocyte 
IFI6 1.94E-07 -0.719334 Keratinocyte 
IFNLR1 0.01862133 0.8711567 Keratinocyte 
IFRD1 1.61E-68 0.3506797 Keratinocyte 
IGBP1 5.05E-05 0.2672183 Keratinocyte 
IGF2R 0.00722534 -0.1480343 Keratinocyte 
IGFBP2 3.69E-21 1.302263 Keratinocyte 
IGFBP3 3.27E-07 -0.3129125 Keratinocyte 
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IGHMBP2 0.01056732 -0.2742214 Keratinocyte 
IGSF10 3.09E-06 -0.2913039 Keratinocyte 
IGSF11 5.91E-10 -0.2099361 Keratinocyte 
IGSF9 2.93E-29 0.4846341 Keratinocyte 
IL13RA1 0.0012719 -0.1565119 Keratinocyte 
IL13RA2 1.55E-22 2.292904 Keratinocyte 
IL17RA 0.01515456 -0.2032198 Keratinocyte 
IL18 1.67E-19 0.3625332 Keratinocyte 
IL18RAP 0.00206654 -0.5241512 Keratinocyte 
IL20RA 3.77E-22 0.4790702 Keratinocyte 
IL22RA1 0.00749029 1.031504 Keratinocyte 
IL25 1.71E-06 -0.3608527 Keratinocyte 
IL29L 0.00025393 -0.6142265 Keratinocyte 
IL33 2.43E-08 1.068722 Keratinocyte 
IL4I1 3.78E-09 1.50366 Keratinocyte 
IL6ST 1.08E-37 -0.192482 Keratinocyte 
IL7R 1.20E-16 -0.5997718 Keratinocyte 
ILF2 3.86E-07 -0.1380473 Keratinocyte 
ILKAP 1.38E-05 -0.1989147 Keratinocyte 
ILVBL 4.00E-14 0.4042237 Keratinocyte 
IMMP1L 4.33E-05 0.3161061 Keratinocyte 
IMP4 1.30E-05 0.1906664 Keratinocyte 
IMPA1 6.60E-12 0.2422049 Keratinocyte 
IMPA2 2.19E-05 0.3828848 Keratinocyte 
IMPDH2 5.17E-21 0.2164617 Keratinocyte 
INHBA 0.00149898 -0.2601625 Keratinocyte 
INO80D 1.29E-12 0.2136229 Keratinocyte 
INPP5B 6.42E-07 0.5996924 Keratinocyte 
INPP5F 0.01274244 -0.1883149 Keratinocyte 
IP6K2 8.04E-21 -0.3658318 Keratinocyte 
IPO5 1.46E-11 -0.1970519 Keratinocyte 
IPO7 1.45E-05 -0.1783637 Keratinocyte 
IQGAP1 1.43E-09 -0.0988573 Keratinocyte 
IRF1 1.87E-38 0.3118428 Keratinocyte 
IRF2 0.00028403 0.2857394 Keratinocyte 
IRF3 0.00443646 0.1520831 Keratinocyte 
IRF6 1.87E-28 0.1750217 Keratinocyte 
IRX2 2.48E-05 -0.284282 Keratinocyte 
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IRX4 3.25E-05 0.4935265 Keratinocyte 
ISCU 1.08E-27 0.3236488 Keratinocyte 
ISG20 8.12E-32 0.4189758 Keratinocyte 
ISOC2 6.64E-11 0.4778438 Keratinocyte 
ITGA2 2.64E-41 -0.3056748 Keratinocyte 
ITGA6 1.65E-113 -0.3352561 Keratinocyte 
ITGB1 1.20E-98 -0.2998296 Keratinocyte 
ITGBL1 4.88E-08 -0.6236418 Keratinocyte 
ITIH5 2.71E-24 -0.1814287 Keratinocyte 
ITPKC 9.83E-14 0.4968628 Keratinocyte 
ITPR2 1.67E-50 -0.1807372 Keratinocyte 
ITSN2 1.69E-07 -0.2599628 Keratinocyte 
IVNS1ABP 1.86E-23 -0.3276806 Keratinocyte 
IWS1 4.84E-06 -0.1578899 Keratinocyte 
JAK2 1.53E-31 0.2345478 Keratinocyte 
JAM2 8.69E-06 -0.4807262 Keratinocyte 
JCHAIN 1.83E-11 2.889212 Keratinocyte 
JMJD1C 1.20E-38 -0.2458369 Keratinocyte 
JPT1 1.06E-19 0.2961434 Keratinocyte 
JUN 1.63E-137 0.3432761 Keratinocyte 
JUP 7.30E-31 0.1602279 Keratinocyte 
KANK1 0.00053316 -0.3698076 Keratinocyte 
KAT6A 8.78E-12 -0.1423712 Keratinocyte 
KCTD3 0.0007871 -0.260364 Keratinocyte 
KDELR3 0.00686086 -0.5240575 Keratinocyte 
KDM3A 0.03298803 -0.1339474 Keratinocyte 
KDM5B 0.00027975 -0.1070558 Keratinocyte 
KDM6B 5.30E-15 -0.1388073 Keratinocyte 
KHSRP 3.49E-16 -0.2584724 Keratinocyte 
KIAA1143 0.00186806 0.3372455 Keratinocyte 
KIAA1217 0.00046166 0.2053007 Keratinocyte 
KIF11 0.00545804 0.3235547 Keratinocyte 
KIF13A 5.37E-05 -0.3527496 Keratinocyte 
KIF21A 3.87E-20 -0.1873783 Keratinocyte 
KIF23 0.01257565 0.3773062 Keratinocyte 
KIF3A 1.41E-10 0.6712228 Keratinocyte 
KIFAP3 0.00491248 0.2374867 Keratinocyte 
KIFC1 0.00060595 -0.1565716 Keratinocyte 
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KIN 2.14E-27 0.3572975 Keratinocyte 
KITLG 2.37E-14 -0.3988208 Keratinocyte 
KLF10 7.55E-06 -0.1834393 Keratinocyte 
KLF3 6.93E-07 0.1457036 Keratinocyte 
KLF4 3.46E-65 0.3663838 Keratinocyte 
KLF6 7.72E-107 -0.2221868 Keratinocyte 
KLHL28 1.45E-05 0.409672 Keratinocyte 
KLHL42 0.03807778 0.3349432 Keratinocyte 
KLK10 2.85E-53 -1.102059 Keratinocyte 
KLK11 0.01295133 -0.2403436 Keratinocyte 
KMT2C 0.00656673 -0.1124393 Keratinocyte 
KMT2D 0.04137432 -0.193295 Keratinocyte 
KNL1 2.27E-13 0.637163 Keratinocyte 
KPNA1 0.00240436 -0.2097756 Keratinocyte 
KRT14 3.34E-76 0.1411111 Keratinocyte 
KRT18 5.42E-10 2.54523 Keratinocyte 
KRT75 3.47E-05 0.0931288 Keratinocyte 
KRTCAP2 1.36E-05 0.1062696 Keratinocyte 
KRTCAP3 1.39E-07 0.3706137 Keratinocyte 
KTN1 3.40E-27 -0.1242513 Keratinocyte 
L3MBTL1 2.97E-09 -0.3414676 Keratinocyte 
LACTB2 5.88E-23 0.3408793 Keratinocyte 
LAD1 1.11E-12 -0.2939896 Keratinocyte 
LAMA2 0.04866264 -0.3195239 Keratinocyte 
LAMA4 5.26E-13 -0.5316569 Keratinocyte 
LAMB1 1.07E-29 -0.403063 Keratinocyte 
LAMB4 1.06E-07 0.668491 Keratinocyte 
LAMC1 8.23E-07 -0.2959969 Keratinocyte 
LAMTOR2 1.23E-15 0.1878815 Keratinocyte 
LAMTOR4 0.01668142 0.0966225 Keratinocyte 
LANCL1 1.13E-09 0.4116731 Keratinocyte 
LAP3 3.10E-16 -0.3643392 Keratinocyte 
LAPTM4B 0.00963414 1.298519 Keratinocyte 
LCA5 0.00010538 0.3534985 Keratinocyte 
LENG1 0.00873828 0.2733899 Keratinocyte 
LEO1 6.49E-32 -0.4019027 Keratinocyte 
LEPROT 0.0145964 0.333299 Keratinocyte 
LETM1 0.01779143 -0.1848655 Keratinocyte 
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LETM2 2.70E-08 -0.4899599 Keratinocyte 
LGALS3 4.94E-56 0.172268 Keratinocyte 
LGMN 0.0131171 -0.169788 Keratinocyte 
LHFPL5 4.38E-05 -0.3039756 Keratinocyte 
LHX2 2.50E-28 -0.4280367 Keratinocyte 
LIFR 1.01E-22 -0.535897 Keratinocyte 
LIMA1 0.00271526 -0.1154881 Keratinocyte 
LIMK2 0.008037 0.1936969 Keratinocyte 
LIPG 4.13E-20 -0.709092 Keratinocyte 
LMNA 1.76E-127 0.2116276 Keratinocyte 
LMTK2 4.57E-11 0.2127952 Keratinocyte 
LNPEP 4.22E-06 0.3517124 Keratinocyte 
LONRF3 4.14E-05 -0.5756116 Keratinocyte 
LRIF1 0.00060168 0.2761003 Keratinocyte 
LRP1 1.55E-09 -0.4012227 Keratinocyte 
LRP8 0.01792896 0.0935844 Keratinocyte 
LRRC25 0.00014228 -0.8785612 Keratinocyte 
LSM5 1.10E-13 0.3504169 Keratinocyte 
LSM6 6.08E-27 0.2313994 Keratinocyte 
LSR 7.05E-09 -0.5567884 Keratinocyte 
LTA4H 0.00026827 0.2710194 Keratinocyte 
LTBP4 3.91E-11 -0.1957087 Keratinocyte 
LTO1 3.46E-06 0.2993751 Keratinocyte 
LUC7L 4.24E-15 -0.2608503 Keratinocyte 
LY6D 7.58E-147 0.2693067 Keratinocyte 
LY96 0.0004717 0.9259373 Keratinocyte 
LYAR 3.05E-25 -0.2043937 Keratinocyte 
LYRM2 0.00227808 0.3588204 Keratinocyte 
MACF1 2.38E-299 -0.4486038 Keratinocyte 
MACROD1 1.30E-10 0.510868 Keratinocyte 
MAFB 1.14E-30 -0.3673439 Keratinocyte 
MAGI1 0.00140668 -0.3115744 Keratinocyte 
MAGIX 2.92E-20 0.5326603 Keratinocyte 
MAK 0.00215115 -0.5231579 Keratinocyte 
MAK16 0.00012945 -0.1958634 Keratinocyte 
MAN1A1 0.01792896 0.1179896 Keratinocyte 
MAN1A2 2.66E-05 -0.1700145 Keratinocyte 
MAP1B 2.41E-48 0.7038525 Keratinocyte 
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MAP3K4 0.00111563 -0.2937186 Keratinocyte 
MAP3K5 3.65E-18 -0.5235871 Keratinocyte 
MAP3K8 2.60E-05 0.2198805 Keratinocyte 
MAP4 0.00918668 -0.1220655 Keratinocyte 
MAP4K4 4.08E-141 -0.6236137 Keratinocyte 
MAP7 0.00097178 -0.2744474 Keratinocyte 
MAP7D1 4.31E-10 -0.2010031 Keratinocyte 
MAP7D2 3.94E-07 0.4442472 Keratinocyte 
MAPK13 1.59E-07 0.2387628 Keratinocyte 
MAPRE2 0.00080254 0.2430502 Keratinocyte 
MARCHF6 0.00041887 -0.1858532 Keratinocyte 
MASP2 0.0070575 -0.2461286 Keratinocyte 
MAST4 9.95E-18 -0.2825689 Keratinocyte 
MAT2A 8.03E-33 -0.2365863 Keratinocyte 
MATN4 2.28E-17 -0.5792945 Keratinocyte 
MATR3 1.21E-14 -0.1295945 Keratinocyte 
MBD3 1.02E-07 -0.2715031 Keratinocyte 
MBNL1 0.03052641 0.0724048 Keratinocyte 
MBNL2 0.00212325 0.2925394 Keratinocyte 
MBTPS1 8.79E-05 -0.2349355 Keratinocyte 
MCFD2 2.40E-21 0.3218671 Keratinocyte 
MCL1 8.16E-05 0.1176395 Keratinocyte 
MCM3AP 0.00125099 -0.2296415 Keratinocyte 
MCTS1 6.47E-06 0.3074682 Keratinocyte 
MCUB 2.46E-13 0.3308101 Keratinocyte 
MDFIC 1.88E-53 0.4217357 Keratinocyte 
MDN1 8.18E-67 -0.4695392 Keratinocyte 
MEAF6 0.00296905 0.2210496 Keratinocyte 
MECR 0.00056458 0.484278 Keratinocyte 
MED1 1.16E-13 -0.259881 Keratinocyte 
MED15 0.01032885 -0.2250778 Keratinocyte 
MED21 2.30E-06 0.2928978 Keratinocyte 
MED28 1.29E-32 -0.5821076 Keratinocyte 
MED29 2.49E-23 0.3089805 Keratinocyte 
MED31 0.0354654 0.1795598 Keratinocyte 
MED4 3.38E-13 -0.2489939 Keratinocyte 
MED9 0.01189138 0.7357814 Keratinocyte 
MEFV 0.02554497 -0.2750823 Keratinocyte 
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MET 2.28E-09 -0.2513204 Keratinocyte 
METAP2 9.20E-16 -0.2169874 Keratinocyte 
METRNL 2.90E-06 0.2847962 Keratinocyte 
METTL26 1.39E-17 0.3363562 Keratinocyte 
METTL5 5.52E-08 0.3939054 Keratinocyte 
MFAP2 0.01132394 -0.2496613 Keratinocyte 
MFAP3L 1.28E-08 0.380794 Keratinocyte 
MFF 0.04192364 -0.2405286 Keratinocyte 
MFSD13A 2.44E-11 0.2665711 Keratinocyte 
MGP 7.56E-64 -0.8610376 Keratinocyte 
MICOS13 2.05E-19 0.1937148 Keratinocyte 
MIER1 0.00162689 0.1580144 Keratinocyte 
MILR1 1.44E-05 -0.7889675 Keratinocyte 
MINDY4 0.00111842 0.5439776 Keratinocyte 
MITD1 0.00530475 0.4659285 Keratinocyte 
MKI67 0.0004017 0.3581573 Keratinocyte 
MLX 3.12E-05 0.2596922 Keratinocyte 
MLXIP 0.01024514 -0.4335056 Keratinocyte 
MLYCD 0.0032518 0.3711201 Keratinocyte 
MMP1 5.93E-50 1.986091 Keratinocyte 
MMP11 0.04948734 -0.1930083 Keratinocyte 
MMP14 1.34E-09 -0.2434558 Keratinocyte 
MMP16 1.67E-11 -1.336234 Keratinocyte 
MMP2 1.12E-83 -0.8523347 Keratinocyte 
MMP23 1.11E-11 -0.749066 Keratinocyte 
MMP7 4.60E-05 2.593732 Keratinocyte 
MNDA 4.41E-37 0.5568226 Keratinocyte 
MNS1 0.00872481 -0.3682164 Keratinocyte 
MORC3 0.0281689 0.2958045 Keratinocyte 
MOXD1 0.00076438 -0.2916035 Keratinocyte 
MPC2 0.00181153 0.1650854 Keratinocyte 
MPHOSPH10 2.49E-08 -0.2140867 Keratinocyte 
MPL 5.66E-12 0.6654729 Keratinocyte 
MPZL2 1.67E-19 0.3665546 Keratinocyte 
MRPL11 9.77E-13 0.3054474 Keratinocyte 
MRPL13 6.50E-05 0.3839198 Keratinocyte 
MRPL14 3.09E-19 0.298763 Keratinocyte 
MRPL20 1.48E-07 0.2163262 Keratinocyte 
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MRPL22 0.00046029 0.1988489 Keratinocyte 
MRPL27 1.53E-15 0.3794847 Keratinocyte 
MRPL28 9.34E-21 0.3331339 Keratinocyte 
MRPL33 1.52E-20 0.3371608 Keratinocyte 
MRPL35 0.00054315 0.284966 Keratinocyte 
MRPL38 0.01585164 0.2196758 Keratinocyte 
MRPL51 0.00082524 0.2608535 Keratinocyte 
MRPL52 7.42E-07 0.1734289 Keratinocyte 
MRPL58 0.00364786 0.2067116 Keratinocyte 
MRPS25 0.00020223 0.1916731 Keratinocyte 
MRPS34 1.77E-05 0.184839 Keratinocyte 
MRPS6 6.15E-06 0.2736851 Keratinocyte 
MRPS9 5.87E-07 0.2789689 Keratinocyte 
MSH6 4.59E-06 0.1396766 Keratinocyte 
MST1R 1.32E-14 -0.4472228 Keratinocyte 
MT1E 0 1.238817 Keratinocyte 
MT2A 0 0.9723452 Keratinocyte 
MT-ATP6 7.09E-89 -0.2125271 Keratinocyte 
MT-ATP8 2.72E-72 -0.4105091 Keratinocyte 
MTCL1 0.00014904 -0.7785785 Keratinocyte 
MT-CO1 8.54E-48 -0.199907 Keratinocyte 
MT-CO2 7.39E-07 -0.0747295 Keratinocyte 
MT-CO3 4.74E-33 -0.1451762 Keratinocyte 
MT-CYB 1.26E-63 -0.2115791 Keratinocyte 
MTHFD2 1.71E-07 -0.4602201 Keratinocyte 
MTMR10 0.00712757 0.4636522 Keratinocyte 
MT-ND1 6.82E-84 -0.2621383 Keratinocyte 
MT-ND2 3.53E-73 -0.2532921 Keratinocyte 
MT-ND3 2.84E-227 -0.7585572 Keratinocyte 
MT-ND5 6.27E-12 -0.1504405 Keratinocyte 
MT-ND6 4.55E-69 -0.3773497 Keratinocyte 
MTR 2.84E-06 -0.178502 Keratinocyte 
MTUS2 1.94E-07 -0.5034935 Keratinocyte 
MTX1 0.02180724 0.3285165 Keratinocyte 
MUC15 0.00019653 -0.5868498 Keratinocyte 
MXRA8 0.01132394 -0.4274936 Keratinocyte 
MYBBP1A 4.59E-10 -0.3278348 Keratinocyte 
MYG1 5.74E-06 0.1911202 Keratinocyte 
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MYH10 0.0010658 -0.4881507 Keratinocyte 
MYH11 1.34E-20 -0.355435 Keratinocyte 
MYH9 2.73E-106 -0.2334911 Keratinocyte 
MYL5 3.93E-16 -0.2386914 Keratinocyte 
MYLIP 1.70E-10 -0.2752304 Keratinocyte 
MYNN 0.02180724 0.2038295 Keratinocyte 
MYO1B 3.66E-25 -0.3347985 Keratinocyte 
MYO5B 2.79E-05 0.4421089 Keratinocyte 
N4BP1 0.00066732 0.286122 Keratinocyte 
NAA16 8.20E-09 -0.2676393 Keratinocyte 
NAA25 1.22E-08 -0.2488577 Keratinocyte 
NAA38 7.92E-23 0.3748744 Keratinocyte 
NAB1 0.00423952 0.2030884 Keratinocyte 
NACA 2.61E-12 0.0745488 Keratinocyte 
NAMPT 1.27E-16 -0.2638472 Keratinocyte 
NAP1L4 2.07E-09 -0.1552547 Keratinocyte 
NARS1 1.33E-53 -0.3844443 Keratinocyte 
NBEAL1 3.78E-12 0.2491955 Keratinocyte 
NBL1 0.00726665 -0.186882 Keratinocyte 
NBN 1.27E-07 0.3382914 Keratinocyte 
NCKAP1 0.00010322 -0.1571189 Keratinocyte 
NCL 3.46E-175 -0.252927 Keratinocyte 
NCOR1 1.69E-56 -0.2648361 Keratinocyte 
NCR3LG1 5.33E-11 0.2387161 Keratinocyte 
NDC80 0.02125568 0.5032854 Keratinocyte 
NDE1 0.0012593 -0.3084799 Keratinocyte 
NDUFA12 2.86E-12 0.218923 Keratinocyte 
NDUFA2 6.25E-28 0.321202 Keratinocyte 
NDUFA4L2 4.28E-72 0.427271 Keratinocyte 
NDUFA6 1.59E-05 0.2050132 Keratinocyte 
NDUFA8 4.74E-31 0.4005536 Keratinocyte 
NDUFA9 4.03E-06 0.3095366 Keratinocyte 
NDUFAF1 2.68E-07 0.5806089 Keratinocyte 
NDUFAF3 2.30E-22 0.2931614 Keratinocyte 
NDUFAF6 0.01904 0.2739684 Keratinocyte 
NDUFAF8 3.31E-05 0.239219 Keratinocyte 
NDUFB10 4.79E-28 0.2631221 Keratinocyte 
NDUFB11 8.57E-13 0.1647501 Keratinocyte 
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NDUFB2 2.80E-26 0.2502516 Keratinocyte 
NDUFB4 7.90E-13 0.1596453 Keratinocyte 
NDUFB6 8.30E-16 0.3232211 Keratinocyte 
NDUFB7 1.52E-35 0.3610657 Keratinocyte 
NDUFB8 3.98E-29 0.313474 Keratinocyte 
NDUFB9 4.40E-30 0.2859295 Keratinocyte 
NDUFS2 4.45E-06 0.2304718 Keratinocyte 
NDUFS3 0.00110427 0.2595686 Keratinocyte 
NDUFS4 0.00423952 0.1284887 Keratinocyte 
NDUFS7 3.04E-48 0.4186085 Keratinocyte 
NDUFS8 9.75E-27 0.2525258 Keratinocyte 
NDUFV1 4.28E-14 0.3300144 Keratinocyte 
NDUFV2 1.45E-15 0.2818866 Keratinocyte 
NECTIN1 1.81E-15 -0.1658533 Keratinocyte 
NECTIN2 6.51E-05 -0.1212589 Keratinocyte 
NEDD4L 1.60E-12 -0.2145044 Keratinocyte 
NELL1 1.61E-06 1.672356 Keratinocyte 
NENF 1.64E-06 0.3575064 Keratinocyte 
NET1 2.06E-43 -0.4182837 Keratinocyte 
NEXN 8.11E-06 -0.4015538 Keratinocyte 
NFE2L2 4.81E-11 -0.1256226 Keratinocyte 
NFE2L3 3.77E-06 0.2259791 Keratinocyte 
NFIB 3.34E-10 0.227772 Keratinocyte 
NFKB1 8.45E-07 -0.1014052 Keratinocyte 
NFKB2 4.41E-10 0.2351476 Keratinocyte 
NFKBIA 1.58E-245 0.4772191 Keratinocyte 
NFKBIB 0.00037443 0.1896337 Keratinocyte 
NFKBIZ 3.83E-08 -0.1205132 Keratinocyte 
NGDN 1.08E-09 0.2690193 Keratinocyte 
NHLRC3 6.17E-06 0.5290083 Keratinocyte 
NIBAN1 9.77E-08 -0.2785912 Keratinocyte 
NIFK 9.24E-07 -0.0945215 Keratinocyte 
NIN 6.08E-06 -0.4051771 Keratinocyte 
NINJ1 6.80E-48 0.4816266 Keratinocyte 
NIPAL3 0.01626668 -0.1963219 Keratinocyte 
NIT1 8.45E-05 0.3166201 Keratinocyte 
NKD1 1.59E-07 -0.7014506 Keratinocyte 
NKTR 8.91E-05 -0.1538681 Keratinocyte 
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NLE1 1.97E-09 -0.2842725 Keratinocyte 
NMB 2.62E-09 0.8790652 Keratinocyte 
NME1 3.77E-12 0.1497815 Keratinocyte 
NMI 1.06E-05 0.2456701 Keratinocyte 
NOB1 4.13E-10 -0.2033367 Keratinocyte 
NOL3 0.01626668 -0.5908791 Keratinocyte 
NOLC1 3.45E-57 -0.2933855 Keratinocyte 
NOM1 1.05E-08 -0.2160042 Keratinocyte 
NOP14 0.01723353 -0.1495995 Keratinocyte 
NOP2 0.01242285 -0.2456541 Keratinocyte 
NOP56 1.19E-81 -0.3633502 Keratinocyte 
NOP58 1.12E-56 -0.295427 Keratinocyte 
NOP9 4.16E-12 -0.2705167 Keratinocyte 
NPAS1 0.03326163 0.1653892 Keratinocyte 
NPC1 3.53E-16 -0.4354169 Keratinocyte 
NPHS2 0.03079414 -0.4222204 Keratinocyte 
NPLOC4 0.04687384 -0.298158 Keratinocyte 
NPTX1 7.60E-05 -0.368617 Keratinocyte 
NQO1 1.82E-08 -0.3321954 Keratinocyte 
NR1H2 3.94E-06 0.3489457 Keratinocyte 
NR3C1 3.04E-07 0.1463507 Keratinocyte 
NR4A3 1.16E-09 -0.400509 Keratinocyte 
NRG1 0.00303966 0.1826212 Keratinocyte 
NRGN 1.68E-06 -0.737024 Keratinocyte 
NT5C 5.07E-16 0.3023118 Keratinocyte 
NT5E 0.00049453 0.1943696 Keratinocyte 
NTRK1 3.57E-05 0.5090361 Keratinocyte 
NTRK2 2.76E-39 0.5404308 Keratinocyte 
NTSR2 7.64E-16 -0.4233468 Keratinocyte 
NUCKS1 2.18E-06 0.0887004 Keratinocyte 
NUDCD2 1.37E-11 0.487641 Keratinocyte 
NUDT1 1.10E-05 0.3542576 Keratinocyte 
NUF2 7.54E-14 0.8266771 Keratinocyte 
NUP107 0.02056677 -0.2197673 Keratinocyte 
NUP188 2.58E-07 -0.3690812 Keratinocyte 
NUP37 0.03917826 0.3519787 Keratinocyte 
NUP88 1.17E-06 -0.3425637 Keratinocyte 
NUPR1 2.32E-43 0.3545389 Keratinocyte 
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NUSAP1 0.01806645 0.2757868 Keratinocyte 
NXF1 0.02070076 -0.184179 Keratinocyte 
NXF3 2.56E-05 -0.2565491 Keratinocyte 
OAT 2.42E-11 -0.3719135 Keratinocyte 
OAZ2 1.15E-19 0.3376865 Keratinocyte 
OBSL1 0.0312032 0.8402731 Keratinocyte 
OCIAD2 2.22E-32 -0.4297688 Keratinocyte 
OCSTAMP 0.00984122 -0.4906184 Keratinocyte 
ODC1 1.04E-27 0.4436435 Keratinocyte 
OGFOD2 1.18E-06 0.6919964 Keratinocyte 
OGN 3.11E-23 -1.189901 Keratinocyte 
OGT 0.00053176 0.1302193 Keratinocyte 
OLA1 0.02180724 0.2038314 Keratinocyte 
ORAI2 0.01185089 1.03795 Keratinocyte 
OSBPL11 1.42E-08 -0.2362004 Keratinocyte 
OSBPL3 0.00029549 -0.3914523 Keratinocyte 
OSER1 4.31E-26 0.4120271 Keratinocyte 
OSGIN2 0.00680536 0.264635 Keratinocyte 
OSMR 3.18E-10 -0.5180063 Keratinocyte 
OTUD4 3.74E-31 -0.3498729 Keratinocyte 
OTUD6B 0.00178313 -0.2660882 Keratinocyte 
OVOL2 3.04E-10 0.5662989 Keratinocyte 
OXLD1 0.0002008 0.4267058 Keratinocyte 
P3H4 0.0312032 -0.297419 Keratinocyte 
P4HA1 6.12E-15 -0.2881473 Keratinocyte 
P4HA2 0.00208065 0.1322721 Keratinocyte 
PA2G4 2.74E-37 -0.1675524 Keratinocyte 
PABPC1 4.53E-05 0.0749946 Keratinocyte 
PABPN1 1.09E-17 0.1803617 Keratinocyte 
PAFAH1B1 0.04646115 0.0877434 Keratinocyte 
PAK1IP1 6.30E-87 -0.4273848 Keratinocyte 
PAK6 3.73E-08 0.3781687 Keratinocyte 
PALLD 1.35E-24 -0.2170854 Keratinocyte 
PALM2AKAP2 3.01E-08 -0.567809 Keratinocyte 
PARD3 1.97E-16 -0.2289563 Keratinocyte 
PARD3B 3.32E-05 -0.4844844 Keratinocyte 
PARK7 5.06E-45 0.4974316 Keratinocyte 
PAXX 1.05E-21 0.2119661 Keratinocyte 
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PBX1 1.48E-16 0.440805 Keratinocyte 
PCBD2 2.41E-15 0.6840022 Keratinocyte 
PCDH18 8.64E-11 -0.6151604 Keratinocyte 
PCDH7 5.33E-05 0.4091169 Keratinocyte 
PCF11 5.65E-12 -0.2059022 Keratinocyte 
PCMTD1 0.0019957 0.2049313 Keratinocyte 
PCNX1 3.70E-19 -0.3378134 Keratinocyte 
PCNX4 8.22E-11 0.3554528 Keratinocyte 
PCOLCE 1.18E-84 -0.921352 Keratinocyte 
PCOLCE2 8.49E-08 -0.3917375 Keratinocyte 
PCSK5 1.29E-30 -0.9013537 Keratinocyte 
PCTP 1.03E-46 1.081062 Keratinocyte 
PDCD11 1.16E-33 -0.4550394 Keratinocyte 
PDCD4 4.23E-05 0.1694546 Keratinocyte 
PDCD5 0.00021514 0.1838836 Keratinocyte 
PDE1A 6.04E-05 -0.5577899 Keratinocyte 
PDE4A 5.81E-10 -0.479177 Keratinocyte 
PDE6A 0.00138393 -0.192712 Keratinocyte 
PDGFRL 7.57E-68 -1.142296 Keratinocyte 
PDIA2 7.24E-15 -0.6067482 Keratinocyte 
PDIA4 0.00130316 -0.1477513 Keratinocyte 
PDLIM2 0.0386281 0.1244956 Keratinocyte 
PDLIM5 3.39E-23 -0.3000429 Keratinocyte 
PDXDC1 0.00067589 -0.1803486 Keratinocyte 
PDXK 0.00820562 -0.2910924 Keratinocyte 
PDZD3 7.01E-08 0.4698044 Keratinocyte 
PDZD4 2.40E-06 -1.379817 Keratinocyte 
PDZD7 0.02056677 0.3464428 Keratinocyte 
PEG3 1.33E-09 0.8318727 Keratinocyte 
PELP1 0.00020939 -0.3177382 Keratinocyte 
PER1 2.39E-09 -0.2169913 Keratinocyte 
PERP 8.71E-92 0.2852774 Keratinocyte 
PEX11B 0.00585189 -0.1142499 Keratinocyte 
PEX16 0.00236268 0.3295326 Keratinocyte 
PFDN1 0.0002912 0.1928509 Keratinocyte 
PFDN2 7.47E-10 0.1287271 Keratinocyte 
PFDN5 1.08E-19 0.1738686 Keratinocyte 
PFKFB3 1.28E-56 -0.5369233 Keratinocyte 
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PFN1 3.12E-10 -0.0873804 Keratinocyte 
PGLS 1.94E-14 0.2937666 Keratinocyte 
PGRMC1 0.00028117 -0.1204114 Keratinocyte 
PGRMC2 1.86E-05 0.2836922 Keratinocyte 
PHF13 1.56E-05 0.2455565 Keratinocyte 
PHOSPHO2 0.00299726 0.4260658 Keratinocyte 
PHRF1 0.00353505 -0.1754844 Keratinocyte 
PHYH 2.08E-17 -0.251672 Keratinocyte 
PIAS1 0.00091791 0.2259283 Keratinocyte 
PID1 0.00755974 -0.4649052 Keratinocyte 
PIEZO1 0.00135708 -0.2059477 Keratinocyte 
PIGX 1.71E-09 -0.3474884 Keratinocyte 
PIH1D1 9.27E-15 0.4766799 Keratinocyte 
PIK3C2G 2.00E-53 1.241865 Keratinocyte 
PIK3R1 6.14E-07 -0.2344757 Keratinocyte 
PIK3R2 5.91E-17 0.3358454 Keratinocyte 
PINX1 5.63E-05 -0.2105682 Keratinocyte 
PIP5K1A 0.01473465 -0.1259115 Keratinocyte 
PITRM1 3.85E-07 -0.2486496 Keratinocyte 
PITX2 0.00377454 -2.817503 Keratinocyte 
PJVK 0.00047882 -0.2941142 Keratinocyte 
PKP3 2.94E-49 0.5231533 Keratinocyte 
PKP4 0.0272025 -0.1628849 Keratinocyte 
PLA2G4E 0.00015191 0.6914487 Keratinocyte 
PLAAT5 0.00216524 -0.2647225 Keratinocyte 
PLAC8 8.16E-05 1.597762 Keratinocyte 
PLAC8A 0.0021372 -0.235465 Keratinocyte 
PLAU 6.08E-14 -0.1869284 Keratinocyte 
PLAUR 0.00015622 -0.2177762 Keratinocyte 
PLCG2 0.0482502 -0.5002493 Keratinocyte 
PLEK2 1.90E-05 0.3329121 Keratinocyte 
PLEKHG2 3.13E-08 -0.6029711 Keratinocyte 
PLEKHG3 0.01191864 -0.2120788 Keratinocyte 
PLEKHH3 6.27E-10 0.3505458 Keratinocyte 
PLIN2 7.62E-171 0.5582141 Keratinocyte 
PLPP1 2.59E-07 -0.2262934 Keratinocyte 
PLS3 0.00714118 -0.155628 Keratinocyte 
PLXNC1 1.96E-08 -0.4329002 Keratinocyte 
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PMAIP1 7.13E-23 -0.741278 Keratinocyte 
PMP22 0.00089936 -0.1526893 Keratinocyte 
PMPCA 0.00043883 -0.2259259 Keratinocyte 
PMVK 1.44E-05 0.2219665 Keratinocyte 
PNISR 1.08E-21 0.2087192 Keratinocyte 
PNKD 0.0220805 -0.4116732 Keratinocyte 
PNPLA6 0.01931724 0.2962662 Keratinocyte 
PNPO 0.0302498 0.3127072 Keratinocyte 
POC5 2.67E-13 0.3668578 Keratinocyte 
PODN 4.52E-17 -0.2392489 Keratinocyte 
POLR1A 0.00205243 -0.4619694 Keratinocyte 
POLR1B 0.01987148 -0.2738431 Keratinocyte 
POLR1D 9.65E-20 0.2599433 Keratinocyte 
POLR1H 4.84E-14 0.331509 Keratinocyte 
POLR2E 8.60E-19 0.2526753 Keratinocyte 
POLR2H 0.00068445 0.1736564 Keratinocyte 
POLR2I 1.97E-28 0.3418205 Keratinocyte 
POLR3A 0.00014473 -0.3133253 Keratinocyte 
PORCN 0.00212325 0.2215437 Keratinocyte 
POSTN 7.37E-67 0.8376923 Keratinocyte 
PPA1 5.49E-20 0.2620909 Keratinocyte 
PPID 1.13E-05 -0.1963095 Keratinocyte 
PPIE 0.00025536 0.2853414 Keratinocyte 
PPIG 0.01529161 -0.0812702 Keratinocyte 
PPM1K 5.75E-09 0.4252425 Keratinocyte 
PPP1R12A 0.00443646 -0.1003887 Keratinocyte 
PPP1R12B 0.0229108 -0.3023272 Keratinocyte 
PPP1R14B 8.67E-25 0.2364898 Keratinocyte 
PPP1R15A 1.52E-65 0.3845051 Keratinocyte 
PPP1R35 8.89E-06 0.3029737 Keratinocyte 
PPP1R9B 4.38E-07 -0.3924203 Keratinocyte 
PPP2R5A 4.96E-15 0.3729143 Keratinocyte 
PPP2R5E 7.61E-10 -0.1671247 Keratinocyte 
PPP6R2 2.89E-06 -0.2829213 Keratinocyte 
PPT2 1.09E-11 0.3230615 Keratinocyte 
PRDX1 0.0005074 0.0669723 Keratinocyte 
PRDX2 1.28E-20 0.1644369 Keratinocyte 
PRDX3 5.86E-52 0.6269956 Keratinocyte 
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PRELID2 0.0111153 0.3541021 Keratinocyte 
PRICKLE2 2.19E-08 0.132086 Keratinocyte 
PRKAA2 8.72E-09 -0.3228664 Keratinocyte 
PRKAR1A 2.39E-06 -0.1541551 Keratinocyte 
PRKAR2B 5.91E-05 0.2860323 Keratinocyte 
PRKCSH 8.66E-07 0.2899278 Keratinocyte 
PRKD1 0.00010724 -1.148305 Keratinocyte 
PRMT1 0.00093503 0.0956965 Keratinocyte 
PRNP 4.69E-92 0.3373227 Keratinocyte 
PROM2 0.00260244 0.875458 Keratinocyte 
PROS1 0.00020939 0.2286819 Keratinocyte 
PRPF4B 8.19E-15 -0.1356629 Keratinocyte 
PRPF6 8.79E-16 -0.2362649 Keratinocyte 
PRPF8 0.00058031 -0.1217716 Keratinocyte 
PRRC2C 1.95E-207 -0.2950827 Keratinocyte 
PRRT1 0.00010609 0.1908049 Keratinocyte 
PRRX1 1.07E-27 -0.6022326 Keratinocyte 
PRSS23 1.32E-47 -0.3664046 Keratinocyte 
PRSS8 4.85E-09 0.4059323 Keratinocyte 
PRXL2A 0.0037882 0.6532122 Keratinocyte 
PSD2 3.58E-13 -0.3442416 Keratinocyte 
PSMA2 3.08E-12 0.1810236 Keratinocyte 
PSMA3 0.0242991 0.1283124 Keratinocyte 
PSMB1 0.00130869 0.0895123 Keratinocyte 
PSMB10 2.32E-20 0.5560947 Keratinocyte 
PSMB3 8.65E-09 0.1470094 Keratinocyte 
PSMB4 1.53E-09 0.1523017 Keratinocyte 
PSMB5 1.16E-30 0.2912616 Keratinocyte 
PSMB6 3.79E-44 0.2902603 Keratinocyte 
PSMB9 2.70E-157 0.9766272 Keratinocyte 
PSMC2 0.00015191 0.2027486 Keratinocyte 
PSMD1 3.36E-10 -0.1581466 Keratinocyte 
PSME1 2.30E-35 0.3253306 Keratinocyte 
PSME2 2.76E-10 0.1767658 Keratinocyte 
PSME4 0.00227808 -0.1482845 Keratinocyte 
PSMG4 1.42E-14 0.2767501 Keratinocyte 
PTAR1 0.00064593 0.3797959 Keratinocyte 
PTGDS 3.53E-31 -1.037351 Keratinocyte 
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PTGR1 0.00979968 -0.1055022 Keratinocyte 
PTGS1 8.77E-53 0.7388449 Keratinocyte 
PTGS2 4.23E-24 0.2687623 Keratinocyte 
PTMA 1.50E-10 0.0504517 Keratinocyte 
PTN 9.57E-67 -1.637035 Keratinocyte 
PTP4A1 1.92E-09 -0.2633999 Keratinocyte 
PTPN1 0.01010585 0.1502116 Keratinocyte 
PTPN11 0.0262354 -0.1871194 Keratinocyte 
PTPN13 1.41E-13 0.1749453 Keratinocyte 
PTPN2 1.06E-08 0.2855546 Keratinocyte 
PTPN6 6.01E-23 0.4951807 Keratinocyte 
PTPRC 8.68E-05 0.3342746 Keratinocyte 
PTPRS 0.04069184 0.2025869 Keratinocyte 
PUF60 3.55E-07 -0.1862929 Keratinocyte 
PUM2 0.04014499 -0.1248841 Keratinocyte 
PUS7 0.0354654 -0.2161636 Keratinocyte 
PYCARD 2.08E-17 0.7067248 Keratinocyte 
PYCR1 0.0002769 -0.6289326 Keratinocyte 
PYGL 0.00096476 0.1552138 Keratinocyte 
QSOX1 4.04E-12 0.5075591 Keratinocyte 
RAB11A 1.48E-10 0.1247356 Keratinocyte 
RAB25 2.67E-37 0.5412665 Keratinocyte 
RAB27B 8.89E-13 0.2575058 Keratinocyte 
RAB38 9.72E-22 0.9612693 Keratinocyte 
RAB4B 0.00023811 0.3592916 Keratinocyte 
RABEP1 0.00019078 -0.323038 Keratinocyte 
RABGGTB 5.01E-12 -0.2761028 Keratinocyte 
RAD18 2.25E-14 0.5313176 Keratinocyte 
RAD51AP2 0.00026686 -0.8982973 Keratinocyte 
RALA 1.05E-08 -0.108161 Keratinocyte 
RALBP1 2.54E-14 -0.1601132 Keratinocyte 
RAMP1 8.02E-15 0.5620028 Keratinocyte 
RARA 0.01171365 0.3061592 Keratinocyte 
RARG 1.07E-16 0.3480302 Keratinocyte 
RARRES1 0.00237658 -0.4609548 Keratinocyte 
RARRES2 7.53E-11 0.6583247 Keratinocyte 
RASSF7 3.31E-18 0.4627289 Keratinocyte 
RB1CC1 2.31E-10 -0.1574506 Keratinocyte 
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RBBP6 4.41E-16 -0.147511 Keratinocyte 
RBBP8 3.29E-17 0.3732856 Keratinocyte 
RBL2 0.01268715 0.1901227 Keratinocyte 
RBM25 2.71E-54 -0.2410415 Keratinocyte 
RBM3 7.11E-11 -0.3658424 Keratinocyte 
RBM34 1.77E-06 -0.1775711 Keratinocyte 
RBM39 1.33E-42 -0.1760725 Keratinocyte 
RBM6 0.0021372 -0.1869601 Keratinocyte 
RBM8A 0.01293821 0.1005352 Keratinocyte 
RBMS1 0.00370437 -0.1189088 Keratinocyte 
RBMS3 3.04E-33 -1.038498 Keratinocyte 
RBP1 0.02596002 -0.2041488 Keratinocyte 
RBP4 7.11E-05 -0.4641405 Keratinocyte 
RBPJ 0.0173724 -0.1262171 Keratinocyte 
RBX1 1.25E-19 0.2224133 Keratinocyte 
RCN1 3.33E-14 -0.3847069 Keratinocyte 
RCN3 5.09E-07 -0.7354603 Keratinocyte 
RDH11 7.48E-09 0.2137483 Keratinocyte 
RDH13 0.00017209 -0.2305316 Keratinocyte 
RELL1 2.09E-37 0.515203 Keratinocyte 
REX1BD 8.16E-15 0.3140905 Keratinocyte 
REXO4 8.36E-11 -0.3908856 Keratinocyte 
RGS16 0.0045753 -0.5677732 Keratinocyte 
RGS19 0.00019794 0.1867569 Keratinocyte 
RGS2 3.86E-10 -0.4757324 Keratinocyte 
RGS6 2.11E-10 -0.2953097 Keratinocyte 
RHAG 1.41E-07 -0.7776419 Keratinocyte 
RHBDF1 0.00237658 -0.2219196 Keratinocyte 
RICTOR 0.00080254 -0.1925008 Keratinocyte 
RIF1 2.64E-18 -0.1771139 Keratinocyte 
RIPK2 5.72E-20 0.2807576 Keratinocyte 
RNASE10 2.45E-06 -0.4516133 Keratinocyte 
RNASEH2C 1.70E-18 0.493115 Keratinocyte 
RNASEK 1.28E-11 -0.1083624 Keratinocyte 
RND3 0.0306592 -0.1884663 Keratinocyte 
RNF112 9.44E-09 -0.3000655 Keratinocyte 
RNF144A 0.02554497 -0.2623113 Keratinocyte 
RNF145 0.01348032 -0.2900872 Keratinocyte 
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RNF168 7.45E-11 0.1707964 Keratinocyte 
RNF181 1.91E-14 0.2903662 Keratinocyte 
RNF19A 0.00062736 -0.15546 Keratinocyte 
RNF19B 0.0361478 -0.1929833 Keratinocyte 
RNF217 0.02111735 0.3922332 Keratinocyte 
RNF4 0.00054175 0.3440405 Keratinocyte 
RNF7 2.29E-13 0.2553152 Keratinocyte 
RNPC3 1.00E-10 -0.2479959 Keratinocyte 
ROBO1 6.89E-05 -0.3034372 Keratinocyte 
ROCK1 0.00952281 -0.1030684 Keratinocyte 
ROCK2 3.98E-10 -0.1979828 Keratinocyte 
RORA 2.12E-09 0.257641 Keratinocyte 
RPAP3 1.09E-05 0.3051819 Keratinocyte 
RPL11 2.35E-39 0.1095133 Keratinocyte 
RPL12 1.36E-18 0.0879451 Keratinocyte 
RPL13 3.25E-62 0.1277275 Keratinocyte 
RPL13A 6.24E-21 0.0894609 Keratinocyte 
RPL14 4.78E-22 -0.1089955 Keratinocyte 
RPL18 6.14E-35 0.1051311 Keratinocyte 
RPL19 1.86E-218 0.2922469 Keratinocyte 
RPL22L1 5.11E-24 0.14873 Keratinocyte 
RPL23 5.39E-08 0.0507986 Keratinocyte 
RPL24 3.71E-23 0.0759894 Keratinocyte 
RPL26 1.71E-24 -0.3024243 Keratinocyte 
RPL27 3.73E-14 0.0725598 Keratinocyte 
RPL27A 2.46E-10 0.147059 Keratinocyte 
RPL28 2.19E-96 0.178298 Keratinocyte 
RPL3 6.56E-117 0.1997356 Keratinocyte 
RPL34 0 -0.7385825 Keratinocyte 
RPL35A 5.07E-12 0.0634791 Keratinocyte 
RPL36AL 3.92E-31 0.1556564 Keratinocyte 
RPL7 2.45E-23 0.0873935 Keratinocyte 
RPL7A 2.43E-208 0.2283259 Keratinocyte 
RPL8 5.11E-133 0.1955614 Keratinocyte 
RPL9 6.32E-56 0.1417374 Keratinocyte 
RPN1 7.29E-09 -0.1862332 Keratinocyte 
RPP21 1.34E-07 0.2435297 Keratinocyte 
RPS11 2.67E-61 0.1263296 Keratinocyte 
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RPS12 8.38E-86 0.1806729 Keratinocyte 
RPS13 9.48E-58 0.1385802 Keratinocyte 
RPS15 0.02402152 0.0395378 Keratinocyte 
RPS17 0.00023668 0.0406985 Keratinocyte 
RPS18 6.45E-29 0.0836679 Keratinocyte 
RPS23 0.0002912 0.0434355 Keratinocyte 
RPS24 0.00010452 0.0595449 Keratinocyte 
RPS25 3.46E-35 0.0975121 Keratinocyte 
RPS26 2.97E-09 0.0640254 Keratinocyte 
RPS27 2.95E-132 -0.2038833 Keratinocyte 
RPS27A 1.62E-58 0.1224914 Keratinocyte 
RPS28 6.89E-143 -0.1973115 Keratinocyte 
RPS3 4.15E-110 0.1921589 Keratinocyte 
RPS4X 1.12E-48 0.1230729 Keratinocyte 
RPS5 2.38E-162 0.2489449 Keratinocyte 
RPS6 1.15E-98 -0.2781359 Keratinocyte 
RPS7 2.87E-23 0.0762432 Keratinocyte 
RPS8 2.92E-70 0.1335076 Keratinocyte 
RRAD 9.08E-11 0.5911825 Keratinocyte 
RRBP1 2.52E-50 -0.2852829 Keratinocyte 
RRN3 3.54E-07 -0.2413388 Keratinocyte 
RRP12 6.44E-10 -0.4480698 Keratinocyte 
RRP15 9.17E-05 -0.2202354 Keratinocyte 
RRP1B 0.00326577 -0.1835738 Keratinocyte 
RSRP1 2.43E-17 0.2310532 Keratinocyte 
RSU1 0.01987148 0.2613502 Keratinocyte 
RTN4 0.00381603 -0.1046289 Keratinocyte 
RUFY3 3.33E-14 -0.3183908 Keratinocyte 
RWDD1 7.66E-06 0.1283668 Keratinocyte 
RYK 0.01515456 -0.1671173 Keratinocyte 
RYR2 0.00011172 -1.866862 Keratinocyte 
S100A1 0.02249653 0.9509386 Keratinocyte 
S100A11 7.70E-22 -0.099216 Keratinocyte 
S100A12 3.70E-29 3.5519324 Keratinocyte 
S100A14 6.11E-144 0.3723664 Keratinocyte 
S100A2 3.40E-82 0.4806917 Keratinocyte 
S100A5 5.05E-09 -0.2068667 Keratinocyte 
S100A8 7.10E-302 0.7786628 Keratinocyte 
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SAC3D1 0.00017641 0.8000034 Keratinocyte 
SAFB 5.72E-05 -0.1680275 Keratinocyte 
SAFB2 0.00452023 -0.1737914 Keratinocyte 
SAMHD1 0.00141658 -0.2044825 Keratinocyte 
SAP18 1.22E-50 0.2841024 Keratinocyte 
SAP30 6.05E-06 0.2040354 Keratinocyte 
SARAF 0.00038733 0.1449423 Keratinocyte 
SARS1 8.76E-26 -0.2467826 Keratinocyte 
SAT1 5.69E-27 0.2818624 Keratinocyte 
SAXO1 0.00059315 -0.3010429 Keratinocyte 
SC5D 0.00017785 0.4654308 Keratinocyte 
SCARB1 6.33E-51 0.2988326 Keratinocyte 
SCARB2 6.87E-11 0.2157588 Keratinocyte 
SCEL 2.08E-19 0.6066148 Keratinocyte 
SCFD2 0.00524854 -0.2701049 Keratinocyte 
SCG5 5.75E-11 -0.7609681 Keratinocyte 
SCIN 0.00726665 0.2250889 Keratinocyte 
SCN9A 8.74E-05 0.32686 Keratinocyte 
SCP2 2.42E-06 0.1562085 Keratinocyte 
SDC2 1.07E-19 -0.5290619 Keratinocyte 
SDC4 7.83E-16 0.366268 Keratinocyte 
SDF2L1 0.00020223 -0.1488489 Keratinocyte 
SDHAF4 5.10E-14 0.4360448 Keratinocyte 
SDHB 7.99E-06 0.2498116 Keratinocyte 
SDR16C5 4.32E-06 0.2519486 Keratinocyte 
SEC11C 1.67E-09 0.2563827 Keratinocyte 
SEC16B 3.75E-13 -0.318484 Keratinocyte 
SEC23A 8.33E-06 0.3617589 Keratinocyte 
SEC31A 0.01128254 -0.1864652 Keratinocyte 
SEC61G 1.38E-29 -0.1754184 Keratinocyte 
SELENOM 5.65E-13 -0.4046739 Keratinocyte 
SELENOW 7.00E-68 0.2587427 Keratinocyte 
SEMA4B 1.18E-26 -0.3313794 Keratinocyte 
SEPTIN10 0.00011894 0.3406791 Keratinocyte 
SEPTIN11 0.01144891 -0.2738571 Keratinocyte 
SEPTIN7 2.40E-26 0.1837149 Keratinocyte 
SERBP1 3.10E-44 -0.1380287 Keratinocyte 
SERF2 8.67E-11 -0.0986796 Keratinocyte 
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SERGEF 5.50E-05 0.6228602 Keratinocyte 
SERPINB1 1.20E-18 -0.3427723 Keratinocyte 
SERPINB13 3.00E-11 0.3054985 Keratinocyte 
SERPINB5 1.69E-20 0.1600431 Keratinocyte 
SERPINB6 2.56E-08 -0.2254604 Keratinocyte 
SERPINE3 3.25E-10 0.325102 Keratinocyte 
SERPINF1 2.09E-112 -0.8656305 Keratinocyte 
SERPINH1 0.00029689 -0.1234525 Keratinocyte 
SERTAD3 1.42E-17 0.4916418 Keratinocyte 
SETD2 0.00062309 -0.1035182 Keratinocyte 
SETD5 0.0202884 -0.1236627 Keratinocyte 
SF3B1 2.10E-05 -0.072585 Keratinocyte 
SF3B3 1.16E-07 -0.1810811 Keratinocyte 
SF3B6 1.29E-10 0.1732816 Keratinocyte 
SFPQ 1.52E-40 -0.2151678 Keratinocyte 
SFRP1 6.77E-07 0.2495474 Keratinocyte 
SGK1 1.22E-24 -0.5096231 Keratinocyte 
SGMS2 0.00897724 0.2295761 Keratinocyte 
SGO2 1.59E-05 0.4360397 Keratinocyte 
SH2D5 0.03559936 -0.1842551 Keratinocyte 
SH3BGRL2 8.56E-12 0.2774197 Keratinocyte 
SH3GLB1 3.53E-05 0.1786587 Keratinocyte 
SH3YL1 9.42E-13 0.3556664 Keratinocyte 
SHARPIN 0.03395016 0.2212275 Keratinocyte 
SHFL 0.00275752 0.4399947 Keratinocyte 
SHH 5.25E-06 -0.3473065 Keratinocyte 
SHISAL1 0.00022089 -0.4136225 Keratinocyte 
SHISAL2A 0.02803347 -1.964126 Keratinocyte 
SHLD2 0.00042453 0.4605004 Keratinocyte 
SHMT2 0.00600568 -0.2876116 Keratinocyte 
SIPA1L1 0.002264 -0.3669135 Keratinocyte 
SKA2 0.02803347 0.4430218 Keratinocyte 
SKAP2 2.29E-10 0.3088393 Keratinocyte 
SLA 0.0028422 0.5132704 Keratinocyte 
SLAMF7 0.00175496 -0.5500946 Keratinocyte 
SLC10A1 7.41E-37 -1.014203 Keratinocyte 
SLC12A2 1.04E-15 0.2611457 Keratinocyte 
SLC14A1 0.00037584 -0.415975 Keratinocyte 
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SLC16A14 7.44E-06 1.135811 Keratinocyte 
SLC1A1 0.0026872 -0.5270956 Keratinocyte 
SLC1A5 3.26E-17 -0.4996143 Keratinocyte 
SLC20A1 5.05E-11 -0.1892729 Keratinocyte 
SLC22A15 0.00865494 -0.8285507 Keratinocyte 
SLC23A2 0.00191071 -0.2398482 Keratinocyte 
SLC25A29 4.19E-26 0.4046464 Keratinocyte 
SLC25A44 0.00103876 -0.2640266 Keratinocyte 
SLC25A48 0.00478574 1.411233 Keratinocyte 
SLC25A5 4.75E-12 0.1492279 Keratinocyte 
SLC25A6 3.65E-146 0.2315652 Keratinocyte 
SLC27A6 1.34E-15 0.902938 Keratinocyte 
SLC2A1 1.33E-85 -0.437344 Keratinocyte 
SLC2A3 1.69E-21 -0.6102389 Keratinocyte 
SLC2A4 2.80E-06 -0.4348085 Keratinocyte 
SLC2A4RG 9.46E-13 0.3094957 Keratinocyte 
SLC30A1 2.10E-267 1.0529389 Keratinocyte 
SLC35F4 1.31E-06 -0.2339473 Keratinocyte 
SLC38A1 2.10E-09 -0.1819082 Keratinocyte 
SLC39A14 0.00055888 -0.3702164 Keratinocyte 
SLC39A2 3.26E-37 0.5316468 Keratinocyte 
SLC40A1 0.0164034 -0.4646701 Keratinocyte 
SLC41A1 0.00975883 0.1512743 Keratinocyte 
SLC44A2 0.00986868 0.224177 Keratinocyte 
SLC4A4 0.00289823 -0.7054795 Keratinocyte 
SLC4A8 0.00472944 -0.57283 Keratinocyte 
SLC5A12 0.00385832 -0.2532678 Keratinocyte 
SLC66A2 0.00076299 0.4398198 Keratinocyte 
SLC6A6 1.46E-72 -0.5160262 Keratinocyte 
SLC7A5 3.42E-11 -0.4923053 Keratinocyte 
SLC8A1 3.01E-16 0.4357366 Keratinocyte 
SLC9A1 3.15E-07 -0.2685788 Keratinocyte 
SLC9A9 7.61E-05 0.8719954 Keratinocyte 
SLCO4A1 4.00E-06 1.243659 Keratinocyte 
SLITRK6 3.31E-06 0.6905237 Keratinocyte 
SMAP1 0.00029549 0.2089233 Keratinocyte 
SMARCA4 0.00452023 -0.1509516 Keratinocyte 
SMARCC1 0.00234878 -0.1524772 Keratinocyte 
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SMARCD1 0.03587232 0.3073544 Keratinocyte 
SMC1A 4.37E-28 -0.2700187 Keratinocyte 
SMC2 0.00932626 0.2326412 Keratinocyte 
SMC4 3.36E-10 0.1931404 Keratinocyte 
SMC5 7.27E-08 -0.1932787 Keratinocyte 
SMG1 0.00061452 -0.1241365 Keratinocyte 
SMG5 1.51E-11 -0.3811623 Keratinocyte 
SMIM12 1.28E-08 0.2195864 Keratinocyte 
SMIM20 2.53E-13 0.3954663 Keratinocyte 
SMOC2 3.17E-07 -0.2270623 Keratinocyte 
SMTN 3.37E-05 -0.2544511 Keratinocyte 
SMU1 0.0182026 0.1307221 Keratinocyte 
SNORD27 0.00103876 0.5481909 Keratinocyte 
SNRNP48 0.00271526 0.141745 Keratinocyte 
SNRNP70 5.77E-12 -0.1589122 Keratinocyte 
SNRPD1 0.04041699 0.0596932 Keratinocyte 
SNRPD2 2.38E-13 0.0967269 Keratinocyte 
SNX16 0.00727973 0.2777681 Keratinocyte 
SOD1 2.17E-39 -0.2001768 Keratinocyte 
SOD2 1.21E-38 -0.2307314 Keratinocyte 
SOHLH1 4.51E-28 0.840336 Keratinocyte 
SOWAHC 0.00551382 1.232429 Keratinocyte 
SOX4 4.82E-18 -0.4868086 Keratinocyte 
SOX5 6.25E-07 0.411535 Keratinocyte 
SOX9 8.15E-17 -0.536388 Keratinocyte 
SP100 5.44E-20 0.7156673 Keratinocyte 
SP110 3.15E-09 0.4462669 Keratinocyte 
SP3 0.00594957 0.1410105 Keratinocyte 
SPARC 0 -1.124882 Keratinocyte 
SPARCL1 3.55E-10 -0.6547752 Keratinocyte 
SPART 5.46E-05 -0.1677663 Keratinocyte 
SPAST 0.00010135 0.3694042 Keratinocyte 
SPATA5 0.03052641 -0.2845569 Keratinocyte 
SPATS2L 3.48E-07 -0.190304 Keratinocyte 
SPC24 6.08E-11 0.6778346 Keratinocyte 
SPC25 2.83E-05 0.6407837 Keratinocyte 
SPCS3 0.01185089 0.1165769 Keratinocyte 
SPG11 1.87E-10 0.4104797 Keratinocyte 
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SPHK1 0.01308994 -0.1718138 Keratinocyte 
SPHKAP 0.0018398 -1.404891 Keratinocyte 
SPINK5 4.95E-31 0.4523115 Keratinocyte 
SPINT1 7.69E-08 -0.5417473 Keratinocyte 
SPRYD7 1.02E-05 0.2979948 Keratinocyte 
SPSB3 9.45E-07 0.3305785 Keratinocyte 
SPTBN1 2.53E-45 -0.2259424 Keratinocyte 
SQLE 9.38E-25 0.5122197 Keratinocyte 
SQSTM1 5.69E-06 0.2601759 Keratinocyte 
SRD5A1 0.03478 0.3081165 Keratinocyte 
SREK1 0.02443525 -0.1377461 Keratinocyte 
SRF 0.00357739 0.5831492 Keratinocyte 
SRI 4.75E-05 0.2887356 Keratinocyte 
SRP14 8.15E-05 0.1444564 Keratinocyte 
SRPK1 8.15E-09 -0.1591473 Keratinocyte 
SRRM2 1.84E-05 -0.0661134 Keratinocyte 
SRRT 1.45E-05 -0.1579842 Keratinocyte 
SRSF10 0.00376062 -0.1359888 Keratinocyte 
SRSF11 1.27E-20 -0.1556929 Keratinocyte 
SRSF12 2.85E-15 -0.5423195 Keratinocyte 
SRSF7 8.59E-14 -0.2482267 Keratinocyte 
SRXN1 0.02983374 0.4102027 Keratinocyte 
SSR1 1.21E-09 -0.2121228 Keratinocyte 
SSR2 8.60E-21 0.1884004 Keratinocyte 
SSR4 7.21E-82 0.2750108 Keratinocyte 
SSX2IP 2.98E-09 0.5100475 Keratinocyte 
ST14 6.59E-06 -0.3467104 Keratinocyte 
ST3GAL6 5.08E-32 0.9494561 Keratinocyte 
STAG2 2.95E-111 -0.3480374 Keratinocyte 
STARD10 8.31E-11 0.5970453 Keratinocyte 
STARD5 4.36E-11 0.7309874 Keratinocyte 
STAT1 1.21E-10 -0.2823782 Keratinocyte 
STAT3 6.21E-06 -0.1767517 Keratinocyte 
STIP1 0.00175496 0.2975997 Keratinocyte 
STK33 0.01904 0.6968192 Keratinocyte 
STK38L 1.20E-15 0.3275175 Keratinocyte 
STK39 0.00130592 0.5825446 Keratinocyte 
STMN1 7.29E-05 0.2484789 Keratinocyte 
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STOML2 0.0001149 0.2281812 Keratinocyte 
STRN 1.82E-14 0.2399618 Keratinocyte 
STRN3 0.00641275 -0.1163384 Keratinocyte 
STX10 0.03107059 0.3300322 Keratinocyte 
STXBP3 1.97E-31 -0.1621134 Keratinocyte 
STYK1 4.00E-09 -0.7079631 Keratinocyte 
SUB1 2.85E-10 0.1123299 Keratinocyte 
SUDS3 2.42E-08 0.1662898 Keratinocyte 
SUGP2 0.00543053 -0.2017409 Keratinocyte 
SUGT1 1.00E-09 0.274694 Keratinocyte 
SULF2 0.00013175 0.2465151 Keratinocyte 
SULT1C4 3.21E-66 0.4674659 Keratinocyte 
SULT2B1 0.00018935 0.3560757 Keratinocyte 
SUMO1 0.00020652 -0.1979401 Keratinocyte 
SUMO2 7.78E-05 0.0664933 Keratinocyte 
SUPT16H 0.00833192 -0.136961 Keratinocyte 
SUPT4H1 4.21E-06 0.2028514 Keratinocyte 
SUPT5H 1.36E-18 -0.2651105 Keratinocyte 
SUPV3L1 2.71E-07 -0.5493147 Keratinocyte 
SURF2 7.31E-05 0.2953376 Keratinocyte 
SUSD4 6.44E-44 -0.2028792 Keratinocyte 
SVIL 1.26E-05 0.2484703 Keratinocyte 
SYAP1 1.97E-07 -0.303641 Keratinocyte 
SYDE2 0.00261648 0.4528599 Keratinocyte 
SYNC 1.26E-10 0.5063336 Keratinocyte 
SYNCRIP 2.28E-07 -0.1119132 Keratinocyte 
SYNJ2 0.00085956 -0.2864934 Keratinocyte 
SYNJ2BP 0.01779143 0.3306288 Keratinocyte 
SYPL1 0.03215982 0.1918403 Keratinocyte 
SYT8 3.03E-17 1.49756 Keratinocyte 
SYTL3 2.61E-13 0.7143178 Keratinocyte 
TACC2 0.0010188 0.1811912 Keratinocyte 
TAF10 3.92E-08 0.337863 Keratinocyte 
TAF15 0.01585164 -0.1710524 Keratinocyte 
TAF3 0.00181153 -0.1836979 Keratinocyte 
TAF4B 0.03532886 -0.4260939 Keratinocyte 
TAGLN 1.39E-20 -0.5917426 Keratinocyte 
TANC2 1.98E-08 -0.3500008 Keratinocyte 
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TAOK3 9.92E-05 0.2120133 Keratinocyte 
TAP1 3.13E-88 0.6355357 Keratinocyte 
TARBP2 0.0003644 0.3127027 Keratinocyte 
TARDBP 0.00857098 -0.1616599 Keratinocyte 
TARS1 1.08E-17 -0.3518655 Keratinocyte 
TASOR2 0.00088242 -0.1539135 Keratinocyte 
TAX1BP1 1.05E-08 0.0944614 Keratinocyte 
TBC1D8 1.64E-08 -0.2454699 Keratinocyte 
TBCB 3.48E-18 0.4018884 Keratinocyte 
TCEANC 0.02332656 -1.041986 Keratinocyte 
TCERG1 9.55E-33 -0.3078546 Keratinocyte 
TCF4 0.01303469 -0.2764275 Keratinocyte 
TCIRG1 0.01806645 -0.3805475 Keratinocyte 
TCOF1 1.19E-10 -0.2615633 Keratinocyte 
TEAD1 7.21E-30 -0.3592943 Keratinocyte 
TECR 2.81E-18 0.2728207 Keratinocyte 
TENM4 3.19E-16 0.4013533 Keratinocyte 
TEPSIN 2.46E-10 -0.5030004 Keratinocyte 
TERF2IP 0.00012672 0.1315186 Keratinocyte 
TET2 2.33E-24 -0.2941527 Keratinocyte 
TEX14 4.47E-11 -0.9316273 Keratinocyte 
TEX264 0.00997988 0.36514 Keratinocyte 
TFAM 0.00016199 0.339747 Keratinocyte 
TFDP2 6.05E-05 0.2389186 Keratinocyte 
TFPI2 5.85E-09 -0.1334712 Keratinocyte 
TFPT 7.13E-95 0.1625652 Keratinocyte 
TGFB2 2.02E-14 -0.355503 Keratinocyte 
TGFBI 0.03408685 0.3668783 Keratinocyte 
TGM3 8.05E-29 0.3489308 Keratinocyte 
THBS1 0.00044884 -0.1384173 Keratinocyte 
THBS3 0.00239047 -0.6463325 Keratinocyte 
THBS4 0.0320252 -0.3646808 Keratinocyte 
THEGL 2.03E-08 -0.2904322 Keratinocyte 
THEM4 0.00270123 -0.2659766 Keratinocyte 
THEM5 3.26E-53 0.5739667 Keratinocyte 
THRB 0.00506642 0.4841046 Keratinocyte 
TIAL1 0.00074881 -0.1289793 Keratinocyte 
TIMP3 6.38E-05 -0.2569514 Keratinocyte 



 

494 
 

TIPARP 3.48E-15 -0.1156508 Keratinocyte 
TIPIN 0.01350744 0.2784358 Keratinocyte 
TJP2 4.63E-05 -0.1441986 Keratinocyte 
TKTL1 2.44E-05 -1.972223 Keratinocyte 
TLN1 6.99E-05 -0.1158469 Keratinocyte 
TLR7 2.34E-06 -0.1942326 Keratinocyte 
TMC8 8.03E-28 0.3280934 Keratinocyte 
TMCO3 2.50E-05 -0.3008437 Keratinocyte 
TMED4 0.00727973 0.2627082 Keratinocyte 
TMED7 9.01E-08 -0.1273233 Keratinocyte 
TMEM120A 9.83E-06 0.503198 Keratinocyte 
TMEM126A 0.00013161 0.3858305 Keratinocyte 
TMEM132E 0.00454761 0.7587131 Keratinocyte 
TMEM134 4.63E-08 0.268381 Keratinocyte 
TMEM139 0.00538848 0.7444275 Keratinocyte 
TMEM147 5.89E-05 0.1284289 Keratinocyte 
TMEM179B 3.21E-09 0.3129322 Keratinocyte 
TMEM196 0.00125376 -0.4240341 Keratinocyte 
TMEM205 5.78E-23 0.8652068 Keratinocyte 
TMEM208 0.00066306 0.2654171 Keratinocyte 
TMEM213 0.0349141 -0.2443685 Keratinocyte 
TMEM238 7.80E-06 0.2236323 Keratinocyte 
TMEM267 3.13E-07 -0.3515615 Keratinocyte 
TMEM45A 1.98E-12 -0.4672636 Keratinocyte 
TMEM47 1.71E-18 -0.4209046 Keratinocyte 
TMEM54 7.79E-15 0.6081245 Keratinocyte 
TMEM59 1.52E-19 0.1772045 Keratinocyte 
TMSB10 9.12E-09 -0.1408731 Keratinocyte 
TMX3 0.02304885 0.2125512 Keratinocyte 
TNFAIP6 1.01E-51 0.978111 Keratinocyte 
TNFRSF12A 2.27E-32 0.2388955 Keratinocyte 
TNFRSF18 2.17E-06 0.1960662 Keratinocyte 
TNFRSF19 7.68E-05 0.8570611 Keratinocyte 
TNFRSF6B 6.30E-13 0.7503425 Keratinocyte 
TNFSF18 0.00897724 -0.8455267 Keratinocyte 
TNIK 2.26E-20 -1.484934 Keratinocyte 
TNNC1 1.61E-51 -1.00971 Keratinocyte 
TNNI2 3.61E-05 0.6248103 Keratinocyte 
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TNS1 1.42E-06 0.2689617 Keratinocyte 
TOB1 8.89E-50 0.3438005 Keratinocyte 
TOMM20 5.93E-06 -0.2383157 Keratinocyte 
TOMM7 3.50E-16 0.3186012 Keratinocyte 
TOP2A 1.07E-08 0.4357411 Keratinocyte 
TOPORS 0.04549688 -0.0975342 Keratinocyte 
TOR3A 0.01242285 0.7717866 Keratinocyte 
TOX4 0.0312032 0.0890348 Keratinocyte 
TPI1 4.70E-08 0.1221355 Keratinocyte 
TPM1 7.28E-10 -0.3262432 Keratinocyte 
TPM3 2.39E-24 -0.3679088 Keratinocyte 
TPM4 4.31E-62 -0.2089623 Keratinocyte 
TPPP3 1.69E-29 -0.4013907 Keratinocyte 
TPR 2.54E-18 -0.1394782 Keratinocyte 
TPT1 4.94E-27 0.074708 Keratinocyte 
TPX2 7.36E-14 0.4298088 Keratinocyte 
TRA2B 4.31E-09 -0.1215064 Keratinocyte 
TRAF3IP2 2.02E-07 -0.3472524 Keratinocyte 
TRAF6 2.00E-06 0.2827413 Keratinocyte 
TRAM1 2.47E-11 -0.1820093 Keratinocyte 
TRAP1 0.00263052 -0.1499155 Keratinocyte 
TRAPPC2L 1.11E-07 0.2585574 Keratinocyte 
TRAPPC5 0.04343188 0.1578414 Keratinocyte 
TRIB1 0.0019247 -0.1105965 Keratinocyte 
TRIB2 0.01119892 0.583739 Keratinocyte 
TRIM13 2.63E-17 0.3864691 Keratinocyte 
TRIM29 4.28E-06 0.3253741 Keratinocyte 
TRIM36 0.0051223 -0.2583232 Keratinocyte 
TRIM59 1.18E-29 0.5644357 Keratinocyte 
TRIM8 9.86E-10 0.1811817 Keratinocyte 
TRIO 2.54E-05 -0.2589722 Keratinocyte 
TRIP12 1.07E-11 -0.1728118 Keratinocyte 
TRMT10A 0.04069184 0.3574804 Keratinocyte 
TRMT112 1.09E-12 0.129034 Keratinocyte 
TRPM7 0.0195944 -0.1779749 Keratinocyte 
TSC22D4 3.14E-07 0.2865344 Keratinocyte 
TSPAN3 0.00041746 -0.2595639 Keratinocyte 
TSPO 3.49E-06 0.0978263 Keratinocyte 
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TSR3 0.00151304 0.254866 Keratinocyte 
TSTD1 1.24E-13 0.1467212 Keratinocyte 
TTC27 0.00075306 -0.2957801 Keratinocyte 
TTC3 0.00222175 -0.1185837 Keratinocyte 
TTC7A 0.00288422 -0.1408816 Keratinocyte 
TTLL7 4.08E-08 0.6378829 Keratinocyte 
TUBB4B 0.00078843 -0.1206186 Keratinocyte 
TUBB6 0.02139246 0.1335505 Keratinocyte 
TUT4 6.77E-10 -0.2136219 Keratinocyte 
TWF1 0.0001807 0.2447874 Keratinocyte 
TXLNG 1.18E-10 -0.3209206 Keratinocyte 
TXNDC17 1.73E-41 0.2246264 Keratinocyte 
TXNIP 2.34E-42 0.4468331 Keratinocyte 
TXNL1 9.42E-16 0.1953054 Keratinocyte 
TXNRD1 8.02E-26 -0.2284837 Keratinocyte 
TXNRD2 1.96E-06 0.4961769 Keratinocyte 
TYMS 1.14E-12 0.3944576 Keratinocyte 
UBA52 3.81E-41 0.1222924 Keratinocyte 
UBAP2 6.12E-17 -0.2673219 Keratinocyte 
UBAP2L 0.00681899 -0.2695281 Keratinocyte 
UBB 2.84E-203 0.4384281 Keratinocyte 
UBE2B 4.20E-38 0.2313984 Keratinocyte 
UBE2C 0.0456323 0.3227677 Keratinocyte 
UBE2D1 9.98E-08 0.3127816 Keratinocyte 
UBE2H 1.68E-09 0.2182913 Keratinocyte 
UBE2L6 1.42E-17 0.4334173 Keratinocyte 
UBE2S 3.45E-30 0.3306525 Keratinocyte 
UBL4A 5.76E-06 0.2209515 Keratinocyte 
UBQLN1 0.037252 -0.1513034 Keratinocyte 
UBR4 1.54E-05 -0.1338349 Keratinocyte 
UBR5 2.44E-13 -0.1871386 Keratinocyte 
UBXN8 8.03E-06 -0.317189 Keratinocyte 
UCHL3 1.95E-13 0.3791462 Keratinocyte 
UFL1 0.00023096 0.2606939 Keratinocyte 
UGCG 1.50E-23 -0.341273 Keratinocyte 
UGDH 3.03E-10 -0.292244 Keratinocyte 
UNC13B 5.35E-07 -0.4703665 Keratinocyte 
UQCC2 1.71E-05 0.2094774 Keratinocyte 
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UQCR10 4.19E-08 0.1246352 Keratinocyte 
UQCRB 3.90E-06 0.0921001 Keratinocyte 
UQCRC1 2.13E-09 0.2297436 Keratinocyte 
USE1 0.00319523 0.3079678 Keratinocyte 
USO1 8.09E-06 -0.1744302 Keratinocyte 
USP10 0.01931724 -0.124429 Keratinocyte 
USP21 3.11E-15 0.170558 Keratinocyte 
USP24 1.44E-09 -0.2724907 Keratinocyte 
USP31 0.00029831 -0.297136 Keratinocyte 
USP34 0.00590759 -0.1312847 Keratinocyte 
USP37 2.67E-05 -0.1725779 Keratinocyte 
USP43 0.00017928 -0.4383069 Keratinocyte 
USP47 7.38E-11 -0.1915608 Keratinocyte 
USP7 3.57E-07 -0.2026815 Keratinocyte 
UTP25 1.07E-05 0.2099161 Keratinocyte 
UXT 7.78E-05 0.2374387 Keratinocyte 
VCAN 0.00666511 -0.2784782 Keratinocyte 
VCPKMT 1.00E-05 0.5093896 Keratinocyte 
VDAC1 3.43E-36 0.2321334 Keratinocyte 
VDAC3 0.02125568 0.1857128 Keratinocyte 
VEGFA 2.71E-52 -0.3993793 Keratinocyte 
VIM 9.23E-10 -0.1728436 Keratinocyte 
VNN1 1.04E-07 0.5428591 Keratinocyte 
VPS13D 6.37E-22 0.2595855 Keratinocyte 
VPS29 1.09E-05 0.1525166 Keratinocyte 
VPS33B 1.20E-06 -0.331837 Keratinocyte 
VPS36 1.10E-10 0.1825927 Keratinocyte 
VRTN 0.00023383 -0.6730004 Keratinocyte 
VSNL1 0.00534681 0.7398549 Keratinocyte 
VWF 2.82E-07 0.8477544 Keratinocyte 
WBP1 1.29E-07 0.4963045 Keratinocyte 
WDR3 1.39E-08 -0.2589977 Keratinocyte 
WDR43 5.76E-47 -0.2617891 Keratinocyte 
WDR46 9.68E-16 -0.3227575 Keratinocyte 
WDR47 5.35E-13 0.3819973 Keratinocyte 
WDR75 0.00428145 -0.1560444 Keratinocyte 
WDR77 2.40E-07 -0.5275182 Keratinocyte 
WEE1 2.79E-05 0.2258378 Keratinocyte 
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WFS1 6.65E-19 -0.5723185 Keratinocyte 
WIF1 0.00454761 -0.2659354 Keratinocyte 
WNK3 7.99E-08 -0.2202955 Keratinocyte 
WNT16 2.19E-31 0.58752 Keratinocyte 
WNT3 1.05E-22 0.3474428 Keratinocyte 
WNT4 1.12E-12 0.4584621 Keratinocyte 
WNT7B 0.00077287 0.288071 Keratinocyte 
WRNIP1 2.68E-27 -0.3297675 Keratinocyte 
WSB1 2.52E-07 0.2362465 Keratinocyte 
WWOX 7.98E-10 -0.2426884 Keratinocyte 
WWTR1 2.69E-30 -0.2091198 Keratinocyte 
XPO1 3.72E-06 0.2032175 Keratinocyte 
XPO5 6.96E-05 -0.2764896 Keratinocyte 
XPOT 1.04E-07 -0.2964189 Keratinocyte 
YBX3 1.33E-10 -0.0839907 Keratinocyte 
YIPF2 0.02277436 -0.1586129 Keratinocyte 
YTHDC1 4.63E-19 -0.2556272 Keratinocyte 
YY1 1.60E-08 0.1211881 Keratinocyte 
ZBTB1 0.01695815 -0.2483421 Keratinocyte 
ZBTB16 7.83E-45 -0.5615451 Keratinocyte 
ZBTB2 1.59E-09 0.4385237 Keratinocyte 
ZBTB38 1.88E-18 0.4048661 Keratinocyte 
ZC3H12C 0.00159846 -0.2369447 Keratinocyte 
ZC3H13 1.61E-20 -0.1911547 Keratinocyte 
ZC3H6 1.98E-06 0.418936 Keratinocyte 
ZC3H7A 0.00022665 -0.1614714 Keratinocyte 
ZCCHC2 5.95E-39 0.3326254 Keratinocyte 
ZCRB1 4.09E-12 0.2193116 Keratinocyte 
ZDHHC5 0.00967502 -0.1634509 Keratinocyte 
ZDHHC8 2.81E-12 -0.3266802 Keratinocyte 
ZEB2 2.98E-08 -0.442754 Keratinocyte 
ZFAND5 3.84E-30 -0.1860158 Keratinocyte 
ZFAND6 2.57E-05 0.3192578 Keratinocyte 
ZFP36 2.87E-30 0.2170059 Keratinocyte 
ZFP36L1 1.50E-53 -0.3580722 Keratinocyte 
ZMYM2 0.00241842 0.1910432 Keratinocyte 
ZMYM5 5.03E-09 0.4079854 Keratinocyte 
ZNF215 3.18E-05 -0.3281772 Keratinocyte 
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ZNF292 0.04246668 -0.1039701 Keratinocyte 
ZNF329 6.95E-05 -0.2578147 Keratinocyte 
ZNF385D 0.00149898 -0.9493015 Keratinocyte 
ZNF414 0.0007898 0.3690681 Keratinocyte 
ZNF462 1.73E-10 -0.205248 Keratinocyte 
ZNF592 1.63E-08 -0.2908459 Keratinocyte 
ZNF609 0.00042738 -0.2232925 Keratinocyte 
ZNF689 4.04E-05 0.4889613 Keratinocyte 
ZNF706 0.00315307 0.1127058 Keratinocyte 
ZNF800 1.71E-07 0.195297 Keratinocyte 
ZNF830 0.0060759 0.2304799 Keratinocyte 
ZNHIT6 0.01380132 -0.1328327 Keratinocyte 
ZNRD2 7.09E-15 0.2953062 Keratinocyte 
ZRANB2 4.87E-09 0.2152678 Keratinocyte 
ZSWIM8 0.04797636 -0.2057639 Keratinocyte 
ZW10 1.04E-06 -0.3142736 Keratinocyte 
ZZEF1 0.00380212 -0.2771802 Keratinocyte 
ABLIM2 0.0261525 1.129039 Lymphatic endothelial 
ACKR3 0.00808656 0.6423673 Lymphatic endothelial 
ADIRF 0.00301378 -0.2051599 Lymphatic endothelial 
B2M 3.69E-31 0.8715093 Lymphatic endothelial 
CNDP2 0.02678481 0.7422179 Lymphatic endothelial 
COL1A1 1.95E-11 -2.2999641 Lymphatic endothelial 
COL1A2 4.96E-12 -2.2123798 Lymphatic endothelial 
COL3A1 2.75E-12 -2.180987 Lymphatic endothelial 
CPZ 0.00662864 -1.904924 Lymphatic endothelial 
CRIP1 1.22E-06 0.3114944 Lymphatic endothelial 
CSTB 0.00765893 0.3003591 Lymphatic endothelial 
DLA-64 2.05E-19 0.6993372 Lymphatic endothelial 
DLA88 1.65E-17 1.1768888 Lymphatic endothelial 
EEF1A1 0.00074566 -0.2778449 Lymphatic endothelial 
FAU 1.91E-07 -0.2059983 Lymphatic endothelial 
FBN1 9.76E-06 -0.7475618 Lymphatic endothelial 
GJA1 0.00179263 0.8917157 Lymphatic endothelial 
H3-3A 0.04340982 -0.1986771 Lymphatic endothelial 
HSPB8 0.01486824 0.6662675 Lymphatic endothelial 
ID1 0.0293188 -0.5469227 Lymphatic endothelial 
ID3 0.00878367 -0.606598 Lymphatic endothelial 
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IGFBP7 1.91E-14 -0.320704 Lymphatic endothelial 
KLF6 0.00486902 -0.2697651 Lymphatic endothelial 
LYVE1 6.90E-20 0.6819128 Lymphatic endothelial 
LYZ 5.28E-05 1.545064 Lymphatic endothelial 
MARCKS 0.0107173 -0.4900417 Lymphatic endothelial 
MMP16 3.69E-11 -1.231194 Lymphatic endothelial 
MMRN1 1.02E-07 0.4215706 Lymphatic endothelial 
MT-CO2 0.01095442 0.2962153 Lymphatic endothelial 
MT-ND4 5.47E-05 0.3520407 Lymphatic endothelial 
MT-ND5 0.0351759 0.4860412 Lymphatic endothelial 
NR3C1 2.68E-06 -0.4441569 Lymphatic endothelial 
PDPN 9.33E-06 0.5734879 Lymphatic endothelial 
PSMB9 0.047523 0.9761458 Lymphatic endothelial 
RARRES2 2.37E-06 1.5559931 Lymphatic endothelial 
RHOB 5.71E-05 -0.3887114 Lymphatic endothelial 
RPL14 5.16E-07 -0.3254707 Lymphatic endothelial 
RPL15 0.00458383 -0.1869984 Lymphatic endothelial 
RPL34 4.20E-32 -0.8604672 Lymphatic endothelial 
RPS14 3.70E-14 -0.262036 Lymphatic endothelial 
RPS15A 3.14E-06 -0.2229433 Lymphatic endothelial 
RPS23 5.72E-07 -0.2033506 Lymphatic endothelial 
RPS27 1.45E-07 -0.2574877 Lymphatic endothelial 
RPS28 1.57E-12 -0.2709366 Lymphatic endothelial 
RPS6 2.22E-07 -0.488671 Lymphatic endothelial 
S100A1 0.00204633 0.7101272 Lymphatic endothelial 
S100A8 0.03470274 0.1830827 Lymphatic endothelial 
SERPINB1 0.0301093 0.5759943 Lymphatic endothelial 
SERPING1 0.00053627 0.6298549 Lymphatic endothelial 
SPARC 2.29E-07 -2.183556 Lymphatic endothelial 
THY1 0.00031258 0.8552336 Lymphatic endothelial 
TIMP1 2.56E-14 0.6343291 Lymphatic endothelial 
TMSB10 0.00620087 -0.1942426 Lymphatic endothelial 
TNFRSF6B 7.28E-09 1.1911171 Lymphatic endothelial 
VIM 0.01179389 -0.1489341 Lymphatic endothelial 
WWTR1 9.68E-06 -0.355489 Lymphatic endothelial 
ZFP36 0.04388234 -0.380329 Lymphatic endothelial 
ZFP36L1 0.0388178 -0.5911999 Lymphatic endothelial 
ABCA1 6.17E-13 0.3930209 Macrophage, Dendritic 
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ABCF1 0.01227699 0.3955057 Macrophage, Dendritic 
ABHD5 8.50E-24 0.3064567 Macrophage, Dendritic 
ACADVL 0.0065063 0.2539338 Macrophage, Dendritic 
ACAP2 6.17E-05 0.3288334 Macrophage, Dendritic 
ACIN1 0.04135677 0.1994889 Macrophage, Dendritic 
ACOT7 0.00113964 0.7988045 Macrophage, Dendritic 
ACTB 5.02E-24 -0.206548 Macrophage, Dendritic 
ACTB 4.11E-43 -0.2339769 Macrophage, Dendritic 
ADA 1.26E-08 0.7174836 Macrophage, Dendritic 
ADD3 0.04355148 0.3554084 Macrophage, Dendritic 
ADIRF 7.16E-07 -0.3433285 Macrophage, Dendritic 
ADK 0.00808727 0.3353158 Macrophage, Dendritic 
AFTPH 0.00094673 0.4522382 Macrophage, Dendritic 
AGPAT2 1.01E-06 0.4457571 Macrophage, Dendritic 
AGTRAP 0.02993734 -1.081212 Macrophage, Dendritic 
AHNAK 0.0002575 -0.1501045 Macrophage, Dendritic 
AHR 0.04572582 0.3437432 Macrophage, Dendritic 
AHSA1 0.0159747 0.291059 Macrophage, Dendritic 
AIF1 5.14E-05 0.2639329 Macrophage, Dendritic 
AKAP12 1.54E-08 -0.6056707 Macrophage, Dendritic 
AKAP13 1.80E-08 -0.2289899 Macrophage, Dendritic 
AKIRIN2 0.00024214 -0.1623393 Macrophage, Dendritic 
ALAS1 7.75E-06 0.1654931 Macrophage, Dendritic 
ALDH1A2 0.04316325 0.9194727 Macrophage, Dendritic 
AMPD3 2.95E-14 0.9095056 Macrophage, Dendritic 
ANKRD12 0.00139369 0.1285995 Macrophage, Dendritic 
ANKRD39 0.04887636 0.4655955 Macrophage, Dendritic 
ANP32A 2.40E-05 0.3288282 Macrophage, Dendritic 
ANXA2 1.66E-06 0.1505944 Macrophage, Dendritic 
ANXA5 0.0121407 -0.1491026 Macrophage, Dendritic 
AOAH 1.30E-12 2.729694 Macrophage, Dendritic 
AP2M1 4.58E-08 0.2542399 Macrophage, Dendritic 
AP2S1 7.82E-10 0.3140184 Macrophage, Dendritic 
APC 1.12E-05 0.2440905 Macrophage, Dendritic 
APP 1.07E-11 0.4497041 Macrophage, Dendritic 
ARAP2 6.11E-05 0.6359894 Macrophage, Dendritic 
ARHGAP42 0.0249034 0.7853288 Macrophage, Dendritic 
ARHGDIB 5.86E-06 -0.279707 Macrophage, Dendritic 
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ARID1A 0.00044221 0.4464458 Macrophage, Dendritic 
ARID4A 0.00014908 0.3274093 Macrophage, Dendritic 
ARL14EP 0.033352 0.2838555 Macrophage, Dendritic 
ARL4C 6.22E-27 0.5129713 Macrophage, Dendritic 
ARPC5L 9.66E-05 0.4083513 Macrophage, Dendritic 
ASAH1 8.65E-08 1.087195 Macrophage, Dendritic 
ASAP1 1.65E-15 0.5119539 Macrophage, Dendritic 
ATF3 1.22E-08 -0.3342375 Macrophage, Dendritic 
ATF3 3.34E-08 -0.2436106 Macrophage, Dendritic 
ATF4 0.00206969 0.1010386 Macrophage, Dendritic 
ATG3 3.14E-08 0.218004 Macrophage, Dendritic 
ATOX1 5.20E-05 0.1620087 Macrophage, Dendritic 
ATP2B1 4.23E-05 -0.1549852 Macrophage, Dendritic 
ATP2B1 0.00623383 0.1397623 Macrophage, Dendritic 
ATP5F1D 7.80E-06 0.1681639 Macrophage, Dendritic 
ATP5F1E 0.01349512 -0.2145734 Macrophage, Dendritic 
ATP5F1E 3.44E-19 -0.2421523 Macrophage, Dendritic 
ATP6V0B 0.00063303 0.1871621 Macrophage, Dendritic 
ATP6V0B 6.47E-06 0.1784215 Macrophage, Dendritic 
ATP6V0E1 2.98E-18 0.1606529 Macrophage, Dendritic 
ATP6V1B2 0.00399487 0.392149 Macrophage, Dendritic 
ATP6V1C1 0.00104014 0.3199539 Macrophage, Dendritic 
ATP8B1 2.75E-12 -0.4479615 Macrophage, Dendritic 
ATRX 0.03139155 0.172724 Macrophage, Dendritic 
B2M 0.00010892 -0.0837344 Macrophage, Dendritic 
B2M 1.21E-12 0.0914353 Macrophage, Dendritic 
BACE2 0.00075382 1.170434 Macrophage, Dendritic 
BACH1 3.95E-14 -0.1806861 Macrophage, Dendritic 
BANK1 8.17E-07 1.078204 Macrophage, Dendritic 
BBX 1.63E-05 0.3715022 Macrophage, Dendritic 
BECN1 0.0069474 0.4524979 Macrophage, Dendritic 
BIN2 0.0042086 0.4139991 Macrophage, Dendritic 
BIRC2 0.03019228 0.174887 Macrophage, Dendritic 
BLVRA 7.62E-08 0.4705414 Macrophage, Dendritic 
BLVRB 3.58E-17 0.5788493 Macrophage, Dendritic 
BMP2K 1.98E-10 -0.3049058 Macrophage, Dendritic 
BPI 3.70E-120 0.7990294 Macrophage, Dendritic 
BTBD1 0.00829981 0.4989697 Macrophage, Dendritic 
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BTF3 0.00717549 0.0799957 Macrophage, Dendritic 
BTG1 0.00061894 -0.263966 Macrophage, Dendritic 
BZW1 5.17E-08 0.1911756 Macrophage, Dendritic 
C1orf54 0.00169895 0.9677093 Macrophage, Dendritic 
C1QA 6.80E-38 0.3304704 Macrophage, Dendritic 
C1QA 6.54E-45 1.0834757 Macrophage, Dendritic 
C1QB 2.67E-51 0.5339543 Macrophage, Dendritic 
C1QB 9.26E-62 1.6528294 Macrophage, Dendritic 
C1QC 1.43E-14 0.2519149 Macrophage, Dendritic 
C1QC 4.25E-44 1.5537856 Macrophage, Dendritic 
C2 8.40E-06 1.188806 Macrophage, Dendritic 
C20H19orf53 2.71E-14 0.3190524 Macrophage, Dendritic 
C30H15orf48 1.23E-13 0.5824903 Macrophage, Dendritic 
C5AR1 1.13E-11 0.324294 Macrophage, Dendritic 
C5H1orf87 3.19E-08 -0.4745073 Macrophage, Dendritic 
C5H1orf87 0.00831452 -0.2445314 Macrophage, Dendritic 
C6H7orf50 0.00223309 0.2563172 Macrophage, Dendritic 
C6H7orf50 6.46E-48 0.686266 Macrophage, Dendritic 
C9H17orf64 3.12E-17 -0.3659478 Macrophage, Dendritic 
C9H17orf99 1.75E-17 1.13653 Macrophage, Dendritic 
CA4 1.13E-08 2.537569 Macrophage, Dendritic 
CAB39 0.00334793 0.3287359 Macrophage, Dendritic 
CALCOCO2 1.12E-13 0.4333524 Macrophage, Dendritic 
CALM3 1.17E-06 0.276064 Macrophage, Dendritic 
CAPG 1.26E-34 0.2784434 Macrophage, Dendritic 
CAPN10 0.02172599 0.4929094 Macrophage, Dendritic 
CAPN2 1.18E-05 0.3388246 Macrophage, Dendritic 
CAPZA2 0.00049594 0.1537446 Macrophage, Dendritic 
CARD6 0.02539836 0.5511821 Macrophage, Dendritic 
CARHSP1 0.00010844 2.109435 Macrophage, Dendritic 
CASP4 2.16E-09 0.5903646 Macrophage, Dendritic 
CASP6 0.01733826 0.4099638 Macrophage, Dendritic 
CAT 0.00155462 0.3187172 Macrophage, Dendritic 
CBLB 0.00640805 -0.4853371 Macrophage, Dendritic 
CBWD1 0.0235414 -0.1657985 Macrophage, Dendritic 
CCDC50 0.00164138 0.1932516 Macrophage, Dendritic 
CCDC80 8.05E-08 -0.5785738 Macrophage, Dendritic 
CCDC80 9.84E-23 -0.9014859 Macrophage, Dendritic 
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CCL13 1.30E-11 -0.3269657 Macrophage, Dendritic 
CCL14 2.89E-05 0.2585022 Macrophage, Dendritic 
CCL17 9.57E-07 1.2464332 Macrophage, Dendritic 
CCL24 5.88E-17 1.353584 Macrophage, Dendritic 
CCL4 0.00060323 -0.4409 Macrophage, Dendritic 
CCL4 2.47E-08 -0.4902121 Macrophage, Dendritic 
CCL5 9.21E-05 1.9287624 Macrophage, Dendritic 
CCL5 2.49E-25 1.8051456 Macrophage, Dendritic 
CCL8 0.04792572 -0.2937166 Macrophage, Dendritic 
CCN3 0.01631344 -1.548946 Macrophage, Dendritic 
CCN3 0.01426395 -2.9022 Macrophage, Dendritic 
CCNL1 1.28E-07 0.2446943 Macrophage, Dendritic 
CCR1 4.86E-12 0.5565222 Macrophage, Dendritic 
CCR1 2.47E-13 0.7282391 Macrophage, Dendritic 
CCSER2 3.35E-07 0.474237 Macrophage, Dendritic 
CD109 0.0006371 0.5612731 Macrophage, Dendritic 
CD163 4.95E-23 0.3923629 Macrophage, Dendritic 
CD163 9.08E-13 0.6375783 Macrophage, Dendritic 
CD1A8 6.12E-05 0.4118529 Macrophage, Dendritic 
CD1C 0.01057795 -0.1475745 Macrophage, Dendritic 
CD2 1.37E-17 -0.4161229 Macrophage, Dendritic 
CD209 2.62E-20 0.3017433 Macrophage, Dendritic 
CD209 1.50E-05 0.658809 Macrophage, Dendritic 
CD248 6.53E-08 -1.032955 Macrophage, Dendritic 
CD34 2.64E-10 -0.6709361 Macrophage, Dendritic 
CD36 1.23E-06 0.4737483 Macrophage, Dendritic 
CD3D 2.01E-09 1.361305 Macrophage, Dendritic 
CD3E 0.03064138 0.9390428 Macrophage, Dendritic 
CD44 1.58E-10 -0.140667 Macrophage, Dendritic 
CD47 3.33E-06 0.1761034 Macrophage, Dendritic 
CD55 0.03592209 -0.5742022 Macrophage, Dendritic 
CD63 3.27E-06 0.1272675 Macrophage, Dendritic 
CD63 1.39E-35 0.264212 Macrophage, Dendritic 
CD68 2.51E-48 1.006292 Macrophage, Dendritic 
CD68 2.60E-13 1.026791 Macrophage, Dendritic 
CD72 0.00896641 -0.7217093 Macrophage, Dendritic 
CD74 1.08E-05 -0.0765571 Macrophage, Dendritic 
CD80 0.02539836 -0.2441262 Macrophage, Dendritic 
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CD80 1.90E-44 -0.4849385 Macrophage, Dendritic 
CD86 0.00156529 -0.127606 Macrophage, Dendritic 
CDA 5.81E-18 0.5830277 Macrophage, Dendritic 
CDA 2.11E-53 0.5389772 Macrophage, Dendritic 
CDADC1 0.00162636 0.4577857 Macrophage, Dendritic 
CDC37 0.00364402 0.2217579 Macrophage, Dendritic 
CDC42EP5 1.26E-05 -0.7352363 Macrophage, Dendritic 
CDK12 0.0004514 0.3410577 Macrophage, Dendritic 
CDK3 7.75E-06 0.868859 Macrophage, Dendritic 
CDK3 0.00014293 0.7344542 Macrophage, Dendritic 
CDO1 1.08E-08 -1.686829 Macrophage, Dendritic 
CELF2 2.66E-23 -0.3784718 Macrophage, Dendritic 
CFI 0.00024828 1.794941 Macrophage, Dendritic 
CHCHD2 0.00152703 0.1279092 Macrophage, Dendritic 
CHI3L1 5.62E-19 -0.9313966 Macrophage, Dendritic 
CHSY1 9.10E-05 0.364972 Macrophage, Dendritic 
CIRBP 1.23E-08 0.2098097 Macrophage, Dendritic 
CISD2 0.00816303 0.2630948 Macrophage, Dendritic 
CKS1B 3.20E-06 0.4989812 Macrophage, Dendritic 
CLDN1 2.45E-25 1.793725 Macrophage, Dendritic 
CLDND1 0.00043762 0.2024891 Macrophage, Dendritic 
CLEC3B 5.26E-20 -0.757331 Macrophage, Dendritic 
CLIC1 1.88E-09 0.2644643 Macrophage, Dendritic 
CLIC1 0.00038376 0.1092105 Macrophage, Dendritic 
CLU 0.00019539 0.2581798 Macrophage, Dendritic 
CLU 0.00013864 -0.3090632 Macrophage, Dendritic 
CNDP2 0.00832923 0.5201996 Macrophage, Dendritic 
COL1A1 1.76E-69 -2.0006573 Macrophage, Dendritic 
COL1A1 4.59E-72 -2.4766296 Macrophage, Dendritic 
COL1A2 2.11E-71 -1.6780186 Macrophage, Dendritic 
COL1A2 5.29E-74 -2.1357693 Macrophage, Dendritic 
COL3A1 2.35E-71 -2.0184729 Macrophage, Dendritic 
COL3A1 5.77E-79 -2.432588 Macrophage, Dendritic 
COL5A1 2.18E-07 -1.290099 Macrophage, Dendritic 
COL5A1 1.18E-08 -1.414241 Macrophage, Dendritic 
COL5A2 8.92E-18 -1.141246 Macrophage, Dendritic 
COL6A1 4.32E-06 -0.4260198 Macrophage, Dendritic 
COL6A3 1.28E-15 -0.7773292 Macrophage, Dendritic 
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COL6A3 4.01E-19 -0.8175847 Macrophage, Dendritic 
COL6A5 0.00324763 3.919543 Macrophage, Dendritic 
COMP 0.01236845 1.143131 Macrophage, Dendritic 
COMP 9.59E-08 1.300583 Macrophage, Dendritic 
COPS2 6.20E-09 0.5037248 Macrophage, Dendritic 
COPZ2 2.25E-10 -0.8457486 Macrophage, Dendritic 
COPZ2 2.67E-18 -0.997354 Macrophage, Dendritic 
COX17 1.03E-05 -0.2871618 Macrophage, Dendritic 
COX17 9.88E-53 -0.4644822 Macrophage, Dendritic 
COX4I1 7.54E-12 0.1391451 Macrophage, Dendritic 
CPNE3 1.45E-19 0.6403251 Macrophage, Dendritic 
CPQ 0.033352 -0.5761244 Macrophage, Dendritic 
CPT1A 5.01E-09 0.4367199 Macrophage, Dendritic 
CPZ 9.53E-31 -1.485531 Macrophage, Dendritic 
CPZ 2.55E-43 -2.014897 Macrophage, Dendritic 
CREG1 6.24E-31 0.5469223 Macrophage, Dendritic 
CREG1 2.96E-22 1.155292 Macrophage, Dendritic 
CRIP1 3.91E-08 -0.0971905 Macrophage, Dendritic 
CRYM 3.82E-13 -1.557163 Macrophage, Dendritic 
CSF1R 0.00331671 0.140238 Macrophage, Dendritic 
CSF1R 6.77E-10 0.5547671 Macrophage, Dendritic 
CSNK1A1 0.00017128 0.1604733 Macrophage, Dendritic 
CSTB 2.38E-42 0.2193567 Macrophage, Dendritic 
CSTB 1.47E-06 0.1169182 Macrophage, Dendritic 
CTHRC1 0.00017177 -1.161323 Macrophage, Dendritic 
CTHRC1 2.53E-08 -1.616092 Macrophage, Dendritic 
CTSB 6.61E-24 0.9195654 Macrophage, Dendritic 
CTSC 0.01358754 0.14602 Macrophage, Dendritic 
CTSC 5.80E-15 0.37167 Macrophage, Dendritic 
CTSZ 2.03E-35 0.4457862 Macrophage, Dendritic 
CUX1 1.58E-05 0.2458489 Macrophage, Dendritic 
CXCL10 2.30E-09 1.197191 Macrophage, Dendritic 
CXCL8 4.07E-11 -0.2226418 Macrophage, Dendritic 
CXCR4 0.00084057 -0.3832757 Macrophage, Dendritic 
CYBA 5.38E-05 0.1816325 Macrophage, Dendritic 
CYBA 1.42E-43 0.341965 Macrophage, Dendritic 
CYBB 0.01491658 0.7484582 Macrophage, Dendritic 
CYLD 0.00519792 -0.1706873 Macrophage, Dendritic 
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DAB2 0.04572582 0.4973875 Macrophage, Dendritic 
DAGLB 5.86E-09 0.9181131 Macrophage, Dendritic 
DAPP1 5.97E-05 0.2127125 Macrophage, Dendritic 
DBNDD2 0.00092841 0.7176471 Macrophage, Dendritic 
DCBLD2 0.04526896 0.5668631 Macrophage, Dendritic 
DCBLD2 0.00527367 0.4906672 Macrophage, Dendritic 
DCN 2.94E-12 -0.5433962 Macrophage, Dendritic 
DDIT4 1.13E-08 0.3300168 Macrophage, Dendritic 
DDOST 1.37E-11 0.4269337 Macrophage, Dendritic 
DDX17 0.02233224 0.1361674 Macrophage, Dendritic 
DDX3X 1.01E-11 -0.1866488 Macrophage, Dendritic 
DEGS1 0.0221088 0.1711726 Macrophage, Dendritic 
DEGS1 5.06E-05 0.2336424 Macrophage, Dendritic 
DEK 0.00047906 0.2013911 Macrophage, Dendritic 
DENND1B 6.00E-05 0.4248425 Macrophage, Dendritic 
DLA-64 2.86E-48 -0.2817716 Macrophage, Dendritic 
DLA-79 9.31E-17 -0.6520442 Macrophage, Dendritic 
DLA-79 1.04E-32 -0.4266697 Macrophage, Dendritic 
DLA88 1.83E-22 0.3666076 Macrophage, Dendritic 
DLA88 2.59E-258 0.89533 Macrophage, Dendritic 
DLA-DMA 1.16E-05 0.1581319 Macrophage, Dendritic 
DLA-DQA1 5.80E-09 -0.1064374 Macrophage, Dendritic 
DLA-DRA 0.00159588 -0.063952 Macrophage, Dendritic 
DMXL1 0.00592942 0.2625589 Macrophage, Dendritic 
DNAJB1 1.02E-27 0.7016635 Macrophage, Dendritic 
DNASE2 0.00103867 0.5555546 Macrophage, Dendritic 
DNLZ 0.00180965 0.5873389 Macrophage, Dendritic 
DNTTIP2 0.00017435 0.3044445 Macrophage, Dendritic 
DPF2 0.02989081 0.3715393 Macrophage, Dendritic 
DPYD 6.94E-05 0.3580129 Macrophage, Dendritic 
DRAM1 0.00078867 0.4833654 Macrophage, Dendritic 
DRAM2 2.31E-10 0.7071401 Macrophage, Dendritic 
DUSP1 1.02E-06 -0.2582017 Macrophage, Dendritic 
DUSP11 0.00159588 0.373775 Macrophage, Dendritic 
DUSP4 0.01733826 -0.3619913 Macrophage, Dendritic 
ECM2 1.20E-05 -0.4876219 Macrophage, Dendritic 
EDIL3 0.00589163 -0.8400505 Macrophage, Dendritic 
EEF1A1 6.67E-14 -0.2072559 Macrophage, Dendritic 
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EEF1A1 1.10E-181 -0.4363143 Macrophage, Dendritic 
EFEMP1 0.03589117 0.8803093 Macrophage, Dendritic 
EGFL7 0.00063099 0.5465169 Macrophage, Dendritic 
EGLN1 0.00162636 0.4674876 Macrophage, Dendritic 
EGR2 5.02E-06 0.5719653 Macrophage, Dendritic 
EHD1 1.27E-05 0.3863086 Macrophage, Dendritic 
EHD4 0.02323917 0.3003838 Macrophage, Dendritic 
EIF2S2 0.0250864 -0.1831176 Macrophage, Dendritic 
EIF3F 0.04902444 0.100077 Macrophage, Dendritic 
EIF3G 5.50E-08 0.2206072 Macrophage, Dendritic 
EIF3I 4.74E-06 0.2745349 Macrophage, Dendritic 
EIF3K 1.69E-15 0.1345473 Macrophage, Dendritic 
EIF3M 1.10E-06 0.1914788 Macrophage, Dendritic 
EIF4A1 0.0019165 0.0919545 Macrophage, Dendritic 
EIF6 0.00019131 0.240167 Macrophage, Dendritic 
ELL 0.00638495 0.1934996 Macrophage, Dendritic 
EMB 0.00025135 0.3153511 Macrophage, Dendritic 
EMD 0.01194424 0.1017712 Macrophage, Dendritic 
EMR4 0.03079104 0.6714475 Macrophage, Dendritic 
ENPP6 1.97E-12 1.425766 Macrophage, Dendritic 
EPHB2 1.97E-45 0.3901662 Macrophage, Dendritic 
EPHB2 6.07E-12 0.685779 Macrophage, Dendritic 
EPSTI1 0.00880994 -0.5774482 Macrophage, Dendritic 
EREG 7.19E-07 1.338842 Macrophage, Dendritic 
ERI1 0.0262614 0.6147582 Macrophage, Dendritic 
ETFA 0.0273204 0.2647387 Macrophage, Dendritic 
ETFB 1.06E-08 0.5500241 Macrophage, Dendritic 
ETS2 3.35E-14 0.2977368 Macrophage, Dendritic 
EXOC3 1.28E-08 0.4547528 Macrophage, Dendritic 
EXOSC4 0.00978857 0.3788861 Macrophage, Dendritic 
F11R 1.69E-08 -0.9148849 Macrophage, Dendritic 
FABP3 0.01945984 0.8918281 Macrophage, Dendritic 
FAM166A 0.00987941 0.5300405 Macrophage, Dendritic 
FAM234A 0.00012123 1.142414 Macrophage, Dendritic 
FAP 0.00340015 -0.5519168 Macrophage, Dendritic 
FAS 0.00604835 -0.3536998 Macrophage, Dendritic 
FAU 0.0368292 -0.0605177 Macrophage, Dendritic 
FAU 0.04752704 -0.0451264 Macrophage, Dendritic 
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FBN1 1.93E-33 -0.9853596 Macrophage, Dendritic 
FCGR1A 3.05E-22 1.422788 Macrophage, Dendritic 
FDX1 3.02E-08 0.3884719 Macrophage, Dendritic 
FES 0.01537119 0.5275797 Macrophage, Dendritic 
FFAR4 1.60E-05 -1.547567 Macrophage, Dendritic 
FGL2 9.69E-05 0.2043022 Macrophage, Dendritic 
FIS1 8.44E-05 0.3017149 Macrophage, Dendritic 
FKBP2 0.01900875 0.26386 Macrophage, Dendritic 
FKBP3 5.22E-09 1.039591 Macrophage, Dendritic 
FKBP4 0.03305098 0.5601579 Macrophage, Dendritic 
FKBP5 3.10E-06 0.4991097 Macrophage, Dendritic 
FLNA 6.57E-06 -0.2024762 Macrophage, Dendritic 
FNDC1 0.0120553 0.6479043 Macrophage, Dendritic 
FNDC3A 9.38E-06 0.4655955 Macrophage, Dendritic 
FOLH1 0.00231158 1.942108 Macrophage, Dendritic 
FOS 4.59E-16 0.3221172 Macrophage, Dendritic 
FPR2 0.00088459 1.018848 Macrophage, Dendritic 
FSCN1 0.00040325 -0.1425954 Macrophage, Dendritic 
FTL 2.57E-55 0.3205274 Macrophage, Dendritic 
FTL 4.46E-22 0.3144957 Macrophage, Dendritic 
FUNDC2 9.82E-07 0.5130285 Macrophage, Dendritic 
FURIN 7.72E-06 0.6902869 Macrophage, Dendritic 
FXYD1 0.00064168 -0.250053 Macrophage, Dendritic 
FXYD5 1.79E-06 0.1951025 Macrophage, Dendritic 
G0S2 0.00170263 0.7597955 Macrophage, Dendritic 
GABARAPL1 2.48E-05 0.2432062 Macrophage, Dendritic 
GABARAPL2 0.00220178 0.1405 Macrophage, Dendritic 
GABARAPL2 2.40E-21 -0.1747107 Macrophage, Dendritic 
GADD45A 1.80E-08 0.3372175 Macrophage, Dendritic 
GADD45B 1.80E-05 -0.2526536 Macrophage, Dendritic 
GADD45G 4.04E-09 0.376821 Macrophage, Dendritic 
GALC 5.01E-21 -0.9090227 Macrophage, Dendritic 
GALK1 1.79E-07 0.1293493 Macrophage, Dendritic 
GALNT1 5.74E-12 0.3745524 Macrophage, Dendritic 
GAPDH 0.00085655 0.1446488 Macrophage, Dendritic 
GAS6 4.37E-06 0.3289865 Macrophage, Dendritic 
GASK1B 0.00013681 1.033289 Macrophage, Dendritic 
GASK1B 0.00022521 1.358687 Macrophage, Dendritic 
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GBP1 3.21E-26 1.041672 Macrophage, Dendritic 
GBP6 0.04226013 0.9469945 Macrophage, Dendritic 
GCNT2 0.0325983 0.6306752 Macrophage, Dendritic 
GDE1 5.58E-05 0.5493639 Macrophage, Dendritic 
GDE1 0.00971298 0.5121155 Macrophage, Dendritic 
GEMIN6 0.02747037 0.7705783 Macrophage, Dendritic 
GGH 1.58E-32 0.7045767 Macrophage, Dendritic 
GIGYF1 0.04738194 0.7436244 Macrophage, Dendritic 
GIMAP2 0.0055783 1.549819 Macrophage, Dendritic 
GIMAP4 8.14E-09 1.356324 Macrophage, Dendritic 
GJA1 0.01991331 -0.8491452 Macrophage, Dendritic 
GJB2 2.32E-06 1.603886 Macrophage, Dendritic 
GLDN 7.20E-07 1.197152 Macrophage, Dendritic 
GLIPR1 4.23E-10 0.3059502 Macrophage, Dendritic 
GLIPR1 9.01E-13 0.2685363 Macrophage, Dendritic 
GLRX 1.22E-07 0.341077 Macrophage, Dendritic 
GLRX 1.02E-18 0.200627 Macrophage, Dendritic 
GLRX2 2.46E-05 0.4199655 Macrophage, Dendritic 
GLS 0.00108909 0.3307942 Macrophage, Dendritic 
GLUL 0.03909216 -0.1377773 Macrophage, Dendritic 
GMFG 4.58E-20 0.3912627 Macrophage, Dendritic 
GMPS 0.00633996 0.3033713 Macrophage, Dendritic 
GNA13 0.00088258 0.3082991 Macrophage, Dendritic 
GNAI2 0.00466589 0.1324455 Macrophage, Dendritic 
GNE 1.98E-06 0.5535955 Macrophage, Dendritic 
GNPDA1 3.96E-05 1.122375 Macrophage, Dendritic 
GOLGA5 0.04602256 0.3436452 Macrophage, Dendritic 
GOLGB1 0.0404286 -0.1681 Macrophage, Dendritic 
GOLIM4 0.01107803 -0.4921307 Macrophage, Dendritic 
GPAT3 1.25E-05 1.144354 Macrophage, Dendritic 
GPD2 0.01642896 0.7363604 Macrophage, Dendritic 
GPR171 1.43E-06 -0.3499619 Macrophage, Dendritic 
GPR183 5.12E-06 -0.179531 Macrophage, Dendritic 
GPR65 0.007373 -0.3174156 Macrophage, Dendritic 
GPS2 4.46E-15 0.8067749 Macrophage, Dendritic 
GPX1 1.14E-08 0.1936147 Macrophage, Dendritic 
GPX2 3.34E-05 1.889373 Macrophage, Dendritic 
GRK3 0.00078453 0.4483361 Macrophage, Dendritic 
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GRN 0.01931035 0.1901539 Macrophage, Dendritic 
GRSF1 0.02081852 0.5440671 Macrophage, Dendritic 
GUSB 9.30E-07 0.3954721 Macrophage, Dendritic 
GZMB 0.01567454 0.3261197 Macrophage, Dendritic 
H2AJ 0.01113059 0.4504528 Macrophage, Dendritic 
H2AZ1 0.01405734 0.1371047 Macrophage, Dendritic 
H2AZ1 2.10E-06 0.1283325 Macrophage, Dendritic 
H3-3A 0.00671924 -0.0666256 Macrophage, Dendritic 
HAGH 0.00135089 0.6008831 Macrophage, Dendritic 
HAS2 0.0044217 -0.4173072 Macrophage, Dendritic 
HCK 1.77E-08 -0.6399008 Macrophage, Dendritic 
HELZ 0.0001368 0.3484558 Macrophage, Dendritic 
HEXB 4.39E-09 0.3894498 Macrophage, Dendritic 
HIBCH 5.31E-05 0.7449678 Macrophage, Dendritic 
HIPK2 5.97E-19 0.4746846 Macrophage, Dendritic 
HLA-DQB2 0.00097576 0.2496945 Macrophage, Dendritic 
HMGB2 7.10E-06 0.2540426 Macrophage, Dendritic 
HMGN1 0.00014217 -0.3029516 Macrophage, Dendritic 
HMOX1 6.37E-26 0.5972541 Macrophage, Dendritic 
HMOX1 1.60E-30 1.1728843 Macrophage, Dendritic 
HNRNPA3 0.00049594 -0.1415544 Macrophage, Dendritic 
HRAS 0.04767525 0.6099924 Macrophage, Dendritic 
HSBP1 9.54E-08 -0.2150683 Macrophage, Dendritic 
HSP90AA1 7.43E-14 0.2369512 Macrophage, Dendritic 
HSP90AB1 1.86E-13 0.1233868 Macrophage, Dendritic 
HSPA4 0.00096818 0.2057727 Macrophage, Dendritic 
HSPA5 1.35E-24 0.3000315 Macrophage, Dendritic 
HSPA8 5.38E-21 0.2591233 Macrophage, Dendritic 
HSPA8 1.36E-16 0.2393889 Macrophage, Dendritic 
HSPH1 2.25E-12 0.434252 Macrophage, Dendritic 
IBTK 0.00092232 0.4437161 Macrophage, Dendritic 
ICAM1 5.50E-05 -0.1847062 Macrophage, Dendritic 
ICAM1 0.00468088 -0.1182793 Macrophage, Dendritic 
ICAM2 0.00239005 0.6994817 Macrophage, Dendritic 
ICOS 0.00116721 1.514822 Macrophage, Dendritic 
IGF1 2.02E-32 -0.6156091 Macrophage, Dendritic 
IGF2R 4.25E-10 0.6151614 Macrophage, Dendritic 
IGFBP2 4.32E-05 1.698579 Macrophage, Dendritic 
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IGSF10 4.71E-07 -0.8604988 Macrophage, Dendritic 
IGSF6 0.03019228 0.4994088 Macrophage, Dendritic 
IK 1.59E-06 -0.1965907 Macrophage, Dendritic 
IL13RA2 0.01518956 2.159736 Macrophage, Dendritic 
IL16 0.00317544 0.7357339 Macrophage, Dendritic 
IL17RB 3.48E-39 -0.7076797 Macrophage, Dendritic 
IL1R1 1.58E-05 0.3168046 Macrophage, Dendritic 
IL1R1 0.00048673 -0.1928911 Macrophage, Dendritic 
IL1R2 4.25E-41 -0.3516968 Macrophage, Dendritic 
IL1RN 0.00013727 -0.3001743 Macrophage, Dendritic 
IL3RA 0.00055129 -0.7182743 Macrophage, Dendritic 
IL6ST 0.00062487 -0.2493799 Macrophage, Dendritic 
IL7R 2.84E-14 -0.2674757 Macrophage, Dendritic 
ILRUN 9.44E-06 0.5555786 Macrophage, Dendritic 
IMP4 0.00051279 0.4904527 Macrophage, Dendritic 
ISG20 0.01688421 0.2677722 Macrophage, Dendritic 
ITGB1 0.00769205 -0.1448154 Macrophage, Dendritic 
ITGB7 9.88E-08 0.9470695 Macrophage, Dendritic 
ITGBL1 4.92E-10 -1.279465 Macrophage, Dendritic 
ITIH5 4.36E-08 -0.5999779 Macrophage, Dendritic 
ITIH5 8.80E-27 -1.067482 Macrophage, Dendritic 
JAG1 1.37E-29 -0.9267194 Macrophage, Dendritic 
JCHAIN 0.00493932 3.573939 Macrophage, Dendritic 
JMJD1C 6.95E-05 0.1987369 Macrophage, Dendritic 
KCMF1 1.57E-10 0.3735832 Macrophage, Dendritic 
KCNN4 0.01646925 0.5066176 Macrophage, Dendritic 
KHDRBS1 0.00020055 -0.2639456 Macrophage, Dendritic 
KIF2A 0.00515307 -0.2128686 Macrophage, Dendritic 
KLF4 0.01756384 0.2477584 Macrophage, Dendritic 
KLF4 0.00947087 -0.2781128 Macrophage, Dendritic 
KLHL42 0.00295715 0.8078817 Macrophage, Dendritic 
KRT10 0.0280756 0.4160428 Macrophage, Dendritic 
KRT75 0.00950075 0.7624193 Macrophage, Dendritic 
KRTCAP2 0.04738194 -0.1166044 Macrophage, Dendritic 
KRTDAP 2.22E-13 1.131109 Macrophage, Dendritic 
LAD1 1.40E-06 -0.3183533 Macrophage, Dendritic 
LAMB1 0.01089589 -0.5427265 Macrophage, Dendritic 
LAMP1 0.00121757 0.5178527 Macrophage, Dendritic 
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LAMP2 0.0484256 0.1299155 Macrophage, Dendritic 
LAMTOR2 4.29E-30 0.3937427 Macrophage, Dendritic 
LAMTOR4 2.85E-11 0.3053191 Macrophage, Dendritic 
LAMTOR4 1.69E-15 0.1920129 Macrophage, Dendritic 
LAP3 0.00014048 0.2859959 Macrophage, Dendritic 
LCP1 8.34E-16 -0.1469261 Macrophage, Dendritic 
LCP2 1.26E-05 0.8474658 Macrophage, Dendritic 
LENG1 0.006036 0.6407119 Macrophage, Dendritic 
LGALS1 3.56E-10 0.1622516 Macrophage, Dendritic 
LGMN 6.28E-05 0.4531133 Macrophage, Dendritic 
LPCAT2 0.01405175 0.3593992 Macrophage, Dendritic 
LRP1 0.02036532 0.4337311 Macrophage, Dendritic 
LRRFIP1 0.0404286 0.171364 Macrophage, Dendritic 
LRRFIP1 1.12E-19 0.2493434 Macrophage, Dendritic 
LSM14A 0.007373 0.23884 Macrophage, Dendritic 
LSP1 7.86E-07 -0.1334743 Macrophage, Dendritic 
LUZP1 0.02611132 0.2551392 Macrophage, Dendritic 
LXN 2.54E-10 0.5227748 Macrophage, Dendritic 
LY6D 1.26E-08 0.5701935 Macrophage, Dendritic 
LY86 0.00057423 0.3908436 Macrophage, Dendritic 
LY96 0.00291156 0.4007529 Macrophage, Dendritic 
LYST 3.72E-11 0.685779 Macrophage, Dendritic 
LYVE1 1.20E-33 0.560446 Macrophage, Dendritic 
LYZ 0.0171873 -0.15207 Macrophage, Dendritic 
MACF1 0.00468307 -0.1856135 Macrophage, Dendritic 
MACO1 8.39E-14 -0.2898171 Macrophage, Dendritic 
MAFB 2.89E-49 0.7308791 Macrophage, Dendritic 
MAMDC2 0.04933215 0.4212231 Macrophage, Dendritic 
MAN1A1 9.80E-09 0.304448 Macrophage, Dendritic 
MANF 0.00056811 0.1283678 Macrophage, Dendritic 
MAP2K2 0.0001391 0.4536547 Macrophage, Dendritic 
MAP7D1 6.65E-08 0.4432386 Macrophage, Dendritic 
MARCHF1 9.62E-16 0.6846672 Macrophage, Dendritic 
MARCKS 6.06E-18 -0.2910906 Macrophage, Dendritic 
MARCKSL1 0.0441753 -0.1656656 Macrophage, Dendritic 
MARCKSL1 7.32E-57 -0.3752681 Macrophage, Dendritic 
MARK3 8.85E-21 0.2237569 Macrophage, Dendritic 
MAT2A 0.04995221 0.1462124 Macrophage, Dendritic 
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MATK 0.00502816 0.4199327 Macrophage, Dendritic 
MATN4 2.66E-05 -0.5696503 Macrophage, Dendritic 
MATR3 0.02671504 -0.1281624 Macrophage, Dendritic 
MAX 0.01053291 0.2688852 Macrophage, Dendritic 
MCFD2 1.60E-11 0.5734691 Macrophage, Dendritic 
MEA1 0.00875465 0.5160759 Macrophage, Dendritic 
MED29 0.00518297 0.3608805 Macrophage, Dendritic 
METRNL 2.68E-17 0.3540637 Macrophage, Dendritic 
METRNL 2.18E-55 0.7562766 Macrophage, Dendritic 
METTL26 1.19E-14 0.6794342 Macrophage, Dendritic 
MGAT4B 0.00011506 0.2330661 Macrophage, Dendritic 
MGLL 3.45E-16 -0.3421181 Macrophage, Dendritic 
MGP 9.32E-20 -1.325412 Macrophage, Dendritic 
MGST1 1.50E-10 1.776132 Macrophage, Dendritic 
MLEC 7.37E-05 0.2031287 Macrophage, Dendritic 
MMP1 0.00326273 3.306582 Macrophage, Dendritic 
MMP2 3.96E-15 -0.750569 Macrophage, Dendritic 
MOV10L1 5.63E-06 1.480521 Macrophage, Dendritic 
MPP1 0.00038376 0.2152818 Macrophage, Dendritic 
MRC1 1.99E-06 0.3183463 Macrophage, Dendritic 
MRPL21 5.71E-05 -0.2681982 Macrophage, Dendritic 
MRPL3 0.03984713 0.3685639 Macrophage, Dendritic 
MRPS34 3.79E-05 0.4665708 Macrophage, Dendritic 
MS4A7 1.36E-08 0.5894841 Macrophage, Dendritic 
MSH6 0.00090553 0.3151065 Macrophage, Dendritic 
MSN 0.01297511 0.1104826 Macrophage, Dendritic 
MSR1 9.56E-10 1.307102 Macrophage, Dendritic 
MSRB1 0.0006252 0.7003945 Macrophage, Dendritic 
MT1E 1.91E-25 1.155621 Macrophage, Dendritic 
MT1E 5.32E-29 0.9856818 Macrophage, Dendritic 
MT2A 1.40E-22 0.5848221 Macrophage, Dendritic 
MT2A 1.73E-29 0.6896693 Macrophage, Dendritic 
MTAP 0.00635482 0.4808072 Macrophage, Dendritic 
MT-ATP6 0.01349024 0.1172401 Macrophage, Dendritic 
MT-CO1 0.01709447 0.1388578 Macrophage, Dendritic 
MT-CO1 3.94E-08 0.1592069 Macrophage, Dendritic 
MT-CO2 2.50E-13 0.2256979 Macrophage, Dendritic 
MT-CO2 2.54E-18 0.2335506 Macrophage, Dendritic 
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MT-CO3 1.55E-08 0.1719301 Macrophage, Dendritic 
MT-CYB 0.00062184 0.156073 Macrophage, Dendritic 
MTDH 2.48E-17 -0.1701405 Macrophage, Dendritic 
MT-ND3 2.68E-10 -0.4338579 Macrophage, Dendritic 
MT-ND3 0.0295893 -0.2631101 Macrophage, Dendritic 
MT-ND4 3.58E-14 0.253892 Macrophage, Dendritic 
MT-ND4 3.86E-27 0.2853264 Macrophage, Dendritic 
MT-ND5 0.01305741 0.2730876 Macrophage, Dendritic 
MT-ND5 1.69E-07 0.2784546 Macrophage, Dendritic 
MT-ND6 0.00162636 0.2368559 Macrophage, Dendritic 
MTPN 9.79E-14 0.3416864 Macrophage, Dendritic 
MXD1 0.00013435 0.2626127 Macrophage, Dendritic 
MXRA5 3.33E-05 -0.7838803 Macrophage, Dendritic 
MXRA5 8.11E-06 -0.9097698 Macrophage, Dendritic 
MYBPC2 1.07E-20 1.65518 Macrophage, Dendritic 
NAA16 0.00277383 -0.1948729 Macrophage, Dendritic 
NAALAD2 0.00358348 0.7580493 Macrophage, Dendritic 
NAB1 0.04767525 0.2704154 Macrophage, Dendritic 
NAMPT 3.08E-13 0.2642486 Macrophage, Dendritic 
NAP1L1 1.58E-21 -0.1898822 Macrophage, Dendritic 
NASP 0.00027136 0.289294 Macrophage, Dendritic 
ND4L 0.01678188 0.2802083 Macrophage, Dendritic 
ND4L 9.26E-10 0.3675111 Macrophage, Dendritic 
NDUFA8 5.73E-08 0.3323638 Macrophage, Dendritic 
NDUFB7 0.00108302 0.2623846 Macrophage, Dendritic 
NDUFB8 0.00030215 0.2454649 Macrophage, Dendritic 
NDUFB9 9.01E-07 0.314207 Macrophage, Dendritic 
NDUFS5 3.01E-07 -0.168658 Macrophage, Dendritic 
NDUFS6 0.00121305 0.233643 Macrophage, Dendritic 
NDUFS7 1.50E-07 0.4355078 Macrophage, Dendritic 
NDUFS8 7.03E-05 0.3623155 Macrophage, Dendritic 
NDUFS8 3.80E-17 0.3594199 Macrophage, Dendritic 
NEK9 0.00079525 0.1916582 Macrophage, Dendritic 
NENF 0.00070776 0.4473993 Macrophage, Dendritic 
NET1 0.00068934 0.7758197 Macrophage, Dendritic 
NEURL3 0.00038595 -0.364637 Macrophage, Dendritic 
NFE2L3 1.52E-10 0.8372416 Macrophage, Dendritic 
NFKB1 4.05E-07 -0.1784861 Macrophage, Dendritic 
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NFKB1 6.38E-10 -0.1577192 Macrophage, Dendritic 
NFKBIA 1.84E-11 0.1471865 Macrophage, Dendritic 
NFKBIZ 0.00481761 -0.1502114 Macrophage, Dendritic 
NID2 0.01160082 0.4533134 Macrophage, Dendritic 
NINJ1 5.23E-06 0.2233212 Macrophage, Dendritic 
NINJ1 0.00522815 0.1479252 Macrophage, Dendritic 
NME7 0.0133084 -0.2889798 Macrophage, Dendritic 
NOP53 0.00140281 0.1721702 Macrophage, Dendritic 
NPAS1 0.02179659 -0.2930379 Macrophage, Dendritic 
NPC1 0.00152167 0.4498914 Macrophage, Dendritic 
NPC2 1.02E-17 0.2793415 Macrophage, Dendritic 
NR4A1 0.00075094 -0.2579311 Macrophage, Dendritic 
NR4A3 3.96E-30 -0.4122566 Macrophage, Dendritic 
NRDC 0.00474145 0.3024405 Macrophage, Dendritic 
NRG1 4.59E-06 1.501029 Macrophage, Dendritic 
NSD3 2.26E-05 0.2664352 Macrophage, Dendritic 
NTAN1 4.67E-05 0.3366833 Macrophage, Dendritic 
NTRK2 0.00987941 -0.9179198 Macrophage, Dendritic 
NUB1 8.28E-05 -0.3893694 Macrophage, Dendritic 
NUB1 0.00643035 0.2957324 Macrophage, Dendritic 
NUCB1 9.61E-06 0.4298155 Macrophage, Dendritic 
NUCKS1 0.01311131 0.1373451 Macrophage, Dendritic 
NUFIP2 0.041657 0.2257378 Macrophage, Dendritic 
NUP153 0.00177909 0.399247 Macrophage, Dendritic 
NUP98 6.78E-06 0.3542703 Macrophage, Dendritic 
OAZ1 7.46E-11 0.0947292 Macrophage, Dendritic 
OAZ2 2.83E-05 0.4516523 Macrophage, Dendritic 
OCIAD2 4.52E-07 -0.5445671 Macrophage, Dendritic 
ODC1 1.75E-08 0.395718 Macrophage, Dendritic 
OGN 1.64E-06 -1.711181 Macrophage, Dendritic 
OGN 1.87E-06 -1.877696 Macrophage, Dendritic 
OSBPL3 0.0404505 0.7500621 Macrophage, Dendritic 
OSM 0.04331184 0.7944946 Macrophage, Dendritic 
OTOF 0.02233224 1.040504 Macrophage, Dendritic 
P4HA2 0.00067861 -0.4797375 Macrophage, Dendritic 
PABPN1 4.26E-05 0.2222722 Macrophage, Dendritic 
PARP1 0.01449134 0.3205572 Macrophage, Dendritic 
PARP15 9.90E-06 0.4820024 Macrophage, Dendritic 
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PCDH18 2.83E-10 -1.137885 Macrophage, Dendritic 
PCDH18 0.0004022 -0.7392131 Macrophage, Dendritic 
PCOLCE 1.81E-10 -0.6773561 Macrophage, Dendritic 
PCOLCE 1.29E-26 -1.062551 Macrophage, Dendritic 
PCOLCE2 2.60E-13 -1.032955 Macrophage, Dendritic 
PCTP 6.34E-05 0.6813678 Macrophage, Dendritic 
PCYT2 0.00239117 0.3429931 Macrophage, Dendritic 
PDCD5 0.01205009 0.3600645 Macrophage, Dendritic 
PDGFRL 1.85E-08 -0.7770901 Macrophage, Dendritic 
PDGFRL 8.72E-17 -1.085927 Macrophage, Dendritic 
PDIA6 0.00216139 0.1857885 Macrophage, Dendritic 
PDK1 7.48E-05 0.8442493 Macrophage, Dendritic 
PDK4 0.00372493 1.657507 Macrophage, Dendritic 
PDPN 3.38E-12 0.6134619 Macrophage, Dendritic 
PECR 0.04714563 -1.17075 Macrophage, Dendritic 
PERP 6.71E-10 1.074674 Macrophage, Dendritic 
PEX11B 7.01E-23 0.6214507 Macrophage, Dendritic 
PFKFB3 0.00504355 -0.2911711 Macrophage, Dendritic 
PFKFB3 0.0424088 -0.2159496 Macrophage, Dendritic 
PFKP 5.56E-08 0.2601296 Macrophage, Dendritic 
PFN1 0.00634563 0.1180248 Macrophage, Dendritic 
PGLS 5.19E-06 0.2752984 Macrophage, Dendritic 
PHF20 0.03139155 0.2650017 Macrophage, Dendritic 
PHF20L1 0.00031508 -0.3514888 Macrophage, Dendritic 
PHF23 0.01991331 0.3081059 Macrophage, Dendritic 
PHF3 7.25E-07 0.2607013 Macrophage, Dendritic 
PHYH 0.00157025 -0.3427563 Macrophage, Dendritic 
PI3 2.77E-05 -0.5149056 Macrophage, Dendritic 
PIR 3.11E-16 0.5611752 Macrophage, Dendritic 
PITPNB 6.81E-09 0.213014 Macrophage, Dendritic 
PJA2 0.0021462 0.2198958 Macrophage, Dendritic 
PKIB 3.06E-16 -0.1802774 Macrophage, Dendritic 
PKN1 0.00359856 0.3913963 Macrophage, Dendritic 
PLBD1 1.48E-13 -0.4067966 Macrophage, Dendritic 
PLEK 7.10E-14 0.3554712 Macrophage, Dendritic 
PLIN2 8.78E-26 0.3719834 Macrophage, Dendritic 
PLIN2 8.01E-65 0.6284798 Macrophage, Dendritic 
PLK3 0.00359856 0.4547845 Macrophage, Dendritic 
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PLXNC1 0.00013619 -0.1751352 Macrophage, Dendritic 
PM20D2 8.26E-06 -0.1823331 Macrophage, Dendritic 
PMP22 1.15E-08 -0.4275766 Macrophage, Dendritic 
PNP 6.09E-09 0.3525369 Macrophage, Dendritic 
PNPLA6 0.03229719 0.4456149 Macrophage, Dendritic 
POLR1G 0.00094218 0.7327223 Macrophage, Dendritic 
POLR1H 0.00061264 0.3691779 Macrophage, Dendritic 
POLR2E 0.00019695 0.3503527 Macrophage, Dendritic 
POLR2E 5.89E-12 0.5001739 Macrophage, Dendritic 
POR 0.00038224 0.7428181 Macrophage, Dendritic 
POSTN 6.78E-08 1.038215 Macrophage, Dendritic 
PPFIA1 0.04961984 0.4407354 Macrophage, Dendritic 
PPM1B 0.00534975 0.5778123 Macrophage, Dendritic 
PPM1G 2.05E-05 0.30911 Macrophage, Dendritic 
PPP1R14B 1.50E-18 0.4917726 Macrophage, Dendritic 
PPP1R15A 6.07E-12 0.2973089 Macrophage, Dendritic 
PPT1 0.00632509 -0.119164 Macrophage, Dendritic 
PRDX1 7.46E-13 0.197522 Macrophage, Dendritic 
PRDX1 1.47E-46 0.3439081 Macrophage, Dendritic 
PRDX2 6.07E-05 0.3832118 Macrophage, Dendritic 
PRDX2 1.27E-10 0.4800684 Macrophage, Dendritic 
PRELID1 0.00086573 0.275642 Macrophage, Dendritic 
PRICKLE2 4.49E-07 0.2473355 Macrophage, Dendritic 
PRKCB 1.02E-10 0.9900903 Macrophage, Dendritic 
PRNP 3.76E-10 0.5187649 Macrophage, Dendritic 
PRRC2C 2.78E-07 -0.1290678 Macrophage, Dendritic 
PRRX1 2.47E-06 -0.5875354 Macrophage, Dendritic 
PRSS23 0.00018122 -0.4015246 Macrophage, Dendritic 
PSAP 1.84E-16 0.3827059 Macrophage, Dendritic 
PSAP 5.07E-36 0.6613242 Macrophage, Dendritic 
PSENEN 1.12E-05 0.1863202 Macrophage, Dendritic 
PSMA2 5.11E-05 0.248159 Macrophage, Dendritic 
PSMA5 1.31E-05 0.2796432 Macrophage, Dendritic 
PSMA6 1.19E-07 -0.1727843 Macrophage, Dendritic 
PSMB1 0.00490905 0.1291232 Macrophage, Dendritic 
PSMB3 4.77E-07 0.2453872 Macrophage, Dendritic 
PSMB4 0.00437609 0.2363219 Macrophage, Dendritic 
PSMB6 4.04E-12 0.3537196 Macrophage, Dendritic 
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PSMB7 0.01074491 0.2390322 Macrophage, Dendritic 
PSMB9 0.00198185 -0.3176401 Macrophage, Dendritic 
PSMD12 0.022785 0.2733461 Macrophage, Dendritic 
PSME1 0.01567454 0.1563109 Macrophage, Dendritic 
PSMG2 0.04902444 0.3392438 Macrophage, Dendritic 
PSTPIP2 0.00050358 0.7635814 Macrophage, Dendritic 
PTN 6.06E-06 -1.136101 Macrophage, Dendritic 
PTN 0.00084277 -1.153967 Macrophage, Dendritic 
PTP4A2 2.04E-31 -0.2969992 Macrophage, Dendritic 
PTPN2 3.30E-11 0.4224925 Macrophage, Dendritic 
PTPRC 5.38E-06 -0.1324046 Macrophage, Dendritic 
PXK 1.15E-06 0.4150677 Macrophage, Dendritic 
QDPR 6.24E-12 -0.5377372 Macrophage, Dendritic 
QDPR 2.73E-42 -0.5086377 Macrophage, Dendritic 
RAB11A 0.00755519 0.1256026 Macrophage, Dendritic 
RAB14 0.00804202 -0.1494385 Macrophage, Dendritic 
RAB3IL1 0.00640805 0.5225273 Macrophage, Dendritic 
RAB9A 0.00027751 0.2654339 Macrophage, Dendritic 
RABEPK 1.87E-10 0.730318 Macrophage, Dendritic 
RACK1 0.0494856 -0.1828522 Macrophage, Dendritic 
RAD23A 0.00385762 0.3329764 Macrophage, Dendritic 
RAI14 0.03079104 0.852833 Macrophage, Dendritic 
RARRES1 5.99E-05 0.7532089 Macrophage, Dendritic 
RARRES2 0.00109824 0.7298016 Macrophage, Dendritic 
RASGEF1B 3.95E-05 -0.4573776 Macrophage, Dendritic 
RB1CC1 3.19E-08 0.411986 Macrophage, Dendritic 
RBM12 0.00190129 0.2149412 Macrophage, Dendritic 
RBMS1 9.25E-06 0.3191363 Macrophage, Dendritic 
RBP4 4.91E-93 -1.5351479 Macrophage, Dendritic 
RBPJ 7.27E-14 -0.2429728 Macrophage, Dendritic 
RCN1 4.01E-06 -0.610081 Macrophage, Dendritic 
RCN1 1.66E-08 -0.6383323 Macrophage, Dendritic 
RCSD1 2.48E-05 0.5176729 Macrophage, Dendritic 
RELL1 0.0018402 0.4941027 Macrophage, Dendritic 
RETN 7.69E-92 0.6862267 Macrophage, Dendritic 
RFTN1 0.03456024 -0.1828337 Macrophage, Dendritic 
RGS1 2.27E-30 0.6176473 Macrophage, Dendritic 
RGS10 4.00E-08 -0.5571686 Macrophage, Dendritic 
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RGS10 1.00E-17 0.3717846 Macrophage, Dendritic 
RGS19 2.26E-09 0.2824405 Macrophage, Dendritic 
RHEB 0.00468088 0.1578141 Macrophage, Dendritic 
RIDA 0.00291156 0.4101116 Macrophage, Dendritic 
RIN2 0.00017282 0.9040451 Macrophage, Dendritic 
RIPK2 5.63E-08 -0.3368915 Macrophage, Dendritic 
RIT1 0.01582464 0.3810025 Macrophage, Dendritic 
RMC1 0.0499191 0.5735456 Macrophage, Dendritic 
RNASEK 0.00014354 0.1130026 Macrophage, Dendritic 
RNF11 0.03093864 0.6897352 Macrophage, Dendritic 
RPAIN 0.02006268 0.2838555 Macrophage, Dendritic 
RPF1 0.00953063 0.2664007 Macrophage, Dendritic 
RPL10A 0.00618895 -0.1541792 Macrophage, Dendritic 
RPL10A 3.61E-14 -0.1505935 Macrophage, Dendritic 
RPL12 0.0212716 -0.0540539 Macrophage, Dendritic 
RPL13 0.00307952 0.0504959 Macrophage, Dendritic 
RPL14 5.06E-10 -0.2000335 Macrophage, Dendritic 
RPL14 1.98E-44 -0.2293376 Macrophage, Dendritic 
RPL19 4.26E-186 0.5552521 Macrophage, Dendritic 
RPL19 7.23E-69 0.2204764 Macrophage, Dendritic 
RPL22 7.39E-07 -0.155306 Macrophage, Dendritic 
RPL22 8.73E-21 -0.1422211 Macrophage, Dendritic 
RPL23 0.00011774 -0.0984404 Macrophage, Dendritic 
RPL23 1.94E-16 -0.1047281 Macrophage, Dendritic 
RPL24 0.00158903 -0.0767392 Macrophage, Dendritic 
RPL24 1.28E-05 -0.0583887 Macrophage, Dendritic 
RPL27 1.08E-18 -0.1188978 Macrophage, Dendritic 
RPL3 0.00664332 0.0651768 Macrophage, Dendritic 
RPL32 4.32E-20 -0.1421348 Macrophage, Dendritic 
RPL32 6.82E-19 -0.0953797 Macrophage, Dendritic 
RPL34 3.29E-24 -0.3817441 Macrophage, Dendritic 
RPL34 5.10E-100 -0.4837295 Macrophage, Dendritic 
RPL35 0.01513892 -0.0931255 Macrophage, Dendritic 
RPL35 5.10E-25 -0.1308468 Macrophage, Dendritic 
RPL35A 5.25E-10 -0.1184071 Macrophage, Dendritic 
RPL35A 1.79E-23 -0.1132245 Macrophage, Dendritic 
RPL5 0.0025314 -0.0942532 Macrophage, Dendritic 
RPL7A 1.40E-07 0.0803795 Macrophage, Dendritic 
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RPL8 1.17E-29 0.1283901 Macrophage, Dendritic 
RPS10 1.89E-05 -0.1168741 Macrophage, Dendritic 
RPS11 0.00378756 -0.0691726 Macrophage, Dendritic 
RPS14 1.60E-12 -0.0774945 Macrophage, Dendritic 
RPS15 3.81E-20 -0.1323075 Macrophage, Dendritic 
RPS15A 4.96E-12 -0.145965 Macrophage, Dendritic 
RPS15A 4.10E-47 -0.1722012 Macrophage, Dendritic 
RPS17 1.71E-07 -0.1074252 Macrophage, Dendritic 
RPS17 2.49E-32 -0.12918 Macrophage, Dendritic 
RPS18 0.00265702 -0.0881207 Macrophage, Dendritic 
RPS21 2.28E-12 -0.1477686 Macrophage, Dendritic 
RPS23 2.82E-10 -0.1204242 Macrophage, Dendritic 
RPS23 3.19E-78 -0.2026897 Macrophage, Dendritic 
RPS24 0.010833 -0.1003521 Macrophage, Dendritic 
RPS24 6.39E-23 -0.127889 Macrophage, Dendritic 
RPS25 5.25E-14 -0.126269 Macrophage, Dendritic 
RPS25 3.28E-29 -0.1199903 Macrophage, Dendritic 
RPS26 0.00168332 -0.1084335 Macrophage, Dendritic 
RPS26 4.01E-30 -0.1444496 Macrophage, Dendritic 
RPS27 3.88E-123 -0.2767274 Macrophage, Dendritic 
RPS27A 0.00091286 -0.0712551 Macrophage, Dendritic 
RPS28 6.75E-54 -0.262541 Macrophage, Dendritic 
RPS28 4.13E-103 -0.2633476 Macrophage, Dendritic 
RPS3 0.0372813 0.0549163 Macrophage, Dendritic 
RPS3A 0.04261424 -0.0925851 Macrophage, Dendritic 
RPS3A 5.40E-11 -0.0944073 Macrophage, Dendritic 
RPS6 0.00068801 -0.2159873 Macrophage, Dendritic 
RPS6 2.62E-35 -0.301174 Macrophage, Dendritic 
RPS6KC1 0.00705382 0.3663253 Macrophage, Dendritic 
RPS8 1.95E-06 0.0593101 Macrophage, Dendritic 
RPSA 2.50E-07 -0.185347 Macrophage, Dendritic 
RREB1 6.54E-05 -0.1505228 Macrophage, Dendritic 
RRM2 0.01066098 -0.7648271 Macrophage, Dendritic 
RSRC2 0.01355702 -0.195925 Macrophage, Dendritic 
RSRP1 0.00100039 0.3567895 Macrophage, Dendritic 
S100A1 0.02051595 1.781473 Macrophage, Dendritic 
S100A11 2.30E-48 -0.1864271 Macrophage, Dendritic 
S100A12 0.0084044 3.013057 Macrophage, Dendritic 
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S100A14 4.59E-06 0.738299 Macrophage, Dendritic 
S100A2 3.98E-19 0.9959339 Macrophage, Dendritic 
S100A5 1.46E-14 0.2671356 Macrophage, Dendritic 
S100A8 0.01304255 0.0916262 Macrophage, Dendritic 
S100P 2.05E-67 1.656662 Macrophage, Dendritic 
SACS 0.04436899 0.6613462 Macrophage, Dendritic 
SAMSN1 0.02081852 0.6323861 Macrophage, Dendritic 
SAP30 0.02898425 0.344597 Macrophage, Dendritic 
SAT1 1.38E-17 0.217773 Macrophage, Dendritic 
SCARA5 0.00019695 0.8041913 Macrophage, Dendritic 
SCARB1 1.93E-07 -0.3684985 Macrophage, Dendritic 
SCARB1 7.33E-25 -0.455506 Macrophage, Dendritic 
SCARB2 1.39E-05 0.2848973 Macrophage, Dendritic 
SCARB2 3.31E-08 0.4303291 Macrophage, Dendritic 
SCPEP1 0.00052507 0.3928449 Macrophage, Dendritic 
SDC2 9.01E-06 -0.1924695 Macrophage, Dendritic 
SDC4 1.14E-08 0.4994666 Macrophage, Dendritic 
SDF2L1 0.02596122 0.1679385 Macrophage, Dendritic 
SDHB 0.00089175 0.3276762 Macrophage, Dendritic 
SEC11C 3.57E-20 0.2462446 Macrophage, Dendritic 
SEC61G 2.62E-35 -0.2613053 Macrophage, Dendritic 
SECISBP2 0.01167078 0.2370446 Macrophage, Dendritic 
SECISBP2L 0.03652596 0.2292947 Macrophage, Dendritic 
SELENOF 7.32E-09 0.2629424 Macrophage, Dendritic 
SELENOM 0.02758976 -0.4550193 Macrophage, Dendritic 
SELENOP 2.41E-05 -0.1440542 Macrophage, Dendritic 
SELENOT 1.01E-12 0.2208142 Macrophage, Dendritic 
SEPTIN10 0.01945984 0.7523118 Macrophage, Dendritic 
SEPTIN6 9.75E-13 -0.2461867 Macrophage, Dendritic 
SERF2 5.60E-25 -0.181591 Macrophage, Dendritic 
SERPINA1 2.44E-41 2.154897 Macrophage, Dendritic 
SERPINB1 7.54E-14 0.2355722 Macrophage, Dendritic 
SERPINB6 7.13E-21 0.5588374 Macrophage, Dendritic 
SERPINE1 9.37E-62 -1.246542 Macrophage, Dendritic 
SERPINF1 6.44E-19 -0.7615679 Macrophage, Dendritic 
SERPINF1 1.68E-32 -1.017744 Macrophage, Dendritic 
SERPINH1 0.00187187 -0.258133 Macrophage, Dendritic 
SERPINH1 4.27E-11 -0.5611212 Macrophage, Dendritic 
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SESN3 2.99E-05 0.4137923 Macrophage, Dendritic 
SF3B6 0.01010677 0.2005966 Macrophage, Dendritic 
SH3BGRL3 5.05E-09 0.1617266 Macrophage, Dendritic 
SH3BP1 8.90E-06 0.5195114 Macrophage, Dendritic 
SH3KBP1 7.13E-06 -0.1601249 Macrophage, Dendritic 
SIAH2 3.44E-15 0.5884794 Macrophage, Dendritic 
SIVA1 8.68E-06 0.3494657 Macrophage, Dendritic 
SLC11A1 1.49E-20 1.075136 Macrophage, Dendritic 
SLC12A4 7.21E-05 0.5001589 Macrophage, Dendritic 
SLC15A1 0.00046369 -1.818855 Macrophage, Dendritic 
SLC25A44 1.51E-51 1.6189005 Macrophage, Dendritic 
SLC25A5 1.57E-12 0.2143031 Macrophage, Dendritic 
SLC25A6 3.24E-44 0.2120278 Macrophage, Dendritic 
SLC27A6 0.00136922 1.277549 Macrophage, Dendritic 
SLC30A1 0.00100955 0.3126742 Macrophage, Dendritic 
SLC37A2 0.00548696 1.628511 Macrophage, Dendritic 
SLC38A2 0.00218619 -0.1793907 Macrophage, Dendritic 
SLC41A1 6.23E-05 -0.3130364 Macrophage, Dendritic 
SLC43A3 1.47E-07 1.290536 Macrophage, Dendritic 
SLC4A7 1.33E-07 -0.2343185 Macrophage, Dendritic 
SLC4A7 1.62E-06 -0.1942108 Macrophage, Dendritic 
SLC66A2 0.00425423 0.9132422 Macrophage, Dendritic 
SLC6A6 0.04482032 0.1871726 Macrophage, Dendritic 
SLC7A11 2.11E-13 0.5231451 Macrophage, Dendritic 
SLC7A8 7.25E-06 0.3376991 Macrophage, Dendritic 
SLK 0.00404052 0.2030286 Macrophage, Dendritic 
SMAP1 0.00174853 0.3383699 Macrophage, Dendritic 
SMCHD1 3.83E-06 0.2426558 Macrophage, Dendritic 
SMG6 0.01931035 0.5668087 Macrophage, Dendritic 
SMIM20 4.51E-07 0.4212485 Macrophage, Dendritic 
SMPDL3A 7.03E-05 0.6923688 Macrophage, Dendritic 
SMPDL3B 0.00251346 0.4040855 Macrophage, Dendritic 
SMU1 0.00020979 0.3124154 Macrophage, Dendritic 
SNAI1 7.32E-10 0.4471334 Macrophage, Dendritic 
SNAP29 1.30E-06 0.5157452 Macrophage, Dendritic 
SNTB2 0.0368292 0.5178152 Macrophage, Dendritic 
SNX10 0.00083821 0.2579641 Macrophage, Dendritic 
SNX2 0.00023136 0.308507 Macrophage, Dendritic 
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SNX24 1.34E-07 0.91126 Macrophage, Dendritic 
SNX29 0.0047142 -0.4547881 Macrophage, Dendritic 
SNX6 0.00016975 0.2311448 Macrophage, Dendritic 
SOD2 1.63E-13 0.2356715 Macrophage, Dendritic 
SORL1 2.12E-10 0.8253905 Macrophage, Dendritic 
SP110 1.24E-06 0.7167529 Macrophage, Dendritic 
SPARC 3.88E-54 -1.929672 Macrophage, Dendritic 
SPARC 1.49E-59 -2.493431 Macrophage, Dendritic 
SPCS3 1.53E-14 0.2936951 Macrophage, Dendritic 
SPI1 2.87E-05 0.1432308 Macrophage, Dendritic 
SPP2 0.01047323 -0.7229411 Macrophage, Dendritic 
SPP2 1.25E-06 -0.9614609 Macrophage, Dendritic 
SPRED2 0.02384359 0.382409 Macrophage, Dendritic 
SPTLC2 5.69E-05 0.3322642 Macrophage, Dendritic 
SPTLC2 1.34E-08 0.4013844 Macrophage, Dendritic 
SRGN 2.12E-05 0.179155 Macrophage, Dendritic 
SRI 0.03034 0.3286044 Macrophage, Dendritic 
SRPK2 0.00185541 0.2743467 Macrophage, Dendritic 
SSPN 0.00725135 -0.8550449 Macrophage, Dendritic 
SSR3 0.00122978 0.0996423 Macrophage, Dendritic 
ST3GAL5 2.64E-20 -0.4816866 Macrophage, Dendritic 
STAB1 3.84E-05 0.9457718 Macrophage, Dendritic 
STAG2 0.01318212 -0.168807 Macrophage, Dendritic 
STAG2 5.33E-10 -0.1886398 Macrophage, Dendritic 
STARD5 6.08E-09 0.7743488 Macrophage, Dendritic 
STAT1 4.24E-07 0.4329763 Macrophage, Dendritic 
STAU1 0.00106773 0.2744937 Macrophage, Dendritic 
STK10 6.88E-05 0.5048952 Macrophage, Dendritic 
STK17A 1.97E-05 0.6329402 Macrophage, Dendritic 
STK17B 4.68E-07 0.2233865 Macrophage, Dendritic 
STXBP3 0.00090553 0.1626847 Macrophage, Dendritic 
SUB1 0.00055429 -0.1021545 Macrophage, Dendritic 
SULT1C4 1.49E-05 0.647539 Macrophage, Dendritic 
SUPT4H1 2.65E-11 0.3854897 Macrophage, Dendritic 
SWAP70 1.27E-09 -0.2558953 Macrophage, Dendritic 
SYK 0.00034527 0.3569924 Macrophage, Dendritic 
SYNE2 0.0423036 -0.2651878 Macrophage, Dendritic 
SYNE2 0.0372813 -0.315246 Macrophage, Dendritic 
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SYNGR2 7.85E-05 0.1371411 Macrophage, Dendritic 
SYTL3 1.46E-06 0.8475089 Macrophage, Dendritic 
TAOK3 5.57E-05 0.2627475 Macrophage, Dendritic 
TAP1 6.00E-06 0.1702924 Macrophage, Dendritic 
TATDN1 0.04947183 0.537519 Macrophage, Dendritic 
TAX1BP1 2.87E-05 0.1707207 Macrophage, Dendritic 
TBC1D22A 0.00059575 0.5178527 Macrophage, Dendritic 
TBC1D9 2.53E-10 0.2260671 Macrophage, Dendritic 
TBCB 4.80E-05 0.390775 Macrophage, Dendritic 
TBXAS1 1.67E-05 0.4957601 Macrophage, Dendritic 
TCIRG1 2.60E-05 0.3981542 Macrophage, Dendritic 
TENT5A 0.01374818 0.4367912 Macrophage, Dendritic 
TEX14 0.03773097 0.6306752 Macrophage, Dendritic 
TFEC 0.01135157 0.5231193 Macrophage, Dendritic 
TFPT 1.35E-19 0.092805 Macrophage, Dendritic 
TFRC 5.55E-34 -1.148519 Macrophage, Dendritic 
TGFBI 0.00128099 0.2208783 Macrophage, Dendritic 
THBS1 0.01582464 0.5602602 Macrophage, Dendritic 
TK1 0.00378132 0.541886 Macrophage, Dendritic 
TKT 0.01515364 0.2965728 Macrophage, Dendritic 
TKT 1.18E-44 0.6847811 Macrophage, Dendritic 
TMED5 0.00032988 0.2799079 Macrophage, Dendritic 
TMEM131 0.0258111 0.2600745 Macrophage, Dendritic 
TMEM131L 1.21E-07 -0.2314935 Macrophage, Dendritic 
TMEM165 1.12E-05 0.1642536 Macrophage, Dendritic 
TMEM37 2.12E-06 0.2955836 Macrophage, Dendritic 
TMEM37 1.73E-15 0.9569433 Macrophage, Dendritic 
TMEM47 1.46E-10 -0.7197262 Macrophage, Dendritic 
TMSB10 1.06E-08 -0.1868839 Macrophage, Dendritic 
TMSB10 3.18E-55 -0.2653848 Macrophage, Dendritic 
TNFAIP2 1.51E-06 -0.3998152 Macrophage, Dendritic 
TNFRSF12A 7.09E-06 0.5535152 Macrophage, Dendritic 
TNFRSF18 0.00310996 -0.1593586 Macrophage, Dendritic 
TNFRSF1B 0.00011445 0.5019088 Macrophage, Dendritic 
TNFSF10 0.00832923 -0.2085367 Macrophage, Dendritic 
TNFSF13 0.00011306 1.405238 Macrophage, Dendritic 
TNIP1 0.00515307 0.28904 Macrophage, Dendritic 
TNNC1 2.19E-18 -1.419105 Macrophage, Dendritic 
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TNS1 0.00614222 0.2249993 Macrophage, Dendritic 
TPI1 0.00125272 0.1357832 Macrophage, Dendritic 
TPM2 1.53E-09 -0.572682 Macrophage, Dendritic 
TRAF5 0.01239722 0.3527151 Macrophage, Dendritic 
TRAFD1 7.26E-06 0.48267 Macrophage, Dendritic 
TRDMT1 0.00368971 0.5973892 Macrophage, Dendritic 
TREM1 2.79E-18 0.6983731 Macrophage, Dendritic 
TRIM59 0.01233711 0.8583539 Macrophage, Dendritic 
TRIR 7.95E-08 0.3006339 Macrophage, Dendritic 
TRMT112 0.00044834 0.168307 Macrophage, Dendritic 
TSC22D1 6.61E-07 0.4314041 Macrophage, Dendritic 
TSPO 1.81E-17 0.3529245 Macrophage, Dendritic 
TSPO 4.63E-15 0.2132689 Macrophage, Dendritic 
TUBA1B 1.06E-13 0.1962705 Macrophage, Dendritic 
TUBB4B 0.00436107 0.2527069 Macrophage, Dendritic 
TUBB6 0.00082904 0.3314557 Macrophage, Dendritic 
TXLNA 0.0045285 0.6602457 Macrophage, Dendritic 
TXNDC17 8.07E-17 0.3376239 Macrophage, Dendritic 
TXNIP 0.00066291 0.2910583 Macrophage, Dendritic 
TXNL1 5.29E-06 0.2537755 Macrophage, Dendritic 
TXNRD1 0.00336974 0.194616 Macrophage, Dendritic 
UBA1 5.63E-17 -0.4231685 Macrophage, Dendritic 
UBB 1.27E-08 0.1957286 Macrophage, Dendritic 
UBE2H 0.01612578 0.2383151 Macrophage, Dendritic 
UBE2J2 1.15E-05 0.4535514 Macrophage, Dendritic 
UBE2V2 2.72E-06 0.2969995 Macrophage, Dendritic 
UBL5 0.00802729 -0.107501 Macrophage, Dendritic 
UCP2 2.77E-23 -0.4098848 Macrophage, Dendritic 
UHRF1BP1L 2.02E-05 0.684649 Macrophage, Dendritic 
URI1 4.58E-05 0.3137977 Macrophage, Dendritic 
USF1 6.77E-07 0.9939839 Macrophage, Dendritic 
USP15 0.00390329 0.368346 Macrophage, Dendritic 
USP48 0.00121159 0.2818025 Macrophage, Dendritic 
UTRN 0.00278262 0.2918849 Macrophage, Dendritic 
UXT 0.00117327 0.4221902 Macrophage, Dendritic 
VASP 3.86E-09 0.361922 Macrophage, Dendritic 
VCAN 0.02899875 0.4400614 Macrophage, Dendritic 
VCAN 3.88E-08 0.5081149 Macrophage, Dendritic 
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VEGFB 4.49E-05 0.357308 Macrophage, Dendritic 
VGLL4 8.57E-07 0.6212874 Macrophage, Dendritic 
VIL1 1.13E-05 0.263201 Macrophage, Dendritic 
VIM 1.46E-15 0.1126667 Macrophage, Dendritic 
VMP1 0.00071694 0.224135 Macrophage, Dendritic 
VPS26A 0.00024521 0.3548886 Macrophage, Dendritic 
VPS28 0.02399388 0.1106612 Macrophage, Dendritic 
VWF 2.33E-06 1.52784 Macrophage, Dendritic 
WARS1 7.35E-14 0.3913357 Macrophage, Dendritic 
WASF2 6.43E-05 0.2280354 Macrophage, Dendritic 
WFS1 5.49E-05 0.5072162 Macrophage, Dendritic 
WIF1 0.01085088 -0.5099346 Macrophage, Dendritic 
WIZ 0.0024983 0.3034907 Macrophage, Dendritic 
YY1 0.00609672 0.1714377 Macrophage, Dendritic 
ZBTB16 1.04E-08 0.8634341 Macrophage, Dendritic 
ZFP36 4.51E-10 -0.2622675 Macrophage, Dendritic 
ZFP36L1 2.00E-15 -0.3735454 Macrophage, Dendritic 
ZNF296 0.01900875 0.6162271 Macrophage, Dendritic 
ZNF326 1.67E-07 0.1677842 Macrophage, Dendritic 
ZNF362 0.02520544 0.7048095 Macrophage, Dendritic 
ZNF571 0.00349182 -0.3290455 Macrophage, Dendritic 
ZNRF1 6.79E-12 -0.443909 Macrophage, Dendritic 
ZSWIM4 0.00690204 0.4346774 Macrophage, Dendritic 

ABHD5 1.73E-10 0.6976386 
Melanocyte, Neuron, 
Schwann 

ADIRF 6.18E-18 -1.0052561 
Melanocyte, Neuron, 
Schwann 

ALCAM 8.10E-05 -1.358942 
Melanocyte, Neuron, 
Schwann 

APOE 0.00596637 -0.3148598 
Melanocyte, Neuron, 
Schwann 

B2M 1.92E-16 0.5986733 
Melanocyte, Neuron, 
Schwann 

CALD1 0.00027785 -1.271167 
Melanocyte, Neuron, 
Schwann 

CHL1 0.0285606 0.4656051 
Melanocyte, Neuron, 
Schwann 

CSTB 1.34E-06 -0.4250132 
Melanocyte, Neuron, 
Schwann 

DDX5 0.00068893 0.4353952 
Melanocyte, Neuron, 
Schwann 
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DLA88 2.02E-10 1.0626606 
Melanocyte, Neuron, 
Schwann 

DNAJB1 0.00234876 1.866799 
Melanocyte, Neuron, 
Schwann 

EZR 8.58E-08 -0.5947345 
Melanocyte, Neuron, 
Schwann 

GNG11 0.0001842 0.8933377 
Melanocyte, Neuron, 
Schwann 

HSP90AA1 5.37E-06 0.6819892 
Melanocyte, Neuron, 
Schwann 

IGFBP7 2.56E-23 1.626599 
Melanocyte, Neuron, 
Schwann 

JUN 9.29E-05 0.5538465 
Melanocyte, Neuron, 
Schwann 

LAMA3 0.00579219 -1.646208 
Melanocyte, Neuron, 
Schwann 

LGALS3 1.00E-07 -0.4766106 
Melanocyte, Neuron, 
Schwann 

PI3 0.00032068 2.081702 
Melanocyte, Neuron, 
Schwann 

PKIB 0.00122698 -0.5824801 
Melanocyte, Neuron, 
Schwann 

PLA2G7 7.26E-11 -1.1292791 
Melanocyte, Neuron, 
Schwann 

PMEL 9.15E-05 -0.4952477 
Melanocyte, Neuron, 
Schwann 

PRDX1 0.0499779 -0.4483444 
Melanocyte, Neuron, 
Schwann 

PTGDS 0.00201574 -0.7272631 
Melanocyte, Neuron, 
Schwann 

RBP4 1.15E-07 -2.318369 
Melanocyte, Neuron, 
Schwann 

RHOB 0.0023013 0.8465204 
Melanocyte, Neuron, 
Schwann 

RPL19 3.43E-47 1.42063 
Melanocyte, Neuron, 
Schwann 

S100A5 6.41E-12 -1.1093045 
Melanocyte, Neuron, 
Schwann 

S100A8 1.39E-10 -0.3468787 
Melanocyte, Neuron, 
Schwann 

SAT1 0.00027785 -0.4704107 
Melanocyte, Neuron, 
Schwann 

STMN1 3.56E-08 -1.000035 
Melanocyte, Neuron, 
Schwann 

TPT1 2.13E-05 0.2297438 
Melanocyte, Neuron, 
Schwann 
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TSPAN8 0.00027151 -0.6081141 
Melanocyte, Neuron, 
Schwann 

ABCA1 1.78E-16 -0.5692169 T-cell 
ABCA7 2.26E-05 -1.14412 T-cell 
ABHD13 0.00533315 -0.4910408 T-cell 
ABHD5 1.85E-42 0.3875186 T-cell 
ABI2 1.06E-09 -0.7172705 T-cell 
ABRACL 5.99E-42 -0.3984516 T-cell 
ACSL5 0.00010067 1.624657 T-cell 
ACTB 0.0073561 -0.0833544 T-cell 
ACTN1 3.12E-05 -0.8391963 T-cell 
ACTR8 0.00869918 -0.3659086 T-cell 
ADAM17 4.07E-06 -0.4219401 T-cell 
ADAM9 2.04E-06 0.554722 T-cell 
ADGRE2 0.02214114 -3.434451 T-cell 
ADGRE5 0.00156622 -0.2399745 T-cell 
ADGRG1 2.05E-79 2.698035 T-cell 
ADIRF 6.79E-120 -0.7806463 T-cell 
AFAP1 1.49E-07 -0.9744785 T-cell 
AGBL4 0.00429113 -1.216006 T-cell 
AGPAT4 0.019296 -0.5759414 T-cell 
AGPAT5 6.65E-27 0.9119008 T-cell 
AHNAK 6.93E-30 -0.3417367 T-cell 
AKAP13 1.60E-62 -0.3577396 T-cell 
AKAP9 6.63E-06 -0.2565153 T-cell 
ANO10 0.04982988 -0.3454762 T-cell 
ANO6 1.41E-17 -0.4981428 T-cell 
ANTXR1 0.04445032 -0.9569794 T-cell 
ANXA1 1.92E-15 0.2741537 T-cell 
ANXA5 0.02228732 -0.3983293 T-cell 
AP3D1 1.44E-06 -0.3417937 T-cell 
APC 3.83E-38 -0.4872728 T-cell 
ARFRP1 0.00344473 0.7438809 T-cell 
ARG2 0.01049189 -0.3870614 T-cell 
ARHGAP30 0.043558 -0.2548669 T-cell 
ARHGAP45 0.00189925 -0.4009213 T-cell 
ARHGAP5 1.07E-05 -0.5635626 T-cell 
ARHGAP6 0.00155132 -1.697858 T-cell 
ARHGDIB 0.01750092 -0.2967738 T-cell 
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ARHGEF26 9.05E-07 1.806334 T-cell 
ARHGEF28 0.00176308 -1.650127 T-cell 
ARID5B 1.34E-84 -0.6622554 T-cell 
ARL4C 2.01E-15 -0.2371313 T-cell 
ASH1L 0.00064681 -0.2214297 T-cell 
ASNSD1 0.00075905 -0.3619679 T-cell 
ATAD2B 0.02139372 -0.3653799 T-cell 
ATF4 0.02243642 -0.0920351 T-cell 
ATF7IP 6.00E-07 -0.2147207 T-cell 
ATOX1 4.37E-23 0.607185 T-cell 
ATP10D 1.09E-06 -0.4560835 T-cell 
ATP11B 5.83E-08 -0.3024198 T-cell 
ATP1A1 1.97E-26 -0.4940215 T-cell 
ATP1B1 3.82E-53 0.6761172 T-cell 
ATP2A2 1.18E-06 0.3193044 T-cell 
ATP2B1 1.87E-18 -0.2794975 T-cell 
ATP5F1E 0.00073186 -0.1965578 T-cell 
ATP5MC1 0.00016376 0.3502696 T-cell 
ATP5PF 0.01554682 0.1842798 T-cell 
ATP6V0A1 0.00125388 -0.596002 T-cell 
ATP6V0E1 5.33E-16 -0.1783571 T-cell 
AUH 1.46E-10 0.8973315 T-cell 
B2M 3.51E-09 0.0658814 T-cell 
BACH1 5.92E-09 -0.5788127 T-cell 
BACH2 3.93E-65 -1.10886 T-cell 
BAZ1A 0.019296 -0.1632398 T-cell 
BAZ1B 0.00189925 -0.254387 T-cell 
BAZ2A 0.00182352 -0.2588093 T-cell 
BBLN 3.79E-22 0.3662791 T-cell 
BBX 2.03E-05 -0.2875439 T-cell 
BCL2 0.03877482 0.3322599 T-cell 
BCL2A1 1.47E-28 0.5394455 T-cell 
BEX4 0.00036522 -0.5489269 T-cell 
BICDL1 0.00593684 -0.6230703 T-cell 
BIN2 1.57E-07 -0.3055646 T-cell 
BIRC2 0.03413399 0.2013997 T-cell 
BIRC6 1.08E-09 0.2583856 T-cell 
BMP2 3.60E-07 0.7343633 T-cell 
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BNIP2 0.00038343 -0.3996286 T-cell 
BPTF 2.40E-19 -0.3345307 T-cell 
BRD4 0.0248391 -0.2007075 T-cell 
BRD7 0.00128423 -0.2983447 T-cell 
BUD23 0.00750646 0.2112614 T-cell 
BZW1 2.39E-16 -0.2775845 T-cell 
C1GALT1 0.00040924 0.3854715 T-cell 
C27H12orf57 0.01005613 0.159261 T-cell 
C5H1orf87 4.08E-11 -0.3925076 T-cell 
C6H7orf50 1.53E-05 0.4281723 T-cell 
CAB39 0.0073561 -0.2329409 T-cell 
CAB39L 4.67E-16 -0.8509843 T-cell 
CALM3 5.17E-12 0.4635458 T-cell 
CALML4 0.00100823 -1.307182 T-cell 
CALR 0.00142707 0.1753984 T-cell 
CAMK4 1.65E-18 -0.635545 T-cell 
CAMSAP2 0.00036066 -0.623581 T-cell 
CANX 6.09E-06 -0.1869649 T-cell 
CARD11 0.04311601 -0.3360245 T-cell 
CARD19 0.0246902 0.2330888 T-cell 
CAST 2.48E-15 -0.3396194 T-cell 
CBLB 0.00214151 -0.3529957 T-cell 
CCDC22 6.03E-07 -1.018623 T-cell 
CCDC47 5.20E-06 -0.473361 T-cell 
CCDC50 2.48E-16 0.5869659 T-cell 
CCDC80 1.53E-10 -1.223155 T-cell 
CCHCR1 0.0269395 -0.7642333 T-cell 
CCL3 0.00042442 1.156046 T-cell 
CCL4 2.84E-82 2.731297 T-cell 
CCL5 3.99E-211 2.986444 T-cell 
CCND1 4.93E-05 -0.8629504 T-cell 
CCND2 8.71E-19 -0.409673 T-cell 
CCNG2 1.36E-09 -0.6029897 T-cell 
CCNI 6.80E-09 -0.3113824 T-cell 
CCR2 7.04E-05 -1.70142 T-cell 
CCR5 0.0001668 -0.7026208 T-cell 
CCR6 0.00067113 -0.4354479 T-cell 
CCRL2 2.01E-06 -1.769344 T-cell 
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CD109 0.00948338 0.7495155 T-cell 
CD28 9.43E-35 -0.5112752 T-cell 
CD34 4.88E-08 -1.046836 T-cell 
CD3D 2.30E-11 0.2022383 T-cell 
CD3E 1.86E-10 0.1871309 T-cell 
CD3G 1.85E-28 0.4526153 T-cell 
CD40LG 1.68E-09 -0.5045942 T-cell 
CD47 8.32E-15 -0.2754064 T-cell 
CD5 2.04E-09 -0.5450834 T-cell 
CD52 4.40E-39 1.0619514 T-cell 
CD6 5.02E-15 -0.874425 T-cell 
CD74 1.62E-18 0.4174799 T-cell 
CD79A 8.67E-56 0.160501 T-cell 
CDA 1.62E-54 -1.379764 T-cell 
CDC26 0.01450822 -0.3600691 T-cell 
CDC37 1.11E-09 0.4040689 T-cell 
CDC42BPA 3.44E-06 -1.11791 T-cell 
CDC42EP3 0.00382284 0.4050234 T-cell 
CDC42SE2 3.63E-09 -0.4571046 T-cell 
CDH1 0.01779676 -0.5239563 T-cell 
CDO1 8.08E-17 -2.111788 T-cell 
CEBPZ 2.73E-06 -0.2556113 T-cell 
CELF4 0.0468468 -0.558977 T-cell 
CEP120 2.16E-08 -0.5741567 T-cell 
CEP135 1.19E-07 -0.4554828 T-cell 
CEP170 0.04997664 -0.3850952 T-cell 
CEP43 1.15E-06 -0.4050918 T-cell 
CEP85L 0.01064237 -0.3519418 T-cell 
CERKL 5.51E-12 -1.558319 T-cell 
CFL1 5.60E-13 0.1704465 T-cell 
CHCHD2 1.12E-06 0.197131 T-cell 
CHD2 2.61E-15 -0.2342886 T-cell 
CHD4 1.16E-15 -0.2561459 T-cell 
CHD7 1.19E-10 -0.5865333 T-cell 
CHN2 0.00026606 0.4855402 T-cell 
CITED2 0.04326048 0.3608854 T-cell 
CKAP4 1.69E-14 -0.6573302 T-cell 
CLDND1 4.44E-26 0.5334289 T-cell 
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CLEC2B 0.00046253 -0.4479509 T-cell 
CLEC3B 4.47E-06 -0.7040938 T-cell 
CLINT1 1.40E-17 -0.4340909 T-cell 
CLIP1 0.01974432 -0.2839355 T-cell 
CLTA 3.81E-05 -0.1827854 T-cell 
CNDP2 0.00122665 0.7942977 T-cell 
CNIH4 0.00755137 -0.340057 T-cell 
CNTRL 1.41E-14 -0.428967 T-cell 
COL12A1 0.00164192 -0.9857997 T-cell 
COL17A1 2.34E-05 -0.6834418 T-cell 
COL1A1 4.07E-157 -2.428938 T-cell 
COL1A2 1.24E-179 -2.099981 T-cell 
COL3A1 7.45E-126 -2.330947 T-cell 
COL5A1 0.01338126 -1.31409 T-cell 
COL5A2 1.61E-07 -1.347694 T-cell 
COL6A3 5.63E-06 -0.780425 T-cell 
CORO1B 8.54E-74 0.494768 T-cell 
COTL1 2.28E-16 0.4398155 T-cell 
COX17 2.60E-05 -0.2545845 T-cell 
COX4I1 4.43E-12 0.2076137 T-cell 
CPA3 0.02738918 1.673109 T-cell 
CPNE3 1.46E-38 0.498804 T-cell 
CPZ 2.08E-12 -1.599206 T-cell 
CREBBP 0.0360816 -0.2896562 T-cell 
CREBL2 1.59E-06 -0.6985677 T-cell 
CRIP1 4.66E-53 0.2500532 T-cell 
CRLF2 1.36E-101 -1.327421 T-cell 
CRTC3 7.49E-06 -0.5891869 T-cell 
CRYBG1 1.43E-23 -0.5714844 T-cell 
CRYL1 3.95E-05 1.659976 T-cell 
CSDE1 1.66E-07 -0.2523986 T-cell 
CSNK1G3 4.40E-15 -0.5515142 T-cell 
CST6 0.01252287 0.8235141 T-cell 
CSTA 1.68E-08 -1.317686 T-cell 
CTDSPL2 0.001748 -0.384711 T-cell 
CTLA4 7.25E-27 -0.8367211 T-cell 
CTSB 0.00370221 -0.4201717 T-cell 
CTSW 1.15E-13 -0.5219936 T-cell 
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CXCL8 0.00577101 -0.4071126 T-cell 
CXXC1 3.15E-06 -0.4040097 T-cell 
CYBA 2.71E-07 0.2809974 T-cell 
CYP1A1 0.00661574 -1.031568 T-cell 
CYRIB 1.69E-10 -0.499072 T-cell 
CYTIP 7.79E-46 -0.702855 T-cell 
DCBLD2 0.00016071 -0.28421 T-cell 
DCN 7.73E-27 -0.6271486 T-cell 
DDIT4 0.00101723 0.2246714 T-cell 
DDX21 0.00045798 -0.2351663 T-cell 
DDX3X 2.94E-33 -0.3467604 T-cell 
DDX5 1.18E-17 -0.144009 T-cell 
DENND4A 0.00018818 -0.3204948 T-cell 
DENND5A 0.01750092 -0.3792173 T-cell 
DGKG 0.00525844 -1.126878 T-cell 
DGKI 3.98E-05 -0.471087 T-cell 
DIAPH1 1.35E-14 -0.3440605 T-cell 
DIAPH2 2.27E-06 -0.3939952 T-cell 
DLA-64 5.50E-122 -0.2943562 T-cell 
DLA-79 2.44E-12 -0.3601283 T-cell 
DLA88 1.57E-180 0.7747887 T-cell 
DLA-DMA 1.65E-08 0.6828073 T-cell 
DLA-DQA1 2.91E-44 0.6046642 T-cell 
DLA-DRA 1.10E-80 0.4562 T-cell 
DMD 4.39E-09 -0.8862638 T-cell 
DNAJB1 1.31E-47 0.9070428 T-cell 
DNAJC25 2.44E-07 -0.4448659 T-cell 
DNLZ 0.00097948 0.5418024 T-cell 
DOK2 9.89E-06 -0.3214502 T-cell 
DOT1L 1.46E-05 -0.5430396 T-cell 
DSP 2.67E-05 -0.4572292 T-cell 
DST 0.0009492 -0.4256558 T-cell 
DUSP4 1.30E-16 1.061286 T-cell 
DUSP6 0.01147153 -1.070102 T-cell 
DYRK3 0.03653019 -0.3371044 T-cell 
ECPAS 0.00081529 -0.4827388 T-cell 
EEA1 4.56E-07 -0.3503702 T-cell 
EEF1A1 3.81E-105 -0.3639906 T-cell 
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EEF1B2 4.07E-47 0.2738264 T-cell 
EEF1D 1.59E-15 0.1720234 T-cell 
EFR3A 6.42E-12 -0.5182455 T-cell 
EIF1AX 1.13E-14 -0.4891337 T-cell 
EIF2A 2.98E-06 -0.1741556 T-cell 
EIF2S3 2.23E-06 -0.2988915 T-cell 
EIF3D 0.00032865 0.2151446 T-cell 
EIF3J 5.92E-05 -0.2817431 T-cell 
EIF3K 1.01E-11 0.1552952 T-cell 
EIF5B 2.03E-09 -0.2266752 T-cell 
ELP1 0.01434405 -0.4481966 T-cell 
EMB 2.14E-20 -0.3111662 T-cell 
EML4 0.0053187 -0.1480309 T-cell 
EMP1 0.00016984 -0.6637115 T-cell 
ENOX1 0.01854594 2.165585 T-cell 
EPB41 1.26E-15 -0.3076401 T-cell 
ERBIN 0.00371714 -0.2545721 T-cell 
ERN1 2.90E-06 -0.8701039 T-cell 
ESRRG 6.07E-09 1.65249 T-cell 
ETFB 0.00080315 0.4406813 T-cell 
ETS1 3.83E-20 -0.2106844 T-cell 
ETS2 0.00023556 -0.5205454 T-cell 
EVL 5.05E-09 0.5507755 T-cell 
EZH2 1.29E-12 0.5645727 T-cell 
EZR 0.00013276 -0.0944358 T-cell 
F11R 0.00078034 -1.082543 T-cell 
F2RL3 1.13E-16 -1.582105 T-cell 
FABP3 9.93E-11 0.8547754 T-cell 
FAM107B 7.08E-46 -0.5007629 T-cell 
FAM114A1 0.00024469 -0.6081331 T-cell 
FAM117A 0.01750092 -0.4608976 T-cell 
FAM118A 1.03E-09 0.36743 T-cell 
FAM126A 2.88E-09 -0.5687858 T-cell 
FAM214A 2.95E-05 -0.254359 T-cell 
FAU 1.11E-23 -0.097115 T-cell 
FBLN1 0.02273607 -0.5261627 T-cell 
FBN1 1.49E-13 -0.9751938 T-cell 
FBXO11 0.00029814 -0.4060797 T-cell 
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FBXW11 0.0468468 -0.3073804 T-cell 
FCER1G 4.07E-38 -1.283005 T-cell 
FDFT1 0.00155132 -0.5904103 T-cell 
FERMT2 0.01884625 -1.021518 T-cell 
FGL2 5.76E-43 -0.493423 T-cell 
FIS1 0.00051735 0.3590855 T-cell 
FKBP2 0.03533225 0.3292659 T-cell 
FKBP3 2.38E-13 1.121103 T-cell 
FKBP5 0.01764828 -0.4295904 T-cell 
FLCN 7.86E-08 -0.7500007 T-cell 
FLNA 7.07E-11 -0.3549328 T-cell 
FLT1 6.39E-17 -1.495976 T-cell 
FN1 6.52E-06 -1.118781 T-cell 
FNDC3A 4.21E-06 -0.3736377 T-cell 
FOSL2 5.00E-06 -0.3230922 T-cell 
FOXN2 0.00054471 -0.3429445 T-cell 
FOXP1 7.65E-07 -0.6799042 T-cell 
FOXP3 4.17E-08 -1.786986 T-cell 
FRYL 0.00638992 -0.1944488 T-cell 
FSCN1 0.02094452 -0.305034 T-cell 
FST 0.00011627 -1.109742 T-cell 
FXYD5 5.81E-12 0.3537019 T-cell 
FYB1 7.06E-63 -0.4958534 T-cell 
FYN 9.44E-06 -0.4177443 T-cell 
GAB3 8.52E-10 -0.8931016 T-cell 
GADD45G 5.07E-11 -0.667415 T-cell 
GAK 0.0003134 -0.454197 T-cell 
GALK1 0.04012209 -0.0759986 T-cell 
GALNT12 1.77E-07 -0.5453509 T-cell 
GALNT14 7.62E-05 2.296298 T-cell 
GAP43 0.00442701 -2.177481 T-cell 
GAS6 2.36E-06 1.091289 T-cell 
GATA3 3.29E-44 -0.3985634 T-cell 
GBGT1 8.75E-06 -0.3266164 T-cell 
GGTA1 1.24E-20 -0.4326649 T-cell 
GIMAP4 1.17E-05 -0.3580803 T-cell 
GIT2 0.01026716 -0.2631745 T-cell 
GJB2 1.27E-07 2.022082 T-cell 
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GLRX 6.16E-25 0.2668907 T-cell 
GLS 0.00156622 0.2567307 T-cell 
GMFG 2.90E-06 0.2200636 T-cell 
GOLGA4 9.58E-05 -0.2395092 T-cell 
GOLGB1 6.09E-30 -0.3385704 T-cell 
GOLIM4 3.45E-10 -0.587564 T-cell 
GPAT3 1.20E-08 -2.489877 T-cell 
GPATCH2 2.41E-13 0.614429 T-cell 
GPCPD1 5.11E-20 -0.5824608 T-cell 
GPI 0.0183976 -0.4578935 T-cell 
GPR15 1.78E-05 2.623932 T-cell 
GRAMD2B 5.52E-07 -0.4983349 T-cell 
GRB2 3.64E-10 0.2171905 T-cell 
GRK5 1.08E-10 -0.4247054 T-cell 
GSN 8.06E-05 -0.380976 T-cell 
GSPT1 0.00012009 -0.2135089 T-cell 
GSTO1 5.96E-10 0.4381447 T-cell 
GTF2B 0.00302062 0.2839687 T-cell 
GTF3A 0.0374247 0.4220341 T-cell 
GYPC 8.83E-12 -0.5610291 T-cell 
GZMA 8.51E-07 -1.013043 T-cell 
GZMB 2.87E-95 2.1656424 T-cell 
H2AJ 0.00114317 -0.65749 T-cell 
HAVCR1 0.00859441 0.4844269 T-cell 
HAVCR2 1.63E-14 0.7864241 T-cell 
HDLBP 1.07E-07 -0.3230717 T-cell 
HELZ 0.004548 0.1829259 T-cell 
HERC1 2.83E-05 -0.2882819 T-cell 
HEY1 0.03667808 -0.802155 T-cell 
HIF1A 7.04E-11 -0.2853663 T-cell 
HIKESHI 0.0315882 0.2727065 T-cell 
HIVEP3 1.52E-29 -0.5392629 T-cell 
HK1 4.79E-31 -0.5640998 T-cell 
HLA-DQB2 5.20E-112 0.6434332 T-cell 
HLF 3.85E-26 -0.9121453 T-cell 
HMGN1 1.89E-10 -0.4367012 T-cell 
HMGN3 0.00468413 -0.2263166 T-cell 
HNRNPA2B1 4.52E-11 -0.1875773 T-cell 
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HNRNPH1 2.61E-05 -0.16558 T-cell 
HNRNPLL 0.00377758 -0.5594709 T-cell 
HOMER2 0.00033016 0.3545112 T-cell 
HOMER3 1.64E-06 -0.7731062 T-cell 
HOPX 1.81E-97 -0.8366038 T-cell 
HSP90AA1 4.45E-51 0.421492 T-cell 
HSPA8 7.15E-11 0.1765651 T-cell 
HSPH1 5.39E-19 0.5100669 T-cell 
ICAM2 1.23E-09 -0.8959939 T-cell 
ICE2 0.00014406 0.7312184 T-cell 
ID3 0.00299066 -0.5184673 T-cell 
IFI30 1.04E-07 -0.613217 T-cell 
IFNG 1.09E-11 0.9265877 T-cell 
IFT88 0.00038796 0.9063738 T-cell 
IGFBP5 3.32E-05 -0.7688548 T-cell 
IGFLR1 1.21E-09 0.5864095 T-cell 
IGHM 4.01E-08 1.027949 T-cell 
IGHMBP2 2.49E-05 -0.6275001 T-cell 
IKZF1 1.79E-09 -0.2057195 T-cell 
IKZF2 1.09E-05 -0.5268684 T-cell 
IL17A 0.01183113 2.722816 T-cell 
IL17F 0.00039857 2.4228517 T-cell 
IL17RA 0.00716027 -0.2807619 T-cell 
IL17RB 7.76E-27 -0.7586682 T-cell 
IL18BP 6.45E-29 -0.9086512 T-cell 
IL18R1 4.86E-14 -0.585943 T-cell 
IL1RL1 4.86E-36 -1.836833 T-cell 
IL21R 6.11E-08 0.7552538 T-cell 
IL23R 8.38E-05 0.9789417 T-cell 
IL26 4.83E-18 0.774869 T-cell 
IL2RA 6.45E-22 -0.6879087 T-cell 
IL2RB 9.20E-99 -0.6658941 T-cell 
IL4I1 3.93E-54 2.4692125 T-cell 
IL4R 4.08E-09 1.087396 T-cell 
IL6ST 1.06E-07 -0.33117 T-cell 
INIP 0.01884625 -0.4549912 T-cell 
INO80D 0.00095371 -0.3329265 T-cell 
INPP5F 4.87E-06 -0.4841621 T-cell 
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IQGAP2 8.78E-35 0.7784365 T-cell 
IRF2BP2 1.68E-06 -0.544728 T-cell 
IRF4 7.15E-05 0.5263529 T-cell 
ISG20 6.86E-07 0.2603476 T-cell 
ITGA1 6.42E-23 0.9045009 T-cell 
ITGA2 2.70E-22 -1.012952 T-cell 
ITGA4 1.77E-27 -1.547512 T-cell 
ITGA6 2.82E-09 -0.5428311 T-cell 
ITGAE 4.09E-10 0.8128361 T-cell 
ITGAL 1.09E-05 -0.4088337 T-cell 
ITGB1 8.15E-171 -0.7620685 T-cell 
ITIH5 0.00012054 -0.5889718 T-cell 
ITK 8.56E-13 -0.4102007 T-cell 
ITM2B 8.49E-10 -0.2999776 T-cell 
ITPR2 1.50E-08 -0.258519 T-cell 
ITSN2 7.15E-12 -0.3621807 T-cell 
IVNS1ABP 0.01764828 -0.3126929 T-cell 
JAK1 1.24E-61 -0.3540491 T-cell 
JAK2 7.22E-07 -0.2477245 T-cell 
JARID2 2.53E-11 -0.3231123 T-cell 
JCHAIN 5.17E-06 2.357905 T-cell 
JDP2 1.48E-14 0.4509685 T-cell 
JPT1 0.01150099 0.1688048 T-cell 
JUN 1.87E-73 0.5374915 T-cell 
KCNAB2 3.77E-06 0.6107296 T-cell 
KDM6A 0.00014742 -0.3324369 T-cell 
KHDRBS3 2.81E-05 -1.5793 T-cell 
KIF21A 1.56E-10 -1.108759 T-cell 
KIF5B 0.00288458 -0.2306936 T-cell 
KLF3 3.86E-20 -0.9716035 T-cell 
KLF4 8.89E-16 -0.8053469 T-cell 
KLF5 5.95E-05 -0.5273796 T-cell 
KLHL5 3.23E-07 -0.6905981 T-cell 
KLK11 5.78E-10 -0.9968253 T-cell 
KLRA1 5.69E-05 -1.22543 T-cell 
KLRB1 2.47E-06 -0.4877984 T-cell 
KLRD1 0.0135767 0.7714831 T-cell 
KLRG1 6.21E-06 -1.80933 T-cell 
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KLRK1 6.81E-25 0.6621426 T-cell 
KMT2C 8.08E-06 -0.25405 T-cell 
KMT2E 7.84E-46 -0.3022066 T-cell 
KRT14 3.54E-06 -0.2672204 T-cell 
KRTDAP 6.53E-08 0.6406668 T-cell 
LAMA2 0.00041529 -1.070998 T-cell 
LAT2 1.22E-09 1.514009 T-cell 
LATS2 0.0162972 -0.6639922 T-cell 
LCP1 4.48E-05 -0.1267287 T-cell 
LEF1 1.07E-06 -0.7104277 T-cell 
LGALS1 6.42E-18 -0.2085814 T-cell 
LHX2 0.00555968 -0.3632491 T-cell 
LMNA 1.38E-07 -0.1685169 T-cell 
LMO7 0.00073328 -1.424454 T-cell 
LONRF1 4.07E-12 -0.6971487 T-cell 
LONRF3 0.02169072 -0.5736199 T-cell 
LPAR6 2.91E-32 -0.9543469 T-cell 
LRAT 0.00067414 1.684931 T-cell 
LRRC8D 6.37E-07 -0.8037659 T-cell 
LTBP4 0.03967392 -0.5462511 T-cell 
LY6E 0.00415521 -0.8989155 T-cell 
LYST 6.62E-08 -0.2415944 T-cell 
M6PR 7.15E-05 -0.5055569 T-cell 
MACF1 2.45E-29 -0.304829 T-cell 
MACO1 0.01285436 -0.2818998 T-cell 
MADD 0.00524363 -0.4847243 T-cell 
MAML2 4.54E-05 -0.7428255 T-cell 
MAML3 2.78E-05 -0.6355181 T-cell 
MAN2A1 2.46E-13 -0.3174158 T-cell 
MANF 5.91E-06 0.2115108 T-cell 
MANSC4 0.00159642 2.403396 T-cell 
MATK 3.45E-18 -1.75956 T-cell 
MATN4 0.00818641 -0.6983389 T-cell 
MBOAT1 3.98E-07 -0.4113718 T-cell 
MBTPS1 0.00593684 -0.3815273 T-cell 
MCC 0.02139372 -0.6012863 T-cell 
MCUB 2.98E-18 -0.6056235 T-cell 
MDFIC 3.31E-32 0.4617313 T-cell 
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MECP2 0.00427625 -0.3213531 T-cell 
METAP2 0.00029357 -0.3098271 T-cell 
METTL7A 1.83E-22 -1.164964 T-cell 
MFGE8 0.00611777 2.247705 T-cell 
MFHAS1 6.41E-07 -0.8183622 T-cell 
MGP 3.81E-33 -1.700629 T-cell 
MIER1 6.43E-05 -0.2503047 T-cell 
MKRN2 0.0053187 -0.4211366 T-cell 
MLEC 0.01554682 -0.2243013 T-cell 
MLLT1 0.0206459 -0.6411264 T-cell 
MMP1 0.0103414 2.314042 T-cell 
MMP2 2.55E-10 -0.9780941 T-cell 
MNDA 5.01E-07 -0.2190637 T-cell 
MORF4L1 0.0285912 -0.2249533 T-cell 
MPP5 2.89E-05 -0.6021242 T-cell 
MPP7 0.0317344 -0.8683955 T-cell 
MPZL3 0.03473316 -0.4302138 T-cell 
MRPL39 0.02649152 0.3215274 T-cell 
MRPS18C 0.00200534 -0.4666214 T-cell 
MRPS26 0.01446388 -0.1639964 T-cell 
MS4A1 1.02E-18 2.922003 T-cell 
MSX1 1.55E-06 -1.039398 T-cell 
MT1E 9.52E-18 1.0404385 T-cell 
MT2A 2.34E-05 0.3633649 T-cell 
MTDH 5.40E-14 -0.2157008 T-cell 
MT-ND3 4.27E-18 -0.4655036 T-cell 
MXRA5 0.00432117 -1.026659 T-cell 
MYCBP2 1.58E-105 -0.4778228 T-cell 
MYH9 9.30E-07 -0.1513446 T-cell 
MYL6B 0.00100823 -0.5413205 T-cell 
MYO9A 0.04400567 -0.3664985 T-cell 
N4BP1 7.97E-05 0.4113739 T-cell 
NAA16 0.00047773 0.2158146 T-cell 
NAB1 5.70E-26 0.7672816 T-cell 
NAP1L1 1.09E-07 -0.1455603 T-cell 
NARS1 0.01554682 -0.3986175 T-cell 
NCK1 7.19E-05 -0.6203965 T-cell 
NCL 1.26E-11 -0.153088 T-cell 



 

542 
 

NCOR1 8.70E-74 -0.4434827 T-cell 
NCR3 7.60E-09 -1.56641 T-cell 
NDUFA6 0.00013735 -0.3340838 T-cell 
NDUFA8 0.0011297 0.4248085 T-cell 
NDUFB11 0.00164192 0.2693934 T-cell 
NDUFB2 0.01501953 0.1910915 T-cell 
NDUFV3 0.00167211 -0.3869446 T-cell 
NECTIN1 0.00909193 -0.5878819 T-cell 
NEDD8 3.55E-06 -0.2437335 T-cell 
NEDD9 0.00038493 0.4321048 T-cell 
NET1 1.51E-06 0.7822899 T-cell 
NFAT5 0.02634275 -0.2656148 T-cell 
NFATC3 1.54E-12 -0.5128645 T-cell 
NFE2L2 0.01674879 -0.3235169 T-cell 
NFIC 0.00037737 -0.3643172 T-cell 
NFIL3 5.93E-09 0.833262 T-cell 
NFKB1 3.15E-22 -0.4017648 T-cell 
NGDN 0.04459752 -0.3045686 T-cell 
NHP2 1.76E-06 0.3210102 T-cell 
NIBAN1 2.49E-08 0.2907711 T-cell 
NINJ1 6.16E-85 1.1005396 T-cell 
NIPBL 0.01674879 -0.1672404 T-cell 
NME2 0.00660104 0.1217475 T-cell 
NME7 6.91E-15 0.5200516 T-cell 
NOP53 5.82E-12 0.2656465 T-cell 
NPM1 9.63E-06 0.1580538 T-cell 
NR1D1 2.18E-09 -0.9174121 T-cell 
NR3C1 3.30E-09 -0.224661 T-cell 
NRP1 8.08E-23 -1.280783 T-cell 
NSD3 2.50E-07 -0.1959159 T-cell 
NT5DC2 1.09E-05 -1.09821 T-cell 
NT5E 3.68E-11 0.9841501 T-cell 
NUBP1 2.56E-07 0.4599442 T-cell 
NUPR1 0.04759121 -0.442181 T-cell 
OAZ1 9.46E-06 -0.1134484 T-cell 
OCIAD2 4.19E-29 -0.4327443 T-cell 
OPTN 1.16E-101 -0.8553157 T-cell 
OSBPL6 0.00015766 -0.6411264 T-cell 
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OSBPL8 0.049533 -0.3518009 T-cell 
OXR1 3.89E-17 -0.4193852 T-cell 
PABPC1 1.59E-06 0.1612017 T-cell 
PAK2 4.68E-05 -0.1812626 T-cell 
PARK7 2.50E-16 0.6834603 T-cell 
PAXX 0.01080794 0.2496449 T-cell 
PCBD1 0.00024166 0.4743387 T-cell 
PCBD2 7.59E-05 1.082241 T-cell 
PCNP 0.01405903 -0.1855385 T-cell 
PCNX1 4.20E-17 0.9417728 T-cell 
PCOLCE 1.41E-08 -0.8828396 T-cell 
PCTP 6.76E-08 1.152245 T-cell 
PDCD1 0.00013124 0.6467693 T-cell 
PDCD4 1.07E-16 -0.3746786 T-cell 
PDE3B 1.40E-24 0.8552286 T-cell 
PDE4A 0.0003804 -0.3057621 T-cell 
PDE7A 0.01156068 -0.6627399 T-cell 
PDLIM1 9.46E-05 -0.8805001 T-cell 
PDS5A 3.41E-06 -0.2580205 T-cell 
PEAR1 1.89E-07 -1.21107 T-cell 
PELI1 6.16E-13 -0.7744043 T-cell 
PER1 7.12E-05 -0.2840462 T-cell 
PERP 9.08E-26 1.078126 T-cell 
PFKFB3 1.23E-07 -0.3517511 T-cell 
PHACTR2 1.23E-06 -0.4905647 T-cell 
PHC2 0.040267 0.4304611 T-cell 
PHYH 0.03218346 -0.2382465 T-cell 
PI3 3.20E-05 -0.5154219 T-cell 
PIAS1 0.00012574 -0.3616247 T-cell 
PIH1D1 6.15E-08 0.8409384 T-cell 
PIK3C2A 0.00016376 -0.5471269 T-cell 
PIK3R1 6.07E-21 -0.4002797 T-cell 
PIM2 0.00105371 0.4454107 T-cell 
PITPNB 1.05E-05 0.2981861 T-cell 
PKN2 0.00041226 -0.2637212 T-cell 
PKP4 0.0183976 -0.5286 T-cell 
PLAC8 5.56E-16 0.5251593 T-cell 
PLCL1 3.45E-84 -1.088773 T-cell 
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PLEC 7.76E-07 -0.240032 T-cell 
PLXNC1 2.10E-08 -0.8080764 T-cell 
PMAIP1 0.0001126 -0.4074936 T-cell 
PMEPA1 2.38E-17 -0.6660964 T-cell 
POLR1D 0.03024447 0.2245577 T-cell 
PPP1CC 0.00208117 -0.2099836 T-cell 
PPP1R12A 1.39E-05 -0.2158428 T-cell 
PPP1R15A 5.36E-08 0.3459259 T-cell 
PPP2R5E 5.55E-08 -0.3078347 T-cell 
PPP3CA 0.00116897 -0.2646776 T-cell 
PRDM8 0.00010007 -0.9047936 T-cell 
PRDX2 0.00145275 0.5813349 T-cell 
PRELID3B 0.00931762 -0.4135548 T-cell 
PRKAG2 1.95E-06 -0.5042496 T-cell 
PRKCI 9.63E-06 -0.8912914 T-cell 
PRRC2C 0.00036672 -0.1111958 T-cell 
PRRX1 0.00108409 -0.909648 T-cell 
PRSS23 0.03099064 -0.6729156 T-cell 
PRXL2B 3.89E-19 -1.046508 T-cell 
PSD2 1.41E-09 -0.5676436 T-cell 
PSIP1 0.00273312 -0.1654004 T-cell 
PSMB10 0.00123266 0.6568165 T-cell 
PSME4 0.0233368 -0.3036508 T-cell 
PTBP3 1.23E-09 -0.3331116 T-cell 
PTGER4 5.60E-21 -0.4320756 T-cell 
PTMA 1.51E-17 -0.1126007 T-cell 
PTN 0.02049656 -1.777466 T-cell 
PTP4A2 8.77E-11 -0.2858307 T-cell 
PTPN1 0.00176308 -0.2205033 T-cell 
PTPN6 5.63E-14 0.3434991 T-cell 
PTPRC 8.07E-24 -0.1914543 T-cell 
PTPRE 6.03E-07 -0.3670763 T-cell 
PTPRM 2.20E-05 1.700626 T-cell 
PTPRN2 2.43E-05 -1.561902 T-cell 
PUS1 4.12E-06 -0.372646 T-cell 
PWP1 8.54E-07 0.3842371 T-cell 
PYURF 1.36E-05 -0.3392856 T-cell 
QDPR 3.70E-05 -0.3289013 T-cell 
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QSER1 0.01133625 -0.4000699 T-cell 
RAB11A 3.50E-07 -0.2356386 T-cell 
RAB11FIP1 5.81E-12 -0.3276472 T-cell 
RAB14 0.00035612 -0.2521767 T-cell 
RAB27B 2.06E-06 1.372329 T-cell 
RAB32 7.08E-15 1.682654 T-cell 
RABGAP1L 4.88E-07 -0.3159271 T-cell 
RAD51AP1 0.00014177 1.25548 T-cell 
RALBP1 1.11E-17 -0.1755187 T-cell 
RALGPS2 2.38E-08 1.622882 T-cell 
RAP1B 7.93E-05 -0.23643 T-cell 
RARRES2 4.24E-05 -0.5656738 T-cell 
RASGEF1B 8.29E-06 -0.7707285 T-cell 
RB1CC1 8.80E-06 -0.3331213 T-cell 
RBBP6 0.00209622 -0.2095594 T-cell 
RBM39 2.26E-12 -0.2011551 T-cell 
RBM46 7.47E-25 3.312605 T-cell 
RBP4 4.35E-79 -1.032454 T-cell 
RBPJ 9.34E-09 -0.2787807 T-cell 
RCAN1 5.01E-07 -0.9672482 T-cell 
RCAN2 2.76E-22 1.008287 T-cell 
RCN2 5.76E-09 -0.6687755 T-cell 
RCSD1 6.87E-05 -0.4422376 T-cell 
RDX 5.50E-15 -0.3519956 T-cell 
REL 8.96E-73 -0.5284374 T-cell 
RERE 3.23E-07 -0.318365 T-cell 
REV3L 7.96E-25 -0.3575319 T-cell 
RFC1 0.00021875 -0.3864278 T-cell 
RFC2 4.44E-05 0.7421785 T-cell 
RGS1 8.38E-47 0.4652296 T-cell 
RGS19 0.00143763 -0.2394132 T-cell 
RHEB 0.00013872 -0.2286832 T-cell 
RHEX 3.43E-18 2.243732 T-cell 
RHOB 1.54E-12 -0.5448663 T-cell 
RIOK2 0.02214114 -0.293054 T-cell 
RIT1 0.0009916 -0.3271292 T-cell 
RNASEL 0.0206459 -0.3938853 T-cell 
RNF10 5.85E-05 -0.2141869 T-cell 
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RNF125 0.01198064 -0.719052 T-cell 
RNF168 0.00010709 -0.2383315 T-cell 
RNF19B 1.99E-07 -0.7689921 T-cell 
RNPS1 0.04311601 -0.2472472 T-cell 
ROCK2 0.00215655 -0.3370214 T-cell 
RORA 8.38E-11 -0.4337312 T-cell 
RPL12 1.19E-09 0.0731199 T-cell 
RPL13 2.58E-50 0.1360714 T-cell 
RPL13A 1.13E-18 0.1027706 T-cell 
RPL14 1.92E-22 -0.1643646 T-cell 
RPL18 2.87E-22 0.1135602 T-cell 
RPL19 1.07E-156 0.3454742 T-cell 
RPL23 0.03054338 0.0513288 T-cell 
RPL24 1.75E-18 0.0835099 T-cell 
RPL28 5.69E-50 0.1338119 T-cell 
RPL3 1.47E-32 0.1766725 T-cell 
RPL34 7.74E-61 -0.3693046 T-cell 
RPL35A 6.37E-07 -0.0590934 T-cell 
RPL36AL 0.0210938 0.1047941 T-cell 
RPL7A 8.77E-86 0.2393762 T-cell 
RPL8 6.97E-78 0.1856639 T-cell 
RPN1 0.0195949 -0.260446 T-cell 
RPS10 0.00726576 -0.1013935 T-cell 
RPS12 1.10E-08 0.0733951 T-cell 
RPS14 3.03E-10 0.0642007 T-cell 
RPS15 4.78E-14 -0.1049031 T-cell 
RPS15A 1.30E-19 -0.1007745 T-cell 
RPS18 3.08E-54 0.1553347 T-cell 
RPS23 1.62E-09 -0.0729058 T-cell 
RPS24 0.02679078 -0.0566829 T-cell 
RPS25 2.57E-09 -0.0646917 T-cell 
RPS26 2.15E-26 -0.1153378 T-cell 
RPS27 3.93E-66 -0.184093 T-cell 
RPS28 3.14E-69 -0.2085568 T-cell 
RPS3 2.04E-24 0.1435401 T-cell 
RPS4X 3.58E-05 0.0623545 T-cell 
RPS5 6.30E-76 0.2094932 T-cell 
RPS6 2.93E-32 -0.272478 T-cell 
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RPS6KA2 6.13E-22 -1.357139 T-cell 
RPS7 5.15E-29 0.1025157 T-cell 
RRAS2 7.38E-06 1.168059 T-cell 
RRBP1 1.95E-10 -0.2766384 T-cell 
RSF1 0.00038946 -0.1998464 T-cell 
RTF1 2.50E-06 -0.3069215 T-cell 
RTN3 7.25E-08 -0.2229139 T-cell 
RUFY3 3.65E-09 -0.4724842 T-cell 
RUNX1 3.80E-06 0.5028982 T-cell 
S100A12 0.00067714 3.358584 T-cell 
S100A2 2.90E-53 1.0430678 T-cell 
S100A5 0.0001668 -0.1004377 T-cell 
S100PBP 1.94E-23 0.5793475 T-cell 
SAMD4A 0.00868462 -1.141477 T-cell 
SAP25 9.14E-06 -0.784338 T-cell 
SARAF 1.48E-07 0.2778488 T-cell 
SAT1 2.62E-12 0.2216339 T-cell 
SATB1 4.28E-10 0.4772262 T-cell 
SCAF11 9.66E-07 -0.2431571 T-cell 
SCAPER 0.00412542 -0.2432515 T-cell 
SCARB1 1.88E-08 0.3840514 T-cell 
SCCPDH 0.04788509 0.6876093 T-cell 
SCML4 0.00086399 -0.7316548 T-cell 
SCN3A 0.00472898 4.312167 T-cell 
SCN9A 2.67E-17 1.294849 T-cell 
SDF2L1 9.93E-06 0.237523 T-cell 
SEC14L1 9.97E-28 -0.460849 T-cell 
SEC61A1 0.0030356 -0.3237464 T-cell 
SEC61B 1.77E-22 0.3003848 T-cell 
SELENOK 1.39E-18 -0.2720466 T-cell 
SELENOP 1.48E-06 -0.9552685 T-cell 
SELENOT 0.00024166 0.1817908 T-cell 
SEPTIN11 5.55E-51 -0.8017848 T-cell 
SEPTIN6 4.17E-14 -0.2212456 T-cell 
SEPTIN9 4.74E-07 -0.2318242 T-cell 
SERPINB1 5.57E-10 -0.2807788 T-cell 
SERPINE2 0.00113564 1.60141 T-cell 
SERPINF1 7.83E-14 -0.9761187 T-cell 
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SERPINH1 0.00073186 -0.5313486 T-cell 
SESN1 8.44E-15 -0.7678533 T-cell 
SF3B1 0.01249349 -0.1148214 T-cell 
SFRP1 1.35E-18 1.688837 T-cell 
SH2D1A 0.00177805 -0.4155639 T-cell 
SH3D21 3.87E-06 -0.4304034 T-cell 
SIAH2 6.85E-09 0.563478 T-cell 
SKI 6.14E-06 -0.5616256 T-cell 
SLAIN2 0.04191696 -0.440321 T-cell 
SLAMF1 2.06E-07 -0.5903692 T-cell 
SLC29A1 0.00537825 -0.7173914 T-cell 
SLC2A3 2.29E-13 -0.318039 T-cell 
SLC38A1 7.85E-07 -0.3844044 T-cell 
SLC38A2 5.06E-10 -0.2117356 T-cell 
SLC41A1 1.68E-70 1.1297408 T-cell 
SLC4A4 1.04E-05 -0.5562834 T-cell 
SLC4A7 6.29E-29 -0.3568555 T-cell 
SLC6A6 1.56E-06 -0.2585992 T-cell 
SLPI 0.04012209 2.121307 T-cell 
SLTM 2.35E-13 -0.2819476 T-cell 
SMAD2 0.01569464 -0.3676166 T-cell 
SMC1A 0.00017748 -0.353053 T-cell 
SMC5 3.99E-11 -0.3806766 T-cell 
SMC6 0.00060566 -0.1932051 T-cell 
SMIM4 8.29E-06 -0.4705452 T-cell 
SNCG 6.21E-16 -1.453671 T-cell 
SNRK 0.00021264 -0.2942188 T-cell 
SNRPD2 5.59E-07 0.1298571 T-cell 
SNTB2 0.00146482 -0.4747927 T-cell 
SNX9 0.0018386 -0.7333505 T-cell 
SOD1 1.06E-17 -0.3177641 T-cell 
SORL1 1.37E-24 0.8963686 T-cell 
SOX13 3.05E-09 3.134235 T-cell 
SPARC 2.70E-59 -2.179768 T-cell 
SPATA6 2.58E-06 -1.340337 T-cell 
SPATS2L 1.36E-45 -0.7645503 T-cell 
SPCS3 1.91E-20 0.446226 T-cell 
SPOCK2 1.77E-10 -0.8234065 T-cell 
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SPP2 1.70E-09 -1.740561 T-cell 
SPTBN1 3.44E-16 -0.6672234 T-cell 
SPTLC2 0.00218678 -0.3563166 T-cell 
SPTY2D1 0.00035612 -0.259983 T-cell 
SRPRA 0.00209622 -0.2698798 T-cell 
SRSF10 0.00392851 -0.2568444 T-cell 
SSBP4 9.62E-21 -0.3255085 T-cell 
ST3GAL1 3.33E-05 -0.3903437 T-cell 
ST3GAL6 1.68E-40 -0.7405472 T-cell 
ST7 5.70E-09 1.087251 T-cell 
STAG2 3.56E-19 -0.2904053 T-cell 
STARD10 1.63E-07 0.506772 T-cell 
STIM2 0.01026716 -0.3110459 T-cell 
STK17A 4.77E-06 -0.2602091 T-cell 
STK4 4.66E-09 -0.2226612 T-cell 
STRN 0.03248208 -0.3316683 T-cell 
STXBP4 0.0006832 -1.215674 T-cell 
SUCO 1.13E-08 -0.3093986 T-cell 
SUPT20H 9.33E-07 -0.3962145 T-cell 
SUSD4 0.00147841 -0.1612472 T-cell 
SVIL 0.00096584 -0.3961001 T-cell 
SYNE2 1.74E-26 -0.8832773 T-cell 
SYTL3 1.50E-07 0.159033 T-cell 
TAP1 4.71E-11 0.2867224 T-cell 
TBCC 0.00069531 -0.5828744 T-cell 
TBL1XR1 0.00113267 0.281129 T-cell 
TCF4 0.00012941 -0.8028287 T-cell 
TCP11L2 0.00039707 -0.5207426 T-cell 
TEC 1.14E-31 -1.730692 T-cell 
TES 0.04759121 -0.5242088 T-cell 
TESC 6.49E-05 0.3964849 T-cell 
TESPA1 2.74E-12 -0.4271417 T-cell 
TFAP4 0.00364176 -0.5689928 T-cell 
TFPT 3.67E-06 0.0672641 T-cell 
TGFB2 1.62E-08 1.248097 T-cell 
THEMIS 0.00273312 -0.8224828 T-cell 
THRA 7.49E-07 -0.7211106 T-cell 
TIAL1 1.62E-05 -0.316286 T-cell 
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TIMP2 0.00226257 -0.6838459 T-cell 
TIPARP 0.00068621 -0.1369254 T-cell 
TLK1 6.95E-07 -0.5230763 T-cell 
TM2D2 0.0141185 0.7161744 T-cell 
TMBIM6 6.02E-14 -0.2004194 T-cell 
TMED4 0.00299066 0.3536218 T-cell 
TMEM132A 0.03697626 -0.5161923 T-cell 
TMEM156 3.19E-27 -0.8322438 T-cell 
TMEM176A 0.00052949 1.579019 T-cell 
TMSB10 5.64E-46 0.2719131 T-cell 
TNFRSF11A 0.00927285 -0.8920388 T-cell 
TNFRSF18 1.85E-15 0.2348599 T-cell 
TNFRSF1A 3.26E-05 -0.6906636 T-cell 
TNFRSF25 3.75E-09 -0.431898 T-cell 
TNFRSF6B 6.41E-07 0.5940112 T-cell 
TNFRSF8 7.66E-09 1.605039 T-cell 
TNFSF11 0.00024469 -0.8673672 T-cell 
TNFSF8 2.06E-05 -0.583198 T-cell 
TNNC1 5.89E-08 -1.644461 T-cell 
TNRC6B 3.26E-05 -0.2823644 T-cell 
TNRC6C 4.11E-05 -0.3299385 T-cell 
TOMM34 0.00100677 0.6548509 T-cell 
TOX2 0.02154152 0.6127164 T-cell 
TPM3 1.85E-07 -0.3210251 T-cell 
TPM4 0.00058129 -0.2024734 T-cell 
TPT1 1.32E-05 -0.0484463 T-cell 
TRA2B 8.39E-08 -0.1960305 T-cell 
TRAF3IP2 4.52E-06 -0.9408065 T-cell 
TRAM1 0.00048533 -0.1751585 T-cell 
TRAT1 0.01286861 0.657007 T-cell 
TRBV18 0.00073328 -1.744314 T-cell 
TRIB1 0.00560476 -0.4901672 T-cell 
TRIB2 0.00010342 -0.3464095 T-cell 
TRIM8 0.01794639 -0.1812168 T-cell 
TRMT10C 3.50E-11 -0.3899605 T-cell 
TRMT112 0.03099064 0.1743939 T-cell 
TSPAN12 0.04415292 -1.206921 T-cell 
TSPAN5 0.00052189 -0.8094912 T-cell 
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TSPO 0.00073929 0.1689878 T-cell 
TTC21B 1.40E-10 0.905257 T-cell 
TXK 5.67E-09 -1.045879 T-cell 
TXLNG 9.29E-05 -0.4112286 T-cell 
UBA52 1.60E-05 0.0755245 T-cell 
UBAP2 0.00046555 -0.3653182 T-cell 
UBB 2.55E-16 0.2079829 T-cell 
UBE2F 0.00581606 -0.5882638 T-cell 
UBE2K 0.00414032 -0.2197757 T-cell 
UBE2S 1.88E-05 0.3125692 T-cell 
UBL3 0.0118168 -0.4584238 T-cell 
UBL5 3.02E-08 -0.1990736 T-cell 
UBR5 2.49E-11 -0.4122924 T-cell 
UGCG 1.60E-08 -0.3411143 T-cell 
UNC93B1 9.52E-10 0.798174 T-cell 
USO1 0.00996606 -0.2693834 T-cell 
USP11 0.00342978 -0.2940596 T-cell 
USP14 5.61E-06 -0.311147 T-cell 
USP34 0.00649549 -0.2580485 T-cell 
USP36 1.66E-10 -0.6665321 T-cell 
USP37 0.00037128 -0.3012653 T-cell 
USP48 0.02214114 -0.2050534 T-cell 
UTP3 0.00088679 -0.2564856 T-cell 
UTRN 2.82E-07 -0.3818866 T-cell 
VAMP8 1.41E-05 -0.2616169 T-cell 
VCP 0.00117346 -0.2300725 T-cell 
VDAC3 0.0039136 0.341937 T-cell 
VEZF1 3.15E-05 -0.4771666 T-cell 
VIM 1.25E-82 -0.2429624 T-cell 
WBP4 0.00329341 -0.2268105 T-cell 
WDFY1 7.67E-12 0.8622997 T-cell 
WIF1 0.00155132 -0.8887933 T-cell 
WNK1 0.0315882 -0.1746339 T-cell 
WRNIP1 8.30E-11 -0.3877077 T-cell 
WSB1 0.00497117 0.3486838 T-cell 
XRCC1 0.01193611 -0.7388483 T-cell 
YAF2 0.00032714 -0.5024451 T-cell 
YBX3 1.33E-10 0.406076 T-cell 
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YWHAB 3.69E-06 -0.1596341 T-cell 
YWHAH 1.03E-20 -0.4029804 T-cell 
YY1 3.02E-09 0.2368663 T-cell 
ZAP70 0.00471414 0.3397916 T-cell 
ZBTB10 0.03084225 -0.6438206 T-cell 
ZBTB38 1.67E-23 0.4704621 T-cell 
ZDHHC18 0.00064681 -0.4325864 T-cell 
ZEB1 0.01474879 -0.2169811 T-cell 
ZEB2 5.98E-06 0.5138724 T-cell 
ZFAND5 9.52E-08 0.2927407 T-cell 
ZFP36L1 2.58E-10 -0.4079704 T-cell 
ZNF326 1.14E-08 -0.3503234 T-cell 
ZNF395 2.20E-05 -0.632514 T-cell 
ZNF512B 1.31E-05 -0.4608677 T-cell 
ZNF593 0.00984572 0.2450617 T-cell 
ZNF608 5.75E-07 0.5911149 T-cell 
ZNF622 0.00130697 0.2479998 T-cell 
ZNRF1 2.01E-14 0.5322625 T-cell 
ABHD5 2.21E-06 -0.1350425 Vascular endothelial 
ACP3 3.77E-06 -0.7053207 Vascular endothelial 
ACTN4 1.41E-11 -0.2447325 Vascular endothelial 
ADAMTS4 9.22E-41 -0.5339148 Vascular endothelial 
ADAMTS9 1.29E-14 -0.4265267 Vascular endothelial 
ADGRF5 0.00054096 -0.2483956 Vascular endothelial 
ADGRL1 0.00155722 -0.3339333 Vascular endothelial 
ADGRL2 7.46E-07 -0.4726129 Vascular endothelial 
ADGRL4 2.57E-05 0.2759938 Vascular endothelial 
ADM5 1.14E-09 0.650963 Vascular endothelial 
AFDN 7.39E-17 -0.3910749 Vascular endothelial 
AHNAK 1.05E-07 -0.2280313 Vascular endothelial 
AK7 0.00101858 2.917956 Vascular endothelial 
AKAP12 0.00892031 -0.4312777 Vascular endothelial 
AKAP13 0.00010855 -0.1689689 Vascular endothelial 
ALCAM 3.33E-07 -0.4415952 Vascular endothelial 
ANAPC11 3.17E-05 0.3680932 Vascular endothelial 
ANKRD11 1.50E-26 -0.3531478 Vascular endothelial 
ANKRD12 2.73E-09 -0.1945878 Vascular endothelial 
ANKS1B 0.00144532 -0.3247149 Vascular endothelial 



 

553 
 

ANKS4B 0.0119226 1.646405 Vascular endothelial 
ANO6 2.94E-08 -0.3407692 Vascular endothelial 
ANP32A 0.00122344 0.3633355 Vascular endothelial 
ANXA1 1.62E-13 0.2967265 Vascular endothelial 
ANXA2 0.00014893 0.1339482 Vascular endothelial 
AP1S2 0.00511588 0.3609574 Vascular endothelial 
APOLD1 1.82E-27 0.7298094 Vascular endothelial 
APP 4.23E-17 0.2672928 Vascular endothelial 
ARHGAP17 0.0341712 -0.2877619 Vascular endothelial 
ARHGAP18 6.03E-07 -0.3725958 Vascular endothelial 
ARHGAP21 0.00158795 -0.253425 Vascular endothelial 
ARHGAP35 0.00655488 -0.3124104 Vascular endothelial 
ARHGEF12 4.93E-10 -0.37436 Vascular endothelial 
ARHGEF28 1.34E-07 -0.5933787 Vascular endothelial 
ARHGEF7 3.53E-05 -0.367906 Vascular endothelial 
ARID4B 3.20E-07 -0.2397732 Vascular endothelial 
ARL6IP4 0.00238669 0.6679705 Vascular endothelial 
ARMC9 0.01066063 -0.4750105 Vascular endothelial 
ARPC3 0.00063662 0.2715296 Vascular endothelial 
ASB1 0.03796005 -0.3233985 Vascular endothelial 
ASH1L 0.00841837 -0.1899016 Vascular endothelial 
ASNS 0.03915909 -1.01146 Vascular endothelial 
ATF4 2.40E-21 -0.2575982 Vascular endothelial 
ATF7IP 0.00010189 0.3502024 Vascular endothelial 
ATP1A1 0.04747704 -0.2133852 Vascular endothelial 
ATP2B1 1.81E-11 -0.294974 Vascular endothelial 
ATP5MC1 0.00716658 0.3070242 Vascular endothelial 
ATP5PF 0.01216589 0.2003148 Vascular endothelial 
ATP6V0E1 3.93E-06 0.2171173 Vascular endothelial 
ATP8B1 4.64E-06 -0.2911069 Vascular endothelial 
AVPR2 1.12E-08 0.7919254 Vascular endothelial 
B2M 1.90E-33 0.2038963 Vascular endothelial 
B3GNT5 2.82E-08 -0.8713131 Vascular endothelial 
BACE2 1.21E-36 0.8195204 Vascular endothelial 
BANF1 0.00718146 0.2809876 Vascular endothelial 
BATF2 0.0290092 1.244901 Vascular endothelial 
BAZ1A 1.44E-06 -0.2347959 Vascular endothelial 
BAZ1B 4.17E-07 -0.2917028 Vascular endothelial 
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BAZ2A 0.00942488 -0.2396665 Vascular endothelial 
BBLN 3.24E-16 0.4530883 Vascular endothelial 
BCL6B 1.47E-11 -0.4549938 Vascular endothelial 
BCL7C 1.34E-07 0.9857883 Vascular endothelial 
BDKRB2 0.02915997 -0.8282328 Vascular endothelial 
BEST3 0.04097408 -0.7213929 Vascular endothelial 
BMP4 1.05E-10 1.274756 Vascular endothelial 
BRD2 1.17E-07 -0.2214102 Vascular endothelial 
BRD4 0.00034198 -0.2463435 Vascular endothelial 
BRWD1 0.032046 -0.2419719 Vascular endothelial 
BTF3 0.00030337 0.1341232 Vascular endothelial 
C17orf49 0.00023225 0.3329875 Vascular endothelial 
C1QB 0.00574314 2.456971 Vascular endothelial 
C1R 0.0088136 0.6173011 Vascular endothelial 
C26H12orf65 0.00747155 -0.5087867 Vascular endothelial 
C27H12orf57 0.02276571 0.3474442 Vascular endothelial 
C30H15orf48 3.03E-10 1.256778 Vascular endothelial 
C5H1orf87 5.12E-18 -0.5710585 Vascular endothelial 
C6H7orf50 5.36E-05 -0.3176722 Vascular endothelial 
CA2 0.03447404 0.716742 Vascular endothelial 
CA4 1.70E-62 2.2318554 Vascular endothelial 
CALM1 1.65E-45 0.2680774 Vascular endothelial 
CAMK1 0.01131409 0.7744 Vascular endothelial 
CAPG 9.76E-08 0.4293137 Vascular endothelial 
CAPZA2 0.01880793 0.1793214 Vascular endothelial 
CARD19 7.77E-09 0.5119853 Vascular endothelial 
CASKIN2 0.00093085 -0.3696059 Vascular endothelial 
CASP7 6.76E-11 -0.7427463 Vascular endothelial 
CASTOR1 9.59E-05 0.7498798 Vascular endothelial 
CASZ1 0.00211062 -0.350995 Vascular endothelial 
CAV2 0.00017194 0.2793508 Vascular endothelial 
CAVIN3 1.37E-07 0.2795854 Vascular endothelial 
CCDC80 1.25E-18 -1.013575 Vascular endothelial 
CCKAR 1.80E-05 -0.3502125 Vascular endothelial 
CCL4 4.67E-14 2.382815 Vascular endothelial 
CCL5 6.00E-13 4.5761609 Vascular endothelial 
CCL8 5.00E-05 1.751915 Vascular endothelial 
CCND2 0.00186437 -0.3290316 Vascular endothelial 
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CD151 0.00037133 0.2594413 Vascular endothelial 
CD2 0.0043036 1.018731 Vascular endothelial 
CD248 0.01128421 -0.7317038 Vascular endothelial 
CD274 0.00480956 0.6311321 Vascular endothelial 
CD34 2.14E-06 -0.1817793 Vascular endothelial 
CD3D 8.95E-08 1.149548 Vascular endothelial 
CD3E 4.58E-06 1.173026 Vascular endothelial 
CD3G 0.00366044 1.347033 Vascular endothelial 
CD47 1.13E-51 0.98732 Vascular endothelial 
CD59 5.14E-05 0.3345165 Vascular endothelial 
CD63 0.0296141 0.1127235 Vascular endothelial 
CD79A 1.43E-40 0.2047018 Vascular endothelial 
CD93 1.17E-13 0.4812589 Vascular endothelial 
CDA 8.29E-31 0.8494727 Vascular endothelial 
CDH20 0.00054865 -0.6872998 Vascular endothelial 
CDK3 0.00520772 1.183742 Vascular endothelial 
CDO1 6.87E-05 -1.101782 Vascular endothelial 
CEP85L 6.44E-09 -0.3587302 Vascular endothelial 
CFI 1.23E-08 1.085681 Vascular endothelial 
CFL1 0.03885945 0.0968914 Vascular endothelial 
CFTR 6.82E-13 1.377033 Vascular endothelial 
CHCHD2 2.09E-11 0.2822196 Vascular endothelial 
CHD4 0.00082444 -0.1942408 Vascular endothelial 
CHD7 1.19E-12 -0.3680815 Vascular endothelial 
CITED2 6.24E-05 0.9798334 Vascular endothelial 
CLEC3B 3.83E-15 -0.6794919 Vascular endothelial 
CLIC1 2.15E-20 0.2985558 Vascular endothelial 
CLK1 0.00043921 -0.3099449 Vascular endothelial 
CLU 8.36E-34 0.6062702 Vascular endothelial 
COL12A1 0.00014938 0.5971514 Vascular endothelial 
COL1A1 1.58E-84 -2.2660836 Vascular endothelial 
COL1A2 1.05E-91 -2.0222583 Vascular endothelial 
COL23A1 0.00098469 0.9009358 Vascular endothelial 
COL3A1 2.88E-77 -2.1330625 Vascular endothelial 
COL4A1 0.00018587 -0.1977451 Vascular endothelial 
COL5A1 1.68E-08 -1.406138 Vascular endothelial 
COL5A2 2.90E-06 -0.712084 Vascular endothelial 
COL6A3 5.06E-06 -0.5000058 Vascular endothelial 
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COMMD3 4.29E-05 0.5138198 Vascular endothelial 
COMP 7.64E-06 1.347324 Vascular endothelial 
CORO1B 0.00533027 0.5627459 Vascular endothelial 
COX4I1 1.98E-10 0.2394388 Vascular endothelial 
COX5A 0.00834224 0.2283361 Vascular endothelial 
CP 0.0189596 0.64156 Vascular endothelial 
CPNE3 2.36E-07 0.6533935 Vascular endothelial 
CPNE6 0.0280968 0.7164482 Vascular endothelial 
CPZ 4.97E-44 -1.954594 Vascular endothelial 
CRIP1 2.18E-57 0.5990052 Vascular endothelial 
CRIP2 8.84E-37 0.5819408 Vascular endothelial 
CRNKL1 0.02611341 -0.3118817 Vascular endothelial 
CRYBG3 0.00055943 -0.2745625 Vascular endothelial 
CRYM 8.32E-07 -1.144136 Vascular endothelial 
CSF2 4.89E-12 -1.912731 Vascular endothelial 
CSF3 0.03113448 -0.3705799 Vascular endothelial 
CSNK1G1 8.13E-13 0.2241543 Vascular endothelial 
CSTB 0.00843315 0.1587199 Vascular endothelial 
CSTF3 0.00704427 -0.4026287 Vascular endothelial 
CTHRC1 0.01084373 -0.5972332 Vascular endothelial 
CTSC 1.40E-13 0.6890239 Vascular endothelial 
CTTNBP2NL 0.03219649 -0.2150234 Vascular endothelial 
CXCL14 4.59E-97 1.726735 Vascular endothelial 
CXCL16 2.22E-12 -0.4145145 Vascular endothelial 
CYP1A1 0.00016423 -0.9373059 Vascular endothelial 
CYTH1 0.00164941 -0.290708 Vascular endothelial 
CYTIP 0.00160326 0.9425805 Vascular endothelial 
CYYR1 2.60E-06 0.5939925 Vascular endothelial 
DAAM1 2.44E-05 -0.2995981 Vascular endothelial 
DAB2 0.03234696 -0.2199627 Vascular endothelial 
DBI 0.00015092 0.2696415 Vascular endothelial 
DCN 0.00016576 -0.3752171 Vascular endothelial 
DCTN3 0.00045307 0.453657 Vascular endothelial 
DDB1 0.03840984 -0.2964518 Vascular endothelial 
DDX21 3.01E-32 -0.4127547 Vascular endothelial 
DDX23 4.82E-05 -0.357735 Vascular endothelial 
DDX27 7.45E-10 -0.4230509 Vascular endothelial 
DDX3X 2.54E-17 -0.2882512 Vascular endothelial 
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DDX46 6.07E-05 -0.2183986 Vascular endothelial 
DHX15 8.01E-05 -0.310021 Vascular endothelial 
DHX37 0.00065663 -0.4872062 Vascular endothelial 
DLA88 8.22E-127 0.8627845 Vascular endothelial 
DLC1 2.86E-12 -0.3125064 Vascular endothelial 
DNAJA1 1.16E-33 -0.3598876 Vascular endothelial 
DNAJB1 5.20E-27 0.8610884 Vascular endothelial 
DNLZ 2.13E-15 0.8616236 Vascular endothelial 
DRC7 0.0241345 -1.086375 Vascular endothelial 
DSTN 6.74E-05 -0.2354041 Vascular endothelial 
DYNC1H1 7.76E-05 -0.1647942 Vascular endothelial 
DYNLRB1 4.64E-27 0.4306737 Vascular endothelial 
DYRK1B 0.0352275 0.0774308 Vascular endothelial 
EDEM2 5.90E-05 0.8267756 Vascular endothelial 
EEF1A1 1.20E-22 -0.2262091 Vascular endothelial 
EEF1B2 0.00020751 0.1494689 Vascular endothelial 
EEF1D 0.0174363 0.1196895 Vascular endothelial 
EGFL7 3.70E-12 0.4825585 Vascular endothelial 
EGR1 2.11E-12 0.7768298 Vascular endothelial 
EIF1AX 7.26E-08 -0.4086105 Vascular endothelial 
EIF2A 1.46E-21 -0.3176413 Vascular endothelial 
EIF2S2 2.40E-08 -0.2388893 Vascular endothelial 
EIF2S3 3.04E-08 -0.3477575 Vascular endothelial 
EIF3A 1.68E-11 -0.2193773 Vascular endothelial 
EIF3J 4.04E-08 -0.2984565 Vascular endothelial 
EIF3K 7.99E-12 0.2271447 Vascular endothelial 
EIF4A2 1.39E-05 -0.3000971 Vascular endothelial 
EIF5B 1.58E-18 -0.3052819 Vascular endothelial 
EML4 1.17E-13 -0.3844113 Vascular endothelial 
ENPP1 7.97E-06 1.042664 Vascular endothelial 
ENPP2 1.84E-28 -0.5038832 Vascular endothelial 
ENPP4 0.01101077 0.9373035 Vascular endothelial 
EP400 0.00770068 -0.3575971 Vascular endothelial 
ERBIN 0.00079984 -0.3080794 Vascular endothelial 
ERRFI1 2.02E-14 0.844022 Vascular endothelial 
ETFB 2.14E-12 0.7011476 Vascular endothelial 
ETS2 1.05E-06 -0.1806438 Vascular endothelial 
EXOSC2 2.97E-07 -0.3505455 Vascular endothelial 
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FAM155B 0.0229155 -0.4219312 Vascular endothelial 
FAM3D 0.02154621 4.780334 Vascular endothelial 
FBN1 8.79E-16 -0.4511229 Vascular endothelial 
FBXW11 0.03552784 -0.2446531 Vascular endothelial 
FCGRT 0.00065663 0.4529351 Vascular endothelial 
FEZ1 0.03855973 -0.3390815 Vascular endothelial 
FGL2 3.95E-09 -0.2032364 Vascular endothelial 
FIS1 7.31E-10 0.4950142 Vascular endothelial 
FKBP2 0.00039907 0.3472276 Vascular endothelial 
FKBP3 0.03295296 0.7711113 Vascular endothelial 
FLT1 4.96E-06 -0.223956 Vascular endothelial 
FN1 1.80E-05 -0.8118964 Vascular endothelial 
FNDC3A 0.00221789 0.337994 Vascular endothelial 
FOS 2.72E-10 0.3915627 Vascular endothelial 
FRMD4A 8.71E-09 -0.3845179 Vascular endothelial 
FRYL 0.0449108 -0.1939106 Vascular endothelial 
FSCN1 1.63E-05 -0.2217971 Vascular endothelial 
FXYD5 0.00356886 0.3128472 Vascular endothelial 
FXYD6 2.80E-11 0.383459 Vascular endothelial 
GABARAPL1 1.79E-06 -0.3549193 Vascular endothelial 
GADD45B 3.85E-26 0.664385 Vascular endothelial 
GALK1 5.62E-06 0.1328917 Vascular endothelial 
GAPVD1 5.85E-05 -0.3095598 Vascular endothelial 
GARRE1 0.04006805 -0.2519173 Vascular endothelial 
GARS1 4.54E-14 -0.3716042 Vascular endothelial 
GASK1B 9.66E-64 1.5764942 Vascular endothelial 
GDA 1.15E-10 1.141568 Vascular endothelial 
GJB2 3.17E-05 2.919262 Vascular endothelial 
GLRX 2.38E-05 0.4794244 Vascular endothelial 
GNAI2 3.45E-07 0.2241155 Vascular endothelial 
GNAS 2.09E-10 -0.1471441 Vascular endothelial 
GNG11 6.04E-08 0.2033407 Vascular endothelial 
GOLGA4 0.0011111 -0.1678823 Vascular endothelial 
GOLGB1 1.21E-16 -0.2953011 Vascular endothelial 
GPBP1 0.0297648 -0.1992359 Vascular endothelial 
GPCPD1 9.52E-34 0.9080855 Vascular endothelial 
GPX1 8.56E-16 0.2724383 Vascular endothelial 
GPX2 0.006754 1.761787 Vascular endothelial 
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GPX3 1.41E-33 0.7812657 Vascular endothelial 
GSPT1 4.59E-11 -0.2625828 Vascular endothelial 
GSTO1 5.19E-11 0.6880342 Vascular endothelial 
GTPBP4 0.0461166 -0.2065628 Vascular endothelial 
GUF1 3.58E-08 -0.3770956 Vascular endothelial 
GZMB 2.78E-07 0.5936057 Vascular endothelial 
HIVEP3 0.00037595 -0.2911124 Vascular endothelial 
HLA-DQB2 0.003936 0.4469827 Vascular endothelial 
HMGB1 0.00113565 0.1076291 Vascular endothelial 
HMOX1 0.0084786 0.5439681 Vascular endothelial 
HNRNPAB 7.56E-05 -0.2445169 Vascular endothelial 
HNRNPH1 1.54E-25 -0.2751904 Vascular endothelial 
HNRNPK 3.71E-05 -0.1453153 Vascular endothelial 
HNRNPM 2.05E-17 -0.2975366 Vascular endothelial 
HNRNPU 3.58E-10 -0.2570273 Vascular endothelial 
HOXD8 8.42E-08 0.5455638 Vascular endothelial 
HSD17B10 0.02489499 0.4451649 Vascular endothelial 
HSDL2 9.31E-08 0.4960192 Vascular endothelial 
HSP90AB1 1.33E-17 -0.1443702 Vascular endothelial 
HSPA4 0.001542 -0.210099 Vascular endothelial 
HSPA9 0.0017725 -0.2263643 Vascular endothelial 
HSPB1 3.09E-22 0.3152265 Vascular endothelial 
HUWE1 0.00997527 -0.204408 Vascular endothelial 
ICAM2 7.43E-07 0.5633456 Vascular endothelial 
ICOS 0.04505712 1.134472 Vascular endothelial 
IFT57 7.31E-33 2.531138 Vascular endothelial 
IGF1R 0.00027862 -0.3242123 Vascular endothelial 
IGF2BP2 7.72E-14 -2.034509 Vascular endothelial 
IGFBP2 4.47E-10 2.734603 Vascular endothelial 
IGFBP7 1.86E-06 0.1266937 Vascular endothelial 
IGSF10 1.39E-08 -0.9822186 Vascular endothelial 
IGSF11 0.01262415 -0.3053534 Vascular endothelial 
IL13RA2 0.00012664 2.730219 Vascular endothelial 
IL1R1 1.33E-38 0.8929463 Vascular endothelial 
IL1R2 6.22E-18 1.1343586 Vascular endothelial 
IL33 1.54E-06 0.4233598 Vascular endothelial 
IL3RA 1.53E-57 0.9754163 Vascular endothelial 
IL4I1 4.83E-05 2.170264 Vascular endothelial 
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IL6ST 3.92E-07 -0.1599194 Vascular endothelial 
IMP4 0.0441525 0.3922062 Vascular endothelial 
INHBA 0.00019514 -0.55633 Vascular endothelial 
IQGAP2 0.01020379 1.220345 Vascular endothelial 
ITGA6 4.26E-11 -0.274219 Vascular endothelial 
ITIH5 1.83E-15 -0.3462186 Vascular endothelial 
ITPR2 0.00359939 -0.2034052 Vascular endothelial 
IVNS1ABP 0.0206334 -0.3984127 Vascular endothelial 
IWS1 0.00725724 -0.2453839 Vascular endothelial 
JAM2 1.46E-15 0.3715161 Vascular endothelial 
JUN 1.75E-19 0.372343 Vascular endothelial 
KAT6A 0.00051327 -0.219638 Vascular endothelial 
KCTD3 0.02474388 -0.4592446 Vascular endothelial 
KDM6B 1.34E-20 -0.3836491 Vascular endothelial 
KIT 0.0189596 -0.4130339 Vascular endothelial 
KMT2A 6.16E-05 -0.2522604 Vascular endothelial 
KMT2E 0.00487071 -0.1540962 Vascular endothelial 
KPNA1 0.00014723 -0.4099897 Vascular endothelial 
KRT18 2.61E-10 2.336883 Vascular endothelial 
KTN1 0.0017725 -0.1490113 Vascular endothelial 
L1CAM 0.0403701 0.4225419 Vascular endothelial 
LAMA4 2.39E-10 -0.3393523 Vascular endothelial 
LAMP2 0.01164863 -0.2381109 Vascular endothelial 
LAMTOR2 3.17E-05 0.3581252 Vascular endothelial 
LAMTOR4 4.76E-10 0.4235786 Vascular endothelial 
LCORL 3.31E-15 0.7101541 Vascular endothelial 
LCP1 0.03720024 0.5726603 Vascular endothelial 
LGALS3 3.25E-09 0.2022256 Vascular endothelial 
LGMN 7.23E-16 -0.5314314 Vascular endothelial 
LHX2 0.0036453 -0.4057193 Vascular endothelial 
LHX6 3.36E-23 1.060304 Vascular endothelial 
LMAN1 0.00683031 0.3799884 Vascular endothelial 
LUC7L3 1.78E-10 -0.2571739 Vascular endothelial 
LUZP1 1.57E-12 -0.2888976 Vascular endothelial 
LY6D 2.28E-06 0.4513911 Vascular endothelial 
LYST 1.15E-08 0.3908265 Vascular endothelial 
LYZ 5.80E-18 0.5493479 Vascular endothelial 
MACF1 2.44E-34 -0.3463686 Vascular endothelial 
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MANF 0.00051788 0.1530295 Vascular endothelial 
MANSC1 0.01819867 0.5509576 Vascular endothelial 
MAP1B 0.00247892 -0.7694008 Vascular endothelial 
MAP4 0.03189549 -0.2160502 Vascular endothelial 
MARK3 4.12E-07 -0.1839519 Vascular endothelial 
MAT2A 5.36E-06 -0.2309285 Vascular endothelial 
MATN4 2.21E-09 -0.7819969 Vascular endothelial 
MATR3 9.01E-06 -0.1749945 Vascular endothelial 
MCFD2 6.92E-14 0.6024103 Vascular endothelial 
MCTP1 2.42E-23 0.6711793 Vascular endothelial 
MDFIC 0.0038445 0.360378 Vascular endothelial 
MDN1 6.62E-06 -0.3957658 Vascular endothelial 
MEA1 5.45E-05 0.9401853 Vascular endothelial 
MED13 5.19E-06 -0.2763964 Vascular endothelial 
METAP2 0.00224855 -0.2825224 Vascular endothelial 
METTL18 2.85E-08 1.37086 Vascular endothelial 
MGAT4B 0.00879885 -0.2700186 Vascular endothelial 
MGP 9.91E-12 -1.023571 Vascular endothelial 
MICOS13 0.0259624 0.2726357 Vascular endothelial 
MMD 0.01029504 0.6736872 Vascular endothelial 
MMP1 0.00023071 2.304906 Vascular endothelial 
MMP16 0.00324624 -1.426242 Vascular endothelial 
MMP2 5.53E-06 -0.5520453 Vascular endothelial 
MNDA 0.00272492 -0.1992088 Vascular endothelial 
MOXD1 0.00326141 -0.9199132 Vascular endothelial 
MRPL11 0.00146065 0.4806073 Vascular endothelial 
MRPL52 3.83E-10 0.4656778 Vascular endothelial 
MSN 1.20E-07 -0.207115 Vascular endothelial 
MT2A 1.29E-14 -0.2926732 Vascular endothelial 
MT-ATP6 0.04385376 -0.0865819 Vascular endothelial 
MT-CO1 2.59E-10 -0.1463046 Vascular endothelial 
MTF2 8.73E-09 -0.3923554 Vascular endothelial 
MT-ND3 1.90E-26 -0.4124982 Vascular endothelial 
MT-ND4 0.00540672 0.1010913 Vascular endothelial 
MT-ND6 0.0017725 -0.2145547 Vascular endothelial 
MX2 3.39E-13 -0.4809533 Vascular endothelial 
MXRA5 0.0429486 -0.6448567 Vascular endothelial 
MYH9 0.00212575 -0.1155677 Vascular endothelial 
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MYO10 1.65E-44 -0.6973267 Vascular endothelial 
MYO1E 1.82E-08 -0.2776802 Vascular endothelial 
MYOF 8.97E-05 0.3329213 Vascular endothelial 
NARS1 2.29E-06 -0.3573158 Vascular endothelial 
NCL 5.62E-24 -0.2407051 Vascular endothelial 
NCOA2 0.02885841 -0.3405723 Vascular endothelial 
ND4L 0.02931072 0.1780814 Vascular endothelial 
NDRG1 1.72E-06 -0.4043164 Vascular endothelial 
NDUFA8 3.62E-09 0.4228896 Vascular endothelial 
NDUFB10 0.00035124 0.3584057 Vascular endothelial 
NDUFB2 2.41E-08 0.3842425 Vascular endothelial 
NDUFB6 0.00067499 0.3770274 Vascular endothelial 
NDUFB7 0.0387096 0.2993575 Vascular endothelial 
NDUFB8 0.00045458 0.3601364 Vascular endothelial 
NDUFS7 0.01971894 0.3751198 Vascular endothelial 
NDUFS8 0.00011009 0.3465272 Vascular endothelial 
NEDD4L 0.00272492 -0.4699615 Vascular endothelial 
NFKB1 3.03E-09 -0.2742997 Vascular endothelial 
NFKBIA 0.00133435 0.1347726 Vascular endothelial 
NFKBIZ 0.02154621 -0.2152971 Vascular endothelial 
NINJ1 0.00211062 0.355866 Vascular endothelial 
NME2 0.00071819 0.1476105 Vascular endothelial 
NOLC1 0.00385938 -0.202339 Vascular endothelial 
NOM1 0.0429486 -0.3245562 Vascular endothelial 
NOP56 6.70E-07 -0.2653737 Vascular endothelial 
NOP58 3.55E-06 -0.2846492 Vascular endothelial 
NR5A2 4.70E-09 -0.3335293 Vascular endothelial 
NUCB1 0.00030954 0.3813286 Vascular endothelial 
NUP153 0.00044846 -0.3551764 Vascular endothelial 
OGN 7.71E-06 -1.351588 Vascular endothelial 
OSBPL6 7.80E-10 1.196815 Vascular endothelial 
OSTF1 5.99E-05 0.5182876 Vascular endothelial 
P4HA1 1.37E-05 -0.3480768 Vascular endothelial 
PA2G4 1.66E-14 -0.29851 Vascular endothelial 
PAK1IP1 0.00283213 -0.3000159 Vascular endothelial 
PALM2AKAP2 3.76E-12 -0.2681069 Vascular endothelial 
PANX1 0.00021989 -0.3971643 Vascular endothelial 
PARK7 5.23E-07 0.5699169 Vascular endothelial 
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PARP4 0.00252494 -0.249428 Vascular endothelial 
PAXBP1 0.04082444 -0.3365432 Vascular endothelial 
PAXX 7.21E-09 0.4546113 Vascular endothelial 
PCMTD1 0.03537768 0.4427743 Vascular endothelial 
PCOLCE 2.00E-10 -0.684258 Vascular endothelial 
PCOLCE2 0.0001673 -0.7136488 Vascular endothelial 
PDGFRL 7.52E-07 -0.7774544 Vascular endothelial 
PDIA3 0.001542 0.2298938 Vascular endothelial 
PDIA6 0.0449108 0.2640531 Vascular endothelial 
PDK4 1.89E-06 0.8704181 Vascular endothelial 
PECAM1 0.00408922 0.1226042 Vascular endothelial 
PER1 0.01095023 -0.4096298 Vascular endothelial 
PERP 0.00063813 0.7016114 Vascular endothelial 
PEX11B 0.02078488 -0.2670975 Vascular endothelial 
PFDN5 2.51E-14 0.3468554 Vascular endothelial 
PFN1 0.00623332 0.1277078 Vascular endothelial 
PGF 0.01175501 0.657062 Vascular endothelial 
PGM2 0.01911 -0.2082185 Vascular endothelial 
PHF12 0.01113255 -0.4191379 Vascular endothelial 
PHYH 5.82E-11 -0.42085 Vascular endothelial 
PIR 0.00304643 -0.3429568 Vascular endothelial 
PITPNC1 0.00065808 -0.5329847 Vascular endothelial 
PJA2 0.00149285 0.3005274 Vascular endothelial 
PKN1 0.00861602 0.5595089 Vascular endothelial 
PLA2G12A 2.76E-10 0.8449301 Vascular endothelial 
PLK2 1.46E-19 -0.3479356 Vascular endothelial 
PLN 0.04249449 -0.7462905 Vascular endothelial 
PLPP3 2.54E-09 -0.2731986 Vascular endothelial 
PLVAP 5.02E-25 0.448954 Vascular endothelial 
PLXNA2 0.01006655 -0.4151624 Vascular endothelial 
PMAIP1 7.73E-28 -0.7605584 Vascular endothelial 
PMP22 8.25E-05 -0.1936465 Vascular endothelial 
PODN 0.00025234 -0.3016074 Vascular endothelial 
POP5 0.01419747 0.8158906 Vascular endothelial 
POSTN 1.77E-18 1.870937 Vascular endothelial 
PPA1 0.0003126 0.2328575 Vascular endothelial 
PPP1R14B 1.92E-13 0.5108861 Vascular endothelial 
PPP1R15A 1.00E-19 0.4789279 Vascular endothelial 
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PPRC1 0.0022946 -0.4768319 Vascular endothelial 
PRDM1 1.01E-15 -0.3307586 Vascular endothelial 
PRDX2 3.58E-09 0.381019 Vascular endothelial 
PRKAR2B 0.00281692 0.6251505 Vascular endothelial 
PRRC2C 6.21E-39 -0.2859956 Vascular endothelial 
PRRX1 0.04385376 -0.4247827 Vascular endothelial 
PSAP 5.67E-06 0.6985153 Vascular endothelial 
PSMA7 5.54E-08 0.2164549 Vascular endothelial 
PSMB5 0.04702671 0.2882481 Vascular endothelial 
PSMB9 0.00073045 0.3163945 Vascular endothelial 
PSMD1 0.01956736 -0.2270062 Vascular endothelial 
PSMG1 0.00410432 0.3383049 Vascular endothelial 
PTBP3 0.00572853 0.4377675 Vascular endothelial 
PTGDS 0.0042424 -0.8758472 Vascular endothelial 
PTN 3.18E-11 -1.541334 Vascular endothelial 
PTPRB 0.0297648 -0.2449879 Vascular endothelial 
PTPRC 1.47E-06 0.8075192 Vascular endothelial 
RAB24 0.00214102 -0.7569387 Vascular endothelial 
RAB38 0.00184908 1.6488 Vascular endothelial 
RAB3IL1 7.58E-06 0.4388966 Vascular endothelial 
RAB4B 8.08E-06 0.8397784 Vascular endothelial 
RABAC1 2.06E-25 0.3266463 Vascular endothelial 
RALGAPA1 0.00012092 -0.2617007 Vascular endothelial 
RALGAPA2 5.04E-07 -0.4710501 Vascular endothelial 
RAPGEF2 0.00283213 -0.3069204 Vascular endothelial 
RAPGEF5 1.17E-08 0.7304673 Vascular endothelial 
RARRES2 1.84E-06 0.9781254 Vascular endothelial 
RASA3 0.00689125 -0.2652745 Vascular endothelial 
RASGEF1A 0.00030954 1.280696 Vascular endothelial 
RASIP1 8.30E-11 -0.3100541 Vascular endothelial 
RBBP6 5.20E-34 -0.4323853 Vascular endothelial 
RBM25 2.18E-14 -0.2992481 Vascular endothelial 
RBM39 5.58E-14 -0.2349053 Vascular endothelial 
RBMS3 0.00091702 -0.5858501 Vascular endothelial 
RBX1 0.00096314 0.330328 Vascular endothelial 
RERE 0.00442627 -0.2548681 Vascular endothelial 
RFTN2 0.00598845 1.353513 Vascular endothelial 
RGS1 5.06E-05 0.8302326 Vascular endothelial 
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RGS3 0.00053639 -0.2670135 Vascular endothelial 
RHOA 0.00037595 0.3778805 Vascular endothelial 
RHOH 0.00014244 1.644839 Vascular endothelial 
RIF1 8.14E-05 -0.2578636 Vascular endothelial 
RLF 0.01971894 -0.2354539 Vascular endothelial 
RND1 3.88E-15 -0.3606117 Vascular endothelial 
RNF10 0.00043614 -0.2074649 Vascular endothelial 
RNF213 1.20E-08 -0.6982624 Vascular endothelial 
RNPC3 0.00095086 -0.3780177 Vascular endothelial 
ROCK1 0.00290852 -0.211603 Vascular endothelial 
RPL11 4.99E-25 0.1846687 Vascular endothelial 
RPL12 1.23E-20 0.1853906 Vascular endothelial 
RPL13 5.74E-37 0.1929395 Vascular endothelial 
RPL13A 2.28E-25 0.1981063 Vascular endothelial 
RPL18 3.74E-05 0.0932443 Vascular endothelial 
RPL19 7.28E-88 0.3783379 Vascular endothelial 
RPL24 7.78E-06 0.0912991 Vascular endothelial 
RPL27 0.00867678 0.0919371 Vascular endothelial 
RPL28 2.89E-35 0.2069343 Vascular endothelial 
RPL3 2.72E-12 0.1599917 Vascular endothelial 
RPL32 0.00038054 0.0784942 Vascular endothelial 
RPL34 2.19E-72 -0.5669303 Vascular endothelial 
RPL36AL 2.61E-05 0.1783423 Vascular endothelial 
RPL5 1.86E-08 0.1180653 Vascular endothelial 
RPL7 2.96E-09 0.1546787 Vascular endothelial 
RPL7A 4.47E-30 0.1999743 Vascular endothelial 
RPL8 1.21E-38 0.2187136 Vascular endothelial 
RPL9 1.79E-12 0.1526567 Vascular endothelial 
RPN2 0.03825993 0.3938414 Vascular endothelial 
RPS11 7.04E-31 0.1752756 Vascular endothelial 
RPS12 2.85E-21 0.1841811 Vascular endothelial 
RPS13 2.79E-08 0.1269919 Vascular endothelial 
RPS17 0.00287793 0.081198 Vascular endothelial 
RPS24 0.0099606 0.1122787 Vascular endothelial 
RPS25 5.99E-05 0.0924673 Vascular endothelial 
RPS26 0.00011132 0.0960131 Vascular endothelial 
RPS27 4.91E-10 -0.1265674 Vascular endothelial 
RPS27A 1.54E-06 0.111227 Vascular endothelial 
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RPS28 7.09E-25 -0.1750647 Vascular endothelial 
RPS3 5.81E-15 0.1774641 Vascular endothelial 
RPS3A 0.00748641 0.0987332 Vascular endothelial 
RPS4X 8.12E-19 0.1651567 Vascular endothelial 
RPS5 1.65E-28 0.1983669 Vascular endothelial 
RPS6 0.00066113 -0.1603289 Vascular endothelial 
RPS7 9.73E-14 0.1221546 Vascular endothelial 
RPS8 1.19E-42 0.1995028 Vascular endothelial 
RRAS 0.00172637 0.3038973 Vascular endothelial 
RRBP1 0.00366044 -0.144331 Vascular endothelial 
RSRC2 0.00300047 -0.2078498 Vascular endothelial 
S100A1 4.48E-17 0.853606 Vascular endothelial 
S100A12 0.00023378 2.896829 Vascular endothelial 
S100A13 2.20E-29 0.584129 Vascular endothelial 
S100A14 1.55E-06 0.6831689 Vascular endothelial 
S100A2 2.40E-20 1.1641749 Vascular endothelial 
S100A8 1.17E-39 0.2408669 Vascular endothelial 
SAFB 0.00496257 -0.3024806 Vascular endothelial 
SAFB2 0.00892031 -0.3623225 Vascular endothelial 
SAMD9L 3.07E-06 -0.2861678 Vascular endothelial 
SAMHD1 0.03264998 -0.410974 Vascular endothelial 
SARS1 5.05E-09 -0.3500247 Vascular endothelial 
SCN4B 0.00598845 1.37667 Vascular endothelial 
SCP2 1.01E-05 0.4521443 Vascular endothelial 
SDF2L1 0.00572853 0.2148471 Vascular endothelial 
SEC11C 3.41E-10 0.6283709 Vascular endothelial 
SEC61G 0.0005379 -0.1764071 Vascular endothelial 
SELE 1.11E-43 0.7316648 Vascular endothelial 
SELENOF 1.40E-05 0.2637719 Vascular endothelial 
SELENOM 4.30E-12 0.4576512 Vascular endothelial 
SELENOW 1.21E-07 0.2341073 Vascular endothelial 
SELP 1.28E-22 1.562148 Vascular endothelial 
SEMA7A 5.92E-06 0.367032 Vascular endothelial 
SEPTIN4 1.65E-05 0.5876863 Vascular endothelial 
SEPTIN7 2.61E-17 0.2934585 Vascular endothelial 
SERBP1 1.60E-17 -0.2096486 Vascular endothelial 
SERPINB6 2.63E-08 0.760402 Vascular endothelial 
SERPINF1 1.88E-17 -0.7840577 Vascular endothelial 
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SETD2 7.42E-07 -0.2892269 Vascular endothelial 
SETD5 6.54E-06 -0.3402492 Vascular endothelial 
SFPQ 7.00E-05 -0.1842983 Vascular endothelial 
SH3BGRL3 8.16E-55 0.4308624 Vascular endothelial 
SLA 0.0046562 0.848508 Vascular endothelial 
SLAMF9 3.44E-07 1.38188 Vascular endothelial 
SLC16A9 0.01148175 0.7406344 Vascular endothelial 
SLC1A5 0.02306676 -0.4000717 Vascular endothelial 
SLC20A1 0.00237145 -0.2059717 Vascular endothelial 
SLC25A6 7.41E-06 0.1419551 Vascular endothelial 
SLC29A1 0.00015649 0.3331712 Vascular endothelial 
SLC2A3 2.90E-10 -0.2927615 Vascular endothelial 
SLC4A7 1.22E-52 -0.6353408 Vascular endothelial 
SLC5A12 0.003936 -0.4907577 Vascular endothelial 
SLC8A1 1.11E-10 0.5983754 Vascular endothelial 
SLC9A3R2 0.01030969 0.427075 Vascular endothelial 
SMAD6 3.64E-05 1.801769 Vascular endothelial 
SMC5 1.91E-13 -0.41465 Vascular endothelial 
SMDT1 0.01621482 0.3595336 Vascular endothelial 
SMG7 0.00721168 -0.4172955 Vascular endothelial 
SNX6 0.00771552 0.3364933 Vascular endothelial 
SOCS2 1.87E-12 0.9744377 Vascular endothelial 
SOX18 2.38E-28 0.8263001 Vascular endothelial 
SPARC 4.64E-90 -1.242264 Vascular endothelial 
SPARCL1 0.00010359 -0.1307489 Vascular endothelial 
SPCS3 0.03447404 0.1961828 Vascular endothelial 
SPINK5 0.0175881 0.9616381 Vascular endothelial 
SPTBN1 1.05E-22 -0.2344918 Vascular endothelial 
SRRM2 0.00026626 -0.1271805 Vascular endothelial 
SRSF10 0.00560604 -0.262737 Vascular endothelial 
SRSF7 0.01499204 -0.3084916 Vascular endothelial 
SSR2 2.77E-13 0.3491573 Vascular endothelial 
SSR4 2.45E-10 0.2476652 Vascular endothelial 
ST6GAL2 0.00293911 -1.238644 Vascular endothelial 
STAG2 1.31E-29 -0.3960175 Vascular endothelial 
STARD9 1.48E-15 -0.4807611 Vascular endothelial 
STC1 6.81E-08 -0.5378827 Vascular endothelial 
STXBP3 4.59E-07 -0.22327 Vascular endothelial 



 

568 
 

SULT1C4 0.00010901 0.5530666 Vascular endothelial 
SUMO2 0.01114714 0.1339838 Vascular endothelial 
SUPT5H 0.02124198 -0.2543149 Vascular endothelial 
SUSD4 6.43E-13 -0.2655058 Vascular endothelial 
SYNCRIP 2.49E-06 -0.2620552 Vascular endothelial 
SYNE1 0.00146364 -0.4166746 Vascular endothelial 
SYNE2 9.94E-60 -0.4358389 Vascular endothelial 
SYTL3 3.11E-07 0.9975435 Vascular endothelial 
TANGO6 1.52E-07 -0.8437321 Vascular endothelial 
TBC1D8 8.30E-06 -0.2481132 Vascular endothelial 
TBCA 0.00080597 0.2065853 Vascular endothelial 
TBCB 6.35E-06 0.6411149 Vascular endothelial 
TCERG1 5.82E-05 -0.3400937 Vascular endothelial 
TCF4 9.94E-12 -0.2296042 Vascular endothelial 
TEAD1 6.70E-08 -0.5371253 Vascular endothelial 
TET1 0.04732798 -1.10577 Vascular endothelial 
TET2 0.00012618 -0.3918176 Vascular endothelial 
TFPI 8.95E-42 1.095586 Vascular endothelial 
TFPI2 0.00453356 0.5528918 Vascular endothelial 
TFPT 1.68E-32 0.196798 Vascular endothelial 
THEGL 0.01819867 -0.4514133 Vascular endothelial 
TIAL1 2.44E-07 -0.3397619 Vascular endothelial 
TINAGL1 9.88E-05 0.4278957 Vascular endothelial 
TIPARP 0.00072432 -0.1642831 Vascular endothelial 
TMEM131 6.26E-14 -0.4057399 Vascular endothelial 
TMEM176A 2.72E-20 2.199096 Vascular endothelial 
TMEM179B 0.04370436 0.5014328 Vascular endothelial 
TMEM30A 0.00797472 0.6061083 Vascular endothelial 
TMEM61 2.27E-05 0.6109425 Vascular endothelial 
TMEM70 0.02276571 -0.2782476 Vascular endothelial 
TMEM88 0.03492708 0.8104332 Vascular endothelial 
TMSB10 5.14E-23 0.2177674 Vascular endothelial 
TMX4 0.03492708 0.6888709 Vascular endothelial 
TNC 3.73E-31 2.064578 Vascular endothelial 
TNFAIP6 7.76E-11 1.077901 Vascular endothelial 
TNFRSF13C 1.04E-05 -0.5514284 Vascular endothelial 
TNFRSF18 5.05E-09 1.06859 Vascular endothelial 
TNFRSF1A 0.01651968 -0.1978122 Vascular endothelial 
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TNFRSF6B 2.43E-86 0.8699046 Vascular endothelial 
TNIP3 5.65E-17 1.0410904 Vascular endothelial 
TNNC1 5.64E-18 -1.307978 Vascular endothelial 
TOP1 3.50E-24 -0.293708 Vascular endothelial 
TPI1 0.0140607 0.1748325 Vascular endothelial 
TPT1 2.47E-27 0.1785698 Vascular endothelial 
TRA2B 4.79E-21 -0.359205 Vascular endothelial 
TRIB1 0.03900928 -0.283838 Vascular endothelial 
TRIP12 0.03583045 -0.2077996 Vascular endothelial 
TRMT112 0.00132055 0.1906971 Vascular endothelial 
TSC22D1 4.75E-07 -0.4971164 Vascular endothelial 
TSPO 1.84E-07 0.1952748 Vascular endothelial 
TSTD1 0.00626362 0.7164229 Vascular endothelial 
TTC32 2.71E-06 -0.329149 Vascular endothelial 
TXLNG 0.00192588 -0.4883692 Vascular endothelial 
TXNDC11 0.00079372 -0.2758997 Vascular endothelial 
TXNDC17 7.50E-12 0.3506322 Vascular endothelial 
TXNRD1 8.49E-13 -0.3332303 Vascular endothelial 
UBA52 1.49E-06 0.1254432 Vascular endothelial 
UBAP2 6.23E-06 -0.320082 Vascular endothelial 
UBB 6.05E-24 0.3488494 Vascular endothelial 
UBR4 2.32E-13 -0.4288487 Vascular endothelial 
UBR5 2.09E-10 -0.348278 Vascular endothelial 
UPF2 0.00057794 -0.348836 Vascular endothelial 
UQCC2 0.04535858 0.4357619 Vascular endothelial 
USP21 5.79E-07 0.3753546 Vascular endothelial 
USP37 2.69E-12 -0.434974 Vascular endothelial 
UTP11 1.22E-05 -0.3659362 Vascular endothelial 
VAMP5 0.00121735 0.2845589 Vascular endothelial 
VAMP8 1.39E-05 0.2754702 Vascular endothelial 
VCP 0.0396136 -0.1716467 Vascular endothelial 
VIM 3.76E-20 0.1472322 Vascular endothelial 
VPS28 0.00048393 0.2786717 Vascular endothelial 
VWF 7.07E-136 1.145102 Vascular endothelial 
WDFY3 0.0004238 -0.3692885 Vascular endothelial 
WDR43 0.0017725 -0.2394069 Vascular endothelial 
WNK1 0.01056942 -0.2177079 Vascular endothelial 
WWTR1 0.00011674 -0.1336782 Vascular endothelial 
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XDH 1.47E-33 1.087478 Vascular endothelial 
YARS1 0.01204425 -0.5006923 Vascular endothelial 
YTHDC1 0.0038445 -0.2863295 Vascular endothelial 
YTHDF2 0.0001936 -0.2517205 Vascular endothelial 
ZBTB38 3.19E-05 0.4693365 Vascular endothelial 
ZC3H13 0.00112029 -0.2409623 Vascular endothelial 
ZCCHC2 0.00773035 -0.2236711 Vascular endothelial 
ZFP36 4.62E-08 0.2638551 Vascular endothelial 
ZFP36L1 1.90E-21 -0.5474465 Vascular endothelial 
ZNF292 1.90E-06 -0.2630692 Vascular endothelial 
ZNF326 0.03796005 -0.1351664 Vascular endothelial 
ZNF571 1.94E-05 -0.5047102 Vascular endothelial 
ZNF592 0.01155754 -0.3995756 Vascular endothelial 
ZNRF1 0.00789856 -0.3312591 Vascular endothelial 
ZRANB1 0.01266923 -0.3407854 Vascular endothelial 
ZSWIM6 0.00151588 -0.3500779 Vascular endothelial 
ABI3BP 1.80E-11 -0.64519793 Vascular smooth muscle 
ACSL3 0.02540446 -0.43840859 Vascular smooth muscle 
ACTA2 3.54E-31 0.5635724 Vascular smooth muscle 
ACTB 2.45E-30 0.3932907 Vascular smooth muscle 
ACTG1 1.86E-08 0.3363656 Vascular smooth muscle 
ACTN4 0.02177393 0.2250465 Vascular smooth muscle 
ADAMTS1 6.75E-07 -0.26585953 Vascular smooth muscle 
ADAMTS5 0.00244521 -0.62316857 Vascular smooth muscle 
ADAMTS9 5.55E-07 -0.71961142 Vascular smooth muscle 
ADGRF5 3.53E-17 -0.75004952 Vascular smooth muscle 
ADIRF 7.22E-06 0.2118002 Vascular smooth muscle 
ADM5 2.38E-17 0.7589143 Vascular smooth muscle 
AKAP12 0.02875711 -0.38205163 Vascular smooth muscle 
ANAPC11 0.00134344 0.496521 Vascular smooth muscle 
ANGPT2 2.98E-10 -0.33877942 Vascular smooth muscle 
ANKRD11 0.01439296 -0.28357522 Vascular smooth muscle 
ANKRD12 2.98E-16 -0.35919996 Vascular smooth muscle 
ANXA1 0.00353115 0.2858201 Vascular smooth muscle 
ANXA2 0.00079884 0.2508694 Vascular smooth muscle 
APOA1 7.47E-22 -1.18731145 Vascular smooth muscle 
APOE 9.89E-14 -0.88364639 Vascular smooth muscle 
ARHGAP28 0.00270472 0.8807901 Vascular smooth muscle 
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ARHGAP45 0.00091873 -0.55238302 Vascular smooth muscle 
ARL5B 0.00018447 0.4477775 Vascular smooth muscle 
ASPN 2.55E-08 0.7527783 Vascular smooth muscle 
ATF4 0.00054625 -0.21631165 Vascular smooth muscle 
ATP8B4 0.00013691 2.0188453 Vascular smooth muscle 
B2M 3.50E-103 0.7550779 Vascular smooth muscle 
B4GALT5 0.00071525 -0.5559131 Vascular smooth muscle 
BAZ1A 2.23E-06 -0.38995219 Vascular smooth muscle 
BBLN 0.00012681 0.3664027 Vascular smooth muscle 
BRD2 0.0005109 -0.28914297 Vascular smooth muscle 
BTBD3 0.04013134 1.1377449 Vascular smooth muscle 
BTF3 0.00205275 0.2041974 Vascular smooth muscle 
C1R 6.45E-23 0.6168075 Vascular smooth muscle 
C7 5.43E-18 1.1873651 Vascular smooth muscle 
CALD1 2.87E-40 0.4056886 Vascular smooth muscle 
CALM3 0.01927994 0.5356622 Vascular smooth muscle 
CAPG 0.00265125 0.6135632 Vascular smooth muscle 
CAPRIN1 0.00062184 -0.32121746 Vascular smooth muscle 
CARD19 0.00044973 0.8126704 Vascular smooth muscle 
CCDC80 1.32E-08 -0.81392361 Vascular smooth muscle 
CCL4 8.17E-14 2.2696422 Vascular smooth muscle 
CCL5 8.69E-82 4.2773386 Vascular smooth muscle 
CCL7 1.24E-05 -0.35958327 Vascular smooth muscle 
CD151 4.28E-08 0.5613929 Vascular smooth muscle 
CD3D 0.02370227 1.5158691 Vascular smooth muscle 
CD44 1.19E-09 -0.26197527 Vascular smooth muscle 
CD79A 0.00591905 0.0991477 Vascular smooth muscle 
CEBPZ 4.35E-06 -0.41941229 Vascular smooth muscle 
CLEC3B 2.16E-05 -0.87113329 Vascular smooth muscle 
CLIC1 4.92E-06 0.470224 Vascular smooth muscle 
CLK1 0.00025604 -0.47082305 Vascular smooth muscle 
CLU 0.02578165 -0.60994539 Vascular smooth muscle 
CNN2 5.78E-06 0.8671414 Vascular smooth muscle 
COA1 0.00819295 0.7624824 Vascular smooth muscle 
COL12A1 1.07E-05 0.5850864 Vascular smooth muscle 
COL1A1 6.43E-130 -1.59097534 Vascular smooth muscle 
COL1A2 2.15E-92 -1.29484648 Vascular smooth muscle 
COL21A1 5.35E-16 -0.95596711 Vascular smooth muscle 
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COL3A1 2.28E-78 -1.70050803 Vascular smooth muscle 
COL6A1 1.07E-15 0.3807864 Vascular smooth muscle 
CORO1B 0.00662496 0.9655847 Vascular smooth muscle 
COX4I1 8.52E-11 0.3686717 Vascular smooth muscle 
COX4I2 6.60E-16 0.676368 Vascular smooth muscle 
CPZ 1.09E-24 -2.13278785 Vascular smooth muscle 
CREM 3.71E-06 -0.49871239 Vascular smooth muscle 
CRIP1 2.52E-14 0.3028898 Vascular smooth muscle 
CRYAB 0.00095497 0.3988471 Vascular smooth muscle 
CTHRC1 0.00469048 -1.72242287 Vascular smooth muscle 
CTR9 0.00433421 -0.56391303 Vascular smooth muscle 
CTSC 5.75E-23 0.9072557 Vascular smooth muscle 
CTSZ 0.0010324 0.6787355 Vascular smooth muscle 
CXCL12 0.03925624 0.6387627 Vascular smooth muscle 
CXCL16 0.00241001 -0.54286429 Vascular smooth muscle 
CXCL8 4.94E-06 -0.77636299 Vascular smooth muscle 
CXCR4 0.00228544 -0.60760468 Vascular smooth muscle 
CYP26B1 8.35E-07 -0.33704128 Vascular smooth muscle 
DBNDD2 0.00306151 0.9534245 Vascular smooth muscle 
DCN 2.30E-08 -0.8013027 Vascular smooth muscle 
DDX18 0.00251318 -0.45921039 Vascular smooth muscle 
DDX21 1.41E-24 -0.57992148 Vascular smooth muscle 
DDX24 7.63E-06 -0.33246065 Vascular smooth muscle 
DDX27 0.00068398 -0.52676162 Vascular smooth muscle 
DDX3X 2.10E-06 -0.26925491 Vascular smooth muscle 
DHRS7 1.39E-07 0.4552749 Vascular smooth muscle 
DLA-64 4.12E-27 0.4448051 Vascular smooth muscle 
DLA88 8.67E-81 1.3495511 Vascular smooth muscle 
DMAC1 0.00817686 0.6525415 Vascular smooth muscle 
DNAJA1 1.81E-05 -0.30042994 Vascular smooth muscle 
DNAJB1 4.63E-33 1.3389215 Vascular smooth muscle 
DNLZ 2.10E-25 1.4955517 Vascular smooth muscle 
DYNLRB1 6.27E-21 0.4695142 Vascular smooth muscle 
EBF1 7.52E-16 0.546145 Vascular smooth muscle 
EDF1 0.00331391 0.4247513 Vascular smooth muscle 
EEF1A1 2.50E-13 -0.29063292 Vascular smooth muscle 
EIF1AX 5.70E-07 -0.55340683 Vascular smooth muscle 
EIF2A 0.00296957 -0.2581937 Vascular smooth muscle 
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EIF2S2 0.01902344 -0.29543688 Vascular smooth muscle 
EIF3A 4.82E-05 -0.26222897 Vascular smooth muscle 
EIF3J 3.45E-10 -0.55038775 Vascular smooth muscle 
EIF3K 0.00035847 0.2654782 Vascular smooth muscle 
EIF4A1 2.52E-08 -0.23188112 Vascular smooth muscle 
EIF4EBP3 0.00147865 -0.31817321 Vascular smooth muscle 
EIF5B 3.27E-14 -0.45529408 Vascular smooth muscle 
ERRFI1 0.00012462 0.5825144 Vascular smooth muscle 
ETHE1 0.00011351 0.6718995 Vascular smooth muscle 
F2R 0.03332014 0.7999658 Vascular smooth muscle 
FAM180A 1.04E-17 1.9360736 Vascular smooth muscle 
FAM214A 0.02810852 -0.57058104 Vascular smooth muscle 
FAS 5.65E-05 -0.36941624 Vascular smooth muscle 
FBN1 0.0112549 -0.3363713 Vascular smooth muscle 
FIS1 5.15E-06 0.5819132 Vascular smooth muscle 
FKBP2 0.00620006 0.4671769 Vascular smooth muscle 
FOS 4.99E-05 0.371447 Vascular smooth muscle 
FRZB 0.0297587 0.8376822 Vascular smooth muscle 
FST 0.00882458 -0.95828473 Vascular smooth muscle 
GABARAPL1 5.04E-05 -0.4759728 Vascular smooth muscle 
GADD45B 1.05E-08 0.487649 Vascular smooth muscle 
GADD45G 2.74E-13 0.4299803 Vascular smooth muscle 
GFPT2 2.19E-18 -1.15238467 Vascular smooth muscle 
GJB2 0.00063547 1.9807454 Vascular smooth muscle 
GJC1 5.68E-14 0.6193806 Vascular smooth muscle 
GNAS 2.61E-09 -0.25039895 Vascular smooth muscle 
GNG12 0.0009993 0.3272741 Vascular smooth muscle 
GPBP1 0.00274932 -0.29562556 Vascular smooth muscle 
GSPT1 6.90E-07 -0.38119885 Vascular smooth muscle 
GSTO1 0.04470896 0.664117 Vascular smooth muscle 
GSTP1 0.00131022 0.5674461 Vascular smooth muscle 
GTF3A 0.00040907 0.7871483 Vascular smooth muscle 
GTSF2 3.21E-06 -0.81730734 Vascular smooth muscle 
GUCY1B1 0.00695286 0.4310145 Vascular smooth muscle 
HAS2 7.27E-14 -0.40067515 Vascular smooth muscle 
HBEGF 0.00728072 0.3889597 Vascular smooth muscle 
HDGFL2 0.0111067 -0.47583393 Vascular smooth muscle 
HIGD1B 4.02E-10 1.4355883 Vascular smooth muscle 
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HLA-DQB2 0.00491504 0.6778078 Vascular smooth muscle 
HNRNPAB 0.02314661 -0.27117891 Vascular smooth muscle 
HNRNPH1 1.25E-14 -0.3488508 Vascular smooth muscle 
HNRNPH3 0.0025843 -0.35763393 Vascular smooth muscle 
HNRNPK 3.71E-06 -0.24433768 Vascular smooth muscle 
HNRNPM 0.03473047 -0.25265126 Vascular smooth muscle 
HSP90AA1 0.00055456 0.2124126 Vascular smooth muscle 
HSPA5 1.44E-07 0.3205525 Vascular smooth muscle 
HSPA8 0.00038607 0.2553429 Vascular smooth muscle 
HSPA9 3.58E-05 -0.37819011 Vascular smooth muscle 
HSPB1 1.69E-11 0.3946672 Vascular smooth muscle 
ID3 1.03E-05 -0.56458609 Vascular smooth muscle 
IFT43 0.03740987 0.6543608 Vascular smooth muscle 
IGFBP2 1.37E-71 1.3999505 Vascular smooth muscle 
IGFBP5 1.00E-09 -0.38110531 Vascular smooth muscle 
IGFBP7 1.14E-55 0.479981 Vascular smooth muscle 
IGKC 3.01E-13 5.7160321 Vascular smooth muscle 
IGSF10 0.00301172 -1.24094111 Vascular smooth muscle 
IL13RA2 1.34E-14 4.0505212 Vascular smooth muscle 
IL1R1 3.73E-05 0.4451236 Vascular smooth muscle 
IL33 0.02190849 0.2872328 Vascular smooth muscle 
IL4I1 0.02160692 2.3341218 Vascular smooth muscle 
IL6 0.00035678 -0.34526814 Vascular smooth muscle 
ISG20 0.00015601 0.9599005 Vascular smooth muscle 
ITIH4 5.27E-07 2.3296229 Vascular smooth muscle 
ITIH5 0.00091701 -0.33789119 Vascular smooth muscle 
JCHAIN 2.80E-12 3.6854953 Vascular smooth muscle 
JUN 0.00177617 0.3200706 Vascular smooth muscle 
KDM6A 0.02295884 -0.51114886 Vascular smooth muscle 
KDM6B 5.98E-08 -0.3631204 Vascular smooth muscle 
KITLG 1.02E-06 0.4268913 Vascular smooth muscle 
LAMTOR2 1.53E-05 0.5822417 Vascular smooth muscle 
LAMTOR4 2.10E-08 0.579781 Vascular smooth muscle 
LAP3 5.51E-09 -0.40883276 Vascular smooth muscle 
LARP1 0.0001097 -0.40931869 Vascular smooth muscle 
LETM2 0.02158918 -0.54576519 Vascular smooth muscle 
LGALS1 9.73E-24 0.4605397 Vascular smooth muscle 
LGALS3 0.00809012 0.1612457 Vascular smooth muscle 
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LHX8 0.00459225 2.1071152 Vascular smooth muscle 
LTBP4 2.72E-08 -0.58121084 Vascular smooth muscle 
LUM 0.00068137 -0.77388177 Vascular smooth muscle 
LY6D 1.42E-05 0.6880425 Vascular smooth muscle 
MARK3 0.00045847 -0.25839052 Vascular smooth muscle 
MATN4 0.0040426 -0.86221819 Vascular smooth muscle 
MBNL1 0.00112173 0.318211 Vascular smooth muscle 
MBOAT1 4.71E-08 1.453988 Vascular smooth muscle 
MCFD2 2.29E-05 0.6372614 Vascular smooth muscle 
MDN1 5.18E-05 -0.7330111 Vascular smooth muscle 
MGP 1.52E-06 -1.00579241 Vascular smooth muscle 
MMP14 7.14E-07 -0.50430417 Vascular smooth muscle 
MMP2 1.96E-05 -0.69598809 Vascular smooth muscle 
MPHOSPH10 0.02724958 -0.48492905 Vascular smooth muscle 
MRPL28 0.00011913 0.6174415 Vascular smooth muscle 
MSRB3 1.37E-05 0.5764911 Vascular smooth muscle 
MT1E 5.39E-07 0.5214265 Vascular smooth muscle 
MT-CO1 0.0153459 0.1588418 Vascular smooth muscle 
MT-CO2 4.30E-21 0.2901511 Vascular smooth muscle 
MT-CO3 1.30E-05 0.1734947 Vascular smooth muscle 
MT-CYB 0.00047883 0.1883253 Vascular smooth muscle 
MT-ND1 0.00146297 0.205503 Vascular smooth muscle 
MT-ND2 0.03909268 0.2283094 Vascular smooth muscle 
MT-ND4 8.39E-28 0.345943 Vascular smooth muscle 
MT-ND5 0.00045616 0.3456572 Vascular smooth muscle 
MYH9 0.0048424 0.1723951 Vascular smooth muscle 
MYL9 1.72E-28 0.7901768 Vascular smooth muscle 
MYO10 3.44E-26 -0.6882682 Vascular smooth muscle 
MYO1B 2.98E-08 -0.30034593 Vascular smooth muscle 
NAMPT 1.22E-05 -0.26797003 Vascular smooth muscle 
NAP1L4 0.01599255 -0.36293935 Vascular smooth muscle 
NCL 1.47E-38 -0.46898284 Vascular smooth muscle 
NDUFAF2 5.73E-06 -0.69256305 Vascular smooth muscle 
NDUFAF3 0.00462866 0.5307807 Vascular smooth muscle 
NDUFB2 2.71E-05 0.4624076 Vascular smooth muscle 
NDUFB7 4.17E-05 0.6512743 Vascular smooth muscle 
NDUFS7 4.54E-06 0.6501065 Vascular smooth muscle 
NENF 0.00206248 0.7646642 Vascular smooth muscle 
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NFKB1 1.26E-11 -0.45359331 Vascular smooth muscle 
NFKBIA 1.12E-12 0.3086045 Vascular smooth muscle 
NFKBIZ 0.00070038 -0.35235409 Vascular smooth muscle 
NME2 4.90E-23 0.4054113 Vascular smooth muscle 
NOLC1 1.43E-08 -0.42846714 Vascular smooth muscle 
NOP2 0.0046144 -0.93419617 Vascular smooth muscle 
NOP58 3.48E-09 -0.50844844 Vascular smooth muscle 
NR3C1 2.74E-05 -0.35572642 Vascular smooth muscle 
NTRK2 0.00072476 -0.30729881 Vascular smooth muscle 
NUPR1 0.00133939 0.285995 Vascular smooth muscle 
OCIAD2 8.43E-05 -0.91196349 Vascular smooth muscle 
OGN 0.02988215 -0.97392398 Vascular smooth muscle 
OLFML2B 5.35E-08 0.847242 Vascular smooth muscle 
OSTN 0.03009195 -1.31112877 Vascular smooth muscle 
PA2G4 3.01E-14 -0.4266571 Vascular smooth muscle 
PAK1IP1 0.00253484 -0.46956789 Vascular smooth muscle 
PARK7 2.27E-09 0.7806865 Vascular smooth muscle 
PCBD2 0.00035349 1.4403164 Vascular smooth muscle 
PCDH18 1.01E-06 -0.28310677 Vascular smooth muscle 
PCOLCE2 0.00021787 -1.34633175 Vascular smooth muscle 
PDCL3 0.01252115 0.604634 Vascular smooth muscle 
PDE6H 1.29E-13 0.7540822 Vascular smooth muscle 
PERP 0.0003798 1.048861 Vascular smooth muscle 
PFDN5 3.05E-05 0.3536778 Vascular smooth muscle 
PHPT1 0.04609852 0.3390933 Vascular smooth muscle 
PI3 2.89E-06 -0.78930233 Vascular smooth muscle 
PM20D2 0.00153267 -0.2560877 Vascular smooth muscle 
PMP22 1.89E-17 -0.35192697 Vascular smooth muscle 
PNPO 0.02526961 0.9094183 Vascular smooth muscle 
POLR1F 0.00348729 -0.43542689 Vascular smooth muscle 
POSTN 1.24E-19 0.907705 Vascular smooth muscle 
PPP1R14A 4.37E-27 0.9979423 Vascular smooth muscle 
PPP1R15A 1.16E-37 0.8657704 Vascular smooth muscle 
PPP1R1A 1.18E-09 -0.7264557 Vascular smooth muscle 
PPP3CA 5.88E-08 -0.52043991 Vascular smooth muscle 
PRKAR2B 1.57E-16 0.6511695 Vascular smooth muscle 
PRRC2C 8.89E-11 -0.26250045 Vascular smooth muscle 
PRRX1 0.00018275 -0.19256048 Vascular smooth muscle 
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PSMB9 2.87E-12 1.1546322 Vascular smooth muscle 
PSME2 0.0105536 -0.42516367 Vascular smooth muscle 
PTGES 5.22E-48 -0.64676125 Vascular smooth muscle 
PTMA 3.38E-06 -0.12931896 Vascular smooth muscle 
PTN 0.00045208 -1.57040851 Vascular smooth muscle 
PTPRC 0.01450588 1.0780209 Vascular smooth muscle 
RABAC1 5.69E-10 0.3662694 Vascular smooth muscle 
RAMP1 4.07E-30 0.7178237 Vascular smooth muscle 
RARRES1 0.00018117 0.9760563 Vascular smooth muscle 
RARRES2 0.00388326 0.2777151 Vascular smooth muscle 
RASD1 0.00026493 0.7047255 Vascular smooth muscle 
RBM25 0.03596526 -0.26870043 Vascular smooth muscle 
RBM39 6.04E-10 -0.29880777 Vascular smooth muscle 
RBMS3 1.54E-06 -0.55836743 Vascular smooth muscle 
REL 0.00380524 -0.30721936 Vascular smooth muscle 
REX1BD 0.01695928 0.6570243 Vascular smooth muscle 
RGS1 0.00066132 1.1595345 Vascular smooth muscle 
RGS2 0.00179858 0.7634889 Vascular smooth muscle 
RHOB 1.49E-11 -0.33467364 Vascular smooth muscle 
RHOJ 0.00151641 -0.42151105 Vascular smooth muscle 
RIF1 0.00699333 -0.36129784 Vascular smooth muscle 
ROCK1 0.00010117 -0.31640746 Vascular smooth muscle 
RPL12 0.0004751 0.1377565 Vascular smooth muscle 
RPL13 1.74E-07 0.1330436 Vascular smooth muscle 
RPL13A 0.02900388 0.1281536 Vascular smooth muscle 
RPL14 0.00051591 -0.18594827 Vascular smooth muscle 
RPL19 6.27E-16 0.2578939 Vascular smooth muscle 
RPL28 2.46E-12 0.1892641 Vascular smooth muscle 
RPL3 0.00010668 0.1799658 Vascular smooth muscle 
RPL34 5.35E-25 -0.55413997 Vascular smooth muscle 
RPL35A 0.00629436 -0.10632366 Vascular smooth muscle 
RPL7 9.34E-05 0.1715465 Vascular smooth muscle 
RPL7A 0.04103831 0.1239722 Vascular smooth muscle 
RPL8 2.53E-15 0.2080027 Vascular smooth muscle 
RPL9 1.47E-06 0.1553536 Vascular smooth muscle 
RPS11 0.0280903 0.099833 Vascular smooth muscle 
RPS12 1.06E-08 0.1804979 Vascular smooth muscle 
RPS27 4.58E-09 -0.1843246 Vascular smooth muscle 
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RPS28 2.99E-17 -0.22691172 Vascular smooth muscle 
RPS3 1.30E-09 0.2230859 Vascular smooth muscle 
RPS4X 1.40E-08 0.1715284 Vascular smooth muscle 
RPS6 7.20E-08 -0.34600907 Vascular smooth muscle 
RPS8 3.16E-06 0.1231184 Vascular smooth muscle 
RRAS 0.00186043 0.4620607 Vascular smooth muscle 
RRBP1 0.00220864 -0.28264407 Vascular smooth muscle 
RRN3 0.01067176 -0.65539933 Vascular smooth muscle 
RSU1 8.07E-05 0.6420618 Vascular smooth muscle 
S100A1 1.19E-09 0.9930673 Vascular smooth muscle 
S100A11 0.00292248 0.2099662 Vascular smooth muscle 
S100A12 2.78E-07 2.0650737 Vascular smooth muscle 
S100A13 1.64E-18 0.7764338 Vascular smooth muscle 
S100A2 1.70E-28 1.3126792 Vascular smooth muscle 
S100A5 3.28E-30 0.4254024 Vascular smooth muscle 
S100A8 9.85E-23 0.2510052 Vascular smooth muscle 
SAFB 3.22E-07 -0.52291491 Vascular smooth muscle 
SAMD9L 0.00026989 -0.77310414 Vascular smooth muscle 
SCP2 2.78E-08 0.6445774 Vascular smooth muscle 
SDC2 0.01785318 0.4490567 Vascular smooth muscle 
SEC61G 7.33E-07 -0.28522342 Vascular smooth muscle 
SECISBP2 1.01E-17 -0.57036034 Vascular smooth muscle 
SELENOM 2.24E-07 0.3486117 Vascular smooth muscle 
SELENOW 1.12E-24 0.5934573 Vascular smooth muscle 
SEMA7A 4.67E-05 1.4070432 Vascular smooth muscle 
SEPTIN11 0.01970066 0.3451346 Vascular smooth muscle 
SEPTIN4 0.00085931 0.4264987 Vascular smooth muscle 
SEPTIN7 8.49E-11 0.300777 Vascular smooth muscle 
SEPTIN9 0.0006753 -0.31268332 Vascular smooth muscle 
SERBP1 6.20E-10 -0.27148808 Vascular smooth muscle 
SERPINF1 1.58E-06 -0.90434931 Vascular smooth muscle 
SERPING1 4.74E-26 0.7145285 Vascular smooth muscle 
SH3BGRL3 0.04399883 0.2698081 Vascular smooth muscle 
SH3D21 0.00019584 -0.69415392 Vascular smooth muscle 
SLA 0.00281482 2.130372 Vascular smooth muscle 
SLC23A2 0.00026626 -0.69832185 Vascular smooth muscle 
SLC25A6 9.50E-10 0.2414723 Vascular smooth muscle 
SLIT2 0.0110281 -0.49512797 Vascular smooth muscle 
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SMC5 0.04492838 -0.32526026 Vascular smooth muscle 
SMDT1 1.36E-11 0.6417534 Vascular smooth muscle 
SNAI1 0.00023694 0.3022943 Vascular smooth muscle 
SNRPB 5.47E-05 -0.3009073 Vascular smooth muscle 
SOD2 7.40E-14 -0.5054556 Vascular smooth muscle 
SPARC 1.41E-20 -0.73812059 Vascular smooth muscle 
SPEGNB 0.0344767 0.9443089 Vascular smooth muscle 
SPINK2 0.03785863 0.7023779 Vascular smooth muscle 
SPP2 0.02161011 -1.13761787 Vascular smooth muscle 
SREK1IP1 0.00941513 0.7216117 Vascular smooth muscle 
SRSF2 0.03929096 -0.49556682 Vascular smooth muscle 
SSR4 3.87E-22 0.4678089 Vascular smooth muscle 
SYNCRIP 0.00031738 -0.34772872 Vascular smooth muscle 
SYNE2 0.00016156 -0.28313225 Vascular smooth muscle 
SYTL3 6.50E-06 1.6284535 Vascular smooth muscle 
TAP1 0.00425429 0.5438896 Vascular smooth muscle 
TARDBP 0.0255656 -0.585206 Vascular smooth muscle 
TBX19 0.01811807 -0.45489031 Vascular smooth muscle 
TDG 0.04821213 -0.49931758 Vascular smooth muscle 
TES 0.00671182 -0.51512341 Vascular smooth muscle 
TFAP2A 8.55E-07 0.649878 Vascular smooth muscle 
TFPT 1.25E-15 0.2062909 Vascular smooth muscle 
TGFB2 4.85E-06 -0.80352259 Vascular smooth muscle 
THAP5 1.34E-05 -0.47504715 Vascular smooth muscle 
THY1 4.25E-29 0.5376803 Vascular smooth muscle 
TIMP1 0.00099979 0.4110154 Vascular smooth muscle 
TINAGL1 6.47E-23 0.5339155 Vascular smooth muscle 
TLN1 0.01075024 0.2644334 Vascular smooth muscle 
TLR3 0.00013532 0.7603592 Vascular smooth muscle 
TMEM176A 2.35E-12 0.8679905 Vascular smooth muscle 
TNFRSF18 0.00017956 1.1079835 Vascular smooth muscle 
TNNC1 2.24E-08 -1.70776483 Vascular smooth muscle 
TPM1 1.41E-13 0.4252904 Vascular smooth muscle 
TPM2 9.75E-15 0.6073815 Vascular smooth muscle 
TPM4 3.98E-08 0.2847441 Vascular smooth muscle 
TPPP3 0.00022838 0.6389747 Vascular smooth muscle 
TPT1 8.64E-37 0.26412 Vascular smooth muscle 
TWF2 0.00631129 1.2932202 Vascular smooth muscle 
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TXNDC17 1.52E-13 0.568119 Vascular smooth muscle 
UGCG 6.08E-08 -0.30535505 Vascular smooth muscle 
UQCC2 0.00769212 0.6779035 Vascular smooth muscle 
USP37 5.25E-08 -0.61222099 Vascular smooth muscle 
VEGFA 6.08E-14 -0.47796511 Vascular smooth muscle 
VIM 4.56E-22 0.3075698 Vascular smooth muscle 
WDR43 7.58E-09 -0.52596956 Vascular smooth muscle 
WDR86 0.01015673 0.6562737 Vascular smooth muscle 
YBX3 6.69E-05 -0.27137933 Vascular smooth muscle 
YTHDF2 0.00429564 -0.40668064 Vascular smooth muscle 
ZBTB38 0.03210134 0.5009329 Vascular smooth muscle 
ZCRB1 0.01250506 0.526541 Vascular smooth muscle 
ZFP36 8.60E-06 0.3598321 Vascular smooth muscle 
ZNF462 0.02659557 -0.48995203 Vascular smooth muscle 
ZNF644 0.01576551 -0.33778894 Vascular smooth muscle 
    

 C.6. Supplementary Table 3: DEGs x all major cell types 
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Supplementary Table S 10. DEGs across immune cell types 
 
Supplemental Table 4. DEGs across immune cell types. 
        

Gene ID q-value 
Fold-change 
(AD/control) Cell 

COL1A1 4.14E-262 -2.17221993 
CD14 
Mono 

COL3A1 2.42E-228 -2.14287776 
CD14 
Mono 

COL1A2 3.92E-213 -1.82541348 
CD14 
Mono 

RPL19 6.04E-163 0.4106721 
CD14 
Mono 

SPARC 1.34E-144 -2.12194785 
CD14 
Mono 

RBP4 6.86E-96 -1.85712351 
CD14 
Mono 

C1QB 7.86E-92 0.8551059 
CD14 
Mono 

SLC25A44 2.34E-90 1.6982069 
CD14 
Mono 

TMSB10 5.56E-90 -0.55595394 
CD14 
Mono 

RPS28 2.67E-74 -0.24588276 
CD14 
Mono 

ACTB 1.55E-73 -0.32847817 
CD14 
Mono 

PLIN2 6.56E-73 0.544314 
CD14 
Mono 

DLA88 5.05E-71 0.5056539 
CD14 
Mono 

CPZ 5.09E-68 -1.61782152 
CD14 
Mono 

RETN 2.55E-66 0.770969 
CD14 
Mono 

DLA-79 1.89E-65 -0.79651778 
CD14 
Mono 

EEF1A1 3.33E-63 -0.31976922 
CD14 
Mono 

METRNL 1.66E-60 0.6122412 
CD14 
Mono 

CD68 1.56E-58 1.0896882 
CD14 
Mono 
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HSPA8 1.96E-58 0.3695227 
CD14 
Mono 

C1QA 1.15E-55 0.5544542 
CD14 
Mono 

FTL 2.22E-55 0.3317993 
CD14 
Mono 

MARCKSL1 1.83E-51 -0.47354229 
CD14 
Mono 

RPL34 2.91E-50 -0.40562703 
CD14 
Mono 

MT1E 1.00E-48 0.9761109 
CD14 
Mono 

CREG1 1.38E-48 0.7812441 
CD14 
Mono 

CSTB 7.36E-48 0.2143184 
CD14 
Mono 

SERPINE1 3.82E-46 -1.27665419 
CD14 
Mono 

BPI 1.61E-45 0.3622169 
CD14 
Mono 

C1QC 1.22E-44 0.5660036 
CD14 
Mono 

NR4A3 1.59E-44 -0.68405755 
CD14 
Mono 

PSAP 3.61E-42 0.5695544 
CD14 
Mono 

IGKC 8.79E-41 3.5101642 
CD14 
Mono 

FSCN1 1.41E-39 -0.36298152 
CD14 
Mono 

LYVE1 1.67E-38 0.7215914 
CD14 
Mono 

CD80 1.95E-38 -0.50032363 
CD14 
Mono 

S100P 7.20E-37 1.0032785 
CD14 
Mono 

EPHB2 7.92E-37 0.5141217 
CD14 
Mono 

SERPINA1 2.51E-36 2.1858276 
CD14 
Mono 

MT-ND4 1.28E-35 0.2594364 
CD14 
Mono 

MTDH 1.97E-35 -0.31677477 
CD14 
Mono 

QDPR 2.95E-35 -0.61434555 
CD14 
Mono 
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CD163 3.88E-33 0.5426775 
CD14 
Mono 

RPS27 2.51E-32 -0.20258731 
CD14 
Mono 

RPS23 3.06E-32 -0.16343486 
CD14 
Mono 

CCR1 1.72E-31 0.7929871 
CD14 
Mono 

COX17 1.86E-30 -0.41861123 
CD14 
Mono 

SAT1 2.80E-30 0.2826103 
CD14 
Mono 

CCL5 3.99E-30 1.4762795 
CD14 
Mono 

CYBA 6.16E-30 0.3234166 
CD14 
Mono 

MT2A 2.38E-28 0.4828803 
CD14 
Mono 

SEC61G 2.10E-27 -0.32114642 
CD14 
Mono 

SERPINF1 3.08E-27 -0.76964005 
CD14 
Mono 

PCOLCE 1.80E-26 -0.80151817 
CD14 
Mono 

CDA 1.87E-26 0.4436138 
CD14 
Mono 

COPZ2 2.93E-26 -0.93496175 
CD14 
Mono 

IL1R2 5.23E-26 -0.28354274 
CD14 
Mono 

RPS15A 1.32E-25 -0.16760705 
CD14 
Mono 

ITIH5 2.07E-25 -0.78999464 
CD14 
Mono 

LSP1 3.01E-25 -0.50707169 
CD14 
Mono 

GPR183 3.07E-25 -0.57607994 
CD14 
Mono 

MT-CO2 6.69E-25 0.20918 
CD14 
Mono 

JCHAIN 1.14E-24 2.6990982 
CD14 
Mono 

CHI3L1 1.91E-24 -1.65900943 
CD14 
Mono 

CCL4 5.02E-24 -0.56622778 
CD14 
Mono 
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PRDX1 1.08E-23 0.2449374 
CD14 
Mono 

GALK1 3.30E-23 0.1776253 
CD14 
Mono 

COL6A3 3.53E-23 -0.71970642 
CD14 
Mono 

C1orf54 4.04E-23 1.347018 
CD14 
Mono 

GGH 1.59E-22 0.5303531 
CD14 
Mono 

C6H7orf50 4.21E-22 0.3936025 
CD14 
Mono 

TKT 8.12E-22 0.4700767 
CD14 
Mono 

MAFB 2.13E-21 0.3149171 
CD14 
Mono 

CELF2 5.49E-21 -0.40700706 
CD14 
Mono 

RPL14 7.07E-21 -0.20582784 
CD14 
Mono 

PKIB 7.07E-21 -0.37690794 
CD14 
Mono 

HMGB2 1.19E-20 0.4367224 
CD14 
Mono 

CLDN1 1.23E-20 1.6374852 
CD14 
Mono 

MARCKS 1.42E-20 -0.25856973 
CD14 
Mono 

S100A12 3.38E-20 2.4028321 
CD14 
Mono 

NFKB1 3.56E-20 -0.22346162 
CD14 
Mono 

CD1C 4.15E-20 -0.51721206 
CD14 
Mono 

SCARB2 6.76E-20 0.4603585 
CD14 
Mono 

CD2 8.43E-20 -0.60886204 
CD14 
Mono 

C9H17orf64 1.80E-19 -0.73891066 
CD14 
Mono 

CD209 2.18E-19 0.4164847 
CD14 
Mono 

IL7R 2.40E-19 -0.49079885 
CD14 
Mono 

S100A11 2.58E-19 -0.20616946 
CD14 
Mono 
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RPL32 4.84E-19 -0.12187332 
CD14 
Mono 

CTSC 6.54E-19 0.3236141 
CD14 
Mono 

SORL1 3.47E-18 1.547209 
CD14 
Mono 

HMOX1 4.10E-18 0.5494717 
CD14 
Mono 

TSPO 4.20E-18 0.2678673 
CD14 
Mono 

CD63 5.02E-18 0.1742886 
CD14 
Mono 

GPX1 5.56E-18 0.2202487 
CD14 
Mono 

ODC1 8.75E-18 0.4200344 
CD14 
Mono 

SERF2 1.20E-17 -0.19105943 
CD14 
Mono 

VCAN 1.26E-17 0.5918498 
CD14 
Mono 

CCR7 1.60E-17 -0.70658591 
CD14 
Mono 

ABHD5 2.14E-17 0.2217873 
CD14 
Mono 

RPL35A 3.17E-17 -0.12089994 
CD14 
Mono 

CCDC80 5.37E-17 -0.64454666 
CD14 
Mono 

COL6A5 8.25E-17 3.7448185 
CD14 
Mono 

S100A2 8.86E-17 0.7094152 
CD14 
Mono 

PIR 1.05E-16 0.535822 
CD14 
Mono 

ATF3 1.88E-16 -0.32138327 
CD14 
Mono 

TXNIP 2.34E-16 0.4719832 
CD14 
Mono 

NAMPT 3.40E-16 0.2732267 
CD14 
Mono 

HSPA5 3.84E-16 0.2337411 
CD14 
Mono 

SCARB1 5.88E-16 -0.38313228 
CD14 
Mono 

CTSB 1.38E-15 0.4732973 
CD14 
Mono 
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SDC2 1.68E-15 -0.33536627 
CD14 
Mono 

RPS25 1.70E-15 -0.10786312 
CD14 
Mono 

TMEM131L 2.16E-15 -0.48112334 
CD14 
Mono 

TMEM37 3.91E-15 0.4934709 
CD14 
Mono 

PSMA6 4.36E-15 -0.29579457 
CD14 
Mono 

FAS 6.94E-15 -0.38578789 
CD14 
Mono 

ATP8B1 7.24E-15 -0.60929714 
CD14 
Mono 

CD40 1.11E-14 -0.32105179 
CD14 
Mono 

RPS24 1.87E-14 -0.13947658 
CD14 
Mono 

PDGFRL 3.90E-14 -0.73769382 
CD14 
Mono 

SLC4A7 4.02E-14 -0.26033102 
CD14 
Mono 

PTN 1.26E-13 -1.23940242 
CD14 
Mono 

CAT 1.31E-13 0.5158235 
CD14 
Mono 

OGN 1.37E-13 -1.71117319 
CD14 
Mono 

GBP1 1.88E-13 0.674875 
CD14 
Mono 

NDUFS8 1.99E-13 0.3996613 
CD14 
Mono 

ARL4C 2.48E-13 0.4395305 
CD14 
Mono 

AMPD3 2.94E-13 0.6870937 
CD14 
Mono 

GABARAPL2 3.24E-13 -0.18343745 
CD14 
Mono 

PTP4A2 3.41E-13 -0.26137233 
CD14 
Mono 

COL5A1 5.04E-13 -1.24686847 
CD14 
Mono 

AOAH 5.13E-13 1.8836399 
CD14 
Mono 

SEC61B 6.69E-13 -0.22838407 
CD14 
Mono 
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C5AR1 6.84E-13 0.3122734 
CD14 
Mono 

CTHRC1 1.58E-12 -1.29314006 
CD14 
Mono 

PCDH18 2.43E-12 -0.87614509 
CD14 
Mono 

RPL35 3.96E-12 -0.12089343 
CD14 
Mono 

RPS17 5.35E-12 -0.10469534 
CD14 
Mono 

RCN1 6.06E-12 -0.60055992 
CD14 
Mono 

GASK1B 6.76E-12 1.3117259 
CD14 
Mono 

IGF1 9.02E-12 -0.50433142 
CD14 
Mono 

GPR171 1.05E-11 -0.59618683 
CD14 
Mono 

FKBP5 1.11E-11 0.6485322 
CD14 
Mono 

CSF1R 1.33E-11 0.3047289 
CD14 
Mono 

CD36 1.48E-11 0.6822724 
CD14 
Mono 

MRC1 1.82E-11 0.2334717 
CD14 
Mono 

SPP2 2.08E-11 -0.86436774 
CD14 
Mono 

PSME2 3.46E-11 -0.28042789 
CD14 
Mono 

MARCHF1 3.46E-11 0.6805535 
CD14 
Mono 

CTSZ 3.55E-11 0.3681155 
CD14 
Mono 

LRRFIP1 4.09E-11 0.2371105 
CD14 
Mono 

CA4 4.58E-11 2.1768867 
CD14 
Mono 

TGFBI 5.58E-11 0.3032334 
CD14 
Mono 

TPM2 5.58E-11 -0.99651708 
CD14 
Mono 

SLC7A8 6.41E-11 0.5117339 
CD14 
Mono 

PDPN 6.58E-11 0.3457964 
CD14 
Mono 



 

588 
 

MACO1 6.86E-11 -0.33457246 
CD14 
Mono 

RPS26 7.20E-11 -0.13905613 
CD14 
Mono 

COMP 7.37E-11 1.2373337 
CD14 
Mono 

ALAS1 7.68E-11 0.1819398 
CD14 
Mono 

PTGER4 1.23E-10 -0.38931141 
CD14 
Mono 

GMFG 1.67E-10 0.2670451 
CD14 
Mono 

IL17RB 1.91E-10 -0.4874045 
CD14 
Mono 

PLXNC1 1.98E-10 -0.27191405 
CD14 
Mono 

LAMTOR4 2.15E-10 0.2078467 
CD14 
Mono 

MXRA5 2.30E-10 -0.81323142 
CD14 
Mono 

FCGR1A 3.22E-10 0.7029501 
CD14 
Mono 

TNNC1 3.65E-10 -0.68777673 
CD14 
Mono 

SLC11A1 3.88E-10 0.6275142 
CD14 
Mono 

TREM1 4.42E-10 0.5061015 
CD14 
Mono 

THBS1 4.46E-10 0.6139965 
CD14 
Mono 

STAG2 4.88E-10 -0.20067322 
CD14 
Mono 

FOSB 5.52E-10 0.308858 
CD14 
Mono 

CCL3 5.83E-10 -0.4554077 
CD14 
Mono 

CD86 5.87E-10 -0.27115338 
CD14 
Mono 

SPTLC2 7.10E-10 0.3706728 
CD14 
Mono 

ND4L 7.68E-10 0.3622041 
CD14 
Mono 

ABCA1 8.31E-10 0.2201983 
CD14 
Mono 

CLIC1 8.64E-10 0.1946352 
CD14 
Mono 
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PDK4 1.26E-09 1.8629771 
CD14 
Mono 

LAMTOR2 1.28E-09 0.2903045 
CD14 
Mono 

TXNDC17 1.46E-09 0.2008055 
CD14 
Mono 

TNFRSF18 1.74E-09 -0.4623586 
CD14 
Mono 

DLA-DMA 2.37E-09 0.2651598 
CD14 
Mono 

FGL2 2.60E-09 0.2585865 
CD14 
Mono 

TNFRSF12A 3.32E-09 0.6128958 
CD14 
Mono 

JAG1 5.92E-09 -0.45987484 
CD14 
Mono 

HEXB 6.36E-09 0.3381303 
CD14 
Mono 

LAD1 6.46E-09 -0.61154057 
CD14 
Mono 

RPS6 8.60E-09 -0.20935656 
CD14 
Mono 

MCFD2 8.91E-09 0.4598074 
CD14 
Mono 

RPL23 1.07E-08 -0.10015106 
CD14 
Mono 

RPL22 1.15E-08 -0.12839203 
CD14 
Mono 

NAP1L1 1.21E-08 -0.16452886 
CD14 
Mono 

PHF20L1 1.28E-08 -0.28394214 
CD14 
Mono 

HSP90AA1 1.44E-08 0.1778466 
CD14 
Mono 

GAS6 1.61E-08 0.4573514 
CD14 
Mono 

NDUFA8 1.73E-08 0.4425079 
CD14 
Mono 

ZBTB16 1.94E-08 0.7077112 
CD14 
Mono 

NPC1 2.33E-08 0.6303092 
CD14 
Mono 

UBA1 2.59E-08 -0.37802719 
CD14 
Mono 

MSRB1 2.69E-08 0.7524027 
CD14 
Mono 
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ATP5F1E 2.91E-08 -0.22756087 
CD14 
Mono 

SULT1C4 3.07E-08 0.5299152 
CD14 
Mono 

HK1 3.31E-08 0.3564023 
CD14 
Mono 

PFKFB3 3.37E-08 -0.34088548 
CD14 
Mono 

UTRN 3.42E-08 0.3758942 
CD14 
Mono 

TUBA1B 3.70E-08 0.1708974 
CD14 
Mono 

ETFB 4.74E-08 0.5922176 
CD14 
Mono 

BACH1 5.11E-08 -0.20238716 
CD14 
Mono 

OTOF 5.21E-08 3.0543658 
CD14 
Mono 

CALCOCO2 5.37E-08 0.2722845 
CD14 
Mono 

PLEK 5.76E-08 0.2421109 
CD14 
Mono 

FBN1 7.18E-08 -0.43753466 
CD14 
Mono 

MMP1 7.61E-08 2.0011252 
CD14 
Mono 

GDE1 8.04E-08 0.5839882 
CD14 
Mono 

RAB8B 8.90E-08 -0.2858864 
CD14 
Mono 

CDK3 1.17E-07 0.8015801 
CD14 
Mono 

SLAMF7 1.23E-07 -0.39992126 
CD14 
Mono 

CFP 1.35E-07 -0.43593809 
CD14 
Mono 

LCP1 1.39E-07 -0.15256278 
CD14 
Mono 

FUCA1 1.40E-07 0.2771649 
CD14 
Mono 

TBCB 1.54E-07 0.4849754 
CD14 
Mono 

SLC12A4 1.60E-07 0.6285539 
CD14 
Mono 

DDOST 1.62E-07 0.417947 
CD14 
Mono 
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CCN3 1.72E-07 -1.72951153 
CD14 
Mono 

GADD45A 1.89E-07 0.2193893 
CD14 
Mono 

GLIPR1 2.03E-07 0.2369458 
CD14 
Mono 

IGFBP2 2.09E-07 1.5478422 
CD14 
Mono 

RPS14 2.23E-07 -0.07774894 
CD14 
Mono 

ACSL1 2.44E-07 -0.33835577 
CD14 
Mono 

CXCL8 3.16E-07 -0.18602224 
CD14 
Mono 

GLDN 3.17E-07 1.0701573 
CD14 
Mono 

SMPDL3B 3.23E-07 0.4969243 
CD14 
Mono 

NPC2 3.40E-07 0.1463731 
CD14 
Mono 

MT-CO1 3.48E-07 0.128874 
CD14 
Mono 

SCARA5 4.28E-07 0.7369049 
CD14 
Mono 

JMJD1C 4.65E-07 0.2096067 
CD14 
Mono 

S100A5 4.85E-07 0.1784736 
CD14 
Mono 

RREB1 5.06E-07 -0.19915851 
CD14 
Mono 

FXYD5 5.65E-07 0.2790035 
CD14 
Mono 

BLVRB 5.98E-07 0.34451 
CD14 
Mono 

SEPTIN6 6.10E-07 -0.35204669 
CD14 
Mono 

SH3KBP1 6.16E-07 -0.23888462 
CD14 
Mono 

PRDX2 6.50E-07 0.3870426 
CD14 
Mono 

MGST1 6.68E-07 1.0479946 
CD14 
Mono 

SLC43A3 6.88E-07 0.6205537 
CD14 
Mono 

ZFP36L1 9.73E-07 -0.24212152 
CD14 
Mono 



 

592 
 

CD44 1.12E-06 -0.14771539 
CD14 
Mono 

ID1 1.71E-06 0.5671141 
CD14 
Mono 

LY86 1.76E-06 0.4652826 
CD14 
Mono 

EFEMP1 1.82E-06 0.9826644 
CD14 
Mono 

F11R 1.85E-06 -0.76670994 
CD14 
Mono 

FOLH1 1.89E-06 2.1135065 
CD14 
Mono 

RPS3A 1.90E-06 -0.10103481 
CD14 
Mono 

MT-ND3 2.32E-06 -0.32480922 
CD14 
Mono 

POLR2E 2.49E-06 0.3766411 
CD14 
Mono 

RCSD1 2.62E-06 0.6023904 
CD14 
Mono 

SLC25A6 2.77E-06 0.1206376 
CD14 
Mono 

C9H17orf99 2.88E-06 1.2835004 
CD14 
Mono 

YY1 3.04E-06 0.210205 
CD14 
Mono 

EREG 3.36E-06 1.2504607 
CD14 
Mono 

TRMT112 3.79E-06 0.206239 
CD14 
Mono 

MSR1 4.05E-06 0.5605812 
CD14 
Mono 

IDUA 4.20E-06 0.7680319 
CD14 
Mono 

ACTG1 4.29E-06 -0.13491367 
CD14 
Mono 

EDEM2 4.44E-06 0.7072389 
CD14 
Mono 

RSRP1 4.47E-06 0.3581046 
CD14 
Mono 

CPT1A 4.67E-06 0.3939125 
CD14 
Mono 

SNTB2 5.69E-06 0.6173295 
CD14 
Mono 

DDIT4 6.69E-06 0.251924 
CD14 
Mono 



 

593 
 

RPL12 7.22E-06 -0.09300807 
CD14 
Mono 

UHRF1BP1L 7.48E-06 0.637317 
CD14 
Mono 

MYO5A 8.08E-06 0.3555991 
CD14 
Mono 

NFKB2 8.14E-06 -0.22441181 
CD14 
Mono 

C5H1orf87 9.65E-06 -0.32719817 
CD14 
Mono 

TMEM47 9.78E-06 -0.43278679 
CD14 
Mono 

CYLD 1.13E-05 -0.27218763 
CD14 
Mono 

CNDP2 1.14E-05 0.5589338 
CD14 
Mono 

ICAM2 1.26E-05 0.8869933 
CD14 
Mono 

MAMDC2 1.38E-05 0.6380341 
CD14 
Mono 

GDA 1.54E-05 0.5359223 
CD14 
Mono 

GRN 1.55E-05 0.2151219 
CD14 
Mono 

MAT2A 1.67E-05 0.1936533 
CD14 
Mono 

SELENOF 1.76E-05 0.1852229 
CD14 
Mono 

NME7 1.77E-05 -0.3501397 
CD14 
Mono 

CARD6 1.98E-05 0.6406208 
CD14 
Mono 

INHBA 2.53E-05 -0.34160908 
CD14 
Mono 

BASP1 2.56E-05 -0.60097306 
CD14 
Mono 

PPP1R14B 2.70E-05 0.3217473 
CD14 
Mono 

DUSP4 2.77E-05 -0.6247922 
CD14 
Mono 

H3-3A 3.04E-05 -0.10133926 
CD14 
Mono 

LPCAT2 3.20E-05 0.350977 
CD14 
Mono 

EIF2S2 3.50E-05 -0.18260083 
CD14 
Mono 



 

594 
 

DYNLT1 3.75E-05 -0.35817024 
CD14 
Mono 

ARL14EP 4.43E-05 0.3206929 
CD14 
Mono 

PLA2G7 4.84E-05 0.4142405 
CD14 
Mono 

NFE2L3 5.53E-05 0.7085192 
CD14 
Mono 

RFTN1 5.56E-05 -0.3679687 
CD14 
Mono 

SERPINH1 6.26E-05 -0.28812461 
CD14 
Mono 

LGALS1 6.75E-05 0.1258596 
CD14 
Mono 

EIF4A1 6.90E-05 0.106079 
CD14 
Mono 

CAPZA2 7.24E-05 0.1651699 
CD14 
Mono 

GPR157 7.29E-05 -0.93182229 
CD14 
Mono 

S100A8 7.31E-05 0.0935886 
CD14 
Mono 

DEGS1 7.40E-05 0.2019037 
CD14 
Mono 

CFI 8.60E-05 1.273755 
CD14 
Mono 

AHSA1 8.99E-05 0.3600296 
CD14 
Mono 

RALA 9.42E-05 -0.23777356 
CD14 
Mono 

SEC11C 0.00010486 0.1782541 
CD14 
Mono 

CHCHD2 0.00011036 0.1687474 
CD14 
Mono 

ARAP2 0.00011482 0.8550264 
CD14 
Mono 

NRG1 0.0001247 1.298998 
CD14 
Mono 

DMD 0.00012532 -0.3314302 
CD14 
Mono 

FKBP3 0.00012586 0.8813632 
CD14 
Mono 

SYNDIG1 0.00012927 0.7272109 
CD14 
Mono 

H2AJ 0.00013402 0.4521578 
CD14 
Mono 



 

595 
 

SELENOT 0.00014686 0.1673247 
CD14 
Mono 

ATP5F1D 0.00016378 0.1850763 
CD14 
Mono 

MGP 0.00016382 -0.46362167 
CD14 
Mono 

PHF23 0.000173 0.329614 
CD14 
Mono 

TNFSF9 0.00018456 0.4840147 
CD14 
Mono 

KRTDAP 0.00018845 0.6704727 
CD14 
Mono 

ZC3H12C 0.00019879 -0.3026964 
CD14 
Mono 

SYK 0.00020073 0.3588288 
CD14 
Mono 

PDCD5 0.00020287 0.3645862 
CD14 
Mono 

DLA-64 0.0002246 -0.08597975 
CD14 
Mono 

NEURL3 0.00022852 -0.44781734 
CD14 
Mono 

ADAM28 0.00023722 1.3488971 
CD14 
Mono 

HUWE1 0.00023998 -0.21862641 
CD14 
Mono 

FOS 0.00026903 0.2165482 
CD14 
Mono 

PSMB6 0.00027663 0.2783952 
CD14 
Mono 

PHYH 0.00029367 -0.27959204 
CD14 
Mono 

EHD4 0.00031468 0.3059471 
CD14 
Mono 

CALML6 0.00031723 0.5850974 
CD14 
Mono 

TCF7L2 0.0003218 0.3779419 
CD14 
Mono 

EIF3I 0.00033093 0.290857 
CD14 
Mono 

TRIM27 0.00034047 0.7538747 
CD14 
Mono 

VWF 0.00036672 1.4544921 
CD14 
Mono 

CPNE3 0.00037419 0.444295 
CD14 
Mono 



 

596 
 

GALC 0.00040396 -0.85555711 
CD14 
Mono 

KRT10 0.00041741 0.2197278 
CD14 
Mono 

SESN1 0.00043743 0.620856 
CD14 
Mono 

TFRC 0.00044977 -0.49580802 
CD14 
Mono 

ATP6V0B 0.00047217 0.167843 
CD14 
Mono 

ALOX5 0.00051431 0.4923298 
CD14 
Mono 

XPO6 0.00052119 0.277603 
CD14 
Mono 

MS4A7 0.00052143 0.4186429 
CD14 
Mono 

SWAP70 0.00052245 -0.22807712 
CD14 
Mono 

RPL24 0.00053416 -0.06531992 
CD14 
Mono 

GIMAP4 0.00054896 0.8009934 
CD14 
Mono 

GJB2 0.00058199 1.3333477 
CD14 
Mono 

ARID4A 0.00058746 0.3214343 
CD14 
Mono 

CCL14 0.00060378 0.2674052 
CD14 
Mono 

COL5A2 0.00062392 -0.41768034 
CD14 
Mono 

METTL23 0.00064463 0.3174869 
CD14 
Mono 

PARK7 0.00070946 0.3489544 
CD14 
Mono 

GLRX2 0.00071343 0.3826163 
CD14 
Mono 

RPL8 0.00071435 0.077508 
CD14 
Mono 

CXCL10 0.0007304 0.7044485 
CD14 
Mono 

IDO2 0.00073344 1.2751771 
CD14 
Mono 

CCND1 0.00075262 -0.27422133 
CD14 
Mono 

SELENOM 0.00075393 -0.39458184 
CD14 
Mono 



 

597 
 

SMAP1 0.00079215 0.3767427 
CD14 
Mono 

CAPG 0.00082548 0.158896 
CD14 
Mono 

EXOC3 0.00087898 0.3592944 
CD14 
Mono 

SRI 0.00089041 0.3968722 
CD14 
Mono 

MYBPC2 0.00091257 0.7967978 
CD14 
Mono 

GNE 0.00097795 0.5000134 
CD14 
Mono 

PRKCB 0.0010303 0.9636013 
CD14 
Mono 

GALNT1 0.00103954 0.2625996 
CD14 
Mono 

BACE2 0.00104992 1.0273171 
CD14 
Mono 

DCBLD2 0.00109785 0.5526532 
CD14 
Mono 

CD248 0.00114259 -0.5464081 
CD14 
Mono 

BIRC3 0.00116766 -0.35159695 
CD14 
Mono 

SLC46A3 0.00126109 0.3795455 
CD14 
Mono 

EIF3K 0.00133596 0.1021443 
CD14 
Mono 

MMP12 0.00134008 -0.65677951 
CD14 
Mono 

VIM 0.0013763 0.0787729 
CD14 
Mono 

RPL27 0.0014192 -0.08000525 
CD14 
Mono 

MFSD14B 0.00143067 0.6716413 
CD14 
Mono 

DSCAML1 0.00150874 -0.91039622 
CD14 
Mono 

DLA-DQA1 0.00160654 -0.14512109 
CD14 
Mono 

SFPQ 0.00168688 0.1760757 
CD14 
Mono 

PSEN2 0.00189648 0.7226918 
CD14 
Mono 

CBLB 0.00193181 -0.4641814 
CD14 
Mono 



 

598 
 

HSP90AB1 0.00203076 0.0858683 
CD14 
Mono 

ANKRD28 0.00206686 -0.33377747 
CD14 
Mono 

AKIRIN2 0.00207219 -0.17417847 
CD14 
Mono 

PSMB3 0.0021391 0.2093333 
CD14 
Mono 

FGFR1 0.00218919 0.4011698 
CD14 
Mono 

NUCB1 0.00221425 0.3832004 
CD14 
Mono 

AP2M1 0.00225046 0.1969345 
CD14 
Mono 

TRMT10C 0.0022594 -0.31568906 
CD14 
Mono 

ABCF1 0.00228071 0.4047881 
CD14 
Mono 

VPS26A 0.00228106 0.3038461 
CD14 
Mono 

NDUFB9 0.00240731 0.2690354 
CD14 
Mono 

GSTP1 0.00259391 0.4166164 
CD14 
Mono 

TSC22D1 0.0026757 0.4335768 
CD14 
Mono 

MMP2 0.00270994 -0.31918138 
CD14 
Mono 

P4HA2 0.00281834 -0.36226675 
CD14 
Mono 

FPR2 0.00283653 1.0931467 
CD14 
Mono 

ADA 0.00287122 0.4704081 
CD14 
Mono 

COX4I1 0.00322801 0.1140206 
CD14 
Mono 

SAP30 0.00323133 0.3217472 
CD14 
Mono 

GOT2 0.00328536 0.3836737 
CD14 
Mono 

RPL10A 0.00333048 -0.11739481 
CD14 
Mono 

TMEM165 0.00335122 0.1651214 
CD14 
Mono 

CDO1 0.00336719 -0.68021671 
CD14 
Mono 



 

599 
 

GPAT3 0.00337058 0.9286946 
CD14 
Mono 

TNS1 0.00337784 0.225926 
CD14 
Mono 

ILRUN 0.0035069 0.5057798 
CD14 
Mono 

CIAO2B 0.00351836 0.3413794 
CD14 
Mono 

ITGA4 0.00365529 -0.33486004 
CD14 
Mono 

TLN1 0.00371304 0.143787 
CD14 
Mono 

RPF1 0.00391709 0.2737748 
CD14 
Mono 

FLNA 0.00395457 -0.20709654 
CD14 
Mono 

TOMM34 0.004041 -0.37999798 
CD14 
Mono 

ADM 0.00410878 0.3431194 
CD14 
Mono 

ETHE1 0.00421225 0.7098058 
CD14 
Mono 

PEX11B 0.00423493 0.2484626 
CD14 
Mono 

FNDC1 0.00426439 0.5159044 
CD14 
Mono 

INSIG2 0.00443616 0.317169 
CD14 
Mono 

MGST3 0.00450327 0.1893806 
CD14 
Mono 

CTSA 0.00464836 0.2354962 
CD14 
Mono 

ASPN 0.00466071 -0.47742459 
CD14 
Mono 

RPS15 0.00469739 -0.09093019 
CD14 
Mono 

ACKR3 0.00485899 -0.48723135 
CD14 
Mono 

ADD3 0.00490636 0.3384348 
CD14 
Mono 

DYNLT3 0.00494833 0.3024102 
CD14 
Mono 

SAMD9L 0.00496641 -0.24835815 
CD14 
Mono 

AGPAT5 0.00499728 0.9056202 
CD14 
Mono 



 

600 
 

HIPK2 0.00521744 0.2693801 
CD14 
Mono 

ZBTB38 0.00538492 0.3017986 
CD14 
Mono 

IGF2R 0.00539272 0.4405374 
CD14 
Mono 

NASP 0.00542875 0.2663452 
CD14 
Mono 

CDK12 0.00557262 0.2762969 
CD14 
Mono 

CARHSP1 0.00574874 1.7919208 
CD14 
Mono 

RAN 0.00621155 -0.14138693 
CD14 
Mono 

TGFBR3 0.00623094 0.7323425 
CD14 
Mono 

SELPLG 0.00651096 -0.44662291 
CD14 
Mono 

HSPH1 0.00667253 0.2224204 
CD14 
Mono 

METTL26 0.00675454 0.4503653 
CD14 
Mono 

SCP2 0.00691597 0.2416412 
CD14 
Mono 

NID2 0.00717037 0.530821 
CD14 
Mono 

CDC42EP5 0.00718931 -0.42566223 
CD14 
Mono 

PIAS2 0.00751491 0.6731415 
CD14 
Mono 

LAMP1 0.00764077 0.2724129 
CD14 
Mono 

TIMP1 0.00771605 -0.16229414 
CD14 
Mono 

ITGBL1 0.00779497 -0.52633836 
CD14 
Mono 

MGLL 0.00795745 -0.1508834 
CD14 
Mono 

SLC8B1 0.00829581 0.9175663 
CD14 
Mono 

SLC9A1 0.00869803 0.5584819 
CD14 
Mono 

MT-ND5 0.00916928 0.2091211 
CD14 
Mono 

SUB1 0.009179 -0.13855384 
CD14 
Mono 



 

601 
 

ANKRD39 0.00954308 0.4429382 
CD14 
Mono 

PSENEN 0.00983971 0.1571372 
CD14 
Mono 

ETS2 0.01010756 0.1262116 
CD14 
Mono 

CD109 0.01029676 0.5557395 
CD14 
Mono 

C20H19orf53 0.01036962 0.2008874 
CD14 
Mono 

LRP1 0.01055493 0.2822077 
CD14 
Mono 

PRDX3 0.01107862 0.4230353 
CD14 
Mono 

FKBP2 0.01251739 0.2638386 
CD14 
Mono 

MED10 0.01266731 0.3890676 
CD14 
Mono 

FAM234A 0.01270096 0.8414049 
CD14 
Mono 

LTBP4 0.01300201 0.3084443 
CD14 
Mono 

MARK3 0.01318147 0.1073721 
CD14 
Mono 

CAST 0.01386601 0.1348459 
CD14 
Mono 

EMB 0.01441493 0.2594487 
CD14 
Mono 

IK 0.01448268 -0.17269823 
CD14 
Mono 

WASF2 0.01460499 0.1776366 
CD14 
Mono 

STK4 0.01510944 -0.19560052 
CD14 
Mono 

FIS1 0.01517223 0.2637016 
CD14 
Mono 

SATB1 0.01532945 -0.33941963 
CD14 
Mono 

PPM1G 0.01559324 0.3005893 
CD14 
Mono 

MICOS13 0.01574132 0.3141915 
CD14 
Mono 

ITGB7 0.01652102 0.8790186 
CD14 
Mono 

PLVAP 0.01697264 1.0148946 
CD14 
Mono 



 

602 
 

RAB3IL1 0.01802601 0.4257371 
CD14 
Mono 

STK17A 0.01831796 0.5904516 
CD14 
Mono 

NINJ1 0.01835241 0.1448305 
CD14 
Mono 

NFIL3 0.01848662 0.4554035 
CD14 
Mono 

SNRNP200 0.01854223 0.2764813 
CD14 
Mono 

LUZP1 0.01860852 0.2334076 
CD14 
Mono 

DDX3X 0.01924842 -0.11539046 
CD14 
Mono 

GALNT15 0.02061959 0.9115161 
CD14 
Mono 

MAP3K8 0.02066813 0.4005875 
CD14 
Mono 

AKAP13 0.02112461 -0.12905511 
CD14 
Mono 

IKZF1 0.02153892 0.3723919 
CD14 
Mono 

FRMD4A 0.02189614 0.3843219 
CD14 
Mono 

FAM166A 0.02278609 0.4395303 
CD14 
Mono 

HSBP1 0.0232514 -0.18939629 
CD14 
Mono 

TNFSF10 0.02404408 -0.23181084 
CD14 
Mono 

CD302 0.02404567 0.2329027 
CD14 
Mono 

CIRBP 0.02438358 0.1582494 
CD14 
Mono 

IFT57 0.02483473 0.7934619 
CD14 
Mono 

SERPINB2 0.0250691 0.3832012 
CD14 
Mono 

SBDS 0.02519745 0.5096223 
CD14 
Mono 

ARID5B 0.02543738 0.2414585 
CD14 
Mono 

PNPO 0.02583575 0.4261078 
CD14 
Mono 

PRNP 0.02681474 0.2567856 
CD14 
Mono 



 

603 
 

ANKRD12 0.02688589 0.1019411 
CD14 
Mono 

FDX1 0.02689264 0.2783376 
CD14 
Mono 

CDC26 0.02702803 0.4201346 
CD14 
Mono 

GLRX 0.02740547 0.1649813 
CD14 
Mono 

EXOSC4 0.02916891 0.3123174 
CD14 
Mono 

F3 0.02940365 0.5527806 
CD14 
Mono 

ALCAM 0.02962451 -0.14056707 
CD14 
Mono 

EIF3M 0.02968712 0.1735246 
CD14 
Mono 

DOCK11 0.02984219 0.2688503 
CD14 
Mono 

SDC4 0.03006552 0.2718288 
CD14 
Mono 

ELL 0.03064807 0.1843741 
CD14 
Mono 

CD74 0.03514313 -0.11581429 
CD14 
Mono 

ASAH1 0.0354029 0.3811376 
CD14 
Mono 

HPGDS 0.03541484 0.5956735 
CD14 
Mono 

SPCS3 0.03589606 0.2001766 
CD14 
Mono 

CLEC3B 0.03680168 -0.30423501 
CD14 
Mono 

RGS19 0.03914364 0.222896 
CD14 
Mono 

STAT1 0.03931977 0.3082498 
CD14 
Mono 

CCL13 0.03962781 -0.26638805 
CD14 
Mono 

KRR1 0.039784 0.2668108 
CD14 
Mono 

PXK 0.03999608 0.3050614 
CD14 
Mono 

MPEG1 0.0400036 0.3777882 
CD14 
Mono 

TUBB6 0.04044759 0.2186907 
CD14 
Mono 



 

604 
 

SARAF 0.04168617 0.1691471 
CD14 
Mono 

TWF2 0.04186182 0.3995254 
CD14 
Mono 

PTPRC 0.04523758 -0.13114136 
CD14 
Mono 

POLR2H 0.04531064 0.3262319 
CD14 
Mono 

HGF 0.04611629 0.8411568 
CD14 
Mono 

STAB1 0.04765775 0.2432484 
CD14 
Mono 

PYGB 0.04927596 0.3628377 
CD14 
Mono 

BUD23 0.04933338 0.2792509 
CD14 
Mono 

DLA88 4.88E-266 1.0696381 CD4 
RPL19 6.50E-222 0.5436009 CD4 
COL1A2 8.49E-180 -2.11793489 CD4 
COL1A1 1.76E-158 -2.36715251 CD4 
COL3A1 6.07E-114 -2.43421275 CD4 
MT1E 9.14E-94 1.8250612 CD4 
CCL5 1.63E-75 2.8644817 CD4 
RPS26 9.13E-62 -0.26532176 CD4 
RPS28 1.15E-55 -0.29145284 CD4 
RPS27 1.97E-55 -0.25928356 CD4 
RPL7A 8.86E-53 0.2781818 CD4 
S100A8 1.37E-50 -0.32989992 CD4 
DNAJB1 7.11E-46 1.0669044 CD4 
HSP90AA1 1.03E-42 0.4611445 CD4 
ITGB1 9.97E-42 -0.60880436 CD4 
DLA-64 9.81E-41 -0.26989253 CD4 
MT2A 4.12E-40 0.9396293 CD4 
BCL2A1 7.41E-40 0.9061062 CD4 
ABHD5 4.16E-36 0.3907906 CD4 
HSP90AB1 3.78E-33 0.2518767 CD4 
IL17F 3.61E-32 3.935809 CD4 
RPS5 4.09E-32 0.2073429 CD4 
RPL8 4.27E-31 0.1754213 CD4 
UBB 7.83E-31 0.3810154 CD4 
HSPA8 4.22E-30 0.3774761 CD4 



 

605 
 

RGS1 4.06E-27 0.5216707 CD4 
SPARC 9.84E-26 -2.36847268 CD4 
RPS15 4.01E-25 -0.20883183 CD4 
ATP1B1 5.66E-25 0.7925466 CD4 
JUN 7.64E-25 0.5195747 CD4 
AGPAT5 3.37E-24 1.2993456 CD4 
S100A5 4.72E-24 -0.32623887 CD4 
RPL13 1.38E-22 0.1380336 CD4 
MYCBP2 1.59E-22 -0.37585825 CD4 
HLA-DQB2 1.97E-22 0.467301 CD4 
RPL34 6.48E-22 -0.39226997 CD4 
HSPH1 9.88E-22 0.7346546 CD4 
EIF1 2.25E-21 0.1959509 CD4 
RPS15A 5.52E-21 -0.15991792 CD4 
SFRP1 5.81E-21 1.7718708 CD4 
OPTN 8.93E-21 -0.58850496 CD4 
EEF1A1 4.32E-18 -0.26357434 CD4 
SEC61B 5.42E-18 0.376727 CD4 
IL22 7.48E-18 4.2408765 CD4 
DNAJA4 6.92E-17 0.908255 CD4 
CRLF2 5.46E-16 -0.75162277 CD4 
PPP1R15A 8.82E-16 0.637013 CD4 
CD79A 1.35E-15 0.1280488 CD4 
GATA3 5.40E-15 -0.41292028 CD4 
IL17A 1.28E-14 3.3568346 CD4 
RPL35A 6.92E-14 -0.11842782 CD4 
CDC37 7.10E-14 0.7097668 CD4 
IGKC 8.37E-14 3.4537629 CD4 
PDCD4 1.10E-13 -0.57323273 CD4 
MGP 1.20E-13 -1.53610006 CD4 
RPS3 3.72E-13 0.1621111 CD4 
DLA-DQA1 4.07E-13 0.5418082 CD4 
SPCS3 4.86E-13 0.5537652 CD4 
NINJ1 8.31E-13 0.6818759 CD4 
PLCL1 1.64E-12 -0.65213354 CD4 
GLRX 6.75E-12 0.2996844 CD4 
ZEB2 6.79E-12 1.0402783 CD4 
ACTB 7.36E-12 -0.1939064 CD4 



 

606 
 

IL2RB 1.04E-11 -0.42649487 CD4 
IL7R 1.16E-11 0.3528205 CD4 
RPS7 1.21E-11 0.1006344 CD4 
RBP4 1.31E-11 -0.60274638 CD4 
AKAP13 1.50E-11 -0.25854979 CD4 
H2AZ1 1.69E-11 0.2919058 CD4 
FTL 2.24E-11 0.2873517 CD4 
RPL10A 5.48E-11 -0.18948203 CD4 
FKBP3 1.53E-10 1.2600608 CD4 
RPS23 1.98E-10 -0.11614169 CD4 
AHNAK 2.50E-10 -0.36520057 CD4 
LGALS3 2.05E-09 -0.25920836 CD4 
CYTIP 3.79E-09 -0.56106298 CD4 
MANF 5.25E-09 0.3797069 CD4 
DCN 9.37E-09 -0.5068082 CD4 
PABPC1 1.86E-08 0.2765362 CD4 
SATB1 2.14E-08 0.6821058 CD4 
FAM107B 2.53E-08 -0.36822067 CD4 
CXCL8 3.43E-08 -0.73195364 CD4 
SPATS2L 6.89E-08 -0.58918823 CD4 
CTSC 8.87E-08 -0.57044611 CD4 
TESPA1 9.87E-08 -0.58596496 CD4 
PWP1 1.40E-07 0.6259017 CD4 
UBE2S 1.45E-07 0.531188 CD4 
ARHGAP45 1.55E-07 -0.44580823 CD4 
RPS6 1.69E-07 -0.23622117 CD4 
ADIRF 1.75E-07 -0.37583945 CD4 
CDO1 2.52E-07 -1.82407077 CD4 
SEC14L1 4.37E-07 -0.47250344 CD4 
RAD51AP1 5.02E-07 2.0748654 CD4 
CORO1B 5.13E-07 0.2773326 CD4 
YBX3 6.15E-07 0.6212006 CD4 
JCHAIN 6.60E-07 2.1311683 CD4 
RPL13A 8.79E-07 0.1045902 CD4 
ABRACL 9.44E-07 -0.29959406 CD4 
SLC41A1 9.78E-07 0.6541448 CD4 
ZBTB16 1.27E-06 0.9882977 CD4 
NPM1 1.34E-06 0.2577287 CD4 



 

607 
 

HOPX 1.40E-06 -0.38704732 CD4 
ATP5F1B 1.47E-06 0.2448555 CD4 
PITPNB 1.53E-06 0.4971837 CD4 
TEC 2.88E-06 -1.67801729 CD4 
PDE3B 3.59E-06 0.9306577 CD4 
JAK1 3.75E-06 -0.2054535 CD4 
IL23R 4.32E-06 1.7983328 CD4 
ITGA2 5.17E-06 -0.89840385 CD4 
IL1R1 6.02E-06 1.0265883 CD4 
TRAT1 6.80E-06 1.1089562 CD4 
SBNO1 6.87E-06 0.4168614 CD4 
IL17RB 7.15E-06 -0.67835096 CD4 
NFKB2 1.16E-05 0.5686517 CD4 
S100A11 1.17E-05 -0.16966405 CD4 
KLRK1 1.21E-05 0.9428199 CD4 
FAM118A 1.48E-05 0.4731622 CD4 
INPP5D 2.02E-05 0.5323678 CD4 
PCTP 2.03E-05 1.3755418 CD4 
KLF3 2.05E-05 -0.94702323 CD4 
RHEX 2.28E-05 1.8429805 CD4 
YWHAH 2.71E-05 -0.39192993 CD4 
UBL5 2.82E-05 -0.27804762 CD4 
SORL1 3.47E-05 0.7074712 CD4 
ZBTB38 4.75E-05 0.4124029 CD4 
GGTA1 5.23E-05 -0.4095332 CD4 
ATP5F1E 5.42E-05 -0.36916564 CD4 
EIF3K 6.23E-05 0.1744233 CD4 
SEPTIN11 6.26E-05 -0.46537142 CD4 
RPL14 9.44E-05 -0.14039492 CD4 
SERPINF1 0.00011514 -1.12436619 CD4 
CNBP 0.00011808 0.1642371 CD4 
HSP90B1 0.00012553 0.1592911 CD4 
COX17 0.00012748 -0.41092394 CD4 
C6H7orf50 0.0001475 0.523495 CD4 
CAST 0.00020741 -0.3614283 CD4 
PI3 0.00022459 -0.54978394 CD4 
HMGB1 0.00023006 -0.18185701 CD4 
STAG2 0.00023599 -0.28205745 CD4 



 

608 
 

DLA-DRA 0.00024087 0.2214065 CD4 
ARHGDIB 0.00025809 -0.57279479 CD4 
SMU1 0.00027205 0.4955558 CD4 
SLTM 0.00029407 -0.30975057 CD4 
SYNE2 0.00030717 -0.65326491 CD4 
DNAH8 0.00033422 1.3356474 CD4 
NRP1 0.00042171 -0.94860204 CD4 
CALR 0.00042527 0.2826396 CD4 
GADD45B 0.00043321 0.2619276 CD4 
ZNRF1 0.00047196 0.5080439 CD4 
DYRK1B 0.0005562 0.0881202 CD4 
BTG1 0.00057111 0.2455426 CD4 
IL1RL1 0.00057888 -1.26445499 CD4 
NOP53 0.00065187 0.2825883 CD4 
CDA 0.00066585 -0.8428605 CD4 
CREM 0.00067527 0.2780362 CD4 
STARD10 0.00078625 0.7609193 CD4 
SLC2A3 0.00079579 -0.37198662 CD4 
CPNE3 0.00088322 0.293748 CD4 
PRDX1 0.00094351 0.2167995 CD4 
RDX 0.00096617 -0.36611217 CD4 
CAB39L 0.00097322 -0.8372836 CD4 
BIRC2 0.00098688 0.3710365 CD4 
HK1 0.00112924 -0.40371528 CD4 
FURIN 0.00114719 0.5281859 CD4 
SAT1 0.00119842 0.2075409 CD4 
RPL3 0.0014312 0.116079 CD4 
CSF2 0.00147682 1.5179538 CD4 
DDX5 0.00165366 -0.12369071 CD4 
KRT14 0.00167088 -0.31735659 CD4 
SSBP4 0.00195454 -0.26936011 CD4 
EEF1D 0.00202429 0.1567454 CD4 
NME7 0.00213068 0.5323936 CD4 
PRDX2 0.00230363 0.9279619 CD4 
ITGA4 0.00235134 -1.08677381 CD4 
NAA16 0.00247251 0.3405061 CD4 
LRRFIP2 0.00292255 -0.40724851 CD4 
NECTIN1 0.00305957 -1.15186677 CD4 



 

609 
 

GYPC 0.0035002 -0.58688302 CD4 
SOD2 0.00358588 0.3728974 CD4 
ADGRG1 0.00362125 1.2776101 CD4 
CD70 0.00417002 1.5389053 CD4 
ANKRD12 0.00418296 0.1745778 CD4 
TNFRSF8 0.00433014 1.5248205 CD4 
PRMT1 0.00442881 0.4046428 CD4 
GPCPD1 0.00468709 -0.48764598 CD4 
SEPTIN7 0.00476227 -0.21634799 CD4 
FYB1 0.00628341 -0.22080671 CD4 
RPL22 0.00663249 -0.11733821 CD4 
FLT1 0.00766043 -1.17599956 CD4 
GPAT3 0.0078514 -2.39431722 CD4 
SPP2 0.00822923 -1.77526616 CD4 
QDPR 0.00838346 -0.48363264 CD4 
IL6ST 0.00864278 -0.42699802 CD4 
CRIP1 0.009211 -0.10393575 CD4 
FAU 0.0094414 -0.06634473 CD4 
MT-CO3 0.00995559 -0.14605012 CD4 
CNRIP1 0.01002233 -0.83569432 CD4 
NFKBIA 0.01151044 0.31924 CD4 
SLC30A1 0.0120266 0.5688933 CD4 
CYCS 0.01283734 0.2948721 CD4 
RPSA 0.01398033 -0.25277253 CD4 
RPS24 0.01455813 -0.08677287 CD4 
LPAR6 0.01455887 -0.62116858 CD4 
FOSB 0.0146049 0.3003271 CD4 
GRB2 0.01503335 0.2274792 CD4 
MT-ATP6 0.01556595 -0.13180103 CD4 
WDFY1 0.0184386 0.7467144 CD4 
EMD 0.02438227 0.2215513 CD4 
FBN1 0.02800239 -0.97146786 CD4 
ATP2B1 0.03066017 -0.22607009 CD4 
EIF1AX 0.03302206 -0.45352477 CD4 
RPL24 0.03544246 0.0598225 CD4 
SELENOK 0.03627718 -0.20732913 CD4 
ARID5B 0.03654878 -0.21726638 CD4 
GIMAP4 0.04032888 -0.49372881 CD4 



 

610 
 

ANXA5 0.0412404 -0.58250613 CD4 
ZNF593 0.04323353 0.3686574 CD4 
SRGN 0.04636566 -0.22752321 CD4 
IL26 0.04673895 0.5508847 CD4 
DLA88 2.14E-141 1.3574996 ILC 
COL1A2 7.10E-60 -1.7417287 ILC 
COL1A1 3.60E-57 -2.02665473 ILC 
RPL19 1.88E-46 0.4432353 ILC 
COL3A1 2.95E-45 -2.23844458 ILC 
HLA-DQB2 1.20E-26 0.9099797 ILC 
CD3E 3.15E-26 1.0699688 ILC 
CCL5 1.23E-25 1.9657467 ILC 
RPS26 6.20E-24 -0.28658711 ILC 
EEF1A1 4.17E-20 -0.39477745 ILC 
RPS28 2.26E-17 -0.28202135 ILC 
RPS27 9.43E-17 -0.26119779 ILC 
RPL34 6.42E-15 -0.50781361 ILC 
BCL2A1 9.90E-15 0.792835 ILC 
KRT14 1.02E-14 -0.84722399 ILC 
GLRX 5.29E-13 0.5407672 ILC 
SPARC 5.49E-13 -2.05743379 ILC 
CPNE3 2.33E-12 0.8510783 ILC 
SFRP1 5.10E-12 2.2836787 ILC 
NINJ1 1.22E-11 1.1338997 ILC 
BACH2 1.24E-11 -0.95186254 ILC 
B2M 7.52E-11 0.2031068 ILC 
SAT1 8.41E-11 0.559549 ILC 
RGS1 1.35E-10 0.4652671 ILC 
IL18BP 2.22E-10 -1.14510695 ILC 
CD3G 2.35E-10 0.9848467 ILC 
REL 2.46E-10 -0.42409312 ILC 
DLA-DQA1 2.58E-10 0.7810006 ILC 
IL7R 1.64E-09 0.602338 ILC 
CDA 2.32E-09 -1.02452875 ILC 
CORO1B 3.10E-09 0.5246041 ILC 
SELENOT 3.40E-09 0.5771115 ILC 
RPL7A 7.70E-09 0.2074611 ILC 
RPSA 1.56E-08 -0.5346339 ILC 



 

611 
 

DLA-DRA 1.70E-08 0.4981414 ILC 
ADIRF 2.03E-08 -0.50647398 ILC 
AHNAK 3.56E-08 -0.46646909 ILC 
SEC61B 4.81E-08 0.4626827 ILC 
IL1RL1 4.92E-08 -1.78653121 ILC 
MYCBP2 8.27E-08 -0.39112326 ILC 
H2AZ1 1.13E-07 0.3970161 ILC 
ABHD5 1.36E-07 0.3483409 ILC 
ZNF292 1.47E-07 0.5143653 ILC 
NANS 1.90E-07 0.4405515 ILC 
FAS 3.12E-07 0.6566474 ILC 
SPCS3 3.38E-07 0.6964975 ILC 
TEC 3.93E-07 -1.36234298 ILC 
CDC37 4.79E-07 0.7633531 ILC 
JUN 5.22E-07 0.4059182 ILC 
RPS15A 1.01E-06 -0.17225126 ILC 
ATP1B1 1.13E-06 0.5670716 ILC 
FTL 1.67E-06 0.3909542 ILC 
ZBTB38 3.13E-06 0.6352888 ILC 
PWP1 5.14E-06 0.7999245 ILC 
CALR 5.18E-06 0.4926678 ILC 
RPS7 9.51E-06 0.1310849 ILC 
RRP1B 1.12E-05 0.9127211 ILC 
NUBP1 1.19E-05 1.1226542 ILC 
FCER1G 1.39E-05 -0.82617777 ILC 
CRLF2 1.59E-05 -0.89792682 ILC 
NAP1L1 1.98E-05 -0.35059179 ILC 
IL17A 2.05E-05 2.2598712 ILC 
PLCL1 2.73E-05 -0.91516378 ILC 
CD3D 3.45E-05 0.5387761 ILC 
RPL10A 5.38E-05 -0.2295293 ILC 
ITGA4 6.20E-05 -1.36903451 ILC 
DSP 7.10E-05 -1.05549479 ILC 
MANF 8.33E-05 0.4436611 ILC 
RPS23 9.45E-05 -0.14915579 ILC 
HIVEP3 0.00010079 -0.64938515 ILC 
S100A5 0.00011049 -0.26053391 ILC 
S100A8 0.00015028 -0.21304833 ILC 



 

612 
 

RHOB 0.00015669 -0.7789782 ILC 
HSP90AA1 0.00016679 0.3120821 ILC 
CTSW 0.00016924 -0.64769219 ILC 
ITGB1 0.00020543 -0.42109279 ILC 
DLA-64 0.0006427 -0.17584762 ILC 
ADGRG1 0.0008371 1.4406044 ILC 
NFKBIB 0.00095715 0.6300146 ILC 
DMD 0.00102774 -1.2006768 ILC 
LY6D 0.00110323 -0.82372856 ILC 
RPL13 0.00210326 0.1164668 ILC 
RPL35A 0.00236615 -0.12693821 ILC 
TFPI2 0.00318203 -1.48017074 ILC 
MT-ATP6 0.0032735 -0.20984725 ILC 
CERKL 0.00359526 -1.71878901 ILC 
SEC11C 0.00365189 0.3783186 ILC 
SPTBN1 0.00477554 -0.89211044 ILC 
HSP90B1 0.00484039 0.2155598 ILC 
IL2RB 0.00630908 -0.31860419 ILC 
CCND1 0.0075669 -1.20855603 ILC 
AGPAT5 0.00839914 0.7160751 ILC 
FLT1 0.00874828 -1.75694077 ILC 
ISG20 0.0101325 0.5252419 ILC 
SLC2A13 0.01178241 -1.72225522 ILC 
FAM118A 0.01405253 0.5513423 ILC 
JPT1 0.01830523 0.4529023 ILC 
RPS15 0.02000404 -0.14803967 ILC 
SEC14L1 0.02070698 -0.43110439 ILC 
MT-CO3 0.02512973 -0.20734683 ILC 
KRT10 0.02523487 -0.50217665 ILC 
MRPL39 0.03141411 0.8064189 ILC 
IL23R 0.03368462 1.1158481 ILC 
F2RL3 0.03528281 -0.97572458 ILC 
CSNK1G3 0.03603511 -0.70881438 ILC 
SLC41A1 0.04358388 0.6629334 ILC 
CYCS 0.0463375 0.3687333 ILC 
HSP90AB1 0.04712547 0.1412996 ILC 
RPS6 0.04823636 -0.26174146 ILC 
DLA-64 4.77E-10 -0.3589984 cDC1 



 

613 
 

DLA88 2.34E-09 0.691136 cDC1 
EEF1A1 2.35E-07 -0.4062802 cDC1 
RPL19 2.26E-06 0.3363286 cDC1 
RPL8 9.00E-04 0.1860925 cDC1 
RBP4 1.14E-03 -1.0412585 cDC1 
TFPT 1.62E-03 0.1752772 cDC1 
SCARB1 1.68E-03 -0.7706652 cDC1 
RPS28 3.31E-03 -0.2528213 cDC1 
RPS27 5.43E-03 -0.2274292 cDC1 
LGALS1 8.37E-03 0.2739661 cDC1 
DNAJB1 2.51E-02 0.8532133 cDC1 
SLC25A5 3.94E-02 0.4574323 cDC1 
DLA88 1.83E-159 1.0370002 cDC2 
EEF1A1 2.03E-104 -0.4299314 cDC2 
RPS27 1.38E-84 -0.2999676 cDC2 
RPS28 7.23E-74 -0.3073038 cDC2 
RPL34 5.01E-64 -0.5575258 cDC2 
RPS23 1.29E-56 -0.2215848 cDC2 
RPL19 3.85E-42 0.2199615 cDC2 
RBP4 1.97E-39 -1.2463006 cDC2 
RPS26 5.61E-34 -0.19055 cDC2 
RPS17 2.42E-32 -0.1617306 cDC2 
RPL14 1.20E-30 -0.2538429 cDC2 
COX17 3.37E-29 -0.5351496 cDC2 
SERPINE1 5.97E-28 -1.293536 cDC2 
RPS15A 6.96E-28 -0.1649894 cDC2 
TMSB10 8.34E-26 -0.2012328 cDC2 
BPI 2.22E-25 0.5624269 cDC2 
RPS6 1.53E-24 -0.3383929 cDC2 
S100A11 1.68E-24 -0.1760735 cDC2 
PLBD1 1.70E-24 -0.6929023 cDC2 
MARK3 2.78E-24 0.3501131 cDC2 
OAZ1 6.37E-24 0.1749789 cDC2 
IL1R2 6.43E-23 -0.3866608 cDC2 
MT-ND4 1.04E-21 0.297748 cDC2 
RPL22 2.02E-21 -0.1835363 cDC2 
CAPG 6.73E-21 0.2866884 cDC2 
TFRC 9.32E-21 -1.111018 cDC2 



 

614 
 

UCP2 1.46E-20 -0.5603486 cDC2 
RPS25 3.14E-20 -0.1251817 cDC2 
RPL35 3.36E-20 -0.1540109 cDC2 
PRDX1 9.81E-20 0.3325994 cDC2 
COL3A1 2.78E-19 -2.234663 cDC2 
C6H7orf50 1.06E-18 0.661761 cDC2 
CDA 6.00E-18 0.5077652 cDC2 
QDPR 3.51E-17 -0.4484408 cDC2 
CTSZ 4.20E-17 0.4362139 cDC2 
RPS15 5.20E-17 -0.1602111 cDC2 
RPL32 1.51E-16 -0.1097524 cDC2 
RGS1 6.60E-16 0.8167058 cDC2 
SLC7A11 1.09E-15 0.8783218 cDC2 
PLIN2 1.13E-15 0.4767441 cDC2 
COL1A1 2.03E-15 -2.310305 cDC2 
RPL35A 4.41E-15 -0.1209255 cDC2 
ACTB 6.06E-15 -0.1932638 cDC2 
COL1A2 7.77E-15 -1.9077624 cDC2 
SEC11C 8.34E-15 0.2814616 cDC2 
MARCKSL1 1.47E-14 -0.2825265 cDC2 
RPL10A 1.62E-14 -0.1979083 cDC2 
DLA-64 1.95E-14 -0.1624736 cDC2 
H2AZ1 2.41E-14 0.2454984 cDC2 
SPARC 3.68E-14 -2.565736 cDC2 
SERPINB6 5.85E-14 0.8068188 cDC2 
RPL8 6.96E-14 0.1154236 cDC2 
RPL27 9.00E-14 -0.138797 cDC2 
SLC25A6 1.74E-13 0.1608627 cDC2 
ST3GAL5 2.60E-13 -0.5599249 cDC2 
GADD45G 2.80E-13 0.6627091 cDC2 
ATP6V0E1 3.66E-13 0.1938805 cDC2 
PTP4A2 6.19E-13 -0.2676528 cDC2 
RPSA 1.13E-12 -0.3083675 cDC2 
ATP5F1E 2.53E-12 -0.2724803 cDC2 
MT-CO2 3.69E-12 0.2326491 cDC2 
HMOX1 4.02E-12 1.4995393 cDC2 
PEX11B 8.19E-12 0.6563661 cDC2 
RPS21 8.99E-12 -0.1989077 cDC2 



 

615 
 

SEC61G 1.07E-11 -0.2251724 cDC2 
FTL 2.22E-11 0.2515698 cDC2 
SERF2 2.22E-11 -0.1749848 cDC2 
S100P 4.53E-11 1.36283 cDC2 
CD80 5.10E-11 -0.3756875 cDC2 
JAG1 9.24E-11 -0.882479 cDC2 
TKT 9.47E-11 0.6015792 cDC2 
CYBA 4.70E-10 0.2517314 cDC2 
RPL7A 1.02E-09 0.1125198 cDC2 
TSPO 1.20E-09 0.2626969 cDC2 
SELENOT 1.71E-09 0.2851003 cDC2 
DLA-DRA 1.95E-09 -0.1035943 cDC2 
RPS24 2.18E-09 -0.1121992 cDC2 
PPP1R14B 2.26E-09 0.527288 cDC2 
TFPT 2.29E-09 0.0834396 cDC2 
LGALS1 2.83E-09 0.2179992 cDC2 
NAP1L1 3.18E-09 -0.1827201 cDC2 
FCER1A 3.40E-09 0.2465712 cDC2 
ENPP6 4.46E-09 1.898753 cDC2 
CD63 5.11E-09 0.2073624 cDC2 
FCER1G 6.33E-09 -0.2104476 cDC2 
STK17B 6.40E-09 0.3743519 cDC2 
URI1 7.99E-09 0.5005811 cDC2 
MT1E 1.05E-08 0.9387431 cDC2 
SCARB1 1.07E-08 -0.4394077 cDC2 
WARS1 1.32E-08 0.4952166 cDC2 
MYBPC2 3.05E-08 1.666542 cDC2 
SLC25A5 4.22E-08 0.2435875 cDC2 
CPZ 4.30E-08 -1.889359 cDC2 
GLRX 5.59E-08 0.1964119 cDC2 
NFKBIZ 5.61E-08 -0.2944138 cDC2 
GALC 8.58E-08 -0.7989069 cDC2 
B2M 8.58E-08 0.1038239 cDC2 
C9H17orf99 1.13E-07 1.050455 cDC2 
MANF 1.45E-07 0.2296116 cDC2 
STK4 1.90E-07 0.2252196 cDC2 
CD74 2.10E-07 -0.1006394 cDC2 
HSPA5 2.10E-07 0.2330156 cDC2 



 

616 
 

CLU 2.29E-07 -0.5112045 cDC2 
MGLL 3.74E-07 -0.382915 cDC2 
NDUFS5 4.04E-07 -0.239191 cDC2 
LAMTOR2 4.22E-07 0.2873975 cDC2 
MRPL21 5.53E-07 -0.4686375 cDC2 
GBP1 5.64E-07 0.874952 cDC2 
FYB1 6.73E-07 -0.6017804 cDC2 
GPS2 7.74E-07 0.9164301 cDC2 
CRIP1 7.85E-07 -0.1314687 cDC2 
FKBP3 8.52E-07 1.353984 cDC2 
HIPK2 8.90E-07 0.4754993 cDC2 
DNAJB1 9.52E-07 0.556179 cDC2 
FOS 1.06E-06 0.3172735 cDC2 
EMD 1.18E-06 0.1880277 cDC2 
EIF3K 1.22E-06 0.1281663 cDC2 
RPS13 1.28E-06 -0.0849278 cDC2 
EIF6 1.33E-06 0.3836256 cDC2 
CCL5 1.34E-06 2.6407483 cDC2 
RGS10 1.67E-06 0.3356521 cDC2 
INHBA 1.91E-06 0.4307723 cDC2 
TPM2 1.99E-06 -0.6171404 cDC2 
CRLF2 2.37E-06 0.3667475 cDC2 
MT2A 2.43E-06 0.6072667 cDC2 
LCP1 2.44E-06 -0.1405699 cDC2 
CAPN2 3.00E-06 0.4792207 cDC2 
PRICKLE2 3.74E-06 0.3382014 cDC2 
CD47 4.54E-06 0.2722359 cDC2 
PKIB 4.78E-06 -0.1435162 cDC2 
MT-CO1 5.11E-06 0.1540294 cDC2 
MTPN 5.55E-06 0.3703552 cDC2 
DAPP1 6.27E-06 0.3027253 cDC2 
CYSTM1 6.81E-06 -0.192158 cDC2 
RPL23 7.41E-06 -0.0886456 cDC2 
RPS8 7.44E-06 0.0681956 cDC2 
KHDRBS1 9.28E-06 -0.4114061 cDC2 
HSP90AB1 9.57E-06 0.1192357 cDC2 
HSPH1 9.68E-06 0.4114973 cDC2 
PSMB6 1.09E-05 0.4012472 cDC2 
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GABARAPL1 1.27E-05 0.3453067 cDC2 
PRNP 1.44E-05 0.6343424 cDC2 
LXN 1.57E-05 0.6226425 cDC2 
IRF4 1.62E-05 0.4491189 cDC2 
DLA-DQA1 1.76E-05 -0.1131825 cDC2 
FAU 1.76E-05 -0.0847213 cDC2 
MT-ND3 2.19E-05 -0.4780352 cDC2 
CRELD2 2.28E-05 -0.4073194 cDC2 
MGAT4B 2.77E-05 0.343524 cDC2 
C1orf54 3.04E-05 1.084436 cDC2 
CLDN1 3.39E-05 1.210304 cDC2 
GMPS 3.83E-05 0.507159 cDC2 
LRRFIP1 3.95E-05 0.196012 cDC2 
ARL4C 4.01E-05 0.3702025 cDC2 
BZW2 4.46E-05 0.378225 cDC2 
SPCS3 4.61E-05 0.288189 cDC2 
GLUL 4.96E-05 -0.2570796 cDC2 
SLC30A1 5.45E-05 0.5298081 cDC2 
SQSTM1 5.95E-05 0.4205301 cDC2 
RPS14 6.45E-05 -0.0671313 cDC2 
CD1A8 6.72E-05 0.5470099 cDC2 
POLR2E 7.00E-05 0.5477863 cDC2 
DAGLB 7.08E-05 1.038307 cDC2 
PRDX2 7.66E-05 0.5724967 cDC2 
MSN 7.74E-05 0.1861326 cDC2 
RABEPK 7.88E-05 0.8567109 cDC2 
SERPINF1 8.53E-05 -0.8772675 cDC2 
SMU1 9.33E-05 0.4516404 cDC2 
PNPLA8 9.42E-05 0.3675996 cDC2 
DOCK10 1.05E-04 0.2925617 cDC2 
CPNE3 1.13E-04 0.5659471 cDC2 
ABHD5 1.16E-04 0.2341116 cDC2 
STARD5 1.20E-04 1.006155 cDC2 
PITPNB 1.23E-04 0.2446103 cDC2 
BAZ1A 0.00012595 0.1611399 cDC2 
RBMS1 0.00013443 0.4992103 cDC2 
VIM 0.00015172 0.0898486 cDC2 
LRRC25 0.00015202 -0.4193092 cDC2 
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RAB11A 0.00015547 0.1944829 cDC2 
TAOK3 0.00016033 0.3708865 cDC2 
ANKRD11 0.0001619 0.2134107 cDC2 
ANKRD12 0.0001666 0.186778 cDC2 
EIF3G 0.00016816 0.2634082 cDC2 
TBC1D9 0.00018387 0.2338445 cDC2 
FLNA 0.000198 -0.2612436 cDC2 
PCYT2 0.00021998 0.563284 cDC2 
RPS6KC1 0.00024196 0.622218 cDC2 
EGR2 0.00024823 0.7513503 cDC2 
KCMF1 0.00025293 0.3886007 cDC2 
DLA-79 0.00026548 -0.2496659 cDC2 
MT-CYB 0.00028589 0.2005848 cDC2 
C9H17orf64 0.00030157 -0.2579461 cDC2 
PSMA5 0.00030627 0.3861476 cDC2 
CCSER2 0.00030939 0.5723021 cDC2 
PTPRC 0.00032193 -0.1653257 cDC2 
C20H19orf53 0.0003596 0.292929 cDC2 
TXNRD1 0.00036743 0.3264672 cDC2 
SSR3 0.00038153 0.1429377 cDC2 
RPL24 0.00038622 -0.0650644 cDC2 
GALNT1 0.00038934 0.3836256 cDC2 
VIL1 0.00042385 0.3284023 cDC2 
BLVRA 0.00044266 0.63494 cDC2 
LYZ 0.00045204 -0.2488498 cDC2 
DEGS1 0.00048655 0.3308274 cDC2 
SPTLC2 0.00051947 0.4735738 cDC2 
PRKCB 0.00053984 0.8860829 cDC2 
SIAH2 0.00056491 0.5248289 cDC2 
ICAM1 0.0005994 -0.1771416 cDC2 
FBN1 0.0006527 -0.7463373 cDC2 
CD55 0.00069188 -1.039226 cDC2 
GLS 0.00074518 0.5069238 cDC2 
DDX3X 0.00080004 -0.1799991 cDC2 
IGF2R 0.00094743 0.6164779 cDC2 
VASP 0.00098972 0.1656234 cDC2 
NSD3 0.0010822 0.3408056 cDC2 
METTL26 0.00116838 0.5722167 cDC2 
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MT-ND6 0.00116838 0.3067226 cDC2 
PSENEN 0.00124978 0.2479226 cDC2 
UBA1 0.00132026 -0.3291686 cDC2 
C1QB 0.00134055 1.299916 cDC2 
COL6A3 0.00135458 -0.8554386 cDC2 
FCER2 0.00137174 0.2789313 cDC2 
GFI1 0.00148452 0.3184042 cDC2 
PSMB7 0.00158318 0.3730714 cDC2 
NFE2L3 0.00159875 0.8658778 cDC2 
HCK 0.00170836 -0.7676305 cDC2 
ARHGDIB 0.00188064 -0.3060108 cDC2 
PLEKHA5 0.00195888 0.3894565 cDC2 
MSH6 0.00199009 0.4499675 cDC2 
ANXA1 0.00208398 0.1243747 cDC2 
CHSY1 0.00214652 0.431789 cDC2 
RPS10 0.00235005 -0.1320116 cDC2 
GLIPR1 0.00245956 0.2459083 cDC2 
PPT1 0.00252207 -0.1704088 cDC2 
THEGL 0.00253757 -0.4860175 cDC2 
CHI3L1 0.00261572 -0.5432955 cDC2 
GRB2 0.0028035 0.1565438 cDC2 
ZNF296 0.00294427 0.7655602 cDC2 
C5H1orf87 0.0029754 -0.3646734 cDC2 
CIRBP 0.00300653 0.2172048 cDC2 
MAP7D1 0.00320989 0.4533786 cDC2 
SRPK2 0.00322534 0.4143972 cDC2 
MED29 0.00358522 0.5831149 cDC2 
MGP 0.00377286 -1.284732 cDC2 
AP2S1 0.00380392 0.3136382 cDC2 
ATP2B1 0.00410109 0.1903758 cDC2 
PARP15 0.00417908 0.6200143 cDC2 
PDIA3 0.00449184 0.1914711 cDC2 
APC 0.0048202 0.2905351 cDC2 
SPI1 0.00575883 0.160716 cDC2 
BBX 0.00578976 0.4327353 cDC2 
ND4L 0.00578976 0.3624234 cDC2 
RASGEF1B 0.00652438 -0.6031953 cDC2 
CD2 0.00653961 -0.3176353 cDC2 
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PFKP 0.00657048 0.2707008 cDC2 
TBXAS1 0.00657048 0.7890907 cDC2 
DDX17 0.00666349 0.206526 cDC2 
TAX1BP1 0.00674127 0.2319157 cDC2 
FUNDC2 0.00761668 0.5614628 cDC2 
GLRX2 0.00777258 0.5430533 cDC2 
RPS3A 0.007819 -0.0735578 cDC2 
NMI 0.00791232 0.3244626 cDC2 
SLC6A6 0.00813072 0.2825294 cDC2 
SEPTIN6 0.00817711 -0.1840649 cDC2 
ITIH5 0.00830165 -0.8189764 cDC2 
METRNL 0.01020835 0.3952536 cDC2 
STAG2 0.01095803 -0.1773981 cDC2 
HSBP1 0.01202024 -0.222606 cDC2 
MACO1 0.01276971 -0.2257637 cDC2 
TIAM1 0.01319088 0.2647644 cDC2 
ZNRF1 0.01487786 -0.3807846 cDC2 
RAD23A 0.01593954 0.4679327 cDC2 
PCOLCE 0.01687608 -0.8228757 cDC2 
OAZ2 0.01703125 0.5684503 cDC2 
ZNF326 0.0171864 0.178498 cDC2 
TANK 0.01952875 0.2049527 cDC2 
NUP153 0.02077726 0.5533105 cDC2 
ETAA1 0.02108835 0.8832779 cDC2 
TK1 0.0212432 0.7231327 cDC2 
SLA 0.02374088 0.2666264 cDC2 
SDF2L1 0.02374088 0.2374135 cDC2 
RPS3 0.02514337 0.0704589 cDC2 
GRK3 0.0257664 0.5443988 cDC2 
GABARAPL2 0.02795085 -0.1028887 cDC2 
ABCA1 0.02795085 0.446907 cDC2 
NDUFB8 0.02888405 0.3030451 cDC2 
PHF23 0.02935056 0.442965 cDC2 
WIZ 0.02981701 0.3937097 cDC2 
PXK 0.0302834 0.4365911 cDC2 
RAB9A 0.03418371 0.362323 cDC2 
ARID1A 0.03714704 0.5694621 cDC2 
NEDD8 0.03730073 0.1564786 cDC2 
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KCNT2 0.0382347 0.7940535 cDC2 
EIF4A1 0.0387004 0.1178809 cDC2 
SP1 0.03916604 0.640536 cDC2 
BLVRB 0.03963162 0.4744006 cDC2 
TMEM131 0.03994112 0.3680732 cDC2 
RPL28 0.04071861 -0.0601019 cDC2 
EGLN1 0.04071861 0.5940763 cDC2 
ATRX 0.0436772 0.2357407 cDC2 
PTGR1 0.0436772 0.3429879 cDC2 
SERPINA1 0.04866264 1.108521 cDC2 
PDIA6 0.04928336 0.2393078 cDC2 
CCL5 1.16E-219 4.9804372 NK 
GZMB 1.80E-52 3.2265516 NK 
CCL4 1.50E-48 2.0845811 NK 
PTMA 5.38E-24 -0.76542137 NK 
RPS18 4.28E-19 0.5733172 NK 
VIM 1.57E-16 -0.66450339 NK 
ACTB 9.88E-14 -0.94042354 NK 
CD79A 1.91E-12 0.4599378 NK 
FCER1G 3.29E-12 -2.57672683 NK 
COL1A1 3.47E-12 -3.27013759 NK 
RPL28 1.75E-11 0.4073182 NK 
DLA-DRA 4.42E-11 -0.96906621 NK 
S100A8 1.75E-10 0.5105122 NK 
H2AZ1 8.27E-10 -1.24530481 NK 
COL1A2 9.07E-10 -2.9456696 NK 
ADGRG1 3.26E-09 2.7614894 NK 
RPS7 1.15E-08 0.3810753 NK 
METTL7A 1.87E-08 -3.59712387 NK 
RPL13 2.17E-08 0.3714702 NK 
CTLA4 6.31E-08 -3.16756694 NK 
RPL8 6.49E-08 0.3756169 NK 
RPL24 1.03E-07 0.3645775 NK 
OAZ1 5.03E-07 -0.75745752 NK 
ITGB1 5.16E-07 -1.31116426 NK 
LCP1 5.32E-07 -0.81309635 NK 
RPS14 5.32E-07 0.3342583 NK 
HMGB1 5.98E-07 -0.71046284 NK 
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HELZ 7.03E-07 1.7141036 NK 
TUBA1B 1.50E-06 -1.41552736 NK 
JUN 2.06E-06 0.8299387 NK 
FTL 2.69E-06 -0.93005124 NK 
HMGB2 2.69E-06 -0.98316837 NK 
KLRB1 2.77E-06 -3.54833943 NK 
MDFIC 4.82E-06 1.3060317 NK 
ADIRF 7.87E-06 -1.71514902 NK 
RRM2 1.40E-05 -1.60997546 NK 
S100A2 1.52E-05 1.8464227 NK 
RPL12 1.99E-05 0.3520027 NK 
CDC6 2.15E-05 -2.23103794 NK 
RPL13A 2.55E-05 0.3558368 NK 
CD3D 2.65E-05 1.1437702 NK 
RPL10A 2.91E-05 0.5647512 NK 
PIK3R1 2.96E-05 -1.82557283 NK 
SLA 3.66E-05 1.0685649 NK 
STMN1 4.50E-05 -1.65292302 NK 
BIRC6 5.86E-05 1.1593033 NK 
DHDDS 6.56E-05 -1.0087462 NK 
DIAPH3 7.53E-05 -1.95724836 NK 
PLXNC1 9.80E-05 -2.12430001 NK 
OCIAD2 9.89E-05 -2.36184126 NK 
SPC24 0.00011825 -1.67142123 NK 
SLC41A1 0.00013073 1.9839689 NK 
SYTL3 0.00013434 0.7370603 NK 
GNAS 0.00014486 -0.61671004 NK 
COL3A1 0.00017453 -2.58149642 NK 
ICOS 0.00018099 1.4602399 NK 
ITGA4 0.00019205 -2.4133595 NK 
RPL23 0.000314 0.3782337 NK 
CLTA 0.00037938 -1.0107882 NK 
SERPINE1 0.00037973 -3.9538054 NK 
SGO1 0.00039238 -2.38518862 NK 
NETO2 0.000487 -2.85519092 NK 
NCR3 0.00063755 -3.11755651 NK 
TPX2 0.00066094 -1.45808427 NK 
UBA52 0.00073365 0.4146534 NK 
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TK1 0.00078363 -1.32913355 NK 
NINJ1 0.00080282 1.5501709 NK 
SDC2 0.00089277 -2.5297698 NK 
CPNE3 0.00090299 1.2487827 NK 
CD74 0.00098339 -1.19120276 NK 
MCM7 0.00101045 -1.83068645 NK 
SMC2 0.00109376 -1.62524116 NK 
IQGAP2 0.00126716 1.4031915 NK 
CTSW 0.00151987 -2.01251334 NK 
RBP4 0.00163852 -2.9765531 NK 
CD86 0.00232964 -2.56751018 NK 
CAMK4 0.00246745 -2.70104115 NK 
CD52 0.00356148 2.293962 NK 
MKI67 0.00369401 -1.55113599 NK 
MYBL2 0.0045826 -1.52832049 NK 
KIAA0930 0.00490524 -3.36601786 NK 
HOPX 0.00496736 -1.80266767 NK 
REL 0.00524012 -0.94618065 NK 
IFI30 0.00743411 -1.84156921 NK 
TOP2A 0.0079624 -1.48831598 NK 
BASP1 0.00908125 -3.07830321 NK 
GINS1 0.00925826 -2.38518849 NK 
RPS12 0.01006097 0.2927125 NK 
DLA-DQA1 0.01107118 -1.04356964 NK 
CDK4 0.01182428 -1.35111301 NK 
BATF3 0.0124249 -2.43397879 NK 
IL4I1 0.01306684 4.8851561 NK 
H3-3A 0.01320021 -0.49475237 NK 
AURKB 0.01355799 -1.60242727 NK 
EEF1B2 0.0143738 0.4825181 NK 
PFN1 0.01469582 -0.58781079 NK 
ID3 0.01500652 -2.61402978 NK 
IL2RB 0.01592871 -1.23422683 NK 
MARCKSL1 0.01942196 -2.50581662 NK 
UBE2C 0.02274383 -1.63397629 NK 
BCL2A1 0.02285671 -0.83573316 NK 
PLEK 0.02296156 -2.11551382 NK 
DUT 0.02446326 -1.27700688 NK 
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MTDH 0.02489478 -0.7118992 NK 
CXCL8 0.02792038 -1.94465417 NK 
ATAD2 0.03355481 -1.45733454 NK 
CDCA5 0.03559375 -2.36271571 NK 
CD3E 0.03596127 0.7816429 NK 
ORC6 0.03667419 -1.87436008 NK 
LGALS1 0.03868665 -0.70773868 NK 
GTSE1 0.03947347 -1.82556623 NK 
PHF10 0.04037459 -1.72020969 NK 
RAD51 0.04512673 -1.80536112 NK 
H1-5 0.04825309 -1.55590756 NK 
COL1A2 1.01E-20 -2.21868617 Platelet 
COL1A1 1.14E-16 -2.34866426 Platelet 
COL3A1 8.52E-15 -2.24386901 Platelet 
SPARC 4.01E-11 -2.1527644 Platelet 
CPZ 9.59E-05 -1.86141316 Platelet 
CCL5 0.00010993 3.232126 Platelet 
SERPINF1 0.00094239 -1.07638913 Platelet 
DLA88 0.01402341 1.1949434 Platelet 
PCOLCE 0.02848335 -1.13045622 Platelet 
DLA88 7.60E-34 1.4118626 Plasmablast 
RPL19 7.46E-32 0.7317464 Plasmablast 
DLA-64 1.79E-10 -0.5948239 Plasmablast 
DNAJB1 0.00016101 1.9221854 Plasmablast 
RPS27 0.00045997 -0.35354264 Plasmablast 
RPS15A 0.00057642 -0.32961952 Plasmablast 
SFRP1 0.00157192 2.1672135 Plasmablast 
RPS26 0.00267047 -0.30854083 Plasmablast 
COL3A1 0.00267047 -2.85191897 Plasmablast 
ITGB1 0.00828713 -1.118471 Plasmablast 
COL1A1 0.00953737 -2.37020528 Plasmablast 
COL1A2 0.0152696 -1.92432975 Plasmablast 
RPL7A 0.01952359 0.3064423 Plasmablast 
ATP1B1 0.02256451 0.9689687 Plasmablast 
S100A8 0.03408146 -0.37566068 Plasmablast 
RPL13 0.03433849 0.2361634 Plasmablast 
SEC61B 0.03469153 0.5931236 Plasmablast 
CCL5 1.47E-49 0.7915688 CD8 
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DLA-64 9.27E-28 -0.52289166 CD8 
TMSB10 1.54E-27 0.6847372 CD8 
RPL19 1.43E-25 0.5293819 CD8 
VIM 3.98E-25 -0.54434501 CD8 
PTPRC 5.49E-23 -0.71312159 CD8 
CCL4 3.60E-17 1.1911384 CD8 
RBP4 4.45E-17 -2.97292039 CD8 
RPL12 1.53E-16 0.3495743 CD8 
CRIP1 2.42E-16 0.4658677 CD8 
DNAJB1 2.43E-16 1.9464529 CD8 
RPL18 6.27E-15 0.3663045 CD8 
RPL13 3.92E-14 0.2939906 CD8 
GZMB 8.31E-14 1.3614003 CD8 
ADIRF 7.57E-13 -1.5241894 CD8 
RPL8 1.06E-12 0.3064085 CD8 
ADGRG1 8.12E-12 1.5367993 CD8 
ITGB1 1.19E-11 -1.01116194 CD8 
RPL28 2.87E-11 0.2509518 CD8 
RPS5 3.53E-11 0.3165699 CD8 
HSP90AA1 4.13E-11 0.7474267 CD8 
IL4I1 8.98E-11 4.1017074 CD8 
S100A2 3.81E-10 1.3036869 CD8 
RPS18 9.27E-10 0.2666915 CD8 
PTMA 3.06E-09 -0.34237267 CD8 
RPS4X 2.63E-08 0.2752931 CD8 
IQGAP2 3.26E-08 1.7046168 CD8 
ABHD5 4.33E-08 0.6093358 CD8 
CD79A 7.42E-08 0.2504764 CD8 
ATP6V0E1 1.20E-07 -0.58836548 CD8 
CD28 2.46E-07 -2.25474498 CD8 
GZMK 3.17E-07 -1.85479876 CD8 
FYB1 6.58E-07 -0.95220702 CD8 
BPTF 1.12E-06 -0.97121513 CD8 
FGL2 1.43E-06 -1.31158421 CD8 
TNFRSF18 3.66E-06 0.6691059 CD8 
EZR 3.76E-06 -0.41044519 CD8 
RPS7 4.22E-06 0.2027075 CD8 
NINJ1 5.10E-06 1.0721959 CD8 
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PLAC8 5.52E-06 1.3375015 CD8 
RPL3 6.59E-06 0.3269756 CD8 
KMT2E 8.68E-06 -0.58330482 CD8 
RPS14 1.47E-05 0.1900305 CD8 
SLC4A7 1.50E-05 -0.90017814 CD8 
HOPX 1.58E-05 -1.61929298 CD8 
RALBP1 2.19E-05 -0.48314454 CD8 
CD3D 2.33E-05 0.5692059 CD8 
EEF1B2 2.61E-05 0.4022525 CD8 
MYCBP2 4.50E-05 -0.54729765 CD8 
RGS1 4.70E-05 0.5550995 CD8 
CD52 5.49E-05 1.4586363 CD8 
EPB41 0.00010865 -1.01973113 CD8 
TMBIM6 0.00014461 -0.58687075 CD8 
RPS15 0.00014954 0.2821993 CD8 
COL1A2 0.00018267 -1.87708442 CD8 
KRT3 0.00022351 1.8102551 CD8 
OCIAD2 0.00025944 -1.37884572 CD8 
SLC41A1 0.0003484 1.0252959 CD8 
CHD2 0.00054212 -0.67214065 CD8 
RPS12 0.00058122 0.2029256 CD8 
SH2D1A 0.00083775 -1.67933075 CD8 
NCOR1 0.00084245 -0.69660552 CD8 
SEPTIN6 0.00092748 -0.70868864 CD8 
MRPS26 0.00100512 -0.82154511 CD8 
LGALS3 0.00167558 0.4374915 CD8 
B2M 0.0019146 -0.15590933 CD8 
RPS13 0.00434873 0.1982651 CD8 
RPL7A 0.0046685 0.2276588 CD8 
COL1A1 0.00512702 -2.133707 CD8 
DIAPH1 0.00556175 -1.02141023 CD8 
ZFAND5 0.00561709 0.9777616 CD8 
MYH9 0.00651267 -0.49274812 CD8 
STK4 0.00723123 -0.72114996 CD8 
CHD4 0.0094774 -0.66759639 CD8 
RDX 0.00973782 -0.74673161 CD8 
IL13 0.01161287 2.3497862 CD8 
METTL7A 0.01270327 -2.43605182 CD8 
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RPL11 0.01552295 0.1871661 CD8 
RPL10A 0.01617263 0.2936074 CD8 
GOLGB1 0.02308842 -0.63248837 CD8 
GAPDH 0.0232797 -0.63699585 CD8 
OAZ1 0.02605011 -0.40375126 CD8 
ST3GAL6 0.02921377 -1.54094951 CD8 
RNASEK 0.03045574 -0.58210159 CD8 
CD226 0.0355446 -2.80883557 CD8 
CSTB 0.03894136 -0.48286788 CD8 
GABARAP 0.04465836 -0.54647745 CD8 
COL1A2 1.89E-05 -3.13859499 B cell 
COL1A1 1.96E-05 -2.67250526 B cell 
DLA88 1.19E-18 1.0718048 Treg 
RPL19 1.10E-13 0.5540263 Treg 
COL1A2 1.47E-05 -1.52841165 Treg 
COL3A1 3.67E-05 -1.96226433 Treg 
DNAJB1 0.00023191 1.527301 Treg 
COL1A1 0.00057603 -1.67587341 Treg 
DLA-64 0.00471493 -0.34605671 Treg 
RPS28 0.00843946 -0.322502 Treg 
ITGB1 0.01017977 -0.71501901 Treg 

COL1A1 1.15E-65 -2.29127259 
CD16 
Mono 

COL1A2 3.88E-63 -1.94835012 
CD16 
Mono 

RPL19 1.69E-60 0.5501918 
CD16 
Mono 

COL3A1 1.57E-45 -2.36631335 
CD16 
Mono 

RETN 1.54E-32 0.6991652 
CD16 
Mono 

MT1E 3.04E-25 1.2649437 
CD16 
Mono 

C1QB 1.62E-21 0.6098815 
CD16 
Mono 

SLC25A44 7.55E-21 1.3729021 
CD16 
Mono 

DLA-64 3.44E-20 -0.34920754 
CD16 
Mono 

MT2A 6.21E-20 0.7203729 
CD16 
Mono 
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FTL 2.21E-19 0.3118431 
CD16 
Mono 

RPS28 1.78E-15 -0.2845268 
CD16 
Mono 

EPHB2 2.85E-14 0.4029032 
CD16 
Mono 

CD68 3.49E-14 0.9376957 
CD16 
Mono 

HMOX1 1.25E-12 0.6372507 
CD16 
Mono 

HSPA8 1.79E-12 0.3390516 
CD16 
Mono 

DLA88 4.69E-11 0.512733 
CD16 
Mono 

CSTB 1.20E-10 0.2034768 
CD16 
Mono 

C1QA 4.31E-09 0.3016238 
CD16 
Mono 

ACTB 1.86E-07 -0.2201979 
CD16 
Mono 

RPS25 1.95E-07 -0.19502465 
CD16 
Mono 

CD209 8.30E-07 0.3438737 
CD16 
Mono 

AMPD3 2.48E-06 1.2595845 
CD16 
Mono 

LYVE1 4.07E-06 0.4923356 
CD16 
Mono 

RPL32 3.15E-05 -0.16426304 
CD16 
Mono 

CREG1 7.05E-05 0.4451279 
CD16 
Mono 

CD163 7.21E-05 0.414389 
CD16 
Mono 

IL17RB 7.49E-05 -0.6322899 
CD16 
Mono 

PRDX1 0.00012044 0.2511582 
CD16 
Mono 

PLIN2 0.00017536 0.3661584 
CD16 
Mono 

SPARC 0.00021615 -2.18686938 
CD16 
Mono 

RPS15A 0.00035843 -0.2052825 
CD16 
Mono 

MARCKS 0.00050456 -0.31354372 
CD16 
Mono 
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C6H7orf50 0.00065172 0.4209749 
CD16 
Mono 

PSAP 0.00078468 0.4295168 
CD16 
Mono 

TUBA1B 0.00116945 0.2267869 
CD16 
Mono 

CRIP1 0.00152008 -0.16975801 
CD16 
Mono 

ASAP1 0.00182651 0.5563118 
CD16 
Mono 

SERPINB1 0.00201782 0.288477 
CD16 
Mono 

ABHD5 0.00230839 0.2402279 
CD16 
Mono 

C1QC 0.00308338 0.2664753 
CD16 
Mono 

RBP4 0.00325299 -2.28784555 
CD16 
Mono 

RPS23 0.00889339 -0.15773132 
CD16 
Mono 

RPL34 0.00975969 -0.35985885 
CD16 
Mono 

IL3RA 0.01109709 -1.11318655 
CD16 
Mono 

EEF1A1 0.01168198 -0.25048208 
CD16 
Mono 

QDPR 0.01734507 -0.61922867 
CD16 
Mono 

PNP 0.02329056 0.4507494 
CD16 
Mono 

SCARB1 0.0235911 -0.52831075 
CD16 
Mono 

RPL35A 0.02929291 -0.14587058 
CD16 
Mono 

CD79A 0.03096966 -0.13338191 
CD16 
Mono 

CD63 0.03213199 0.1783413 
CD16 
Mono 

METRNL 0.03664106 0.3267593 
CD16 
Mono 

OTOF 0.04101359 2.9868866 
CD16 
Mono 

TMSB10 0.04104133 -0.27854408 
CD16 
Mono 

GLIPR1 0.04543504 0.3211824 
CD16 
Mono 
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MRC1 0.01812955 -2.23023382 dnT 
DLA88 2.55E-09 0.9904398 ASDC 
COL1A2 2.17E-08 -1.94969935 ASDC 
EEF1A1 5.69E-08 -0.51886695 ASDC 
TUBA1B 2.41E-07 0.8220603 ASDC 
RBP4 5.02E-07 -1.49550871 ASDC 
CPNE3 2.97E-06 1.4281066 ASDC 
COL1A1 3.80E-05 -1.83915732 ASDC 
RPS27 4.96E-05 -0.34374239 ASDC 
COL3A1 0.00025189 -2.47787343 ASDC 
SERPINB6 0.00037498 1.2821402 ASDC 
DNAJB1 0.000777 1.7169924 ASDC 
FCER1G 0.00201312 -0.70153497 ASDC 
CCL5 0.00267378 2.8255973 ASDC 
PLA2G7 0.00860529 -1.9020801 ASDC 
IL1R2 0.00899726 -1.22623595 ASDC 
NCOA7 0.01245341 1.3635681 ASDC 
RPS28 0.01749101 -0.30649439 ASDC 
TCF4 0.02654955 -1.17911006 ASDC 
IGKC 0.04139479 3.4756009 pDC 
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Supplementary Table S 11. Upregulated DEGs 
 
Supplemental Table 5. Upregulated DEGs 
   

Gene ID q_value 
Fold change 
(AD/control) 

BCL2A1 0 2.52497 
IL7R 4.15E-304 1.34843 
SERPINB1 1.21E-293 1.59185 
ZEB2 9.38E-283 2.74151 
ZBTB16 1.21E-219 3.14806 
GLRX 8.42E-215 0.99785 
GPR171 4.31E-205 1.41608 
DLA88 1.42E-199 0.97768 
FURIN 4.89E-192 2.12557 
NFKBIB 2.26E-184 1.6564 
MAN1A1 5.64E-184 1.33243 
IL1R1 7.34E-172 3.11997 
PRDX2 1.86E-148 2.65078 
NFKB1 6.39E-137 1.36876 
IL2RA 1.02E-135 2.20608 
ANKRD12 2.81E-127 0.80599 
KDM6B 2.40E-123 1.38351 
IL17F 8.18E-116 5.01238 
H3-3A 4.94E-114 0.66241 
NFKB2 1.62E-107 1.51554 
B2M 1.56E-105 0.34188 
KLRB1 1.38E-103 2.85334 
PITPNB 1.19E-100 1.27274 
PLEK 3.67E-95 2.38484 
TNIP1 5.48E-90 1.90413 
DLA-DQA1 1.79E-87 1.10981 
INPP5D 3.06E-87 1.36376 
NFKBIA 2.48E-85 1.07001 
DOCK10 2.82E-82 0.99563 
RAD51AP1 2.17E-80 3.26241 
DENND4A 2.38E-79 1.50183 
CSF2 1.18E-78 3.0832 
IL23R 2.57E-73 4.95803 
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IL17A 5.27E-71 4.36008 
MANF 3.90E-68 0.87924 
CD70 1.86E-67 2.6677 
PRMT1 3.66E-67 1.15447 
LYAR 3.55E-66 1.21839 
ISG20 2.33E-65 0.9308 
FES 7.01E-64 2.3603 
ATP1B1 1.89E-61 0.91865 
EMP3 5.28E-59 0.71338 
FBL 8.23E-59 1.05675 
PIK3AP1 1.07E-58 2.92911 
JAK2 5.29E-57 0.9413 
SLC4A4 5.67E-56 1.90285 
TMEM131L 1.93E-55 1.46437 
CDC37 1.23E-53 1.11356 
OSTF1 4.20E-53 0.77725 
PDE4A 4.58E-53 1.23725 
PRKAB2 4.74E-52 1.47559 
AURKB 6.31E-52 1.23878 
SOD2 6.40E-52 1.01756 
TANK 8.08E-52 1.26708 
VIM 7.81E-51 0.35576 
STARD10 9.19E-51 1.39745 
CCR6 2.49E-49 1.6308 
RIDA 3.15E-49 1.35185 
CXCR4 9.49E-49 0.74559 
STK4 3.02E-48 0.7441 
PSMA6 2.53E-47 0.91681 
RARRES2 3.15E-47 1.97743 
RPL22L1 5.05E-47 0.66831 
GOLGA7 1.93E-46 1.43148 
GALNT12 4.31E-45 1.52941 
GJA1 1.76E-41 2.23282 
FAS 1.39E-40 0.80912 
CD44 4.24E-40 0.44467 
GPR183 8.29E-40 0.96532 
RHEX 1.32E-39 1.65496 
EIF1 5.76E-39 0.34001 
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APEX1 7.96E-39 1.09525 
SINHCAF 8.13E-39 1.16923 
HSP90AB1 1.05E-37 0.35866 
ATOX1 1.60E-37 0.92725 
SATB1 3.46E-37 1.07657 
MRPS25 1.51E-36 1.04743 
GPBP1 2.02E-36 0.69483 
RCBTB1 3.59E-36 1.38451 
IL1R2 1.21E-35 1.86559 
RPL19 2.42E-35 0.28897 
SEPTIN6 3.48E-35 0.56986 
PGRMC1 5.53E-35 0.91084 
FMNL1 2.21E-34 0.99638 
NUBP1 3.90E-34 1.07262 
NIFK 4.25E-34 0.68314 
AHI1 5.58E-34 0.78244 
MT-CO2 1.09E-32 0.53075 
IRF4 3.25E-31 1.29868 
ODC1 1.19E-30 0.79102 
DCTPP1 1.83E-30 1.72075 
BAZ1A 2.12E-28 0.67002 
PPP2R3C 2.27E-28 1.30685 
CNTRL 2.51E-28 0.90624 
ATP2C1 2.84E-28 1.9582 
HSP90B1 7.93E-28 0.39099 
STAT4 1.74E-27 0.74036 
ERH 3.05E-27 0.71854 
SLC46A2 3.33E-27 2.9039 
CEBPZ 1.36E-26 0.75271 
CYCS 2.56E-26 0.69656 
MYB 4.25E-26 2.45741 
TKTL1 4.96E-26 3.89192 
NOLC1 5.00E-26 0.81145 
NME1 1.20E-25 0.72464 
ADGRE5 2.56E-25 0.82667 
UGCG 4.13E-25 0.86654 
NETO2 3.20E-24 1.6842 
SLC6A6 3.88E-24 0.72951 
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PLA2G4A 5.66E-24 3.16961 
OAZ1 7.68E-24 0.36947 
SKIL 1.61E-23 0.63343 
STK17B 1.64E-23 0.42078 
EIF4A1 1.78E-23 0.43501 
SIAH2 1.86E-23 1.02849 
DKC1 6.20E-23 0.85079 
OSBPL6 1.10E-22 1.71873 
CFLAR 1.32E-22 1.00235 
BTG1 2.40E-22 0.52069 
ISG15 2.79E-22 1.88666 
NFE2L3 4.84E-22 1.26848 
TNFRSF9 4.93E-22 1.41329 
AEN 1.14E-21 1.72344 
TJAP1 6.33E-21 1.56354 
CCT5 8.13E-21 0.70047 
SUMO2 2.03E-20 0.36038 
GRB2 6.65E-20 0.47028 
ZNF622 7.75E-20 0.70688 
PRNP 1.28E-19 1.27164 
PWP1 2.06E-19 0.84426 
RRP1B 2.38E-19 0.80235 
HAVCR2 4.20E-19 1.02224 
SLC1A2 8.97E-19 1.67828 
CADM1 1.24E-18 1.8277 
MT-ND2 1.34E-18 0.60573 
RGS1 1.59E-18 0.47796 
NME7 1.73E-18 0.7936 
CD63 4.12E-18 0.45571 
TOMM70 8.80E-18 0.86249 
SSR3 9.60E-18 0.43327 
CEP192 1.33E-17 1.03502 
IKZF2 1.90E-17 1.2638 
IL2RG 6.70E-17 0.98999 
MESD 7.60E-17 0.77118 
RNF144A 2.09E-16 1.21358 
ARL5B 3.81E-16 0.73435 
CNBP 3.85E-16 0.31987 
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GTPBP4 4.26E-16 0.88449 
PLK2 5.30E-16 1.53583 
GINS4 6.71E-16 1.89664 
ZBTB38 8.03E-16 0.58267 
PTMA 8.65E-16 0.21045 
CEP43 9.09E-16 0.92305 
CACNB2 9.21E-16 1.39231 
MT-CYB 1.15E-15 0.55386 
MT-ND4 1.15E-15 0.43802 
MDN1 1.16E-15 1.08213 
PSME2 2.62E-15 0.6584 
SGK1 3.09E-15 1.00323 
CTPS1 3.44E-15 1.05121 
CD48 6.68E-15 0.69652 
EIF4EBP3 1.09E-14 0.62689 
NDUFV2 1.16E-14 0.82781 
SURF4 1.23E-14 0.89665 
CELF4 1.51E-14 1.43262 
SH3D21 2.20E-14 0.95293 
NFKBIZ 2.51E-14 0.75932 
DSTN 3.16E-14 1.17488 
RAP1B 9.90E-14 0.6024 
WDFY1 1.35E-13 1.01392 
ACSL1 1.40E-13 1.1023 
ZNF593 1.47E-13 0.64893 
SLC22A11 2.02E-13 1.48092 
SLC1A5 2.13E-13 1.32354 
PFN1 2.21E-13 0.30496 
SCART1 2.24E-13 6.35513 
RHOH 2.67E-13 0.81344 
RBMS1 3.25E-13 0.62336 
TNFRSF25 3.76E-13 0.79948 
SH3KBP1 4.44E-13 0.60408 
VIL1 4.88E-13 0.9562 
TSPO 5.66E-13 0.43856 
GTDC1 5.77E-13 1.45442 
H2AZ1 6.69E-13 0.38963 
MRTO4 8.37E-13 1.08059 
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RPL7A 1.02E-12 0.18265 
DDX21 1.47E-12 0.61887 
MT-ND6 1.76E-12 0.60614 
MAN2A2 2.76E-12 2.31501 
TGFB1 3.01E-12 0.69897 
ATF6 3.60E-12 1.09016 
C1orf54 4.09E-12 1.03382 
MAP3K8 8.33E-12 0.98461 
NCL 9.15E-12 0.29688 
MTG1 1.82E-11 1.98616 
EEF1A1 1.83E-11 0.26611 
RUNX2 2.02E-11 0.52942 
SVIL 2.30E-11 0.94269 
HSPA5 2.72E-11 0.39201 
SYCP2 2.96E-11 1.45368 
YARS1 3.05E-11 0.98628 
EMC6 3.16E-11 0.56889 
XPOT 3.58E-11 0.96909 
CLINT1 4.16E-11 0.62305 
PRRC2C 5.79E-11 0.29397 
HAVCR1 6.65E-11 0.97523 
DAPP1 6.85E-11 0.6584 
RAB9A 8.48E-11 0.89178 
PPIL1 8.64E-11 1.5833 
HIVEP1 9.12E-11 0.63063 
SNRPB 1.08E-10 0.53494 
RAB8B 1.17E-10 0.8431 
B3GNT2 1.66E-10 0.99994 
HLA-DQB2 1.95E-10 0.32861 
CPSF2 2.24E-10 0.87016 
OLFM1 3.72E-10 1.74842 
PGBD5 3.74E-10 1.03617 
MT-ND1 5.05E-10 0.4545 
TXK 5.75E-10 1.93719 
SSB 5.80E-10 0.46124 
NFKBID 8.50E-10 0.66425 
MGARP 8.50E-10 1.45278 
DZIP1 8.69E-10 1.62393 
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GSPT1 9.40E-10 0.49418 
GPAT4 9.50E-10 0.96839 
PIM2 9.62E-10 0.86313 
KIF5C 1.03E-09 1.0789 
CHD4 1.07E-09 0.4014 
TNFRSF8 1.15E-09 1.32704 
DNAJB11 1.31E-09 0.74011 
MTO1 1.48E-09 1.60866 
LTA 1.54E-09 1.35729 
TNFAIP3 2.64E-09 0.6686 
NOP10 2.93E-09 0.52381 
MT-ND3 2.95E-09 0.62628 
PSMB2 2.98E-09 0.41069 
CXCL16 3.70E-09 1.25287 
BIRC3 3.85E-09 0.96774 
ENO1 4.62E-09 0.43588 
CHRNE 5.23E-09 1.03474 
SUB1 7.39E-09 0.44309 
OTULIN 7.52E-09 0.73514 
IRAK3 9.36E-09 1.4725 
TP53I11 9.64E-09 1.8642 
CSTF1 1.12E-08 1.01797 
EFNB2 1.13E-08 1.76747 
GPR132 1.15E-08 1.32248 
CYTH1 1.17E-08 0.41266 
WFS1 1.35E-08 1.16611 
RORA 1.59E-08 0.67523 
CTSH 1.65E-08 1.3567 
ETS1 1.78E-08 0.28485 
PPA1 2.65E-08 0.78773 
HUWE1 3.16E-08 0.39754 
TRAM1 3.65E-08 0.4091 
RELB 5.23E-08 0.86769 
MT-ND5 5.25E-08 0.47764 
RALBP1 6.71E-08 0.24834 
PCNP 8.00E-08 0.47171 
NCF4 1.35E-07 2.69157 
EMD 1.51E-07 0.37682 
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SLC39A10 1.59E-07 1.14184 
RPL5 1.81E-07 0.15985 
CDYL 1.82E-07 1.14031 
RARA 1.95E-07 0.88541 
CCL20 2.13E-07 1.63329 
LPAR6 2.60E-07 0.87363 
NOTCH2 2.74E-07 1.00898 
ZBTB32 2.96E-07 2.31088 
USP11 3.00E-07 0.64943 
SNX30 3.61E-07 1.32851 
ADAM17 3.90E-07 0.74057 
RAN 3.95E-07 0.41422 
STX10 4.49E-07 1.12658 
IL21R 4.96E-07 0.88049 
BRIX1 5.18E-07 0.70573 
POLR1B 5.49E-07 1.46124 
HNRNPA2B1 5.58E-07 0.30199 
POLR1F 5.92E-07 0.6345 
ANO6 6.56E-07 0.62007 
MT-ATP6 8.14E-07 0.33149 
PSMA5 8.67E-07 0.55058 
RPF2 1.01E-06 0.74814 
PRPF19 1.04E-06 0.67997 
ELF2 1.05E-06 0.61362 
HPRT1 1.23E-06 0.55725 
ANO7 1.24E-06 1.10257 
SNRPD2 1.51E-06 0.2321 
BRAF 1.52E-06 0.87436 
NFE2L2 1.57E-06 0.74651 
GNPNAT1 1.63E-06 0.99585 
SELENOT 1.75E-06 0.35978 
CHD7 1.91E-06 0.87205 
DLA-DRA 2.19E-06 0.30353 
RAB14 2.34E-06 0.51608 
CDC14A 3.34E-06 0.67365 
FHOD1 3.37E-06 0.99294 
GNG2 3.72E-06 0.66867 
NUDC 4.06E-06 0.52792 
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LAPTM4A 4.30E-06 0.93955 
SLC25A11 4.96E-06 0.96536 
ARG2 5.83E-06 0.79416 
DNM3 7.18E-06 4.86705 
CSE1L 7.94E-06 0.61915 
NMRAL1 8.93E-06 0.89773 
HMGN3 1.09E-05 0.48375 
TPST2 1.21E-05 0.70351 
G3BP1 1.27E-05 0.55716 
AP1S2 1.43E-05 0.63808 
HSPA8 1.44E-05 0.25109 
CALR 1.69E-05 0.35395 
KMT2E 1.78E-05 0.24672 
HNRNPH3 2.26E-05 0.45594 
CIITA 2.29E-05 1.33094 
DNAH8 2.59E-05 1.19595 
CCT4 2.63E-05 0.44882 
LMNA 2.66E-05 0.28393 
SEC61G 2.66E-05 0.32442 
ABHD15 2.97E-05 0.7826 
HBS1L 3.17E-05 0.55418 
ADAM12 3.17E-05 1.99115 
OCA2 3.44E-05 1.18223 
SRSF9 3.62E-05 0.50645 
MAGIX 3.85E-05 1.42997 
DENND5A 4.32E-05 0.79681 
PIM1 4.49E-05 0.78846 
NUDT16 5.60E-05 1.43954 
BST2 5.69E-05 1.17021 
LARP1 7.15E-05 0.45675 
NANS 7.50E-05 0.29397 
BLM 8.35E-05 1.32452 
TRAF3IP2 8.55E-05 1.30419 
PCBD1 9.39E-05 0.6899 
VASP 9.57E-05 0.38414 
REEP3 0.0001042 0.52785 
DNER 0.0001076 2.68273 
PRKD3 0.0001169 1.12587 
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WDR43 0.0001358 0.5914 
CAPN7 0.0001382 0.50193 
NOP58 0.0001545 0.50315 
GPATCH4 0.0001591 0.70932 
PTPN1 0.0001669 0.44866 
PTBP3 0.0001699 0.47127 
KIFC1 0.0001699 0.57034 
VDAC3 0.0001962 0.58706 
UBALD2 0.0002286 0.88511 
PINX1 0.0002409 1.03407 
TIMM44 0.0002424 0.98807 
FOSB 0.000264 0.41081 
IL9 0.0002656 3.52248 
MRPL39 0.0003026 0.58887 
MPHOSPH10 0.0003118 0.84067 
MTDH 0.000318 0.27112 
WIPI1 0.0003812 0.83434 
LBHD1 0.0003935 0.58577 
MAD2L2 0.0003981 1.01008 
BCLAF3 0.0004027 1.30808 
PDIA6 0.0004181 0.58169 
TMEM147 0.0004458 0.36521 
NIF3L1 0.000489 0.7733 
CYBA 0.0005028 0.38161 
ZBTB49 0.0005198 0.99172 
SNTB1 0.0005198 1.64021 
CNP 0.000552 0.76354 
CDK4 0.0005782 0.71811 
PRMT5 0.0006136 0.91694 
ITM2B 0.0006228 0.40937 
LY9 0.0006382 0.66532 
RPAIN 0.0006488 0.54845 
PRDX6 0.0006842 0.46055 
TBC1D1 0.0007027 0.73701 
PCDHA5 0.0007119 1.77528 
RRNAD1 0.0007595 0.77214 
UBE2O 0.0007656 0.70653 
EVA1B 0.0008656 0.46336 
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ADORA2A 0.0008656 1.35111 
HDAC9 0.000947 2.94312 
ATP5F1B 0.0010547 0.24641 
ARID4B 0.0010792 0.29531 
SERBP1 0.0011822 0.22637 
PRKAR1A 0.0011883 0.43791 
SLC41A1 0.0013282 0.41571 
ISM1 0.0013542 2.18544 
ARSG 0.0013865 1.51715 
CRTAM 0.0014324 0.73107 
WDR46 0.0016614 0.91069 
OCEL1 0.0017073 0.56299 
TBL1XR1 0.0017995 0.45079 
SAMSN1 0.0018609 0.52291 
RUNX1 0.0019376 0.60577 
BATF3 0.0020295 1.13277 
USP36 0.0022445 0.87067 
TMEM64 0.0025666 2.12621 
SLC35F4 0.0026433 0.5892 
TNPO2 0.0027659 0.63194 
RANBP1 0.0028733 0.62654 
BYSL 0.0030878 0.93768 
SKP1 0.0035786 0.32855 
EIF3I 0.0036091 0.41791 
CYTIP 0.0038083 0.4647 
AHRR 0.0039767 0.79755 
GNL3 0.0042374 0.58461 
EHD1 0.0042525 0.72806 
TVP23A 0.0047281 1.10769 
HNRNPA3 0.0048813 0.34178 
SMS 0.0051569 0.69261 
TBC1D15 0.0051719 0.58408 
NAA15 0.0052173 0.59672 
SGSM1 0.0055545 1.96229 
BEX5 0.0060593 1.46733 
SQSTM1 0.0063649 0.74146 
CD164 0.0064565 0.56175 
TMEM38B 0.007436 1.15634 
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ZNRD2 0.0075275 0.61426 
PPIL4 0.0076497 0.45296 
IMP4 0.0079404 0.6371 
KCTD12 0.0079706 1.1343 
MTBP 0.0083833 1.06485 
PPA2 0.0084288 0.64965 
RPS8 0.0087807 0.09018 
HINFP 0.008872 0.86897 
DDX47 0.0089475 0.81594 
NTMT1 0.0115766 0.72392 
TRAF1 0.0118515 1.04439 
TTC9C 0.0120191 0.59983 
SLCO5A1 0.0120191 2.80336 
NDUFAF7 0.0124462 1.25001 
SLC23A2 0.0127507 0.71717 
PSMB3 0.0129948 0.37752 
KRI1 0.0131929 1.24171 
RHEB 0.0139707 0.36579 
ESF1 0.0140769 0.65837 
SLC35D1 0.015759 1.16048 
LARS1 0.0162127 0.52554 
ESPN 0.0172811 5.22373 
CRP 0.0172811 0.65986 
CCT8 0.0180434 0.43339 
C1QBP 0.018348 0.84246 
F2R 0.0186526 0.80317 
SYNGR2 0.0188042 0.41162 
DDX51 0.0189546 1.90477 
NOC3L 0.0197164 0.51018 
PRICKLE2 0.0223103 0.38341 
HNRNPK 0.0224616 0.23816 
TAGAP 0.0236809 0.51598 
ANP32A 0.026733 0.37842 
ETS2 0.0300898 0.7669 
PIK3CG 0.0308515 0.89504 
FTSJ3 0.0313076 0.96458 
LARP4 0.0313076 0.53027 
PLEKHM2 0.0334369 1.56302 
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CCSER2 0.0351141 0.37272 
DNAJA4 0.0381625 0.55412 
AMZ2 0.0395312 0.51227 
HNRNPM 0.0407495 0.30122 
SYPL1 0.0416625 0.56397 
WRNIP1 0.0425698 0.43365 
HSF2 0.044703 0.84547 
RASGRP1 0.045765 0.57927 
VPS13D 0.0465217 0.48103 
LYRM2 0.0489589 0.8342 
PDCD11 0.0489589 0.74706 
MYBBP1A 0.049105 1.08856 
LPIN1 0.0497117 1.62838 
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Supplementary Table S 12. Downregulated 
DEGs. 
      
gene_short_name q_value FC 
TMSB10 4.32E-85 -1.223972 
S100A8 1.98E-80 -0.749496 

RPS11 1.98E-74 
-
0.4569524 

LGALS3 8.22E-52 -1.134194 
RPL13A 7.20E-46 -0.369075 

RPS26 2.83E-44 
-
0.3591009 

RPL28 1.87E-40 
-
0.2743305 

CD2 1.05E-39 
-
1.4768336 

LRRFIP1 1.30E-37 
-
0.8676101 

FYB1 1.58E-31 -1.989939 

RPS23 7.90E-31 
-
0.2828808 

RPS27 1.47E-28 
-
0.3000684 

CCL5 9.10E-28 -1.223037 

ACTG1 1.39E-27 
-
0.6369708 

RPS12 4.12E-23 -0.246736 

RPL12 7.75E-22 
-
0.2309453 

PTPRC 9.68E-22 -0.479413 

GPX1 1.95E-21 
-
0.6188849 

CRIP1 3.31E-21 
-
0.3787349 

ACTB 1.87E-19 
-
0.4402957 

S100A5 7.23E-19 
-
0.4409749 

RPS15A 7.87E-19 
-
0.2295859 

CALM1 4.60E-18 
-
0.3298708 

CD28 3.60E-17 -1.901128 
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RPL11 2.69E-16 -0.208418 

ATP6V0E1 5.35E-16 
-
0.4646822 

RPS28 6.95E-16 -0.252859 

DYNC1H1 1.63E-15 
-
0.8225726 

RPL10A 1.67E-15 
-
0.3304772 

SELENOW 2.45E-15 
-
0.6994907 

MYH9 6.55E-15 
-
0.5731273 

CD79A 1.11E-14 -0.188818 

CORO1B 2.12E-14 
-
0.5374061 

TFPT 3.89E-14 
-
0.2058967 

SEPTIN7 4.65E-14 
-
0.6193703 

HMGB1 9.93E-14 
-
0.4238209 

ZFP36 2.81E-13 
-
0.8824442 

COTL1 3.03E-13 
-
2.8614502 

FGL2 2.16E-12 -1.022957 

S100PBP 2.60E-12 
-
1.7591858 

ZCCHC2 5.00E-12 
-
0.7323199 

CLDND1 5.03E-12 
-
1.1063611 

MDFIC 6.33E-12 
-
0.7415164 

PLAC8 9.07E-12 
-
1.9685917 

RPL22 1.20E-11 
-
0.2794473 

CARD19 2.65E-11 
-
1.3429439 

KLF6 1.07E-10 
-
0.4204963 

BPTF 1.22E-10 
-
0.8265944 

NINJ1 1.35E-10 -1.017433 
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TIPARP 1.39E-10 
-
0.5233831 

RPS14 3.60E-10 
-
0.1380059 

TNFRSF4 3.70E-10 
-
1.9037747 

TRIM8 5.70E-10 
-
0.8968027 

DCBLD2 1.10E-09 
-
1.8540447 

JDP2 1.30E-09 
-
1.2083919 

RDX 1.76E-09 
-
0.9625437 

CCL4 3.03E-09 -2.647367 

GALK1 4.03E-09 
-
0.2797245 

PPP2R5C 5.23E-09 
-
0.6453492 

KLRK1 1.18E-08 
-
1.8723088 

ADGRG1 1.33E-08 
-
1.5153391 

OPTN 1.33E-08 
-
0.9130532 

RPSA 1.82E-08 
-
0.5501602 

RPL35A 2.04E-08 
-
0.1404544 

SAT1 2.65E-08 
-
0.4605553 

RAB27A 2.76E-08 -0.809479 
TESPA1 3.04E-08 -1.720785 

GZMB 7.09E-08 
-
2.5785336 

PSIP1 8.16E-08 
-
0.6057225 

ADIRF 1.05E-07 -0.773868 

RPS25 1.11E-07 
-
0.1326249 

CORO1A 1.26E-07 
-
0.6831663 

RPS15 2.02E-07 
-
0.1856865 
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TNFRSF18 2.43E-07 
-
0.4461271 

ST3GAL6 2.75E-07 -2.613176 

SLC38A2 4.15E-07 
-
0.5160705 

LRRFIP2 4.76E-07 
-
0.9393231 

GSTO1 5.36E-07 -1.184212 

NTAN1 6.42E-07 
-
0.9483359 

FAU 8.25E-07 
-
0.1306253 

APBB1IP 9.94E-07 
-
0.7571539 

CDADC1 1.18E-06 
-
0.5365603 

HOPX 1.21E-06 
-
0.8889379 

CNN2 1.38E-06 
-
0.7562053 

SKAP1 1.72E-06 -1.062598 

ATP2A2 1.92E-06 
-
0.9615208 

IQGAP2 1.96E-06 -1.044014 
IL16 2.00E-06 -1.67181 

KRT14 2.16E-06 
-
0.8171663 

RABGAP1L 3.04E-06 
-
1.0678406 

SSBP4 4.09E-06 
-
0.5617826 

RESF1 5.61E-06 
-
0.7807655 

YWHAH 6.60E-06 
-
0.7523319 

CISD3 6.84E-06 -1.517881 

FAM107B 1.02E-05 
-
0.6082496 

ARPC3 1.60E-05 
-
0.4613335 

FDX1 1.91E-05 -1.324709 

NHP2 2.12E-05 
-
0.8327515 
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ARID4A 2.68E-05 
-
0.7759832 

CDR2 3.34E-05 -1.393903 

MAN2A1 3.54E-05 
-
0.6413221 

JUN 5.09E-05 
-
0.3822822 

IL4I1 5.97E-05 
-
1.5777399 

PLCL1 6.84E-05 -1.308196 
RCAN2 0.0001305 -2.4675 

CCPG1 0.0001309 
-
0.5870445 

ITGB1 0.0001383 
-
0.4233703 

HK1 0.0001962 
-
0.8572927 

BCL2 0.0002023 -2.020311 
ADD3 0.000227 -1.269992 
VPS13C 0.0003319 -1.082842 
CRLF3 0.0003966 -1.149307 

KRT10 0.0004243 
-
0.6291727 

CYRIB 0.0004951 -1.965661 

C6H16orf72 0.0005274 
-
0.7067773 

IL17RB 0.0006182 
-
2.1032208 

KAT6B 0.0006428 
-
0.9381448 

TOR1AIP1 0.0006428 
-
0.7210651 

EEF1B2 0.0006919 
-
0.2114144 

DOK2 0.0007195 
-
0.9721926 

SMC6 0.0007441 
-
0.5074529 

CD40LG 0.0007902 -2.092266 
GIMAP4 0.0009394 -3.388319 

HOMER2 0.0009562 
-
0.9985772 

C9orf78 0.0010654 -1.531264 
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CEP350 0.0011761 
-
0.6949517 

CRLF2 0.0012544 -1.29807 

IL6ST 0.0014125 
-
0.8289487 

RPS18 0.0014831 -0.106327 

RPS13 0.0014892 
-
0.1121171 

DEK 0.001692 
-
0.4543291 

RBM34 0.0019836 
-
0.7795198 

KIAA1109 0.0019989 -1.510289 
GPATCH2 0.0021677 -1.014943 

CREBRF 0.0023673 
-
0.7364835 

RTF1 0.0023673 
-
0.7536124 

REST 0.0025207 -1.126284 

APRT 0.0027046 
-
0.6020781 

GYPC 0.0029192 -1.819431 

AKAP9 0.0029343 
-
0.6317949 

DNAJC1 0.0034255 
-
0.7245802 

SYTL3 0.0035328 
-
0.2767431 

OGA 0.0037164 
-
0.4619734 

CTSC 0.0039309 
-
0.6936415 

SP100 0.0049731 
-
0.9699151 

MYCBP2 0.0052023 
-
0.2760633 

KCNQ2 0.0056002 -1.586965 
SREK1IP1 0.0057379 -1.829363 

CPT1A 0.0060137 
-
0.7698378 

LY6D 0.0061816 
-
0.8184623 

WSB1 0.0063193 -1.075889 
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MNDA 0.0068394 
-
0.4149711 

SMG6 0.0070843 
-
0.9554143 

MALT1 0.0073598 -1.410001 

SOD1 0.0080467 
-
0.4434264 

TWF2 0.0088868 -1.999399 

DYNC1I2 0.0089622 
-
0.5818014 

CTLA4 0.0095744 -2.709241 

TMOD2 0.0095891 
-
0.7739012 

ITGA1 0.0096957 -1.047521 

S100A2 0.0100626 
-
0.6776642 

RPL18 0.0101232 
-
0.1136812 

TXNIP 0.0113783 
-
0.7274675 

NEDD9 0.0125373 -2.997749 
MTSS1 0.0133451 -1.469871 

SLTM 0.0139563 
-
0.4222527 

ETFB 0.015759 -1.282616 

FOS 0.0159099 
-
0.4575303 

TOX 0.0159099 
-
0.7382136 

NIBAN1 0.0160608 
-
0.4769363 

YPEL3 0.0165175 
-
0.8575767 

PHACTR2 0.0188042 -2.700809 
CTSW 0.0191063 -1.326386 

ZAP70 0.0200207 
-
0.9037101 

JARID2 0.0204779 
-
0.5866637 

PPP1R35 0.0230713 -1.127668 
CD2AP 0.0262764 -1.244817 
TBC1D10C 0.0282588 -2.04432 
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YAP1 0.0316089 
-
0.8622781 

MT2A 0.0326757 
-
0.7541651 

CHN2 0.0369437 -2.605305 
NPC2 0.0392285 -1.078763 

ARID5B 0.041965 
-
0.4254418 

PDCD4 0.0421148 
-
0.4964443 

SLC2A3 0.0456154 
-
0.4960217 

SPPL2A 0.0463722 -1.490073 
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Supplementary Table S 13. cDC2 subcluster marker genes 
Gene ID cell_group marker_score mean_expression fraction_expressing specificity pseudo_R2 marker_test_p_value marker_test_q_value 

IDO1 3 0.8063528 5.2464723 0.8358209 0.9647435 0.7690172 3.72E-246 2.36E-241 

TKT 3 0.6346506 3.6715978 0.920398 0.6895393 0.4893982 3.17E-148 2.02E-143 

IL4I1 3 0.6523164 1.9850278 0.8457711 0.7712682 0.4679405 3.38E-141 2.15E-136 

RGS1 3 0.6841243 7.4692135 0.9502488 0.7199423 0.4659782 1.47E-140 9.36E-136 

SERPINB6 3 0.5251926 2.214799 0.8656716 0.606688 0.4589952 2.75E-138 1.75E-133 

TBC1D4 3 0.5532296 2.0283453 0.7761194 0.712815 0.3645752 3.30E-108 2.10E-103 

SAMSN1 3 0.4700078 0.8293068 0.5671642 0.8286979 0.3449538 4.23E-102 2.69E-97 

CD47 3 0.4971887 3.2813343 0.9552239 0.5204944 0.3308335 9.82E-98 6.25E-93 

CALM1 3 0.4061034 11.650945 0.9950249 0.408134 0.2811825 1.43E-82 9.09E-78 

RASSF4 3 0.4990751 1.0965133 0.6965174 0.7165292 0.2739599 2.17E-80 1.38E-75 

CCR7 3 0.5600153 4.8883206 0.9452736 0.5924373 0.2701184 3.12E-79 1.99E-74 

CCL22 3 0.4156554 1.4173871 0.5124378 0.8111333 0.2492355 5.75E-73 3.66E-68 

IL18 3 0.4348798 1.2449619 0.6616915 0.6572243 0.2271047 2.22E-66 1.41E-61 

HIPK2 3 0.4438876 1.5320486 0.7014925 0.6327759 0.220059 2.70E-64 1.72E-59 

MARCKS 3 0.483561 5.45323 0.960199 0.503605 0.2178312 1.23E-63 7.82E-59 

BCL2A1 3 0.4190991 18.610891 1 0.4190991 0.1871501 1.26E-54 8.04E-50 

LSP1 3 0.4042368 5.3592293 0.9850746 0.4103616 0.1860705 2.61E-54 1.66E-49 

FSCN1 3 0.5062023 8.6293265 0.9800995 0.5164805 0.1857799 3.18E-54 2.02E-49 

CFP 3 0.4318341 1.4454705 0.7363184 0.5864773 0.1828765 2.24E-53 1.42E-48 

BATF3 3 0.4143679 2.3442561 0.8109453 0.510969 0.1667068 1.13E-48 7.17E-44 

SEC14L1 3 0.4036358 3.4056513 0.9502488 0.4247685 0.1366158 5.43E-40 3.45E-35 

SERPINB1 3 0.4385938 4.3410935 0.9054726 0.4843811 0.1243676 1.75E-36 1.12E-31 

CD274 3 0.4108179 1.37158 0.7363184 0.5579352 0.118791 6.87E-35 4.37E-30 

GPR183 3 0.4175623 3.8950932 0.9452736 0.441737 0.0767998 5.61E-23 3.57E-18 

IL18BP 3 0.411587 13.834343 0.9054726 0.4545548 0.0381026 4.27E-12 2.71E-07 
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Supplementary Table S 14. Vascular endothelial cluster marker genes. 
 

Gene ID 
marker_scor
e 

mean_expressi
on 

fraction_expressi
ng 

specificit
y 

pseudo_R
2 

marker_test_p_val
ue 

marker_test_q_val
ue 

CXCL14 0.3110215 5.3939425 0.659496 
0.471604
8 

0.218434
9 5.21E-243 4.14E-238 

B2M 0.275254 18.403359 0.9932391 
0.277127
7 

0.139127
2 3.76E-151 2.99E-146 

APOLD1 0.2924329 3.1238795 0.5679164 
0.514922
4 

0.114397
6 1.43E-123 1.13E-118 

SELE 0.3251577 24.215311 0.7332514 
0.443446
4 0.110536 2.62E-119 2.08E-114 

RHOB 0.2856722 7.6061038 0.8801475 
0.324573
1 

0.107558
3 4.98E-116 3.96E-111 

S100A8 0.2677398 13.807884 0.9858636 0.271579 
0.105573
1 7.59E-114 6.04E-109 

RPS12 0.2466756 10.260848 0.9748002 
0.253052
4 

0.092593
4 1.20E-99 9.56E-95 

RPL9 0.2573393 11.658884 0.968654 
0.265666
9 0.079748 1.02E-85 8.14E-81 

VWF 0.3331052 7.6821994 0.7295636 
0.456581
4 

0.074988
7 1.39E-80 1.10E-75 

GNG11 0.2955147 4.1935415 0.7848801 
0.376509
3 

0.062888
5 1.31E-67 1.04E-62 

TNFRSF6
B 0.2902174 6.3075565 0.6994468 

0.414924
1 

0.061850
7 1.67E-66 1.33E-61 

TPT1 0.2435328 14.269872 0.9889367 
0.246257
3 

0.055012
8 3.21E-59 2.55E-54 

TMSB10 0.2663368 9.4905176 0.9588199 
0.277775
6 

0.043123
1 1.26E-46 9.98E-42 

RPS26 0.2339968 7.9319905 0.9514444 
0.245938
5 0.0422 1.18E-45 9.40E-41 
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RPS13 0.2404249 8.5652072 0.9502151 
0.253021
6 

0.034894
7 5.80E-38 4.61E-33 

CALM1 0.2800082 9.5214966 0.956976 
0.292596
9 

0.033447
5 1.92E-36 1.53E-31 

RPS11 0.2332117 12.091307 0.9895513 
0.235674
2 

0.032939
2 6.56E-36 5.22E-31 

RPL35A 0.2424765 8.7513603 0.9600492 
0.252566
8 

0.032693
1 1.19E-35 9.46E-31 

RPS27A 0.2423946 11.41592 0.978488 
0.247723
6 

0.029429
4 3.15E-32 2.50E-27 

RPS25 0.247488 9.4818349 0.9772588 
0.253247
1 

0.028982
1 9.27E-32 7.37E-27 

RPS15A 0.2438329 7.9330217 0.9496005 
0.256774
2 

0.028366
7 4.09E-31 3.25E-26 

VIM 0.2487251 23.165773 0.9932391 
0.250418
2 

0.026536
8 3.37E-29 2.68E-24 

RPS14 0.2381578 12.498647 0.9754149 
0.244160
5 

0.016022
1 3.31E-18 2.63E-13 

MT-ND4 0.2347285 16.305352 0.9704978 0.241864 
0.015303
9 1.86E-17 1.48E-12 
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Supplementary Table S 15. Potential AD biomarkers 
 
Supplemental Table 8. Potential AD biomarkers. 
        

Gene ID Avg. q-value 
Correlation 
direction Cell 

HSPA5 1.86E-273 upreg Fibroblast 
NFKBIA 3.68E-179 upreg Fibroblast 
HSPB1 1.48E-165 upreg Fibroblast 
PLPP3 2.77E-159 upreg Fibroblast 
MANF 9.93E-102 upreg Fibroblast 
GSN 4.16E-101 upreg Fibroblast 
SDF2L1 3.48E-86 upreg Fibroblast 
CCL7 2.17E-84 upreg Fibroblast 
HSPA8 2.68E-77 upreg Fibroblast 
GPNMB 1.30E-68 upreg Fibroblast 
IL1R1 1.40E-67 upreg Fibroblast 
IL33 5.05E-62 upreg Fibroblast 
HSP90B1 3.94E-60 upreg Fibroblast 
PDIA6 2.71E-52 upreg Fibroblast 
CRYAB 4.87E-51 upreg Fibroblast 
RPL13 1.65E-50 upreg Fibroblast 
MGST1 9.41E-46 upreg Fibroblast 
MAT2A 2.36E-45 upreg Fibroblast 
VCAM1 6.99E-38 upreg Fibroblast 
LTBP1 1.02E-37 upreg Fibroblast 
SVEP1 1.05E-34 upreg Fibroblast 
CRELD2 2.02E-33 upreg Fibroblast 
JAK2 1.75E-30 upreg Fibroblast 
CD38 5.36E-30 upreg Fibroblast 
RAB13 1.34E-29 upreg Fibroblast 
MCFD2 2.89E-28 upreg Fibroblast 
PROS1 2.14E-27 upreg Fibroblast 
MME 8.55E-27 upreg Fibroblast 
HSPH1 9.52E-25 upreg Fibroblast 
C1orf54 1.92E-23 upreg Fibroblast 
TFPT 9.81E-22 upreg Fibroblast 
TPI1 2.87E-21 upreg Fibroblast 
CALR 3.84E-21 upreg Fibroblast 
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UBB 1.01E-20 upreg Fibroblast 
TBX3 5.55E-20 upreg Fibroblast 
CFI 5.58E-20 upreg Fibroblast 
CDA 5.97E-20 upreg Fibroblast 
CD79A 3.53E-19 upreg Fibroblast 
RPL13A 7.12E-19 upreg Fibroblast 
RSPO3 8.08E-19 upreg Fibroblast 
GREM1 8.14E-19 upreg Fibroblast 
MMP9 1.63E-18 upreg Fibroblast 
EIF3K 7.38E-18 upreg Fibroblast 
PDPN 7.41E-18 upreg Fibroblast 
PPP1R15A 1.42E-17 upreg Fibroblast 
PLAUR 1.52E-17 upreg Fibroblast 
RPL7A 1.70E-17 upreg Fibroblast 
PTGES 7.51E-17 upreg Fibroblast 
DPP4 6.70E-16 upreg Fibroblast 
SLC1A3 9.81E-16 upreg Fibroblast 
PARD3B 4.47E-15 upreg Fibroblast 
MMP1 7.05E-15 upreg Fibroblast 
APOE 1.35E-14 upreg Fibroblast 
HSP90AB1 2.35E-14 upreg Fibroblast 
COMP 3.30E-14 upreg Fibroblast 
DLA88 1.76E-13 upreg Fibroblast 
CAPG 3.52E-13 upreg Fibroblast 
MFAP5 3.99E-13 upreg Fibroblast 
SARAF 5.04E-13 upreg Fibroblast 
AHR 1.46E-12 upreg Fibroblast 
ANXA1 3.72E-12 upreg Fibroblast 
CSTB 1.20E-11 upreg Fibroblast 
GAS6 7.09E-11 upreg Fibroblast 
IRF1 9.56E-11 upreg Fibroblast 
SBSPON 1.02E-10 upreg Fibroblast 
EVA1C 1.16E-10 upreg Fibroblast 
RRAS2 1.53E-10 upreg Fibroblast 
ALDH1A1 1.90E-10 upreg Fibroblast 
PDIA3 4.19E-10 upreg Fibroblast 
FGL1 5.15E-10 upreg Fibroblast 
RPS4X 1.20E-09 upreg Fibroblast 
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SNX9 3.27E-09 upreg Fibroblast 
VEPH1 9.25E-09 upreg Fibroblast 
FXYD1 9.49E-09 upreg Fibroblast 
BUD23 1.13E-08 upreg Fibroblast 
TSHZ2 1.22E-08 upreg Fibroblast 
TAGLN 1.61E-08 upreg Fibroblast 
EML1 2.22E-08 upreg Fibroblast 
SDC4 2.68E-08 upreg Fibroblast 
CD40 3.08E-08 upreg Fibroblast 
SLC27A6 1.06E-07 upreg Fibroblast 
EGR1 1.19E-07 upreg Fibroblast 
CALCRL 1.86E-07 upreg Fibroblast 
SPCS3 1.98E-07 upreg Fibroblast 
PSMB3 3.73E-07 upreg Fibroblast 
NUCB1 4.40E-07 upreg Fibroblast 
MSX1 5.32E-07 upreg Fibroblast 
VEGFA 5.51E-07 upreg Fibroblast 
EIF3F 6.70E-07 upreg Fibroblast 
PRMT1 7.42E-07 upreg Fibroblast 
LRRC59 8.58E-07 upreg Fibroblast 
SLC25A6 8.86E-07 upreg Fibroblast 
PGRMC1 1.13E-06 upreg Fibroblast 
TXNRD1 1.20E-06 upreg Fibroblast 
ABI3BP 1.98E-06 upreg Fibroblast 
SOCS2 2.30E-06 upreg Fibroblast 
RPS7 2.37E-06 upreg Fibroblast 
ENO2 2.44E-06 upreg Fibroblast 
HMCN1 2.57E-06 upreg Fibroblast 
PLXDC1 3.21E-06 upreg Fibroblast 
VDR 5.49E-06 upreg Fibroblast 
IL6 5.54E-06 upreg Fibroblast 
DNAJC3 6.83E-06 upreg Fibroblast 
ARHGAP45 6.98E-06 upreg Fibroblast 
PPP1R14B 8.53E-06 upreg Fibroblast 
FAU 8.95E-06 upreg Fibroblast 
PARK7 1.14E-05 upreg Fibroblast 
IDUA 1.62E-05 upreg Fibroblast 
RUNX1 2.30E-05 upreg Fibroblast 
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HSP90AA1 2.51E-05 upreg Fibroblast 
LMAN2 2.64E-05 upreg Fibroblast 
NELL2 2.66E-05 upreg Fibroblast 
STK17B 2.85E-05 upreg Fibroblast 
PTPN6 3.28E-05 upreg Fibroblast 
DNAJB11 3.80E-05 upreg Fibroblast 
LUZP1 5.58E-05 upreg Fibroblast 
UGCG 6.07E-05 upreg Fibroblast 
NT5C 6.63E-05 upreg Fibroblast 
CYTH1 7.15E-05 upreg Fibroblast 
GLRX 7.64E-05 upreg Fibroblast 
VWA5A 8.12E-05 upreg Fibroblast 
C6H7orf50 8.31E-05 upreg Fibroblast 
TSFM 8.43E-05 upreg Fibroblast 
TRMT112 0.000101616 upreg Fibroblast 
LVRN 0.000102299 upreg Fibroblast 
GPC3 0.000103003 upreg Fibroblast 
FXYD5 0.000116067 upreg Fibroblast 
TSPYL2 0.000117828 upreg Fibroblast 
ABHD5 0.00011849 upreg Fibroblast 
RAB3IL1 0.000131636 upreg Fibroblast 
RIT2 0.000171533 upreg Fibroblast 
SLC2A3 0.000232388 upreg Fibroblast 
TSKS 0.000246508 upreg Fibroblast 
VAMP5 0.000274022 upreg Fibroblast 
TAX1BP1 0.000291585 upreg Fibroblast 
CCBE1 0.000320423 upreg Fibroblast 
FKBP3 0.000333381 upreg Fibroblast 
HSD17B10 0.000362909 upreg Fibroblast 
MARK1 0.000386438 upreg Fibroblast 
EML4 0.000394962 upreg Fibroblast 
CDKN1B 0.00042929 upreg Fibroblast 
PFN1 0.000465327 upreg Fibroblast 
PHLDA1 0.000472183 upreg Fibroblast 
PRICKLE2 0.000497681 upreg Fibroblast 
LCN2 0.000579171 upreg Fibroblast 
ADM5 0.0006279 upreg Fibroblast 
CALM1 0.000710003 upreg Fibroblast 
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PTGR1 0.00082209 upreg Fibroblast 
PSMB5 0.000836238 upreg Fibroblast 
F13A1 0.000881123 upreg Fibroblast 
SRGN 0.00089744 upreg Fibroblast 
CPLX4 0.000952325 upreg Fibroblast 
SGK1 0.000969561 upreg Fibroblast 
RRAS 0.00105664 upreg Fibroblast 
TRAPPC4 0.001320248 upreg Fibroblast 
ETHE1 0.00133438 upreg Fibroblast 
ATP6V0E1 0.00135705 upreg Fibroblast 
CYP7B1 0.001371075 upreg Fibroblast 
GSDMD 0.00141462 upreg Fibroblast 
CSNK1A1 0.00147936 upreg Fibroblast 
BSCL2 0.001484293 upreg Fibroblast 
RGS3 0.00151405 upreg Fibroblast 
PAM 0.00156169 upreg Fibroblast 
RAD23A 0.00164424 upreg Fibroblast 
TMEM120A 0.0016736 upreg Fibroblast 
PRDM1 0.001805075 upreg Fibroblast 
CCS 0.00215057 upreg Fibroblast 
RO60 0.00261393 upreg Fibroblast 
EMD 0.00269376 upreg Fibroblast 
CCND2 0.00273975 upreg Fibroblast 
EIF3I 0.0028397 upreg Fibroblast 
NRP1 0.00289358 upreg Fibroblast 
SUCO 0.00292335 upreg Fibroblast 
KYAT1 0.003151435 upreg Fibroblast 
PHC2 0.003494295 upreg Fibroblast 
PHB 0.003653678 upreg Fibroblast 
ZNRF1 0.004446 upreg Fibroblast 
GADD45A 0.0047559 upreg Fibroblast 
IFGGB2 0.00620671 upreg Fibroblast 
RPS8 0.00648096 upreg Fibroblast 
YWHAB 0.00654936 upreg Fibroblast 
CTSB 0.0070392 upreg Fibroblast 
DCXR 0.0074992 upreg Fibroblast 
SOCS5 0.00809148 upreg Fibroblast 
RPL3 0.0083636 upreg Fibroblast 
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CASP6 0.009182432 upreg Fibroblast 
ATP6AP2 0.00924 upreg Fibroblast 
SLC35B1 0.009304685 upreg Fibroblast 
CACYBP 0.0093555 upreg Fibroblast 
CHL1 0.009693675 upreg Fibroblast 
IMP4 0.010906765 upreg Fibroblast 
HSPA13 0.013773328 upreg Fibroblast 
PPP1R35 0.01467925 upreg Fibroblast 
DCTN3 0.01499445 upreg Fibroblast 
AP2A1 0.015808 upreg Fibroblast 
ATP6V0B 0.01737245 upreg Fibroblast 
TMEM176B 0.0179646 upreg Fibroblast 
PCTP 0.020431675 upreg Fibroblast 
GZMB 0.0219375 upreg Fibroblast 
PIM1 0.02349225 upreg Fibroblast 
NRIP1 0.023642909 upreg Fibroblast 
ICAM4 0.03208715 upreg Fibroblast 
FBN1 1.30E-112 downreg Fibroblast 
TNNC1 1.27E-97 downreg Fibroblast 
ITIH5 8.74E-97 downreg Fibroblast 
FN1 3.35E-96 downreg Fibroblast 
RPS24 7.59E-83 downreg Fibroblast 
EEF1A1 2.80E-74 downreg Fibroblast 
COL5A2 3.67E-67 downreg Fibroblast 
NUPR1 4.10E-49 downreg Fibroblast 
TMSB10 2.47E-39 downreg Fibroblast 
TGFB2 1.42E-29 downreg Fibroblast 
CPE 1.85E-26 downreg Fibroblast 
STAG2 2.68E-26 downreg Fibroblast 
RPS6 5.71E-25 downreg Fibroblast 
DBP 3.41E-21 downreg Fibroblast 
CCDC34 2.23E-20 downreg Fibroblast 
STMN3 3.30E-20 downreg Fibroblast 
GALNT18 7.75E-20 downreg Fibroblast 
MMP16 1.74E-19 downreg Fibroblast 
TMEFF2 1.98E-19 downreg Fibroblast 
KDM5A 9.30E-18 downreg Fibroblast 
PRRX1 6.70E-17 downreg Fibroblast 
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COL21A1 1.03E-16 downreg Fibroblast 
MOXD1 9.83E-16 downreg Fibroblast 
SYNE2 1.51E-14 downreg Fibroblast 
SPARC 2.87E-14 downreg Fibroblast 
ZNF423 1.33E-13 downreg Fibroblast 
CELF2 4.06E-13 downreg Fibroblast 
KRT14 6.79E-12 downreg Fibroblast 
OCIAD2 1.52E-11 downreg Fibroblast 
ADAMTS2 2.94E-11 downreg Fibroblast 
SPP1 3.82E-11 downreg Fibroblast 
TCEA3 1.61E-10 downreg Fibroblast 
EPSTI1 5.83E-10 downreg Fibroblast 
RHOJ 2.01E-09 downreg Fibroblast 
RPS23 3.21E-09 downreg Fibroblast 
BCHE 3.81E-09 downreg Fibroblast 
NDFIP1 5.20E-09 downreg Fibroblast 
LOX 5.43E-09 downreg Fibroblast 
CDC42BPA 5.92E-09 downreg Fibroblast 
SPARCL1 6.50E-09 downreg Fibroblast 
SDC2 7.93E-09 downreg Fibroblast 
TET1 1.41E-07 downreg Fibroblast 
PI15 1.44E-07 downreg Fibroblast 
HOMER2 1.60E-07 downreg Fibroblast 
NEXN 1.84E-07 downreg Fibroblast 
CNTN1 2.27E-07 downreg Fibroblast 
HDLBP 3.47E-07 downreg Fibroblast 
DSP 5.59E-07 downreg Fibroblast 
COL8A2 2.23E-06 downreg Fibroblast 
IGF1 4.95E-06 downreg Fibroblast 
MGP 5.86E-06 downreg Fibroblast 
PCBD1 1.19E-05 downreg Fibroblast 
CDO1 1.93E-05 downreg Fibroblast 
ARRDC3 2.80E-05 downreg Fibroblast 
COL11A1 3.89E-05 downreg Fibroblast 
PRIMA1 6.41E-05 downreg Fibroblast 
NR1D2 0.000108459 downreg Fibroblast 
FAM180A 0.000118865 downreg Fibroblast 
CCN3 0.000121968 downreg Fibroblast 
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LAMB2 0.000154242 downreg Fibroblast 
RPS15A 0.000187298 downreg Fibroblast 
MTUS1 0.00029325 downreg Fibroblast 
CGNL1 0.000359613 downreg Fibroblast 
SLC35B3 0.000474381 downreg Fibroblast 
SUSD4 0.000541053 downreg Fibroblast 
COL5A1 0.00055426 downreg Fibroblast 
CDH1 0.000652038 downreg Fibroblast 
HMGB3 0.00103734 downreg Fibroblast 
NR1D1 0.00103734 downreg Fibroblast 
PDCD4 0.002221935 downreg Fibroblast 
MRPL21 0.0022275 downreg Fibroblast 
EDNRA 0.002242304 downreg Fibroblast 
ASPH 0.00238869 downreg Fibroblast 
EIF2A 0.003158947 downreg Fibroblast 
ECRG4 0.00337805 downreg Fibroblast 
ITGA4 0.0035959 downreg Fibroblast 
UACA 0.004034318 downreg Fibroblast 
SYNM 0.00521029 downreg Fibroblast 
LIMCH1 0.005453875 downreg Fibroblast 
PHACTR3 0.00595035 downreg Fibroblast 
ADGRL2 0.006614782 downreg Fibroblast 
PDE5A 0.009093324 downreg Fibroblast 
SEC61G 0.01074645 downreg Fibroblast 
ZBTB47 0.013144484 downreg Fibroblast 
MATN2 0.0142048 downreg Fibroblast 
GLT8D2 0.014522355 downreg Fibroblast 
KREMEN1 0.01467504 downreg Fibroblast 
GUCY1A2 0.016643875 downreg Fibroblast 
TMEM132C 0.019417698 downreg Fibroblast 
DLA88 5.66E-132 upreg Keratinocyte 
RPL7A 3.02E-37 upreg Keratinocyte 
FAM162A 8.04E-25 upreg Keratinocyte 
BTF3 7.76E-23 upreg Keratinocyte 
NINJ1 2.89E-19 upreg Keratinocyte 
ETFB 1.01E-17 upreg Keratinocyte 
LGALS3 1.29E-17 upreg Keratinocyte 
PARK7 2.61E-17 upreg Keratinocyte 
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CARD19 1.62E-15 upreg Keratinocyte 
MDFIC 2.13E-12 upreg Keratinocyte 
ST3GAL6 2.15E-12 upreg Keratinocyte 
GSTO1 5.23E-12 upreg Keratinocyte 
PSMB5 1.28E-10 upreg Keratinocyte 
CAPG 2.09E-10 upreg Keratinocyte 
S100A14 4.01E-10 upreg Keratinocyte 
PSMB6 5.77E-09 upreg Keratinocyte 
NDUFAF3 2.33E-08 upreg Keratinocyte 
DRAM2 5.28E-08 upreg Keratinocyte 
CPNE3 6.52E-08 upreg Keratinocyte 
CHL1 9.61E-08 upreg Keratinocyte 
ACOT7 1.21E-07 upreg Keratinocyte 
PKP3 3.57E-07 upreg Keratinocyte 
ISG20 7.84E-07 upreg Keratinocyte 
CPNE6 8.60E-07 upreg Keratinocyte 
NDUFA2 9.80E-07 upreg Keratinocyte 
TMEM205 1.03E-06 upreg Keratinocyte 
NDUFS7 1.76E-06 upreg Keratinocyte 
ENO1 2.14E-06 upreg Keratinocyte 
ANKRD9 2.93E-06 upreg Keratinocyte 
CHCHD10 4.62E-06 upreg Keratinocyte 
SP100 1.22E-05 upreg Keratinocyte 
TXNL1 1.96E-05 upreg Keratinocyte 
NT5C 2.80E-05 upreg Keratinocyte 
PIH1D1 2.82E-05 upreg Keratinocyte 
PAXX 2.98E-05 upreg Keratinocyte 
EIF3K 4.37E-05 upreg Keratinocyte 
HRAS 8.07E-05 upreg Keratinocyte 
ANAPC11 0.000152028 upreg Keratinocyte 
VDAC1 0.000201872 upreg Keratinocyte 
LY6D 0.000203566 upreg Keratinocyte 
JPT1 0.000365379 upreg Keratinocyte 
PPA1 0.000369881 upreg Keratinocyte 
POLR1H 0.000446982 upreg Keratinocyte 
HBEGF 0.00061452 upreg Keratinocyte 
AHR 0.000663684 upreg Keratinocyte 
CLIC1 0.00067962 upreg Keratinocyte 
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GBP1 0.0007719 upreg Keratinocyte 
GSDMD 0.00086086 upreg Keratinocyte 
SF3B6 0.00104568 upreg Keratinocyte 
THEM5 0.0013716 upreg Keratinocyte 
ZCRB1 0.001437645 upreg Keratinocyte 
MACROD1 0.001464849 upreg Keratinocyte 
RAB25 0.00149903 upreg Keratinocyte 
BBLN 0.002235625 upreg Keratinocyte 
UCHL3 0.00249403 upreg Keratinocyte 
STARD10 0.002992604 upreg Keratinocyte 
SP110 0.003133325 upreg Keratinocyte 
RPL3 0.00315376 upreg Keratinocyte 
CALM1 0.003807695 upreg Keratinocyte 
TMEM54 0.004506942 upreg Keratinocyte 
PTPN6 0.0052625 upreg Keratinocyte 
IL18 0.00527825 upreg Keratinocyte 
METTL26 0.0064818 upreg Keratinocyte 
EIF3M 0.006557002 upreg Keratinocyte 
DYNLT3 0.006574525 upreg Keratinocyte 
PSMB4 0.009234281 upreg Keratinocyte 
CRYL1 0.0101808 upreg Keratinocyte 
WBP1 0.010244135 upreg Keratinocyte 
NACA 0.0122 upreg Keratinocyte 
EIF3E 0.0122247 upreg Keratinocyte 
SERPINB5 0.0128317 upreg Keratinocyte 
TMEM179B 0.016571045 upreg Keratinocyte 
PFDN5 0.0198072 upreg Keratinocyte 
POLR1D 0.0239396 upreg Keratinocyte 
SFRP1 0.0251026 upreg Keratinocyte 
MACF1 2.54E-65 downreg Keratinocyte 
EIF5B 1.76E-56 downreg Keratinocyte 
SPARC 1.51E-48 downreg Keratinocyte 
COL3A1 1.99E-41 downreg Keratinocyte 
KLF6 4.55E-35 downreg Keratinocyte 
PRRC2C 1.80E-34 downreg Keratinocyte 
STAG2 3.56E-30 downreg Keratinocyte 
C5H1orf87 1.49E-28 downreg Keratinocyte 
ITGB1 1.38E-26 downreg Keratinocyte 



 

665 
 

MDN1 4.62E-23 downreg Keratinocyte 
AHNAK 1.17E-22 downreg Keratinocyte 
ITGA6 3.74E-20 downreg Keratinocyte 
SLC6A6 7.32E-20 downreg Keratinocyte 
DDX3X 7.32E-20 downreg Keratinocyte 
PFKFB3 1.02E-19 downreg Keratinocyte 
NOLC1 7.48E-19 downreg Keratinocyte 
TNNC1 2.59E-18 downreg Keratinocyte 
EEF1A1 4.39E-17 downreg Keratinocyte 
COL1A2 7.25E-17 downreg Keratinocyte 
FBN1 7.93E-17 downreg Keratinocyte 
NARS1 2.24E-16 downreg Keratinocyte 
EIF3A 3.69E-16 downreg Keratinocyte 
NOP58 4.26E-16 downreg Keratinocyte 
COL1A1 7.14E-16 downreg Keratinocyte 
MGP 7.28E-16 downreg Keratinocyte 
EIF4G2 8.37E-16 downreg Keratinocyte 
CXCL14 3.77E-15 downreg Keratinocyte 
RBM25 7.47E-15 downreg Keratinocyte 
CKAP4 2.33E-13 downreg Keratinocyte 
ZFP36L1 4.94E-13 downreg Keratinocyte 
NET1 7.94E-13 downreg Keratinocyte 
CEBPZ 3.03E-12 downreg Keratinocyte 
PAK1IP1 1.22E-11 downreg Keratinocyte 
CRYM 1.40E-11 downreg Keratinocyte 
RBMS3 3.50E-11 downreg Keratinocyte 
EMP1 8.12E-11 downreg Keratinocyte 
HNRNPDL 8.58E-11 downreg Keratinocyte 
ANO6 5.13E-10 downreg Keratinocyte 
CCDC80 1.16E-09 downreg Keratinocyte 
ACTN1 1.69E-09 downreg Keratinocyte 
PCSK5 1.71E-09 downreg Keratinocyte 
OTUD4 2.31E-09 downreg Keratinocyte 
ANKRD11 4.97E-09 downreg Keratinocyte 
COL5A2 1.43E-08 downreg Keratinocyte 
LHX2 1.69E-08 downreg Keratinocyte 
EPGN 1.72E-08 downreg Keratinocyte 
ITGA2 2.37E-08 downreg Keratinocyte 
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MAT2A 3.71E-08 downreg Keratinocyte 
HAMP 3.81E-08 downreg Keratinocyte 
EIF3J 9.24E-08 downreg Keratinocyte 
TCERG1 1.80E-07 downreg Keratinocyte 
NCOR1 3.15E-07 downreg Keratinocyte 
WRNIP1 5.15E-07 downreg Keratinocyte 
EIF4G1 5.58E-07 downreg Keratinocyte 
DDX21 5.79E-07 downreg Keratinocyte 
ABCA1 2.10E-06 downreg Keratinocyte 
WDR43 2.60E-06 downreg Keratinocyte 
RBM39 2.68E-06 downreg Keratinocyte 
FN1 2.78E-06 downreg Keratinocyte 
SARS1 3.15E-06 downreg Keratinocyte 
TARS1 3.32E-06 downreg Keratinocyte 
GIGYF2 4.80E-06 downreg Keratinocyte 
TET2 5.31E-06 downreg Keratinocyte 
LIPG 5.61E-06 downreg Keratinocyte 
SLC1A5 7.70E-06 downreg Keratinocyte 
SOD2 1.77E-05 downreg Keratinocyte 
ATF4 1.94E-05 downreg Keratinocyte 
NCL 2.27E-05 downreg Keratinocyte 
NTSR2 2.59E-05 downreg Keratinocyte 
CGNL1 3.42E-05 downreg Keratinocyte 
FTSJ3 3.46E-05 downreg Keratinocyte 
AHCTF1 3.67E-05 downreg Keratinocyte 
SRSF12 4.26E-05 downreg Keratinocyte 
MATN4 4.73E-05 downreg Keratinocyte 
ZBTB16 6.38E-05 downreg Keratinocyte 
DHX15 7.11E-05 downreg Keratinocyte 
TAGLN 0.00012909 downreg Keratinocyte 
SMC1A 0.000191296 downreg Keratinocyte 
MED4 0.000218452 downreg Keratinocyte 
KITLG 0.000224386 downreg Keratinocyte 
NPC1 0.000234738 downreg Keratinocyte 
DNAJC3 0.000360793 downreg Keratinocyte 
PDLIM5 0.0004066 downreg Keratinocyte 
IP6K2 0.000453102 downreg Keratinocyte 
MYH9 0.00051535 downreg Keratinocyte 
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COL5A1 0.000546391 downreg Keratinocyte 
WWTR1 0.00080872 downreg Keratinocyte 
DHX30 0.001031632 downreg Keratinocyte 
SERBP1 0.001206135 downreg Keratinocyte 
DHX9 0.001281177 downreg Keratinocyte 
TPM4 0.00132006 downreg Keratinocyte 
SRSF7 0.001357363 downreg Keratinocyte 
HMGN1 0.001547517 downreg Keratinocyte 
SLC10A1 0.00161424 downreg Keratinocyte 
EXT1 0.001968232 downreg Keratinocyte 
UGCG 0.001984785 downreg Keratinocyte 
DDX18 0.002088 downreg Keratinocyte 
CYP4B1 0.00253928 downreg Keratinocyte 
WWOX 0.00257449 downreg Keratinocyte 
SMG5 0.00281192 downreg Keratinocyte 
MMP2 0.003264 downreg Keratinocyte 
FKBP5 0.003278835 downreg Keratinocyte 
SUSD4 0.00336476 downreg Keratinocyte 
EXOSC10 0.003745457 downreg Keratinocyte 
SEMA4B 0.00460525 downreg Keratinocyte 
MMP14 0.00472497 downreg Keratinocyte 
KHSRP 0.0064218 downreg Keratinocyte 
UGDH 0.006424932 downreg Keratinocyte 
RABGGTB 0.006606643 downreg Keratinocyte 
EIF2S3 0.006762 downreg Keratinocyte 
FLII 0.008160165 downreg Keratinocyte 
EFNB2 0.008692662 downreg Keratinocyte 
SUPT5H 0.0088452 downreg Keratinocyte 
FAM71A 0.00933175 downreg Keratinocyte 
MYO1B 0.0095121 downreg Keratinocyte 
EIF4E2 0.010001825 downreg Keratinocyte 
PRPF6 0.0110952 downreg Keratinocyte 
TPR 0.01176395 downreg Keratinocyte 
AGPAT4 0.012369 downreg Keratinocyte 
MAP3K5 0.015191609 downreg Keratinocyte 
PDCD11 0.0165416 downreg Keratinocyte 
APOE 0.0173162 downreg Keratinocyte 
NUP188 0.0213699 downreg Keratinocyte 
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FAM155B 0.0221697 downreg Keratinocyte 
FERMT2 0.0227565 downreg Keratinocyte 
DLA88 1.11E-18 upreg Vascular endothelial 
CRIP2 6.87E-08 upreg Vascular endothelial 
S100A8 9.88E-06 upreg Vascular endothelial 
DNAJB1 1.86E-05 upreg Vascular endothelial 
RPS5 0.000115502 upreg Vascular endothelial 
S100A13 0.000120418 upreg Vascular endothelial 
TFPT 0.00030745 upreg Vascular endothelial 
TMSB10 0.000768082 upreg Vascular endothelial 
RPL12 0.001571035 upreg Vascular endothelial 
UBB 0.001982553 upreg Vascular endothelial 
CALM1 0.0031672 upreg Vascular endothelial 
SH3BGRL3 0.00350325 upreg Vascular endothelial 
S100A1 0.005341385 upreg Vascular endothelial 
LCORL 0.00733755 upreg Vascular endothelial 
MCFD2 0.0156816 upreg Vascular endothelial 
SLC4A7 4.14E-09 downreg Vascular endothelial 
MYO10 2.67E-07 downreg Vascular endothelial 
PMAIP1 2.25E-05 downreg Vascular endothelial 
ZFP36L1 0.000481456 downreg Vascular endothelial 
PRRC2C 0.00099218 downreg Vascular endothelial 
TNNC1 0.001041765 downreg Vascular endothelial 
TRA2B 0.00185454 downreg Vascular endothelial 
RBBP6 0.002601925 downreg Vascular endothelial 
MACF1 0.0030739 downreg Vascular endothelial 
AFDN 0.006914055 downreg Vascular endothelial 
HSP90AB1 0.018069865 downreg Vascular endothelial 
MX2 0.0285673 downreg Vascular endothelial 

C1QB 4.97E-31 upreg 
Macrophage, 
Dendritic 

MT2A 4.21E-10 upreg 
Macrophage, 
Dendritic 

BPI 3.96E-08 upreg 
Macrophage, 
Dendritic 

HMOX1 3.96E-08 upreg 
Macrophage, 
Dendritic 

CTSB 1.37E-07 upreg 
Macrophage, 
Dendritic 
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C1QC 7.65E-06 upreg 
Macrophage, 
Dendritic 

LAMTOR2 0.000137276 upreg 
Macrophage, 
Dendritic 

NAMPT 0.000559877 upreg 
Macrophage, 
Dendritic 

HSPA5 0.004817922 upreg 
Macrophage, 
Dendritic 

KRTDAP 0.006171541 upreg 
Macrophage, 
Dendritic 

FOLH1 0.007563621 upreg 
Macrophage, 
Dendritic 

BLVRB 0.020185064 upreg 
Macrophage, 
Dendritic 

ITIH5 9.46E-09 downreg 
Macrophage, 
Dendritic 

COL1A2 1.25E-07 downreg 
Macrophage, 
Dendritic 

COL1A1 1.20E-06 downreg 
Macrophage, 
Dendritic 

EEF1A1 1.68E-06 downreg 
Macrophage, 
Dendritic 

CCDC80 2.53E-06 downreg 
Macrophage, 
Dendritic 

IL1R2 0.000155525 downreg 
Macrophage, 
Dendritic 

COL3A1 0.000804022 downreg 
Macrophage, 
Dendritic 

STAG2 0.010308501 downreg 
Macrophage, 
Dendritic 

SPARC 0.011646143 downreg 
Macrophage, 
Dendritic 

JAG1 0.017156374 downreg 
Macrophage, 
Dendritic 

NINJ1 1.32E-09 upreg T-cell 
RPL7A 1.02E-07 upreg T-cell 
RPS5 4.73E-05 upreg T-cell 
HLA-DQB2 8.38E-05 upreg T-cell 
CD79A 0.000174373 upreg T-cell 
CORO1B 0.001061807 upreg T-cell 
DLA88 0.001445465 upreg T-cell 
COL1A1 1.43E-05 downreg T-cell 
EEF1A1 8.26E-05 downreg T-cell 
ITGB1 0.000262419 downreg T-cell 
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CRLF2 0.000938332 downreg T-cell 
COL1A2 0.00705432 downreg T-cell 
GATA3 0.018255908 downreg T-cell 
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