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ABSTRACT

The increasing availability of sequencing data from genome-wide association studies and
whole genome sequencing of the human genome has enabled rapid identification of genetic
variations—mainly single nucleotide polymorphisms (SNPs)— in non-coding DNA of the
human genome. However, it has been difficult to find the biological functions of the numerous
SNPs in the genome. This gap in knowledge can be explained in part by our poor understanding
of the function of non-coding DNA, and by the challenge of experimentally assigning function to
SNPs that map to these non-coding regions. To clearly define the function of non-coding SNPs,
we created genetically humanized mice to model human genetic variation in non-coding DNA in
vivo. To generate the mice, we used a bacterial artificial chromosome (BAC) system harboring
two genetically different human /L70 SNP haplotypes. The /L10 SNP haplotypes are “ATA” and
“GCC,” which have been associated with differential IL-10 levels and disease susceptibility in
humans. We found a robust allele-specific human IL-10 expression in both macrophages and
CD4+ T cells. Specifically, GCC-hIL10BAC encodes for a high human IL-10 level relative to
ATA-hIL10BAC in CD4+ T cells both in vitro and in vivo. The reverse was observed in
macrophages. Accordingly, by complementing ///0 null mice with the GCC-hIL10BAC, namely
1110-/-/GCC-hIL10BAC mice, we were able to completely reverse disease outcome. The 1/710-/-
/GCC-hIL10BAC mice were susceptible to persistent leishmania infection as evidenced by a
high parasite burden in the liver and spleen. In contrast, like 7//0 null mice, the //10-/-/ATA-
hIL10BAC mice were refractory to disease. Therefore, our data demonstrate that human /L0
promoter SNP haplotypes alone can modulate IL-10 levels and disease risk. In the second part of
this dissertation, we examined the regulation of IL-10 and its homolog, IL-24, as a means to

indirectly demonstrate that we are not missing important regulatory elements within the
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hIL10BAC. We chose IL-24 from the remaining cytokines within the 7//0 gene cluster because
the gene encoding for IL-24 is localized at the extreme end of the 7//0 locus in both mouse and
man and also human /L24 gene is not included in the hILI0BAC. Thus, finding co-regulation of
IL-10 and IL-24 expression would suggest that the two homologs share common regulatory
elements. Interestingly, we found that IL-10 and IL-24 are regulated by distinct cell-type-specific
regulatory pathways. Optimal IL-24 expression requires Stat6 and Stat4 in macrophages and NK
cells; meanwhile, IL-10 expression is independent of Stat6 and dependent on Stat4 only in IL-
12-treated NK cells. We also discovered an unexpected role for Type-I Interferons in mediating
differential regulation of IL-10 and IL-24 expression in macrophages and NK cells. Thus, our
results suggest that IL-24 and IL-10 are unlikely to share common regulatory elements within the
1110 locus. Altogether, our results undoubtedly demonstrate that we can model human genetic
variation in non-coding DNA in vivo using genetically humanized hILIOBAC mice. In the
future, the hILI0BAC approach can be extended to other human genes to accelerate rational

development of safe and efficient personalized therapies, including vaccines.
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Chapter 1

General Introduction



1. Humanized mice
1.1. Humanized mice: Rational and model systems

Laboratory mice have been instrumental in advancing our basic understanding of
mammalian biological systems. Most current paradigms of human biology have been elucidated
primarily in mice because inbred mouse strains are more amenable to genetic manipulation for
studying the effects of specific genes in the absence of environmental factors. In fact, ~99% of
mouse genes have detectable homologues in the human genome. Thus, many orthologous mouse
and human genes such as receptors, growth factors, and transcription factors have similar
functionalities. Similarly, global gene-expression profiles are conserved between mouse and

() strengthening the utility of mice as the

human cells, particularly in lineage-specific genes
model of choice to study human biology and disease.

Despite these similarities, there are many instances where mouse studies do not provide
accurate model systems to study human biology, particularly in the field of gene regulation. For
example, unlike coding regions which are well conserved between species, regulatory regions in
non-coding DNA, which coordinate interspecies differences in gene expression between
mammals'”, are highly variable between mouse and human genomes". In addition, ~80 million
years of evolutionary distance separate mice and humans; thus, a number of species-specific
differences between the mouse and human immune systems have been noted”. These inter-
species differences in gene expression are underscored by the observation that numerous
pathogens—including HIV, hepatitis viruses, and the malaria pathogen Plasmodium
falciparum—have a specific tropism for human tissues but not for mice. Thus, new drugs to treat
these human-specific pathogens are most often hindered by lack of reliable, cost-effective, and
predictive animal models that fully mirror human disease phenotypes. Accordingly, ~90% of

new therapeutics that show potency in traditional mouse studies fail in clinical trials® .



For several years, non-human primates (NHP) such as chimpanzees have been used as an
alternative to small animal models in drugs and vaccines development because chimpanzees are
the closest living animals to humans. Genetic variability between human and chimpanzee DNA
sequence is ~5%®, suggesting that preclinical studies in chimpanzee are more likely to yield a
more reliable surrogate for subsequent human trials. The use of chimpanzees in biomedical
research, however, has been forbidden in many countries in Europe due to ethical issues, and in
2011 the U.S. National Institutes of Health (NIH) stopped funding new research on chimpanzees
in the United States. Therefore, chimpanzee studies are now limited to a handful of outbred
animals which (as in humans) are hampered by inter-individual variability and hence are barely
reproducible.

To address the limitations of using small animals as preclinical model systems, researchers
have developed novel mouse models—referred to as “humanized mice”—that closely
recapitulate human biological systems. A humanized mouse is a mouse in which functional
human cells, tissues, or gene cassettes have been implanted. The most common models are mice
with a functional human immune system (MHIS). MHIS are made by reconstituting
immunodeficient mice with human peripheral blood cells (PBLs), human hematopoic stem cells
(HSCs), or lymphoid tissues that support the generation of a human immune system™.
Examples are immunodeficient mice engrafted with human bone marrow, fetal liver and thymus
fragments (BLT mice)'™'", or mice with a defective IL-2 receptor common gamma chain gene
(112ry™"), which is required for T, B and NK cell development, reconstituted with the
aforementioned human cells or tissues''>"'¥.

Although MHIS have been very useful for studying human-specific pathogens and for

testing human therapeutics, they have many limitations. The main limitation is that they do not



account for inter-individual variability in gene expression in humans. Current MHIS are
generated on inbred mouse strains, which do not account for genetic differences in people. Thus,
MHIS can be used for preclinical testing of drugs and vaccines, but cannot be used to investigate
how different individuals respond differently to specific compounds and vaccines. This major
drawback of MHIS can be overcome by having a mouse system in which one can model human
genetic variation in non-coding DNA. To our knowledge that mouse does not exist yet; thus, the
main goal of this dissertation is to generate a genetically humanized mouse model to investigate
the impact of inter-individual variability on gene expression and disease susceptibility.

Other limitations of MHIS include the finding that species-specific factors such as HLA,
cytokines, growth factors, and homing factors for tissues trafficking are structurally different
between human and mice. For example, current MHIS cannot support development of human
innate immune cells, including NK and myeloid cells"”. Additionally, the effects of mouse
innate immunity on engrafted xenogeneic human cells can diminish the efficiency of the
engraftment(7’9). The absence of mature lymph nodes, disorganization of lymphoid structure, and
poor antibody responses due to impaired affinity maturation and class-switching have also been
noted in MHIS"®. These limitations can be overcome by injecting exogenous soluble

factors!'®!7

or by hydrodynamic tail vein injection of DNA plasmid encoding human
cytokines"®'”. Additional technologies include transduction of human stem cells (HSCs) with
mouse-specific factors such as mouse CD47, which is recognized by SIRPa expressed on
phagocytic cells as a “do not eat me signal” to prevent engulfment of human cells by mouse

(21,24)

macrophages®’*®. Transgenic expression of human-specific factors and genetic alteration

of mouse-specific genes to reduce host innate immunity have also been described”*>.



1.2.  Transgenic humanized mice

Transgenic humanized mice have been made to solve some of the limitations of MHIS.
Examples of Transgenic humanized mice include mice carrying an exogenous gene cassette
such as transgenic expression of cDNA constructs, Knock-in systems, and bacterial artificial
chromosome (BAC) technology®>®. For the first approach, cDNA of a human gene is expressed
under the influence of tissue-specific or ubiquitous promoters®”. This is achieved by directly
injecting the cDNA construct into fertilized eggs of a female donor. The approach is often used
for overexpression of a specific human gene to study function not regulation (because the cDNA
construct lacks regulatory regions). The second approach is to replace the entire mouse gene
(including exons and introns) with the human counterpart. Therefore, the human gene is
expressed under the control of mouse regulatory DNA, which is not ideal for assessing human
gene regulation. In contrast to the ¢cDNA approach, Knock-in system relies on the use of
embryonic stem cells (ES) as the basis to replace the mouse locus by the corresponding human
gene by homologous recombination. Then, modified ES cells are implanted into the blastocysts
to generate chimeras. Chimeric mice are later bred with appropriate mouse strains to obtain the
desired genotype. Therefore, the knock-in approach is technically challenging and time-
consuming (at least 1-2 years)(26). Moreover, ES cells are not available for all mouse strains,
which limit the application of this strategy to only a few mouse strains. A third approach is to use
large human genomic DNA cloned into a BAC vector. BACs are single-copy, F-plasmid cloning
vectors that are often used to generate genomic libraries since they can support faithful
segregation of giant inserts (100-300kb) into daughter cells®®?® . Unlike knock-in mice, the
expression of the human gene in the BAC is controlled by human regulatory DNA which is more

appropriate for studying human gene regulation. Because the BAC insert is large enough, it is



more likely to contain most if not all distal regulatory elements to facilitate gene expression at
physiological levels®®. Additionally, the mouse gene is not replaced; thus, both mouse and
human genes are expressed, providing the opportunity to study species-specific differences in
gene expression within the same mouse.

There are many benefits in using BACs over Knock-in technology, including speed and
ease to make BAC transgenic mice. For example, when the appropriate BAC clone is identified,
it takes only 3-6 months to get the founder mouse. There is no need for ES cells because the
BAC insert is directly microinjected into fertilized eggs that are later implanted in the oviducts of
pseudo-pregnant mothers. Furthermore, because of its size, the BAC transgene is insulated from
chromatin interference, hence minimizing the positional effects on transgene expression”.
Limitations of BAC transgenesis include difficulty assessing structural integrity of the construct
once it is inserted into the mouse genome, copy-number effects on transgene expression, and
bystander transgene effects due to expression of genes within the BAC other than the gene of
interest®.

In the following sections, I will present current humanized mouse models to study human

gene regulation and genetics to set the stage for the work done in this dissertation.



1.3. Humanized mouse models for modeling human gene regulation

Studying human gene regulation can be challenging not only because of the inter-
individual variability in gene expression among people but also because of the difficulty of
getting tissue samples from healthy subjects. In fact, most human studies are limited to PBMCs
that do not necessarily recapitulate tissue microenvironment of a living organism.

The mouse model of Down syndrome (also known as trisomy 21) is one of the first
successful humanized mice for studying human gene regulation in vivo®”. Down syndrome is a
genetic disorder caused by the presence of an additional copy or part of human chromosome 21.
This syndrome can be mimicked in mice by generating trans-species aneuploidy mouse strains
harboring a copy of human chromosome 21 in addition to the entire set of mouse
chromosomes®". Studies using this model have shown that more than 80% of human genes are

G132 The authors also confirmed that hepatocyte-specific gene

expressed in mouse tissues
expression and transcription factors binding patterns in this mouse mimic that of normal murine
hepatocytes(3 9 Because human chromosomes are studied exclusively in the context of murine
transcriptional machinery and tissue microenvironment, the investigators clearly showed that
DNA sequence rather than interspecies differences in epigenetics programs is responsible for
driving species-specific gene expression®”. Thus, this mouse was instrumental in demonstrating
the utility of humanizing mice for studying not only human gene regulation but also human
genetics.

BAC transgenic mice are currently the most popular model for examining human gene
regulation in vivo because of the aforementioned advantages, but also because efficient

homologous recombination technologies are now available to modify BAC construct in

Escherichia coli®®. These modifications include fusion of overlapping BACs, truncation of



putative regulatory elements within a BAC insert, and insertion of a reporter gene. An example
of human BAC transgenic mice is the /JFNG BAC mouse developed by Aune and colleagues to
determine the role of distal regulatory regions within the human IFNG locus®®. Using these
mice, they confirmed that human IFN-y is appropriately expressed in T lymphocytes and
regulated by T-bet and Stat4, as one would expect. When they generated several transgenic
strains with specific deletion of the BAC construct, they discovered a conserved non-coding
region (CNS) located 30kb upstream of the transcription start site of the /FNG gene is necessary
for human IFN-y expression in T cells and NKT cells but not in NK cells. The CNS site was the
target of transcription factor Runx3 and it is required for recruitment of RNA polymerase II to
the /NG locus. Thus, this study demonstrated the usefulness of BAC mice in studying human
gene regulation.

About 10 years ago, our own group generated a human /L70 BAC transgenic mouse (also
referred as hIL10BAC) to study human IL-10 regulation and function in vivo®>. Because human
IL-10 is biologically active in mice, we showed that we can faithfully study both regulation and
function of the human gene in vivo. We demonstrated that regulation of human IL-10 expression
is cell-type-specific. Specifically, human IL-10 was appropriately expressed in the myeloid
compartment, which was sufficient to protect mice from sepsis(35). Similarly, IL-10 was also
expressed by regulatory T cells in the gut, which confers protection from colitis induced by gut

)

microflora®®. Human IL-10, however, was weakly produced in splenic Thl cells compared to

mouse IL-10. Low human IL-10 in Ty1 cells protected the mice from persistent leishmaniasis (as
IL-10 plays a pathogenic role during leishmaniasis)®”. Because the hILIOBAC carries a human

(37-39)

IL-10 promoter haplotype associated with low IL-10 levels in humans and also resistance to

cutaneous leishmaniasis, there was a possibility that human IL-10 expression in the hIL-10BAC



mouse is genetically controlled. Yet, at that time, we were not able to address this hypothesis due
to the lack of a complementary mouse strain hosting a different human /L/0 haplotype.
Accordingly, in the next section, I will discuss the concept of humanizing mice for studying

human genetics.

1.4. Humanized mouse models for modeling human genetics

Studies looking at the association between genetic variants in the whole genome and
human disease phenotypes are increasing dramatically. However, it is not clear whether these
genetic variants—particularly those in non-coding DNA—have a functional/regulatory role.
Therefore, there is a need for better tools to validate candidate variants in the context of human
regulatory DNA to clearly link genotype to phenotype. Genetically humanized mice can be used
for multiple purposes: (1) to model inter-individual variability in gene regulation patterns, (2) to
identify subtle changes in transcription factor binding sites, (3) to assess allele-specific gene
expression in specific cells or tissues, (4) investigate changes in mRNA splicing and stability,
and (5) to test new therapies and vaccines at the preclinical stage.

In the literature, most of the successful genetically humanized mice produced to
investigate human genetics were generated to model common monogenic disorders such as
cancers, hemoglobinopathies, and Huntington’s disease"”). These mice are generally made by
complementing a mouse strain that is null for a specific mouse gene with wild-type or mutant
human genes. Because human and mouse genes have similar functionalities and tissue
expression patterns, the disease phenotype (most often embryonic lethality) is monitored in mice

carrying one of the human alleles. Examples of such mice are the human BRCA1 transgenic



(43

mouse***?, the human beta-globin transgenic mouse*”, and the human Huntington transgenic

mouse™*?.

Emerging technologies that have the potential to advance the field of genetically
humanized mice include zinc-finger nuclease (ZFN)“>*® transcription activator-like effector
nuclease (TALEN)“"*”) and Clustered Regularly Interspaced Short Palindromic Repeats
CRISPR/Cas9 (CRISPR) technologies“’". Briefly, these nucleases are used to create double-
stranded DNA breaks at specific locations of the genome, thus allowing introduction of the
desired genetic modifications to target DNA sequence in the presence of a Donor DNA. A key
advantage of using these technologies is that DNA modification can be directly performed in
fertilized oocytes, thus there is no need for ES cells (which are not available in all mouse
backgrounds)”. Conversely, major limitations include low efficiency when dealing with large
modifications, off-target edition of the genome, and mosaic gene expression due to the remaining
nuclease activity”. A successful example of genetically modified mice using CRISPR was
recently made for human Tyrosenemia Type | (HTI)(5 ). HTI is a fatal genetic disease caused by
a deficit in Fumarylacetoacetate hydrolase (FAH), an enzyme which catalyzes the last step of the
tyrosine degradation pathway in hepatocytes and renal tubal cells. The authors employed an
existing mouse model of HTT that carries the same homozygous single base exchange G/A in the
last base pair of exon 8 of the human FAH gene (the mouse is known as Fah™"™")*> This
mutation creates a splice variant that gives rise to a truncated and unstable Fah protein. The
Fah™"™" mice died from severe liver damage due to accumulation of toxic metabolites. By
injecting a large volume of CRISPR components to correct the defective mutation, they were
able to rescue the Fah™"™ mice from disease as measured by the loss of body weight®?.

Specifically, in mice in which the mouse Fah gene has been repaired, the hepatocytes can
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expand and repopulate the liver similar to normal wild-type mice. Thus, this study demonstrated

the feasibility of genome correction in vivo in adult animals to model a human genetic disorder.

1.5.  Utility of genetically humanized mice in post-GWAS era

The introduction of genome-wide association studies (GWAS) and whole genome
sequencing has enabled rapid identification of genetic variants, mainly single nucleotide
polymorphisms (SNPs) in non-coding DNA, that are enriched in diseased subjects compared to
traditional candidate gene analysis®”. However, it has been challenging to determine the
biological function of the myriad of non-coding SNPs in the human genome. This gap in
knowledge can be explained in part by the difficulty in defining the function of non-coding
DNA, but also controlling for confounding variables in human studies. The confounding
variables can be environmental factors, gene-gene interactions, or other SNPs in the human
genome that are potentially in linkage disequilibrium with each other over several hundred
kilobases across the genome(ss). GWAS variants also tend to have a small effect size, which
means that they can explain only a small fraction of known disease heritability(5 %), Furthermore,
most human studies are limited to surrogate in vitro systems such as PBMCs or cell culture.
Altogether, these limitations have led to a number of inconsistencies between studies. For this
reason, the 2™ chapter of my dissertation will focus on developing a genetically humanized
mouse model that would be employed to clearly define effects of non-coding SNPs on gene
expression and disease risk.

Since human IL-10 is the target gene in our BAC transgene, the following section will

briefly introduce what is known about genetic control of IL-10 expression.
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2. Genetic control of human Interleukin-10 expression
2.1. Polymorphisms in the /L10 gene
IL-10 is a potent immune-regulatory cytokine that plays a key role in controlling

excessive inflammation and autoimmune pathologies®®

. IL-10 exerts its anti-inflammatory
function mostly through blockade of the production of pro-inflammatory cytokines by innate
antigen-presenting cells®”. IL-10 also inhibits the development of CD4+ Helper T cells,
including Tyl, T2, and Ty17, which are the cells that mediate host-protective immunity but also
immuno-pathology®’>?. IL-10 has been associated with various human diseases, including
infectious and autoimmune diseases. These studies are based either on levels of IL-10 or on
genetic polymorphisms in the /L70 gene. In fact, there is wide inter-individual variability in IL-
10 levels, leading to the hypothesis that differential IL-10-producing capacity among people may
be genetically determined. Accordingly, heritability in IL-10 production—the proportion of
variability in IL-10 levels that can be solely explained by genetics—can be as high as 75% .
Several polymorphisms, including microsatellites and single-nucleotide polymorphisms
(SNPs) in non-coding DNA, have been discovered in the /L0 locus®”. The microsatellites
(IL10-R and IL10-G) are two CA repeats at ~1.2kb and 4kb from the transcription start site‘®?.
The focus among the SNPs has been on three common polymorphisms at the proximal promoter
of ILI10, including -1082 G>A (rs1800896), -819 C>T (rs1800871), and -592 C>A
(rs1800872)”. The alleles at position -819 and -592 are in complete linkage disequilibrium with
each other, which means that they are inherited together. They make up three common

haplotypes in human populations: GCC, ACC, and ATA. Frequencies of the haplotypes in

Caucasians are 51% (GCC), 28% (ACC), and 21% (ATA)(3 %), However, haplotype frequencies
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also vary depending on ethnicity. For example, the GCC haplotype is found in only ~5% in
Asian descents while it can be as high as ~33% among African-Americans'®.

So far, 21 SNPs have been identified within the /L/0 locus (spanning ~4kb from the
transcription start site to the last exon)®. Gibson and colleagues initially described three non-
coding SNPs among them as being distal /L/0 haplotypes (65): rs1800890 (-3575 T>A),
156703630 (-2849 G>A), and rs6693899 (-2763 C>A). Together, they form 8 distal haplotypes
out of which 3 are common in Caucasian populations: TGC, AAA, and AGA at the frequency of
51%, 26% and 13%, respectively®. Therefore, the 3 proximal SNPs may belong to a larger
haplotype that may extend several kilobases away from the transcription start site. A graphical

summary of the genetic variation in /L/0 locus discussed in this chapter is presented in Figure

I1.1.
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Figure 1.1. A graphical summary of common genetic variations in non-coding DNA of the /L0
gene discussed in this chapter. The variants are microsatellites (/L/0-R and IL10-G) and single-
nucleotide polymorphisms (SNPs) in the promoter (distal and proximal SNPs), in intron 2

(rs1518111) and near the 3’UTR (rs3024505). Yellow boxes are exons 1-5 of IL10, gray boxes

are UTRs.

14



2.2. IL10 promoter SNP haplotypes and IL-10 expression
Crawley et al. were the first to investigate functional consequences of /L/(0 promoter

haplotypes on IL-10 expression using a luciferase reporter assay®”

. They transfected a
monocytic cell line (U937) with a pGL3 vector carrying part of the promoter (from -1137 to +25
upstream of the transcription initiation site) of homozygous individuals for the /L/0 promoter
haplotypes GCC, ACC, and ATA. The ATA construct had the weakest IL-10 transcriptional
activity, ACC was medium level, and the GCC had the highest expression level. In agreement
with this data, when they assayed IL-10 levels in whole blood stimulated with LPS, they found
that IL-10 levels were low in individuals homozygous for ATA when compared to GCC carriers.

Another group recently carried out similar studies to understand the molecular basis of
human /L-10 transcription in macrophages®®. They transfected a murine macrophage-like cell
line (RAW264.7) with a luciferase reporter construct containing a region of /L0 promoter (-
1105 and +30). The constructs were engineered to harbor one of the -1082 SNP alleles (A or G,
representing ATA and GCC haplotypes, respectively). When they stimulated the cells with LPS
or apoptotic cells, -1082G had significantly more transcriptional activities than -1082A. Allele-
specific IL-10 expression in macrophages stimulated with apoptotic cells but not LPS was found
to be regulated by poly(ADP-ribose) polymerase 1 (PARP-1), a transcriptional repressor that
physically interacts with the /L 10 promoter.

Along the same line, Steinke et al. also examined functionality of the
-592C>A allele (formerly called -571) in Raji cells (a human B cell line that constitutively
expressed IL-10) using similar luciferase reporter construct®”. The presence of an A allele

increases /L-10 promoter activity by 3.1-fold compared to a construct carrying a C allele at the

same position. Remarkably, when they generated reporter constructs with specific deletions of
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the /L 10 promoter, the construct that includes -592C was found to have a reduced transcriptional
activity (3.3-fold less) than any other constructs, suggesting the presence of a transcriptional
repressor that is created by the C allele at this position. They also found that both alleles can bind
to Spl and Sp3 transcription factors with similar affinity by means of EMSA and Supershift
assays. Additionally, reconstitution of Sp1 expression in a Drosophila cell line lacking Sp family
of proteins restored /L1(0 promoter competency in all constructs but not the one carrying the C
allele. Thus, the findings indicate that a C to A mutation at position -592 increases IL-10
production in human B cells, which is not in agreement with studies focused on human
monocytes.

Despite these discrepancies between studies, the majority of the literature points to an
increased expression of IL-10 in GCC (considered as a high IL-10 producer) over ATA carriers
(low IL-10 producer). For instance, when Suarez and colleagues assayed PBMCs from 128
healthy Caucasian donors, they found a higher constitutive mRNA expression in individuals

homozygous for GCC compared to ATA carriers®®

. Similarly, healthy blood donors from
Turkey and the United States were classified as high and low IL-10 producers based on an
intronic /L10 SNP (rs1518111 G>A) known to be in tight linkage disequilibrium with IL10
promoter haplotypes(69). In the study, the donors carrying one or two G alleles of the intronic

SNP expressed a more robust IL-10 level in PBMCs stimulated with LPS but also purified

monocytes activated with TLR2 agonists, relative to A allele carriers.
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2.3. IL10 polymorphisms and disease susceptibility

Most of our current understanding regarding the role of IL-10 in diseases has been
established in mice. In contrast, the majority of studies investigating the role of IL-10 in human
diseases have been done by means of association studies. In fact, dysregulation of IL-10
production has been associated with numerous human diseases, including infectious and
autoimmune diseases. These associations are based on either levels of IL-10 or non-coding SNPs
in the /L10 gene. Some examples of these studies will be presented in the following paragraphs.
2.3.1. Infectious diseases

Human /L10 promoter SNPs have been linked to susceptibility to various chronic viral
infections (HIV/AIDS and HBV), parasitic diseases (leishmaniasis and malaria), and bacterial
infections (pneumonia and gastritis). In HIV-infected persons, individuals carrying the ATA
haplotype (the low IL-10 producer) have an augmented risk of acquiring HIV and, once infected,
progress more rapidly to AIDS®*’?. These patients have lower levels of plasma IL-10, high viral
load, and low CD4 count”"’®. In contrast, the ATA haplotype is more enriched in asymptomatic
HBYV carriers compared with subjects experiencing chronic 