THE EFFECT OF CYTOKINE GENE POLYMORPHISMS ON
RENAL TRANSPLANTATION AND ATHEROSCLEROSIS

Thesis submitted for the degree of Doctor of Philosophy
To the Faculty of Medicine

University of London

Sara K. George

Department of Nephrology & Transplantation
Royal Free and University College Medical School
Rowland Hill Street
London NW3 2 PF

April, 2003



ProQuest Number: U644226

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest U644226
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ABSTRACT

BACKGROUND: Genetic variability in cytokine production could influence
the outcome of immune and inflammatory responses. Renal transplantation,
which is considered to be the most efficient form of renal replacement therapy
for patients with end stage renal disease, is adversely affected by acute rejection,
chronic allograft dysfunction, and accelerated atherosclerosis. The aim of this
thesis was to explore the influence of cytokine gene polymorphism on acute
rejection, chronic allograft dysfunction, and atherosclerosis.

METHODS: 113 kidney allograft recipients, 66 atherosclerotic renal artery
stenosis patients and 100 normal (control) individuals were genotyped for single
nucleotide polymorphisms of TNF-alpha, IL-2, IL-6, IL-10, and TGF-beta
genes. Microsatellite polymorphisms of IFN-gamma, IL-10G, IL-10R, TNF-a
and TNF-d were also investigated. Each cytokine gene polymorphism was
studied for its influence on secretory status in vitro.

RESULTS: The frequencies of IL-10 (-1082) AA, GA (low producer)
genotypes and TNF-a9 microsatellite allele were high, independently, in
individuals with more than one episode of acute allograft rejection when
compared to rejection free patients after renal transplantation. The frequencies
of IL-10 (-1082) AA, GA genotypes were also high in individuals with chronic
allograft dysfunction within five years post transplant.  Similarly, the
frequencies of IL-10 (-1082) AA, GA genotypes were high in renal artery
stenosis patients when compared to normal healthy controls. There was
increased production of IL-10 mRNA and protein in individuals with the IL-10
(-1082GG) genotype compared to IL-10 (GA and AA) genotypes. Other
cytokine gene polymorphism did not show any association with either renal
transplant outcome or atherosclerosis.

CONCLUSION: These results suggest that IL-10 (-1082) promoter and TNF-a
microsatellite polymorphisms independently may predict the development of
acute rejection after renal transplantation. The results also suggest that IL-10
may have an important role in regulating inflammatory signals in the

pathogenesis of both chronic allograft rejection and atherosclerosis.
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The human genome project, one of the major scientific achievements of
all time has generated a vast database of genomic information that has been of
great benefit to the field of immunogenetics. One of the major goals of this area
of scientific enquiry has been to understand the myriad associations of genetics
to immune related phenomena. This process involved identification of genetic
variation within the genomic regions of interest that might affect gene
expression and function, and therefore phenotype - encompassing variations
within the promoter regions, exons and introns as well as the surrounding
regions. Identification of the polymorphisms was followed by attempts to
evaluate changes in phenotype and the final step has been to correlate these
changes with changes in clinical outcome.

The work described in this thesis has been an attempt to identify cytokine
gene polymorphisms which could have an influence on the development of acute
and chronic allograft rejection as well as atherosclerotic renal artery stenosis.

1.1. CYTOKINES

Cytokines are small glycoprotein molecules that are important in immune
and inflammatory responses. They are produced by numerous cell types in
response to diverse stimuli and can act in an autocrine, paracrine or in an
endocrine fashion. Many of the cytokines have overlapping functions conferring
a degree of redundancy on the cytokine network. Some of the cytokines exhibit
unique as well as many redundant activities. This is believed to be the result of
sharing of receptors or receptor chains between these m olecules (Oppenheim

1993).
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1.1.1 Historical Overview

The identification of lymphocytes as the principal immunocompetent
cells (Gowans 1959) and the development of tissue culture techniques for studies
of in vitro lymphoproliferative reactions to phytohaemagglutinin (Nowell 1960)
laid the groundwork for the detection of lymphocyte derived soluble mediators
initially called lymphokines and, later, cytokines.

The demonstration of macrophage migration inhibitory factor (MIF)
released from tuberculin sensitized lymphocytes stimulated with specific antigen
in 1966 by Bloom and Bennett was a cardinal development (Bloom and Bennett
1966). In 1968 Ruddle and Waksman, discovered lymphotoxin activity in the
supernatant from activated lymphocyte cultures (Ruddle and Waksman 1968).
These cell-free soluble factors were called lymphokines, because they were
released from sensitized lymphocytes on interaction with specific antigen
(Dumonde et al. 1969). It has been known since 1970s that lymphocyte can
produce one or more mitogenic factors for other lymphocytes.

Studies of lymphotoxin were amplified by the subsequent discovery by
Carswell in 1975 (Carswell et al. 1975) of serum factors with in vitro cytotoxic
effects and which induced in vivo tumour necrosis; this first
monocyte/macrophage derived cytokine was called tumour necrosis factor
(TNF). TNF production was induced by endotoxin and, in contrast to
lymphocyte derived lymphotoxin, was predominantly a macrophage-derived
product. Both of these factors were considered to contribute to host defence
against infectious and neoplastic diseases.

Lymphocyte activation factor (LAF) was originally detected in

supernatants of adherent cells isolated from human peripheral blood by Gery et

22



al m 1971 (Gery et al. 1971). This monocyte-derived cytokine is now known as
interleukin-1 (IL-1).

Issacs and Lindenmann first described interferon in 1957, as a factor
secreted by virus-infected cells capable of inducing cellular resistance. In 1965,
Wheelock described a functionally related virus-inhibitory protein produced by
mitogen activated T-lymphocytes later called interferon-gamma (Isaacs and
Lindenmann 1987).

The “molecular” era of cytokine research began in the early 1980s with
the development of techniques such as high performance liquid chromatography,
microsequencing and the production of monoclonal antibodies to cytokines.
These developments permitted the purification and amino acid sequencing of the
very small quantities of cytokines secreted into culture supernatants.
Application of molecular biological techniques made it possible to produce
larger quantities of cloned and expressed recombinant cytokines. It also resulted
in the identification of more cytokines by direct expression gene cloning. Using
the recombinant form, IL-2 was shown to be a major lymphoproliferative
cytokine for T cells, B cells and NK cells (Taniguchi et al. 1983). In 1984 the
two cytotoxic factors lymphotoxin (LT) and tumour necrosis factor (TNF) were
cloned and expressed (Gray et al. 1984; Pennica et al. 1984). Generation of
mice with targeted deletion of the TNF gene revealed it to be a key regulator of
inflammation in host defence rather than a cytotoxic anti-tumour factor
(Candeias et al. 1997).

De Larco and Todaro in 1978 described a growth factor, originally
termed sarcoma growth factor that promoted the growth of normal rat fibroblasts

in soft agar (de Larco and Todaro 1978). Since then two families of
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transforming growth factors (TGF) have been identified- TGF-B1 and TGF-f2.
These are distinct peptides with different biological activity. TGF-§ is closely
related to epidermal growth factor (EGF) The first of the cytokines which
proved subsequently to have potent immunosuppressive and anti-inflammatory
effects, namely transforming growth factor-f (TGF-B) was cloned in 1985 by
Derynck (Derynck et al. 1985). In addition, a cytokine synthesis inhibitory
factor (CSIF), initially discovered by Mosmann (Moore et al. 1990), and now
known as IL-10, was found to have immunoenhancing effects on humoral
immunity and immunosuppressive effects on cell mediated immune responses.
1.1.2 Cytokines and their gene polymorphisms

Cytokine genes are generally polymorphic. The majority of
polymorphisms in these genes are either located in the non-translated regions of
the gene or involve silent mutations of exons. Conservative mutations, where
protein structure is not altered, may still influence levels of protein expression in
a number of ways. Polymorphism within 5’ and 3’ regulatory sequences may
affect transcription by altering the structure of transcription factor binding sites.
Intronic polymorphism may affect mRNA splicing or the structure of enhancers
or silencers. Finally, polymorphisms may alter the structure of binding sites for
other transcription factors that are known to modulate promoter activity. The
effects of conservative polymorphism often have less impact in terms of
cytokine production levels than those that alter the structure of the protein. This
makes the study of the relationship between cytokine polymorphism and altered
cytokine levels difficult.

The majority of the cytokine gene polymorphisms that have been

identified are either single nucleotide polymorphisms (SNPs) or microsatellites.
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Most of the polymorphism has been found in the promoter region of genes,
which are important regulators of their expression. Therefore, it has been
speculated that these polymorphisms may have a role in controlling gene
expression. Microsatellites are short tandem repeat sequences in the DNA that
consists of one to five repeat base pair units and polymorphism arises from the
variation in the number of repeats from allele to allele. Microsatellites are
distributed more or less evenly across the genome (Bennett 2000) and their
biological function is not clear. However, their abundance, conservation and
frequent location closer to the genes suggest that a few may have some
biological effects. Advances in mutation detection techniques and increased
availability of sequence based databases have resulted in increased recognition
of gene polymorphism and their in vivo effects as well as their disease
associations (Bidwell et al. 2001; Haukim et al. 2002).

There have been several studies showing that certain cytokine gene
polymorphisms are associated with predisposition to and severity of certain
diseases (Bidwell et al. 2001; Bidwell et al. 1999). Many studies looking at the
same disease have given conflicting results. There may be several reasons for
this including ethnic differences in allele frequency, small study cohorts, and
limitations in the analytical procedures applied. The majority of disease
association studies involve analysis of individual SNPs or a series of SNPs in a
number of different cytokine genes.

Recent studies of cytokine polymorphism in genetically diverse
populations have highlighted inherent ethnic genetic variation (Hoffmann et al.
2002; Meenagh et al. 2002; Padyukov et al. 2001; Reynard et al. 2000). Inter-

population discrepancies in allele frequencies, particularly between Caucasian

25



and non-Caucasian sample cohorts are often huge. This was particularly
apparent for IL-10 (-1082) polymorphism and TNF (-308) polymorphism. Many
of these established cytokine allele frequencies are Caucasian allele frequencies
as much of the work was done in European and North American laboratories.
Moreover, these are the loci that are most frequently analysed in disease
association studies and have been positively associated with a number of
immune diseases. However, their relevance to other ethnic populations is at best
limited and in some cases non-existent.
1.1.3. Tumour Necrosis Factor (TNF)
1.1.3.1. TNF gene and gene regulation

The gene is located on human chromosome 6p23-q12, consisting of a
single gene of 3.6 kb, split by three introns (Nedwin et al. 1985). The 5’
flanking region of the TNF gene contains a TATA box, GC box, consensus
binding sites for transcription factors such as NF-kB, PU.1 (purine rich box), a
cyclic AMP response element (CRE), ATF-2, c-jun/AP-1, AP-2, SP-1, Krox-24,
and NF-AT (Tsai et al. 1996a). The CRE binding site in the human TNF gene
promoter binds to ATF2/jun proteins and this CRE site is critical to the
regulation of the gene in multiple cell types (Tsai et al. 1996a; Tsai et al. 1996b).
In macrophages TNF production has been shown to be dependent on NF-xB
activation (Foxwell et al. 1998). The 3’ untranslated region (UTR) contains AU
rich elements (ARE), which are known to control post transcriptional regulation
of TNF gene expression by destabilising mRNA and interfering with translation
(Carballo et al. 1998). Agents such as tristetraprolin bind to ARE and promote
the deadenylation and destabilisation of TNF-alpha mRNA (Lai et al. 1999).

Certain agents such as lipopolysaccharide (LPS) have been shown to induce
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TNF expression by inducing factors that bind to other regions in the TNF
promoter (Myokai et al. 1999). The regulation of the TNF gene is cell specific
and different response elements in the TNF promoter are activated by different
stimuli (Foxwell et al. 1998).

1.1.3.2. TNF protein

Mature human TNF is a 17 kDa, 157 amino acid long protein containing
one disulphide bridge and no carbohydrates. The first 5-10 residues of the N-
terminus of the protein appear to be critical for its biological activity (Aggarwal
1992). The active form of TNF appears to be homotrimer. The crystal structure
of TNF revealed that each monomer consists of two anti-parallel beta pleated
sheets (Eck and Sprang 1989; Jones et al. 1989).

Although monocytes and macrophages are the major sources of TNF, it
is also produced by T cells, NK cells, dendritic cells, endothelial cells,
osteoblasts, mast cells, Kupffer cells and smooth muscle cells (Aggarwal et al.
2001).
1.1.3.3. Functions

TNF-a is a pleiotropic cytokine that produces varying immunological
and inflammatory host defence responses. It is chemotactic to monocytes and
neutrophils.  Stimulation of these cells with TNF-a induces phagocytosis,
adherence of these cells to endothelial cells, and generation of free radicals.

On activated endothelial cells, TNF-a induces expression of ELAM-1 and
ICAM-1 (leading to neutrophil adhesion) and VCAM-1 (thereby promoting
lymphocyte and monocyte activation) (Pober and Cotran 1990). It also increases
the secretion of the chemokines IL-8 (Stricter et al. 1989) and monocyte

chemotactic protein-1 (Matsushima and Oppenheim 1989) from activated
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endothelial cells causing an increase in the migration of leukocytes to the site of
inflammation. TNF-a also increases both vascular permeability and
vasodilatation via the modulation of nitric oxide and endothelin production by
endothelial cells (Marsden and Brenner 1992), (Lamas et al. 1991). TNF-a
induced endothelial activation leads to the structural reorganisation of the
endothelium, resulting in vascular leakiness which is partly due to its capacity to
upregulate vascular endothelial growth factor (VEGF), also known as vascular
permeability factor (Giraudo et al. 1998).

TNF- amay also be involved directly in parenchymal cell damage.
Although it is believed that the majority of cell death during rejection is due to
specific mechanisms such as the release of granzyme and perforins from
cytotoxic lymphocytes or the binding of specific alloantibodies, TNF-a, released
by macrophages, may mediate cell killing through its p55 receptor, via apoptosis
(Tartaglia et al. 1993).
1.1.3.4. TNF polymorphisms
The TNF- o gene has one of the most extensively studied cytokine gene
polymorphisms. At least 20 SNPs have been described within this gene. The
most widely studied TNF- a SNP is a guanine to adenine substitution located at
position —308, first described by Wilson ef al. in 1992 (Wilson et al. 1992).
Using reporter gene assays, several groups have found that an adenine at this
position (also known as TNF2 allele) increased transcriptional activity and is
therefore associated with increased TNF secretion (Braun et al. 1996; Kroeger et
al. 1997; Wilson et al. 1997; Wu and McClain 1997). In contrast, there are also
other studies that found no increase in gene transcription with TNF-308A allele

(Brinkman et al. 1996; Stuber et al. 1996). However, it was speculated by
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Kroeger ef al. in 1997 that the differential effect seen between the two TNF
alleles is only apparent when the reporter gene constructs contained the TNF
3’untranslated region (UTR) (Kroeger et al. 1997).

There are other in vitro studies to support the functional relevance of the
TNF-308A allele. Bouma et al (1996) showed increased TNF secretion in
peripheral blood mononuclear cell (PBMCs) cultures of individuals carrying
TNF -308A allele, when stimulated with CD3/CD28 (Bouma et al. 1996).
Lipopolysaccharide (LPS) stimulated whole blood has been reported to have
higher levels of TNF in individuals with TNF-308A allele (Louis et al. 1998).

Other polymorphisms within the TNF gene may also have functional
importance. A cytosine to adenine substitution at position —863 was described
(Skoog et al. 1999) and concavalin-A activated PBMCs secreted increased
amounts of TNF when carrying the TNF-863A allele (Higuchi et al. 1998).
Another study showed that TNF-863 polymorphism was situated in the NF-xB
binding site (Hohjoh and Tokunaga 2001). The TNF-863C allele is able to bind
both forms of NF-«xB, but the TNF-863A allele is unable to bind the p50-p50
form of NF-xB, which normally acts as a transcriptional repressor (Udalova et
al. 2000). It has also been observed there is allele specific binding of the
transcription factor OCT-1, to the —863 polymorphism (Hohjoh and Tokunaga
2001).

In addition to the SNPs within the TNF gene, the TNF locus contained
several microsatellite polymorphisms. Several microsatellites have been
mapped and characterised in the TNF locus, namely TNF-a, TNF-b, TNF-c,
TNF-d and TNF-e (Jongeneel et al. 1991; Nedospasov et al. 1991). The TNF-a

and TNF-b microsatellites are located 3.5 kilobases upstream of the TNF-p gene.
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TNF-c is located in the first intron of TNF-. TNF-d and TNF-e microsatellite
loci are located 8-10 kilobases downstream of the TNF-a gene.

The a2 allele of TNF-a microsatellite, which is composed of AC
dinucleotide repeats has been associated with differential production of TNF
(Obayashi et al. 1999; Pociot et al. 1993). The TNFd3 allele of TNF-d
microsatellite is composed of TC repeats and has been shown to be associated
with higher TNF production in heart transplant recipients (Turner et al. 1995).
1.1.3.5. Disease associations

Polymorphisms in the TNF gene have been linked to a variety of
infectious diseases. The TNF-308 polymorphism was studied in malaria, as
increased levels of the cytokine have been associated with disease severity
(McGuire et al. 1994). They have reported that homozygotes for the TNF-308A
allele had a relative risk of seven for death or severe neurological sequelae due
to cerebral malaria. The TNF-308A allele has also been associated with other
infectious diseases such as mucocutaneous leishmaniasis (Cabrera et al. 1995)
and brucellosis (Caballero et al. 2000). Another polymorphism at position ~238
has been associated with severe malarial anaemia characterised by low TNF
levels (McGuire et al. 1999). An association between the TNF-238 single
nucleotide polymorphism and the development of chronic hepatitis B infection
has been reported (Hohler et al. 1998). It has also been reported that TNF-238A
and —308A conferred a higher risk of cirrhosis from hepatitis C infection (Yee et
al. 2000). Results from HLA studies in HIV have suggested that the HLA-DR3,
B8, Al haplotype is associated with faster progression and this haplotype is in

linkage disequilibrium with the TNF-c1 microsatellite allele (Hajeer et al. 1996).
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The TNF-308A allele was originally shown to be associated with
development of systemic lupus erythematosus (SLE) in Caucasians. This allele
forms part of the SLE haplotype, HLA-DR3, B8, Al (Wilson et al. 1994). More
recently Rood et al (Rood et al. 2000) found that —308A allele association with
SLE is independent of HLA-DR*0301.

In rheumatoid arthritis (RA), TNF-a is the driving force for the
inflammatory response in the joints (Brennan et al. 1992). While TNF-308
alleles were not found to be associated with RA (Wilson et al. 1995), the TNF-
a6 microsatellite allele was associated with RA (Hajeer et al. 1996). A later
study of familial RA in Spanish patients showed that the TNF-a6, TNF-b5
haplotype was preferentially transmitted to affected offspring independent of
HLA-DR (Martinez et al. 2000). These results suggest that the polymorphic loci
of the TNF region confer susceptibility to RA independently of HLA-DR.

Multiple sclerosis (MS) is a demyelinating disease of the central nervous
system associated with HLA-DR2 in North Europeans and North American
Caucasians. The TNF-cl, TNF-all, TNFb4 microsatellites have been
associated with MS, possibly because of their association with HLA-DR*1501
haplotypes (Roth et al. 1994). However TNF-308 polymorphism investigated by
several groups did not show any association with MS (Epplen et al. 1997; Kirk
et al. 1997; Mycko et al. 1998).

1.1.4. Interferon-y (IFN-y)
1.1.4.1. IFN-y gene and gene regulation

The human IFN-y gene is located on chromosome 12 at 12ql14. It

contains three introns and four exons. The current evidence suggests a complex

mechanism of IFN-y gene transcription that is regulated through methylation,
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binding of activating transcription factors, and binding of repressors (Ye and
Young 1997). Hypomethylation of CG islands in the proximal promoter region
and in the first intron correlates with expression of the gene. Two distinct
activation specific regulatory elements are present in the human promoter
(position —108 to-40bp), which are essential for induction by PMA (Phorbol 12-
Myristate 13-Acetate) and ionomycin (Phenix et al. 1993). The first intron
contains several important sites for control of transcriptional regulation. It
contains a c-Rel and an NFxB p65/p50 binding element (Sica et al. 1992) that
enhance promoter activity and also consensus sites for STAT-1, STAT-4,
STAT-5 and STAT-6 (Xuet al. 1996). There appears to be an important role for
repressor nuclear factors in silencing IFN-y gene transcription. A silencer
element at position —251 to -215bp has been identified to which both the nuclear
repressor yin-yang-1 (YY-1) and an AP-2 like repressor can bind (Ye et al.
1994). This co-operative binding results in inhibition of IFN-y expression (Ye et
al. 1994). Thus both enhancing and repressing transcription factors appear to
regulate expression of the IFN-y gene through interaction with promoter and
intronic cis-elements in a concerted manner.
1.1.4.2. IFN-y protein

The mature form of IFN-y protein consists of 143 amino acids. Its
natural conformation is a V shaped globular dimer of 34 kDa formed by
association of two identical subunits (Ealick et al. 1991). IFN-y is produced

almost exclusively by NK cells and a certain sub populations of T lymphocytes.



1.1.4.3. Functions

One of the important functions of IFN-y is its ability to upregulate
expression of MHC class II molecule (Billiau 1996). It can upregulate class II
molecules on antigen presenting cells and induces de novo synthesis of class 11
molecules in other cell types. IFN-y also affects antigen processing by
enhancing the expression of various transporter proteins such as TAP-1 and
TAP-2 (Epperson et al. 1992). MHC class I antigen expression can also be
enhanced under the influence of IFN-y (Billiau 1996).

IFN-y also has anti-viral activity. It can induce several endogenous
enzymes that protect against viral infection by inhibiting protein synthesis. It
can also upregulate proteins that inhibit the enzymes that are involved in driving
the cell cycle (Kusari and Sen 1986).

IFN-y can augment or inhibit immunoglobulin secretion and inhibit or
promote the differentiation and proliferation of B cells. It also has an important
role in regulation of class switching of the immunoglobulin heavy chain (Boehm
et al. 1997). IFN-ycan activate macrophages, enhance their capacity for
phagocytosis and increase their bactericidal activity through induction of
reactive oxygen species and nitric oxide generation (Kaplan and Schreiber
1999).
1.1.4.4. IFN-y polymorphism

In the first intron of the IFN-y gene a microsatellite consisting of variable
number of CA repeats has been described (Gray and Goeddel 1982). Pravica et
al. showed a significant increase in IFN-y production in PBMCs stimulated with
concavalin A in individuals who had allele 2 of this microsatellite (Pravica et al.

1999). Furthermore, this microsatellite has been associated with a SNP at the 5’
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end of CA repeat region in the first intron of the IFN-y gene (+874 T/A) that lies
in a putative NFkB binding site. There was complete correlation between the
presence of the T allele, allele 2 of the microsatellite (Pravica et al. 2000),
although Cartwright et al reported the contrary, with no association between the
presence of this microsatellite and IFN-y levels (Cartwright et al. 1999).
1.1.5. Interleukin-2 (IL-2)
1.1.5.1. IL-2 gene and gene regulation

The human IL-2 gene is located on chromosome 4, band q26-28.
Approximately 350bp upstream from the transcription start site lie the binding
sites for transcription factors, AP-1, NFxB, and NF-AT. These three
transcription factors synergise to promote maximal transcriptional activation of
the IL-2 gene (Garrity et al. 1994). Exclusion of any one of these factors results
in marked attenuation of IL-2 gene expression. T cells are the only cells that
have been found to express the IL-2 gene and IL-2 gene expression is strictly
controlled by the T cell antigen receptor (TCR) (Meuer et al. 1984; Smith et al.
1980).
1.1.5.2. IL-2 protein

IL-2, originally termed T cell growth factor (TCGF), was the first protein
to be isolated, purified and characterised at the molecular level. Human IL-2 is a
small (15.5kDa) globular glycoprotein of 133 amino acids (Robb and Smith
1981; Taniguchi et al. 1983).
1.1.5.3. Functions

The physiological role of IL-2 is believed to be in promoting the
proliferation and augmenting the differentiation of T cells and NK cells (Smith

2001). Its involvement in the expansion of cytotoxic T lymphocytes has been
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shown by experiments using IL-2 knockout mice, where antigen induced CD8+
T cell expansion was reduced by 90% (Cousens et al. 1995). IL-2 has also been
shown to promote cytolytic activity by activating the expression of cytolytic
molecules such as perforin and the serine esterase found in the cytolytic granules
of cytototoxic T lymphocyte (Liu et al. 1992). IL-2 is also a growth factor for
CD4+ T cells and required for their differentiation into Thl and Th2 cells (Smith
2001).
1.1.5.4. IL-2 polymorphisms

Two single nucleotide polymorphisms at positions —330 and +166 have
been described in the IL-2 gene (John et al. 1998). But the functional relevance
of these polymorphisms is not yet known.
1.1.6. Interleukin-6 (IL-6)
1.1.6.1. IL-6 gene and gene regulation

The human IL-6 gene is located on chromosome 7 (Sehgal et al. 1986), is
approximately 5kb in size, and has 5 exons separated by 4 introns. Potential
binding sites for transcription factors GRE, AP-1 site, CRE and NFxB (Matsuda
and Hirano 2001), NF-IL-6 binding sites, a multiple responsive element (MRE)
and an IL-1 responsive element have been identified in the promoter region
(Akira et al. 1994; Isshiki et al. 1990).
1.1.6.2. IL-6 protein

The mature form of IL-6 consists of 186 amino acids (Heinrich et al.
1990). At least five different forms of IL-6 have been described, arising from
post-translational modifications such as glycosylation and phosphorylation

(Matsuda and Hirano 2001). IL-6 is produced by a variety of cell types such as
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T cells, B cells, macrophages, fibroblasts, endothelial cells, and vascular smooth
muscle cells and may be involved in their growth (Nabata et al. 1990).
1.1.6.3. Functions

IL-6 has been shown to be involved in the regulation of the immune
system by stimulating both the humoral and cellular arms of the immune
response. It acts on B cells activated by IL-4 and IL-5 to induce the production
of IgM, IgG, and IgA and causes their terminal differentiation into plasma cells
(Muraguchi et al. 1988). IL-6 acts synergistically with IL-1 to promote the
proliferation of activated T cells and is necessary for the development of
antigen-specific cytotoxic T cells (Renauld et al. 1989). It has also been shown
to be a major inducer of acute phase proteins such as C-reactive protein (CRP)
and serum amyloid A (Castell et al. 1988).
1.1.6.4. IL-6 polymorphisms

A single nucleotide polymorphism at position —174 (guanine to cytosine
substitution) studied using a luciferase reporter gene assay in HeLa cells,
revealed that IL-6-174C construct had lower expression than —174G construct
when stimulated with IL-1 or LPS (Fishman et al. 1998). IL-6 plasma levels
were also found to be lower in healthy individuals having the —174C allele
(Fishman et al. 1998).

Functional differences have been noted between the —597 G to A, -572 G
to C, -373 A,T,, -174 G to C haplotype polymorphisms (Terry et al. 2000).
Other SNPs at —634 and +4391 have also been described in this gene (Nakajima

et al. 1999).



1.1.6.5. Disease associations

Studies from Fishman ef al demonstrated that an SNP at —174 was
associated with systemic onset juvenile chronic arthritis. The CC genotype was
significantly less common in juvenile chronic arthritis patients than in Caucasian
control subjects (Fishman et al. 1998). There is also evidence that the IL-6 gene
is involved in determining susceptibility and disease phenotype in Crohn’s
disease.  Genotype and allele frequencies of IL-6 4470G/A biallelic
polymorphism in the fourth intron and the variable number tandem repeats
(VNTR) polymorphism in the 3’ flanking region of the IL-6 gene were
associated with Crohn’s disease. An increased frequency of less common IL-6
G allele was found in patients with Crohn’s disease compared to controls (Koss
et al. 2000b).
1.1.7. Interleukin-10 (IL-10)
1.1.7.1. IL-10 gene and gene regulation

The IL-10 gene is located on chromosome 1q, spans 4.7 kb and consists
of five exons separated by four introns (Eskdale et al. 1997a). Regulatory
consensus transcription factor binding sequences have been identified in the
TATA box is located 84bp 5’ of the first methionine codon, CCAAT motifs at
-148,-363,-864, AP-1 binding sites at -29 and -695, IL-6 consensus binding sites,
glucocorticoid response element (GRE) and cAMP response element (CRE) (De
Waal Malefyt 2001). The CRE appears to be functional, as agents that raise
intracellular cAMP levels enhance the expression of IL-10 in monocytes.
Transcription of IL-10 is known to be influenced by other cytokines such as

TNF, IFN-y, and IL-12 (Kube et al. 2001). Expression of the IL-10 gene in

monocytes is not dependent on NF«kB activation (Bondeson et al. 1999).
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1.1.7.2. IL-10 protein

Mature human IL-10 is a 17kDa protein consisting of 160 amino acids.
The molecule is biologically active as a non-covalently linked homodimer (De
Waal Malefyt 2001). IL-10 is expressed by naive and memory T cells, T cell
clones belonging to Thl, Th2, ThO and Trl subsets, NK cells, activated
monocytes, mast cells, eosinophils, keratinocytes, trophoblasts, B cells and
various tumour cells (Del Prete et al. 1993; Pretolani 1999) .
1.1.7.3. Functions

IL-10 was originally described as cytokine synthesis inhibitory factor
(CSIF), from the observation that supernatants from activated Th2 cells could
inhibit cytokine production from activated Thl cells (Fiorentino et al. 1989).
Subsequent studies on IL-10 have shown that it has a number of properties that
can be grouped as “anti-inflammatory” effects which repress the progression of
inflammation.

IL-10 strongly inhibits the production of other cytokines including IL-
la, IL-1B, IL-6, IL-8, IL-12, TNF-a, GM-CSF and IL-10 itself by activated
monocytes/macrophages (Berkman et al. 1995; D'Andrea et al. 1993; de Waal
Malefyt et al. 1991a; de Waal Malefyt et al. 1993; Fiorentino et al. 1991; Gruber
et al. 1994; Marfaing-Koka et al. 1996). The mechanism for the inhibition of IL-
12 occurs at the transcriptional level and is dependent on new protein synthesis
(Aste-Amezaga et al. 1998) and inhibition of TNF-a production occurs by
transcriptional and post transcriptional mechanisms that are independent of the
ability of IL-10 to inhibit NFkB activation (Clarke et al. 1998).

IL-10 has been shown to induce production of IL-1Ra (Cassatella et al.

1993; de Waal Malefyt et al. 1991a; Jenkins et al. 1994) and expression of
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soluble p55 and p75 TNFR (Dickensheets et al. 1997; Hart et al. 1996; Joyce
and Steer 1996; Linderholm et al. 1996) indicating that IL-10 induces a shift
from production of pro-inflammatory to anti-inflaimmatory mediators. IL-10
also down regulates the expression of MHC class II antigens, ICAM-1, B7.1 and
B7.2 (de Waal Malefyt et al. 1991b; Ding et al. 1993; Kubin et al. 1994;
Willems et al. 1994) and therefore down regulates the antigen presenting
capacity of professional APCs. IL-10 inhibits MHC class II expression by
monocytes through a post transcriptional mechanism involving inhibition of
transport of mature, peptide-loaded MHC class II molecules to the plasma
membrane (Koppelman et al. 1997).

In contrast, IL-10 upregulates expression of FcR molecules on
monocytes, including CD16 and CD64 (Calzada-Wack et al. 1996; de Waal
Malefyt et al. 1993; te Velde et al. 1992) and these molecules bind the Fc region
of antibodies onto monocytes/macrophages and large granular lymphocytes
(Hutchinson et al. 1995), promoting antibody dependent cell mediated
cytotoxicity (ADCC). Although the exact role of the humoral arm of the
immune response during acute rejection is unclear, it is obvious that IL-10 can
not be thought of solely as a beneficial cytokine in transplantation.
1.1.7.4. IL-10 polymorphism

Several polymorphisms have been observed in the human IL-10 gene in
the 5°flanking sequence. They include two areas of 6-11 (CA)n repeat
microsatellite polymorphisms - IL-10G and IL-10R (Eskdale et al. 1997a;
Hurme et al. 1998) . IL-10G lies upstream of the gene between —1193 and —1151
and is highly polymorphic having up to sixteen alleles (Eskdale and Gallagher

1995). The IL-10R lies between —4004 and —3978 in the 5’flanking region and
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this CA repeat is less polymorphic. These microsatellites have been shown to be
associated with differential cytokine production. The IL-10R2/IL-10G7
haplotype has been associated with high IL-10 secretion and IL-10R3/IL-10G7
haplotype has been associated with low IL-10 secretion (Eskdale et al. 1998).

Three linked SNPs at positions —1082 (G to A), -819 (C to T), -592 (C to
A) have been described. The —1082 polymorphism is associated with
differential IL-10 production. Lymphocyte cultures of individuals who lacked
the —1082A allele were shown to produce significantly increased amounts of IL-
10 when stimulated with concavalin A (Turner et al. 1997b). Similar findings
have obtained from LPS stimulated whole blood (Koss et al. 2000a). Recently
other SNPs have been described at positions —627 and —1117 (Grove et al.
2000). However their functional relevance is not yet known.
1.1.7.5. Disease association

IL-10 probably has a role in systemic lupus erythematosus (SLE) as the
production of IL-10 was shown to be increased in these patients (Eskdale et al.
1997b). The differences found in the frequencies of microsatellite alleles of the
gene also suggest a role for IL-10 in SLE (Eskdale et al. 1997b).

In rheumatoid arthritis, although there were no differences in the
frequencies of the promoter region SNPs (Hajeer et al. 1998), at position —1082,
allele A was found more frequently in patients with an Ig-A type rheumatoid
factor than in those with Ig-G type rheumatoid factor (Hajeer et al. 1998), which
might indicate that the severity of rheumatoid arthritis is influenced by IL-10
gene polymorphism.

Another study has shown almost all EBV seronegative adults had allele

G at position —1082 suggesting that a high IL-10 producer status somehow
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protects from EBV infection (Helminen et al. 1999). However Westendrop ef al.
(Westendorp et al. 1997) have demonstrated that a genetically determined high
capacity to produce IL-10 increases mortality in a meningococcal disease.
Together these reports suggest that defence mechanisms against different
microbes vary greatly, and changes at the level of a given cytokine do not
necessarily exert the same effect in all infections.
1.1.8. Transforming growth factor-beta (TGF-f)
1.1.8.1. TGF-3 gene and gene regulation

Humans express three distinct isoforms of TGF-§, TGF-B1, TGF-B2, and
TGF-B3 encoded by unique genes located on different chromosomes. All three
genes share a similar intron/exon structure. The TGF-B1 gene has been mapped
to the long arm of chromosome 19 (Fujii et al. 1986) and contains seven exons.
It has extensive 5° and 3’ UTRs resulting in mRNA transcripts of 2.5kb, 1.9kb
and 1.5kb. The most efficiently transcribed is the one with 1.9kb length

(Flanders et al. 2001). The TGF-pB promoter lacks a TATA box, but has several
GC boxes proximal to the transcriptional start site, which mediate its regulation
by both SP-1 and Zf9/CPBP, a core promoter binding protein (Kim et al. 1998).
Other transcriptional regulatory sites include AP-1 site, early growth response-1
(Egr-1) and retinoblastoma response element (Flanders et al. 2001).
1.1.8.2. TGF-f Protein

TGF-P exists as a 112 amino acid long protein. Natural TGF-p exists as
a 25kDa homo or heterodimer. Nearly every cell can express TGF-J receptors

and their ligand. In most cells and tissues TGF-B1 is the predominant isoform.
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1.1.8.3. Functions

The TGF-f protein family appears to have major roles in cell growth,
neoplasia, inflammation and immunoregulation. Roberts and Sporn in 1990
described their potent immunosuppressive action on numerous functions of T
lymphocytes (Roberts et al. 1990).

TGF-B is a prototype of a multifunctional growth factor. It may have
one or several biological actions in a given cell or tissue and these are regulated
by the cellular environment. It has variable effects on proliferation of
mesenchymal cells which range from inhibitory to stimulatory depending on cell
type and growth conditions (Fynan and Reiss 1993). It also increases the
synthesis of matrix proteins and protease inhibitors, as well as cell adhesion
receptors (Sporn and Roberts 1990). TGF- can block antibody production by B
cells and it depresses activity of natural killer cells. It also inhibits generation of
cytotoxic T cells and induces expression of MHC class II molecules (Letterio
and Roberts 1998).
1.1.8.4. TGF-p polymorphism

Many SNPs have been described within the TGF-f31 gene both in the 5’
non-coding region and within the exons, causing amino acid changes. Three
SNPs at —988, -800 and —509 have been described (Cambien et al. 1996). In
addition three SNPs within the exons were found and they were in codon 10 T to
C (Leu to Pro), in codon 25 G to C (Arg to Pro) and codon 263 C to T (Thr to
Ile). The Leu 10 Pro and Arg 25 Pro polymorphisms are located in the signal
peptide sequence that is cleaved from the TGF-B1 precursor at the level of codon

29 (Cambien et al. 1996). Stimulated lymphocytes from individuals with the
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genotype homozygous for GG at codon 25 secreted increased amounts of TGF-
B1 (Awad et al. 1998).
1.1.9. Mechanisms of cytokine action through their receptors

Cytokines mediate their biological activities through binding to their

surface receptors on target cells. Receptors for most cytokines have now been
characterised. They consist of more than one chain, components of which may
be shared by different cytokines that suggests that some of these cytokines
exhibit unique as well as many redundant activities (Oppenheim 1993).
On the basis of shared structural and sequence similarities, receptors have been
classified into different families. The largest family is the cytokine or
haemopoietin receptor family or Type I (or Class I) family which include chains
of many cytokines receptors such as IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-
11, IL-12, GM-CSF, and erythropoietin. The class II cytokine receptor family
includes receptors for interferons and IL-10 and has structural similarities with
the class I family. The class III or nerve growth factor receptor family includes
TNF receptors. The class IV receptor family, whose extracellular part contains
immunoglobulin — like domains, includes IL-1 receptors.

For most of the cytokine receptors, signal transduction is due to the
association of cytoplasmic domain of the receptor with one of the Janus kinases
(Jak) or other kinases (IThle 1995; Karnitz and Abraham 1995). Recently it has
emerged that signal transducers and activators of transcription (STATSs), first
identified as transcription factors in interferon signalling (Darnell et al. 1994),
are also involved in regulating the expression of genes induced by other
members of the cytokine receptor family (Ihle et al. 1994). The STATs become

activated in the cytoplasm following phosphorylation by Jaks, are transported to

43























































































































































































































































































































































































































































































































































































































































































