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ABSTRACT 

The skin barrier protects our body from water loss, allergens and pathogens. Profilaggrin (proFLG) 

is produced by differentiated keratinocytes and is processed into FLG monomers. These monomers 

crosslink keratin filaments and are also decomposed to natural moisturizing factors in the stratum 

corneum for skin hydration and barrier function. Deficits in FLG expression impair skin barrier 

function and underlie skin diseases such as dry skin and atopic dermatitis (AD). However, intrinsic 

factors that regulate FLG expression and their mechanism of action remain unknown. Here, we 

show that lysophosphatidic acid (LPA) induces FLG expression in human keratinocytes via the 

LPAR1 and LPAR5 receptors and the downstream RHO-ROCK-SRF pathway. Comprehensive gene 

profiling analysis further revealed that LPA not only induces FLG expression but also facilitates 

keratinocyte differentiation. Moreover, LPA treatment significantly upregulated FLG production in 

a three-dimensional culture model of human skin, and promoted barrier function in mouse skin in 

vivo. Thus, our work demonstrates a previously unsuspected role for LPA and its downstream 

signaling in the maintenance of skin homeostasis, which may serve as a novel therapeutic target for 

skin barrier dysfunction.  
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INTRODUCTION 

The stratum corneum provides the skin with the ability to maintain moisture, and serves as physical 

and functional barrier to allergens and pathogens in the environment (Elias, 2007). Profilaggrin 

(proFLG), a precursor of filaggrin (FLG, filament aggregating protein), is expressed in 

differentiated keratinocytes in the stratum granulosum, and stored in keratohyalin granules 

(Sandilands et al., 2009). When the intracellular Ca2+ concentration increases in the terminally 

differentiated keratinocyte, the ~400 kDa proFLG precursor is secreted into the cytoplasm and 

rapidly processed through multiple proteolytic steps into ~37 kDa FLG monomers (Leyvraz et al., 

2005; Matsui et al., 2011). These monomers bind to keratin filaments to form the dense keratin 

matrix of the stratum corneum that is indispensable for skin barrier function. In addition, FLG 

monomers are degraded into hygroscopic amino acids and their derivatives that function as natural 

moisturizing factors for skin hydration (Ishida-Yamamoto et al., 2002). It was previously reported 

that flaky tail mice, which show aberrant biogenesis of the stratum corneum and abnormal dry skin, 

have a loss-of-expression mutation in Flg (Presland et al., 2000). 

Skin barrier dysfunction results in sensitization to antigens through the skin and is associated 

with dryness and atopic dermatitis (AD) (Palmer et al., 2006). Notably, a series of loss-of-function 

mutations in the FLG gene, all of which impair production of the FLG protein, are genetically 

linked to the onset of AD (Irvine et al., 2011; Smith et al., 2006). It was also demonstrated that Th2 

cytokines, such as interleukin-4 (IL-4) and IL-13, suppress FLG expression and thus impair skin 

barrier function (Howell et al., 2007). FLG expression is therefore strongly correlated with efficacy 

of skin barrier function and restoring expression of this gene may provide a novel therapeutic 

strategy for dry skin and AD. 

Lysophosphatidic acid (LPA) is a member of the lysophospholipid family of bioactive lipids. 
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It is produced either from lysophospholipids by the action of serum lysophospholipase D/autotaxin, 

or from phosphatidic acid by the action of phospholipase A1 or A2 in the membrane. LPA plays 

various physiological roles in a wide range of tissues (Aikawa et al., 2015; Yung et al., 2015) 

through six cognate G protein-coupled receptors (GPCRs), LPAR1–6. While mutation of the 

LPAR6/P2RY5 gene is associated with autosomal recessive woolly hair (Shimomura et al., 2008), 

little is known regarding the role of other LPARs in epidermal homeostasis and skin barrier 

function. 

RHO is a master regulator of the actin cytoskeleton and plays critical roles in a variety of 

cellular processes such as cytokinesis and cell migration. RHO exerts its function through binding 

to downstream effector molecules such as Rho-associated, coiled-coil-containing protein kinase 

(ROCK) (Thumkeo et al., 2013). It was previously shown that pharmacological inhibition of ROCK, 

with the specific inhibitor Y-27632 (Uehata et al., 1997), impairs stratification in mouse primary 

keratinocyte cultures (Vaezi et al., 2002). Moreover, Y-27632 treatment suppressed the 

differentiation of primary human keratinocytes induced on engineered micropattern-polymer 

substrates, and it was proposed that RHO-ROCK signaling facilitates keratinocyte differentiation 

through regulation of serum response factor (SRF), a unique transcription factor that is sensitive to 

changes in G-actin levels (Connelly et al., 2010). However, the endogenous factor(s) that activates 

the RHO-ROCK signaling pathway in keratinocyte differentiation and its relevance to skin barrier 

function remains to be elucidated.   



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT181105 Sumitomo, Siriwach et al. 

5 

 

RESULTS 

Establishment of a protocol for inducing FLG expression in cultured NHEKs  

Keratinocytes upregulate FLG expression as they differentiate from basal to granule cells (Simpson 

et al., 2011). To screen for compounds that can enhance FLG expression, we used normal human 

epidermal keratinocytes (NHEKs), a primary culture of keratinocytes from the epidermis of 

neonates. By modification of reported culture methods (Amano et al., 2015; Borowiec et al., 2013; 

Cohen et al., 2012; Otsuka et al., 2014; van den Bogaard et al., 2013), we established a protocol, in 

which growth factors (GF) were removed from the culture medium 48 h prior to exposure of cells to 

high Ca2+ concentration (1.2 mM) and the cells were subsequently cultured for 72 h (Figure 1a). At 

the time of Ca2+ exposure, IL-4 was also included in the culture medium to mimic the Th2 condition, 

which suppresses basal FLG expression (Howell et al., 2007). To validate this protocol, we tested 

the effect of a JAK inhibitor, CP-690,550, that was reported to upregulate FLG expression in 

NHEKs under the Th2 condition (Amano et al., 2015; Levy et al., 2015). CP-690,550 induced FLG 

expression in a concentration-dependent manner in our assay system (Figure 1b).  

 

Screening for GPCR ligands that enhance FLG expression in NHEKs  

Given that ~35% of drugs approved by the The Food and Drug Administration (FDA) for clinical 

use target G protein-coupled receptors (GPCRs) (Jacobson, 2015), we sought to identify GPCR 

ligands that can enhance FLG expression in NHEKs. We used a human GPCR array to examine 

GPCRs expressed in NHEKs cultured under our protocol conditions (1.2 mM Ca2+, 30 ng/ml IL-4 

for 72 h) (Figure 1a). Of the 380 GPCRs included in the array, 119 were found to be expressed in 

cultured NHEKs (Supplementary Table S1). The top 30 most highly expressed GPCRs are listed in 

Figure 1c. From this list, we chose EDG2/LPAR1, P2RY1/P2Y1 and ADRB2, as three 
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representative GPCRs coupled to G12/13/Gi, Gq, and Gs, respectively, and evaluated the effect of their 

respective ligands, oleoyl-L-α-lysophosphatidic acid (LPA), adenosine 5’-[β-thio] diphosphate 

trilithium (ADP), and salbutamol. While ADP and salbutamol had no discernable positive effect on 

FLG expression in NHEKs (Supplementary Figure S1a and b), LPA significantly upregulated FLG 

expression in a concentration-dependent manner (Figure 1d). Consistent with a previous report 

(Howell et al., 2007), we confirmed that IL-4 significantly suppressed the basal level of FLG 

expression in our culture system (Supplementary Figure S2a). Notably, LPA enhanced FLG 

expression irrespective of the presence or absence of IL-4 (Supplementary Figure S2b). Thus, LPA 

strongly enhances FLG expression in NHEKs.  

 

LPA induces proFLG/FLG production and morphological changes in NHEKs 

To confirm the expression of proFLG/FLG proteins in NHEKs, we analyzed lysates from cells 

cultured in the presence of LPA by western blotting. LPA induced proFLG/FLG protein expression 

in NHEKs in a concentration-dependent manner (Figure 2a and b). Additionally, 

immunofluorescence analysis showed that LPA treatment increased the number of 

proFLG/FLG-positive cells (Figure 2c, left and 2d). High magnification images revealed that 

proFLG/FLG staining in LPA-treated NHEKs had a granular appearance, presumably indicating the 

presence of keratohyalin granules typically seen in differentiated keratinocytes (Figure 2c, middle 

and right). Time-lapse imaging of NHEKs showed progressive changes in cell morphology upon 

LPA treatment (e.g., elongation and stratification, which are characteristic of differentiated 

keratinocytes; Figure 2e and Supplementary Movie S1) with a concomitant suppression of cell 

proliferation (Supplementary Figure S3). When taken together, these results not only indicate that 

LPA induces proFLG/FLG protein expression, but also suggest that LPA facilitates differentiation of 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT181105 Sumitomo, Siriwach et al. 

7 

 

NHEKs. 

 

LPA induces FLG expression in NHEKs through LPAR1 and LPAR5 

Of the six LPA receptors (LPAR1–6) expressed in humans (Aikawa et al., 2015), five were detected 

in NHEKs, as determined by quantitative reverse transcription-polymerase chain reaction 

(qRT-PCR) analysis (only LPAR4 expression was undetectable; Figure 3a). We used LPA receptor 

agonists/antagonists to identify the receptor(s) responsible for LPA-dependent FLG expression in 

NHEKs. Both AM095, an LPAR1 antagonist (Swaney et al., 2011), and TCLPA54, an LPAR5 

antagonist (Kozian et al., 2012), suppressed LPA-induced FLG expression in NHEKs (Figure 3b 

and c). However, GRI977143, an LPAR2 agonist (Kiss et al., 2012), and T13, an LPAR3 agonist 

(Kano et al., 2008; Tamaruya et al., 2004), did not induce FLG expression in NHEKs 

(Supplementary Figure S4a and b). When taken together, these results suggest that LPA signals 

through LPAR1 and LPAR5 to induce FLG expression in NHEKs. To validate these findings, we 

used siRNAs to suppress the expression of LPAR1 and LPAR5, either alone or in combination, in 

NHEKs. We used two different siRNAs (#1, #2) for each receptor type, and confirmed the 

selectivity and efficiency of target receptor knockdown by qRT-PCR (Figure 3d and e). Notably, 

knockdown of each receptor resulted in the slight upregulation of the other, suggesting possible 

compensation between these two LPA receptor types. Knockdown of either LPAR1 or LPAR5 

suppressed LPA-induced FLG expression by 50–60%, while the combined knockdown of both 

receptors had an additive effect, suppressing LPA-induced FLG expression by 75–90% (Figure 3f). 

In contrast, knockdown of LPAR2, LPAR3, or LPAR6 (Supplementary Figure S4c), had no obvious 

suppressive effect on LPA-induced FLG expression (Supplementary Figure S4d). We therefore 

concluded that LPA induces FLG expression through LPAR1 and LPAR5 in NHEKs. 
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LPA-induced FLG expression in NHEKs is mediated by the RHO-ROCK-SRF axis 

LPAR1 and LPAR5 have been shown to signal through G12/13 to activate the small GTPase RHO, 

leading to activation of its downstream effector ROCK in cultured cell lines (Bian et al., 2006; 

Koike et al., 2010; Mikelis et al., 2013). Given this, we tested whether LPA induces FLG 

expression in NHEKs through the RHO-ROCK signaling pathway. Inhibition of ROCK with 

Y-27632 suppressed LPA-induced FLG expression in a concentration-dependent manner (Figure 

3g). Consistent with this, pull-down assays showed that LPA treatment rapidly and transiently 

increased the level of GTP-bound RHOA in NHEKs (Figure 3h and i). Moreover, knockdown of 

RHOA significantly suppressed LPA-induced FLG expression (Supplementary Figure S5a and b). 

RHO-ROCK signaling has been shown to activate the transcription factor SRF (Treisman et al., 

1998). Given that SRF has been implicated in keratinocyte differentiation (Connelly et al., 2010; 

Koegel et al., 2009; Luxenburg et al., 2011), we next examined whether LPA activates SRF in 

NHEKs through the RHO-ROCK pathway using a luciferase reporter assay. We found that LPA 

upregulated SRF-luciferase reporter activity in NHEKs in a concentration-dependent manner, and 

this upregulation was suppressed by pre-treatment with Y-27632 (Figure 3j). We then tested the 

effect of SRF inhibition on LPA-induced FLG expression using CCG-1423 (Evelyn et al., 2007), 

which interferes with SRF activation through direct binding and inhibition of MRTF-A, a SRF 

coactivator (Hayashi et al., 2014). CCG-1423 inhibited both LPA-induced FLG expression and 

FLG protein production (Figure 3k and l). Together, these results indicate that LPA induces FLG 

gene expression and protein production in NHEKs through the RHO-ROCK-SRF pathway. 

 Because LPARs also signal through Gαi/o (Riaz et al., 2016), we tested the possible 

involvement of this pathway in FLG induction using inhibitors of MEK and PI3K, two major 
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effectors downstream of Gαi/o (Mendoza et al., 2011). Both U0126, a MEK inhibitor, and 

Wortmannin, a PI3K inhibitor, failed to suppress LPA-induced FLG expression (Supplementary 

Figure S6a and b), suggesting that these pathways are not involved in LPA-induced FLG expression. 

We also tested the possible involvement of EGFR in FLG induction, given that LPA has been 

shown to induce expression of the EGFR ligand TGFα in cultured keratinocytes to promote cell 

proliferation (Piazza et al., 1995). We found that EGF reduced FLG expression in a 

concentration-dependent manner (Supplementary Figure S7a). Consistent with this finding, 

treatment of NHEKs with PD168393, an EGFR-specific inhibitor, increased LPA-induced FLG 

expression (Supplementary Figure S7b). Furthermore, a TGFα-neutralizing antibody had no 

obvious effects on FLG expression (Supplementary Figure S7c). These results together suggest that 

EGFR signaling has no positive role in LPA-induced FLG expression. 

 

Comprehensive and comparative analysis of LPA- and CP-690,550-induced gene expression in 

NHEKs 

Although LPA induced morphological changes indicative of differentiation in NHEKs (Figure 2d), 

CP-690,550 induced no such changes (Supplementary Figure S8a), suggesting that these two 

compounds exert their effects on FLG expression through different mechanisms. To address this 

question, we conducted an unbiased gene expression analysis of LPA- or CP-690,550-treated 

NHEKs (Figure 4a). We validated our analysis by confirming the significant induction of FLG 

expression by both of these compounds (Figure 4b). Volcano plot revealed that LPA treatment led 

to an at least 2-fold upregulation of 1477 genes (4244 entities) and downregulation of 1535 genes 

(3386 entities) in NHEKs, when compared with the vehicle-treated control (Figure 4c, left, and 

Supplementary Table S2 and S3), whereas only 34 and 124 genes were up- and down-regulated, 
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respectively, upon CP-690,550 treatment (Figure 4c, right, and Supplementary Table S4 and S5). 

Gene ontology (GO) analysis depicted 650 biological pathways significantly altered in response to 

LPA treatment (Supplementary Table S6). The top 30 GO terms among these are listed in Figure 4d 

(genes included in each GO term are listed in Supplementary Table S7). The pathways of 

downregulated gene clusters include those involved in cilium assembly (Figure 4e, left). The 

cilia-associated genes, such as IFT88, are predominantly expressed in undifferentiated keratinocytes 

in the stratum basale (Elofsson et al., 1984; Ezratty et al., 2011). This result suggested that LPA 

promotes differentiation from basal keratinocytes. Consistent with this, upregulated gene clusters 

include those implicated in keratinocyte differentiation and epidermis development (Figure 4e, 

middle). In addition, genes downstream of the MRTF-SRF pathway, as defined according to 

previously published results (Esnault et al., 2014), were significantly upregulated (Figure 4e, right, 

and Supplementary Table S8). These microarray results were validated by qRT-PCR expression 

analysis of several representative genes such as INVL, TGM1 and ACTN1, in addition to FLG 

(Figure 4f). GO term analysis of NHEKs treated with CP-690,550 was also conducted for 

comparison (Supplementary Table S9), and the top 30 terms are listed in Supplementary Figure S8b. 

When the sets of genes altered by LPA were compared with those altered by CP-690,550 by Venn 

diagrams, the vast majority of the genes, as demarcated by the red boundaries, were exclusively up- 

or down-regulated by LPA (Supplementary Figure S9a, left, and Supplementary Table S10). GO 

terms of the significantly upregulated genes in this category include keratinocyte differentiation, 

epidermis development and cornified envelope (Supplementary Figure S9a, right, and 

Supplementary Table S11). In contrast, only a small fraction of genes was altered by both 

compounds (demarcated by the red boundary in Supplementary Figure S9b, left, and Supplementary 

Table S12). The top 30 GO terms of this category are shown in Supplementary Figure S9b, right, 
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and Supplementary Table S13. LPA therefore induced expression of a larger number of genes 

related to keratinocyte differentiation and cornification than did CP-690,550 in NHEKs. 

 

LPA promotes proFLG/FLG production and stratum corneum thickening in a 3D culture 

model of human epidermis 

To test the effects of LPA on FLG induction under more physiological conditions, we employed a 

three-dimensional (3D) human epidermal culture system (Eaglstein and Falanga, 1998). Epidermal 

cultures were treated with LPA for 4 days with or without Y-27632 (Figure 5a), and lysates were 

then prepared and subjected to western blotting for the detection of proFLG/FLG protein. LPA 

upregulated production of proFLG/FLG protein in this model in a ROCK-dependent manner 

(Figure 5b). In addition, immunofluorescence analysis revealed that LPA not only increased 

proFLG/FLG staining in the stratum granulosum and stratum corneum in this model, but also 

increased the thickness of the stratum corneum (Figure 5c–e). Thickening of the stratum corneum 

in the 3D skin model was previously reported to occur as a result of keratinocyte differentiation 

(van den Bogaard et al., 2013; van den Bogaard et al., 2015) and to be dependent upon FLG 

expression (Pendaries et al., 2014). This finding is therefore in agreement with the keratinocyte 

differentiation-promoting activity of LPA in NHEKs. Furthermore, LPAR1/5 antagonists and 

Y-27632 significantly inhibited LPA-induced proFLG/FLG staining and stratum corneum 

thickening (Supplementary Figure S10a–c). Therefore, LPA also enhanced FLG expression and 

keratinocyte differentiation through the LPAR1/5-RHO-ROCK pathway in a 3D model of human 

skin.  

 

Topical application of LPA promotes skin barrier function in mice 
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We next sought to determine the effects of LPA on the skin barrier in vivo in mice. We first 

prepared primary mouse keratinocytes and confirmed that the LPA receptors, Lpar1, Lpar2, Lpar5 

and Lpar6, are expressed in these cells (Supplementary Figure S11a), and that LPA induces Flg 

expression in a concentration-dependent manner (Supplementary Figure S11b and c). We also 

confirmed that LPA-induced Flg expression was significantly inhibited by an LPAR1 antagonist 

(AM095, Supplementary Figure S11b) and an LPAR5 antagonist (TCLPA5, Supplementary Figure 

S11c), suggesting that LPA signals through Lpar1/5 in mouse keratinocytes as in NHEKs. 

 Next, we topically applied 1% LPA cream to the ear skin of C57BL/6N mice (Figure 6a) and 

subsequently collected ears for qRT-PCR analysis to evaluate the expression of three representative 

skin barrier genes, Inv, Sprr4 and Flg. We observed significant increases in the expression of these 

genes in LPA-treated ears, when compared with vehicle-treated ears (Figure 6b). 

Haematoxylin/eosin (H&E) staining (Figure 6c, upper panel) and Flg immunohistochemistry 

(Figure 6c, lower panel) further confirmed signs of keratinocyte differentiation and Flg protein 

production in the skin of LPA-treated ears. We found that the intensity of Flg staining increased 

specifically in the stratum granulosum and stratum corneum following treatment with 1% LPA 

cream (Figure 6c, lower panel). Moreover, transmission electron microscopy (TEM) analysis 

showed that keratohyalin granules in keratinocytes of the stratum granulosum of the LPA-treated 

ear were substantially larger than those observed in the keratinocytes of the vehicle-treated ear 

(Figure 6d).  

 To further test the therapeutic potential of LPA on impaired skin barrier function, we 

subjected mice to acetone/ether/water (AEW) treatment and examined the effects of topically 

applied 1% LPA cream in this dry skin mouse model (Figure 6e). AEW treatment (twice a day) 

gradually increased transepidermal water loss (TEWL) from day 0 to day 2 (Supplementary Figure 
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S12). Topical application of the LPA cream significantly suppressed TEWL after 24 h (Figure 6f). 

LPA treatment for 24 h also significantly reduced the total score for skin dryness as determined by 

an assessment of corneal flaking, skin wrinkling/creasing and skin reddening (Figure 6g and h). 

Together, these results indicate that LPA improves skin barrier function in vivo.  
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DISCUSSION  

LPA has previously been shown to induce keratinocyte proliferation through TGFα induction 

(Piazza et al., 1995), and to enhance keratinocyte migration during wound healing (Jans et al., 2013). 

LPA has also been reported to be involved in the regulation of hair follicles in vivo, where the 

enzyme LIPH (also known as mPA-PLA1α) that is highly expressed in epidermal keratinocytes 

(Aoki et al., 2008; Diribarne et al., 2012), catalyzes the synthesis of LPA which subsequently 

functions through LPAR6 (Shimomura et al., 2009; Inoue et al., 2011). Our current study has 

revealed a role, to our knowledge previously unreported, for LPA in inducing keratinocyte 

differentiation and FLG expression through the LPAR1/5-RHO-ROCK-SRF signaling axis. This 

role was validated in NHEK cell cultures and a 3D model of human skin. A role for LPA in 

promoting skin barrier function was also demonstrated using a dry skin mouse model. Our findings 

are in agreement with, and have significantly extended previous findings on, a role for LPA in 

promoting skin moisture (Yahagi et al., 2011).  

One critical question is whether this LPA pathway operates in vivo to impact on keratinocyte 

differentiation and FLG expression. We found that the LPA competitive antagonist Ki16425 reduced 

basal FLG expression in NHEKs in a concentration-dependent manner (Supplementary Figure S13). 

It is therefore likely that LPA, produced by keratinocytes themselves through LIPH, regulates 

keratinocyte differentiation and FLG expression. In addition, in the skin in vivo, LPA may also be 

produced by fibroblasts through autotaxin, another LPA-producing enzyme (Aoki, et al., 2008). It 

should be noted that while LPAR1 is a member of the endothelial cell differentiation gene (Edg) 

family, LPAR5 is a ‘non-Edg’ LPA receptor that belongs to the purinergic receptor (P2Y) family 

(Yung et al., 2015). Therefore, our study suggests the possibility of crosstalk between two types of 

LPA receptor that are of different evolutionary origins. Although no apparent skin phenotype has 

been reported in Lpar1 or Lpar5 knockout mice (Contos et al., 2000; Lin et al., 2012), the 
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generation and study of Lpar1/5 double-knockout mice may reveal previously unidentified in vivo 

roles of LPA in keratinocyte differentiation and skin barrier function. If this is the case, then the 

next important question to be investigated is whether the production of endogenous LPA is induced 

or suppressed under conditions of skin inflammation such as in AD. 

Previous studies have demonstrated that activation of the JAK-STAT3 pathway by Th2 

cytokines inhibits keratinocyte differentiation and that suppression of this pathway using a JAK 

inhibitor enhances FLG expression and improves skin barrier function (Amano et al., 2015; Levy et 

al., 2015). Based on these findings, JAK inhibitors are now being used clinically in the treatment of 

AD (Damsky and King, 2017; Kostovic et al., 2017). Although we have shown that both a JAK 

inhibitor and LPA can induce FLG expression in NHEKs, their mechanisms of FLG induction are 

apparently different. First, JAK inhibitors increase FLG expression in NHEKs without any 

accompanying changes in cell morphological, whereas LPA induces morphological changes that are 

characteristic of keratinocyte differentiation (elongation and stratification of cells and an increase in 

the number and size of keratohyalin granules). Moreover, comprehensive gene expression profiling 

revealed that LPA affects a broader range of biological pathways than the JAK inhibitor, including 

genes targeted by SRF and genes related to epidermis development and cornification. Given the rapid 

activation of RHOA upon LPA treatment (Figure 3h and i), we reason that RHOA-SRF signaling is 

primarily responsible for the induction of keratinocyte differentiation genes downstream of LPAR1/5. 

This would be consistent with previous works describing the functional importance of SRF in 

keratinocyte differentiation (Connelly et al., 2010; Koegel et al., 2009; Luxenburg et al., 2011). 

However, we do not rule out the possibility that alternative pathways, other than RHO-ROCK-SRF, 

may also be activated in response to LPA in differentiating keratinocytes, and may also therefore 

contribute to the induction of keratinocyte differentiation genes. Intriguingly, LPAR5 is reported to 
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have a strong preference for ether-linked alkyl-LPA (Williams et al., 2009; Jongsma et al., 2011) and 

could mediate increases in intracellular cAMP in addition to RHOA activation (Lee et al., 2006). It 

remains to be studied whether these unique characteristics of LPAR5 play a role in LPA-induced FLG 

expression and keratinocyte differentiation. 

Finally, given that LPA is strongly effective in enhancing FLG expression and keratinocyte 

differentiation, we suggest that LPA, or selective agonists to LPAR1 and LPAR5, have a potential as 

therapeutic agents to promote barrier function in human dry skin and AD. Further studies are 

warranted to deepen our understanding of the role of LPA in skin biology and to unravel the 

therapeutic potential of LPA in human skin diseases.  
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MATERIALS AND METHODS 

See SUPPLEMENTARY MATERIALS online for detailed experimental method. 

 

Cell culture and three-dimensional (3D) human skin model 

Normal Human Epidermal Keratinocytes (NHEKs) were obtained from KURABO (Japan) and 

maintained in an undifferentiated state in HuMedia KG-2 media. To induce differentiation, cells 

were cultured in EpiLife medium containing 60 µM Ca2+ (Gibco) without growth factors. Primary 

mouse keratinocytes prepared from newborn wild-type mice (C57BL/6N) (Li et al., 2017) were 

maintained in EpiLife medium (Gibco) containing 60 µM Ca2+ and defined growth supplements 

(dGS; Invitrogen), and then cultured in EpiLife medium containing 200 µM Ca2+ without dGS for 

48 to 72 h to induce differentiation. The day-6 in vitro human 3D skin model was obtained from 

JTEC (Japan) and cultured as previously described (Eaglstein and Falanga, 1998). 

 

Animals 

C57BL/6N mice (male) were purchased from SLC (Shizuoka, Japan) and maintained under specific 

pathogen-free (SPF) conditions. Details regarding the topical application of LPA and the AEW dry 

skin mouse model are provided in SUPPLEMENTARY MATERIALS. All animal experiments were 

conducted in accordance with the US National Institutes of Health Guide for the Care and Use of 

Laboratory Animals and approved by the Institutional Animal Care and Use Committee of Kyoto 

University Graduate School of Medicine. 

 

Chemicals, antibodies, and molecular biology experiments 

Chemicals, antibodies, the GPCR array, siRNAs, and primers for qRT-PCR, as well as the standard 
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molecular biology methods used in this study, are described in SUPPLEMENTARY MATERIALS. 

 

SRF luciferase reporter assay 

At 80–90% confluency, NHEKs were transiently transfected with both the pGL4.34[luc2P/ 

SRF-RE/Hygro] (Promega) plasmid containing the luciferase reporter gene downstream of the 

SRF-response element, and the pGL4.74[hRluc/TK] plasmid (Promega) containing the control 

luciferase reporter gene using TransIT-Keratinocyte Transfection Reagent (Mirus Bio) according to 

the manufacturer’s protocol. Cells were assayed 24 hours after transfection. Firefly reporter and 

Renilla luciferase activities were determined 24 hours after LPA stimulation using the Dual-Glo 

luciferase assay kit (Promega) and reported in relative luminescence units (RLU). 

 

Statistical analysis 

Excel (Microsoft) and Prism (GraphPad Software) were used for statistical analyses. Data (means ± 

standard error of the mean (SEM)) were analyzed using either the Student’s t-test (two-tailed), 

Mann-Whitney test (two-tailed), and Kruskal–Wallis test with Dunn’s multiple comparisons tests, 

or using one-way or two-way analysis of variance (ANOVA) followed by Bonferonni post-hoc 

tests.  

 

Data availability 

The DNA microarray data were deposited in Gene Expression Omnibus (GEO) repository, NCBI 

(GSE122023, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE122023). Details regarding 

the microarray analysis are provided in SUPPLEMENTARY MATERIALS.   
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FIGURE LEGENDS 

 

Figure 1. LPA induces FLG expression in NHEKs. (a) Protocol for the screening of candidate 

compounds that enhance FLG expression in NHEKs. Candidate compounds and calcium (final 

concentration 1.2 mM) were added to the cell culture medium, and cells were continuously 

cultivated for 3 days in the presence of 30 ng/ml IL-4. (b) Validation of the protocol using 

CP-690,550, a JAK inhibitor, as a positive control. Normalized fold changes in FLG gene 

expression are shown using GAPDH as the reference. Addition of CP-690,550 induced FLG 

expression in a concentration-dependent manner. Results are shown as mean ± SEM (n = 12). 

**** P < 0.0001 (Kruskal–Wallis test with Dunn’s multiple comparisons test). (c) GPCR expression 

in NHEKs (Top 30). GPCR expression in NHEKs was examined using the TaqMan Human GPCR 

Array. The top 30 most highly expressed GPCRs are shown. The ΔCт shown represents an average 

of 3 independent experiments. (d) LPA induces FLG expression in NHEKs in a 

concentration-dependent manner. Normalized fold changes in FLG gene expression are shown 

using GAPDH as the reference. Results are shown as mean ± SEM (n = 6). *P < 0.05, ***P < 0.001, 

**** P < 0.0001 (Kruskal–Wallis test with Dunn’s multiple comparisons test).  

 

Figure 2. LPA-dependent FLG protein production in NHEKs. (a) Western blotting analysis of 

proFLG/FLG expression with a monoclonal anti-FLG antibody (clone AKH1) in the lysates of 

NHEKs subjected to the indicated treatments. High molecular weight smears corresponded to 

proFLG/FLG protein. Note the increased level of high molecular weight proFLG in LPA- or 

CP-690,550-treated cells. (b) Densitometric quantification of proFLG/FLG protein levels relative to 

GAPDH, as shown in (a). Values were normalized to the value obtained in control vehicle-treated 

cells. Results are shown as mean ± SEM (n = 3 for each condition). **P < 0.01 (Kruskal–Wallis test 
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with Dunn’s multiple comparisons test). (c) Representative immunofluorescence images of 

proFLG/FLG staining in NHEKs. Note the increase in proFLG/FLG-positive cells in the LPA 

treatment group (left). High magnification imaging (right) revealed the granular appearance of 

proFLG/FLG staining in NHEKs. Scale bars, 50 µm (left), 20 µm (middle) and 10 µm (right). (d) 

Quantification of the percentage of FLG-positive cells induced by LPA treatment (n= 507 cells for 

vehicle control and n=704 cells for the 10 µM LPA treatment group). (e) Time-lapse imaging of 

control vehicle-treated and LPA-treated NHEKs. LPA was added together with 1.2 mM Ca2+ at 0 h. 

Selected images acquired at 0, 6, 12, 24, 48 and 69 h are shown. Note the gradual change in 

morphology of LPA-treated NHEKs. Scale bars, 125 µm. 

 

Figure 3. LPA induces FLG expression via the LPAR1/LPAR5-RHO-ROCK-SRF signaling 

pathway in NHEKs. (a) Relative expression of the human LPA receptors in NHEKs, normalized to 

LPAR1. Results are shown as mean ± SEM (n = 15). n.d. = not detected. (b) AM095, or (c) 

TCLPA54 suppressed LPA-induced FLG expression in a concentration-dependent manner. 

Normalized fold changes in FLG gene expression are shown using GAPDH as the reference. 

Results are shown as mean ± SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 

(when compared with the vehicle control of the indicated antagonist dose group); #P < 0.05, ##P < 

0.01 (when compared with the no-antagonist control for each corresponding LPA concentration 

across all groups). Statistical significance was evaluated using the Kruskal–Wallis test with Dunn’s 

multiple comparisons test. Suppression of LPAR1 (d) and LPAR5 (e) gene expression and 

LPA-induced FLG gene expression (f) after siRNA-mediated knockdown of LPAR1 and LPAR5 in 

NHEKs. Two different siRNAs (#1, #2) were used for knockdown of each gene. Normalized fold 

changes in LPAR1 (d), LPAR5 (e) and FLG (f) expression are shown, using GAPDH as the 
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reference (mean ± SEM; n = 6). Statistical significance was evaluated by one-way ANOVA; (d): 

(F8,45 = 122.4, P < 0.0001), (e): (F8,45 = 71.75, P < 0.0001) and (f): (F8,45 = 21.99, P < 0.0001), 

followed by Bonferroni post-hoc test (**P < 0.01, ***P < 0.001, ****P < 0.0001). (g) 

Concentration-dependent suppressive effect of Y-27632 on LPA-induced FLG expression. 

Normalized fold changes in FLG expression are shown using GAPDH as the reference. Results are 

shown as means ± SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 (when compared with the 

vehicle control for each group of the same inhibitor dose); ##P < 0.01, ###P < 0.001 (when compared 

with the no-inhibitor control for each corresponding LPA concentration across all groups). (h) 

LPA-dependent RHOA activation in NHEKs by RHOA-GTP pull-down assay. Data are 

representative of 5 independent experiments. (i) Quantification of the RHOA-GTP pull-down assay. 

Fold increase in RHOA-GTP is shown. Results are shown as means ± SEM (n = 5). *P < 0.05 

(Kruskal–Wallis test with Dunn’s multiple comparisons test). (j) LPA-dependent activation of SRF 

transcription, as determined by Luciferase assay. Results are shown as means ± SEM (n = 5-10). 

** P < 0.01, ****P < 0.0001 (Kruskal–Wallis test with Dunn’s multiple comparisons test). (k) 

Concentration-dependent inhibitory effects of CCG-1423 on LPA-induced FLG expression. 

Normalized fold changes in FLG expression are shown, using GAPDH as the reference. Results are 

shown as means ± SEM (n = 3). *P < 0.05 (when compared with the vehicle control for each group 

of the same inhibitor dose); #P < 0.05 (when compared with the no-inhibitor for each corresponding 

LPA concentration across all groups). Statistical significance was evaluated using the Kruskal–

Wallis test with Dunn’s multiple comparisons test. (l) CCG-1423 suppressed LPA-induced FLG 

protein production. Result is a representative of 2 independent experiments.  
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Figure 4. LPA induces expression of genes involved in keratinocyte differentiation and 

SRF-dependent transcription. (a) Heat map of genes expressed in NHEKs treated with vehicle 

control (left), 10 µM LPA (middle) or 1 µM CP-690,550 (right). Microarray analysis was performed 

using the Agilent Gene Expression platform; SurePrint G3 GE 8x60K. Normalized intensity values 

of significant 2-fold change entities were subjected to hierarchical clustering using Euclidean 

distance and Ward’s linkage (n = 3 for each condition). (b) FLG and GAPDH expression levels 

extracted from data shown in (a). (c) The left-hand Volcano plot displays 4244 entities of 

upregulated genes and 3386 entities of downregulated genes with a 2-fold cutoff and statistical 

significance (P < 0.05) associated with 10 µM LPA treatment (when compared with vehicle 

control). The right-hand Volcano plot displays 86 entities of upregulated genes and 199 entities of 

downregulated genes with a 2-fold cutoff and statistics significance (P < 0.05) associated with 1 µM 

CP-690,550 treatment (when compared with vehicle control). (d) Enriched GO terms for genes with 

altered expression induced by LPA. Gene ontology analysis was based on DAVID Bioinformatics 

resources 6.8 (NIH), and the top 30 GO terms of genes with a 2-fold cutoff and statistical 

significance are shown. (e) Heat map of genes included in GO terms for cilium assembly, 

keratinocyte differentiation and epidermis development. Heat map of MRTF-SRF downstream 

genes (right) was categorized according to a previously published report (Esnault et al., 2014). (f) 

qRT-PCR analysis of the expression of representative genes from the heat map (e). Normalized fold 

changes in the expression of the respective genes are shown using GAPDH as the reference. Results 

are shown as means ± SEM (n = 11). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 

(Kruskal–Wallis test with Dunn’s multiple comparisons test). 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT181105 Sumitomo, Siriwach et al. 

32 

 

Figure 5. LPA promotes proFLG/FLG production in a 3D human epidermal skin model. (a) 

Protocol for evaluating the effect of LPA on the human epidermal 3D skin culture. Keratinocytes 

differentiation was induced by air lift and a subsequent 6-day culture. The 3D human epidermal 

skin cultures were then treated with vehicle control or 10 µM LPA for 4 consecutive days. At the 

end of day 10, the samples were harvested and subsequently analyzed. (b) Western blotting analysis 

of proFLG/FLG protein expression in lysates of LPA-treated 3D human epidermal skin culture 

models. Note that LPA-induced proFLG/FLG production is dependent on ROCK activity. Data 

represent means ± SEM (n = 4) and are normalized to the no-treatment control group. *P < 0.05 

(Kruskal–Wallis test with Dunn’s multiple comparisons test). (c) Representative 

immunofluorescence images of FLG (green) and Hoechst (magenta) staining in vehicle control- or 

LPA-treated 3D human epidermal skin culture models (upper panels). Note the increase in thickness 

of the stratum corneum in the LPA-treated 3D culture. Scale bars, 50 µm. Lower panels are 

enlarged images of granule keratinocytes highlighted by the dotted boxes in the upper panels. 

Arrows indicate increased intensity and size of FLG-containing keratohyalin granules. Scale bars, 

10 µm. (d) Quantification of the thickness of the stratum corneum shown in (c). Data represent 

means ± SEM from 9 samples. (e) Quantification of normalized relative fluorescence intensity of 

FLG staining shown in (c). Data represent means ± SEM from 9 samples and are normalized to the 

vehicle-treated control group. **P < 0.01, ****P < 0.0001 (Mann-Whitney test, two-tailed). 

 

Figure 6. Topical application of LPA ameliorates skin barrier function in mice. (a) Protocol for 

the evaluation of skin barrier function by topical application of LPA to the ear skin of male 

C57BL/6N mice. (b) qRT-PCR analysis of representative skin barrier genes, including Ivl, Sprr4 

and Flg. Data represent means ± SEM (n = 7), *P < 0.05, (Student’s t-test, two-tailed). (c) H&E 
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staining (upper panels) and Flg immunohistochemistry analysis (lower panels) of paraffin sections 

of LPA-treated ear skin. Note the increased Flg staining intensity in the granule layer of the ear skin 

of LPA-treated mice. Representative images of control vehicle cream-treated skin (left, n = 10) and 

1% LPA cream-treated skin (right, n = 10) are shown. Scale bars, 50 µm. (d) Transmission electron 

microscopy (TEM) analysis of mouse ear skin. Representative images of control vehicle 

cream-treated skin (left, n = 10) and 1% LPA cream-treated skin (right, n = 10) are shown. Note the 

larger size of keratohyalin granules (white arrows) in 1% LPA cream-treated skin. SC, stratum 

corneum; SG, stratum granulosum. Scale bars, 200 nm. (e) Protocol for the evaluation of the 

therapeutic effects of LPA on skin barrier function in the AEW dry skin mouse model. (f) The dry 

skin mouse model was used to measure Transepidermal Water Loss (TEWL) from dorsal skin 

before and 24 h after topical application of control vehicle cream or 1% LPA-containing cream. 

Results represent means ± SEM (n = 10-12). Statistical significance was determined by two-way 

ANOVA (F1,40 = 5.830, P = 0.0204), followed by Bonferroni post-hoc test (*P < 0.05). (g) 

Symptom sum scores for the dorsal skin of AEW dry skin mice before and 24 h after the topical 

application of control vehicle cream or 1% LPA-containing cream. Results represent means ± SEM 

(n = 5–6). Statistical significance was determined by two-way ANOVA (F1,18 = 25.54, P < 0.0001), 

followed by Bonferroni post-hoc test (***P < 0.001). (h) Representative stereomicroscope picture 

of dorsal skin prior to AEW disruption at day 0 (no-treatment control), before topical application of 

control vehicle cream or 1% LPA-containing cream at day 2, and 24 h after topical application of 

control vehicle cream or 1% LPA-containing cream. Arrows indicate signs of skin dryness 

including flaking cornea, wrinkle/crease lines, and redness. Scale bars, 500 µm.  
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SUPPLEMENTARY MATERIALS  

 

Methods 

Cell culture and the three-dimensional (3D) human skin model 

Normal Human Epidermal Keratinocytes (NHEKs), which were certified free of 

mycobacterial infection and large chromosomal rearrangements, were obtained from 

KURABO (Japan), cultured at 37°C under 5% CO2, and used for experiments during 

low passages (2 or 3). In our pilot experiments, we used two different lots of NHEKs 

(Lot#04228, #03457), both prepared from neonate skin of Caucasian origin (male). We 

found that both lots of NHEKs demonstrated a similar extent of FLG induction upon 

CP-690,550 or LPA treatment and therefore we described the results for lot#04228 cells 

in this paper. NHEKs were maintained in an undifferentiated state in HuMedia KG-2 

media (KURABO). To induce differentiation, cells were cultured in EpiLife medium 

containing 60 µM Ca2+ (Gibco) without HuMedia-KG growth factors (KURABO). Day 

6 in vitro three-dimensional (3D) human skin model cultures were obtained from JTEC 

(Japan) and cultured as previously described (Eaglstein and Falanga, 1998). 

 

Time-lapse imaging 

Time-lapse imaging was performed using a BZ-X700 microscope (Keyence, Japan) 

equipped with a 10× dry objective lens (Keyence, Japan) and a chamber box to stably 

control the temperature (37°C) and CO2 level (5%). Phase-contrast images were 

acquired every 5 min for 69 h. Cell proliferation was quantified by counting cell 
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division events in the 1.5 mm2 imaging field before and after the addition of 1.2 mM 

Ca2+ or 10 µM LPA plus 1.2 mM Ca2+ for 5 h. 

 

Animals 

C57BL/6N mice (male) were purchased from SLC (Shizuoka, Japan) and maintained on 

a 12-hour light/dark cycle at a temperature of 24°C and humidity of 50 ± 10% under 

specific pathogen-free (SPF) conditions. Animal care and experiments were conducted 

in accordance with the US National Institutes of Health Guide for the Care and Use of 

Laboratory Animals and approved by the Institutional Animal Care and Use Committee 

of Kyoto University Graduate School of Medicine. 

 

siRNA-mediated knockdown in NHEKs 

Silencer Select, pre-designed siRNA duplexes that target two distinct sequences of each 

human LPA receptor and RHOA were purchased from Life Technologies, Japan. The 

sequences were as follows: 

LPAR1-1: CAUCUGCUGGACUCCUGGAUUGGUU and 

AACCAAUCCAGGAGUCCAGCAGAUG,  

LPAR1-2: CCAUCUCUACUUCCAUCCCUGUAAU and 

AUUACAGGGAUGGAAGUAGAGAUGG, 

LPAR2-1: GCCUACCUCUUCCUCAUGUUCCACA and 

UGUGGAACAUGAGGAAGAGGUAGGC, 
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LPAR2-2: UCCACCCGCGAGUCUGUCCACUAUA and 

UAUAGUGGACAGACUCGCGGGUGGA, 

LPAR3-1: CCAUUUACAGCAGGAGUUACCUUGU and 

ACAAGGUAACUCCUGCUGUAAAUGG, 

LPAR3-2: UCUCCGCAUACAAGUGGGUCCAUCA and 

UGAUGGACCCACUUGUAUGCGGAGA, 

LPAR5-1: GCAGCUGCAUCUUCCUGAUGCUCAU and 

AUGAGCAUCAGGAAGAUGCAGCUGC, 

LPAR5-2: CGCCUGCACUUGGUGGUCUACAGCU and 

AGCUGUAGACCACCAAGUGCAGGCG, 

LPAR6-1: GCAUGUUCAGCAUGGUGUUUGUGCU and 

AGCACAAACACCAUGCUGAACAUGC, 

LPAR6-2: UGGCCAUUUGGAGAUUUACUUUGUA and 

UACAAAGUAAAUCUCCAAAUGGCCA, 

RHOA-1: CACAGUGUUUGAGAACUAU and 

AUAGUUCUCAAACACUGUG, 

RHOA-2: GGCUUUACUCCGUAACAGA and 

UCUGUUACGGAGUAAAGCC. 

NHEKs were transfected with siRNAs (at a final concentration of 5 nM) using 

Lipofectamine RNAiMAX (Life Technologies, Japan), according to the manufacturer’s 

instructions. Silencer Select Negative control no. 1 (Life Technologies Japan, Ltd., 
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Japan) was used as a negative control in all experiments. Cells were used for assays at 

24 h post-transfection. 

 

Chemicals, neutralizing antibody and recombinant proteins 

Oleoyl-L-α-lysophosphatidic acid sodium salt (Sigma), Oleoyl-L-α-lysophosphatidic 

acid (Avanti), adenosine 5′-[b-thio]diphosphate trilithium salt (Sigma), salbutamol 

(Sigma), CP-690,550 (Selleck), Ki16425 (Sigma), AM095 (Sigma), TCLPA54 (Tocris), 

GRI 977143 (Tocris), T13 (Tamaruya et al., 2004), Y-27632 (Wako), U0126 (Sigma), 

Wortmannin (Tocris), recombinant human EGF (Sigma), PD168393 (Sigma), 

TGFα neutralizing antibody (R&D Systems), recombinant human IL-4 (R&D Systems) 

and recombinant mouse IL-4 (R&D Systems) were reconstituted according to the 

manufacturers’ instructions. To protect LPA from oxidation, the compound was stored in 

a glass vial with a tight-fitting teflon lid under a direct stream of nitrogen gas. 

 

Quantitative reverse transcription – polymerase chain reaction (qRT-PCR) 

mRNA was purified from cells using Reliaprep (Promega), and reverse-transcribed to 

cDNA using PrimeScript RT Master Mix (TaKaRa). cDNA, primers, and SYBR Premix 

ExTaq (Tli RNaseH Plus) (TaKaRa) were mixed in a 96-well PCR plate, and 

quantitative PCR was performed using a CFX96 Real-Time System (Bio-Rad). Primers 

used were as follows:  

human FLG F: 5’-AGTCACGTGGCAGTCCTCACA-3’,  

human FLG R: 5’-TCTAAACCCGGATTCACCATAATCA-3’,  
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human GAPDH F: 5’-ATGACATCAAGAAGGTGGTG-3’,  

human GAPDH R: 5’-CATACCAGGAAATGAGCTTG-3’, 

human RHOA F: 5’-CTGGTGATTGTTGGTGATGG-3’,  

human RHOA R: 5’-GCGATCATAATCTTCCTGCC-3’,  

human LPAR1 F: 5’-AATCGGGATACCATGATGAGTCTT-3’, 

human LPAR1 R: 5’-CCAAGGAGTCCAGCAGATGATAAA-3’, 

human LPAR2 F: 5’-CAGCCTGGTCAAGACTGT TGT-3’, 

human LPAR2 R: 5’-TGCAGGACTCACAGCCTAAA-3’, 

human LPAR3 F: 5’-ACGGTGATGACTGTCTTAGGG-3’, 

human LPAR3 R: 5’-CACCTTTTCACATGCTGCAC-3’, 

human LPAR4 F: 5’-AAAGATCATGTACCCAATCACCTT-3’, 

human LPAR4 R: 5’-CTTAAACAGGGACTCCATTCTGAT-3’, 

human LPAR5 F: 5’-CGCCATCTTCCAGATGAAC-3’, 

human LPAR5 R: 5’-TAGCGGTCCACGTTGATG-3’, 

human LPAR6 F: 5’-GGTAAGCGTTAACAGCTCCCACT-3’, 

human LPAR6 R: 5’-TTTGAGGACGCAGATGAAAATGT-3’, 

human TGM1 F: 5’-GCACCACACAGACGAGTATGA-3’,  

human TGM1 R: 5’-GGTGATGCGATCAGAGGATTC-3’, 

human IFT88 F: 5’-TCCTGAAACTTCACGCAATCC-3’,  

human IFT88 R: 5’-GACCACCTGCATTAGCCATTC-3’, 

human ACTN1 F: 5’-CCCGAGCTGATTGACTACGG-3’,  

human ACTN1 R: 5’-GCAGTTCCAACGATGTCTTCG-3’, 
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mouse Ivl F: 5’ -ATGTCCCATCAACACACACTG-3’, 

mouse Ivl R: 5’ -TGGAGTTGGTTGCTTTGCTTG-3’, 

mouse Sprr4 F: 5’ - TCAGCCACCTCCTACCAAATG -3’, 

mouse Sprr4 R: 5’ - GCTGGGTTAGTTGTGCTCCTC -3’, 

mouse Flg F: 5’ - CTCTCCCAGGGTCAGCGTAA-3’,  

mouse Flg R: 5’ - ACTCATATCCTCCCTGACCACT-3’, 

mouse Lpar1 F: 5’- AGCCATGAACGAACAACAGTG-3’, 

mouse Lpar1 R: 5’- CATGATGAACACGCAAACAGTG-3’, 

mouse Lpar2 F: 5’- TGCTACTACAACGAGACCATCG-3’, 

mouse Lpar2 R: 5’- ATGGCTGCAATAACCAGCAGA-3’, 

mouse Lpar3 F: 5’- CAAGCGCATGGACTTTTTCTAC-3’, 

mouse Lpar3 R: 5’- GAAATCCGCAGCAGCTAAGTT-3’, 

mouse Lpar4 F: 5’- AGTGCCTCCCTGTTTGTCTTC-3’, 

mouse Lpar4 R: 5’- GCCAGTGGCGATTAAAGTTGTAA-3’, 

mouse Lpar5 F: 5’- ACCTGGACATGATGTTTGCCA-3’, 

mouse Lpar5 R: 5’- GAGACCAGTCGCCAATACCA-3’, 

mouse Lpar6 F: 5’- TTTGTGCCCTACAACATCAACC-3’, 

mouse Lpar6 R: 5’- CGATGCAGAGAGTGATCGGG-3’, 

mouse Gapdh F: 5’- ATGACATCAAGAAGGTGGTG-3’, 

mouse Gapdh R: 5’- CATACCAGGAAATGAGCTTG-3’. 
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GPCR array 

mRNA was purified from cells and reverse-transcribed to cDNA as described above. 

The GPCR array was performed by qRT-PCR using the TaqMan Array Human GPCR 

Panel (Applied Biosystems) according to the manufacturer’s instructions.  

 

Western blotting 

Cells were lysed in Laemmli buffer containing 1% SDS and a protease inhibitor cocktail 

(Roche), and subjected to SDS-PAGE. Separated proteins were transferred to a 0.45 

µm-pore PVDF membrane (IPVH304FO, Millipore). After a 30 min block in membrane 

blocking agent (GE Healthcare), membranes were probed with primary and secondary 

antibodies according to standard procedures. Primary antibodies used were anti-FLG 

(1:250, clone AKH1, Santa Cruz, sc-66192), anti-α-TUBULIN (1:2,000, clone DM1A, 

Abcam, ab7291) and anti-GAPDH (1:10,000, Ambion, Am4300). The secondary 

antibody used was horseradish peroxidase (HRP)-conjugated anti-mouse IgG (1:4,000, 

GE Healthcare Life Sciences). The specificity of the anti-FLG antibody (clone AKH1, 

Santa Cruz, sc-66192) for western blotting analysis has been demonstrated previously 

(Otsuka et al., 2014). Immunoreactive bands were detected using the ECL prime 

Western Blotting Detection Reagent (RPN2232, GE Healthcare). Images of blots were 

acquired using a ChemiDoc XRS imaging system (Bio-Rad) and processed using 

Adobe Photoshop CS5 software (Adobe Inc.). ImageJ software (NIH) was used for 

densitometry analysis.   
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SRF luciferase reporter assay 

NHEKs at 80–90% confluency were transiently transfected with pGL4.34[luc2P/ 

SRF-RE/Hygro] (Promega) and pGL4.74[hRluc/TK] (Promega) using 

TransIT-Keratinocyte Transfection Reagent (Mirus Bio) according to the 

manufacturer’s protocol. Transfection efficiency was approximately 30%. Twenty-four 

hours after transfection, cells were pre-treated with the control vehicle DMSO or 10 µM 

Y-27632 for 2 h and then treated for 24 h with serial concentrations of LPA (0.3, 1, 3 

µM) or 20% FBS as a positive control. Relative luminescence units (RLU) of Firefly 

and Renilla luciferase activities were determined using the Dual-Glo luciferase assay kit 

(Promega) according to the manufacturer’s instructions. Luminescence was measured 

using a GloMax 96 multiplate luminometer. Firefly luciferase activity was normalized 

to that of the Renilla luciferase. Fold induction was calculated from normalized firefly 

values as RLUinducing compound / normalized firefly RLUcontrol. 

 

Microarray analysis 

Cy3-labeled complementary RNA was synthesized using a Low Input Quick Amp 

Labeling Kit (Agilent Technologies, Santa Clara, CA) according to the manufacturer’s 

instructions. Complementary RNAs were fragmented and hybridized for 16 h at 65°C to 

the Agilent SurePrint G3 Human Gene Expression 8×60K Microarray (Agilent 

Technologies). The microarray slides were scanned with the Agilent DNA Microarray 

Scanner System and analyzed with Feature Extraction Software (Version 11.0.1.1, 

Agilent Technologies). Microarray data were analyzed with GeneSpring GX (Version 
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14.5, Agilent Technologies). Signal values for each probe were normalized to the 75th 

percentile of all samples. Genes with differential expression were extracted using a 

moderated t test and subjected to the Benjamini and Hochberg method for correction of 

P values (P < 0.05) and 2-fold change. Hierarchical tree clustering was performed using 

Euclidian distance and Ward linkage. The Gene ontology analysis was based on 

DAVID Bioinformatics resources (Version 6.8, NIH, https://david.ncifcrf.gov) (Huang 

da et al., 2009a; Huang da et al., 2009b). 

 

RHOA pull-down assay 

1 × 106 NHEKs were seeded into a 100-mm diameter petri-dish. NHEKs were then 

treated with LPA for the indicated times (30, 60, and 180 s). The pull-down assay for 

active RHOA (Thermo Scientific) was performed according to the manufacturer’s 

instructions. 

 

Immunocytochemistry 

Cultured cells were washed with phosphate-buffered saline (PBS), fixed with 4% 

paraformaldehyde (PFA) in PBS for 10 min, permeabilized in PBS containing 0.3% 

Triton X-100 for 10 min, blocked in PBS containing 1% bovine serum albumin (BSA) 

for 30 min, and then immunostained with primary antibodies (anti-FLG, 1:100, clone 

AKH1, Santa Cruz, sc-66192) for 1 h at room temperature, followed by Alexa 

Fluor-488- or -546-conjugated secondary antibodies (1:200, Invitrogen). Fluorescence 

images were acquired with a SP8 laser scanning confocal microscope (Leica) equipped 
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with a 10× NA 0.4, HCX PL APO CS dry objective lens (Leica) and a 100× NA 1.4 

HCX PL APO CS oil immersion objective lens (Leica). Images were processed using 

Adobe Photoshop CS5 software (Adobe Inc.).  

 

Immunohistochemistry 

For paraffin sections, mouse skin specimenswere fixed in 4% formalin at 4°C overnight. 

Fixed skin specimens were then embedded in paraffin and cut into sections of 4 µm 

thickness. Haematoxylin and eosin (H&E) staining was performed according to a 

standard protocol. To process samples for immunohistochemistry, paraffin sections were 

incubated with 10 mM sodium citrate buffer at 95°C for 40 min for antigen retrieval and 

then treated with 0.3% H2O2 for 5 min to quench endogenous peroxidase activity, 

followed by blocking with 5% BSA in PBS for 20 min. The sections were subsequently 

incubated with anti-Filaggrin antibody (Covance) at 1:500 dilution overnight at 4°C, and 

then with horseradish peroxidase (HRP)-conjugated mouse secondary antibody. HRP 

activity was detected using the liquid DAB+ substrate chromogen system (Dako) 

according to the instructions of Vectastain Elite ABC Kit (Vector Laboratories Inc.). 

Phase-contrast images were acquired with an OLYMPUS BX53F microscope (Olympus) 

equipped with a UPlanFI 40×/0.75 microscope objective lens (Olympus) and a DP70 

CCD camera (Olympus). Images were processed using Adobe Photoshop CS5 software 

(Adobe Inc.). 

For frozen sections, mouse skin specimens were fixed in 4% PFA at 4°C overnight, 

cryoprotected in 0.1 M phosphate buffer (PB) containing 30% sucrose, frozen in 
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Tissue-Tek OCT compound (Sakura), and then cut into sections of 5 µm thickness using a 

cryostat (Leica). To process cryosections for immunohistochemistry, the sections were 

washed with PBS three times for 5 min each. Antigen retrieval was carried out by boiling 

the sections in 10 mM citrate buffer (pH 5.8) using a pressure cooker. The sections were 

incubated in blocking buffer (PBS containing 1% normal donkey serum (Jackson 

ImmunoResearch) or 1% normal goat serum (Jackson ImmunoResearch), and 0.3% 

Triton X-100 for 1 h at room temperature. Next, the sections were incubated overnight at 

4°C with anti-FLG antibody (Santa Cruz) diluted 1:200 in blocking buffer. After three 

washes with 0.3% Triton X-100 in PBS, the sections were subsequently incubated with 

secondary antibodies coupled to Alexa Fluor-488, -555, or -633 (Invitrogen). Hoechst 

33258 (Invitrogen) was used for nuclear staining. Phalloidin conjugated with Alexa 

Fluor-488, -546, -555, or -633 (Invitrogen) was used for F-actin staining. Fluorescent 

images were acquired using a SP5 laser scanning confocal microscope (Leica) equipped 

with a 40× NA 1.3, HC PL APO2 CS2 oil immersion objective lens (Leica) and a SP8 

laser scanning confocal microscope (Leica) equipped with a 100× NA 1.4 HCX PL APO 

CS oil immersion objective lens (Leica). Images were processed using Adobe Photoshop 

CS5 software (Adobe Inc.). ImageJ software (NIH) was used for quantification and 

image analysis. 

 

Topical application of LPA cream 

Because of the hydrophobic nature of LPA, a 1% LPA cream for topical application was 

prepared as the follows. Oleoyl-L-α-lysophosphatidic acid sodium salt (LPA, Sigma) 
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was added to a cream composed of the following ingredients (all percentages represent 

concentration according to weight): 56% milliQ water, 10% propylene glycol (Nacalai), 

10% paraffin liquid, 5% vaseline (Nacalai), 10% glycerol monostearate (Alfa aesar), 

6% 1-hexadecanol (Nacalai), and 2% polyoxyethylene hexadecyl ether (Nacalai). 

Control vehicle cream formulation was the same as above except that the proportion of 

milliQ water was increased to 57%. The lipid and water phases were heated separately 

to 70°C, and then combined and homogenized using a T10 basic ULTRA-TURRAX 

Homogenizer (IKA) before finally cooling. LPA was added prior to the cream reaching 

room temperature. Control vehicle cream (25 mg) or 1% LPA cream (25 mg) was 

applied topically to both surfaces of the right ear for 3 consecutive days.  

 

AEW dry skin mouse model 

To induce dry skin, C57BL/6N mice were treated with acetone/ether/water (AEW) 

according to a previously published protocol, with minor modifications (Amano et al., 

2015). Briefly, hair was removed to expose the dorsal skin of each mouse. The exposed 

skin was then treated daily with a mixture of acetone and diethyl ether (1:1) for 20 s and 

then with water for 20 s. Each day, the severity of dryness was evaluated before topical 

application. The symptom sum score was derived from the sum of individual symptom 

scores and was categorized as follows; 0 (none), 1 (mild), 2 (moderate), and 3 (severe) 

for scaling/flaking cornea, skin wrinkling/creasing, and redness. 

 

Transmission electron microscopy (TEM) 
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Conventional transmission electron microscopy (TEM) was performed as previously 

described (Ishida-Yamamoto et al., 2005). Briefly, small samples of skin were fixed in 

half-strength Karnovsky fixative, followed by further fixation in 1% osmium tetroxide. 

After en-bloc staining with uranyl acetate, specimens were dehydrated in ethanol and 

embedded in Epon812 (Taab). Ultrathin sections were stained with uranyl acetate and 

lead citrate.  

 

Primary mouse keratinocytes 

Primary mouse keratinocytes were prepared from newborn wild-type mice (C57BL/6N, 

postnatal day 0 to 1), essentially as described (Li et al., 2017). Briefly, the whole skin 

was peeled off the body and incubated overnight at 4°C in keratinocyte basal media 

(EpiLife medium (Gibco)) supplemented with 60 µM Ca2+, defined growth supplements 

(dGS, Invitrogen), 100 units/mL penicillin, 100 µg/mL streptomycin, and 0.25 µg/mL 

amphotericin B) containing dispase (4 mg/mL). After 14–18 h treatment with dispase, 

the skin was washed in PBS to remove excess dispase, and the dermis then removed 

from the skin using a pair of forceps. The remaining epidermis was incubated at room 

temperature for 20 min in Trypsin-like enzyme (TrypLE, Invitrogen) with gentle 

agitation. Cells were then released from the epidermal sheet by mechanical rubbing in 

media. Single cell suspensions were filtered through a 100 µm-pore nylon mesh, and 

centrifuged for 5 min at 180 × g. Cell pellets were gently resuspended in keratinocyte 

basal media and seeded at a density of 5 × 104 cells/cm2 in tissue culture dishes 

pre-coated with gelatin (Invitrogen) to maintain them in an undifferentiated state. To 
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induce differentiation, the cells were cultured in EpiLife medium containing 200 µM 

Ca2+ without dGS for 48–72 h.  

 

Statistical analysis 

Excel (Microsoft) and Prism (GraphPad Software) were used for statistical analyses. 

Data (means ± standard error of the mean (SEM)) were analyzed either by the Student’s 

t-test (two-tailed), Mann-Whitney test (two-tailed), Kruskal-Wallis test with Dunn’s 

multiple comparisons tests, or by one-way or two-way analysis of variance (ANOVA) 

followed by Bonferonni post-hoc tests.  
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Supplementary Figure S1. ADP and salbutamol do not induce FLG expression in NHEKs. ADP (a) or
salbutamol (b) were added to the cell culture and FLG mRNA expression was determined by qRT-PCR.
Normalized fold changes in FLG gene expression are shown using GAPDH as the reference. Results
represent means ± SEM (n = 6). *P < 0.05, **P < 0.01 (Kruskal-Wallis test with Dunn’s multiple
comparisons test).
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Supplementary Figure S2 

Supplementary Figure S2. Effect of IL-4 on basal FLG expression and LPA-induced FLG expression
in NHEKs in the absence of IL-4. (a) IL-4 (30 ng/ml) suppresses basal FLG expression in NHEKs. FLG
expression was determined by qRT-PCR. Normalized fold changes in FLG expression are shown using
GAPDH as the reference. Results represent means ± SEM (n = 6). **P < 0.01 (Mann-Whitney test, two-
tailed). (b) LPA induces FLG expression in NHEKs in the absence of IL-4. Assays were conducted
according to the protocol shown in Figure 1a, except that IL-4 was not included. FLG expression was
determined by qRT-PCR. Normalized fold changes in FLG expression are shown using GAPDH as the
reference. Results represent means ± SEM (n = 6). *P < 0.05, ****P < 0.0001 (Kruskal-Wallis test with
Dunn’s multiple comparisons test).
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Supplementary Figure S3. LPA suppresses cell proliferation. Cell proliferation was quantified by counting
cell division events per mm2 per hour during time-lapse imaging. Results represent means ± SEM (n = 8 for
control and n = 4 for 1.2 mM Ca2+ or 10 µM LPA + 1.2 mM Ca2+). *P < 0.05, ***P < 0.001 (Kruskal-Wallis
test with Dunn’s multiple comparisons test).
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Supplementary Figure S4 

Supplementary Figure S4. LPAR2, LPAR3 and LPAR6 are not involved in LPA-induced FLG
expression in NHEKs. GRI977143, a selective LPAR2 agonist (a), and T13, a selective LPAR3 agonist (b),
do not induce FLG expression in NHEKs. FLG expression was determined by qRT-PCR. Normalized fold
changes in FLG gene expression are shown using GAPDH as the reference. Results represent means ± SEM
(n = 6). *P < 0.05, **P < 0.01, ****P < 0.0001 (Kruskal-Wallis test with Dunn’s multiple comparisons test).
(c) siRNA-mediated knockdown of LPAR2, LPAR3, and LPAR6 in NHEKs as determined by qRT-PCR. Two
different siRNAs (#1, #2) were used for knockdown of each gene. Normalized fold changes in LPAR2,
LPAR3, and LPAR6 gene expression are shown using GAPDH as the reference (mean ± SEM) (n = 6).
Statistical significance was evaluated by one-way ANOVA; LPAR2: (F6,35 = 43.61, P < 0.0001), LPAR3:
(F6,35 = 37.52, P < 0.0001), LPAR6: (F6,35 = 31.18, P < 0.0001), followed by Bonferroni post-hoc test (****P
< 0.0001). (d) LPA (1 µM) was added 48 h after siRNA transfection. Cells were then cultured for 3 days and
FLG expression was determined by qRT-PCR. Normalized fold changes in FLG gene expression are shown
using GAPDH as the reference. Results represent means ± SEM (n = 6). Statistical significance was
evaluated by one-way ANOVA.
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Supplementary Figure S5. RHOA is indispensable for LPA-induced FLG expression in NHEKs. (a)
siRNA-mediated knockdown of RHOA in NHEKs as determined by qRT-PCR. Two different siRNAs (#1,
#2) were used for knockdown of RHOA. Normalized fold changes in RHOA gene expression are shown
using GAPDH as the reference (mean ± SEM) (n = 5). Statistical significance was evaluated by one-way
ANOVA followed by Bonferroni post-hoc test (****P < 0.0001). (b) Vehicle or the indicated concentrations
of LPA were added 48 h after siRNA transfection. Cells were then cultured for 3 days and FLG expression
was determined by qRT-PCR. Normalized fold changes in FLG gene expression are shown using GAPDH as
the reference. Results represent means ± SEM (n = 6). *P < 0.05, ***P < 0.001, ****P < 0.0001 (when
compared with the vehicle-treated control within the indicated KD experimental group); ###P < 0.001 (when
compared with the no-RHOA-KD control for each corresponding LPA concentration across all groups).
Statistical significance was evaluated using the Kruskal–Wallis test with Dunn’s multiple comparisons test.
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Supplementary Figure S6. LPA-induced FLG expression in NHEKs is not suppressed by MEK or
PI3K inhibition. Evaluation of the effect of U0126, a MEK inhibitor (a), or Wortmannin, a PI3K inhibitor
(b), on LPA-induced FLG expression in NHEKs. Normalized fold changes in FLG expression are shown
using GAPDH as the reference. Results represent means ± SEM (n = 6). *P < 0.05, **P < 0.01, ***P <
0.001 (when compared with vehicle control for each group of the indicated inhibitor dose); #P < 0.05, ##P <
0.01 (when compared with the no-inhibitor control for each corresponding LPA concentration across all
groups). Statistical significance was evaluated using the Mann-Whitney test (two-tailed).
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Supplementary Figure S7. Evaluation of the effect of EGF signaling on FLG expression in NHEKs.
Evaluation of the effect of EGF (a), PD168393, an EGFR-specific inhibitor (b), and a TGFα neutralizing
antibody (c) on FLG expression in NHEKs. Normalized fold changes in FLG expression are shown using
GAPDH as the reference. Results represent means ± SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001,
****P < 0.0001 (when compared with the vehicle control for each group of the indicated dose of inhibitor or
neutralizing antibody); ###P < 0.001 (when compared with the no-inhibitor control for each corresponding
LPA concentration across all groups). Statistical significance was evaluated using the Kruskal–Wallis test
with Dunn’s multiple comparisons test.
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Supplementary Figure S8 

Supplementary Figure S8. Gene expression induced by CP-690,550 treatment in NHEKs. (a) Cell
morphology of CP-690,550-treated NHEKs. Vehicle or 1 µM CP-690,550 was added to NHEKs culture at 0 h.
Representative phase-contrast images acquired at 0 h and 72 h after the addition of vehicle or CP-690,550 are
shown. Scale bars, 50 µm (low magnification) and 25 µm (high magnification). (b) GO analysis of NHEKs
gene expression altered by CP-690,550 treatment. Enriched GO terms are shown for genes with altered
expression induced by CP-690,550. Gene ontology analysis was based on DAVID Bioinformatics resources
6.8, NIH, and the top 30 GO terms of genes with a 2-fold cutoff and statistical significance are shown.
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Supplementary Figure S9 

Supplementary Figure S9. Comparison of changes in the NHEKs gene expression profile following
LPA or CP-690,550 treatment. (a) Enrichment GO terms of genes exclusively induced by LPA. Entities
comprising lists of genes exhibiting 2-fold changes in expression upon LPA or CP-690,550 were determined
from comparisons with the vehicle control, and were used to create Venn diagrams (left). Only upregulated
and downregulated genes associated with LPA treatment (demarcated by red boundary) were used to analyze
the enrichment of GO terms. The top 30 GO terms for genes with a 2-fold cutoff and statistical significance
were ranked and are shown on the right. Note that 22 genes included in the ‘keratinocyte differentiation’ GO
term were exclusively induced by LPA. (b) LPA and CP-690,550 intersecting genes, as demarcated by the
red boundary in the left Venn diagram, were subjected to GO analysis. The top 30 GO terms for genes
altered by both LPA and CP-690,550 are shown on the right. Note that only three genes (FLG, LOR and
SPRR3), belonging to the ‘keratinocyte differentiation’ GO term, were induced by both LPA and CP-690,550.
All GO analyses were performed using DAVID Bioinformatics resources 6.8 and the top 30 GO terms for
genes with 2-fold cutoff and the statistical significance are shown.
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Supplementary Figure S10. Evaluation of the effect of LPAR1/5 and RHO signaling activation on LPA-
induced FLG protein production in 3D skin model. (a) Representative immunofluorescence images of
FLG (green) and Hoechst (magenta) staining in human 3D epidermal skin models subjected to the indicated
treatments. Note the increase in thickness of the stratum corneum and the associated increase in FLG staining
intensity upon LPA treatment, which were suppressed in cultures co-treated with Y-27632, or with AM095
and TCLPA5. Scale bars, 50 µm. (b) Quantification of the thickness of the stratum corneum shown in (a).
Data represent means ± SEM (n = 8, 7, 5, and 3 for control vehicle, 10 µM LPA, 10 µM Y-27632 + 10 µM
LPA, and 0.3 µM AM095 + 3 µM TCLPA54 + 10 µM LPA, respectively). **P < 0.01 (Kruskal–Wallis test
with Dunn’s multiple comparisons test). (c) Quantification of normalized relative fluorescence intensity of
FLG staining shown in (a). Data represent means ± SEM (n=8, 7, 5, and 3 for control vehicle, 10 µM LPA,
10 µM Y-27632 + 10 µM LPA, and 0.3 µM AM095 + 3 µM TCLPA54 + 10 µM LPA, respectively) and
normalized to the control vehicle-treated group. **P < 0.01 (Kruskal–Wallis test with Dunn’s multiple
comparisons test).
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Supplementary Figure S11. LPA induces Flg expression via Lpar1/Lpar5 in primary mouse
keratinocytes. (a) Expression levels of genes encoding LPA receptors (Lpar1-6) in primary mouse
keratinocytes were determined by qRT-PCR. Levels of gene expression of each LPA receptor were
normalized to that of Lpar1. Results represent means ± SEM (n = 6). (b, c) A selective antagonist to LPAR1
(AM095, b) or to LPAR5 (TCLPA54, c) suppressed LPA-induced Flg expression in primary mouse
keratinocytes in a concentration-dependent manner. The antagonists were added to the culture 2 h prior to
the addition of LPA. Flg expression was determined by qRT-PCR. Normalized fold changes in Flg gene
expression are shown using Gapdh as the reference. Results represent means ± SEM (n = 6). *P < 0.05,
***P < 0.001, ****P < 0.0001 (when compared with the vehicle control for each group of the indicated dose
of antagonist); #P < 0.05, ##P < 0.01, ###P < 0.001 (when compared with the no-antagonist control for each
corresponding LPA concentration across all groups). Statistical significance was evaluated using the
Kruskal–Wallis test with Dunn’s multiple comparisons test.
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Supplementary Figure S12 

Supplementary Figure S12. Time-course of TEWL in the dorsal skin of mice of the AEW dry skin
mouse model. TEWL was measured daily over a course of 3 days before disruption of the dorsal skin by
AEW (twice a day). Results represent means ± SEM (n = 5), **P < 0.01 (Kruskal–Wallis test with Dunn’s
multiple comparisons test).
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Supplementary Figure S13. Concentration-dependent suppression of basal FLG expression in NHEKs

by Ki16425. Serial dilutions of Ki16425 were added to NHEK cultures in the absence of LPA and IL-4.

Cells were cultured for 3 days and FLG expression was then determined by qRT-PCR. Normalized fold

changes in FLG gene expression are shown using GAPDH as the reference. Results represent means ± SEM

(n = 3).



Supplementary Table S1: 
Expression of 119 GPCRs in NHEKs

No. Target Name Description Cт Mean ΔCт Mean

16 FZD10-Hs00273077_s1 frizzled family receptor 10 24.82 6.28

14 GABBR1-Hs00559488_m1 gamma-aminobutyric acid (GABA) B receptor, 1 24.63 6.09

15 VIPR1-Hs00270351_m1 vasoactive intestinal peptide receptor 1 24.73 6.18

12 GPR126-Hs00607475_m1

G protein-coupled receptor 126

24.22 5.67

13 GPR92-Hs00252675_s1

G protein-coupled receptor 92

24.60 6.06

10 ADRB2-Hs00240532_s1 adrenergic, beta-2-, receptor, surface 23.87 5.33

11 F2RL1-Hs00173741_m1 coagulation factor II (thrombin) receptor-like 1 23.92 5.37

8 P2RY1-Hs00704965_s1 purinergic receptor P2Y, G-protein coupled, 1 23.75 5.21

9 CELSR2-Hs00154903_m1 cadherin, EGF LAG seven-pass G-type receptor 2 23.77 5.23

6 GPR153-Hs00664129_s1 G protein-coupled receptor 153 23.55 5.00

7 GPR115-Hs00402607_m1 G protein-coupled receptor 115 23.72 5.18

4 GPR87-Hs00225057_m1 G protein-coupled receptor 87 22.98 4.43

5 LPHN2-Hs00202347_m1 adhesion G protein-coupled receptor L2 23.11 4.57

2 GPR56-Hs00173754_m1 G protein-coupled receptor 56 21.11 2.57

3 FZD6-Hs00171574_m1 frizzled family receptor 6 22.04 3.49

0 GAPDH-Hs99999905_m1 glyceraldehyde-3-phosphate dehydrogenase 18.55 0

1 TM7SF1-Hs00162803_m1 G protein-coupled receptor 137B 21.07 2.52

1



32 FZD5-Hs00361869_g1 frizzled family receptor 5 26.60 8.06

33 GPR68-Hs00268858_s1 G protein-coupled receptor 68 26.67 8.13

30 EDG2-Hs00173500_m1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 2 26.21 7.67

31 P2RY5-Hs00271758_s1 purinergic receptor P2Y, G-protein coupled, 5 26.37 7.83

28 OR2A4-Hs00258414_s1 olfactory receptor, family 2, subfamily A, member 4 26.09 7.54

29 P2RY11-Hs00267414_s1 purinergic receptor P2Y, G-protein coupled, 11 26.11 7.57

26 VN1R1-Hs00252888_s1 vomeronasal 1 receptor 1 25.88 7.33

27 FZD3-Hs00184043_m1 frizzled family receptor 3 26.02 7.48

24 GPR1-Hs00270990_s1 G protein-coupled receptor 1 25.65 7.11

25 LTB4R2-Hs00251973_s1 leukotriene B4 receptor 2 25.82 7.27

22 P2RY2-Hs00175732_m1 purinergic receptor P2Y, G-protein coupled, 2 25.22 6.67

23 EDG8-Hs00258220_s1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 8 25.61 7.07

20 GPR125-Hs00377140_m1 G protein-coupled receptor 125 25.14 6.60

21 FZD1-Hs00268943_s1 frizzled family receptor 1 25.22 6.67

18 GPR-Hs00173855_m1 G protein-coupled receptor 176 24.91 6.36

19 CELSR1-Hs00183906_m1 cadherin, EGF LAG seven-pass G-type receptor 1 25.07 6.52

16 FZD10-Hs00273077_s1 frizzled family receptor 10 24.82 6.28

17 GPRC5A-Hs00173681_m1 G protein-coupled receptor, family C, group 5, member A 24.87 6.33
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48 GPR161-Hs00201276_m1 G protein-coupled receptor 161 27.56 9.02

49 GPR22-Hs00271063_s1 G protein-coupled receptor 22 27.67 9.12

46 EDNRA-Hs00609865_m1 endothelin receptor type A 27.54 8.99

47 OXTR-Hs00168573_m1 oxytocin receptor 27.56 9.01

44 GPR21-Hs00271059_s1 G protein-coupled receptor 21 27.36 8.81

45 BDKRB2-Hs00176121_m1 bradykinin receptor B2 27.42 8.88

42 HTR7-Hs00252002_m1 5-hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase-coupled) 27.17 8.63

43 GPR143-Hs00173432_m1 G protein-coupled receptor 143 27.28 8.74

40 ADORA2B-Hs00386497_m1 adenosine A2b receptor 27.07 8.53

41 EDG7-Hs00173857_m1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 7 27.09 8.54

38 EDG4-Hs00173704_m1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 4 27.02 8.48

39 GPR84-Hs00220561_m1 G protein-coupled receptor 84 27.05 8.49

36 SMO-Hs00170665_m1 smoothened, frizzled family receptor 26.82 8.27

37 LTB4R-Hs00175124_m1 leukotriene B4 receptor 27.01 8.47

34 GPR110-Hs00542396_m1 G protein-coupled receptor 110 26.69 8.15

35 FZD7-Hs00275833_s1 frizzled family receptor 7 26.79 8.25

33 GPR68-Hs00268858_s1 G protein-coupled receptor 68 26.67 8.13
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66 BAI2-Hs00184657_m1 brain-specific angiogenesis inhibitor 2 28.92 10.37

64 GIPR-Hs00164732_m1 gastric inhibitory polypeptide receptor 28.83 10.29

65 GPR34-Hs00271105_s1 G protein-coupled receptor 34 28.86 10.32

62 GPR135-Hs00254758_s1 G protein-coupled receptor 135 28.71 10.16

63 GPR146-Hs00298904_s1 G protein-coupled receptor 146 28.82 10.28

60 GPR82-Hs00369838_s1 G protein-coupled receptor 82 28.59 10.05

61 BDKRB1-Hs00664201_s1 bradykinin receptor B1 28.61 10.07

58 CELSR3-Hs00609783_m1 cadherin, EGF LAG seven-pass G-type receptor 3 28.39 9.84

59 OXER1-Hs00536961_s1 oxoeicosanoid (OXE) receptor 1 28.42 9.87

56 PTAFR-Hs00265392_s1 platelet-activating factor receptor 28.02 9.47

57 EDG3-Hs00245464_s1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 3 28.32 9.78

54 GPR37-Hs00173744_m1 G protein-coupled receptor 37 27.87 9.32

55 IL8RB-Hs00174304_m1 interleukin 8 receptor, beta 27.92 9.37

52 EBI2-Hs00270639_s1 Epstein-Barr virus induced gene 2 (lymphocyte-specific G protein-coupled receptor) 27.71 9.16

53 GPR39-Hs00230762_m1 G protein-coupled receptor 39 27.74 9.19

50 LPHN1-Hs00208706_m1 adhesion G protein-coupled receptor L1 27.68 9.13

51 PTGER4-Hs00168761_m1 prostaglandin E receptor 4 (subtype EP4) 27.70 9.16
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82 GPR75-Hs00173848_m1 G protein-coupled receptor 75 30.18 11.64

83 CHRM4-Hs00265219_s1 cholinergic receptor, muscarinic 4 30.25 11.71

80 GPR111-Hs00984115_m1 G protein-coupled receptor 111 30.16 11.61

81 C5R1-Hs00356609_g1 complement component 5 receptor 1 (C5a ligand) 30.18 11.63

78 CCBP2-Hs00174299_m1 chemokine binding protein 2 30.14 11.59

79 ADORA2A-Hs00169123_m1 adenosine A2a receptor 30.15 11.60

76 GALR2-Hs00605839_m1 galanin receptor 2 29.69 11.15

77 GPRC5B-Hs00212116_m1 G protein-coupled receptor, family C, group 5, member B 29.79 11.24

74 EDG1-Hs00173499_m1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 1 29.53 10.98

75 EMR2-Hs00203752_m1 egf-like module containing, mucin-like, hormone receptor-like 2 29.66 11.11

72 FZD2-Hs00361432_s1 frizzled family receptor 2 29.29 10.75

73 MRGPRX3-Hs00754695_s1 MAS-related GPR, member X3 29.44 10.90

70 GPR52-Hs00271672_s1 G protein-coupled receptor 52 29.04 10.50

71 CALCRL-Hs00173787_m1 calcitonin receptor-like 29.21 10.66

68 HTR1D-Hs00704742_s1 5-hydroxytryptamine (serotonin) receptor 1D 29.01 10.46

69 CCRL1-Hs00356608_g1 chemokine (C-C motif) receptor-like 1 29.04 10.49

66 BAI2-Hs00184657_m1 brain-specific angiogenesis inhibitor 2 28.92 10.37

67 MC1R-Hs00267168_s1 melanocortin 1 receptor (alpha melanocyte stimulating hormone receptor) 28.99 10.44
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100 GPR85-Hs00173925_m1 G protein-coupled receptor 85 31.20 12.65

98 FZD9-Hs00268954_s1 frizzled family receptor 9 31.13 12.58

99 EDG6-Hs00269446_s1 endothelial differentiation, sphingolipid G-protein-coupled receptor, 6 31.17 12.62

96 GPR45-Hs00273112_s1 G protein-coupled receptor 45 30.91 12.36

97 GPR160-Hs00205115_m1 G protein-coupled receptor 160 31.10 12.55

94 GPR113-Hs00542378_m1 G protein-coupled receptor 113 30.80 12.26

95 XCR1-Hs00245540_s1 chemokine (C motif) receptor 1 30.84 12.30

92 GPR173-Hs00255846_s1 G protein-coupled receptor 173 30.78 12.24

93 P2RY4-Hs00267404_s1 pyrimidinergic receptor P2Y, G-protein coupled, 4 30.79 12.25

90 PTGER3-Hs00168755_m1 prostaglandin E receptor 3 (subtype EP3) 30.60 12.06

91 LGR6-Hs00663887_m1 leucine-rich repeat-containing G protein-coupled receptor 6 30.72 12.18

88 FZD8-Hs00259040_s1 frizzled family receptor 8 30.59 12.04

89 GNRHR-Hs00171248_m1 gonadotropin-releasing hormone receptor 30.60 12.05

86 LPHN3-Hs00248624_m1 adhesion G protein-coupled receptor L3 30.34 11.80

87 NPY6R-Hs00246222_s1 neuropeptide Y receptor Y6 (pseudogene) 30.47 11.93

84 GPR7-Hs00271017_s1 G protein-coupled receptor 7 30.26 11.72

85 GPR63-Hs00229240_m1 G protein-coupled receptor 63 30.31 11.77

83 CHRM4-Hs00265219_s1 cholinergic receptor, muscarinic 4 30.25 11.71

6



116 GPR124-Hs00262150_m1 G protein-coupled receptor 124 32.69 14.14

117 GPR81-Hs00261411_s1 G protein-coupled receptor 81 32.89 14.34

114 BAI1-Hs00181777_m1 brain-specific angiogenesis inhibitor 1 32.47 13.92

115 DRD2-Hs00241436_m1 dopamine receptor D2 32.54 14.00

112 GPR4-Hs00270999_s1 G protein-coupled receptor 4 32.21 13.66

113 C3AR1-Hs00269693_s1 complement component 3a receptor 1 32.44 13.89

110 SSTR2-Hs00265624_s1 somatostatin receptor 2 32.08 13.53

111 DRD5-Hs00361234_s1 dopamine receptor D5 32.12 13.57

108 MTNR1A-Hs00195567_m1 melatonin receptor 1A 32.02 13.47

109 GPR62-Hs00607814_s1 G protein-coupled receptor 62 32.03 13.48

106 HTR1B-Hs00265286_s1 5-hydroxytryptamine (serotonin) receptor 1B 31.63 13.08

107 GPR35-Hs00271114_s1 G protein-coupled receptor 35 31.98 13.43

104 ADRB1-Hs00265096_s1 adrenergic, beta-1-, receptor 31.58 13.04

105 CHRM5-Hs00255278_s1 cholinergic receptor, muscarinic 5 31.60 13.05

102 GPR24-Hs00538798_m1 G protein-coupled receptor 24 31.33 12.78

103 HRH3-Hs00200610_m1 histamine receptor H3 31.48 12.93

100 GPR85-Hs00173925_m1 G protein-coupled receptor 85 31.20 12.65

101 FZD4-Hs00201853_m1 frizzled family receptor 4 31.21 12.66

7



118 GPR61-Hs00259108_s1 G protein-coupled receptor 61 32.97 14.43

119 GPR97-Hs00416887_m1 G protein-coupled receptor 97 32.99 14.44

117 GPR81-Hs00261411_s1 G protein-coupled receptor 81 32.89 14.34

8
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Software: GeneSpring Version 14.9 (Agilent Technologies, Inc.)
Moderated T-Test, corrected p-value cut-off:0.05
Fold change cut-off:2.0
p-value computation: Asymptotic
Multiple Testing Correction:   Benjamini-Hochberg

ProbeName FC ([cp] Vs [ca]) Log FC ([cp] Vs [ca]) FC (abs) ([cp] Vs [ca]) Regulation ([cp] Vs [ca]) GeneSymbol Description

A_23_P165624 -107.558 -6.749 107.558 down TNFAIP6 Homo sapiens tumor necrosis factor, alpha-induced protein 6 (TNFAIP6), mRNA [NM_007115]

A_24_P265506 -67.294 -6.072 67.294 down NTRK1
Homo sapiens neurotrophic tyrosine kinase, receptor, type 1 (NTRK1), transcript variant 2, mRNA

[NM_002529]

A_23_P82868 -53.051 -5.729 53.051 down PLAT Homo sapiens plasminogen activator, tissue (PLAT), transcript variant 1, mRNA [NM_000930]

A_33_P3285540 -45.029 -5.493 45.029 down CLDN5 Homo sapiens claudin 5 (CLDN5), transcript variant 1, mRNA [NM_001130861]

A_23_P215484 -31.852 -4.993 31.852 down CCL26 Homo sapiens chemokine (C-C motif) ligand 26 (CCL26), mRNA [NM_006072]

A_23_P85209 -30.579 -4.934 30.579 down IL13RA2 Homo sapiens interleukin 13 receptor, alpha 2 (IL13RA2), mRNA [NM_000640]

A_24_P580248 -30.545 -4.933 30.545 down XLOC_l2_000384 BROAD Institute lincRNA (XLOC_l2_000384), lincRNA [TCONS_l2_00000538]

A_23_P135990 -24.845 -4.635 24.845 down SLCO2A1
Homo sapiens solute carrier organic anion transporter family, member 2A1 (SLCO2A1), mRNA

[NM_005630]

A_24_P339429 -21.460 -4.424 21.460 down KCNJ12
Homo sapiens potassium channel, inwardly rectifying subfamily J, member 12 (KCNJ12), mRNA

[NM_021012]

A_32_P167076 -21.295 -4.412 21.295 down CAPN14 Homo sapiens calpain 14 (CAPN14), mRNA [NM_001145122]

A_23_P100711 -20.928 -4.387 20.928 down PMP22 Homo sapiens peripheral myelin protein 22 (PMP22), transcript variant 1, mRNA [NM_000304]

A_24_P350397 -15.058 -3.912 15.058 down HSD3B1
Homo sapiens hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 1

(HSD3B1), mRNA [NM_000862]

A_23_P57118 -12.958 -3.696 12.958 down TGM3 Homo sapiens transglutaminase 3 (TGM3), mRNA [NM_003245]

A_33_P3338484 -12.652 -3.661 12.652 down DSG1-AS1
Homo sapiens DSG1 antisense RNA 1 (DSG1-AS1), transcript variant 1, long non-coding RNA

[NR_110788]

A_23_P57379 -12.287 -3.619 12.287 down CDC45 Homo sapiens cell division cycle 45 (CDC45), transcript variant 2, mRNA [NM_003504]

A_24_P87036 -12.236 -3.613 12.236 down ANO1
Homo sapiens anoctamin 1, calcium activated chloride channel (ANO1), transcript variant 1,

mRNA [NM_018043]

A_32_P214925 -12.125 -3.600 12.125 down TCAF2
Homo sapiens family with sequence similarity 115, member C (FAM115C), transcript variant 2,

mRNA [NM_173678]

A_33_P3354374 -10.900 -3.446 10.900 down C1QTNF1-AS1
Homo sapiens C1QTNF1 antisense RNA 1 (C1QTNF1-AS1), transcript variant 1, long non-coding

RNA [NR_040018]

A_32_P59302 -10.432 -3.383 10.432 down HIVEP3
Homo sapiens human immunodeficiency virus type I enhancer binding protein 3 (HIVEP3),

transcript variant 1, mRNA [NM_024503]

A_21_P0000120 -10.103 -3.337 10.103 down KCNJ18
Homo sapiens potassium channel, inwardly rectifying subfamily J, member 18 (KCNJ18), mRNA

[NM_001194958]

A_23_P207058 -9.627 -3.267 9.627 down SOCS3 Homo sapiens suppressor of cytokine signaling 3 (SOCS3), mRNA [NM_003955]

A_23_P127584 -9.389 -3.231 9.389 down NNMT Homo sapiens nicotinamide N-methyltransferase (NNMT), mRNA [NM_006169]

A_24_P288890 -9.341 -3.224 9.341 down FAM101A Homo sapiens family with sequence similarity 101, member A (FAM101A), mRNA [NM_181709]

A_24_P388528 -8.983 -3.167 8.983 down ST6GAL1
Homo sapiens ST6 beta-galactosamide alpha-2,6-sialyltranferase 1 (ST6GAL1), transcript variant

1, mRNA [NM_173216]

A_23_P59410 -8.340 -3.060 8.340 down KIF25 Homo sapiens kinesin family member 25 (KIF25), transcript variant 1, mRNA [NM_030615]

A_23_P157865 -8.112 -3.020 8.112 down TNC Homo sapiens tenascin C (TNC), mRNA [NM_002160]

A_24_P328524 -7.998 -3.000 7.998 down KALRN Homo sapiens kalirin, RhoGEF kinase (KALRN), transcript variant 2, mRNA [NM_003947]

A_21_P0010550 -7.832 -2.969 7.832 down XLOC_l2_000384 BROAD Institute lincRNA (XLOC_l2_000384), lincRNA [TCONS_l2_00000537]

A_23_P121657 -7.749 -2.954 7.749 down HS3ST1
Homo sapiens heparan sulfate (glucosamine) 3-O-sulfotransferase 1 (HS3ST1), mRNA

[NM_005114]

A_22_P00011151 -7.587 -2.924 7.587 down lnc-OBFC2A-1 LNCipedia lincRNA (lnc-OBFC2A-1), lincRNA [lnc-OBFC2A-1:1]

A_21_P0006600 -7.451 -2.897 7.451 down lnc-TBL1Y-1 LNCipedia lincRNA (lnc-TBL1Y-1), lincRNA [lnc-TBL1Y-1:1]

A_23_P1331 -7.419 -2.891 7.419 down COL13A1 Homo sapiens collagen, type XIII, alpha 1 (COL13A1), transcript variant 5, mRNA [NM_080801]

A_33_P3316273 -6.851 -2.776 6.851 down CCL3 Homo sapiens chemokine (C-C motif) ligand 3 (CCL3), mRNA [NM_002983]

A_23_P3956 -6.817 -2.769 6.817 down C1QTNF1
Homo sapiens C1q and tumor necrosis factor related protein 1 (C1QTNF1), transcript variant 4,

mRNA [NM_198594]

A_23_P126869 -6.786 -2.763 6.786 down PADI3 Homo sapiens peptidyl arginine deiminase, type III (PADI3), mRNA [NM_016233]

A_33_P3227400 -6.635 -2.730 6.635 down COL4A4 Homo sapiens collagen, type IV, alpha 4 (COL4A4), mRNA [NM_000092]

A_33_P3287223 -6.318 -2.660 6.318 down DPP4 Homo sapiens dipeptidyl-peptidase 4 (DPP4), mRNA [NM_001935]

A_24_P120934 -6.253 -2.645 6.253 down GADD45G Homo sapiens growth arrest and DNA-damage-inducible, gamma (GADD45G), mRNA [NM_006705]

A_23_P94517 -6.253 -2.644 6.253 down BRINP1
Homo sapiens bone morphogenetic protein/retinoic acid inducible neural-specific 1 (BRINP1),

mRNA [NM_014618]

A_24_P217572 -6.139 -2.618 6.139 down EDNRA Homo sapiens endothelin receptor type A (EDNRA), transcript variant 1, mRNA [NM_001957]

A_23_P91512 -6.129 -2.616 6.129 down CLDN14 Homo sapiens claudin 14 (CLDN14), transcript variant 1, mRNA [NM_144492]

A_22_P00005389 -5.870 -2.553 5.870 down DSG1-AS1
Homo sapiens DSG1 antisense RNA 1 (DSG1-AS1), transcript variant 1, long non-coding RNA

[NR_110788]

A_23_P420196 -5.743 -2.522 5.743 down SOCS1 Homo sapiens suppressor of cytokine signaling 1 (SOCS1), mRNA [NM_003745]

A_33_P3252394 -5.247 -2.392 5.247 down GADD45G Homo sapiens growth arrest and DNA-damage-inducible, gamma (GADD45G), mRNA [NM_006705]

A_23_P124642 -5.186 -2.375 5.186 down RASGRP1
Homo sapiens RAS guanyl releasing protein 1 (calcium and DAG-regulated) (RASGRP1),

transcript variant 1, mRNA [NM_005739]

A_33_P3405424 -5.157 -2.367 5.157 down IL4I1 Homo sapiens interleukin 4 induced 1 (IL4I1), transcript variant 1, mRNA [NM_152899]

A_24_P89891 -5.132 -2.360 5.132 down TRAF1
Homo sapiens TNF receptor-associated factor 1 (TRAF1), transcript variant 1, mRNA

[NM_005658]

A_23_P318904 -5.127 -2.358 5.127 down SERTAD4 Homo sapiens SERTA domain containing 4 (SERTAD4), mRNA [NM_019605]

A_23_P144096 -5.051 -2.337 5.051 down CISH
Homo sapiens cytokine inducible SH2-containing protein (CISH), transcript variant 2, mRNA

[NM_145071]

A_23_P120227 -5.004 -2.323 5.004 down LBH Homo sapiens limb bud and heart development (LBH), mRNA [NM_030915]

A_24_P48204 -4.996 -2.321 4.996 down SECTM1 Homo sapiens secreted and transmembrane 1 (SECTM1), mRNA [NM_003004]

A_33_P3401826 -4.940 -2.305 4.940 down CMPK2
Homo sapiens cytidine monophosphate (UMP-CMP) kinase 2, mitochondrial (CMPK2), transcript

variant 1, mRNA [NM_207315]

A_23_P79978 -4.911 -2.296 4.911 down SLC24A3
Homo sapiens solute carrier family 24 (sodium/potassium/calcium exchanger), member 3

(SLC24A3), mRNA [NM_020689]

A_23_P331560 -4.859 -2.281 4.859 down SLC26A4
Homo sapiens solute carrier family 26 (anion exchanger), member 4 (SLC26A4), mRNA

[NM_000441]

A_23_P135548 -4.753 -2.249 4.753 down DPYD Homo sapiens dihydropyrimidine dehydrogenase (DPYD), transcript variant 1, mRNA [NM_000110]

A_23_P88678 -4.741 -2.245 4.741 down C15orf27 Homo sapiens chromosome 15 open reading frame 27 (C15orf27), mRNA [NM_152335]

A_23_P105562 -4.681 -2.227 4.681 down VWF Homo sapiens von Willebrand factor (VWF), mRNA [NM_000552]

A_22_P00008159 -4.643 -2.215 4.643 down

A_21_P0007482 -4.628 -2.210 4.628 down FZD10-AS1
Homo sapiens FZD10 antisense RNA 1 (head to head) (FZD10-AS1), long non-coding RNA

[NR_033834]

A_33_P3364263 -4.550 -2.186 4.550 down LBH Homo sapiens limb bud and heart development (LBH), mRNA [NM_030915]

A_32_P207169 -4.550 -2.186 4.550 down SERTAD4-AS1 Homo sapiens SERTAD4 antisense RNA 1 (SERTAD4-AS1), long non-coding RNA [NR_024337]

A_23_P60627 -4.542 -2.183 4.542 down ALOX15B
Homo sapiens arachidonate 15-lipoxygenase, type B (ALOX15B), transcript variant d, mRNA

[NM_001141]

A_23_P158318 -4.540 -2.183 4.540 down ROR2 Homo sapiens receptor tyrosine kinase-like orphan receptor 2 (ROR2), mRNA [NM_004560]

A_33_P3364268 -4.474 -2.162 4.474 down LBH Homo sapiens limb bud and heart development (LBH), mRNA [NM_030915]

A_23_P393034 -4.425 -2.146 4.425 down HAS3 Homo sapiens hyaluronan synthase 3 (HAS3), transcript variant 1, mRNA [NM_005329]

A_23_P142974 -4.381 -2.131 4.381 down ARHGAP25
Homo sapiens Rho GTPase activating protein 25 (ARHGAP25), transcript variant 1, mRNA

[NM_001007231]

A_33_P3436646 -4.311 -2.108 4.311 down LOC151657 Homo sapiens cDNA FLJ33795 fis, clone CTONG1000097. [AK091114]

A_24_P229531 -4.192 -2.067 4.192 down NABP1
Homo sapiens nucleic acid binding protein 1 (NABP1), transcript variant 1, mRNA

[NM_001031716]

A_23_P91910 -4.129 -2.046 4.129 down PLSCR4 Homo sapiens phospholipid scramblase 4 (PLSCR4), transcript variant 2, mRNA [NM_020353]

A_23_P99386 -4.052 -2.019 4.052 down TNFSF11
Homo sapiens tumor necrosis factor (ligand) superfamily, member 11 (TNFSF11), transcript

variant 1, mRNA [NM_003701]

A_21_P0010970 -4.015 -2.005 4.015 down XLOC_l2_002281 BROAD Institute lincRNA (XLOC_l2_002281), lincRNA [TCONS_l2_00004475]

A_22_P00001288 -4.009 -2.003 4.009 down lnc-ANKUB1-1 LNCipedia lincRNA (lnc-ANKUB1-1), lincRNA [lnc-ANKUB1-1:1]

A_33_P3374289 -3.953 -1.983 3.953 down C10orf82 Homo sapiens chromosome 10 open reading frame 82 (C10orf82), mRNA [NM_144661]

A_23_P13753 -3.950 -1.982 3.950 down NFE2 Homo sapiens nuclear factor, erythroid 2 (NFE2), transcript variant 1, mRNA [NM_006163]

A_23_P359043 -3.948 -1.981 3.948 down AKAP2
Homo sapiens A kinase (PRKA) anchor protein 2 (AKAP2), transcript variant 1, mRNA

[NM_001004065]

A_23_P429950 -3.948 -1.981 3.948 down KAL1 Homo sapiens Kallmann syndrome 1 sequence (KAL1), mRNA [NM_000216]

A_32_P86763 -3.935 -1.976 3.935 down TGM2 Homo sapiens transglutaminase 2 (TGM2), transcript variant 1, mRNA [NM_004613]

A_23_P105251 -3.915 -1.969 3.915 down GLI1 Homo sapiens GLI family zinc finger 1 (GLI1), transcript variant 1, mRNA [NM_005269]

A_23_P324754 -3.892 -1.961 3.892 down CEMIP
Homo sapiens cell migration inducing protein, hyaluronan binding (CEMIP), transcript variant 3,

mRNA [NM_018689]

A_23_P12082 -3.890 -1.960 3.890 down CHI3L2 Homo sapiens chitinase 3-like 2 (CHI3L2), transcript variant 3, mRNA [NM_001025199]

A_23_P17821 -3.884 -1.958 3.884 down PLA2G3 Homo sapiens phospholipase A2, group III (PLA2G3), mRNA [NM_015715]

A_33_P3241661 -3.881 -1.956 3.881 down LOC388780 Homo sapiens uncharacterized LOC388780 (LOC388780), mRNA [NM_001287682]

A_23_P123596 -3.863 -1.950 3.863 down GLDC Homo sapiens glycine dehydrogenase (decarboxylating) (GLDC), mRNA [NM_000170]

A_23_P53126 -3.830 -1.937 3.830 down LMO2
Homo sapiens LIM domain only 2 (rhombotin-like 1) (LMO2), transcript variant 1, mRNA

[NM_005574]

A_19_P00315502 -3.771 -1.915 3.771 down LOC102723721
PREDICTED: Homo sapiens uncharacterized LOC102723721 (LOC102723721), ncRNA

[XR_424100]

A_23_P66432 -3.643 -1.865 3.643 down TTYH2 Homo sapiens tweety family member 2 (TTYH2), transcript variant 1, mRNA [NM_032646]

A_19_P00811717 -3.572 -1.837 3.572 down CDHR3 cadherin-related family member 3 [Source:HGNC Symbol;Acc:HGNC:26308] [ENST00000488386]

A_23_P409093 -3.567 -1.835 3.567 down ANO4 Homo sapiens anoctamin 4 (ANO4), transcript variant 3, mRNA [NM_178826]
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A_23_P203972 -3.533 -1.821 3.533 down FZD10 Homo sapiens frizzled class receptor 10 (FZD10), mRNA [NM_007197]

A_22_P00005067 -3.436 -1.781 3.436 down

A_24_P923251 -3.431 -1.779 3.431 down TGM2 Homo sapiens transglutaminase 2 (TGM2), transcript variant 2, mRNA [NM_198951]

A_24_P300777 -3.427 -1.777 3.427 down ADAM8
Homo sapiens ADAM metallopeptidase domain 8 (ADAM8), transcript variant 1, mRNA

[NM_001109]

A_23_P319617 -3.405 -1.768 3.405 down CHST7
Homo sapiens carbohydrate (N-acetylglucosamine 6-O) sulfotransferase 7 (CHST7), mRNA

[NM_019886]

A_23_P91390 -3.374 -1.754 3.374 down THBD Homo sapiens thrombomodulin (THBD), mRNA [NM_000361]

A_23_P201731 -3.357 -1.747 3.357 down TRAF5
Homo sapiens TNF receptor-associated factor 5 (TRAF5), transcript variant 1, mRNA

[NM_004619]

A_21_P0005293 -3.352 -1.745 3.352 down

A_21_P0013283 -3.277 -1.712 3.277 down XLOC_l2_013730 BROAD Institute lincRNA (XLOC_l2_013730), lincRNA [TCONS_l2_00026402]

A_23_P32078 -3.270 -1.709 3.270 down SLC28A3
Homo sapiens solute carrier family 28 (concentrative nucleoside transporter), member 3

(SLC28A3), transcript variant 2, mRNA [NM_022127]

A_33_P3308534 -3.264 -1.707 3.264 down OSBPL1A
Homo sapiens oxysterol binding protein-like 1A (OSBPL1A), transcript variant 2, mRNA

[NM_080597]

A_23_P68155 -3.243 -1.698 3.243 down IFIH1 Homo sapiens interferon induced with helicase C domain 1 (IFIH1), mRNA [NM_022168]

A_23_P8913 -3.240 -1.696 3.240 down CA2 Homo sapiens carbonic anhydrase II (CA2), transcript variant 1, mRNA [NM_000067]

A_24_P10233 -3.239 -1.696 3.239 down DAPK2 Homo sapiens death-associated protein kinase 2 (DAPK2), mRNA [NM_014326]

A_23_P429998 -3.216 -1.685 3.216 down FOSB
Homo sapiens FBJ murine osteosarcoma viral oncogene homolog B (FOSB), transcript variant 1,

mRNA [NM_006732]

A_23_P118158 -3.208 -1.682 3.208 down HS3ST2
Homo sapiens heparan sulfate (glucosamine) 3-O-sulfotransferase 2 (HS3ST2), mRNA

[NM_006043]

A_23_P104741 -3.176 -1.667 3.176 down KIRREL3 Homo sapiens kin of IRRE like 3 (Drosophila) (KIRREL3), transcript variant 1, mRNA [NM_032531]

A_23_P10121 -3.123 -1.643 3.123 down SFRP1 Homo sapiens secreted frizzled-related protein 1 (SFRP1), mRNA [NM_003012]

A_23_P76078 -3.108 -1.636 3.108 down IL23A Homo sapiens interleukin 23, alpha subunit p19 (IL23A), mRNA [NM_016584]

A_21_P0013308 -3.104 -1.634 3.104 down XLOC_l2_013846 BROAD Institute lincRNA (XLOC_l2_013846), lincRNA [TCONS_l2_00026593]

A_33_P3413355 -3.102 -1.633 3.102 down CHST1
Homo sapiens carbohydrate (keratan sulfate Gal-6) sulfotransferase 1 (CHST1), mRNA

[NM_003654]

A_23_P382835 -3.098 -1.631 3.098 down P2RY1 Homo sapiens purinergic receptor P2Y, G-protein coupled, 1 (P2RY1), mRNA [NM_002563]

A_23_P54144 -3.078 -1.622 3.078 down BMP4 Homo sapiens bone morphogenetic protein 4 (BMP4), transcript variant 1, mRNA [NM_001202]

A_33_P3262118 -3.063 -1.615 3.063 down LUZP1 leucine zipper protein 1 [Source:HGNC Symbol;Acc:HGNC:14985] [ENST00000314174]

A_33_P3349646 -3.040 -1.604 3.040 down PCDH7 Homo sapiens protocadherin 7 (PCDH7), transcript variant a, mRNA [NM_002589]

A_23_P329198 -3.032 -1.600 3.032 down NABP1
Homo sapiens nucleic acid binding protein 1 (NABP1), transcript variant 1, mRNA

[NM_001031716]

A_23_P36397 -3.018 -1.594 3.018 down CYP27B1
Homo sapiens cytochrome P450, family 27, subfamily B, polypeptide 1 (CYP27B1), mRNA

[NM_000785]

A_23_P207319 -2.979 -1.575 2.979 down MAP3K14 Homo sapiens mitogen-activated protein kinase kinase kinase 14 (MAP3K14), mRNA [NM_003954]

A_24_P142118 -2.971 -1.571 2.971 down THBS1 Homo sapiens thrombospondin 1 (THBS1), mRNA [NM_003246]

A_33_P3256952 -2.922 -1.547 2.922 down EGLN3 Homo sapiens egl-9 family hypoxia-inducible factor 3 (EGLN3), mRNA [NM_022073]

A_23_P160720 -2.914 -1.543 2.914 down BATF3 Homo sapiens basic leucine zipper transcription factor, ATF-like 3 (BATF3), mRNA [NM_018664]

A_33_P3417150 -2.907 -1.539 2.907 down P2RY1 Homo sapiens purinergic receptor P2Y, G-protein coupled, 1 (P2RY1), mRNA [NM_002563]

A_33_P3337134 -2.862 -1.517 2.862 down ABLIM2
Homo sapiens actin binding LIM protein family, member 2 (ABLIM2), transcript variant 1, mRNA

[NM_001130083]

A_33_P3340565 -2.819 -1.495 2.819 down PRSS53 Homo sapiens protease, serine, 53 (PRSS53), mRNA [NM_001039503]

A_33_P3531204 -2.818 -1.495 2.818 down C1QTNF9B-AS1
Homo sapiens C1QTNF9B antisense RNA 1 (C1QTNF9B-AS1), transcript variant 2, mRNA

[NM_001135816]

A_33_P3277447 -2.787 -1.479 2.787 down SLC26A2
Homo sapiens solute carrier family 26 (anion exchanger), member 2 (SLC26A2), mRNA

[NM_000112]

A_32_P113066 -2.784 -1.477 2.784 down LRAT
Homo sapiens lecithin retinol acyltransferase (phosphatidylcholine--retinol O-acyltransferase)

(LRAT), transcript variant 1, mRNA [NM_004744]

A_23_P54291 -2.781 -1.476 2.781 down DUOX1 Homo sapiens dual oxidase 1 (DUOX1), transcript variant 1, mRNA [NM_017434]

A_32_P32739 -2.759 -1.464 2.759 down NAGS Homo sapiens N-acetylglutamate synthase (NAGS), mRNA [NM_153006]

A_33_P3342528 -2.752 -1.461 2.752 down P2RY1 Homo sapiens purinergic receptor P2Y, G-protein coupled, 1 (P2RY1), mRNA [NM_002563]

A_23_P24884 -2.747 -1.458 2.747 down ST5 Homo sapiens suppression of tumorigenicity 5 (ST5), transcript variant 1, mRNA [NM_005418]

A_33_P3381666 -2.746 -1.457 2.746 down ABLIM2
Homo sapiens actin binding LIM protein family, member 2 (ABLIM2), transcript variant 7, mRNA

[NM_001130088]

A_33_P3410235 -2.736 -1.452 2.736 down DUOXA1
Homo sapiens dual oxidase maturation factor 1 (DUOXA1), transcript variant 5, mRNA

[NM_001276267]

A_33_P3250443 -2.729 -1.449 2.729 down DUOXA2 Homo sapiens dual oxidase maturation factor 2 (DUOXA2), mRNA [NM_207581]

A_22_P00000931 -2.719 -1.443 2.719 down lnc-AKIP1-3 LNCipedia lincRNA (lnc-AKIP1-3), lincRNA [lnc-AKIP1-3:1]

A_24_P116669 -2.714 -1.441 2.714 down CANT1
Homo sapiens calcium activated nucleotidase 1 (CANT1), transcript variant 1, mRNA

[NM_138793]

A_33_P3225507 -2.699 -1.433 2.699 down OR10G2
Homo sapiens olfactory receptor, family 10, subfamily G, member 2 (OR10G2), mRNA

[NM_001005466]

A_33_P3331511 -2.645 -1.403 2.645 down LINC00173
Homo sapiens long intergenic non-protein coding RNA 173 (LINC00173), transcript variant 1, long

non-coding RNA [NR_027345]

A_21_P0007025 -2.636 -1.398 2.636 down lnc-FGFR2-2 LNCipedia lincRNA (lnc-FGFR2-2), lincRNA [lnc-FGFR2-2:1]

A_23_P27606 -2.633 -1.397 2.633 down IL27RA Homo sapiens interleukin 27 receptor, alpha (IL27RA), mRNA [NM_004843]

A_22_P00016315 -2.626 -1.393 2.626 down FZD10-AS1
Homo sapiens FZD10 antisense RNA 1 (head to head) (FZD10-AS1), long non-coding RNA

[NR_033834]

A_33_P3226810 -2.625 -1.392 2.625 down TNFSF10
Homo sapiens tumor necrosis factor (ligand) superfamily, member 10 (TNFSF10), transcript

variant 1, mRNA [NM_003810]

A_23_P45560 -2.617 -1.388 2.617 down GPR143 Homo sapiens G protein-coupled receptor 143 (GPR143), mRNA [NM_000273]

A_33_P3225512 -2.603 -1.380 2.603 down OAS2
Homo sapiens 2'-5'-oligoadenylate synthetase 2, 69/71kDa (OAS2), transcript variant 2, mRNA

[NM_002535]

A_23_P44569 -2.600 -1.378 2.600 down ABCC2
Homo sapiens ATP-binding cassette, sub-family C (CFTR/MRP), member 2 (ABCC2), mRNA

[NM_000392]

A_22_P00017060 -2.589 -1.372 2.589 down ADAM8
Homo sapiens ADAM metallopeptidase domain 8 (ADAM8), transcript variant 2, mRNA

[NM_001164489]

A_23_P321388 -2.575 -1.364 2.575 down RNF19B Homo sapiens ring finger protein 19B (RNF19B), transcript variant 1, mRNA [NM_153341]

A_21_P0005368 -2.561 -1.356 2.561 down lnc-GARS-4 LNCipedia lincRNA (lnc-GARS-4), lincRNA [lnc-GARS-4:1]

A_23_P155123 -2.560 -1.356 2.560 down CYP2D6
Homo sapiens cytochrome P450, family 2, subfamily D, polypeptide 6 (CYP2D6), transcript variant

1, mRNA [NM_000106]

A_23_P400945 -2.559 -1.356 2.559 down ETV3 Homo sapiens ets variant 3 (ETV3), transcript variant 2, mRNA [NM_005240]

A_21_P0009341 -2.542 -1.346 2.542 down WFDC21P
Homo sapiens WAP four-disulfide core domain 21, pseudogene (WFDC21P), non-coding RNA

[NR_030732]

A_23_P156180 -2.531 -1.340 2.531 down SLC22A4
Homo sapiens solute carrier family 22 (organic cation/zwitterion transporter), member 4

(SLC22A4), mRNA [NM_003059]

A_19_P00315649 -2.518 -1.332 2.518 down LOC100507165
PREDICTED: Homo sapiens uncharacterized LOC100507165 (LOC100507165), ncRNA

[XR_110530]

A_23_P50638 -2.507 -1.326 2.507 down LRG1 Homo sapiens leucine-rich alpha-2-glycoprotein 1 (LRG1), mRNA [NM_052972]

A_23_P41765 -2.505 -1.325 2.505 down IRF1 Homo sapiens interferon regulatory factor 1 (IRF1), mRNA [NM_002198]

A_23_P26759 -2.491 -1.317 2.491 down CANT1
Homo sapiens calcium activated nucleotidase 1 (CANT1), transcript variant 1, mRNA

[NM_138793]

A_23_P153320 -2.474 -1.307 2.474 down ICAM1 Homo sapiens intercellular adhesion molecule 1 (ICAM1), mRNA [NM_000201]

A_24_P691826 -2.458 -1.297 2.458 down WFDC21P
WAP four-disulfide core domain 21, pseudogene [Source:HGNC Symbol;Acc:HGNC:50357]

[ENST00000587298]

A_23_P417974 -2.445 -1.290 2.445 down AQP11 Homo sapiens aquaporin 11 (AQP11), mRNA [NM_173039]

A_23_P120794 -2.439 -1.286 2.439 down SLC7A4 Homo sapiens solute carrier family 7, member 4 (SLC7A4), mRNA [NM_004173]

A_22_P00011372 -2.435 -1.284 2.435 down Homo sapiens cDNA: FLJ23006 fis, clone LNG00414. [AK026659]

A_33_P3330443 -2.422 -1.276 2.422 down FAM110B Homo sapiens family with sequence similarity 110, member B (FAM110B), mRNA [NM_147189]

A_23_P348257 -2.413 -1.271 2.413 down NUAK1 Homo sapiens NUAK family, SNF1-like kinase, 1 (NUAK1), mRNA [NM_014840]

A_21_P0007114 -2.395 -1.260 2.395 down lnc-FGF8-1 LNCipedia lincRNA (lnc-FGF8-1), lincRNA [lnc-FGF8-1:2]

A_23_P121253 -2.350 -1.232 2.350 down TNFSF10
Homo sapiens tumor necrosis factor (ligand) superfamily, member 10 (TNFSF10), transcript

variant 1, mRNA [NM_003810]

A_23_P114057 -2.317 -1.213 2.317 down SEMA4C
Homo sapiens sema domain, immunoglobulin domain (Ig), transmembrane domain (TM) and short

cytoplasmic domain, (semaphorin) 4C (SEMA4C), mRNA [NM_017789]

A_23_P87011 -2.299 -1.201 2.299 down TAGLN Homo sapiens transgelin (TAGLN), transcript variant 1, mRNA [NM_001001522]

A_23_P67971 -2.299 -1.201 2.299 down GALM Homo sapiens galactose mutarotase (aldose 1-epimerase) (GALM), mRNA [NM_138801]

A_23_P64721 -2.299 -1.201 2.299 down HCAR3 Homo sapiens hydroxycarboxylic acid receptor 3 (HCAR3), mRNA [NM_006018]

A_33_P3290239 -2.298 -1.201 2.298 down DUOXA1
Homo sapiens dual oxidase maturation factor 1 (DUOXA1), transcript variant 4, mRNA

[NM_001276266]

A_33_P3372727 -2.290 -1.195 2.290 down SEMA5A

Homo sapiens sema domain, seven thrombospondin repeats (type 1 and type 1-like),

transmembrane domain (TM) and short cytoplasmic domain, (semaphorin) 5A (SEMA5A), mRNA

[NM_003966]

A_23_P344555 -2.284 -1.191 2.284 down NEDD9
Homo sapiens neural precursor cell expressed, developmentally down-regulated 9 (NEDD9),

transcript variant 1, mRNA [NM_006403]

A_33_P3268472 -2.283 -1.191 2.283 down CTSC Homo sapiens cathepsin C (CTSC), transcript variant 3, mRNA [NM_001114173]

A_23_P112452 -2.273 -1.185 2.273 down GGTA1P
Homo sapiens glycoprotein, alpha-galactosyltransferase 1 pseudogene (GGTA1P), transcript

variant 1, non-coding RNA [NR_003191]

A_24_P915692 -2.243 -1.166 2.243 down PHLDA1
Homo sapiens pleckstrin homology-like domain, family A, member 1 (PHLDA1), mRNA

[NM_007350]

A_23_P6935 -2.236 -1.161 2.236 down CD47 Homo sapiens CD47 molecule (CD47), transcript variant 2, mRNA [NM_198793]

A_23_P87013 -2.226 -1.154 2.226 down TAGLN Homo sapiens transgelin (TAGLN), transcript variant 1, mRNA [NM_001001522]

A_23_P60248 -2.209 -1.144 2.209 down TXN Homo sapiens thioredoxin (TXN), transcript variant 1, mRNA [NM_003329]

A_33_P3286066 -2.208 -1.143 2.208 down PHLDB2
Homo sapiens pleckstrin homology-like domain, family B, member 2 (PHLDB2), transcript variant

1, mRNA [NM_001134438]

A_23_P255672 -2.190 -1.131 2.190 down ABLIM2
Homo sapiens actin binding LIM protein family, member 2 (ABLIM2), transcript variant 6, mRNA

[NM_032432]
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A_22_P00003189 -2.188 -1.130 2.188 down LOC100996348
Homo sapiens uncharacterized LOC100996348 (LOC100996348), transcript variant 1, long non-

coding RNA [NR_121630]

A_33_P3239532 -2.184 -1.127 2.184 down ZNF3 Homo sapiens zinc finger protein 3 (ZNF3), transcript variant 1, mRNA [NM_017715]

A_33_P3236986 -2.180 -1.124 2.180 down CYP17A1-AS1
PREDICTED: Homo sapiens uncharacterized LOC102724307 (LOC102724307), ncRNA

[XR_424180]

A_33_P3284763 -2.161 -1.111 2.161 down DMD Homo sapiens dystrophin (DMD), transcript variant Dp140b, mRNA [NM_004021]

A_22_P00020106 -2.129 -1.090 2.129 down lnc-SMG1-2 LNCipedia lincRNA (lnc-SMG1-2), lincRNA [lnc-SMG1-2:1]

A_19_P00317904 -2.129 -1.090 2.129 down lnc-ZNF674-3 Homo sapiens cDNA FLJ25917 fis, clone CBR04926. [AK098783]

A_33_P3306146 -2.092 -1.065 2.092 down PLAU
Homo sapiens plasminogen activator, urokinase (PLAU), transcript variant 2, mRNA

[NM_001145031]

A_19_P00315506 -2.065 -1.046 2.065 down KIAA0040 Homo sapiens KIAA0040 (KIAA0040), transcript variant 1, mRNA [NM_001162893]

A_33_P3400374 -2.062 -1.044 2.062 down HELZ2
Homo sapiens helicase with zinc finger 2, transcriptional coactivator (HELZ2), transcript variant 1,

mRNA [NM_001037335]

A_23_P134854 -2.060 -1.042 2.060 down CLDN23 Homo sapiens claudin 23 (CLDN23), mRNA [NM_194284]

A_32_P7015 -2.056 -1.040 2.056 down TSPAN15 Homo sapiens tetraspanin 15 (TSPAN15), mRNA [NM_012339]

A_21_P0000173 -2.049 -1.035 2.049 down C5orf56
Homo sapiens chromosome 5 open reading frame 56 (C5orf56), long non-coding RNA

[NR_045116]

A_33_P3216610 -2.041 -1.029 2.041 down TMPRSS4
Homo sapiens transmembrane protease, serine 4 (TMPRSS4), transcript variant 6, mRNA

[NM_001290094]

A_24_P64362 -2.037 -1.027 2.037 down WBP1L
Homo sapiens WW domain binding protein 1-like (WBP1L), transcript variant 2, mRNA

[NM_017787]

A_21_P0011466 -2.031 -1.022 2.031 down
hect domain and RLD 2 pseudogene 4 [Source:HGNC Symbol;Acc:HGNC:4872]

[ENST00000570151]

A_23_P89570 -2.027 -1.020 2.027 down ZMYND15
Homo sapiens zinc finger, MYND-type containing 15 (ZMYND15), transcript variant 2, mRNA

[NM_032265]

A_23_P389250 -2.018 -1.013 2.018 down SMCO2
Homo sapiens single-pass membrane protein with coiled-coil domains 2 (SMCO2), mRNA

[NM_001145010]

A_24_P185854 -2.013 -1.009 2.013 down DMD Homo sapiens dystrophin (DMD), transcript variant Dp427p2, mRNA [NM_004010]

A_24_P252497 -2.011 -1.008 2.011 down TRIB1 Homo sapiens tribbles pseudokinase 1 (TRIB1), transcript variant 1, mRNA [NM_025195]

A_33_P3389153 -2.007 -1.005 2.007 down STK10 Homo sapiens serine/threonine kinase 10 (STK10), mRNA [NM_005990]

A_24_P941167 -2.006 -1.005 2.006 down APOL6 Homo sapiens apolipoprotein L, 6 (APOL6), mRNA [NM_030641]
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1. GO:0070062~extracellular exosome  

ID Gene Name

A_24_P316430, A_24_P354715 5'-nucleotidase ecto(NT5E)

A_24_P140405 ADAM metallopeptidase with thrombospondin type 1 motif 3(ADAMTS3)

A_23_P157299 AE binding protein 1(AEBP1)

A_23_P21363 AHNAK nucleoprotein(AHNAK)

A_23_P215111 ATPase H+ transporting V0 subunit a4(ATP6V0A4)

A_24_P276932 ATPase H+ transporting V1 subunit C2(ATP6V1C2)

A_23_P208389 AXL receptor tyrosine kinase(AXL)

A_23_P315836, A_23_P61810, A_24_P159648 BAI1 associated protein 2(BAIAP2)

A_24_P187948 BH3 interacting domain death agonist(BID)

A_23_P259863 CD177 molecule(CD177)

A_23_P338479 CD274 molecule(CD274)

A_24_P188377 CD55 molecule (Cromer blood group)(CD55)

A_23_P70095 CD74 molecule(CD74)

A_23_P397910 Cbl proto-oncogene C(CBLC)

A_24_P9671 DnaJ heat shock protein family (Hsp40) member A1(DNAJA1)

A_23_P52647 EH domain containing 1(EHD1)

A_23_P147822 EPS8 like 2(EPS8L2)

A_23_P45999 F-box protein 2(FBXO2)

A_23_P169460 FERM and PDZ domain containing 1(FRMPD1)

A_23_P397238, A_24_P160001 FK506 binding protein 1A(FKBP1A)

A_32_P71788, A_23_P128372 FK506 binding protein 4(FKBP4)

A_23_P161769 FXYD domain containing ion transport regulator 2(FXYD2)

A_23_P36825 G protein-coupled receptor class C group 5 member A(GPRC5A)

A_23_P92202 GDP-mannose pyrophosphorylase B(GMPPB)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_23_P94186 LY6/PLAUR domain containing 2(LYPD2)

A_23_P310 MARCKS like 1(MARCKSL1)

A_23_P73571 MUM1 like 1(MUM1L1)

A_23_P20494 N-myc downstream regulated 1(NDRG1)

A_23_P206661 NAD(P)H quinone dehydrogenase 1(NQO1)

A_23_P53856 NEDD4 binding protein 2 like 2(N4BP2L2)

A_23_P107587 NPC intracellular cholesterol transporter 1(NPC1)

A_23_P5200 NPHS1, nephrin(NPHS1)

A_23_P52121 PDZ domain containing 1(PDZK1)

A_32_P155776 POTE ankyrin domain family member K, pseudogene(POTEKP)

A_24_P193295 RAB15, member RAS oncogene family(RAB15)

A_23_P5778 RAB17, member RAS oncogene family(RAB17)

A_23_P388168 RAB3B, member RAS oncogene family(RAB3B)

A_24_P277295 RAB43, member RAS oncogene family(RAB43)

A_23_P212545 RAB5A, member RAS oncogene family(RAB5A)

A_23_P317465 RAB8B, member RAS oncogene family(RAB8B)

A_24_P38951 RELT tumor necrosis factor receptor(RELT)

A_23_P216549 RUN and SH3 domain containing 2(RUSC2)

A_23_P137984 S100 calcium binding protein A10(S100A10)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_23_P201711 S100 calcium binding protein A6(S100A6)

A_23_P58266 S100 calcium binding protein P(S100P)

A_23_P148785 SFT2 domain containing 2(SFT2D2)

A_23_P307536 SH3 domain containing 21(SH3D21)

A_23_P169351 SH3 domain containing GRB2 like 2, endophilin A1(SH3GL2)

A_23_P48988 SH3 domain containing GRB2 like 3, endophilin A3(SH3GL3)

A_24_P364838 SLC9A3 regulator 2(SLC9A3R2)

A_23_P353316 SMAD specific E3 ubiquitin protein ligase 1(SMURF1)

A_23_P31896 ST3 beta-galactoside alpha-2,3-sialyltransferase 1(ST3GAL1)

A_24_P181055 ST3 beta-galactoside alpha-2,3-sialyltransferase 4(ST3GAL4)

A_23_P250800 ST3 beta-galactoside alpha-2,3-sialyltransferase 6(ST3GAL6)

A_24_P146670 STE20 like kinase(SLK)

A_23_P305033 TGF-beta activated kinase 1/MAP3K7 binding protein 3(TAB3)

A_23_P62115 TIMP metallopeptidase inhibitor 1(TIMP1)

A_24_P169896 TIMP metallopeptidase inhibitor 2(TIMP2)

A_24_P157926 TNF alpha induced protein 3(TNFAIP3)

A_23_P160154 UDP-galactose-4-epimerase(GALE)

A_23_P150876 VPS37B, ESCRT-I subunit(VPS37B)

A_23_P218675, A_24_P14464 WAP four-disulfide core domain 2(WFDC2)

A_24_P342086 WW domain containing E3 ubiquitin protein ligase 2(WWP2)

A_23_P411157 Wnt family member 1(WNT1)

A_23_P53588 Wnt family member 5B(WNT5B)

A_23_P258410 Wnt family member 7A(WNT7A)

A_32_P137939 actin beta(ACTB)

A_32_P156963 actin gamma 1(ACTG1)

A_23_P1102 actin, alpha 1, skeletal muscle(ACTA1)

A_24_P6903 actin, beta like 2(ACTBL2)

A_23_P39955 actin, gamma 2, smooth muscle, enteric(ACTG2)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P138881 actinin alpha 3 (gene/pseudogene)(ACTN3)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P417415 acyl-CoA thioesterase 11(ACOT11)

A_24_P62615 adenylate cyclase associated protein 1(CAP1)

A_23_P253692 adhesion G protein-coupled receptor G2(ADGRG2)

A_23_P161439 adipogenesis regulatory factor(ADIRF)

A_23_P103720 agmatinase(AGMAT)

A_23_P205959 aldehyde dehydrogenase 1 family member A3(ALDH1A3)

A_24_P283324 aldehyde dehydrogenase 8 family member A1(ALDH8A1)

A_23_P258190 aldo-keto reductase family 1 member B(AKR1B1)

A_24_P152968, A_23_P257971 aldo-keto reductase family 1 member C1(AKR1C1)

A_23_P138541 aldo-keto reductase family 1 member C3(AKR1C3)

A_23_P78108 aldolase, fructose-bisphosphate C(ALDOC)

A_23_P392384 allograft inflammatory factor 1 like(AIF1L)

A_23_P71270, A_24_P49267 alpha-2-glycoprotein 1, zinc-binding(AZGP1)

A_24_P408457 alpha-N-acetylgalactosaminidase(NAGA)

A_23_P84836, A_24_P409346 aminopeptidase puromycin sensitive pseudogene(LOC440434)

A_23_P94501 annexin A1(ANXA1)

A_23_P35399, A_32_P150632 annexin A11(ANXA11)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P121716 annexin A3(ANXA3)

A_23_P357104 annexin A6(ANXA6)

A_23_P103617 annexin A9(ANXA9)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P366812 aquaporin 5(AQP5)

A_23_P26223 argininosuccinate lyase(ASL)

A_23_P391607 arrestin domain containing 1(ARRDC1)

A_23_P7325 bone marrow stromal cell antigen 1(BST1)

A_23_P152305 cadherin 11(CDH11)

A_23_P100240 cadherin 16(CDH16)

A_23_P202683 cadherin related family member 5(CDHR5)

A_23_P43197 calbindin 1(CALB1)

A_23_P204879 calcium binding protein 39 like(CAB39L)

A_24_P84428, A_32_P114574 calcyclin binding protein(CACYBP)

A_23_P326170 calmodulin 1(CALM1)

A_24_P382319 carcinoembryonic antigen related cell adhesion molecule 1(CEACAM1)

A_23_P138760 cardiotrophin-like cytokine factor 1(CLCF1)

A_23_P82324 caspase recruitment domain family member 11(CARD11)

A_23_P14774 cathepsin H(CTSH)

A_23_P94533 cathepsin L(CTSL)

A_23_P146456 cathepsin V(CTSV)

A_23_P5064 cell adhesion molecule 4(CADM4)

A_23_P56709 charged multivesicular body protein 3(CHMP3)

A_23_P10156 charged multivesicular body protein 6(CHMP6)

A_23_P137665 chitinase 3 like 1(CHI3L1)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_23_P311895, A_23_P416774 chloride intracellular channel 5(CLIC5)

A_23_P897 chromosome 1 open reading frame 116(C1orf116)

A_23_P215913 clusterin(CLU)

A_24_P416131 coactosin like F-actin binding protein 1(COTL1)

Supplementary Table S7:
Genes included in the top 30 GO enrichment terms identified for LPA treatment
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A_24_P373152 cofilin 2(CFL2)

A_23_P69030 collagen type VIII alpha 1 chain(COL8A1)

A_23_P350396 corneodesmosin(CDSN)

A_23_P106761 coronin 1A(CORO1A)

A_24_P206776 crystallin alpha B(CRYAB)

A_23_P138507 cyclin dependent kinase 1(CDK1)

A_23_P126103 cystathionine gamma-lyase(CTH)

A_23_P146946 cystatin E/M(CST6)

A_23_P74359 cysteine and glycine rich protein 1(CSRP1)

A_23_P52101 cytochrome b5 reductase 1(CYB5R1)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_24_P38347 dihydropyrimidinase like 2(DPYSL2)

A_23_P416142 discs large MAGUK scaffold protein 1(DLG1)

A_23_P253586 dopey family member 2(DOPEY2)

A_24_P43681 drebrin like(DBNL)

A_23_P407074 dynamin 2(DNM2)

A_23_P39931 dysferlin(DYSF)

A_23_P70318 ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative)(ENPP4)

A_24_P236091 enolase 2(ENO2)

A_23_P91081 epithelial cell adhesion molecule(EPCAM)

A_23_P130027 epsin 3(EPN3)

A_23_P134109 erythrocyte membrane protein band 4.1 like 2(EPB41L2)

A_23_P160559 extracellular matrix protein 1(ECM1)

A_23_P19590 ezrin(EZR)

A_23_P50504, A_32_P155247 ferritin light chain(FTL)

A_23_P302681 fidgetin like 1(FIGNL1)

A_23_P211878 filamin B(FLNB)

A_23_P212696 follistatin like 1(FSTL1)

A_23_P257111 fructose-bisphosphatase 1(FBP1)

A_23_P360316 fucosyltransferase 3 (Lewis blood group)(FUT3)

A_23_P45475 galactosidase alpha(GLA)

A_23_P128919 galectin 3(LGALS3)

A_23_P42695 gamma-glutamylcyclotransferase(GGCT)

A_23_P66767 gamma-glutamyltransferase 6(GGT6)

A_23_P201035 glucosylceramidase beta(GBA)

A_23_P32805 glutamate ionotropic receptor delta type subunit 1(GRID1)

A_23_P69908 glutaredoxin(GLRX)

A_24_P304051 glutathione S-transferase omega 1(GSTO1)

A_23_P133474 glutathione peroxidase 3(GPX3)

A_23_P204736 glycerol-3-phosphate dehydrogenase 1(GPD1)

A_23_P26511 glycerophosphodiester phosphodiesterase domain containing 3(GDPD3)

A_23_P146512 golgi membrane protein 1(GOLM1)

A_23_P71440, A_24_P98277 golgin A7(GOLGA7)

A_24_P393571, A_23_P383258 guanine deaminase(GDA)

A_23_P63032 guanylate cyclase activator 2B(GUCA2B)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P114903 heat shock protein family A (Hsp70) member 6(HSPA6)

A_23_P19691 heme binding protein 2(HEBP2)

A_23_P148990 hemicentin 1(HMCN1)

A_23_P156049 hexosaminidase subunit beta(HEXB)

A_23_P5831 hippocalcin like 1(HPCAL1)

A_23_P250385 histone cluster 1 H1 family member b(HIST1H1B)

A_23_P7976 histone cluster 1 H1 family member e(HIST1H1E)

A_23_P149545 histone cluster 2 H2B family member e(HIST2H2BE)

A_24_P256018 histone cluster 2 H2B family member f(HIST2H2BF)

A_23_P69329 hyaluronoglucosaminidase 1(HYAL1)

A_24_P155502 inhibin beta C subunit(INHBC)

A_23_P150609 insulin like growth factor 2(IGF2)

A_23_P139912 insulin like growth factor binding protein 6(IGFBP6)

A_23_P353035 insulin like growth factor binding protein 7(IGFBP7)

A_23_P171074 integral membrane protein 2A(ITM2A)

A_23_P154507 integrin subunit beta 1 binding protein 1(ITGB1BP1)

A_23_P329573 integrin subunit beta 2(ITGB2)

A_23_P153320 intercellular adhesion molecule 1(ICAM1)

A_23_P152655 intercellular adhesion molecule 2(ICAM2)

A_23_P164691 intercellular adhesion molecule 3(ICAM3)

A_23_P748 interferon regulatory factor 6(IRF6)

A_23_P79518 interleukin 1 beta(IL1B)

A_23_P104798 interleukin 18(IL18)

A_23_P434347 intersectin 2(ITSN2)

A_23_P353524 involucrin(IVL)

A_24_P226278 jade family PHD finger 2(JADE2)

A_23_P167168 joining chain of multimeric IgA and IgM(JCHAIN)

A_24_P410797 kalirin, RhoGEF kinase(KALRN)

A_23_P101505 kallikrein related peptidase 11(KLK11)

A_23_P500010 kallikrein related peptidase 12(KLK12)

A_24_P333697, A_24_P416645 kallikrein related peptidase 13(KLK13)

A_23_P310257 kallikrein related peptidase 2(KLK2)

A_24_P228149 keratin 13(KRT13)

A_23_P27133 keratin 15(KRT15)

A_23_P66798 keratin 19(KRT19)

A_23_P107465 keratin 31(KRT31)

A_23_P89601 keratin 32(KRT32)

A_23_P89665 keratin 33B(KRT33B)

A_23_P101054 keratin 34(KRT34)

A_23_P118854 keratin 37(KRT37)

A_23_P76249 keratin 6B(KRT6B)

A_23_P64854 keratin 75(KRT75)

A_23_P363769 keratin 86(KRT86)

A_23_P54576 kinesin family member C3(KIFC3)

A_23_P166848 lactotransferrin(LTF)

A_23_P70719 laminin subunit alpha 2(LAMA2)

A_23_P89780 laminin subunit alpha 3(LAMA3)

A_24_P65722 leukocyte immunoglobulin like receptor B4(LILRB4)

A_23_P259621 linker for activation of T-cells family member 2(LAT2)

A_23_P169437 lipocalin 2(LCN2)

A_23_P131435, A_24_P396702 lymphocyte antigen 75(LY75)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_24_P370472 major histocompatibility complex, class II, DR beta 1(HLA-DRB1)

A_23_P16743 mannosyl (alpha-1,6-)-glycoprotein beta-1,6-N-acetyl-glucosaminyltransferase(MGAT5)

A_24_P260101 membrane metalloendopeptidase(MME)

A_23_P10591 meteorin like, glial cell differentiation regulator(METRNL)

A_23_P137856 mucin 1, cell surface associated(MUC1)

A_23_P5211 mucin 16, cell surface associated(MUC16)

A_24_P119609, A_23_P389102 myosin ID(MYO1D)

A_23_P140434 myosin VC(MYO5C)

A_23_P4572 myosin light chain 12A(MYL12A)

A_24_P56130 myosin light chain 6(MYL6)

A_23_P62133 myotubularin 1(MTM1)

A_23_P352870 nectin cell adhesion molecule 2(NECTIN2)

A_23_P418413 oxidative stress responsive 1(OXSR1)

A_23_P10442 oxysterol binding protein like 1A(OSBPL1A)

A_32_P205637 par-6 family cell polarity regulator beta(PARD6B)

A_23_P201747 peptidyl arginine deiminase 2(PADI2)

A_23_P106906 periplakin(PPL)

A_23_P128817 phosphoenolpyruvate carboxykinase 2, mitochondrial(PCK2)

A_23_P80739 phospholipase C delta 1(PLCD1)

A_23_P331670 phosphorylase, glycogen; brain(PYGB)

A_23_P23296 plakophilin 1(PKP1)

A_23_P16469 plasminogen activator, urokinase receptor(PLAUR)

A_24_P348806 pleckstrin homology domain containing A7(PLEKHA7)

A_23_P215060 podocalyxin like(PODXL)

A_24_P65616, A_23_P141894 poliovirus receptor(PVR)

A_24_P114249 polypeptide N-acetylgalactosaminyltransferase 3(GALNT3)

A_23_P109143 prion protein(PRNP)

A_23_P94412 programmed cell death 1 ligand 2(PDCD1LG2)

A_23_P71379 prostate stem cell antigen(PSCA)

A_23_P80377 protein kinase C and casein kinase substrate in neurons 2(PACSIN2)

A_23_P205567 protein kinase C eta(PRKCH)

A_23_P122041 protein phosphatase 2 catalytic subunit alpha(PPP2CA)

A_23_P140256 purine nucleoside phosphorylase(PNP)
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A_24_P318967 pyridoxal (pyridoxine, vitamin B6) kinase(PDXK)

A_23_P12463 quiescin sulfhydryl oxidase 1(QSOX1)

A_23_P34233 quinolinate phosphoribosyltransferase(QPRT)

A_24_P104119 ras homolog family member F, filopodia associated(RHOF)

A_24_P82032 ras homolog family member J(RHOJ)

A_24_P228717, A_23_P218770 ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein Rac2)(RAC2)

A_23_P372308 repulsive guidance molecule family member a(RGMA)

A_23_P134237 retinoic acid receptor responder 2(RARRES2)

A_23_P106080 ribonuclease A family member 7(RNASE7)

A_23_P344421 roundabout guidance receptor 4(ROBO4)

A_23_P8571 scavenger receptor cysteine rich family member with 4 domains(SSC4D)

A_23_P500000 sciellin(SCEL)

A_24_P190472 secretory leukocyte peptidase inhibitor(SLPI)

A_23_P49060 serine peptidase inhibitor, Kunitz type 1(SPINT1)

A_24_P73389 serine/threonine kinase 24(STK24)

A_23_P214330 serpin family B member 1(SERPINB1)

A_24_P147461 serpin family B member 8(SERPINB8)

A_24_P295010 serpin family B member 9(SERPINB9)

A_23_P144348 slit guidance ligand 2(SLIT2)

A_23_P397120 small integral membrane protein 24(SMIM24)

A_23_P62709 small proline rich protein 3(SPRR3)

A_32_P83098 sodium channel epithelial 1 beta subunit(SCNN1B)

A_23_P206626 sodium channel epithelial 1 gamma subunit(SCNN1G)

A_24_P81900 solute carrier family 2 member 3(SLC2A3)

A_23_P94921 solute carrier family 20 member 2(SLC20A2)

A_23_P144123 solute carrier family 22 member 13(SLC22A13)

A_23_P111395 solute carrier family 22 member 2(SLC22A2)

A_24_P355267 solute carrier family 25 member 25(SLC25A25)

A_24_P385190 solute carrier family 4 member 1 (Diego blood group)(SLC4A1)

A_24_P10657 solute carrier family 44 member 2(SLC44A2)

A_24_P684183 solute carrier family 44 member 4(SLC44A4)

A_23_P17826 solute carrier family 5 member 1(SLC5A1)

A_24_P365721 solute carrier family 6 member 14(SLC6A14)

A_24_P350683 solute carrier family 9 member A1(SLC9A1)

A_23_P77103 sorbitol dehydrogenase(SORD)

A_24_P179044 sorting nexin 9(SNX9)

A_23_P203488 sphingomyelin phosphodiesterase 1(SMPD1)

A_23_P160881 sphingomyelin phosphodiesterase acid like 3B(SMPDL3B)

A_23_P107981 sulfotransferase family 2B member 1(SULT2B1)

A_23_P254741 superoxide dismutase 3, extracellular(SOD3)

A_23_P47282 suppression of tumorigenicity 14(ST14)

A_23_P83939 synapse associated protein 1(SYAP1)

A_23_P131899 syndecan binding protein 2(SDCBP2)

A_23_P139143 syntaxin 3(STX3)

A_24_P201171 syntaxin binding protein 1(STXBP1)

A_23_P251293 synuclein gamma(SNCG)

A_23_P337155 target of myb1 like 2 membrane trafficking protein(TOM1L2)

A_23_P160167 tetraspanin 1(TSPAN1)

A_24_P142118 thrombospondin 1(THBS1)

A_23_P65618 transglutaminase 1(TGM1)

A_32_P86763, A_24_P923251 transglutaminase 2(TGM2)

A_23_P79331 transmembrane BAX inhibitor motif containing 1(TMBIM1)

A_24_P400573 transmembrane channel like 8(TMC8)

A_32_P101860, A_23_P435521 transmembrane protein 106A(TMEM106A)

A_23_P24716 transmembrane protein 132A(TMEM132A)

A_23_P101392 transmembrane protein 38A(TMEM38A)

A_23_P200489 transmembrane protein 63A(TMEM63A)

A_23_P141974, A_24_P82880 tropomyosin 4(TPM4)

A_23_P77493 tubulin beta 3 class III(TUBB3)

A_23_P5392 tumor protein p53 inducible protein 3(TP53I3)

A_23_P149529 tumor-associated calcium signal transducer 2(TACSTD2)

A_23_P76690 ubiquitin C-terminal hydrolase L3(UCHL3)

A_23_P140029 ubiquitin like 3(UBL3)

A_24_P200219 uroplakin 1B(UPK1B)

A_23_P64243 uroplakin 2(UPK2)

A_23_P129695 vasorin(VASN)

A_23_P161190 vimentin(VIM)

A_23_P368779 zinc finger protein 114(ZNF114)

2. GO:0042384~cilium assembly

ID Gene Name

A_23_P312174 ALMS1, centrosome and basal body associated protein(ALMS1)

A_23_P218476 B9 protein domain 2(B9D2)

A_24_P184305 Bardet-Biedl syndrome 1(BBS1)

A_23_P99967 Bardet-Biedl syndrome 4(BBS4)

A_23_P82351 Bardet-Biedl syndrome 9(BBS9)

A_23_P79962 McKusick-Kaufman syndrome(MKKS)

A_32_P68050, A_23_P124427 NIMA related kinase 1(NEK1)

A_23_P156402 NME/NM23 family member 5(NME5)

A_23_P201376 SSX family member 2 interacting protein(SSX2IP)

A_23_P202520 actin binding LIM protein 1(ABLIM1)

A_23_P109895 cadherin EGF LAG seven-pass G-type receptor 3(CELSR3)

A_23_P145424 centrosomal protein 162(CEP162)

A_23_P75609 centrosomal protein 164(CEP164)

A_23_P36865 centrosomal protein 290(CEP290)

A_23_P215070 centrosomal protein 41(CEP41)

A_23_P162378 centrosomal protein 83(CEP83)

A_23_P77714 clusterin associated protein 1(CLUAP1)

A_24_P73730 coiled-coil domain containing 113(CCDC113)

A_23_P92860 cyclin O(CCNO)

A_23_P502170 dynein cytoplasmic 2 light intermediate chain 1(DYNC2LI1)

A_32_P68533, A_32_P82189 family with sequence similarity 161 member A(FAM161A)

A_23_P344988 intestinal cell kinase(ICK)

A_23_P212447 intraflagellar transport 122(IFT122)

A_23_P140725 intraflagellar transport 140(IFT140)

A_23_P255714 intraflagellar transport 74(IFT74)

A_23_P502350 regulatory factor X2(RFX2)

A_23_P335905 serine/threonine kinase 36(STK36)

A_23_P257668 tetratricopeptide repeat domain 26(TTC26)

A_24_P17453 tetratricopeptide repeat domain 30A(TTC30A)

A_23_P408913 tetratricopeptide repeat domain 30B(TTC30B)

A_32_P169735 tetratricopeptide repeat domain 8(TTC8)

A_23_P24723 transmembrane protein 138(TMEM138)

A_24_P941831, A_23_P370097 transmembrane protein 237(TMEM237)

A_23_P429581 transmembrane protein 67(TMEM67)

A_32_P72341 tripartite motif containing 59(TRIM59)

3. GO:0030216~keratinocyte differentiation

ID Gene Name

A_23_P138541 aldo-keto reductase family 1 member C3(AKR1C3)

A_23_P94501 annexin A1(ANXA1)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_23_P350396 corneodesmosin(CDSN)

A_32_P538928 desmoglein 4(DSG4)

A_23_P41344 epiregulin(EREG)

A_32_P387648, A_24_P51322 filaggrin(FLG)

A_23_P748 interferon regulatory factor 6(IRF6)

A_23_P353524 involucrin(IVL)

A_24_P70002 large tumor suppressor kinase 2(LATS2)

A_23_P404685 late cornified envelope 1A(LCE1A)

A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P63521 late cornified envelope 2C(LCE2C)

A_23_P369471 late cornified envelope 3A(LCE3A)

A_23_P324538 late cornified envelope 3B(LCE3B)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P34452 loricrin(LOR)

A_23_P500000 sciellin(SCEL)

A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)
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A_23_P422018 small proline rich protein 4(SPRR4)

A_23_P47282 suppression of tumorigenicity 14(ST14)

A_23_P65618 transglutaminase 1(TGM1)

4. GO:0046872~metal ion binding

ID Gene Name

A_23_P64828 2'-5'-oligoadenylate synthetase 1(OAS1)

A_23_P202345 2-aminoethanethiol dioxygenase(ADO)

A_24_P286935 ADP ribosylation factor like GTPase 3(ARL3)

A_24_P18621 AE binding protein 2(AEBP2)

A_23_P53363 ATP23 metallopeptidase and ATP synthase assembly factor homolog(ATP23)

A_23_P1072 ATPase Na+/K+ transporting subunit alpha 1(ATP1A1)

A_24_P307626, A_23_P160177 ATPase Na+/K+ transporting subunit alpha 4(ATP1A4)

A_24_P411186, A_24_P402588 B-cell CLL/lymphoma 11A(BCL11A)

A_23_P205738 B-cell CLL/lymphoma 11B(BCL11B)

A_24_P38754 CDGSH iron sulfur domain 1(CISD1)

A_23_P413923 DMRT like family A1(DMRTA1)

A_23_P39116 DNA ligase 1(LIG1)

A_23_P28953 DNA methyltransferase 3 beta(DNMT3B)

A_23_P319859 EYA transcriptional coactivator and phosphatase 2(EYA2)

A_32_P104478 FYVE, RhoGEF and PH domain containing 6(FGD6)

A_23_P131383 Fanconi anemia complementation group L(FANCL)

A_23_P105251 GLI family zinc finger 1(GLI1)

A_23_P309361 HEN1 methyltransferase homolog 1(HENMT1)

A_32_P36694 JAZF zinc finger 1(JAZF1)

A_32_P197489 Kruppel like factor 13(KLF13)

A_23_P8452 LFNG O-fucosylpeptide 3-beta-N-acetylglucosaminyltransferase(LFNG)

A_23_P317324 MDS1 and EVI1 complex locus(MECOM)

A_23_P146551, A_24_P32085 MOB kinase activator 3B(MOB3B)

A_32_P68050, A_23_P124427 NIMA related kinase 1(NEK1)

A_23_P211973 NIMA related kinase 11(NEK11)

A_23_P110473 NLR family apoptosis inhibitory protein(NAIP)

A_23_P152115 NME/NM23 nucleoside diphosphate kinase 3(NME3)

A_23_P201079 PR/SET domain 2(PRDM2)

A_23_P251647 Rieske Fe-S domain containing(RFESD)

A_24_P191971 SAP30 like(SAP30L)

A_23_P102571 SLC2A4 regulator(SLC2A4RG)

A_24_P71938 SMAD family member 1(SMAD1)

A_23_P428260 STEAP2 metalloreductase(STEAP2)

A_23_P121602 Sin3A associated protein 30(SAP30)

A_24_P350437 THAP domain containing 2(THAP2)

A_23_P200030 TNNI3 interacting kinase(TNNI3K)

A_23_P3856 ZFP1 zinc finger protein(ZFP1)

A_23_P133359 ZFP2 zinc finger protein(ZFP2)

A_23_P99540 ZFP36 ring finger protein like 1(ZFP36L1)

A_23_P69877 ZFP62 zinc finger protein(ZFP62)

A_23_P416813 ZFP82 zinc finger protein(ZFP82)

A_23_P303317 ZXD family zinc finger C(ZXDC)

A_24_P134319 activity dependent neuroprotector homeobox(ADNP)

A_23_P211207 adenosine deaminase, RNA specific B1(ADARB1)

A_23_P157569 alcohol dehydrogenase, iron containing 1(ADHFE1)

A_32_P122226 amidohydrolase domain containing 1(AMDHD1)

A_23_P217114 aminolevulinate dehydratase(ALAD)

A_23_P23611 amylase, alpha 1A (salivary)(AMY1A)

A_24_P131522, A_23_P84576 anthrax toxin receptor 1(ANTXR1)

A_23_P258194 apoptosis inducing factor, mitochondria associated 3(AIFM3)

A_23_P151653 apurinic/apyrimidinic endodeoxyribonuclease 1(APEX1)

A_23_P304304 arylsulfatase F(ARSF)

A_23_P19030 arylsulfatase family member I(ARSI)

A_23_P149206 beta-1,4-galactosyltransferase 2(B4GALT2)

A_23_P256735 carboxypeptidase Q(CPQ)

A_23_P105138 catalase(CAT)

A_23_P397248 chloride channel accessory 2(CLCA2)

A_23_P376591 citrate lyase beta like(CLYBL)

A_24_P398972 coenzyme Q7, hydroxylase(COQ7)

A_23_P83818 collagen type V alpha 1 chain(COL5A1)

A_23_P33196 collagen type V alpha 2 chain(COL5A2)

A_23_P42322 collagen type XI alpha 2 chain(COL11A2)

A_23_P211212 collagen type XVIII alpha 1 chain(COL18A1)

A_23_P158096 collagen type XXVII alpha 1 chain(COL27A1)

A_23_P2492 complement C1s(C1S)

A_24_P345451, A_23_P209564 cytochrome b reductase 1(CYBRD1)

A_23_P342131 cytochrome b561 family member A3(CYB561A3)

A_32_P174083 cytochrome c, somatic(CYCS)

A_23_P135548 dihydropyrimidine dehydrogenase(DPYD)

A_23_P40315 double zinc ribbon and ankyrin repeat domains 1(DZANK1)

A_23_P214080 early growth response 1(EGR1)

A_23_P46936 early growth response 2(EGR2)

A_24_P112447 ectonucleoside triphosphate diphosphohydrolase 7(ENTPD7)

A_23_P15944 elaC ribonuclease Z 1(ELAC1)

A_23_P92261 endothelin converting enzyme 2(ECE2)

A_23_P13183 exostosin glycosyltransferase 2(EXT2)

A_23_P118 exostosin like glycosyltransferase 2(EXTL2)

A_23_P865 ferric chelate reductase 1(FRRS1)

A_23_P47616 folate hydrolase 1(FOLH1)

A_32_P157391 folate hydrolase 1B(FOLH1B)

A_23_P161998 hemopexin(HPX)

A_24_P125283 histone deacetylase 5(HDAC5)

A_32_P59302 human immunodeficiency virus type I enhancer binding protein 3(HIVEP3)

A_23_P215634 insulin like growth factor binding protein 3(IGFBP3)

A_23_P210176 integrin subunit alpha 6(ITGA6)

A_23_P124108 integrin subunit alpha M(ITGAM)

A_23_P50907 integrin subunit alpha V(ITGAV)

A_24_P328524 kalirin, RhoGEF kinase(KALRN)

A_23_P254081 lipoic acid synthetase(LIAS)

A_23_P127406 lysine demethylase 4D(KDM4D)

A_23_P136683, A_23_P8108 major histocompatibility complex, class II, DQ beta 1(HLA-DQB1)

A_23_P23996 methionine adenosyltransferase 1A(MAT1A)

A_23_P90790 methionyl aminopeptidase type 1D, mitochondrial(METAP1D)

A_23_P56654 methylmalonyl-CoA epimerase(MCEE)

A_23_P117274 mitochondrial intermediate peptidase(MIPEP)

A_24_P56317 muscleblind like splicing regulator 2(MBNL2)

A_24_P345002 nudix hydrolase 11(NUDT11)

A_23_P259090 nudix hydrolase 12(NUDT12)

A_24_P67946 nudix hydrolase 4(NUDT4)

A_23_P143348 ovo like zinc finger 2(OVOL2)

A_23_P161297 oxoglutarate dehydrogenase-like(OGDHL)

A_23_P31399 paraoxonase 2(PON2)

A_23_P215549 paraoxonase 3(PON3)

A_23_P90732 paroxysmal nonkinesigenic dyskinesia(PNKD)

A_24_P360529 phosphodiesterase 7A(PDE7A)

A_24_P197537 phosphodiesterase 8B(PDE8B)

A_23_P11685 phospholipase A2 group IVA(PLA2G4A)

A_23_P137035 pirin(PIR)

A_23_P20275 pleckstrin homology and FYVE domain containing 2(PLEKHF2)

A_23_P8416 polypeptide N-acetylgalactosaminyltransferase 11(GALNT11)

A_23_P144384 polypeptide N-acetylgalactosaminyltransferase 7(GALNT7)

A_23_P48358 propionyl-CoA carboxylase alpha subunit(PCCA)

A_24_P64167 prostaglandin-endoperoxide synthase 1(PTGS1)

A_24_P111134 protein O-mannosyltransferase 2(POMT2)

A_23_P1374 protein kinase C theta(PRKCQ)

A_24_P165656 protein kinase D3(PRKD3)

A_24_P96234 queuine tRNA-ribosyltransferase catalytic subunit 1(QTRT1)

A_23_P94819 rabphilin 3A-like (without C2 domains)(RPH3AL)

A_24_P62530 ras homolog family member U(RHOU)

A_23_P424561 ras homolog family member V(RHOV)

A_23_P158318 receptor tyrosine kinase like orphan receptor 2(ROR2)

A_23_P360744 recombination activating 1(RAG1)

A_23_P9523 ribokinase(RBKS)

A_23_P390172 ribonuclease L(RNASEL)

A_23_P169039 snail family transcriptional repressor 2(SNAI2)
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A_24_P140475, A_23_P121795 sorbin and SH3 domain containing 2(SORBS2)

A_23_P48585 spalt like transcription factor 2(SALL2)

A_23_P134176 superoxide dismutase 2, mitochondrial(SOD2)

A_24_P190877 tRNA methyltransferase 1 like(TRMT1L)

A_23_P27381 teashirt zinc finger homeobox 1(TSHZ1)

A_23_P143247 teashirt zinc finger homeobox 2(TSHZ2)

A_24_P346431 tensin 3(TNS3)

A_24_P217904 transcriptional regulating factor 1(TRERF1)

A_23_P216712 transient receptor potential cation channel subfamily M member 6(TRPM6)

A_23_P354175 transmembrane protein 129(TMEM129)

A_23_P121253 tumor necrosis factor superfamily member 10(TNFSF10)

A_24_P273756 tumor protein p63(TP63)

A_24_P924591 vascular endothelial zinc finger 1(VEZF1)

A_24_P84419 vav guanine nucleotide exchange factor 2(VAV2)

A_23_P201551 vav guanine nucleotide exchange factor 3(VAV3)

A_23_P98483 zinc finger BED-type containing 5(ZBED5)

A_23_P20363 zinc finger C2HC-type containing 1A(ZC2HC1A)

A_23_P62188 zinc finger C4H2-type containing(ZC4H2)

A_23_P388993 zinc finger CCCH-type containing 12C(ZC3H12C)

A_24_P826348 zinc finger CCCH-type containing 6(ZC3H6)

A_24_P345540 zinc finger CCCH-type containing 8(ZC3H8)

A_32_P104746 zinc finger FYVE-type containing 28(ZFYVE28)

A_23_P160567 zinc finger MYND-type containing 12(ZMYND12)

A_24_P74064 zinc finger and BTB domain containing 14(ZBTB14)

A_23_P40866 zinc finger and BTB domain containing 20(ZBTB20)

A_24_P339869 zinc finger and BTB domain containing 21(ZBTB21)

A_23_P134147 zinc finger and BTB domain containing 24(ZBTB24)

A_23_P48628 zinc finger and BTB domain containing 25(ZBTB25)

A_23_P137504 zinc finger and BTB domain containing 37(ZBTB37)

A_24_P592012 zinc finger and BTB domain containing 46(ZBTB46)

A_24_P71700 zinc finger and BTB domain containing 47(ZBTB47)

A_23_P309246 zinc finger and SCAN domain containing 25(ZSCAN25)

A_23_P214533 zinc finger and SCAN domain containing 31(ZSCAN31)

A_24_P215475, A_23_P203829 zinc finger protein 10(ZNF10)

A_23_P45087 zinc finger protein 107(ZNF107)

A_23_P107724 zinc finger protein 112(ZNF112)

A_24_P193600 zinc finger protein 174(ZNF174)

A_23_P332374 zinc finger protein 175(ZNF175)

A_24_P168398 zinc finger protein 177(ZNF177)

A_23_P141302 zinc finger protein 18(ZNF18)

A_23_P50735 zinc finger protein 181(ZNF181)

A_23_P156620 zinc finger protein 184(ZNF184)

A_23_P252748 zinc finger protein 195(ZNF195)

A_23_P130482 zinc finger protein 211(ZNF211)

A_23_P127840 zinc finger protein 214(ZNF214)

A_23_P202458 zinc finger protein 22(ZNF22)

A_23_P164674 zinc finger protein 225(ZNF225)

A_23_P371011 zinc finger protein 227(ZNF227)

A_24_P370096 zinc finger protein 230(ZNF230)

A_23_P153286 zinc finger protein 234(ZNF234)

A_24_P69691, A_23_P381577 zinc finger protein 25(ZNF25)

A_24_P205019 zinc finger protein 250(ZNF250)

A_24_P22981 zinc finger protein 253(ZNF253)

A_23_P14708 zinc finger protein 280D(ZNF280D)

A_32_P129968 zinc finger protein 284(ZNF284)

A_23_P209032 zinc finger protein 302(ZNF302)

A_23_P98057 zinc finger protein 32(ZNF32)

A_23_P107684 zinc finger protein 324(ZNF324)

A_24_P83437 zinc finger protein 326(ZNF326)

A_23_P413634 zinc finger protein 329(ZNF329)

A_24_P318939 zinc finger protein 337(ZNF337)

A_24_P137997 zinc finger protein 34(ZNF34)

A_23_P16354 zinc finger protein 382(ZNF382)

A_23_P319013 zinc finger protein 383(ZNF383)

A_23_P146077 zinc finger protein 395(ZNF395)

A_24_P393565 zinc finger protein 396(ZNF396)

A_23_P164638 zinc finger protein 419(ZNF419)

A_23_P380951 zinc finger protein 420(ZNF420)

A_23_P51202 zinc finger protein 436(ZNF436)

A_23_P161156 zinc finger protein 438(ZNF438)

A_23_P434430 zinc finger protein 439(ZNF439)

A_23_P309865 zinc finger protein 449(ZNF449)

A_23_P60499 zinc finger protein 462(ZNF462)

A_23_P326009 zinc finger protein 471(ZNF471)

A_23_P341700 zinc finger protein 484(ZNF484)

A_23_P115861 zinc finger protein 485(ZNF485)

A_23_P23966 zinc finger protein 488(ZNF488)

A_24_P15062 zinc finger protein 490(ZNF490)

A_24_P248741 zinc finger protein 501(ZNF501)

A_24_P404487 zinc finger protein 506(ZNF506)

A_23_P391164 zinc finger protein 512(ZNF512)

A_23_P402000 zinc finger protein 527(ZNF527)

A_23_P433676 zinc finger protein 529(ZNF529)

A_23_P414713 zinc finger protein 534(ZNF534)

A_23_P399146 zinc finger protein 549(ZNF549)

A_24_P68019 zinc finger protein 551(ZNF551)

A_23_P38830 zinc finger protein 552(ZNF552)

A_32_P177097 zinc finger protein 557(ZNF557)

A_24_P284584 zinc finger protein 559(ZNF559)

A_23_P55880 zinc finger protein 564(ZNF564)

A_23_P79145 zinc finger protein 570(ZNF570)

A_23_P301360 zinc finger protein 572(ZNF572)

A_23_P208198 zinc finger protein 577(ZNF577)

A_23_P164797 zinc finger protein 580(ZNF580)

A_23_P67432 zinc finger protein 583(ZNF583)

A_23_P414964 zinc finger protein 584(ZNF584)

A_24_P247978 zinc finger protein 589(ZNF589)

A_23_P321160 zinc finger protein 594(ZNF594)

A_23_P82762, A_32_P187663 zinc finger protein 596(ZNF596)

A_23_P169978 zinc finger protein 608(ZNF608)

A_23_P416751 zinc finger protein 610(ZNF610)

A_23_P55256 zinc finger protein 652(ZNF652)

A_23_P419202, A_32_P220739 zinc finger protein 658B (pseudogene)(ZNF658B)

A_23_P101623 zinc finger protein 667(ZNF667)

A_23_P50217 zinc finger protein 671(ZNF671)

A_24_P944588, A_23_P28012 zinc finger protein 682(ZNF682)

A_23_P129659 zinc finger protein 689(ZNF689)

A_24_P254084 zinc finger protein 69(ZNF69)

A_23_P97221 zinc finger protein 691(ZNF691)

A_32_P19716 zinc finger protein 697(ZNF697)

A_24_P344516 zinc finger protein 702, pseudogene(ZNF702P)

A_24_P365322 zinc finger protein 709(ZNF709)

A_23_P217297 zinc finger protein 711(ZNF711)

A_23_P320530 zinc finger protein 780A(ZNF780A)

A_23_P67618 zinc finger protein 792(ZNF792)

A_23_P105276 zinc finger protein 84(ZNF84)

A_24_P450596 zinc finger protein 850(ZNF850)

A_23_P253921 zinc finger protein 852(ZNF852)

A_24_P333421 zinc finger protein 862(ZNF862)

A_23_P168019 zinc finger with KRAB and SCAN domains 3(ZKSCAN3)

A_23_P133868 zinc finger with KRAB and SCAN domains 4(ZKSCAN4)

A_23_P259663 zinc finger with KRAB and SCAN domains 5(ZKSCAN5)

A_23_P43150 zinc fingers and homeoboxes 1(ZHX1)

5. GO:0001533~cornified envelope

ID Gene Name

A_23_P94501 annexin A1(ANXA1)

A_23_P350396 corneodesmosin(CDSN)

A_23_P146946 cystatin E/M(CST6)

A_23_P353524 involucrin(IVL)

A_23_P404685 late cornified envelope 1A(LCE1A)
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A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P63521 late cornified envelope 2C(LCE2C)

A_23_P369471 late cornified envelope 3A(LCE3A)

A_23_P324538 late cornified envelope 3B(LCE3B)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P34452 loricrin(LOR)

A_23_P500000 sciellin(SCEL)

A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)

A_23_P422018 small proline rich protein 4(SPRR4)

A_23_P65618 transglutaminase 1(TGM1)

6. GO:0008544~epidermis development

ID Gene Name

A_23_P104188 E74 like ETS transcription factor 3(ELF3)

A_23_P335239 GRB2 associated binding protein 1(GAB1)

A_23_P313389 UDP-glucose ceramide glucosyltransferase(UGCG)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P350396 corneodesmosin(CDSN)

A_23_P146946 cystatin E/M(CST6)

A_23_P76488 epithelial membrane protein 1(EMP1)

A_23_P52067 grainyhead like transcription factor 3(GRHL3)

A_23_P153480 kallikrein related peptidase 5(KLK5)

A_23_P39056 kallikrein related peptidase 7(KLK7)

A_23_P27133 keratin 15(KRT15)

A_23_P107465 keratin 31(KRT31)

A_23_P89601 keratin 32(KRT32)

A_23_P101054 keratin 34(KRT34)

A_24_P410408 keratin 83(KRT83)

A_23_P89780 laminin subunit alpha 3(LAMA3)

A_23_P160968, A_23_P201636 laminin subunit gamma 2(LAMC2)

A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P202810 ovo like transcriptional repressor 1(OVOL1)

A_23_P500000 sciellin(SCEL)

A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)

7. GO:0005615~extracellular space

ID Gene Name

A_24_P140405 ADAM metallopeptidase with thrombospondin type 1 motif 3(ADAMTS3)

A_24_P128163 ADAM metallopeptidase with thrombospondin type 1 motif 4(ADAMTS4)

A_32_P196263 ADAM metallopeptidase with thrombospondin type 1 motif 9(ADAMTS9)

A_23_P157299 AE binding protein 1(AEBP1)

A_23_P208389 AXL receptor tyrosine kinase(AXL)

A_23_P26325 C-C motif chemokine ligand 17(CCL17)

A_24_P313418 C-C motif chemokine ligand 22(CCL22)

A_23_P207564 C-C motif chemokine ligand 4(CCL4)

A_24_P211565 C1q and tumor necrosis factor related protein 6(C1QTNF6)

A_23_P256413 CKLF like MARVEL transmembrane domain containing 7(CMTM7)

A_23_P119478 Epstein-Barr virus induced 3(EBI3)

A_23_P124892 KiSS-1 metastasis-suppressor(KISS1)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_23_P62115 TIMP metallopeptidase inhibitor 1(TIMP1)

A_24_P169896 TIMP metallopeptidase inhibitor 2(TIMP2)

A_23_P71530 TNF receptor superfamily member 11b(TNFRSF11B)

A_23_P145485 UL16 binding protein 2(ULBP2)

A_23_P218675, A_24_P14464 WAP four-disulfide core domain 2(WFDC2)

A_23_P411157 Wnt family member 1(WNT1)

A_23_P53588 Wnt family member 5B(WNT5B)

A_23_P258410 Wnt family member 7A(WNT7A)

A_32_P137939 actin beta(ACTB)

A_32_P156963 actin gamma 1(ACTG1)

A_23_P1102 actin, alpha 1, skeletal muscle(ACTA1)

A_24_P6903 actin, beta like 2(ACTBL2)

A_23_P39955 actin, gamma 2, smooth muscle, enteric(ACTG2)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P258190 aldo-keto reductase family 1 member B(AKR1B1)

A_23_P71270, A_24_P49267 alpha-2-glycoprotein 1, zinc-binding(AZGP1)

A_23_P259071 amphiregulin(AREG)

A_23_P94501 annexin A1(ANXA1)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P135722 betacellulin(BTC)

A_23_P19624 bone morphogenetic protein 6(BMP6)

A_23_P19754 carboxypeptidase A4(CPA4)

A_23_P138524 carboxypeptidase X, M14 family member 2(CPXM2)

A_23_P218442 carcinoembryonic antigen related cell adhesion molecule 6(CEACAM6)

A_23_P14774 cathepsin H(CTSH)

A_23_P94533 cathepsin L(CTSL)

A_23_P146456 cathepsin V(CTSV)

A_23_P137665 chitinase 3 like 1(CHI3L1)

A_23_P425681 cholecystokinin(CCK)

A_32_P86150 chymotrypsinogen B2(CTRB2)

A_23_P215913 clusterin(CLU)

A_24_P373152 cofilin 2(CFL2)

A_23_P55544 collagen and calcium binding EGF domains 1(CCBE1)

A_23_P133408 colony stimulating factor 2(CSF2)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P146946 cystatin E/M(CST6)

A_23_P169017 defensin beta 103A(DEFB103A)

A_23_P157628 defensin beta 4A(DEFB4A)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_23_P24129 dickkopf WNT signaling pathway inhibitor 1(DKK1)

A_23_P156880, A_32_P192376 ectonucleotide pyrophosphatase/phosphodiesterase 1(ENPP1)

A_23_P83328 endoglin(ENG)

A_23_P214821 endothelin 1(EDN1)

A_23_P312150 endothelin 2(EDN2)

A_24_P236091 enolase 2(ENO2)

A_23_P41344 epiregulin(EREG)

A_23_P349416 erb-b2 receptor tyrosine kinase 3(ERBB3)

A_23_P160559 extracellular matrix protein 1(ECM1)

A_23_P19590 ezrin(EZR)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P212800 fibroblast growth factor 5(FGF5)

A_23_P212696 follistatin like 1(FSTL1)

A_23_P374844 galanin and GMAP prepropeptide(GAL)

A_23_P128919 galectin 3(LGALS3)

A_23_P201035 glucosylceramidase beta(GBA)

A_23_P133474 glutathione peroxidase 3(GPX3)

A_23_P146512 golgi membrane protein 1(GOLM1)

A_23_P76102 growth differentiation factor 11(GDF11)

A_23_P120883 heme oxygenase 1(HMOX1)

A_24_P140608 heparin binding EGF like growth factor(HBEGF)

A_23_P156049 hexosaminidase subunit beta(HEXB)

A_24_P55148 histone cluster 1 H2B family member j(HIST1H2BJ)

A_23_P149545 histone cluster 2 H2B family member e(HIST2H2BE)

A_23_P69329 hyaluronoglucosaminidase 1(HYAL1)

A_24_P155502 inhibin beta C subunit(INHBC)

A_23_P112220 insulin like 4(INSL4)

A_23_P150609 insulin like growth factor 2(IGF2)

A_23_P139912 insulin like growth factor binding protein 6(IGFBP6)

A_23_P353035 insulin like growth factor binding protein 7(IGFBP7)

A_23_P144549 integrin binding sialoprotein(IBSP)

A_23_P153320 intercellular adhesion molecule 1(ICAM1)

A_23_P409438 interferon lambda 2(IFNL2)

A_23_P72096 interleukin 1 alpha(IL1A)
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A_23_P79518 interleukin 1 beta(IL1B)

A_23_P501713 interleukin 1 family member 10 (theta)(IL1F10)

A_23_P126735 interleukin 10(IL10)

A_23_P61057 interleukin 16(IL16)

A_23_P104798 interleukin 18(IL18)

A_23_P15146 interleukin 32(IL32)

A_24_P68783 interleukin 36 receptor antagonist(IL36RN)

A_23_P5654 interleukin 37(IL37)

A_23_P34066 interleukin 9 receptor(IL9R)

A_23_P167168 joining chain of multimeric IgA and IgM(JCHAIN)

A_23_P101505 kallikrein related peptidase 11(KLK11)

A_23_P500010 kallikrein related peptidase 12(KLK12)

A_24_P333697, A_24_P416645 kallikrein related peptidase 13(KLK13)

A_23_P153480 kallikrein related peptidase 5(KLK5)

A_24_P236935 kallikrein related peptidase 6(KLK6)

A_23_P39056 kallikrein related peptidase 7(KLK7)

A_23_P369343 kallikrein related peptidase 8(KLK8)

A_23_P107465 keratin 31(KRT31)

A_23_P89665 keratin 33B(KRT33B)

A_23_P101054 keratin 34(KRT34)

A_24_P410408 keratin 83(KRT83)

A_23_P363769 keratin 86(KRT86)

A_23_P166848 lactotransferrin(LTF)

A_23_P160968, A_23_P201636 laminin subunit gamma 2(LAMC2)

A_24_P122137, A_24_P233488 leukemia inhibitory factor(LIF)

A_23_P84219 lipase H(LIPH)

A_23_P169437 lipocalin 2(LCN2)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_24_P88763 lysyl oxidase like 3(LOXL3)

A_23_P13094 matrix metallopeptidase 10(MMP10)

A_23_P4714 melanoma inhibitory activity(MIA)

A_23_P10591 meteorin like, glial cell differentiation regulator(METRNL)

A_23_P137856 mucin 1, cell surface associated(MUC1)

A_23_P5211 mucin 16, cell surface associated(MUC16)

A_23_P62752 natriuretic peptide B(NPPB)

A_23_P166408 oncostatin M(OSM)

A_23_P207336 pancreatic polypeptide(PPY)

A_24_P339944 platelet derived growth factor subunit B(PDGFB)

A_23_P215060 podocalyxin like(PODXL)

A_24_P65616, A_23_P141894 poliovirus receptor(PVR)

A_23_P257003 proprotein convertase subtilisin/kexin type 5(PCSK5)

A_23_P12463 quiescin sulfhydryl oxidase 1(QSOX1)

A_23_P118571 sclerostin(SOST)

A_23_P312300 secretoglobin family 2A member 1(SCGB2A1)

A_24_P190472 secretory leukocyte peptidase inhibitor(SLPI)

A_32_P29118 semaphorin 3D(SEMA3D)

A_23_P127068 semaphorin 4G(SEMA4G)

A_23_P106389 semaphorin 7A (John Milton Hagen blood group)(SEMA7A)

A_23_P49060 serine peptidase inhibitor, Kunitz type 1(SPINT1)

A_23_P88177 serpin family A member 12(SERPINA12)

A_23_P372478 serpin family A member 9(SERPINA9)

A_23_P214330 serpin family B member 1(SERPINB1)

A_24_P245379 serpin family B member 2(SERPINB2)

A_23_P141802 serpin family B member 7(SERPINB7)

A_24_P147461 serpin family B member 8(SERPINB8)

A_24_P295010 serpin family B member 9(SERPINB9)

A_23_P144348 slit guidance ligand 2(SLIT2)

A_23_P77103 sorbitol dehydrogenase(SORD)

A_23_P98282 spectrin beta, non-erythrocytic 2(SPTBN2)

A_23_P203488 sphingomyelin phosphodiesterase 1(SMPD1)

A_23_P160881 sphingomyelin phosphodiesterase acid like 3B(SMPDL3B)

A_23_P145657 stromal antigen 3(STAG3)

A_23_P254741 superoxide dismutase 3, extracellular(SOD3)

A_23_P47282 suppression of tumorigenicity 14(ST14)

A_24_P142118 thrombospondin 1(THBS1)

A_23_P330070 tissue factor pathway inhibitor(TFPI)

A_23_P377291 transforming growth factor alpha(TGFA)

A_24_P400573 transmembrane channel like 8(TMC8)

A_23_P211493 transmembrane protease, serine 6(TMPRSS6)

A_23_P149529 tumor-associated calcium signal transducer 2(TACSTD2)

A_24_P18270 upper zone of growth plate and cartilage matrix associated(UCMA)

A_23_P129695 vasorin(VASN)

8.GO:0006355~regulation of transcription, DNA-templated

ID Gene Name

A_23_P44257 COMM domain containing 8(COMMD8)

A_23_P384329 DENN domain containing 4A(DENND4A)

A_23_P413923 DMRT like family A1(DMRTA1)

A_23_P94571 ELAV like RNA binding protein 2(ELAVL2)

A_23_P252201 ELL associated factor 2(EAF2)

A_23_P368259 EP300 interacting inhibitor of differentiation 2B(EID2B)

A_23_P319859 EYA transcriptional coactivator and phosphatase 2(EYA2)

A_24_P127719 MAF bZIP transcription factor A(MAFA)

A_23_P317324 MDS1 and EVI1 complex locus(MECOM)

A_23_P37654 MGA, MAX dimerization protein(MGA)

A_24_P192627, A_23_P216693 MLLT3, super elongation complex subunit(MLLT3)

A_23_P6381 MN1 proto-oncogene, transcriptional regulator(MN1)

A_24_P191417 NGFI-A binding protein 1(NAB1)

A_23_P149992 PDZ and LIM domain 1(PDLIM1)

A_23_P213959 PPARG coactivator 1 beta(PPARGC1B)

A_23_P331908 PR/SET domain 11(PRDM11)

A_23_P201079 PR/SET domain 2(PRDM2)

A_23_P117163 RCC1 and BTB domain containing protein 1(RCBTB1)

A_24_P945181 RNA binding motif protein 15B(RBM15B)

A_23_P75310 Rho GTPase activating protein 22(ARHGAP22)

A_24_P191971 SAP30 like(SAP30L)

A_23_P259741 SATB homeobox 1(SATB1)

A_32_P174365 SATB homeobox 2(SATB2)

A_23_P102571 SLC2A4 regulator(SLC2A4RG)

A_23_P48936 SMAD family member 3(SMAD3)

A_23_P120002 SP110 nuclear body protein(SP110)

A_24_P328504 SP140 nuclear body protein(SP140)

A_23_P401055 SRY-box 2(SOX2)

A_24_P407259 SRY-box 21(SOX21)

A_23_P425304 SUFU negative regulator of hedgehog signaling(SUFU)

A_23_P121602 Sin3A associated protein 30(SAP30)

A_24_P23258 TSC22 domain family member 3(TSC22D3)

A_23_P3856 ZFP1 zinc finger protein(ZFP1)

A_23_P133359 ZFP2 zinc finger protein(ZFP2)

A_23_P99540 ZFP36 ring finger protein like 1(ZFP36L1)

A_23_P69877 ZFP62 zinc finger protein(ZFP62)

A_23_P416813 ZFP82 zinc finger protein(ZFP82)

A_32_P171061 achaete-scute family bHLH transcription factor 2(ASCL2)

A_23_P119337 activating transcription factor 5(ATF5)

A_23_P129466 activating transcription factor 7 interacting protein 2(ATF7IP2)

A_24_P134319 activity dependent neuroprotector homeobox(ADNP)

A_23_P151653 apurinic/apyrimidinic endodeoxyribonuclease 1(APEX1)

A_23_P215566 aryl hydrocarbon receptor(AHR)

A_23_P139500 basic helix-loop-helix family member e41(BHLHE41)

A_23_P201979 cAMP responsive element modulator(CREM)

A_23_P251421 cell division cycle associated 7(CDCA7)

A_23_P115064 cellular retinoic acid binding protein 2(CRABP2)

A_23_P372638, A_24_P942250 chromodomain helicase DNA binding protein 9(CHD9)

A_32_P142818 distal-less homeobox 1(DLX1)

A_23_P164196 distal-less homeobox 4(DLX4)

A_24_P185854 dystrophin(DMD)

A_23_P46936 early growth response 2(EGR2)

A_23_P58506 elongation factor for RNA polymerase II 2(ELL2)

A_23_P44264 empty spiracles homeobox 2(EMX2)

A_23_P309739 estrogen receptor 1(ESR1)

A_23_P209449 frizzled class receptor 7(FZD7)
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A_23_P302005 general transcription factor IIA subunit 1 like(GTF2A1L)

A_24_P277155 helicase like transcription factor(HLTF)

A_23_P136909 high mobility group nucleosome binding domain 5(HMGN5)

A_23_P500998 homeobox A9(HOXA9)

A_24_P363548 huntingtin interacting protein 1(HIP1)

A_23_P23765 integrin subunit beta 3 binding protein(ITGB3BP)

A_32_P21474 interleukin 1 receptor associated kinase 1 binding protein 1(IRAK1BP1)

A_23_P152235 iroquois homeobox 3(IRX3)

A_23_P110837 iroquois homeobox 4(IRX4)

A_24_P48057 iroquois homeobox 5(IRX5)

A_23_P210445 l(3)mbt-like 1 (Drosophila)(L3MBTL1)

A_23_P127406 lysine demethylase 4D(KDM4D)

A_23_P217778 male-specific lethal 3 homolog (Drosophila)(MSL3)

A_23_P53530 mitochondrial transcription termination factor 2(MTERF2)

A_23_P60387 notch 1(NOTCH1)

A_23_P85682 nuclear factor I A(NFIA)

A_23_P315843 nuclear receptor coactivator 5(NCOA5)

A_23_P167367 paired like homeodomain 2(PITX2)

A_23_P83298 paired related homeobox 2(PRRX2)

A_23_P137035 pirin(PIR)

A_24_P161018 poly(ADP-ribose) polymerase family member 14(PARP14)

A_23_P145074 proline rich nuclear receptor coactivator 1(PNRC1)

A_24_P207139 promyelocytic leukemia(PML)

A_23_P1374 protein kinase C theta(PRKCQ)

A_23_P502350 regulatory factor X2(RFX2)

A_32_P161762 runt related transcription factor 2(RUNX2)

A_23_P311201 serine and arginine rich splicing factor 10(SRSF10)

A_23_P12477 sex comb on midleg homolog 1 (Drosophila)(SCMH1)

A_23_P100795 signal transducer and activator of transcription 3(STAT3)

A_23_P33791 single stranded DNA binding protein 2(SSBP2)

A_23_P207742, A_24_P262407 thyroid hormone receptor, alpha(THRA)

A_24_P122403 transcription elongation factor B subunit 3(TCEB3)

A_24_P365365 transcription factor 3(TCF3)

A_24_P172481 tripartite motif containing 22(TRIM22)

A_23_P168882 tumor protein p53 inducible nuclear protein 1(TP53INP1)

A_23_P171095 ubiquitin specific peptidase 27, X-linked(USP27X)

A_23_P162589 vitamin D (1,25- dihydroxyvitamin D3) receptor(VDR)

A_24_P23034 zinc finger NFX1-type containing 1(ZNFX1)

A_24_P339869 zinc finger and BTB domain containing 21(ZBTB21)

A_23_P134147 zinc finger and BTB domain containing 24(ZBTB24)

A_23_P48628 zinc finger and BTB domain containing 25(ZBTB25)

A_23_P137504 zinc finger and BTB domain containing 37(ZBTB37)

A_24_P592012 zinc finger and BTB domain containing 46(ZBTB46)

A_24_P71700 zinc finger and BTB domain containing 47(ZBTB47)

A_23_P309246 zinc finger and SCAN domain containing 25(ZSCAN25)

A_23_P214533 zinc finger and SCAN domain containing 31(ZSCAN31)

A_24_P215475, A_23_P203829 zinc finger protein 10(ZNF10)

A_23_P45087 zinc finger protein 107(ZNF107)

A_23_P107724 zinc finger protein 112(ZNF112)

A_23_P332374 zinc finger protein 175(ZNF175)

A_24_P168398 zinc finger protein 177(ZNF177)

A_23_P50735 zinc finger protein 181(ZNF181)

A_23_P156620 zinc finger protein 184(ZNF184)

A_23_P252748 zinc finger protein 195(ZNF195)

A_23_P130482 zinc finger protein 211(ZNF211)

A_23_P127840 zinc finger protein 214(ZNF214)

A_23_P202458 zinc finger protein 22(ZNF22)

A_23_P164674 zinc finger protein 225(ZNF225)

A_23_P371011 zinc finger protein 227(ZNF227)

A_24_P370096 zinc finger protein 230(ZNF230)

A_23_P153286 zinc finger protein 234(ZNF234)

A_24_P69691, A_23_P381577 zinc finger protein 25(ZNF25)

A_24_P205019 zinc finger protein 250(ZNF250)

A_24_P22981 zinc finger protein 253(ZNF253)

A_32_P129968 zinc finger protein 284(ZNF284)

A_23_P209032 zinc finger protein 302(ZNF302)

A_24_P204043, A_23_P145175 zinc finger protein 318(ZNF318)

A_23_P98057 zinc finger protein 32(ZNF32)

A_23_P107684 zinc finger protein 324(ZNF324)

A_23_P413634 zinc finger protein 329(ZNF329)

A_24_P318939 zinc finger protein 337(ZNF337)

A_24_P137997 zinc finger protein 34(ZNF34)

A_23_P16354 zinc finger protein 382(ZNF382)

A_23_P319013 zinc finger protein 383(ZNF383)

A_23_P146077 zinc finger protein 395(ZNF395)

A_23_P164638 zinc finger protein 419(ZNF419)

A_23_P380951 zinc finger protein 420(ZNF420)

A_23_P51202 zinc finger protein 436(ZNF436)

A_23_P161156 zinc finger protein 438(ZNF438)

A_23_P434430 zinc finger protein 439(ZNF439)

A_23_P309865 zinc finger protein 449(ZNF449)

A_23_P326009 zinc finger protein 471(ZNF471)

A_23_P341700 zinc finger protein 484(ZNF484)

A_23_P115861 zinc finger protein 485(ZNF485)

A_24_P15062 zinc finger protein 490(ZNF490)

A_24_P248741 zinc finger protein 501(ZNF501)

A_24_P404487 zinc finger protein 506(ZNF506)

A_23_P391164 zinc finger protein 512(ZNF512)

A_23_P402000 zinc finger protein 527(ZNF527)

A_23_P433676 zinc finger protein 529(ZNF529)

A_23_P414713 zinc finger protein 534(ZNF534)

A_23_P399146 zinc finger protein 549(ZNF549)

A_24_P68019 zinc finger protein 551(ZNF551)

A_23_P38830 zinc finger protein 552(ZNF552)

A_32_P177097 zinc finger protein 557(ZNF557)

A_24_P284584 zinc finger protein 559(ZNF559)

A_23_P79145 zinc finger protein 570(ZNF570)

A_23_P301360 zinc finger protein 572(ZNF572)

A_23_P208198 zinc finger protein 577(ZNF577)

A_23_P164797 zinc finger protein 580(ZNF580)

A_23_P67432 zinc finger protein 583(ZNF583)

A_23_P414964 zinc finger protein 584(ZNF584)

A_24_P247978 zinc finger protein 589(ZNF589)

A_23_P321160 zinc finger protein 594(ZNF594)

A_23_P82762, A_32_P187663 zinc finger protein 596(ZNF596)

A_23_P416751 zinc finger protein 610(ZNF610)

A_23_P55256 zinc finger protein 652(ZNF652)

A_23_P419202, A_32_P220739 zinc finger protein 658B (pseudogene)(ZNF658B)

A_23_P101623 zinc finger protein 667(ZNF667)

A_24_P944588, A_23_P28012 zinc finger protein 682(ZNF682)

A_23_P129659 zinc finger protein 689(ZNF689)

A_24_P254084 zinc finger protein 69(ZNF69)

A_23_P97221 zinc finger protein 691(ZNF691)

A_32_P19716 zinc finger protein 697(ZNF697)

A_24_P344516 zinc finger protein 702, pseudogene(ZNF702P)

A_24_P365322 zinc finger protein 709(ZNF709)

A_23_P217297 zinc finger protein 711(ZNF711)

A_23_P320530 zinc finger protein 780A(ZNF780A)

A_23_P67618 zinc finger protein 792(ZNF792)

A_23_P105276 zinc finger protein 84(ZNF84)

A_24_P450596 zinc finger protein 850(ZNF850)

A_23_P253921 zinc finger protein 852(ZNF852)

A_24_P333421 zinc finger protein 862(ZNF862)

A_23_P133868 zinc finger with KRAB and SCAN domains 4(ZKSCAN4)

A_23_P259663 zinc finger with KRAB and SCAN domains 5(ZKSCAN5)

9.GO:0003779~actin binding

ID Gene Name

A_23_P147822 EPS8 like 2(EPS8L2)

A_32_P224149 FK506 binding protein 15(FKBP15)

A_24_P194081 FXYD domain containing ion transport regulator 5(FXYD5)
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A_23_P83403 LIM and calponin homology domains 1(LIMCH1)

A_23_P310 MARCKS like 1(MARCKSL1)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_24_P123408, A_23_P256205 actin binding LIM protein family member 3(ABLIM3)

A_23_P138881 actinin alpha 3 (gene/pseudogene)(ACTN3)

A_23_P101655 actinin alpha 4(ACTN4)

A_24_P62615 adenylate cyclase associated protein 1(CAP1)

A_23_P356684 anillin actin binding protein(ANLN)

A_32_P167471, A_23_P25706 calmin(CLMN)

A_23_P125233 calponin 1(CNN1)

A_23_P138168 calponin 3(CNN3)

A_24_P382319 carcinoembryonic antigen related cell adhesion molecule 1(CEACAM1)

A_24_P416131 coactosin like F-actin binding protein 1(COTL1)

A_23_P106761 coronin 1A(CORO1A)

A_32_P150891, A_23_P162719 diaphanous related formin 3(DIAPH3)

A_23_P54116 dishevelled associated activator of morphogenesis 1(DAAM1)

A_24_P43681 drebrin like(DBNL)

A_23_P134109 erythrocyte membrane protein band 4.1 like 2(EPB41L2)

A_23_P351 erythrocyte membrane protein band 4.1(EPB41)

A_23_P19590 ezrin(EZR)

A_23_P211878 filamin B(FLNB)

A_23_P73429 hematopoietic cell-specific Lyn substrate 1(HCLS1)

A_32_P176550 junction mediating and regulatory protein, p53 cofactor(JMY)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_23_P390068 mitotic spindle positioning(MISP)

A_23_P104438 myopalladin(MYPN)

A_23_P140434 myosin VC(MYO5C)

A_23_P15348 myosin phosphatase Rho interacting protein(MPRIP)

A_24_P168726 neurofibromin 2(NF2)

A_23_P111240 phosphatase and actin regulator 2(PHACTR2)

A_23_P28834 phosphatase and actin regulator 3(PHACTR3)

A_24_P119577 phosphatase and actin regulator 4(PHACTR4)

A_24_P250815, A_24_P151692 premature ovarian failure, 1B(POF1B)

A_24_P332647 slingshot protein phosphatase 1(SSH1)

A_24_P317907 sorbin and SH3 domain containing 1(SORBS1)

A_24_P272088 spectrin beta, erythrocytic(SPTB)

A_23_P98282 spectrin beta, non-erythrocytic 2(SPTBN2)

A_23_P355517 synaptopodin 2 like(SYNPO2L)

A_23_P87011, A_23_P87013 transgelin(TAGLN)

A_24_P13381 transient receptor potential cation channel subfamily V member 4(TRPV4)

A_23_P112289 tropomodulin 1(TMOD1)

A_23_P65674 tropomodulin 3(TMOD3)

A_23_P131825 troponin C2, fast skeletal type(TNNC2)

A_23_P34700 troponin T2, cardiac type(TNNT2)

A_23_P29684 villin like(VILL)

10. GO:0018149~peptide cross-linking

ID Gene Name

A_23_P94501 annexin A1(ANXA1)

A_23_P353524 involucrin(IVL)

A_23_P404685 late cornified envelope 1A(LCE1A)

A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P63521 late cornified envelope 2C(LCE2C)

A_23_P369471 late cornified envelope 3A(LCE3A)

A_23_P324538 late cornified envelope 3B(LCE3B)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P34452 loricrin(LOR)

A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)

A_23_P422018 small proline rich protein 4(SPRR4)

A_24_P142118 thrombospondin 1(THBS1)

A_23_P65618 transglutaminase 1(TGM1)

A_32_P86763, A_24_P923251 transglutaminase 2(TGM2)

11.GO:0019898~extrinsic component of membrane

ID Gene Name

A_23_P26037 FERM domain containing 5(FRMD5)

A_23_P138693 N-myristoyltransferase 2(NMT2)

A_23_P141394 WD repeat domain, phosphoinositide interacting 1(WIPI1)

A_32_P30905 WDFY family member 4(WDFY4)

A_23_P94501 annexin A1(ANXA1)

A_23_P361820 autophagy related 2A(ATG2A)

A_23_P7325 bone marrow stromal cell antigen 1(BST1)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_23_P134109 erythrocyte membrane protein band 4.1 like 2(EPB41L2)

A_23_P216556 erythrocyte membrane protein band 4.1 like 4B(EPB41L4B)

A_23_P351 erythrocyte membrane protein band 4.1(EPB41)

A_23_P19590 ezrin(EZR)

A_23_P17134 mal, T-cell differentiation protein(MAL)

A_24_P226008 monoglyceride lipase(MGLL)

A_23_P5211 mucin 16, cell surface associated(MUC16)

A_23_P409168 neurobeachin like 2(NBEAL2)

A_24_P168726 neurofibromin 2(NF2)

A_23_P16469 plasminogen activator, urokinase receptor(PLAUR)

A_23_P109143 prion protein(PRNP)

A_23_P80377 protein kinase C and casein kinase substrate in neurons 2(PACSIN2)

A_23_P414252 sorting nexin 8(SNX8)

A_24_P122337 synaptotagmin like 4(SYTL4)

12.GO:0005198~structural molecule activity

ID Gene Name

A_23_P216108 ankyrin 1(ANK1)

A_23_P94501 annexin A1(ANXA1)

A_24_P18105, A_24_P295245 aspartate beta-hydroxylase(ASPH)

A_23_P360924 claudin 17(CLDN17)

A_23_P164284 claudin 7(CLDN7)

A_23_P351138 claudin 9(CLDN9)

A_23_P134109 erythrocyte membrane protein band 4.1 like 2(EPB41L2)

A_23_P351 erythrocyte membrane protein band 4.1(EPB41)

A_32_P387648, A_24_P51322 filaggrin(FLG)

A_23_P353524 involucrin(IVL)

A_24_P228149 keratin 13(KRT13)

A_23_P27133 keratin 15(KRT15)

A_23_P66798 keratin 19(KRT19)

A_23_P78248 keratin 23(KRT23)

A_23_P89601 keratin 32(KRT32)

A_23_P89665 keratin 33B(KRT33B)

A_23_P101054 keratin 34(KRT34)

A_23_P118854 keratin 37(KRT37)

A_23_P2674 keratin 4(KRT4)

A_23_P64854 keratin 75(KRT75)

A_24_P331704 keratin 80(KRT80)

A_24_P410408 keratin 83(KRT83)

A_23_P363769 keratin 86(KRT86)

A_23_P107454 keratin associated protein 3-1(KRTAP3-1)

A_23_P70719 laminin subunit alpha 2(LAMA2)

A_23_P89780 laminin subunit alpha 3(LAMA3)

A_23_P404685 late cornified envelope 1A(LCE1A)

A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P63521 late cornified envelope 2C(LCE2C)

A_23_P369471 late cornified envelope 3A(LCE3A)

A_23_P324538 late cornified envelope 3B(LCE3B)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P34452 loricrin(LOR)

A_23_P163455 microtubule associated protein 1A(MAP1A)

A_24_P254949 phosphoglucomutase 5(PGM5)

A_23_P215900 scavenger receptor class A member 3(SCARA3)
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A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)

A_23_P422018 small proline rich protein 4(SPRR4)

A_24_P200219 uroplakin 1B(UPK1B)

A_23_P161190 vimentin(VIM)

13.GO:0031424~keratinization

ID Gene Name

A_23_P353524 involucrin(IVL)

A_23_P404685 late cornified envelope 1A(LCE1A)

A_23_P303891 late cornified envelope 1C(LCE1C)

A_24_P207828 late cornified envelope 2B(LCE2B)

A_23_P63521 late cornified envelope 2C(LCE2C)

A_23_P369471 late cornified envelope 3A(LCE3A)

A_23_P324538 late cornified envelope 3B(LCE3B)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P115519 late cornified envelope 3D(LCE3D)

A_23_P34452 loricrin(LOR)

A_23_P106906 periplakin(PPL)

A_23_P11644 small proline rich protein 2D(SPRR2D)

A_23_P62709 small proline rich protein 3(SPRR3)

A_23_P422018 small proline rich protein 4(SPRR4)

A_23_P65618 transglutaminase 1(TGM1)

A_32_P98072 trichohyalin(TCHH)

14. GO:0043547~positive regulation of GTPase activity

ID Gene Name

A_23_P377664 ALS2, alsin Rho guanine nucleotide exchange factor(ALS2)

A_23_P393880 ARFGEF family member 3(ARFGEF3)

A_23_P167389 ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 3(ARAP3)

A_24_P362540 ArfGAP with SH3 domain, ankyrin repeat and PH domain 2(ASAP2)

A_23_P26325 C-C motif chemokine ligand 17(CCL17)

A_24_P313418 C-C motif chemokine ligand 22(CCL22)

A_23_P207564 C-C motif chemokine ligand 4(CCL4)

A_23_P1602 CDC42 effector protein 2(CDC42EP2)

A_23_P251705 Cdc42 guanine nucleotide exchange factor 9(ARHGEF9)

A_23_P43557 DENN domain containing 1A(DENND1A)

A_24_P6467, A_23_P46315 DENN domain containing 2C(DENND2C)

A_32_P175301 DENN domain containing 3(DENND3)

A_23_P200310 DEP domain containing 1(DEPDC1)

A_23_P401774 ELMO domain containing 1(ELMOD1)

A_23_P147822 EPS8 like 2(EPS8L2)

A_23_P56228 GEM interacting protein(GMIP)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_24_P59667 Janus kinase 3(JAK3)

A_24_P307869 LLGL2, scribble cell polarity complex component(LLGL2)

A_23_P45976, A_24_P36890 RAP1 GTPase activating protein(RAP1GAP)

A_23_P18939 RAS p21 protein activator 1(RASA1)

A_23_P502747 RAS protein activator like 2(RASAL2)

A_32_P221991 Ral GEF with PH domain and SH3 binding motif 1(RALGPS1)

A_24_P173746 Ral GEF with PH domain and SH3 binding motif 2(RALGPS2)

A_23_P133095 Rap guanine nucleotide exchange factor 2(RAPGEF2)

A_23_P17192 Rap guanine nucleotide exchange factor 4(RAPGEF4)

A_24_P333571 Rho GTPase activating protein 29(ARHGAP29)

A_23_P35045 Rho GTPase activating protein 30(ARHGAP30)

A_32_P213330 Rho guanine nucleotide exchange factor 28(ARHGEF28)

A_23_P137984 S100 calcium binding protein A10(S100A10)

A_24_P354724 T-cell activation RhoGTPase activating protein(TAGAP)

A_32_P24372 TBC1 domain family member 3B(TBC1D3B)

A_23_P374695 TEK receptor tyrosine kinase(TEK)

A_23_P436353, A_23_P256603 afadin, adherens junction formation factor(AFDN)

A_23_P31273 amphiphysin(AMPH)

A_24_P386622 arrestin beta 1(ARRB1)

A_23_P135722 betacellulin(BTC)

A_23_P97394 breast cancer anti-estrogen resistance 3(BCAR3)

A_23_P144458, A_32_P47988 calcium/calmodulin dependent protein kinase II delta(CAMK2D)

A_23_P326170 calmodulin 1(CALM1)

A_32_P183970 chromosome 15 open reading frame 62(C15orf62)

A_23_P133408 colony stimulating factor 2(CSF2)

A_24_P282343 cyclin dependent kinase like 5(CDKL5)

A_23_P59637 dedicator of cytokinesis 4(DOCK4)

A_24_P350245 dedicator of cytokinesis 5(DOCK5)

A_23_P41344 epiregulin(EREG)

A_23_P44684 epithelial cell transforming 2(ECT2)

A_23_P349416 erb-b2 receptor tyrosine kinase 3(ERBB3)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P212800 fibroblast growth factor 5(FGF5)

A_23_P414308 folliculin(FLCN)

A_32_P377880 glial cell derived neurotrophic factor(GDNF)

A_23_P52067 grainyhead like transcription factor 3(GRHL3)

A_24_P140608 heparin binding EGF like growth factor(HBEGF)

A_23_P85640 inositol polyphosphate-5-phosphatase B(INPP5B)

A_23_P153320 intercellular adhesion molecule 1(ICAM1)

A_24_P203000 interleukin 2 receptor subunit beta(IL2RB)

A_23_P434347 intersectin 2(ITSN2)

A_24_P410797 kalirin, RhoGEF kinase(KALRN)

A_23_P83931 neuroepithelial cell transforming 1(NET1)

A_24_P273157 obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF(OBSCN)

A_24_P339944 platelet derived growth factor subunit B(PDGFB)

A_23_P68121 pleckstrin and Sec7 domain containing 4(PSD4)

A_23_P323563 pleckstrin homology and RhoGEF domain containing G2(PLEKHG2)

A_23_P149626 pleckstrin homology and RhoGEF domain containing G5(PLEKHG5)

A_23_P93383 ral guanine nucleotide dissociation stimulator like 2(RGL2)

A_23_P320578 regulator of G-protein signaling 16(RGS16)

A_23_P302550 regulator of G-protein signaling 18(RGS18)

A_23_P114947 regulator of G-protein signaling 2(RGS2)

A_23_P73097 regulator of G-protein signaling 20(RGS20)

A_23_P66881 regulator of G-protein signaling 9(RGS9)

A_23_P127460 signal-induced proliferation-associated 1(SIPA1)

A_24_P179044 sorting nexin 9(SNX9)

A_24_P272088 spectrin beta, erythrocytic(SPTB)

A_23_P98282 spectrin beta, non-erythrocytic 2(SPTBN2)

A_23_P404481 sphingosine-1-phosphate receptor 1(S1PR1)

A_23_P90357 thromboxane A2 receptor(TBXA2R)

A_23_P425880 trio Rho guanine nucleotide exchange factor(TRIO)

15. GO:0030018~Z disc

ID Gene Name

A_23_P215227, A_32_P229746 DnaJ heat shock protein family (Hsp40) member B6(DNAJB6)

A_23_P397238, A_24_P160001 FK506 binding protein 1A(FKBP1A)

A_23_P142631 FK506 binding protein 1B(FKBP1B)

A_23_P129144 GRINL1A complex locus 1(GCOM1)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P138881 actinin alpha 3 (gene/pseudogene)(ACTN3)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P216108 ankyrin 1(ANK1)

A_24_P373152 cofilin 2(CFL2)

A_24_P206776 crystallin alpha B(CRYAB)

A_23_P211878 filamin B(FLNB)

A_24_P77968 filamin C(FLNC)

A_23_P68423, A_23_P394395 junctophilin 2(JPH2)

A_23_P66798 keratin 19(KRT19)

A_23_P104438 myopalladin(MYPN)

A_23_P4572 myosin light chain 12A(MYL12A)

A_23_P210425 myosin light chain 9(MYL9)

A_24_P925737, A_23_P74309, A_23_P103511 nitric oxide synthase 1 adaptor protein(NOS1AP)

A_24_P273157 obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF(OBSCN)

A_24_P254949 phosphoglucomutase 5(PGM5)

A_23_P500353 potassium calcium-activated channel subfamily N member 2(KCNN2)

A_23_P103398 presenilin 2(PSEN2)

A_24_P128233 sodium voltage-gated channel alpha subunit 5(SCN5A)
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A_24_P385190 solute carrier family 4 member 1 (Diego blood group)(SLC4A1)

A_23_P355517 synaptopodin 2 like(SYNPO2L)

A_23_P114983 tripartite motif containing 63(TRIM63)

16, GO:0051607~defense response to virus

ID Gene Name

A_23_P64828 2'-5'-oligoadenylate synthetase 1(OAS1)

A_24_P196372 ATP/GTP binding protein like 5(AGBL5)

A_23_P352266 BCL2, apoptosis regulator(BCL2)

A_24_P303091 C-X-C motif chemokine ligand 10(CXCL10)

A_23_P41470 DExD/H-box helicase 60(DDX60)

A_23_P38346 DExH-box helicase 58(DHX58)

A_23_P7282 ELMO domain containing 2(ELMOD2)

A_23_P110196 HECT and RLD domain containing E3 ubiquitin protein ligase 5(HERC5)

A_23_P17663 MX dynamin like GTPase 1(MX1)

A_23_P26629 PYD and CARD domain containing(PYCARD)

A_23_P211207 adenosine deaminase, RNA specific B1(ADARB1)

A_32_P9543 apolipoprotein B mRNA editing enzyme catalytic subunit 3A(APOBEC3A)

A_23_P120931 apolipoprotein B mRNA editing enzyme catalytic subunit 3C(APOBEC3C)

A_23_P357101 apolipoprotein B mRNA editing enzyme catalytic subunit 3F(APOBEC3F)

A_23_P39465 bone marrow stromal cell antigen 2(BST2)

A_23_P57268 coxsackie virus and adenovirus receptor(CXADR)

A_24_P141629 family with sequence similarity 111 member A(FAM111A)

A_23_P62890 guanylate binding protein 1(GBP1)

A_23_P51487 guanylate binding protein 3(GBP3)

A_23_P211080 interferon alpha and beta receptor subunit 2(IFNAR2)

A_23_P302060 interferon epsilon(IFNE)

A_23_P160025 interferon gamma inducible protein 16(IFI16)

A_23_P45871 interferon induced protein 44 like(IFI44L)

A_23_P41765 interferon regulatory factor 1(IRF1)

A_23_P31945 interleukin 33(IL33)

A_24_P141688 poly(rC) binding protein 2(PCBP2)

A_24_P207139 promyelocytic leukemia(PML)

A_23_P390172 ribonuclease L(RNASEL)

A_24_P274270 signal transducer and activator of transcription 1(STAT1)

A_23_P29922 toll like receptor 3(TLR3)

A_23_P61371 transmembrane protein 173(TMEM173)

A_24_P172481 tripartite motif containing 22(TRIM22)

A_23_P332374 zinc finger protein 175(ZNF175)

17.GO:0005929~cilium

ID Gene Name

A_24_P286935 ADP ribosylation factor like GTPase 3(ARL3)

A_32_P235796 Bardet-Biedl syndrome 12(BBS12)

A_23_P99967 Bardet-Biedl syndrome 4(BBS4)

A_23_P82351 Bardet-Biedl syndrome 9(BBS9)

A_23_P76731 MOK protein kinase(MOK)

A_23_P134454 caveolin 1(CAV1)

A_23_P215070 centrosomal protein 41(CEP41)

A_23_P62642 cilia and flagella associated protein 45(CFAP45)

A_23_P326931 cilia and flagella associated protein 70(CFAP70)

A_23_P77714 clusterin associated protein 1(CLUAP1)

A_23_P17880 dynein axonemal light chain 4(DNAL4)

A_23_P502170 dynein cytoplasmic 2 light intermediate chain 1(DYNC2LI1)

A_23_P344988 intestinal cell kinase(ICK)

A_23_P212447 intraflagellar transport 122(IFT122)

A_24_P286527 intraflagellar transport 22(IFT22)

A_23_P255714 intraflagellar transport 74(IFT74)

A_23_P48339 intraflagellar transport 88(IFT88)

A_24_P941824 kinesin family member 3B(KIF3B)

A_23_P112004 leucine rich repeat containing 6(LRRC6)

A_24_P88801 nephrocystin 1(NPHP1)

A_24_P106112 polycystin 2, transient receptor potential cation channel(PKD2)

A_23_P70818 smoothened, frizzled class receptor(SMO)

A_23_P104876 sperm autoantigenic protein 17(SPA17)

A_23_P257668 tetratricopeptide repeat domain 26(TTC26)

A_24_P17453 tetratricopeptide repeat domain 30A(TTC30A)

A_23_P408913 tetratricopeptide repeat domain 30B(TTC30B)

A_32_P169735 tetratricopeptide repeat domain 8(TTC8)

A_23_P24723 transmembrane protein 138(TMEM138)

A_32_P72341 tripartite motif containing 59(TRIM59)

A_23_P333852 tubulin tyrosine ligase like 11(TTLL11)

A_24_P165450 tubulin tyrosine ligase like 7(TTLL7)

18.GO:0060271~cilium morphogenesis

ID Gene Name

A_24_P286935 ADP ribosylation factor like GTPase 3(ARL3)

A_23_P218476 B9 protein domain 2(B9D2)

A_24_P184305 Bardet-Biedl syndrome 1(BBS1)

A_23_P99967 Bardet-Biedl syndrome 4(BBS4)

A_23_P79962 McKusick-Kaufman syndrome(MKKS)

A_32_P68050, A_23_P124427 NIMA related kinase 1(NEK1)

A_23_P201376 SSX family member 2 interacting protein(SSX2IP)

A_23_P145424 centrosomal protein 162(CEP162)

A_23_P75609 centrosomal protein 164(CEP164)

A_23_P36865 centrosomal protein 290(CEP290)

A_23_P215070 centrosomal protein 41(CEP41)

A_23_P162378 centrosomal protein 83(CEP83)

A_24_P73730 coiled-coil domain containing 113(CCDC113)

A_23_P92860 cyclin O(CCNO)

A_32_P68533, A_32_P82189 family with sequence similarity 161 member A(FAM161A)

A_23_P344988 intestinal cell kinase(ICK)

A_23_P212447 intraflagellar transport 122(IFT122)

A_23_P140725 intraflagellar transport 140(IFT140)

A_23_P255714 intraflagellar transport 74(IFT74)

A_23_P48339 intraflagellar transport 88(IFT88)

A_23_P60387 notch 1(NOTCH1)

A_23_P8416 polypeptide N-acetylgalactosaminyltransferase 11(GALNT11)

A_23_P502350 regulatory factor X2(RFX2)

A_23_P335905 serine/threonine kinase 36(STK36)

A_23_P257668 tetratricopeptide repeat domain 26(TTC26)

A_32_P169735 tetratricopeptide repeat domain 8(TTC8)

A_23_P24723 transmembrane protein 138(TMEM138)

A_24_P941831, A_23_P370097 transmembrane protein 237(TMEM237)

A_23_P429581 transmembrane protein 67(TMEM67)

19.GO:0097542~ciliary tip

ID Gene Name

A_23_P105251 GLI family zinc finger 1(GLI1)

A_23_P425304 SUFU negative regulator of hedgehog signaling(SUFU)

A_23_P77714 clusterin associated protein 1(CLUAP1)

A_23_P502170 dynein cytoplasmic 2 light intermediate chain 1(DYNC2LI1)

A_23_P94840 dynein light chain roadblock-type 2(DYNLRB2)

A_23_P344988 intestinal cell kinase(ICK)

A_23_P212447 intraflagellar transport 122(IFT122)

A_23_P140725 intraflagellar transport 140(IFT140)

A_24_P286527 intraflagellar transport 22(IFT22)

A_23_P255714 intraflagellar transport 74(IFT74)

A_23_P48339 intraflagellar transport 88(IFT88)

A_24_P941824 kinesin family member 3B(KIF3B)

A_23_P70818 smoothened, frizzled class receptor(SMO)

A_23_P257668 tetratricopeptide repeat domain 26(TTC26)

A_23_P408913 tetratricopeptide repeat domain 30B(TTC30B)

20. GO:0005829~cytosol

ID Gene Name

A_23_P139786 2'-5'-oligoadenylate synthetase like(OASL)

A_32_P76720 5'-nucleotidase domain containing 3(NT5DC3)

A_23_P59547 5'-nucleotidase, cytosolic IIIA(NT5C3A)

A_24_P413669 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2(PFKFB2)

A_24_P206604, A_24_P261259 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3(PFKFB3)
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A_23_P21363 AHNAK nucleoprotein(AHNAK)

A_23_P377664 ALS2, alsin Rho guanine nucleotide exchange factor(ALS2)

A_23_P148556 ATP binding cassette subfamily D member 1(ABCD1)

A_24_P276932 ATPase H+ transporting V1 subunit C2(ATP6V1C2)

A_23_P70746 Abelson helper integration site 1(AHI1)

A_23_P167389 ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 3(ARAP3)

A_23_P315836, A_23_P61810, A_24_P159648 BAI1 associated protein 2(BAIAP2)

A_23_P134925 BCL2 interacting protein 3 like(BNIP3L)

A_23_P210886 BCL2 like 1(BCL2L1)

A_24_P187948 BH3 interacting domain death agonist(BID)

A_23_P163481 BUB1 mitotic checkpoint serine/threonine kinase B(BUB1B)

A_23_P124417 BUB1 mitotic checkpoint serine/threonine kinase(BUB1)

A_24_P940149 C2 calcium dependent domain containing 2(C2CD2)

A_24_P927325 C2 calcium dependent domain containing 3(C2CD3)

A_23_P209394, A_24_P120115 CASP8 and FADD like apoptosis regulator(CFLAR)

A_23_P1602 CDC42 effector protein 2(CDC42EP2)

A_23_P251705 Cdc42 guanine nucleotide exchange factor 9(ARHGEF9)

A_23_P101683 Charcot-Leyden crystal galectin(CLC)

A_23_P21134 DNA damage inducible transcript 3(DDIT3)

A_23_P165937 DSN1 homolog, MIS12 kinetochore complex component(DSN1)

A_24_P9671 DnaJ heat shock protein family (Hsp40) member A1(DNAJA1)

A_23_P112241 DnaJ heat shock protein family (Hsp40) member B5(DNAJB5)

A_23_P215227, A_32_P229746 DnaJ heat shock protein family (Hsp40) member B6(DNAJB6)

A_32_P83049 EFR3 homolog B(EFR3B)

A_23_P45999 F-box protein 2(FBXO2)

A_23_P363831, A_23_P363826 F-box protein 3(FBXO3)

A_23_P169460 FERM and PDZ domain containing 1(FRMPD1)

A_23_P14769 FES proto-oncogene, tyrosine kinase(FES)

A_23_P397238, A_24_P160001 FK506 binding protein 1A(FKBP1A)

A_23_P142631 FK506 binding protein 1B(FKBP1B)

A_32_P71788, A_23_P128372 FK506 binding protein 4(FKBP4)

A_23_P161624 FOS like 1, AP-1 transcription factor subunit(FOSL1)

A_32_P215938 G-protein signaling modulator 1(GPSM1)

A_24_P356338 GABA type A receptor associated protein like 2(GABARAPL2)

A_23_P56228 GEM interacting protein(GMIP)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_23_P335239 GRB2 associated binding protein 1(GAB1)

A_24_P85942 GRIP and coiled-coil domain containing 2(GCC2)

A_23_P77328 GTP cyclohydrolase I feedback regulator(GCHFR)

A_23_P202408, A_24_P346807 HECT and RLD domain containing E3 ubiquitin protein ligase 4(HERC4)

A_24_P59667 Janus kinase 3(JAK3)

A_24_P316939 LRR binding FLII interacting protein 1(LRRFIP1)

A_23_P57277 MAP3K7 C-terminal like(MAP3K7CL)

A_23_P20494 N-myc downstream regulated 1(NDRG1)

A_23_P138693 N-myristoyltransferase 2(NMT2)

A_23_P206661 NAD(P)H quinone dehydrogenase 1(NQO1)

A_23_P50108 NDC80, kinetochore complex component(NDC80)

A_23_P89550 NLR family pyrin domain containing 1(NLRP1)

A_23_P4962 NLR family pyrin domain containing 5(NLRP5)

A_23_P74349 NUF2, NDC80 kinetochore complex component(NUF2)

A_24_P186216 PDS5 cohesin associated factor A(PDS5A)

A_23_P89762 PH domain and leucine rich repeat protein phosphatase 1(PHLPP1)

A_32_P155776 POTE ankyrin domain family member K, pseudogene(POTEKP)

A_23_P388168 RAB3B, member RAS oncogene family(RAB3B)

A_23_P212545 RAB5A, member RAS oncogene family(RAB5A)

A_23_P424513 RAN binding protein 9(RANBP9)

A_23_P45976, A_24_P36890 RAP1 GTPase activating protein(RAP1GAP)

A_23_P18939 RAS p21 protein activator 1(RASA1)

A_23_P502747 RAS protein activator like 2(RASAL2)

A_23_P342053 RB binding protein 6, ubiquitin ligase(RBBP6)

A_23_P84565 RNA polymerase III subunit D(POLR3D)

A_23_P216549 RUN and SH3 domain containing 2(RUSC2)

A_23_P133095 Rap guanine nucleotide exchange factor 2(RAPGEF2)

A_23_P17192 Rap guanine nucleotide exchange factor 4(RAPGEF4)

A_24_P333571 Rho GTPase activating protein 29(ARHGAP29)

A_23_P35045 Rho GTPase activating protein 30(ARHGAP30)

A_23_P53370 Rho family GTPase 1(RND1)

A_32_P213330 Rho guanine nucleotide exchange factor 28(ARHGEF28)

A_23_P201711 S100 calcium binding protein A6(S100A6)

A_23_P257743 SH2 domain containing adaptor protein B(SHB)

A_23_P169351 SH3 domain containing GRB2 like 2, endophilin A1(SH3GL2)

A_23_P374782, A_24_P289139 SH3 domain containing kinase binding protein 1(SH3KBP1)

A_23_P353316 SMAD specific E3 ubiquitin protein ligase 1(SMURF1)

A_24_P314571 SPC24, NDC80 kinetochore complex component(SPC24)

A_23_P51085 SPC25, NDC80 kinetochore complex component(SPC25)

A_24_P354724 T-cell activation RhoGTPase activating protein(TAGAP)

A_24_P943613 TBC1 domain family member 1(TBC1D1)

A_23_P305033 TGF-beta activated kinase 1/MAP3K7 binding protein 3(TAB3)

A_24_P157926 TNF alpha induced protein 3(TNFAIP3)

A_23_P68610 TPX2, microtubule nucleation factor(TPX2)

A_23_P135164 UDP-N-acetylglucosamine pyrophosphorylase 1 like 1(UAP1L1)

A_23_P160460 UDP-N-acetylglucosamine pyrophosphorylase 1(UAP1)

A_23_P160154 UDP-galactose-4-epimerase(GALE)

A_24_P398130 USP6 N-terminal like(USP6NL)

A_23_P4353 WD repeat and SOCS box containing 1(WSB1)

A_23_P141394 WD repeat domain, phosphoinositide interacting 1(WIPI1)

A_23_P81392 WW and C2 domain containing 1(WWC1)

A_23_P29769 WW domain containing transcription regulator 1(WWTR1)

A_32_P178945 YOD1 deubiquitinase(YOD1)

A_23_P39237 ZFP36 ring finger protein(ZFP36)

A_23_P250294 abhydrolase domain containing 5(ABHD5)

A_32_P137939 actin beta(ACTB)

A_32_P156963 actin gamma 1(ACTG1)

A_23_P1102 actin, alpha 1, skeletal muscle(ACTA1)

A_23_P39955 actin, gamma 2, smooth muscle, enteric(ACTG2)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P138881 actinin alpha 3 (gene/pseudogene)(ACTN3)

A_23_P54488 acyl-CoA synthetase bubblegum family member 1(ACSBG1)

A_23_P131050 acyl-CoA synthetase bubblegum family member 2(ACSBG2)

A_23_P417415 acyl-CoA thioesterase 11(ACOT11)

A_24_P304154 adenosine monophosphate deaminase 3(AMPD3)

A_23_P436353, A_23_P256603 afadin, adherens junction formation factor(AFDN)

A_24_P73577 aldehyde dehydrogenase 1 family member A2(ALDH1A2)

A_23_P205959 aldehyde dehydrogenase 1 family member A3(ALDH1A3)

A_24_P283324 aldehyde dehydrogenase 8 family member A1(ALDH8A1)

A_23_P258190 aldo-keto reductase family 1 member B(AKR1B1)

A_24_P152968, A_23_P257971 aldo-keto reductase family 1 member C1(AKR1C1)

A_23_P138541 aldo-keto reductase family 1 member C3(AKR1C3)

A_23_P78108 aldolase, fructose-bisphosphate C(ALDOC)

A_32_P12104 anaphase promoting complex subunit 1(ANAPC1)

A_23_P166686 angiomotin like 2(AMOTL2)

A_23_P216108 ankyrin 1(ANK1)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P103617 annexin A9(ANXA9)

A_23_P335495 anoctamin 7(ANO7)

A_23_P144877 antioxidant 1 copper chaperone(ATOX1)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P83634 arachidonate 12-lipoxygenase, 12R type(ALOX12B)

A_23_P26223 argininosuccinate lyase(ASL)

A_23_P112159 argonaute 2, RISC catalytic component(AGO2)

A_23_P401014 ariadne RBR E3 ubiquitin protein ligase 1(ARIH1)

A_24_P386622 arrestin beta 1(ARRB1)

A_23_P131866 aurora kinase A(AURKA)

A_23_P130182 aurora kinase B(AURKB)

A_23_P118815 baculoviral IAP repeat containing 5(BIRC5)

A_24_P52921 branched chain amino acid transaminase 1(BCAT1)

A_24_P414712 bromodomain and PHD finger containing 3(BRPF3)

A_23_P43197 calbindin 1(CALB1)

A_23_P204879 calcium binding protein 39 like(CAB39L)

A_23_P144458, A_32_P47988 calcium/calmodulin dependent protein kinase II delta(CAMK2D)

A_23_P326170 calmodulin 1(CALM1)

149



A_23_P213518, A_23_P434352 calpastatin(CAST)

A_23_P82324 caspase recruitment domain family member 11(CARD11)

A_23_P14774 cathepsin H(CTSH)

A_23_P149200 cell division cycle 20(CDC20)

A_24_P913227 cell division cycle 23(CDC23)

A_23_P104651 cell division cycle associated 5(CDCA5)

A_23_P375 cell division cycle associated 8(CDCA8)

A_23_P253524 centromere protein E(CENPE)

A_23_P401 centromere protein F(CENPF)

A_24_P399888 centromere protein M(CENPM)

A_23_P88740 centromere protein N(CENPN)

A_23_P163580 centromere protein T(CENPT)

A_23_P63281 ceramide-1-phosphate transfer protein(CPTP)

A_23_P56709 charged multivesicular body protein 3(CHMP3)

A_23_P10156 charged multivesicular body protein 6(CHMP6)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_23_P420551 citron rho-interacting serine/threonine kinase(CIT)

A_23_P215913 clusterin(CLU)

A_23_P117851 complexin 3(CPLX3)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P106761 coronin 1A(CORO1A)

A_24_P206776 crystallin alpha B(CRYAB)

A_23_P122197 cyclin B1(CCNB1)

A_23_P65757 cyclin B2(CCNB2)

A_23_P209200 cyclin E1(CCNE1)

A_23_P138507 cyclin dependent kinase 1(CDK1)

A_23_P126103 cystathionine gamma-lyase(CTH)

A_23_P166306 cystathionine-beta-synthase(CBS)

A_23_P34597 cytidine deaminase(CDA)

A_23_P59637 dedicator of cytokinesis 4(DOCK4)

A_32_P150891, A_23_P162719 diaphanous related formin 3(DIAPH3)

A_24_P38347 dihydropyrimidinase like 2(DPYSL2)

A_23_P416142 discs large MAGUK scaffold protein 1(DLG1)

A_23_P54116 dishevelled associated activator of morphogenesis 1(DAAM1)

A_23_P347432, A_23_P201342 dishevelled segment polarity protein 1(DVL1)

A_23_P5601 docking protein 1(DOK1)

A_23_P253586 dopey family member 2(DOPEY2)

A_23_P500328 doublecortin(DCX)

A_24_P43681 drebrin like(DBNL)

A_23_P255444 dual adaptor of phosphotyrosine and 3-phosphoinositides 1(DAPP1)

A_23_P407074 dynamin 2(DNM2)

A_23_P83266 endonuclease G(ENDOG)

A_24_P236091 enolase 2(ENO2)

A_23_P44684 epithelial cell transforming 2(ECT2)

A_23_P19590 ezrin(EZR)

A_23_P50504, A_32_P155247 ferritin light chain(FTL)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P211878 filamin B(FLNB)

A_24_P77968 filamin C(FLNC)

A_32_P102062 forkhead box O3(FOXO3)

A_23_P257111 fructose-bisphosphatase 1(FBP1)

A_23_P42695 gamma-glutamylcyclotransferase(GGCT)

A_23_P152605 gasdermin A(GSDMA)

A_23_P216489 glucosamine (UDP-N-acetyl)-2-epimerase/N-acetylmannosamine kinase(GNE)

A_23_P69908 glutaredoxin(GLRX)

A_24_P304051 glutathione S-transferase omega 1(GSTO1)

A_23_P204736 glycerol-3-phosphate dehydrogenase 1(GPD1)

A_23_P122863 growth factor receptor bound protein 10(GRB10)

A_23_P154526 growth factor receptor bound protein 14(GRB14)

A_23_P163992 growth factor receptor bound protein 7(GRB7)

A_24_P393571, A_23_P383258 guanine deaminase(GDA)

A_23_P201097 guanylate kinase 1(GUK1)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P111132 heat shock protein family A (Hsp70) member 1A(HSPA1A)

A_23_P114903 heat shock protein family A (Hsp70) member 6(HSPA6)

A_23_P161727 heat shock protein family B (small) member 2(HSPB2)

A_23_P153372 hematopoietic SH2 domain containing(HSH2D)

A_23_P120883 heme oxygenase 1(HMOX1)

A_24_P75190 hemoglobin subunit delta(HBD)

A_32_P175739 hexokinase 2(HK2)

A_23_P61637 histidine ammonia-lyase(HAL)

A_23_P70007 hyaluronan mediated motility receptor(HMMR)

A_23_P78762 hydroxysteroid 17-beta dehydrogenase 14(HSD17B14)

A_23_P393531 inositol polyphosphate-4-phosphatase type I A(INPP4A)

A_23_P85640 inositol polyphosphate-5-phosphatase B(INPP5B)

A_23_P5131 inositol-3-phosphate synthase 1(ISYNA1)

A_23_P65918 inositol-trisphosphate 3-kinase A(ITPKA)

A_24_P202567 inositol-trisphosphate 3-kinase C(ITPKC)

A_23_P250156 insulin like growth factor 2 mRNA binding protein 2(IGF2BP2)

A_23_P154507 integrin subunit beta 1 binding protein 1(ITGB1BP1)

A_23_P748 interferon regulatory factor 6(IRF6)

A_23_P72096 interleukin 1 alpha(IL1A)

A_23_P79518 interleukin 1 beta(IL1B)

A_23_P61057 interleukin 16(IL16)

A_23_P104798 interleukin 18(IL18)

A_23_P15146 interleukin 32(IL32)

A_23_P5654 interleukin 37(IL37)

A_24_P103886 isopentenyl-diphosphate delta isomerase 1(IDI1)

A_24_P410797 kalirin, RhoGEF kinase(KALRN)

A_32_P27917 kinesin family member 26A(KIF26A)

A_23_P34788 kinesin family member 2C(KIF2C)

A_23_P315206 kynurenine aminotransferase 1(KYAT1)

A_24_P70002 large tumor suppressor kinase 2(LATS2)

A_32_P52609 lipin 1(LPIN1)

A_23_P169437 lipocalin 2(LCN2)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_23_P54840 metallothionein 1A(MT1A)

A_23_P106844 metallothionein 2A(MT2A)

A_23_P214907 methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1-like(MTHFD1L)

A_32_P220715, A_23_P77630 microtubule associated protein 1 light chain 3 beta(MAP1LC3B)

A_23_P356152 mitogen-activated protein kinase 8(MAPK8)

A_24_P296698, A_23_P118427 mitogen-activated protein kinase kinase 3(MAP2K3)

A_23_P23947 mitogen-activated protein kinase kinase kinase 8(MAP3K8)

A_23_P314584 mitogen-activated protein kinase-activated protein kinase 3(MAPKAPK3)

A_24_P226008 monoglyceride lipase(MGLL)

A_24_P119609, A_23_P389102 myosin ID(MYO1D)

A_23_P4572 myosin light chain 12A(MYL12A)

A_23_P162547 myosin light chain 2(MYL2)

A_24_P56130 myosin light chain 6(MYL6)

A_23_P59738 myosin light chain 7(MYL7)

A_23_P210425 myosin light chain 9(MYL9)

A_23_P62133 myotubularin 1(MTM1)

A_23_P73530 myotubularin related protein 1(MTMR1)

A_23_P23006 nardilysin convertase(NRDC)

A_23_P83931 neuroepithelial cell transforming 1(NET1)

A_23_P218597 neuronal PAS domain protein 2(NPAS2)

A_23_P138194 neutrophil cytosolic factor 2(NCF2)

A_24_P925737, A_23_P74309, A_23_P103511 nitric oxide synthase 1 adaptor protein(NOS1AP)

A_24_P273157 obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF(OBSCN)

A_32_P205637 par-6 family cell polarity regulator beta(PARD6B)

A_23_P104692 pellino E3 ubiquitin protein ligase family member 3(PELI3)

A_23_P201747 peptidyl arginine deiminase 2(PADI2)

A_24_P244162 phosphatidylinositol 4-kinase type 2 alpha(PI4K2A)

A_24_P206328 phosphodiesterase 1C(PDE1C)

A_23_P401106 phosphodiesterase 2A(PDE2A)

A_24_P254949 phosphoglucomutase 5(PGM5)

A_24_P208081 phospholipase A2 group IIF(PLA2G2F)

A_23_P116414 phospholipase A2 group XVI(PLA2G16)

A_23_P80739 phospholipase C delta 1(PLCD1)

A_24_P410952 phosphoprotein enriched in astrocytes 15(PEA15)

A_24_P194503, A_24_P238543 phosphorylase kinase regulatory subunit alpha 1(PHKA1)
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A_23_P323563 pleckstrin homology and RhoGEF domain containing G2(PLEKHG2)

A_23_P149626 pleckstrin homology and RhoGEF domain containing G5(PLEKHG5)

A_24_P915692 pleckstrin homology like domain family A member 1(PHLDA1)

A_23_P155969 polo like kinase 4(PLK4)

A_24_P151 potassium voltage-gated channel subfamily A regulatory beta subunit 2(KCNAB2)

A_23_P76851, A_24_P298420 protein arginine methyltransferase 5(PRMT5)

A_23_P258088 protein kinase C and casein kinase substrate in neurons 1(PACSIN1)

A_23_P80377 protein kinase C and casein kinase substrate in neurons 2(PACSIN2)

A_23_P205567 protein kinase C eta(PRKCH)

A_23_P67271 protein kinase N1(PKN1)

A_23_P90172 protein phosphatase 1 regulatory subunit 15A(PPP1R15A)

A_23_P122041 protein phosphatase 2 catalytic subunit alpha(PPP2CA)

A_23_P35796 protein phosphatase 2 regulatory subunit B'beta(PPP2R5B)

A_23_P213620 protein phosphatase 2 regulatory subunit Bbeta(PPP2R2B)

A_24_P213763, A_23_P57413 protein phosphatase, Mg2+/Mn2+ dependent 1F(PPM1F)

A_23_P206059 protein regulator of cytokinesis 1(PRC1)

A_23_P56978 protein tyrosine kinase 6(PTK6)

A_23_P140256 purine nucleoside phosphorylase(PNP)

A_24_P318967 pyridoxal (pyridoxine, vitamin B6) kinase(PDXK)

A_23_P22854, A_23_P327370 pyroglutamyl-peptidase I(PGPEP1)

A_23_P34233 quinolinate phosphoribosyltransferase(QPRT)

A_24_P104119 ras homolog family member F, filopodia associated(RHOF)

A_24_P82032 ras homolog family member J(RHOJ)

A_24_P228717, A_23_P218770 ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein Rac2)(RAC2)

A_23_P252106 receptor interacting serine/threonine kinase 2(RIPK2)

A_23_P114947 regulator of G-protein signaling 2(RGS2)

A_24_P73389 serine/threonine kinase 24(STK24)

A_24_P147461 serpin family B member 8(SERPINB8)

A_24_P295010 serpin family B member 9(SERPINB9)

A_23_P127460 signal-induced proliferation-associated 1(SIPA1)

A_23_P152995 solute carrier family 6 member 4(SLC6A4)

A_24_P317907 sorbin and SH3 domain containing 1(SORBS1)

A_23_P77103 sorbitol dehydrogenase(SORD)

A_23_P414252 sorting nexin 8(SNX8)

A_24_P272088 spectrin beta, erythrocytic(SPTB)

A_23_P98282 spectrin beta, non-erythrocytic 2(SPTBN2)

A_23_P102731 spermine oxidase(SMOX)

A_23_P41948 spindle apparatus coiled-coil protein 1(SPDL1)

A_23_P200096 splA/ryanodine receptor domain and SOCS box containing 1(SPSB1)

A_23_P128698 sprouty RTK signaling antagonist 2(SPRY2)

A_23_P320113 sulfiredoxin 1(SRXN1)

A_23_P107981 sulfotransferase family 2B member 1(SULT2B1)

A_23_P168556 syntaxin 1A(STX1A)

A_24_P201171 syntaxin binding protein 1(STXBP1)

A_23_P107421 thymidine kinase 1(TK1)

A_24_P201153, A_23_P9293 tight junction protein 2(TJP2)

A_23_P90311, A_23_P376096 toll like receptor adaptor molecule 1(TICAM1)

A_32_P86763, A_24_P923251 transglutaminase 2(TGM2)

A_23_P425880 trio Rho guanine nucleotide exchange factor(TRIO)

A_24_P153853 tripartite motif containing 37(TRIM37)

A_23_P112289 tropomodulin 1(TMOD1)

A_23_P141974, A_24_P82880 tropomyosin 4(TPM4)

A_23_P166823 troponin C1, slow skeletal and cardiac type(TNNC1)

A_23_P131825 troponin C2, fast skeletal type(TNNC2)

A_23_P34700 troponin T2, cardiac type(TNNT2)

A_23_P320021 tubby like protein 1(TULP1)

A_23_P5392 tumor protein p53 inducible protein 3(TP53I3)

A_23_P149529 tumor-associated calcium signal transducer 2(TACSTD2)

A_24_P297539 ubiquitin conjugating enzyme E2 C(UBE2C)

A_24_P13032 ubiquitin conjugating enzyme E2 D1(UBE2D1)

A_24_P73370 unc-51 like autophagy activating kinase 1(ULK1)

A_23_P351275, A_23_P147805 uridine phosphorylase 1(UPP1)

A_23_P10785 vesicle transport through interaction with t-SNAREs 1A(VTI1A)

A_23_P161190 vimentin(VIM)

21. GO:0005515~protein binding

ID Gene Name

A_24_P413669 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2(PFKFB2)

A_23_P214897, A_32_P152437 A-kinase anchoring protein 12(AKAP12)

A_24_P300777 ADAM metallopeptidase domain 8(ADAM8)

A_24_P140405 ADAM metallopeptidase with thrombospondin type 1 motif 3(ADAMTS3)

A_24_P128163 ADAM metallopeptidase with thrombospondin type 1 motif 4(ADAMTS4)

A_23_P115011 ADAMTS like 4(ADAMTSL4)

A_24_P414332 AF4/FMR2 family member 1(AFF1)

A_23_P21363 AHNAK nucleoprotein(AHNAK)

A_23_P377664 ALS2, alsin Rho guanine nucleotide exchange factor(ALS2)

A_32_P18440 AT-rich interaction domain 5B(ARID5B)

A_24_P167984 ATM interactor(ATMIN)

A_23_P148556 ATP binding cassette subfamily D member 1(ABCD1)

A_24_P355626 ATP binding cassette subfamily G member 4(ABCG4)

A_23_P215111 ATPase H+ transporting V0 subunit a4(ATP6V0A4)

A_23_P117992 ATPase secretory pathway Ca2+ transporting 2(ATP2C2)

A_23_P208389 AXL receptor tyrosine kinase(AXL)

A_23_P70746 Abelson helper integration site 1(AHI1)

A_23_P167389 ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 3(ARAP3)

A_24_P362540 ArfGAP with SH3 domain, ankyrin repeat and PH domain 2(ASAP2)

A_23_P315836, A_23_P61810, A_24_P159648 BAI1 associated protein 2(BAIAP2)

A_23_P134925 BCL2 interacting protein 3 like(BNIP3L)

A_23_P210886 BCL2 like 1(BCL2L1)

A_24_P187948 BH3 interacting domain death agonist(BID)

A_23_P163481 BUB1 mitotic checkpoint serine/threonine kinase B(BUB1B)

A_23_P124417 BUB1 mitotic checkpoint serine/threonine kinase(BUB1)

A_23_P88630 Bloom syndrome RecQ like helicase(BLM)

A_23_P207564 C-C motif chemokine ligand 4(CCL4)

A_24_P148717 C-C motif chemokine receptor 1(CCR1)

A_23_P250302 C-C motif chemokine receptor 3(CCR3)

A_23_P407565 C-X3-C motif chemokine receptor 1(CX3CR1)

A_24_P211565 C1q and tumor necrosis factor related protein 6(C1QTNF6)

A_24_P927325 C2 calcium dependent domain containing 3(C2CD3)

A_23_P209394, A_24_P120115 CASP8 and FADD like apoptosis regulator(CFLAR)

A_23_P259863 CD177 molecule(CD177)

A_23_P161076 CD2 molecule(CD2)

A_23_P338479 CD274 molecule(CD274)

A_23_P416747 CD3e molecule(CD3E)

A_24_P188377 CD55 molecule (Cromer blood group)(CD55)

A_23_P70095 CD74 molecule(CD74)

A_23_P1602 CDC42 effector protein 2(CDC42EP2)

A_24_P75220 CNKSR family member 3(CNKSR3)

A_24_P160401, A_23_P113613 CUB domain containing protein 1(CDCP1)

A_23_P141779 CXXC finger protein 1(CXXC1)

A_23_P399001 CXXC finger protein 5(CXXC5)

A_23_P214969 Cbp/p300 interacting transactivator with Glu/Asp rich carboxy-terminal domain 2(CITED2)

A_23_P101683 Charcot-Leyden crystal galectin(CLC)

A_23_P47004 DEAH-box helicase 32 (putative)(DHX32)

A_23_P200310 DEP domain containing 1(DEPDC1)

A_24_P262738 DET1 and DDB1 associated 1(DDA1)

A_24_P216253 DLG associated protein 4(DLGAP4)

A_23_P88331 DLG associated protein 5(DLGAP5)

A_23_P21134 DNA damage inducible transcript 3(DDIT3)

A_23_P420373 DNA methyltransferase 3 alpha(DNMT3A)

A_23_P211141 DS cell adhesion molecule(DSCAM)

A_23_P165937 DSN1 homolog, MIS12 kinetochore complex component(DSN1)

A_24_P9671 DnaJ heat shock protein family (Hsp40) member A1(DNAJA1)

A_23_P112241 DnaJ heat shock protein family (Hsp40) member B5(DNAJB5)

A_23_P215227, A_32_P229746 DnaJ heat shock protein family (Hsp40) member B6(DNAJB6)

A_32_P210202 E2F transcription factor 7(E2F7)

A_23_P35871 E2F transcription factor 8(E2F8)

A_23_P104188 E74 like ETS transcription factor 3(ELF3)

A_32_P99753 EF-hand calcium binding domain 12(EFCAB12)

A_32_P83049 EFR3 homolog B(EFR3B)

A_23_P52647 EH domain containing 1(EHD1)
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A_23_P338325 ELK3, ETS transcription factor(ELK3)

A_23_P82065 ELOVL fatty acid elongase 4(ELOVL4)

A_23_P65068 EP300 interacting inhibitor of differentiation 3(EID3)

A_24_P285768 ER degradation enhancing alpha-mannosidase like protein 1(EDEM1)

A_23_P130488 ERCC excision repair 2, TFIIH core complex helicase subunit(ERCC2)

A_24_P751074 ETS proto-oncogene 1, transcription factor(ETS1)

A_24_P416346 ETS variant 4(ETV4)

A_32_P30649 ETS variant 5(ETV5)

A_23_P42353 ETS variant 7(ETV7)

A_23_P119478 Epstein-Barr virus induced 3(EBI3)

A_23_P45999 F-box protein 2(FBXO2)

A_24_P113264 F-box protein 27(FBXO27)

A_23_P363831, A_23_P363826 F-box protein 3(FBXO3)

A_23_P420610, A_23_P349083 FCH domain only 2(FCHO2)

A_23_P169460 FERM and PDZ domain containing 1(FRMPD1)

A_23_P26037 FERM domain containing 5(FRMD5)

A_23_P14769 FES proto-oncogene, tyrosine kinase(FES)

A_32_P224149 FK506 binding protein 15(FKBP15)

A_23_P397238, A_24_P160001 FK506 binding protein 1A(FKBP1A)

A_23_P142631 FK506 binding protein 1B(FKBP1B)

A_32_P71788, A_23_P128372 FK506 binding protein 4(FKBP4)

A_23_P161624 FOS like 1, AP-1 transcription factor subunit(FOSL1)

A_23_P206441 Fanconi anemia complementation group A(FANCA)

A_23_P143994 Fanconi anemia complementation group D2(FANCD2)

A_23_P123096 G protein subunit gamma transducin 1(GNGT1)

A_23_P96590 G protein-coupled receptor associated sorting protein 1(GPRASP1)

A_23_P36825 G protein-coupled receptor class C group 5 member A(GPRC5A)

A_23_P219060 G-protein signaling modulator 3(GPSM3)

A_23_P74609 G0/G1 switch 2(G0S2)

A_23_P205789 GA binding protein transcription factor beta subunit 1(GABPB1)

A_24_P356338 GABA type A receptor associated protein like 2(GABARAPL2)

A_23_P92202 GDP-mannose pyrophosphorylase B(GMPPB)

A_23_P56228 GEM interacting protein(GMIP)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_23_P253012 GRAM domain containing 1C(GRAMD1C)

A_23_P22350 GRAM domain containing 3(GRAMD3)

A_23_P335239 GRB2 associated binding protein 1(GAB1)

A_24_P85942 GRIP and coiled-coil domain containing 2(GCC2)

A_24_P298013, A_23_P379026 GTP binding protein 2(GTPBP2)

A_23_P257043 GTP binding protein overexpressed in skeletal muscle(GEM)

A_23_P77328 GTP cyclohydrolase I feedback regulator(GCHFR)

A_23_P152420 Gse1 coiled-coil protein(GSE1)

A_23_P29257 H1 histone family member 0(H1F0)

A_23_P54006 HECT domain E3 ubiquitin protein ligase 1(HECTD1)

A_23_P254507 HOP homeobox(HOPX)

A_24_P59667 Janus kinase 3(JAK3)

A_23_P117852 KIAA0101(KIAA0101)

A_23_P50426 KN motif and ankyrin repeat domains 2(KANK2)

A_23_P124892 KiSS-1 metastasis-suppressor(KISS1)

A_23_P32233 Kruppel like factor 4(KLF4)

A_24_P307869 LLGL2, scribble cell polarity complex component(LLGL2)

A_24_P316939 LRR binding FLII interacting protein 1(LRRFIP1)

A_23_P317184 LRR binding FLII interacting protein 2(LRRFIP2)

A_23_P78209 MAF bZIP transcription factor G(MAFG)

A_23_P373598 MAF bZIP transcription factor K(MAFK)

A_23_P57277 MAP3K7 C-terminal like(MAP3K7CL)

A_23_P310 MARCKS like 1(MARCKSL1)

A_23_P408094 MAX dimerization protein 1(MXD1)

A_23_P143190 MYB proto-oncogene like 2(MYBL2)

A_23_P20494 N-myc downstream regulated 1(NDRG1)

A_23_P206661 NAD(P)H quinone dehydrogenase 1(NQO1)

A_23_P50108 NDC80, kinetochore complex component(NDC80)

A_23_P53856 NEDD4 binding protein 2 like 2(N4BP2L2)

A_23_P212089 NFKB inhibitor zeta(NFKBIZ)

A_23_P46604 NIPA like domain containing 3(NIPAL3)

A_23_P89550 NLR family pyrin domain containing 1(NLRP1)

A_23_P107587 NPC intracellular cholesterol transporter 1(NPC1)

A_23_P5200 NPHS1, nephrin(NPHS1)

A_23_P74349 NUF2, NDC80 kinetochore complex component(NUF2)

A_23_P90419 PBX homeobox 4(PBX4)

A_24_P186216 PDS5 cohesin associated factor A(PDS5A)

A_32_P62997 PDZ binding kinase(PBK)

A_23_P52121 PDZ domain containing 1(PDZK1)

A_23_P89762 PH domain and leucine rich repeat protein phosphatase 1(PHLPP1)

A_23_P156732 PHD finger protein 1(PHF1)

A_23_P350451 PR/SET domain 1(PRDM1)

A_23_P374389 PWWP domain containing 2B(PWWP2B)

A_23_P345118 Pim-1 proto-oncogene, serine/threonine kinase(PIM1)

A_23_P301336 R3H domain and coiled-coil containing 1 like(R3HCC1L)

A_23_P415006 RAB11 family interacting protein 5(RAB11FIP5)

A_24_P193295 RAB15, member RAS oncogene family(RAB15)

A_23_P5778 RAB17, member RAS oncogene family(RAB17)

A_23_P147025 RAB33A, member RAS oncogene family(RAB33A)

A_23_P388168 RAB3B, member RAS oncogene family(RAB3B)

A_24_P277295 RAB43, member RAS oncogene family(RAB43)

A_23_P212545 RAB5A, member RAS oncogene family(RAB5A)

A_23_P317465 RAB8B, member RAS oncogene family(RAB8B)

A_23_P88731 RAD51 recombinase(RAD51)

A_23_P424513 RAN binding protein 9(RANBP9)

A_23_P45976, A_24_P36890 RAP1 GTPase activating protein(RAP1GAP)

A_23_P26124 RAR related orphan receptor A(RORA)

A_23_P18939 RAS p21 protein activator 1(RASA1)

A_23_P502747 RAS protein activator like 2(RASAL2)

A_23_P342053 RB binding protein 6, ubiquitin ligase(RBBP6)

A_23_P166526 RIB43A domain with coiled-coils 2(RIBC2)

A_24_P262127 RRAD, Ras related glycolysis inhibitor and calcium channel regulator(RRAD)

A_23_P216549 RUN and SH3 domain containing 2(RUSC2)

A_23_P304171, A_24_P66545 RUN and cysteine rich domain containing beclin 1 interacting protein(RUBCN)

A_23_P133095 Rap guanine nucleotide exchange factor 2(RAPGEF2)

A_23_P17192 Rap guanine nucleotide exchange factor 4(RAPGEF4)

A_24_P336584, A_24_P171268 Ras association domain family member 5(RASSF5)

A_23_P53370 Rho family GTPase 1(RND1)

A_23_P137984 S100 calcium binding protein A10(S100A10)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_23_P201711 S100 calcium binding protein A6(S100A6)

A_23_P58266 S100 calcium binding protein P(S100P)

A_23_P204550 SCY1 like pseudokinase 2(SCYL2)

A_23_P206960 SEC14 like lipid binding 1(SEC14L1)

A_23_P257743 SH2 domain containing adaptor protein B(SHB)

A_24_P148750 SH3 domain binding protein 5(SH3BP5)

A_24_P139094 SH3 domain containing GRB2 like 1, endophilin A2(SH3GL1)

A_23_P169351 SH3 domain containing GRB2 like 2, endophilin A1(SH3GL2)

A_23_P48988 SH3 domain containing GRB2 like 3, endophilin A3(SH3GL3)

A_23_P374782, A_24_P289139 SH3 domain containing kinase binding protein 1(SH3KBP1)

A_24_P364838 SLC9A3 regulator 2(SLC9A3R2)

A_23_P353316 SMAD specific E3 ubiquitin protein ligase 1(SMURF1)

A_24_P150466 SPARC related modular calcium binding 1(SMOC1)

A_24_P314571 SPC24, NDC80 kinetochore complex component(SPC24)

A_23_P51085 SPC25, NDC80 kinetochore complex component(SPC25)

A_23_P143694 SRY-box 10(SOX10)

A_23_P85703 SRY-box 13(SOX13)

A_23_P26847 SRY-box 9(SOX9)

A_24_P146670 STE20 like kinase(SLK)

A_24_P200000 STEAP3 metalloreductase(STEAP3)

A_23_P46852 STN1, CST complex subunit(STN1)

A_23_P44244 SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 1(SMARCA1)

A_23_P143173 Src like adaptor 2(SLA2)

A_23_P164451 T-box 2(TBX2)

A_24_P943613 TBC1 domain family member 1(TBC1D1)

A_23_P212728 TBC1 domain family member 23(TBC1D23)

A_23_P41487 TBC1 domain family member 9(TBC1D9)
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A_23_P362893 TEA domain transcription factor 1(TEAD1)

A_23_P82000 TEA domain transcription factor 3(TEAD3)

A_23_P374695 TEK receptor tyrosine kinase(TEK)

A_23_P305033 TGF-beta activated kinase 1/MAP3K7 binding protein 3(TAB3)

A_23_P62115 TIMP metallopeptidase inhibitor 1(TIMP1)

A_24_P169896 TIMP metallopeptidase inhibitor 2(TIMP2)

A_24_P157926 TNF alpha induced protein 3(TNFAIP3)

A_23_P49338 TNF receptor superfamily member 12A(TNFRSF12A)

A_23_P68610 TPX2, microtubule nucleation factor(TPX2)

A_23_P110882 TSPY like 4(TSPYL4)

A_23_P150876 VPS37B, ESCRT-I subunit(VPS37B)

A_23_P4353 WD repeat and SOCS box containing 1(WSB1)

A_23_P39024 WD repeat domain 83(WDR83)

A_23_P81392 WW and C2 domain containing 1(WWC1)

A_24_P342086 WW domain containing E3 ubiquitin protein ligase 2(WWP2)

A_23_P29769 WW domain containing transcription regulator 1(WWTR1)

A_23_P381017 Williams Beuren syndrome chromosome region 27(WBSCR27)

A_23_P258410 Wnt family member 7A(WNT7A)

A_32_P178945 YOD1 deubiquitinase(YOD1)

A_23_P39237 ZFP36 ring finger protein(ZFP36)

A_32_P137939 actin beta(ACTB)

A_24_P123408, A_23_P256205 actin binding LIM protein family member 3(ABLIM3)

A_32_P167239 actin filament associated protein 1 like 1(AFAP1L1)

A_32_P156963 actin gamma 1(ACTG1)

A_23_P1102 actin, alpha 1, skeletal muscle(ACTA1)

A_24_P6903 actin, beta like 2(ACTBL2)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P138881 actinin alpha 3 (gene/pseudogene)(ACTN3)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P132405, A_24_P191656 acyl-CoA dehydrogenase family member 9(ACAD9)

A_23_P145024 adrenoceptor beta 2(ADRB2)

A_23_P436353, A_23_P256603 afadin, adherens junction formation factor(AFDN)

A_23_P307310 aggrecan(ACAN)

A_24_P152968, A_23_P257971 aldo-keto reductase family 1 member C1(AKR1C1)

A_23_P78108 aldolase, fructose-bisphosphate C(ALDOC)

A_23_P71270, A_24_P49267 alpha-2-glycoprotein 1, zinc-binding(AZGP1)

A_23_P31273 amphiphysin(AMPH)

A_23_P259071 amphiregulin(AREG)

A_23_P166686 angiomotin like 2(AMOTL2)

A_23_P216108 ankyrin 1(ANK1)

A_23_P125643 ankyrin repeat and SOCS box containing 9(ASB9)

A_23_P94501 annexin A1(ANXA1)

A_23_P35399, A_32_P150632 annexin A11(ANXA11)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P357104 annexin A6(ANXA6)

A_23_P103617 annexin A9(ANXA9)

A_24_P345846, A_24_P377144 anthrax toxin receptor 2(ANTXR2)

A_23_P119254 anti-silencing function 1B histone chaperone(ASF1B)

A_23_P144877 antioxidant 1 copper chaperone(ATOX1)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P136986 apolipoprotein O like(APOOL)

A_23_P366812 aquaporin 5(AQP5)

A_23_P83634 arachidonate 12-lipoxygenase, 12R type(ALOX12B)

A_24_P347880 arachidonate lipoxygenase 3(ALOXE3)

A_23_P1492 arginine vasopressin induced 1(AVPI1)

A_23_P26223 argininosuccinate lyase(ASL)

A_23_P112159 argonaute 2, RISC catalytic component(AGO2)

A_23_P401014 ariadne RBR E3 ubiquitin protein ligase 1(ARIH1)

A_24_P386622 arrestin beta 1(ARRB1)

A_23_P391607 arrestin domain containing 1(ARRDC1)

A_23_P83579 aryl hydrocarbon receptor nuclear translocator 2(ARNT2)

A_24_P18105, A_24_P295245 aspartate beta-hydroxylase(ASPH)

A_24_P91701 aspartate rich 1(DRICH1)

A_23_P160537 aurora kinase A and ninein interacting protein(AUNIP)

A_23_P131866 aurora kinase A(AURKA)

A_23_P130182 aurora kinase B(AURKB)

A_23_P361820 autophagy related 2A(ATG2A)

A_23_P118815 baculoviral IAP repeat containing 5(BIRC5)

A_23_P370682 basic leucine zipper ATF-like transcription factor 2(BATF2)

A_23_P160720 basic leucine zipper ATF-like transcription factor 3(BATF3)

A_23_P128974 basic leucine zipper ATF-like transcription factor(BATF)

A_24_P119259 basic leucine zipper nuclear factor 1(BLZF1)

A_23_P135722 betacellulin(BTC)

A_23_P97394 breast cancer anti-estrogen resistance 3(BCAR3)

A_24_P414712 bromodomain and PHD finger containing 3(BRPF3)

A_23_P202683 cadherin related family member 5(CDHR5)

A_23_P43197 calbindin 1(CALB1)

A_23_P349463 calcineurin like EF-hand protein 2(CHP2)

A_23_P204879 calcium binding protein 39 like(CAB39L)

A_23_P85765 calcium voltage-gated channel subunit alpha1 S(CACNA1S)

A_23_P144458, A_32_P47988 calcium/calmodulin dependent protein kinase II delta(CAMK2D)

A_24_P84428, A_32_P114574 calcyclin binding protein(CACYBP)

A_23_P326170 calmodulin 1(CALM1)

A_23_P213518, A_23_P434352 calpastatin(CAST)

A_23_P125233 calponin 1(CNN1)

A_24_P382319 carcinoembryonic antigen related cell adhesion molecule 1(CEACAM1)

A_23_P218442 carcinoembryonic antigen related cell adhesion molecule 6(CEACAM6)

A_23_P138760 cardiotrophin-like cytokine factor 1(CLCF1)

A_23_P82324 caspase recruitment domain family member 11(CARD11)

A_23_P14774 cathepsin H(CTSH)

A_23_P94533 cathepsin L(CTSL)

A_23_P146456 cathepsin V(CTSV)

A_23_P52676 cation channel sperm associated 1(CATSPER1)

A_23_P149200 cell division cycle 20(CDC20)

A_24_P913227 cell division cycle 23(CDC23)

A_23_P164999 cell division cycle 34(CDC34)

A_23_P104651 cell division cycle associated 5(CDCA5)

A_23_P375 cell division cycle associated 8(CDCA8)

A_23_P253524 centromere protein E(CENPE)

A_23_P401 centromere protein F(CENPF)

A_23_P163580 centromere protein T(CENPT)

A_23_P56709 charged multivesicular body protein 3(CHMP3)

A_23_P10156 charged multivesicular body protein 6(CHMP6)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_23_P311895, A_23_P416774 chloride intracellular channel 5(CLIC5)

A_23_P69293 choline dehydrogenase(CHDH)

A_23_P149892 chondroitin sulfate N-acetylgalactosaminyltransferase 2(CSGALNACT2)

A_23_P134078 chromodomain Y-like(CDYL)

A_23_P897 chromosome 1 open reading frame 116(C1orf116)

A_23_P160297 chromosome 1 open reading frame 94(C1orf94)

A_24_P712562 chromosome 17 open reading frame 67(C17orf67)

A_23_P29975 chromosome 4 open reading frame 19(C4orf19)

A_23_P386268 chromosome 4 open reading frame 26(C4orf26)

A_23_P354297 chromosome transmission fidelity factor 18(CHTF18)

A_23_P34852 chymotrypsin C(CTRC)

A_23_P410717 circadian associated repressor of transcription(CIART)

A_23_P420551 citron rho-interacting serine/threonine kinase(CIT)

A_23_P164284 claudin 7(CLDN7)

A_23_P215913 clusterin(CLU)

A_24_P416131 coactosin like F-actin binding protein 1(COTL1)

A_24_P373152 cofilin 2(CFL2)

A_24_P910733 coiled-coil domain containing 50(CCDC50)

A_23_P55544 collagen and calcium binding EGF domains 1(CCBE1)

A_23_P69030 collagen type VIII alpha 1 chain(COL8A1)

A_23_P1331 collagen type XIII alpha 1 chain(COL13A1)

A_23_P133408 colony stimulating factor 2(CSF2)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P106761 coronin 1A(CORO1A)

A_24_P81947 coronin 1C(CORO1C)

A_24_P367496 corticotropin releasing hormone receptor 1(CRHR1)

A_24_P206776 crystallin alpha B(CRYAB)
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A_23_P58321 cyclin A2(CCNA2)

A_23_P122197 cyclin B1(CCNB1)

A_23_P65757 cyclin B2(CCNB2)

A_23_P145397 cyclin C(CCNC)

A_23_P209200 cyclin E1(CCNE1)

A_24_P734720 cyclin Y like 1(CCNYL1)

A_23_P138507 cyclin dependent kinase 1(CDK1)

A_23_P133585 cyclin dependent kinase 7(CDK7)

A_23_P428129 cyclin dependent kinase inhibitor 1C(CDKN1C)

A_23_P48669 cyclin dependent kinase inhibitor 3(CDKN3)

A_23_P126103 cystathionine gamma-lyase(CTH)

A_23_P166306 cystathionine-beta-synthase(CBS)

A_23_P44724 cysteine and glycine rich protein 2(CSRP2)

A_23_P121011 cysteine and serine rich nuclear protein 1(CSRNP1)

A_23_P110345 cysteine rich hydrophobic domain 2(CHIC2)

A_23_P34597 cytidine deaminase(CDA)

A_23_P163402 cytochrome P450 family 1 subfamily A member 1(CYP1A1)

A_23_P52101 cytochrome b5 reductase 1(CYB5R1)

A_23_P251937 cytoplasmic polyadenylation element binding protein 4(CPEB4)

A_23_P59637 dedicator of cytokinesis 4(DOCK4)

A_24_P350245 dedicator of cytokinesis 5(DOCK5)

A_23_P157628 defensin beta 4A(DEFB4A)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_23_P10385 denticleless E3 ubiquitin protein ligase homolog(DTL)

A_23_P24129 dickkopf WNT signaling pathway inhibitor 1(DKK1)

A_24_P38347 dihydropyrimidinase like 2(DPYSL2)

A_23_P91829, A_24_P137434, A_24_P51061 discoidin, CUB and LCCL domain containing 2(DCBLD2)

A_23_P416142 discs large MAGUK scaffold protein 1(DLG1)

A_23_P54116 dishevelled associated activator of morphogenesis 1(DAAM1)

A_23_P347432, A_23_P201342 dishevelled segment polarity protein 1(DVL1)

A_23_P5601 docking protein 1(DOK1)

A_23_P500328 doublecortin(DCX)

A_24_P43681 drebrin like(DBNL)

A_23_P255444 dual adaptor of phosphotyrosine and 3-phosphoinositides 1(DAPP1)

A_23_P110712 dual specificity phosphatase 1(DUSP1)

A_23_P207537 dual specificity phosphatase 14(DUSP14)

A_23_P150018 dual specificity phosphatase 5(DUSP5)

A_23_P407074 dynamin 2(DNM2)

A_23_P39931 dysferlin(DYSF)

A_23_P156880, A_32_P192376 ectonucleotide pyrophosphatase/phosphodiesterase 1(ENPP1)

A_24_P186943 elastin(ELN)

A_23_P315122 empty spiracles homeobox 1(EMX1)

A_23_P83328 endoglin(ENG)

A_23_P83266 endonuclease G(ENDOG)

A_23_P106145 endoplasmic reticulum oxidoreductase 1 alpha(ERO1A)

A_23_P214821 endothelin 1(EDN1)

A_24_P236091 enolase 2(ENO2)

A_23_P41344 epiregulin(EREG)

A_23_P91081 epithelial cell adhesion molecule(EPCAM)

A_23_P44684 epithelial cell transforming 2(ECT2)

A_23_P76488 epithelial membrane protein 1(EMP1)

A_23_P119362 epithelial membrane protein 3(EMP3)

A_23_P130027 epsin 3(EPN3)

A_23_P349416 erb-b2 receptor tyrosine kinase 3(ERBB3)

A_23_P30175 erbb2 interacting protein(ERBIN)

A_23_P351 erythrocyte membrane protein band 4.1(EPB41)

A_23_P367899 erythropoietin receptor(EPOR)

A_24_P697685 extended synaptotagmin 3(ESYT3)

A_23_P160559 extracellular matrix protein 1(ECM1)

A_23_P19590 ezrin(EZR)

A_23_P120973 family with sequence similarity 118 member A(FAM118A)

A_23_P99853 family with sequence similarity 214 member A(FAM214A)

A_24_P346762 family with sequence similarity 214 member B(FAM214B)

A_24_P941359, A_23_P358394 family with sequence similarity 65 member B(FAM65B)

A_23_P323751 family with sequence similarity 83 member D(FAM83D)

A_24_P329487 family with sequence similarity 84 member B(FAM84B)

A_23_P151970 fem-1 homolog B(FEM1B)

A_23_P50504, A_32_P155247 ferritin light chain(FTL)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P302681 fidgetin like 1(FIGNL1)

A_32_P387648, A_24_P51322 filaggrin(FLG)

A_23_P211878 filamin B(FLNB)

A_24_P77968 filamin C(FLNC)

A_23_P414308 folliculin(FLCN)

A_23_P212696 follistatin like 1(FSTL1)

A_23_P110531 follistatin(FST)

A_23_P151150 forkhead box M1(FOXM1)

A_32_P140898 forkhead box N2(FOXN2)

A_32_P102062 forkhead box O3(FOXO3)

A_23_P257111 fructose-bisphosphatase 1(FBP1)

A_23_P45475 galactosidase alpha(GLA)

A_23_P374844 galanin and GMAP prepropeptide(GAL)

A_23_P128919 galectin 3(LGALS3)

A_23_P1083 gap junction protein alpha 4(GJA4)

A_23_P139864 germ cell associated 1(GSG1)

A_23_P88873 gigaxonin(GAN)

A_32_P377880 glial cell derived neurotrophic factor(GDNF)

A_23_P216489 glucosamine (UDP-N-acetyl)-2-epimerase/N-acetylmannosamine kinase(GNE)

A_23_P201035 glucosylceramidase beta(GBA)

A_23_P374689 glutamate decarboxylase 1(GAD1)

A_23_P303072 glutamate ionotropic receptor AMPA type subunit 1(GRIA1)

A_24_P304051 glutathione S-transferase omega 1(GSTO1)

A_23_P133474 glutathione peroxidase 3(GPX3)

A_23_P42386 glycoprotein hormones, alpha polypeptide(CGA)

A_23_P146512 golgi membrane protein 1(GOLM1)

A_23_P71440, A_24_P98277 golgin A7(GOLGA7)

A_23_P52067 grainyhead like transcription factor 3(GRHL3)

A_23_P23221 growth arrest and DNA damage inducible alpha(GADD45A)

A_24_P239606 growth arrest and DNA damage inducible beta(GADD45B)

A_24_P82466 growth arrest specific 7(GAS7)

A_23_P122863 growth factor receptor bound protein 10(GRB10)

A_23_P163992 growth factor receptor bound protein 7(GRB7)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P111132 heat shock protein family A (Hsp70) member 1A(HSPA1A)

A_23_P114903 heat shock protein family A (Hsp70) member 6(HSPA6)

A_23_P161727 heat shock protein family B (small) member 2(HSPB2)

A_23_P162579 heat shock protein family B (small) member 8(HSPB8)

A_23_P167129 hedgehog interacting protein(HHIP)

A_23_P153372 hematopoietic SH2 domain containing(HSH2D)

A_23_P73429 hematopoietic cell-specific Lyn substrate 1(HCLS1)

A_23_P19691 heme binding protein 2(HEBP2)

A_23_P120883 heme oxygenase 1(HMOX1)

A_23_P100501 heme oxygenase 2(HMOX2)

A_24_P75190 hemoglobin subunit delta(HBD)

A_32_P175739 hexokinase 2(HK2)

A_23_P95930 high mobility group AT-hook 2(HMGA2)

A_23_P5831 hippocalcin like 1(HPCAL1)

A_23_P122443 histone cluster 1 H1 family member c(HIST1H1C)

A_23_P7976 histone cluster 1 H1 family member e(HIST1H1E)

A_23_P404162 histone deacetylase 9(HDAC9)

A_23_P22129 huntingtin associated protein 1(HAP1)

A_24_P229164, A_23_P398294 huntingtin interacting protein 1 related(HIP1R)

A_23_P70007 hyaluronan mediated motility receptor(HMMR)

A_23_P200976, A_23_P160582 hydroxypyruvate isomerase (putative)(HYI)

A_23_P78762 hydroxysteroid 17-beta dehydrogenase 14(HSD17B14)

A_23_P86330 immediate early response 5(IER5)

A_23_P393713 immunoglobulin mu binding protein 2(IGHMBP2)

A_23_P19517 inositol 1,4,5-trisphosphate receptor type 3(ITPR3)

A_23_P393531 inositol polyphosphate-4-phosphatase type I A(INPP4A)

A_23_P85640 inositol polyphosphate-5-phosphatase B(INPP5B)

A_23_P5131 inositol-3-phosphate synthase 1(ISYNA1)
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A_24_P944458 insulin induced gene 2(INSIG2)

A_23_P250156 insulin like growth factor 2 mRNA binding protein 2(IGF2BP2)

A_23_P150609 insulin like growth factor 2(IGF2)

A_23_P353035 insulin like growth factor binding protein 7(IGFBP7)

A_23_P171074 integral membrane protein 2A(ITM2A)

A_32_P178800 integrin subunit alpha 2(ITGA2)

A_23_P154507 integrin subunit beta 1 binding protein 1(ITGB1BP1)

A_23_P329573 integrin subunit beta 2(ITGB2)

A_23_P153320 intercellular adhesion molecule 1(ICAM1)

A_23_P164691 intercellular adhesion molecule 3(ICAM3)

A_23_P119143 intercellular adhesion molecule 5(ICAM5)

A_24_P19677 interferon lambda receptor 1(IFNLR1)

A_23_P748 interferon regulatory factor 6(IRF6)

A_23_P72096 interleukin 1 alpha(IL1A)

A_23_P51126 interleukin 1 receptor like 1(IL1RL1)

A_24_P63019 interleukin 1 receptor type 2(IL1R2)

A_23_P126735 interleukin 10(IL10)

A_23_P104798 interleukin 18(IL18)

A_24_P203000 interleukin 2 receptor subunit beta(IL2RB)

A_23_P62607 interleukin 22 receptor subunit alpha 1(IL22RA1)

A_23_P76078 interleukin 23 subunit alpha(IL23A)

A_23_P15146 interleukin 32(IL32)

A_24_P68783 interleukin 36 receptor antagonist(IL36RN)

A_23_P434347 intersectin 2(ITSN2)

A_23_P353524 involucrin(IVL)

A_24_P226278 jade family PHD finger 2(JADE2)

A_23_P427217 jumonji domain containing 1C(JMJD1C)

A_23_P403424 jumonji domain containing 7(JMJD7)

A_32_P176550 junction mediating and regulatory protein, p53 cofactor(JMY)

A_23_P68423, A_23_P394395 junctophilin 2(JPH2)

A_24_P333697, A_24_P416645 kallikrein related peptidase 13(KLK13)

A_24_P376047 kallikrein related peptidase 4(KLK4)

A_23_P153480 kallikrein related peptidase 5(KLK5)

A_24_P236935 kallikrein related peptidase 6(KLK6)

A_23_P369343 kallikrein related peptidase 8(KLK8)

A_24_P15043 kelch like family member 18(KLHL18)

A_23_P215517 kelch like family member 7(KLHL7)

A_23_P27133 keratin 15(KRT15)

A_23_P66798 keratin 19(KRT19)

A_23_P107465 keratin 31(KRT31)

A_23_P89665 keratin 33B(KRT33B)

A_23_P2674 keratin 4(KRT4)

A_23_P76249 keratin 6B(KRT6B)

A_24_P331704 keratin 80(KRT80)

A_24_P410408 keratin 83(KRT83)

A_23_P363769 keratin 86(KRT86)

A_23_P107454 keratin associated protein 3-1(KRTAP3-1)

A_23_P104741 kin of IRRE like 3 (Drosophila)(KIRREL3)

A_24_P649624, A_24_P145066 kinesin family member 1B(KIF1B)

A_23_P34788 kinesin family member 2C(KIF2C)

A_23_P54576 kinesin family member C3(KIFC3)

A_23_P315206 kynurenine aminotransferase 1(KYAT1)

A_23_P166848 lactotransferrin(LTF)

A_24_P70002 large tumor suppressor kinase 2(LATS2)

A_23_P405295 late cornified envelope 3C(LCE3C)

A_23_P61487 leucine rich repeat containing 20(LRRC20)

A_23_P250274 leucine rich repeat containing 8 family member A(LRRC8A)

A_24_P348203 leucine rich repeat containing 8 family member E(LRRC8E)

A_24_P380679 leucine rich single-pass membrane protein 1(LSMEM1)

A_23_P149852 leucine zipper tumor suppressor 2(LZTS2)

A_24_P122137, A_24_P233488 leukemia inhibitory factor(LIF)

A_32_P70158 leukocyte immunoglobulin like receptor B3(LILRB3)

A_24_P65722 leukocyte immunoglobulin like receptor B4(LILRB4)

A_23_P213137 ligand of numb-protein X 1(LNX1)

A_23_P259621 linker for activation of T-cells family member 2(LAT2)

A_24_P323084 long intergenic non-protein coding RNA 482(LINC00482)

A_23_P302595 long intergenic non-protein coding RNA 518(LINC00518)

A_23_P34452 loricrin(LOR)

A_32_P159651 lysine acetyltransferase 2B(KAT2B)

A_24_P66337 lysocardiolipin acyltransferase 1(LCLAT1)

A_24_P88763 lysyl oxidase like 3(LOXL3)

A_24_P80204 mal, T-cell differentiation protein like(MALL)

A_23_P17134 mal, T-cell differentiation protein(MAL)

A_24_P116535 matrix metallopeptidase 15(MMP15)

A_23_P426663, A_23_P73345 melanogenesis associated transcription factor(MITF)

A_24_P260101 membrane metalloendopeptidase(MME)

A_23_P107173 mesenchyme homeobox 1(MEOX1)

A_23_P54840 metallothionein 1A(MT1A)

A_23_P15174 metallothionein 1F(MT1F)

A_23_P106844 metallothionein 2A(MT2A)

A_24_P376322 methyl-CpG binding domain protein 1(MBD1)

A_32_P220715, A_23_P77630 microtubule associated protein 1 light chain 3 beta(MAP1LC3B)

A_23_P163455 microtubule associated protein 1A(MAP1A)

A_23_P418015 microtubule associated protein RP/EB family member 2(MAPRE2)

A_23_P255331 mitochondria localized glutamic acid rich protein(MGARP)

A_23_P46907 mitochondrial calcium uptake 1(MICU1)

A_23_P501372 mitochondrial elongation factor 2(MIEF2)

A_23_P253752 mitochondrial fission regulator 2(MTFR2)

A_23_P356152 mitogen-activated protein kinase 8(MAPK8)

A_24_P296698, A_23_P118427 mitogen-activated protein kinase kinase 3(MAP2K3)

A_23_P23947 mitogen-activated protein kinase kinase kinase 8(MAP3K8)

A_24_P287075 mitogen-activated protein kinase kinase kinase kinase 2(MAP4K2)

A_23_P314584 mitogen-activated protein kinase-activated protein kinase 3(MAPKAPK3)

A_23_P137856 mucin 1, cell surface associated(MUC1)

A_23_P5211 mucin 16, cell surface associated(MUC16)

A_24_P270033 myelin protein zero like 3(MPZL3)

A_23_P160438 myogenin(MYOG)

A_23_P104438 myopalladin(MYPN)

A_23_P4572 myosin light chain 12A(MYL12A)

A_23_P162547 myosin light chain 2(MYL2)

A_24_P56130 myosin light chain 6(MYL6)

A_23_P59738 myosin light chain 7(MYL7)

A_23_P15348 myosin phosphatase Rho interacting protein(MPRIP)

A_23_P62133 myotubularin 1(MTM1)

A_23_P23006 nardilysin convertase(NRDC)

A_23_P62752 natriuretic peptide B(NPPB)

A_23_P352870 nectin cell adhesion molecule 2(NECTIN2)

A_23_P423331 netrin G2(NTNG2)

A_24_P168726 neurofibromin 2(NF2)

A_23_P218597 neuronal PAS domain protein 2(NPAS2)

A_23_P138194 neutrophil cytosolic factor 2(NCF2)

A_24_P925737, A_23_P74309, A_23_P103511 nitric oxide synthase 1 adaptor protein(NOS1AP)

A_23_P359647 nuclear factor of activated T-cells 5(NFAT5)

A_23_P47682 nuclear receptor interacting protein 3(NRIP3)

A_24_P250227 nuclear receptor subfamily 1 group D member 1(NR1D1)

A_24_P943472 nuclear receptor subfamily 1 group D member 2(NR1D2)

A_23_P398566 nuclear receptor subfamily 4 group A member 3(NR4A3)

A_23_P216915 nuclear receptor subfamily 5 group A member 1(NR5A1)

A_24_P273157 obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF(OBSCN)

A_23_P100344 origin recognition complex subunit 6(ORC6)

A_23_P77415 oxidative stress induced growth inhibitor 1(OSGIN1)

A_23_P418413 oxidative stress responsive 1(OXSR1)

A_23_P321935, A_23_P57474 oxysterol binding protein 2(OSBP2)

A_23_P10442 oxysterol binding protein like 1A(OSBPL1A)

A_32_P205637 par-6 family cell polarity regulator beta(PARD6B)

A_23_P104692 pellino E3 ubiquitin protein ligase family member 3(PELI3)

A_23_P202104 peptidylprolyl isomerase F(PPIF)

A_23_P100711 peripheral myelin protein 22(PMP22)

A_23_P106906 periplakin(PPL)

A_23_P214681, A_24_P252130 peroxisome proliferator activated receptor delta(PPARD)

A_23_P111240 phosphatase and actin regulator 2(PHACTR2)
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A_24_P244162 phosphatidylinositol 4-kinase type 2 alpha(PI4K2A)

A_23_P203658 phosphatidylinositol binding clathrin assembly protein(PICALM)

A_23_P401106 phosphodiesterase 2A(PDE2A)

A_23_P128817 phosphoenolpyruvate carboxykinase 2, mitochondrial(PCK2)

A_23_P116414 phospholipase A2 group XVI(PLA2G16)

A_24_P410952 phosphoprotein enriched in astrocytes 15(PEA15)

A_23_P331670 phosphorylase, glycogen; brain(PYGB)

A_23_P164258 pipecolic acid and sarcosine oxidase(PIPOX)

A_23_P23296 plakophilin 1(PKP1)

A_23_P16469 plasminogen activator, urokinase receptor(PLAUR)

A_24_P339944 platelet derived growth factor subunit B(PDGFB)

A_24_P20200 pleckstrin homology domain containing B2(PLEKHB2)

A_23_P23616 pleckstrin homology domain containing N1(PLEKHN1)

A_24_P915692 pleckstrin homology like domain family A member 1(PHLDA1)

A_23_P215060 podocalyxin like(PODXL)

A_24_P65616, A_23_P141894 poliovirus receptor(PVR)

A_23_P51646 polo like kinase 3(PLK3)

A_23_P155969 polo like kinase 4(PLK4)

A_23_P500353 potassium calcium-activated channel subfamily N member 2(KCNN2)

A_23_P67529 potassium calcium-activated channel subfamily N member 4(KCNN4)

A_23_P321846 potassium voltage-gated channel modifier subfamily S member 1(KCNS1)

A_23_P50697 pregnancy specific beta-1-glycoprotein 1(PSG1)

A_23_P103398 presenilin 2(PSEN2)

A_23_P109143 prion protein(PRNP)

A_23_P155868 progesterone receptor membrane component 2(PGRMC2)

A_24_P389608 proline and serine rich 2(PROSER2)

A_23_P257003 proprotein convertase subtilisin/kexin type 5(PCSK5)

A_23_P148047 prostaglandin E receptor 4(PTGER4)

A_24_P250922 prostaglandin-endoperoxide synthase 2(PTGS2)

A_23_P76851, A_24_P298420 protein arginine methyltransferase 5(PRMT5)

A_23_P258088 protein kinase C and casein kinase substrate in neurons 1(PACSIN1)

A_23_P80377 protein kinase C and casein kinase substrate in neurons 2(PACSIN2)

A_23_P67271 protein kinase N1(PKN1)

A_23_P90172 protein phosphatase 1 regulatory subunit 15A(PPP1R15A)

A_23_P122041 protein phosphatase 2 catalytic subunit alpha(PPP2CA)

A_23_P35796 protein phosphatase 2 regulatory subunit B'beta(PPP2R5B)

A_23_P213620 protein phosphatase 2 regulatory subunit Bbeta(PPP2R2B)

A_23_P425332 protein phosphatase 4 regulatory subunit 4(PPP4R4)

A_24_P213763, A_23_P57413 protein phosphatase, Mg2+/Mn2+ dependent 1F(PPM1F)

A_23_P206059 protein regulator of cytokinesis 1(PRC1)

A_23_P56978 protein tyrosine kinase 6(PTK6)

A_24_P409519 protein tyrosine phosphatase, non-receptor type 5(PTPN5)

A_23_P101642 protein tyrosine phosphatase, receptor type H(PTPRH)

A_23_P64611 pyrimidinergic receptor P2Y6(P2RY6)

A_23_P29153 radial spoke head 14 homolog(RSPH14)

A_23_P93383 ral guanine nucleotide dissociation stimulator like 2(RGL2)

A_24_P82032 ras homolog family member J(RHOJ)

A_23_P252106 receptor interacting serine/threonine kinase 2(RIPK2)

A_23_P320578 regulator of G-protein signaling 16(RGS16)

A_23_P114947 regulator of G-protein signaling 2(RGS2)

A_23_P73097 regulator of G-protein signaling 20(RGS20)

A_23_P218646 regulator of telomere elongation helicase 1(RTEL1)

A_23_P9289 regulatory factor X3(RFX3)

A_23_P372308 repulsive guidance molecule family member a(RGMA)

A_23_P255215 retinitis pigmentosa 9 (autosomal dominant)(RP9)

A_23_P207842 retinoic acid receptor alpha(RARA)

A_23_P134237 retinoic acid receptor responder 2(RARRES2)

A_24_P165423 retinol binding protein 7(RBP7)

A_23_P29303 ribosomal RNA processing 7 homolog A(RRP7A)

A_23_P399255 ring finger protein 182(RNF182)

A_23_P132121 salt inducible kinase 1(SIK1)

A_23_P66637 sarcoglycan alpha(SGCA)

A_23_P215900 scavenger receptor class A member 3(SCARA3)

A_23_P500000 sciellin(SCEL)

A_23_P118571 sclerostin(SOST)

A_23_P62081 secretogranin V(SCG5)

A_24_P190472 secretory leukocyte peptidase inhibitor(SLPI)

A_23_P64860 selectin P ligand(SELPLG)

A_23_P127068 semaphorin 4G(SEMA4G)

A_23_P106389 semaphorin 7A (John Milton Hagen blood group)(SEMA7A)

A_23_P503127, A_23_P211572 septin 3(SEPT3)

A_24_P73389 serine/threonine kinase 24(STK24)

A_23_P74229 serine/threonine kinase 40(STK40)

A_23_P13822 serine/threonine/tyrosine kinase 1(STYK1)

A_24_P147461 serpin family B member 8(SERPINB8)

A_24_P295010 serpin family B member 9(SERPINB9)

A_23_P127460 signal-induced proliferation-associated 1(SIPA1)

A_24_P332647 slingshot protein phosphatase 1(SSH1)

A_23_P144348 slit guidance ligand 2(SLIT2)

A_23_P62709 small proline rich protein 3(SPRR3)

A_32_P83098 sodium channel epithelial 1 beta subunit(SCNN1B)

A_23_P46412 sodium channel epithelial 1 delta subunit(SCNN1D)

A_23_P206626 sodium channel epithelial 1 gamma subunit(SCNN1G)

A_24_P128233 sodium voltage-gated channel alpha subunit 5(SCN5A)

A_23_P158725 solute carrier family 16 member 3(SLC16A3)

A_24_P350228 solute carrier family 22 member 23(SLC22A23)

A_32_P224522 solute carrier family 25 member 23(SLC25A23)

A_24_P206047 solute carrier family 25 member 4(SLC25A4)

A_23_P34460 solute carrier family 35 member A3(SLC35A3)

A_24_P385190 solute carrier family 4 member 1 (Diego blood group)(SLC4A1)

A_23_P17826 solute carrier family 5 member 1(SLC5A1)

A_23_P76386 solute carrier family 6 member 12(SLC6A12)

A_23_P152995 solute carrier family 6 member 4(SLC6A4)

A_24_P350683 solute carrier family 9 member A1(SLC9A1)

A_24_P317907 sorbin and SH3 domain containing 1(SORBS1)

A_23_P414252 sorting nexin 8(SNX8)

A_24_P179044 sorting nexin 9(SNX9)

A_23_P109072 spalt like transcription factor 4(SALL4)

A_24_P272088 spectrin beta, erythrocytic(SPTB)

A_23_P411851 spectrin repeat containing nuclear envelope family member 3(SYNE3)

A_24_P127564 sperm acrosome associated 6(SPACA6)

A_23_P203488 sphingomyelin phosphodiesterase 1(SMPD1)

A_23_P41948 spindle apparatus coiled-coil protein 1(SPDL1)

A_23_P200096 splA/ryanodine receptor domain and SOCS box containing 1(SPSB1)

A_23_P128698 sprouty RTK signaling antagonist 2(SPRY2)

A_24_P269062 sprouty RTK signaling antagonist 4(SPRY4)

A_23_P254079 starch binding domain 1(STBD1)

A_23_P318300, A_23_P366394 sterile alpha motif and leucine zipper containing kinase AZK(ZAK)

A_24_P383523 sterile alpha motif domain containing 4A(SAMD4A)

A_23_P165521 striatin(STRN)

A_23_P107981 sulfotransferase family 2B member 1(SULT2B1)

A_23_P254741 superoxide dismutase 3, extracellular(SOD3)

A_23_P207981 suppressor of cytokine signaling 6(SOCS6)

A_23_P83939 synapse associated protein 1(SYAP1)

A_23_P53193 synaptotagmin like 2(SYTL2)

A_24_P122337 synaptotagmin like 4(SYTL4)

A_23_P131899 syndecan binding protein 2(SDCBP2)

A_23_P168556 syntaxin 1A(STX1A)

A_23_P139143 syntaxin 3(STX3)

A_24_P201171 syntaxin binding protein 1(STXBP1)

A_23_P251293 synuclein gamma(SNCG)

A_23_P337155 target of myb1 like 2 membrane trafficking protein(TOM1L2)

A_23_P76538 tescalcin(TESC)

A_23_P432005 testis expressed 37(TEX37)

A_23_P160167 tetraspanin 1(TSPAN1)

A_23_P50008 tetratricopeptide repeat domain 19(TTC19)

A_23_P129128 threonyl-tRNA synthetase like 2(TARSL2)

A_24_P142118 thrombospondin 1(THBS1)

A_23_P90357 thromboxane A2 receptor(TBXA2R)

A_23_P107421 thymidine kinase 1(TK1)

A_24_P85775 thymocyte selection associated family member 2(THEMIS2)
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A_24_P374516 thymosin beta 4, X-linked(TMSB4X)

A_24_P201153, A_23_P9293 tight junction protein 2(TJP2)

A_23_P108157 tight junction protein 3(TJP3)

A_23_P10873 toll like receptor 1(TLR1)

A_23_P90311, A_23_P376096 toll like receptor adaptor molecule 1(TICAM1)

A_23_P305507 topoisomerase (DNA) I(TOP1)

A_23_P118834 topoisomerase (DNA) II alpha(TOP2A)

A_23_P7582 transcription factor 7 (T-cell specific, HMG-box)(TCF7)

A_23_P164179 transducer of ERBB2, 1(TOB1)

A_24_P98249 transforming acidic coiled-coil containing protein 1(TACC1)

A_23_P377291 transforming growth factor alpha(TGFA)

A_23_P87011, A_23_P87013 transgelin(TAGLN)

A_23_P65618 transglutaminase 1(TGM1)

A_32_P86763, A_24_P923251 transglutaminase 2(TGM2)

A_24_P410463 transient receptor potential cation channel subfamily M member 6(TRPM6)

A_24_P13381 transient receptor potential cation channel subfamily V member 4(TRPV4)

A_24_P400573 transmembrane channel like 8(TMC8)

A_23_P211493 transmembrane protease, serine 6(TMPRSS6)

A_24_P381975 transmembrane protein 231(TMEM231)

A_24_P243396 treacle ribosome biogenesis factor 1(TCOF1)

A_23_P425880 trio Rho guanine nucleotide exchange factor(TRIO)

A_23_P422667 tripartite motif containing 17(TRIM17)

A_24_P208909 tripartite motif containing 2(TRIM2)

A_24_P153853 tripartite motif containing 37(TRIM37)

A_23_P114983 tripartite motif containing 63(TRIM63)

A_23_P150935 trophinin associated protein(TROAP)

A_23_P141974, A_24_P82880 tropomyosin 4(TPM4)

A_23_P166823 troponin C1, slow skeletal and cardiac type(TNNC1)

A_23_P131825 troponin C2, fast skeletal type(TNNC2)

A_23_P34700 troponin T2, cardiac type(TNNT2)

A_23_P320021 tubby like protein 1(TULP1)

A_23_P56736 tubulin alpha 3d(TUBA3D)

A_23_P77493 tubulin beta 3 class III(TUBB3)

A_23_P371824 tuftelin 1(TUFT1)

A_23_P12526 tumor protein p53 binding protein 2(TP53BP2)

A_23_P149529 tumor-associated calcium signal transducer 2(TACSTD2)

A_32_P180741, A_23_P61633 tyrosine kinase non receptor 2(TNK2)

A_23_P76690 ubiquitin C-terminal hydrolase L3(UCHL3)

A_24_P297539 ubiquitin conjugating enzyme E2 C(UBE2C)

A_24_P13032 ubiquitin conjugating enzyme E2 D1(UBE2D1)

A_23_P145584 ubiquitin conjugating enzyme E2 H(UBE2H)

A_23_P208880 ubiquitin like with PHD and ring finger domains 1(UHRF1)

A_23_P171366 ubiquitin specific peptidase 11(USP11)

A_24_P107317, A_23_P24966 ubiquitin specific peptidase 2(USP2)

A_32_P128701, A_24_P137522 ubiquitin specific peptidase 53(USP53)

A_23_P355536 ubiquitin specific peptidase 54(USP54)

A_24_P53215 unc-13 homolog D(UNC13D)

A_24_P73370 unc-51 like autophagy activating kinase 1(ULK1)

A_23_P47704 uncoupling protein 2(UCP2)

A_23_P64243 uroplakin 2(UPK2)

A_24_P94402 v-myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog(MYCN)

A_23_P129695 vasorin(VASN)

A_23_P10785 vesicle transport through interaction with t-SNAREs 1A(VTI1A)

A_23_P161190 vimentin(VIM)

A_32_P65533 zinc finger CCCH-type containing 12D(ZC3H12D)

A_23_P11729 zinc finger and BTB domain containing 7B(ZBTB7B)

A_23_P322395 zinc finger and SCAN domain containing 1(ZSCAN1)

A_23_P368779 zinc finger protein 114(ZNF114)

A_23_P93269 zinc finger protein 165(ZNF165)

A_23_P415558 zinc finger protein 212(ZNF212)

A_24_P226970 zinc finger protein 365(ZNF365)

A_23_P101351 zinc finger protein 426(ZNF426)

A_23_P49145 zymogen granule protein 16(ZG16)

22. GO:0005886~plasma membrane

ID Gene Name

A_24_P316430, A_24_P354715 5'-nucleotidase ecto(NT5E)

A_23_P214897, A_32_P152437 A-kinase anchoring protein 12(AKAP12)

A_24_P300777 ADAM metallopeptidase domain 8(ADAM8)

A_23_P116902 ADP-ribosyltransferase 4 (Dombrock blood group)(ART4)

A_23_P21363 AHNAK nucleoprotein(AHNAK)

A_23_P207507 ATP binding cassette subfamily C member 3(ABCC3)

A_23_P166297 ATP binding cassette subfamily G member 1(ABCG1)

A_24_P355626 ATP binding cassette subfamily G member 4(ABCG4)

A_23_P215111 ATPase H+ transporting V0 subunit a4(ATP6V0A4)

A_23_P87982 ATPase H+/K+ transporting non-gastric alpha2 subunit(ATP12A)

A_23_P258612 ATPase phospholipid transporting 8A2(ATP8A2)

A_23_P208389 AXL receptor tyrosine kinase(AXL)

A_23_P167389 ArfGAP with RhoGAP domain, ankyrin repeat and PH domain 3(ARAP3)

A_24_P362540 ArfGAP with SH3 domain, ankyrin repeat and PH domain 2(ASAP2)

A_23_P315836, A_23_P61810, A_24_P159648 BAI1 associated protein 2(BAIAP2)

A_23_P52207 BMP and activin membrane bound inhibitor(BAMBI)

A_24_P148717 C-C motif chemokine receptor 1(CCR1)

A_23_P250302 C-C motif chemokine receptor 3(CCR3)

A_23_P69310 C-C motif chemokine receptor like 2(CCRL2)

A_23_P407565 C-X3-C motif chemokine receptor 1(CX3CR1)

A_23_P259863 CD177 molecule(CD177)

A_23_P161076 CD2 molecule(CD2)

A_23_P338479 CD274 molecule(CD274)

A_23_P416747 CD3e molecule(CD3E)

A_24_P188377 CD55 molecule (Cromer blood group)(CD55)

A_23_P70095 CD74 molecule(CD74)

A_24_P70993 CD99 molecule(CD99)

A_23_P1602 CDC42 effector protein 2(CDC42EP2)

A_24_P160401, A_23_P113613 CUB domain containing protein 1(CDCP1)

A_23_P397910 Cbl proto-oncogene C(CBLC)

A_23_P211141 DS cell adhesion molecule(DSCAM)

A_32_P83049 EFR3 homolog B(EFR3B)

A_23_P52647 EH domain containing 1(EHD1)

A_23_P147822 EPS8 like 2(EPS8L2)

A_32_P30649 ETS variant 5(ETV5)

A_23_P119478 Epstein-Barr virus induced 3(EBI3)

A_23_P420610, A_23_P349083 FCH domain only 2(FCHO2)

A_23_P169460 FERM and PDZ domain containing 1(FRMPD1)

A_23_P161769 FXYD domain containing ion transport regulator 2(FXYD2)

A_23_P201211 Fc receptor like 5(FCRL5)

A_32_P107876 Fraser extracellular matrix complex subunit 1(FRAS1)

A_23_P123096 G protein subunit gamma transducin 1(GNGT1)

A_23_P167005 G protein-coupled receptor 160(GPR160)

A_23_P131534 G protein-coupled receptor 45(GPR45)

A_23_P36825 G protein-coupled receptor class C group 5 member A(GPRC5A)

A_32_P215938 G-protein signaling modulator 1(GPSM1)

A_23_P219060 G-protein signaling modulator 3(GPSM3)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_24_P207995 L1 cell adhesion molecule(L1CAM)

A_23_P19657 LDL receptor related protein 11(LRP11)

A_24_P307869 LLGL2, scribble cell polarity complex component(LLGL2)

A_24_P316939 LRR binding FLII interacting protein 1(LRRFIP1)

A_23_P94186 LY6/PLAUR domain containing 2(LYPD2)

A_24_P323148 LY6/PLAUR domain containing 5(LYPD5)

A_23_P310 MARCKS like 1(MARCKSL1)

A_23_P20494 N-myc downstream regulated 1(NDRG1)

A_23_P138693 N-myristoyltransferase 2(NMT2)

A_23_P5200 NPHS1, nephrin(NPHS1)

A_23_P170213 Na+/K+ transporting ATPase interacting 2(NKAIN2)

A_24_P186216 PDS5 cohesin associated factor A(PDS5A)

A_23_P52121 PDZ domain containing 1(PDZK1)

A_23_P89762 PH domain and leucine rich repeat protein phosphatase 1(PHLPP1)

A_23_P345118 Pim-1 proto-oncogene, serine/threonine kinase(PIM1)

A_24_P193295 RAB15, member RAS oncogene family(RAB15)

A_23_P5778 RAB17, member RAS oncogene family(RAB17)
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A_23_P147025 RAB33A, member RAS oncogene family(RAB33A)

A_23_P388168 RAB3B, member RAS oncogene family(RAB3B)

A_23_P212545 RAB5A, member RAS oncogene family(RAB5A)

A_23_P317465 RAB8B, member RAS oncogene family(RAB8B)

A_23_P424513 RAN binding protein 9(RANBP9)

A_32_P334325 RIMS binding protein 2(RIMBP2)

A_24_P262127 RRAD, Ras related glycolysis inhibitor and calcium channel regulator(RRAD)

A_23_P54223 Rab geranylgeranyltransferase alpha subunit(RABGGTA)

A_32_P221991 Ral GEF with PH domain and SH3 binding motif 1(RALGPS1)

A_24_P173746 Ral GEF with PH domain and SH3 binding motif 2(RALGPS2)

A_23_P133095 Rap guanine nucleotide exchange factor 2(RAPGEF2)

A_23_P17192 Rap guanine nucleotide exchange factor 4(RAPGEF4)

A_23_P51690 Rh family B glycoprotein (gene/pseudogene)(RHBG)

A_23_P53370 Rho family GTPase 1(RND1)

A_32_P213330 Rho guanine nucleotide exchange factor 28(ARHGEF28)

A_23_P257743 SH2 domain containing adaptor protein B(SHB)

A_32_P305888 SH3 domain and tetratricopeptide repeats 2(SH3TC2)

A_23_P169351 SH3 domain containing GRB2 like 2, endophilin A1(SH3GL2)

A_23_P374782, A_24_P289139 SH3 domain containing kinase binding protein 1(SH3KBP1)

A_23_P28120 SIX homeobox 2(SIX2)

A_24_P364838 SLC9A3 regulator 2(SLC9A3R2)

A_23_P353316 SMAD specific E3 ubiquitin protein ligase 1(SMURF1)

A_23_P143173 Src like adaptor 2(SLA2)

A_32_P24372 TBC1 domain family member 3B(TBC1D3B)

A_23_P374695 TEK receptor tyrosine kinase(TEK)

A_23_P305033 TGF-beta activated kinase 1/MAP3K7 binding protein 3(TAB3)

A_23_P71530 TNF receptor superfamily member 11b(TNFRSF11B)

A_23_P49338 TNF receptor superfamily member 12A(TNFRSF12A)

A_23_P160460 UDP-N-acetylglucosamine pyrophosphorylase 1(UAP1)

A_23_P134100 UL16 binding protein 3(ULBP3)

A_24_P398130 USP6 N-terminal like(USP6NL)

A_23_P150876 VPS37B, ESCRT-I subunit(VPS37B)

A_23_P411157 Wnt family member 1(WNT1)

A_23_P53588 Wnt family member 5B(WNT5B)

A_23_P258410 Wnt family member 7A(WNT7A)

A_23_P18246 X-C motif chemokine receptor 1(XCR1)

A_32_P416161 XK related, X-linked(XKRX)

A_23_P305759 abhydrolase domain containing 3(ABHD3)

A_32_P137939 actin beta(ACTB)

A_32_P167239 actin filament associated protein 1 like 1(AFAP1L1)

A_32_P156963 actin gamma 1(ACTG1)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P397455 activin A receptor type 1C(ACVR1C)

A_23_P365738 activity regulated cytoskeleton associated protein(ARC)

A_24_P62615 adenylate cyclase associated protein 1(CAP1)

A_23_P502336 adhesion G protein-coupled receptor E2(ADGRE2)

A_23_P214267, A_23_P365218 adhesion G protein-coupled receptor F1(ADGRF1)

A_23_P46627 adiponectin receptor 1(ADIPOR1)

A_23_P145024 adrenoceptor beta 2(ADRB2)

A_23_P436353, A_23_P256603 afadin, adherens junction formation factor(AFDN)

A_23_P71270, A_24_P49267 alpha-2-glycoprotein 1, zinc-binding(AZGP1)

A_23_P84836, A_24_P409346 aminopeptidase puromycin sensitive pseudogene(LOC440434)

A_23_P216108 ankyrin 1(ANK1)

A_24_P98975, A_24_P307572 ankyrin repeat domain 13A(ANKRD13A)

A_23_P94501 annexin A1(ANXA1)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P121716 annexin A3(ANXA3)

A_23_P335495 anoctamin 7(ANO7)

A_32_P73452 anoctamin 8(ANO8)

A_24_P345846, A_24_P377144 anthrax toxin receptor 2(ANTXR2)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P366812 aquaporin 5(AQP5)

A_23_P106362 aquaporin 9(AQP9)

A_24_P386622 arrestin beta 1(ARRB1)

A_23_P391607 arrestin domain containing 1(ARRDC1)

A_24_P18105, A_24_P295245 aspartate beta-hydroxylase(ASPH)

A_23_P135722 betacellulin(BTC)

A_23_P7325 bone marrow stromal cell antigen 1(BST1)

A_23_P152305 cadherin 11(CDH11)

A_23_P100240 cadherin 16(CDH16)

A_23_P17593 cadherin 4(CDH4)

A_23_P202683 cadherin related family member 5(CDHR5)

A_23_P349463 calcineurin like EF-hand protein 2(CHP2)

A_23_P85765 calcium voltage-gated channel subunit alpha1 S(CACNA1S)

A_23_P144458, A_32_P47988 calcium/calmodulin dependent protein kinase II delta(CAMK2D)

A_23_P326170 calmodulin 1(CALM1)

A_24_P382319 carcinoembryonic antigen related cell adhesion molecule 1(CEACAM1)

A_23_P218442 carcinoembryonic antigen related cell adhesion molecule 6(CEACAM6)

A_24_P228302 carcinoembryonic antigen related cell adhesion molecule 7(CEACAM7)

A_23_P82324 caspase recruitment domain family member 11(CARD11)

A_23_P52676 cation channel sperm associated 1(CATSPER1)

A_23_P104651 cell division cycle associated 5(CDCA5)

A_23_P63281 ceramide-1-phosphate transfer protein(CPTP)

A_23_P56709 charged multivesicular body protein 3(CHMP3)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_32_P42946 chromosome 1 open reading frame 210(C1orf210)

A_23_P24077 chromosome 10 open reading frame 54(C10orf54)

A_32_P183970 chromosome 15 open reading frame 62(C15orf62)

A_23_P420551 citron rho-interacting serine/threonine kinase(CIT)

A_23_P360924 claudin 17(CLDN17)

A_23_P164284 claudin 7(CLDN7)

A_23_P351138 claudin 9(CLDN9)

A_23_P1331 collagen type XIII alpha 1 chain(COL13A1)

A_23_P110791 colony stimulating factor 1 receptor(CSF1R)

A_23_P117851 complexin 3(CPLX3)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P144020 contactin 4(CNTN4)

A_23_P106761 coronin 1A(CORO1A)

A_24_P367496 corticotropin releasing hormone receptor 1(CRHR1)

A_24_P734720 cyclin Y like 1(CCNYL1)

A_23_P110345 cysteine rich hydrophobic domain 2(CHIC2)

A_23_P52101 cytochrome b5 reductase 1(CYB5R1)

A_23_P59637 dedicator of cytokinesis 4(DOCK4)

A_24_P350245 dedicator of cytokinesis 5(DOCK5)

A_32_P104000 defective in cullin neddylation 1 domain containing 3(DCUN1D3)

A_23_P48740, A_24_P341674 deiodinase, iodothyronine type II(DIO2)

A_32_P538928 desmoglein 4(DSG4)

A_23_P8539 diacylglycerol lipase beta(DAGLB)

A_23_P24129 dickkopf WNT signaling pathway inhibitor 1(DKK1)

A_23_P416142 discs large MAGUK scaffold protein 1(DLG1)

A_23_P54116 dishevelled associated activator of morphogenesis 1(DAAM1)

A_23_P347432, A_23_P201342 dishevelled segment polarity protein 1(DVL1)

A_23_P398854 docking protein 7(DOK7)

A_32_P54274 dopamine receptor D5(DRD5)

A_24_P43681 drebrin like(DBNL)

A_23_P255444 dual adaptor of phosphotyrosine and 3-phosphoinositides 1(DAPP1)

A_23_P407074 dynamin 2(DNM2)

A_23_P39931 dysferlin(DYSF)

A_23_P156880, A_32_P192376 ectonucleotide pyrophosphatase/phosphodiesterase 1(ENPP1)

A_23_P70318 ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative)(ENPP4)

A_24_P236091 enolase 2(ENO2)

A_23_P91081 epithelial cell adhesion molecule(EPCAM)

A_23_P76488 epithelial membrane protein 1(EMP1)

A_23_P119362 epithelial membrane protein 3(EMP3)

A_23_P349416 erb-b2 receptor tyrosine kinase 3(ERBB3)

A_23_P30175 erbb2 interacting protein(ERBIN)

A_23_P134109 erythrocyte membrane protein band 4.1 like 2(EPB41L2)

A_23_P351 erythrocyte membrane protein band 4.1(EPB41)

A_23_P19590 ezrin(EZR)

A_23_P22647 family with sequence similarity 155 member B(FAM155B)

A_24_P329487 family with sequence similarity 84 member B(FAM84B)
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A_23_P211878 filamin B(FLNB)

A_24_P77968 filamin C(FLNC)

A_23_P414308 folliculin(FLCN)

A_23_P128919 galectin 3(LGALS3)

A_23_P152605 gasdermin A(GSDMA)

A_24_P341187 glucosylceramidase beta 2(GBA2)

A_23_P374689 glutamate decarboxylase 1(GAD1)

A_23_P303072 glutamate ionotropic receptor AMPA type subunit 1(GRIA1)

A_23_P122863 growth factor receptor bound protein 10(GRB10)

A_23_P154526 growth factor receptor bound protein 14(GRB14)

A_23_P163992 growth factor receptor bound protein 7(GRB7)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P120883 heme oxygenase 1(HMOX1)

A_23_P100501 heme oxygenase 2(HMOX2)

A_24_P140608 heparin binding EGF like growth factor(HBEGF)

A_23_P7535 histamine receptor H2(HRH2)

A_23_P70007 hyaluronan mediated motility receptor(HMMR)

A_32_P379467 immunoglobulin superfamily containing leucine rich repeat 2(ISLR2)

A_23_P19517 inositol 1,4,5-trisphosphate receptor type 3(ITPR3)

A_23_P85640 inositol polyphosphate-5-phosphatase B(INPP5B)

A_23_P150609 insulin like growth factor 2(IGF2)

A_23_P171074 integral membrane protein 2A(ITM2A)

A_32_P178800 integrin subunit alpha 2(ITGA2)

A_23_P154507 integrin subunit beta 1 binding protein 1(ITGB1BP1)

A_23_P329573 integrin subunit beta 2(ITGB2)

A_23_P153320 intercellular adhesion molecule 1(ICAM1)

A_23_P152655 intercellular adhesion molecule 2(ICAM2)

A_23_P164691 intercellular adhesion molecule 3(ICAM3)

A_23_P119143 intercellular adhesion molecule 5(ICAM5)

A_24_P19677 interferon lambda receptor 1(IFNLR1)

A_23_P51126 interleukin 1 receptor like 1(IL1RL1)

A_24_P63019 interleukin 1 receptor type 2(IL1R2)

A_23_P61057 interleukin 16(IL16)

A_24_P203000 interleukin 2 receptor subunit beta(IL2RB)

A_23_P62607 interleukin 22 receptor subunit alpha 1(IL22RA1)

A_24_P192914 junction adhesion molecule like(JAML)

A_23_P68423, A_23_P394395 junctophilin 2(JPH2)

A_23_P215517 kelch like family member 7(KLHL7)

A_23_P66798 keratin 19(KRT19)

A_23_P104741 kin of IRRE like 3 (Drosophila)(KIRREL3)

A_23_P250274 leucine rich repeat containing 8 family member A(LRRC8A)

A_24_P348203 leucine rich repeat containing 8 family member E(LRRC8E)

A_24_P65722 leukocyte immunoglobulin like receptor B4(LILRB4)

A_23_P259621 linker for activation of T-cells family member 2(LAT2)

A_23_P84219 lipase H(LIPH)

A_23_P8083 lymphocyte antigen 6 complex, locus G6C(LY6G6C)

A_23_P397293 lymphocyte antigen 6 complex, locus K(LY6K)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_23_P101992 macrophage receptor with collagenous structure(MARCO)

A_24_P166443, A_23_P258769 major histocompatibility complex, class II, DP beta 1(HLA-DPB1)

A_24_P370472 major histocompatibility complex, class II, DR beta 1(HLA-DRB1)

A_24_P80204 mal, T-cell differentiation protein like(MALL)

A_24_P116535 matrix metallopeptidase 15(MMP15)

A_23_P376557 matrix metallopeptidase 25(MMP25)

A_24_P260101 membrane metalloendopeptidase(MME)

A_23_P390068 mitotic spindle positioning(MISP)

A_24_P226008 monoglyceride lipase(MGLL)

A_23_P5211 mucin 16, cell surface associated(MUC16)

A_23_P62133 myotubularin 1(MTM1)

A_23_P73530 myotubularin related protein 1(MTMR1)

A_23_P123622 natriuretic peptide receptor 2(NPR2)

A_23_P352870 nectin cell adhesion molecule 2(NECTIN2)

A_23_P83931 neuroepithelial cell transforming 1(NET1)

A_24_P168726 neurofibromin 2(NF2)

A_23_P155900 neuropeptide FF receptor 2(NPFFR2)

A_23_P13294 olfactory receptor family 1 subfamily S member 2(OR1S2)

A_23_P27917 olfactory receptor family 10 subfamily H member 1(OR10H1)

A_23_P134566 olfactory receptor family 2 subfamily A member 7(OR2A7)

A_23_P54088 olfactory receptor family 4 subfamily K member 17(OR4K17)

A_23_P75764 olfactory receptor family 5 subfamily A member 1(OR5A1)

A_24_P366566 olfactory receptor family 5 subfamily H member 1(OR5H1)

A_23_P47125 olfactory receptor family 5 subfamily P member 2(OR5P2)

A_23_P42241 olfactory receptor family 5 subfamily V member 1(OR5V1)

A_23_P108265 olfactory receptor family 7 subfamily C member 2(OR7C2)

A_23_P16110 olfactory receptor family 7 subfamily E member 24(OR7E24)

A_23_P1819 olfactory receptor family 8 subfamily B member 8(OR8B8)

A_23_P156289 oncostatin M receptor(OSMR)

A_23_P96623 opsin 1 (cone pigments), medium-wave-sensitive(OPN1MW)

A_32_P205637 par-6 family cell polarity regulator beta(PARD6B)

A_23_P100711 peripheral myelin protein 22(PMP22)

A_23_P106906 periplakin(PPL)

A_23_P111240 phosphatase and actin regulator 2(PHACTR2)

A_23_P401106 phosphodiesterase 2A(PDE2A)

A_23_P56356 phospholipase B1(PLB1)

A_23_P80739 phospholipase C delta 1(PLCD1)

A_24_P194503, A_24_P238543 phosphorylase kinase regulatory subunit alpha 1(PHKA1)

A_23_P140738 piezo type mechanosensitive ion channel component 1(PIEZO1)

A_23_P23296 plakophilin 1(PKP1)

A_23_P16469 plasminogen activator, urokinase receptor(PLAUR)

A_23_P68121 pleckstrin and Sec7 domain containing 4(PSD4)

A_23_P149626 pleckstrin homology and RhoGEF domain containing G5(PLEKHG5)

A_23_P23616 pleckstrin homology domain containing N1(PLEKHN1)

A_23_P215060 podocalyxin like(PODXL)

A_24_P65616, A_23_P141894 poliovirus receptor(PVR)

A_23_P500353 potassium calcium-activated channel subfamily N member 2(KCNN2)

A_23_P67529 potassium calcium-activated channel subfamily N member 4(KCNN4)

A_23_P126075 potassium two pore domain channel subfamily K member 1(KCNK1)

A_23_P3177 potassium two pore domain channel subfamily K member 13(KCNK13)

A_23_P111978 potassium two pore domain channel subfamily K member 9(KCNK9)

A_23_P321846 potassium voltage-gated channel modifier subfamily S member 1(KCNS1)

A_24_P151 potassium voltage-gated channel subfamily A regulatory beta subunit 2(KCNAB2)

A_23_P124988 potassium voltage-gated channel subfamily H member 4(KCNH4)

A_23_P103398 presenilin 2(PSEN2)

A_23_P109143 prion protein(PRNP)

A_32_P538180 progestin and adipoQ receptor family member 7(PAQR7)

A_23_P94412 programmed cell death 1 ligand 2(PDCD1LG2)

A_23_P148047 prostaglandin E receptor 4(PTGER4)

A_23_P71379 prostate stem cell antigen(PSCA)

A_23_P258088 protein kinase C and casein kinase substrate in neurons 1(PACSIN1)

A_23_P205567 protein kinase C eta(PRKCH)

A_23_P67271 protein kinase N1(PKN1)

A_23_P122041 protein phosphatase 2 catalytic subunit alpha(PPP2CA)

A_23_P206059 protein regulator of cytokinesis 1(PRC1)

A_24_P234838 protocadherin 1(PCDH1)

A_32_P32856 protocadherin gamma subfamily A, 12(PCDHGA12)

A_23_P64611 pyrimidinergic receptor P2Y6(P2RY6)

A_24_P104119 ras homolog family member F, filopodia associated(RHOF)

A_24_P82032 ras homolog family member J(RHOJ)

A_24_P228717, A_23_P218770 ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein Rac2)(RAC2)

A_23_P320578 regulator of G-protein signaling 16(RGS16)

A_23_P302550 regulator of G-protein signaling 18(RGS18)

A_23_P114947 regulator of G-protein signaling 2(RGS2)

A_23_P73097 regulator of G-protein signaling 20(RGS20)

A_23_P66881 regulator of G-protein signaling 9(RGS9)

A_23_P395534 regulator of solute carriers 1(RSC1A1)

A_23_P372308 repulsive guidance molecule family member a(RGMA)

A_23_P64860 selectin P ligand(SELPLG)

A_23_P127068 semaphorin 4G(SEMA4G)

A_23_P106389 semaphorin 7A (John Milton Hagen blood group)(SEMA7A)

A_23_P49060 serine peptidase inhibitor, Kunitz type 1(SPINT1)

A_23_P13822 serine/threonine/tyrosine kinase 1(STYK1)
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A_23_P88177 serpin family A member 12(SERPINA12)

A_24_P245379 serpin family B member 2(SERPINB2)

A_23_P50146 sialic acid binding Ig like lectin 15(SIGLEC15)

A_24_P332647 slingshot protein phosphatase 1(SSH1)

A_23_P144348 slit guidance ligand 2(SLIT2)

A_32_P83098 sodium channel epithelial 1 beta subunit(SCNN1B)

A_23_P46412 sodium channel epithelial 1 delta subunit(SCNN1D)

A_23_P206626 sodium channel epithelial 1 gamma subunit(SCNN1G)

A_24_P128233 sodium voltage-gated channel alpha subunit 5(SCN5A)

A_23_P158725 solute carrier family 16 member 3(SLC16A3)

A_24_P81900 solute carrier family 2 member 3(SLC2A3)

A_23_P165657 solute carrier family 20 member 1(SLC20A1)

A_23_P94921 solute carrier family 20 member 2(SLC20A2)

A_23_P111395 solute carrier family 22 member 2(SLC22A2)

A_24_P257971 solute carrier family 27 member 4(SLC27A4)

A_23_P41789 solute carrier family 27 member 6(SLC27A6)

A_23_P104705 solute carrier family 29 member 2(SLC29A2)

A_24_P321068, A_24_P928901 solute carrier family 31 member 1(SLC31A1)

A_23_P155487 solute carrier family 38 member 3(SLC38A3)

A_24_P385190 solute carrier family 4 member 1 (Diego blood group)(SLC4A1)

A_23_P39647 solute carrier family 4 member 3(SLC4A3)

A_24_P75680 solute carrier family 4 member 8(SLC4A8)

A_23_P257176 solute carrier family 4 member 9(SLC4A9)

A_24_P10657 solute carrier family 44 member 2(SLC44A2)

A_24_P684183 solute carrier family 44 member 4(SLC44A4)

A_23_P17826 solute carrier family 5 member 1(SLC5A1)

A_23_P76386 solute carrier family 6 member 12(SLC6A12)

A_24_P365721 solute carrier family 6 member 14(SLC6A14)

A_23_P152995 solute carrier family 6 member 4(SLC6A4)

A_24_P350683 solute carrier family 9 member A1(SLC9A1)

A_23_P5903 solute carrier organic anion transporter family member 4A1(SLCO4A1)

A_24_P317907 sorbin and SH3 domain containing 1(SORBS1)

A_24_P179044 sorting nexin 9(SNX9)

A_23_P102060 sperm specific antigen 2(SSFA2)

A_23_P203488 sphingomyelin phosphodiesterase 1(SMPD1)

A_23_P163567 sphingomyelin phosphodiesterase 3(SMPD3)

A_23_P160881 sphingomyelin phosphodiesterase acid like 3B(SMPDL3B)

A_23_P404481 sphingosine-1-phosphate receptor 1(S1PR1)

A_23_P128698 sprouty RTK signaling antagonist 2(SPRY2)

A_23_P47282 suppression of tumorigenicity 14(ST14)

A_23_P401076 sushi domain containing 3(SUSD3)

A_24_P402415 synaptotagmin 14(SYT14)

A_23_P53193 synaptotagmin like 2(SYTL2)

A_24_P291826 synaptotagmin like 3(SYTL3)

A_24_P122337 synaptotagmin like 4(SYTL4)

A_23_P131899 syndecan binding protein 2(SDCBP2)

A_23_P168556 syntaxin 1A(STX1A)

A_23_P139143 syntaxin 3(STX3)

A_24_P201171 syntaxin binding protein 1(STXBP1)

A_23_P205713, A_24_P10214 syntaxin binding protein 6(STXBP6)

A_23_P76538 tescalcin(TESC)

A_23_P160167 tetraspanin 1(TSPAN1)

A_23_P90357 thromboxane A2 receptor(TBXA2R)

A_24_P201153, A_23_P9293 tight junction protein 2(TJP2)

A_23_P108157 tight junction protein 3(TJP3)

A_23_P330070 tissue factor pathway inhibitor(TFPI)

A_23_P10873 toll like receptor 1(TLR1)

A_23_P377291 transforming growth factor alpha(TGFA)

A_32_P86763, A_24_P923251 transglutaminase 2(TGM2)

A_24_P410463 transient receptor potential cation channel subfamily M member 6(TRPM6)

A_23_P207911 transient receptor potential cation channel subfamily V member 2(TRPV2)

A_23_P49862 transient receptor potential cation channel subfamily V member 3(TRPV3)

A_24_P13381 transient receptor potential cation channel subfamily V member 4(TRPV4)

A_23_P211493 transmembrane protease, serine 6(TMPRSS6)

A_23_P320021 tubby like protein 1(TULP1)

A_23_P50815 tweety family member 1(TTYH1)

A_32_P180741, A_23_P61633 tyrosine kinase non receptor 2(TNK2)

A_23_P140029 ubiquitin like 3(UBL3)

A_23_P129695 vasorin(VASN)

A_23_P161190 vimentin(VIM)

A_23_P11025 zinc finger protein 185 (LIM domain)(ZNF185)

A_23_P149189 zona pellucida glycoprotein 4(ZP4)

23. GO:0005788~endoplasmic reticulum lumen

ID Gene Name

A_23_P393645 ADAM metallopeptidase with thrombospondin type 1 motif 13(ADAMTS13)

A_24_P400507 EGF domain specific O-linked N-acetylglucosamine transferase(EOGT)

A_24_P147765 FAD dependent oxidoreductase domain containing 2(FOXRED2)

A_23_P128613 KDEL motif containing 1(KDELC1)

A_23_P385690 Wnt family member 3A(WNT3A)

A_23_P119916 Wnt family member 6(WNT6)

A_23_P304304 arylsulfatase F(ARSF)

A_23_P19030 arylsulfatase family member I(ARSI)

A_23_P52806 beta-secretase 1(BACE1)

A_24_P71661 cartilage associated protein(CRTAP)

A_23_P45365 collagen type IV alpha 5 chain(COL4A5)

A_23_P217379 collagen type IV alpha 6 chain(COL4A6)

A_23_P83818 collagen type V alpha 1 chain(COL5A1)

A_23_P33196 collagen type V alpha 2 chain(COL5A2)

A_32_P32254 collagen type VI alpha 1 chain(COL6A1)

A_23_P144071 collagen type VII alpha 1 chain(COL7A1)

A_23_P42322 collagen type XI alpha 2 chain(COL11A2)

A_23_P501010 collagen type XVII alpha 1 chain(COL17A1)

A_23_P211212 collagen type XVIII alpha 1 chain(COL18A1)

A_23_P158096 collagen type XXVII alpha 1 chain(COL27A1)

A_23_P30243 endoplasmic reticulum aminopeptidase 2(ERAP2)

A_23_P139687 endoplasmic reticulum protein 27(ERP27)

A_24_P418816 glutathione peroxidase 7(GPX7)

A_24_P876522 glutathione peroxidase 8 (putative)(GPX8)

A_24_P626850 hexose-6-phosphate dehydrogenase/glucose 1-dehydrogenase(H6PD)

A_23_P115885 multiple inositol-polyphosphate phosphatase 1(MINPP1)

A_24_P393372 phosphofurin acidic cluster sorting protein 2(PACS2)

A_23_P58396 platelet derived growth factor C(PDGFC)

A_23_P113701 platelet derived growth factor subunit A(PDGFA)

A_23_P63038 prolyl 3-hydroxylase 1(P3H1)

A_23_P69179 prolyl 3-hydroxylase 2(P3H2)

A_23_P30363 prolyl 4-hydroxylase subunit alpha 2(P4HA2)

A_32_P26376 protein O-glucosyltransferase 1(POGLUT1)

A_23_P140450 solute carrier family 27 member 2(SLC27A2)

A_24_P130962 torsin family 3 member A(TOR3A)

24. GO:0022617~extracellular matrix disassembly

ID Gene Name

A_24_P300777 ADAM metallopeptidase domain 8(ADAM8)

A_24_P128163 ADAM metallopeptidase with thrombospondin type 1 motif 4(ADAMTS4)

A_23_P62115 TIMP metallopeptidase inhibitor 1(TIMP1)

A_24_P169896 TIMP metallopeptidase inhibitor 2(TIMP2)

A_23_P307310 aggrecan(ACAN)

A_23_P94533 cathepsin L(CTSL)

A_23_P146456 cathepsin V(CTSV)

A_32_P86150 chymotrypsinogen B2(CTRB2)

A_24_P186943 elastin(ELN)

A_23_P83328 endoglin(ENG)

A_23_P310257 kallikrein related peptidase 2(KLK2)

A_24_P376047 kallikrein related peptidase 4(KLK4)

A_23_P39056 kallikrein related peptidase 7(KLK7)

A_23_P89780 laminin subunit alpha 3(LAMA3)

A_23_P160968, A_23_P201636 laminin subunit gamma 2(LAMC2)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_23_P1691 matrix metallopeptidase 1(MMP1)

A_23_P13094 matrix metallopeptidase 10(MMP10)
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A_24_P116535 matrix metallopeptidase 15(MMP15)

25. GO:0055114~oxidation-reduction process

ID Gene Name

A_23_P202345 2-aminoethanethiol dioxygenase(ADO)

A_23_P379475 24-dehydrocholesterol reductase(DHCR24)

A_24_P147765 FAD dependent oxidoreductase domain containing 2(FOXRED2)

A_23_P9614 NDUFA4, mitochondrial complex associated like 2(NDUFA4L2)

A_23_P251647 Rieske Fe-S domain containing(RFESD)

A_23_P428260 STEAP2 metalloreductase(STEAP2)

A_23_P71972 WW domain containing oxidoreductase(WWOX)

A_23_P96761 acyl-CoA dehydrogenase, C-4 to C-12 straight chain(ACADM)

A_23_P157569 alcohol dehydrogenase, iron containing 1(ADHFE1)

A_23_P258887 aldehyde dehydrogenase 1 family member L1(ALDH1L1)

A_23_P207213 aldehyde dehydrogenase 3 family member A1(ALDH3A1)

A_23_P24311 aldehyde dehydrogenase 3 family member B2(ALDH3B2)

A_23_P170337 aldehyde dehydrogenase 4 family member A1(ALDH4A1)

A_23_P70231 aldehyde dehydrogenase 7 family member A1(ALDH7A1)

A_24_P385280 aldehyde dehydrogenase 9 family member A1(ALDH9A1)

A_23_P93641, A_24_P129341 aldo-keto reductase family 1 member B15(AKR1B15)

A_23_P258194 apoptosis inducing factor, mitochondria associated 3(AIFM3)

A_23_P151653 apurinic/apyrimidinic endodeoxyribonuclease 1(APEX1)

A_23_P60627 arachidonate 15-lipoxygenase, type B(ALOX15B)

A_23_P29046 carbonyl reductase 1(CBR1)

A_23_P40453 carbonyl reductase 3(CBR3)

A_23_P394986 cellular repressor of E1A stimulated genes 2(CREG2)

A_23_P86470 cholesterol 25-hydroxylase(CH25H)

A_24_P398972 coenzyme Q7, hydroxylase(COQ7)

A_23_P162746 crystallin lambda 1(CRYL1)

A_23_P209625 cytochrome P450 family 1 subfamily B member 1(CYP1B1)

A_23_P52480 cytochrome P450 family 2 subfamily C member 18(CYP2C18)

A_23_P12767 cytochrome P450 family 2 subfamily C member 9(CYP2C9)

A_23_P202860 cytochrome P450 family 2 subfamily R member 1(CYP2R1)

A_23_P101374 cytochrome P450 family 2 subfamily S member 1(CYP2S1)

A_23_P133712 cytochrome P450 family 39 subfamily A member 1(CYP39A1)

A_23_P114713 cytochrome P450 family 4 subfamily B member 1(CYP4B1)

A_23_P169092 cytochrome P450 family 7 subfamily B member 1(CYP7B1)

A_24_P345451, A_23_P209564 cytochrome b reductase 1(CYBRD1)

A_23_P342131 cytochrome b561 family member A3(CYB561A3)

A_32_P174083 cytochrome c, somatic(CYCS)

A_24_P186065 dihydrofolate reductase 2(DHFR2)

A_32_P211045 dihydrofolate reductase(DHFR)

A_23_P135548 dihydropyrimidine dehydrogenase(DPYD)

A_23_P257803 dimethylglycine dehydrogenase(DMGDH)

A_23_P54291 dual oxidase 1(DUOX1)

A_23_P151851 dual oxidase 2(DUOX2)

A_23_P258251 ecto-NOX disulfide-thiol exchanger 2(ENOX2)

A_23_P38154 ferredoxin reductase(FDXR)

A_23_P865 ferric chelate reductase 1(FRRS1)

A_23_P160992 flavin containing monooxygenase 4(FMO4)

A_23_P127495 gamma-butyrobetaine hydroxylase 1(BBOX1)

A_23_P3038 glutathione peroxidase 2(GPX2)

A_24_P418816 glutathione peroxidase 7(GPX7)

A_24_P876522 glutathione peroxidase 8 (putative)(GPX8)

A_32_P31618 glutathione-disulfide reductase(GSR)

A_23_P123596 glycine decarboxylase(GLDC)

A_24_P626850 hexose-6-phosphate dehydrogenase/glucose 1-dehydrogenase(H6PD)

A_23_P141992 hydroxysteroid 11-beta dehydrogenase 1 like(HSD11B1L)

A_23_P45396 hydroxysteroid 17-beta dehydrogenase 10(HSD17B10)

A_24_P77082 kynurenine 3-monooxygenase(KMO)

A_23_P127406 lysine demethylase 4D(KDM4D)

A_24_P406754 lysyl oxidase like 4(LOXL4)

A_23_P400078 methylenetetrahydrofolate reductase(MTHFR)

A_24_P83586 methylmalonic aciduria (cobalamin deficiency) cblC type, with homocystinuria(MMACHC)

A_23_P85015 monoamine oxidase B(MAOB)

A_23_P31064 monooxygenase DBH like 1(MOXD1)

A_23_P70148 nicotinamide nucleotide transhydrogenase(NNT)

A_23_P137035 pirin(PIR)

A_23_P30275 prenylcysteine oxidase 1 like(PCYOX1L)

A_23_P63038 prolyl 3-hydroxylase 1(P3H1)

A_23_P69179 prolyl 3-hydroxylase 2(P3H2)

A_23_P30363 prolyl 4-hydroxylase subunit alpha 2(P4HA2)

A_23_P113317 prolyl 4-hydroxylase, transmembrane(P4HTM)

A_24_P64167 prostaglandin-endoperoxide synthase 1(PTGS1)

A_23_P37088 retinol dehydrogenase 12 (all-trans/9-cis/11-cis)(RDH12)

A_23_P36484 retinol dehydrogenase 16 (all-trans)(RDH16)

A_23_P93562 sestrin 1(SESN1)

A_23_P361448 sestrin 3(SESN3)

A_24_P317708 short chain dehydrogenase/reductase family 16C, member 5(SDR16C5)

A_23_P146284 squalene epoxidase(SQLE)

A_23_P30223 steroid 5 alpha-reductase 1(SRD5A1)

A_23_P134176 superoxide dismutase 2, mitochondrial(SOD2)

A_23_P29939 synuclein alpha(SNCA)

A_24_P942517, A_24_P250535 thioredoxin related transmembrane protein 4(TMX4)

26. GO:0005576~extracellular region

ID Gene Name

A_24_P275073 ADAM metallopeptidase with thrombospondin type 1 motif 14(ADAMTS14)

A_24_P140405 ADAM metallopeptidase with thrombospondin type 1 motif 3(ADAMTS3)

A_24_P128163 ADAM metallopeptidase with thrombospondin type 1 motif 4(ADAMTS4)

A_23_P26325 C-C motif chemokine ligand 17(CCL17)

A_24_P313418 C-C motif chemokine ligand 22(CCL22)

A_23_P207564 C-C motif chemokine ligand 4(CCL4)

A_23_P208482 C-type lectin domain family 4 member M(CLEC4M)

A_24_P940149 C2 calcium dependent domain containing 2(C2CD2)

A_23_P161076 CD2 molecule(CD2)

A_24_P188377 CD55 molecule (Cromer blood group)(CD55)

A_24_P160401, A_23_P113613 CUB domain containing protein 1(CDCP1)

A_23_P211141 DS cell adhesion molecule(DSCAM)

A_23_P119478 Epstein-Barr virus induced 3(EBI3)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_23_P124892 KiSS-1 metastasis-suppressor(KISS1)

A_23_P94186 LY6/PLAUR domain containing 2(LYPD2)

A_23_P107587 NPC intracellular cholesterol transporter 1(NPC1)

A_23_P7402 PDZ domain containing 2(PDZD2)

A_32_P155776 POTE ankyrin domain family member K, pseudogene(POTEKP)

A_24_P106542 R-spondin 3(RSPO3)

A_23_P374695 TEK receptor tyrosine kinase(TEK)

A_23_P62115 TIMP metallopeptidase inhibitor 1(TIMP1)

A_24_P169896 TIMP metallopeptidase inhibitor 2(TIMP2)

A_23_P71530 TNF receptor superfamily member 11b(TNFRSF11B)

A_24_P7790 WAP four-disulfide core domain 10B(WFDC10B)

A_23_P68436 WAP four-disulfide core domain 12(WFDC12)

A_23_P218675, A_24_P14464 WAP four-disulfide core domain 2(WFDC2)

A_23_P120435 WAP four-disulfide core domain 3(WFDC3)

A_23_P402331 WAP four-disulfide core domain 5(WFDC5)

A_23_P411157 Wnt family member 1(WNT1)

A_23_P53588 Wnt family member 5B(WNT5B)

A_23_P258410 Wnt family member 7A(WNT7A)

A_23_P83149 abhydrolase domain containing 17B(ABHD17B)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P214267, A_23_P365218 adhesion G protein-coupled receptor F1(ADGRF1)

A_23_P307310 aggrecan(ACAN)

A_23_P71270, A_24_P49267 alpha-2-glycoprotein 1, zinc-binding(AZGP1)

A_23_P94501 annexin A1(ANXA1)

A_24_P345846, A_24_P377144 anthrax toxin receptor 2(ANTXR2)

A_23_P203191 apolipoprotein A1(APOA1)

A_23_P135722 betacellulin(BTC)

A_23_P19624 bone morphogenetic protein 6(BMP6)

A_24_P414712 bromodomain and PHD finger containing 3(BRPF3)

161



A_23_P326170 calmodulin 1(CALM1)

A_23_P138760 cardiotrophin-like cytokine factor 1(CLCF1)

A_23_P94533 cathepsin L(CTSL)

A_23_P146456 cathepsin V(CTSV)

A_23_P425681 cholecystokinin(CCK)

A_23_P381351 chorionic somatomammotropin hormone 1(CSH1)

A_23_P74778 chromosome 1 open reading frame 54(C1orf54)

A_24_P712562 chromosome 17 open reading frame 67(C17orf67)

A_23_P386268 chromosome 4 open reading frame 26(C4orf26)

A_23_P34852 chymotrypsin C(CTRC)

A_32_P86150 chymotrypsinogen B2(CTRB2)

A_23_P215913 clusterin(CLU)

A_23_P45786 collagen type IX alpha 2 chain(COL9A2)

A_23_P40108 collagen type IX alpha 3 chain(COL9A3)

A_23_P69030 collagen type VIII alpha 1 chain(COL8A1)

A_23_P1331 collagen type XIII alpha 1 chain(COL13A1)

A_32_P405759 collagen type XXII alpha 1 chain(COL22A1)

A_23_P133408 colony stimulating factor 2(CSF2)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P144020 contactin 4(CNTN4)

A_23_P46429 cysteine rich angiogenic inducer 61(CYR61)

A_23_P34597 cytidine deaminase(CDA)

A_23_P169017 defensin beta 103A(DEFB103A)

A_23_P380871 defensin beta 105A(DEFB105A)

A_23_P102694 defensin beta 129(DEFB129)

A_23_P157628 defensin beta 4A(DEFB4A)

A_23_P27005 dehydrogenase/reductase 11(DHRS11)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_23_P3643 deoxyribonuclease 1 like 2(DNASE1L2)

A_23_P24129 dickkopf WNT signaling pathway inhibitor 1(DKK1)

A_24_P186943 elastin(ELN)

A_23_P214821 endothelin 1(EDN1)

A_23_P312150 endothelin 2(EDN2)

A_23_P41344 epiregulin(EREG)

A_23_P367899 erythropoietin receptor(EPOR)

A_23_P160559 extracellular matrix protein 1(ECM1)

A_23_P41204 family with sequence similarity 131 member A(FAM131A)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P212800 fibroblast growth factor 5(FGF5)

A_24_P32935 folate receptor beta(FOLR2)

A_23_P212696 follistatin like 1(FSTL1)

A_23_P110531 follistatin(FST)

A_23_P45475 galactosidase alpha(GLA)

A_23_P374844 galanin and GMAP prepropeptide(GAL)

A_32_P377880 glial cell derived neurotrophic factor(GDNF)

A_23_P133474 glutathione peroxidase 3(GPX3)

A_23_P47181 glycoprotein hormone alpha 2(GPHA2)

A_23_P42386 glycoprotein hormones, alpha polypeptide(CGA)

A_23_P76102 growth differentiation factor 11(GDF11)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P167129 hedgehog interacting protein(HHIP)

A_24_P140608 heparin binding EGF like growth factor(HBEGF)

A_24_P155502 inhibin beta C subunit(INHBC)

A_23_P150609 insulin like growth factor 2(IGF2)

A_23_P139912 insulin like growth factor binding protein 6(IGFBP6)

A_23_P353035 insulin like growth factor binding protein 7(IGFBP7)

A_23_P144549 integrin binding sialoprotein(IBSP)

A_23_P113777 integrin subunit beta like 1(ITGBL1)

A_23_P409438 interferon lambda 2(IFNL2)

A_23_P72096 interleukin 1 alpha(IL1A)

A_23_P79518 interleukin 1 beta(IL1B)

A_24_P63019 interleukin 1 receptor type 2(IL1R2)

A_23_P126735 interleukin 10(IL10)

A_23_P61057 interleukin 16(IL16)

A_23_P104798 interleukin 18(IL18)

A_23_P76078 interleukin 23 subunit alpha(IL23A)

A_23_P5654 interleukin 37(IL37)

A_23_P34066 interleukin 9 receptor(IL9R)

A_23_P167168 joining chain of multimeric IgA and IgM(JCHAIN)

A_24_P333697, A_24_P416645 kallikrein related peptidase 13(KLK13)

A_23_P310257 kallikrein related peptidase 2(KLK2)

A_24_P376047 kallikrein related peptidase 4(KLK4)

A_24_P236935 kallikrein related peptidase 6(KLK6)

A_23_P39056 kallikrein related peptidase 7(KLK7)

A_23_P104741 kin of IRRE like 3 (Drosophila)(KIRREL3)

A_23_P166848 lactotransferrin(LTF)

A_23_P70719 laminin subunit alpha 2(LAMA2)

A_23_P89780 laminin subunit alpha 3(LAMA3)

A_23_P160968, A_23_P201636 laminin subunit gamma 2(LAMC2)

A_24_P122137, A_24_P233488 leukemia inhibitory factor(LIF)

A_23_P84219 lipase H(LIPH)

A_23_P169437 lipocalin 2(LCN2)

A_23_P397293 lymphocyte antigen 6 complex, locus K(LY6K)

A_23_P5703 lysozyme g2(LYG2)

A_24_P88763 lysyl oxidase like 3(LOXL3)

A_23_P1691 matrix metallopeptidase 1(MMP1)

A_23_P13094 matrix metallopeptidase 10(MMP10)

A_23_P150979 mucin like 1(MUCL1)

A_23_P62752 natriuretic peptide B(NPPB)

A_23_P4489 neuropilin and tolloid like 1(NETO1)

A_23_P147665 olfactomedin like 1(OLFML1)

A_23_P166408 oncostatin M(OSM)

A_23_P207336 pancreatic polypeptide(PPY)

A_24_P208081 phospholipase A2 group IIF(PLA2G2F)

A_23_P145096 phospholipase A2 group VII(PLA2G7)

A_23_P148609 placenta specific 1(PLAC1)

A_24_P339944 platelet derived growth factor subunit B(PDGFB)

A_23_P50697 pregnancy specific beta-1-glycoprotein 1(PSG1)

A_24_P22800 pregnancy specific beta-1-glycoprotein 11(PSG11)

A_23_P56347 pregnancy specific beta-1-glycoprotein 3(PSG3)

A_24_P357726, A_24_P392110 pregnancy specific beta-1-glycoprotein 8(PSG8)

A_23_P39304 pregnancy specific beta-1-glycoprotein 9(PSG9)

A_23_P139434 proline rich protein BstNI subfamily 1(PRB1)

A_23_P116890 proline rich protein BstNI subfamily 3(PRB3)

A_23_P400298 protease, serine 22(PRSS22)

A_23_P42397 protease, serine 35(PRSS35)

A_32_P112493 protein kinase domain containing, cytoplasmic(PKDCC)

A_23_P81926 psoriasis susceptibility 1 candidate 2(PSORS1C2)

A_23_P140256 purine nucleoside phosphorylase(PNP)

A_23_P12463 quiescin sulfhydryl oxidase 1(QSOX1)

A_23_P134237 retinoic acid receptor responder 2(RARRES2)

A_23_P106080 ribonuclease A family member 7(RNASE7)

A_23_P376124 ribonuclease A family member 8(RNASE8)

A_23_P118571 sclerostin(SOST)

A_23_P145006 secretoglobin family 3A member 2(SCGB3A2)

A_23_P62081 secretogranin V(SCG5)

A_23_P92909 serine peptidase inhibitor, Kazal type 6(SPINK6)

A_23_P49060 serine peptidase inhibitor, Kunitz type 1(SPINT1)

A_24_P245379 serpin family B member 2(SERPINB2)

A_23_P144348 slit guidance ligand 2(SLIT2)

A_23_P41365 submaxillary gland androgen regulated protein 3A(SMR3A)

A_23_P254741 superoxide dismutase 3, extracellular(SOD3)

A_23_P216596 sushi, von Willebrand factor type A, EGF and pentraxin domain containing 1(SVEP1)

A_23_P168556 syntaxin 1A(STX1A)

A_24_P142118 thrombospondin 1(THBS1)

A_24_P374516 thymosin beta 4, X-linked(TMSB4X)

A_23_P330070 tissue factor pathway inhibitor(TFPI)

A_23_P18751 transmembrane protease, serine 11E(TMPRSS11E)

A_23_P320021 tubby like protein 1(TULP1)

A_23_P371824 tuftelin 1(TUFT1)

A_23_P149189 zona pellucida glycoprotein 4(ZP4)
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27. GO:0048471~perinuclear region of cytoplasm

ID Gene Name

A_23_P148556 ATP binding cassette subfamily D member 1(ABCD1)

A_23_P117992 ATPase secretory pathway Ca2+ transporting 2(ATP2C2)

A_23_P71946 B-box and SPRY domain containing(BSPRY)

A_23_P163481 BUB1 mitotic checkpoint serine/threonine kinase B(BUB1B)

A_23_P407565 C-X3-C motif chemokine receptor 1(CX3CR1)

A_24_P9671 DnaJ heat shock protein family (Hsp40) member A1(DNAJA1)

A_23_P215227, A_32_P229746 DnaJ heat shock protein family (Hsp40) member B6(DNAJB6)

A_23_P52647 EH domain containing 1(EHD1)

A_32_P71788, A_23_P128372 FK506 binding protein 4(FKBP4)

A_24_P273666, A_24_P168574, A_24_P418809 GNAS complex locus(GNAS)

A_23_P117852 KIAA0101(KIAA0101)

A_23_P20494 N-myc downstream regulated 1(NDRG1)

A_23_P107587 NPC intracellular cholesterol transporter 1(NPC1)

A_24_P193295 RAB15, member RAS oncogene family(RAB15)

A_23_P388168 RAB3B, member RAS oncogene family(RAB3B)

A_23_P317465 RAB8B, member RAS oncogene family(RAB8B)

A_23_P88731 RAD51 recombinase(RAD51)

A_23_P133095 Rap guanine nucleotide exchange factor 2(RAPGEF2)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_23_P201711 S100 calcium binding protein A6(S100A6)

A_23_P204550 SCY1 like pseudokinase 2(SCYL2)

A_24_P146670 STE20 like kinase(SLK)

A_23_P81392 WW and C2 domain containing 1(WWC1)

A_23_P101655 actinin alpha 4(ACTN4)

A_24_P73577 aldehyde dehydrogenase 1 family member A2(ALDH1A2)

A_23_P258190 aldo-keto reductase family 1 member B(AKR1B1)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P357104 annexin A6(ANXA6)

A_23_P131866 aurora kinase A(AURKA)

A_23_P144458, A_32_P47988 calcium/calmodulin dependent protein kinase II delta(CAMK2D)

A_23_P149200 cell division cycle 20(CDC20)

A_23_P401 centromere protein F(CENPF)

A_23_P137665 chitinase 3 like 1(CHI3L1)

A_23_P259189, A_23_P135499 chloride intracellular channel 4(CLIC4)

A_23_P215913 clusterin(CLU)

A_23_P19663 connective tissue growth factor(CTGF)

A_23_P133585 cyclin dependent kinase 7(CDK7)

A_23_P48669 cyclin dependent kinase inhibitor 3(CDKN3)

A_32_P104000 defective in cullin neddylation 1 domain containing 3(DCUN1D3)

A_23_P416142 discs large MAGUK scaffold protein 1(DLG1)

A_23_P5601 docking protein 1(DOK1)

A_23_P407074 dynamin 2(DNM2)

A_23_P130027 epsin 3(EPN3)

A_23_P19590 ezrin(EZR)

A_23_P152605 gasdermin A(GSDMA)

A_23_P162874, A_32_P199252 heat shock protein 90 alpha family class A member 1(HSP90AA1)

A_23_P111132 heat shock protein family A (Hsp70) member 1A(HSPA1A)

A_23_P120883 heme oxygenase 1(HMOX1)

A_24_P229164, A_23_P398294 huntingtin interacting protein 1 related(HIP1R)

A_32_P178800 integrin subunit alpha 2(ITGA2)

A_23_P154507 integrin subunit beta 1 binding protein 1(ITGB1BP1)

A_23_P160968, A_23_P201636 laminin subunit gamma 2(LAMC2)

A_23_P54840 metallothionein 1A(MT1A)

A_23_P37983 metallothionein 1B(MT1B)

A_23_P15174 metallothionein 1F(MT1F)

A_23_P66241 metallothionein 1M(MT1M)

A_23_P106844 metallothionein 2A(MT2A)

A_24_P168726 neurofibromin 2(NF2)

A_24_P925737, A_23_P74309, A_23_P103511 nitric oxide synthase 1 adaptor protein(NOS1AP)

A_23_P203658 phosphatidylinositol binding clathrin assembly protein(PICALM)

A_23_P401106 phosphodiesterase 2A(PDE2A)

A_23_P116414 phospholipase A2 group XVI(PLA2G16)

A_23_P149626 pleckstrin homology and RhoGEF domain containing G5(PLEKHG5)

A_24_P114249 polypeptide N-acetylgalactosaminyltransferase 3(GALNT3)

A_23_P321846 potassium voltage-gated channel modifier subfamily S member 1(KCNS1)

A_23_P103398 presenilin 2(PSEN2)

A_23_P258088 protein kinase C and casein kinase substrate in neurons 1(PACSIN1)

A_24_P213763, A_23_P57413 protein phosphatase, Mg2+/Mn2+ dependent 1F(PPM1F)

A_23_P207842 retinoic acid receptor alpha(RARA)

A_23_P127460 signal-induced proliferation-associated 1(SIPA1)

A_24_P350683 solute carrier family 9 member A1(SLC9A1)

A_23_P254079 starch binding domain 1(STBD1)

A_23_P251293 synuclein gamma(SNCG)

A_23_P160167 tetraspanin 1(TSPAN1)

A_23_P377291 transforming growth factor alpha(TGFA)

A_24_P153853 tripartite motif containing 37(TRIM37)

A_23_P12526 tumor protein p53 binding protein 2(TP53BP2)

A_24_P107317, A_23_P24966 ubiquitin specific peptidase 2(USP2)

A_24_P18270 upper zone of growth plate and cartilage matrix associated(UCMA)

A_23_P10785 vesicle transport through interaction with t-SNAREs 1A(VTI1A)

28. GO:0048306~calcium-dependent protein binding

ID Gene Name

A_23_P208482 C-type lectin domain family 4 member M(CLEC4M)

A_23_P94800 S100 calcium binding protein A4(S100A4)

A_23_P201711 S100 calcium binding protein A6(S100A6)

A_23_P58266 S100 calcium binding protein P(S100P)

A_23_P150876 VPS37B, ESCRT-I subunit(VPS37B)

A_23_P94501 annexin A1(ANXA1)

A_23_P35399, A_32_P150632 annexin A11(ANXA11)

A_24_P323114, A_23_P146644, A_24_P204244, A_32_P148345annexin A2(ANXA2)

A_23_P121716 annexin A3(ANXA3)

A_23_P357104 annexin A6(ANXA6)

A_23_P86599 deleted in malignant brain tumors 1(DMBT1)

A_24_P119609, A_23_P389102 myosin ID(MYO1D)

A_24_P350683 solute carrier family 9 member A1(SLC9A1)

A_23_P168556 syntaxin 1A(STX1A)

A_23_P166823 troponin C1, slow skeletal and cardiac type(TNNC1)

A_23_P131825 troponin C2, fast skeletal type(TNNC2)

29.GO:0051015~actin filament binding

ID Gene Name

A_23_P75529 PBX/knotted 1 homeobox 2(PKNOX2)

A_23_P23279 RCSD domain containing 1(RCSD1)

A_23_P105957 actinin alpha 1(ACTN1)

A_23_P101655 actinin alpha 4(ACTN4)

A_23_P392384 allograft inflammatory factor 1 like(AIF1L)

A_24_P373152 cofilin 2(CFL2)

A_23_P106761 coronin 1A(CORO1A)

A_24_P81947 coronin 1C(CORO1C)

A_23_P135061 coronin 2A(CORO2A)

A_24_P43681 drebrin like(DBNL)

A_23_P19590 ezrin(EZR)

A_24_P77968 filamin C(FLNC)

A_24_P229164, A_23_P398294 huntingtin interacting protein 1 related(HIP1R)

A_23_P204847 lymphocyte cytosolic protein 1(LCP1)

A_24_P119609, A_23_P389102 myosin ID(MYO1D)

A_23_P250607 plastin 3(PLS3)

A_23_P152995 solute carrier family 6 member 4(SLC6A4)

A_24_P272088 spectrin beta, erythrocytic(SPTB)

A_23_P411851 spectrin repeat containing nuclear envelope family member 3(SYNE3)

A_23_P102060 sperm specific antigen 2(SSFA2)

A_24_P13381 transient receptor potential cation channel subfamily V member 4(TRPV4)

A_23_P112289 tropomodulin 1(TMOD1)

A_23_P141974, A_24_P82880 tropomyosin 4(TPM4)

A_23_P166823 troponin C1, slow skeletal and cardiac type(TNNC1)

A_23_P131825 troponin C2, fast skeletal type(TNNC2)

A_23_P320021 tubby like protein 1(TULP1)
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30. GO:0008283~cell proliferation

ID Gene Name

A_23_P210886 BCL2 like 1(BCL2L1)

A_23_P163481 BUB1 mitotic checkpoint serine/threonine kinase B(BUB1B)

A_23_P124417 BUB1 mitotic checkpoint serine/threonine kinase(BUB1)

A_23_P70095 CD74 molecule(CD74)

A_23_P214969 Cbp/p300 interacting transactivator with Glu/Asp rich carboxy-terminal domain 2(CITED2)

A_23_P88331 DLG associated protein 5(DLGAP5)

A_23_P35871 E2F transcription factor 8(E2F8)

A_23_P130488 ERCC excision repair 2, TFIIH core complex helicase subunit(ERCC2)

A_23_P14769 FES proto-oncogene, tyrosine kinase(FES)

A_23_P335239 GRB2 associated binding protein 1(GAB1)

A_23_P408094 MAX dimerization protein 1(MXD1)

A_23_P52121 PDZ domain containing 1(PDZK1)

A_23_P345118 Pim-1 proto-oncogene, serine/threonine kinase(PIM1)

A_23_P28120 SIX homeobox 2(SIX2)

A_23_P68610 TPX2, microtubule nucleation factor(TPX2)

A_23_P259071 amphiregulin(AREG)

A_23_P130182 aurora kinase B(AURKB)

A_24_P119259 basic leucine zipper nuclear factor 1(BLZF1)

A_24_P52921 branched chain amino acid transaminase 1(BCAT1)

A_23_P401 centromere protein F(CENPF)

A_23_P134835 chondroitin sulfate N-acetylgalactosaminyltransferase 1(CSGALNACT1)

A_23_P110791 colony stimulating factor 1 receptor(CSF1R)

A_23_P138507 cyclin dependent kinase 1(CDK1)

A_23_P133585 cyclin dependent kinase 7(CDK7)

A_23_P46429 cysteine rich angiogenic inducer 61(CYR61)

A_23_P163402 cytochrome P450 family 1 subfamily A member 1(CYP1A1)

A_24_P186943 elastin(ELN)

A_23_P76488 epithelial membrane protein 1(EMP1)

A_23_P323751 family with sequence similarity 83 member D(FAM83D)

A_23_P213336 fibroblast growth factor 1(FGF1)

A_23_P212800 fibroblast growth factor 5(FGF5)

A_23_P112220 insulin like 4(INSL4)

A_32_P178800 integrin subunit alpha 2(ITGA2)

A_23_P32404 interferon stimulated exonuclease gene 20(ISG20)

A_23_P72096 interleukin 1 alpha(IL1A)

A_23_P34066 interleukin 9 receptor(IL9R)

A_23_P34788 kinesin family member 2C(KIF2C)

A_23_P4714 melanoma inhibitory activity(MIA)

A_23_P418015 microtubule associated protein RP/EB family member 2(MAPRE2)

A_23_P23006 nardilysin convertase(NRDC)

A_23_P166408 oncostatin M(OSM)

A_23_P214681, A_24_P252130 peroxisome proliferator activated receptor delta(PPARD)

A_23_P203658 phosphatidylinositol binding clathrin assembly protein(PICALM)

A_23_P76851, A_24_P298420 protein arginine methyltransferase 5(PRMT5)

A_24_P318967 pyridoxal (pyridoxine, vitamin B6) kinase(PDXK)

A_23_P127460 signal-induced proliferation-associated 1(SIPA1)

A_23_P104705 solute carrier family 29 member 2(SLC29A2)

A_23_P318300, A_23_P366394 sterile alpha motif and leucine zipper containing kinase AZK(ZAK)

A_23_P160167 tetraspanin 1(TSPAN1)

A_24_P98249 transforming acidic coiled-coil containing protein 1(TACC1)

A_23_P377291 transforming growth factor alpha(TGFA)

A_23_P149529 tumor-associated calcium signal transducer 2(TACSTD2)

A_23_P208880 ubiquitin like with PHD and ring finger domains 1(UHRF1)
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