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Abstract:

Uveitis is a generic term for a wide variety offdient types of intraocular inflammation with
different clinical phenotypes and visual outcomiése explanation for why some patients
develop chronic anterior disease whereas other®tlis unknown. It seems likely that host
factors such as the cytokine milieu of the aqudnusor may be an important factor in
determining outcome. In turn, their secretion isgjecally determined and cytokine gene
polymorphisms have been associated with high odléwel production whatever the
stimulus.

Purpose:

The aim of this study was to identify key cytokered chemokine polymorphisms associated
with disease susceptibility, clinical phenotyped alevelopment of visually significant
complications in patients with anterior uveitis.

Methods:

PCR amplification was used to genotype a numbeéradtelic SNPs in several cytokine
genes. This genetic data was then compared befetiemts and healthy controls, and within
the patient group itself for association with diali disease outcomes.

Results:

Our results show that a significant differencehie frequency of TNF-857T allele in patients
with idiopathic anterior uveitis. We found a sigoént association between TNF-308 allele G
and patients with anterior uveitis who were HLA-B&¥sitive. Patients with HLA-B27
associated anterior uveitis who developed visuhlgatening complications were more likely
to carry the TNFRSF1A-201T or TNFRSF1A-1135T alele addition, the frequency of IL-
lra allele T was found to be significantly assaaatvith chronicity of the disease. The
frequency of MCP-1 (-2076T) allele was found tosigmificantly higher in healthy

individuals when compared to patients with acuiegdthic anterior uveitis.

Conclusions:

These results suggest that genetic variationsamfmmatory mediators may influence the
susceptibility and severity of the inflammatorypesse in eyes of patients with anterior
uveitis.

This knowledge may be useful in identifying progsa@nd responsiveness to anti-TNF

blockade in patients with anterior uveitis.
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Signal transducer and activator of traipsicm

T cell receptor
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TLRs
TNF
Treg

Toll-like receptors
Tumour necrosis factor

Regulatory T cells
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CHAPTER ONE

1. INTRODUCTION

1.1. GENERAL IMMUNOLOGY

The immune system coordinates the immune respbnsegh two major arms that detect and
defend against microbial challenges and discrirgibatween self and non-self antigens. The
first is the innate or non-specific immune systerhich constitutes a first line of host
defences responsible for the immediate and rapmne response against microbes. Its main
components are the physical and chemical barsecd) as epithelia and antimicrobial
substances produced at the site of epithelial sesfeblood proteins including members of the
complement system and a cellular milieu than inetudeutrophils or polymorphonuclear
cells (PMN), monocytes, macrophages, natural ki) cells, and immature dendritic cells
(Medzhitov et al. 2000).

The other is the adaptive or specific immune sysidmch is a highly evolved defence
mechanism, is antigen-specific, is mediated bygantreceptors on B and T lymphocytes,

requires clonal expansion and is characterizedrioguinologic memory (Table 1.1).
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Table 1.1. Cardinal features of innate and adajtiveunity (Medzhitov & Janeway 2000).

Innate immune response

Adaptive immune response

ate

Onset Immediate Delayed
Components Neutrophils, monocytes, macrophages, T lymphocytes, B
mast cells, basophils, eosinophils, NK| lymphocytes, cytokine and
cells, APCs, complement system, acutechemokine system
phase proteins, cytokines and
chemokines
Immune Germ-line encoded Somatically generated
recognition Pattern-recognition receptors Antigen-specific receptors
mechanism Recognise PAMPs Recognise antigen epitopes
Not clonally expressed Clonal expression, selection ,
and expansion
Number of In the hundreds Between 16 to 10°
receptor Specifically of each receptor is Unique gene recombination
specificities genetically predetermined and rearrangements to gener
the enormous diversity of
antigen receptors
Immunologic Absent Present
memory
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1.1.1.Innate immunity

Neutrophils or PMN are the most common immune éelfgeripheral blood and represent an
important component of the innate immune systeresihey are the first cells to arrive at
sites of acute inflammation thus constituting tingt fine of defence against microbial
organisms. Once at the site of inflammation theydpce pro-inflammatory cytokines and
chemokines that recruit and activate other immuetis,csuch as monocytes, macrophages,
NK cells and immature dendritic cells (Joffre et20009; Yamashiro et al. 2001).

Monocytes are an incompletely differentiated ogdlet that circulates in the peripheral blood
after leaving the bone marrow. They belong to tinadn mononuclear phagocyte system and
play an important role in the innate immune respona their role in cytokine production,
phagocytosis and chemotaxis. CD14 is a major aefase receptor of monocytes and CD14
monocytes in peripheral blood migrate into inflaniedue where they undergo
differentiation into myeloid dendritic cells or $ise macrophages dependent upon the
cytokine environment, and thereby contributinghte tlevelopment of adaptive immunity
(Ziegler-Heitbrock 2007).

Dendritic cells are terminally differentiated bamarrow cells whose main function consists
of presenting antigens to naive T cells. Followtimg capture of antigens at the site of
inflammation they migrate to lymphatic tissues,sas the spleen and regional lymph nodes
where they present the processed antigen to tlieeredymphocytes via MHC class |l
molecules. In addition to this dendritic cells patent stimulators of B and T cells
lymphocytes and can modulate the development @lTrzediated immune responses into
Thl or Th2 type.

1.1.1.1.Toll-like receptors

There has been an overwhelming increase in thertotaber of known receptors involved in
innate immune recognition in recent years; moregvathogens can be extremely
heterogeneous and mutate at much higher rate theofdheir hosts. Therefore the innate
immune system recognises only highly preservedtsires called pathogen-associated
molecular patterns, with bacterial lipopolysaccti@iLPS) being one of the best-known
examples. The receptors of the innate immune syStatmecognize them are known as
pattern-recognition receptors (PRRS).

Structurally, PRRs belong to several families ateins that are expressed in many effector
cells of the innate immune system; however, fumaily they can be divided in three classes,
secreted, endocytic and signaling.

Signaling PRRs, such as NOD2 recognize pathogerciassd molecular patterns and

activate signal transduction pathways that indheeepression of a variety of immune
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response genes, including pro-inflammatory cytokifigu et al. 2009; Medzhitov & Janeway

2000) (Figure 1.1).

Figure 1.1. Schematic representation of the PRRliEanwithin the innate system. From

Barton GM (Barton 2008).
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Toll-like receptors (TLRs) are a family of PRRstthecognize the above mentioned
pathogen-associated molecular patterns. They aressed on immune cells that are most
likely to encounter microbes, such as neutrophisgrophages and dendritic cells, and each
TLR has a unique specificity for ligands (TakedaleR005). The activation of TLRs by their
ligands results in the production of pro-inflammgtoytokines, chemokines and activation of
immune cells (Medzhitov et al. 2002) initiatingapid response characterised by the
recruitment of leukocytes to the site of infectiororder to eliminate the pathogen (Takeda &
Akira 2005) and activation of specific adaptive imme responses.

Ten human TLRs have been identified to date and eae of them recognizes a pathogen-
associated molecular pattern from a single classiofo-organism (Table 1.2).

The cytoplasmic portion of TLRs shows high similaip the IL-1receptor family, and it is
termed Toll/IL-1 receptor (TIR) domain, however ghdracellular portions are structurally
and functionally unrelated. Whereas TLR2 recognmgsidoglycans from gram-positive
bacteria, TLR4 recognises LPS of gram-negativednac{Takeda & Akira 2005). Microbial
recognition of TLRs facilitates dimerisation of TERand TLR2 is shown to from a
heterodimer with TLR1 or TLR6, which triggers thetigation of signalling pathways and
ultimately the activation of the transcription facNF«p, which is essential for the induction
of inflammatory cytokines such as tumour necroacsdre (TNF-o) and IL-12 (Takeda &
Akira 2005) (Figure 1.2). Therefore, activationspicific TLRs on different antigen
presenting cells (APCs) leads to different pathwaysytokine gene expression (Hirschfeld et
al. 2001). At the same time these APCs can activaitee CDAT cells and induce their
differentiation into Thl, Th2, or Th17 cells, prdirig a link between innate immune
recognition and the triggering of the adaptive imewesponse.

They have been implicated in the pathogenesiswiaber of chronic inflammatory
autoimmune disorders, including AS and IBD whicterastingly can be associated with
intraocular inflammation (Cario et al. 2000; Yarigak 2007).

TLRs, in particular TLR4 have been shown to be egped in the human eye (Song et al.
2001), and although the human iris endothelium do¢sppear to express TLR4 in vivo,
cultured human iris endothelial cells have beemdoio express TLR4 mRNA and respond to
LPS stimulation with the production of pro-inflamioey cytokines (Brito et al. 2004).
Furthermore, Chang et al. demonstrated the TLRdtimmal expression by resident APCs in
the normal uvea (Chang et al. 2004), as well angd®in the expression and function of
TLR4 and TLR2 in patients with active AAU (Changagt2007). These findings support

another potential pathogenic role of PRRs in thesligment of anterior uveitis (AU).
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Table 1.2. Summary of human TLRs and their knogarids. Courtesy of Dr Kelly Mai,

University of New South Wales, Sydney.

TLRS Ligands Location
TLR1* lipoproteins/lipopeptides (bacteria) Cell surface
TLR2* lipoproteins/lipopeptides (bacteria) Cell surface
peptidoglycan and lipoteichoic acid (bacteria)
zymosan (fungi)
HSP70 (host cells)
TLR3 dsRNA Cell compartment
TLR4 LPS (bacteria) Cell surface
HSPs (bacteria and host cells)
hyaluronic acid fragments (host cells)
viral proteins
TLR5 flagellin (bacteria) Cell surface
TLRG6* diacyl lipopeptides (bacteria) Cell surface
TLR7Y imidazolequinoline antiviral drug Cell compartment
SSRNA
TLR8 sSRNA (viral) Cell compartment
TLR9 unmethylated CpG DNA (bacteria) Cell compartme
TLR10 Unknown Unknown

*TLR2 forms heterodimers with TLR1 and TLR6
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Figure 1.2. TLR signaling and ligand specificitadsTLRs. Courtesy of Dr Kelly Mai,

University of New South Wales, Sydney.
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1.1.2.Adaptive immunity

The adaptive immune response involves the protifaraf antigen-specific B and T
lymphocytes. B cells develop in the bone marrow @nzilate in the lymphatic network.

They secrete immunoglobulins or antigen-specifiibanlies that are responsible for
eliminating extracellular pathogens.

T cells originate in the bone marrow and migrattheothymus where they undergo a process
of proliferation during their first encounter witm antigen. This primary immune response
generates both effector T and B cells, as wellasnany T and B cells. The presence of T cell
receptors (TCR) enables the identification of thprapriate antigens. The main functions of
T cells are to regulate the immune responses teiprantigens and to serve as effector cells
for the elimination of intracellular pathogens. @iihe production and cytotoxicity are

critical effector cell functions, which can be ditited to two main separate T cell
subpopulations CD4T cells or cytokine-secreting cells (Th) and cgtat cells (Tc) or

CDS8'T cells.

The Thl cell and Th2 cell paradigm proposed by Maysmin the late 80s’ to explain

different adaptive immune responses against diftgathogens correlates well with their
pattern of cytokine production (Mosmann et al. 1986hereas Thl cells are defined by the
production of IL-2 and IFN-gamma and are primarégponsible for cell-mediated
inflammatory reactions (Sacks et al. 2002), Thi&aale involved in humoral immunity
(Anthony et al. 2007) and produce IL-4, IL-5, IL;3hd IL-13.

Another characteristic of Thl and Th2 cells is fhaell subsets produce cytokines that serve
as own autocrine growth factor and promote difféagion of naive T cells to that subset.
Furthermore, cytokines produced by each subses-cemgilate others development and
activity; however this simplified classification @fcell effector functions into cell-mediated
and humoral immunity has been a source of debate@miroversy, and efforts to resolve
these issues in recent years have resulted ingbhewvetry of a new subset of T-cells that
exhibit different functions from Th1l and Th2 cedlisd are characterized as the main
producers of IL-17A, IL-17F, IL-21, and IL-22 (Weavet al. 2006) (Figure 1.3).
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Figure 1.3. Th cell lineage. From Afzali et al. ¢Afi et al. 2007).
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While it is known that the Th1l cytokine IFN-gamnegyulates cell-mediated immunity and
Th2 cytokines regulate humoral responses, the ifumcf IL-17 is still not well understood,
although recent published data indicates that Ilisl& pro-inflammatory mediator that acts in
synergy with TNF to regulate inflammatory gene esggion (Ruddy et al. 2004).

Th17 cells are characterized by being prefereptiadiucers of IL-17, IL-22, and IL-21, and
thus inducing variable tissue reaction in relatoithe distribution of their receptors. As with
Th1 or Th2 cells there is no single surface maskecific for Th17, although the absence of
CCRS5 in the presence of CCR2 seems to define thé& phenotype (Sato et al. 2007), These
receptors are widely expressed in epithelial amib#elial cells and can therefore act as
regulators of different immune responses. Thegensitual antagonism between Th17 and
Th1 cells, which derives from the induction of proical T-cell developmental pathways by
IL-23 and IL-27 (Weaver et al. 2006).

In chronically inflamed lesions in contrast to itre differentiated peripheral blood-derived
Th17 cells, which are reported to produce both #Fd IL-17, many infiltrating Th17 cells
only produce low levels of IFN; IL-4, or other Th2 associated cytokines, but Hagrels of
IL-17 and IL-22 are produced at much higher le¥BBne et al. 2008). These findings
corroborate earlier reports showing that the pflanmatory IL-22 is produced by activated
Th17 cells in both animal and human models ofimfinatory disease (Annunziato et al.
2007; Liang et al. 2006); and that Th17 clone deliated from psoriatic lesions induced the
expression of psoriasin, an inflammatory proteia ih-22 dependent manner (Pene et al.
2008).

Similarly, in EAU INF+ secreting Th1l cells were thought to be the mdiarnmmatory driver,

given the elevated levels of INIin the retina during the acute phase of uveitisydver IL-

12 downregulates EAU and antibodies to IFNyppear to exacerbate the disease, suggesting

a paradoxical role of Thl cells conferring protectagainst chronic uveitis (Tarrant et al.
1999).

Th17 cells have been found in peripheral blood mactear cells (PBMC) of patients with
active uveitis, and their expression was upregdlédowing stimulation with IL-12. In
addition, IL-17 expression was inhibited by IFNCAmadi-Obi et al. 2007). In the same
study, IL-27 was unexpectedly found to be ubiqustouretinal cells, upregulated by IFN-
and inhibited Th17 proliferation, suggesting thai cells may have a protective role in
uveitis by antagonizing Th17 cells through IFNmediated induction of IL-27 (Amadi-Obi et
al. 2007).

Another subtype of T cell with immunoregulatory aaipy has been identified and shown to

play an important role in modulating T cell funcetidhey are also defined by their cell
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surface markers, mechanism of action and tissoegih, and the expression profile and
functional significance of some of these markesuimmarized in figure 1.4 (Figure 1.4). The
exact mechanism by which these regulatory T cé&lled) exert their regulatory functions
remains poorly understood, and although it is tibtgat they operate via a cell-to-cell
contact, both IL-10 and TGEproduction have also been implicated (Shevach 208a8).
Specifically, Treg have the capacity to activelgdd immune responses, inflammation, and
tissue destruction by suppressing the functiorsswide array of cell types, including CD4+
helper T cells, CD8+ cytotoxic T cell, and APCs agothers (Brusko et al. 2009). Among
the different subtypes, the naturally occurring CB®25 Treg cells are essential for the
active suppression of autoimmunity and it has tsewn that in the human and murine
CD4" CD25 knock-out models severe autoimmune diseassates (Wildin et al. 2001).
Several studies have demonstrated alterationgi€B¥ CD25 population in patients with
uveitis (Chen et al. 2008; Hamzaoui et al. 2006 Keeet al. 2008).

One of the markers that the CD@D25 Treg population expresses is the forkhead-winged-
helix transcription factor Foxp3, responsible foeit development and function (Fontenot et
al. 2003; Sather et al. 2007). It also appear®tthb most specific nuclear transcription factor
for Treg, and differences observed between theepésge of CD4Fox3p lymphocytes in
patients with active and inactive uveitis suggésas a deficiency of Treg populations may
play a role in some uveitis entities (Yeh et aD20 which would correlate with the
observation that often autoimmune disorders mamniféh relapsing episodes of
inflammation and periods of quiescence, suppottieghypothesis of a skewed Th cell profile
towards pro-inflammatory lineage such as Thl anti7Tbr a loss of Treg lineage during

these periods of acute flare-ups.
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Figure 1.4. Important markers in the immunobiolofyregs. From Brusko et al. (Brusko &

Bluestone 2009).

Receptor
CD4
CD25

CDi27 -

cpD2

CD152 (CTLA-4)
GITR

MHC Il DR
CD28

CD278 (ICOS)
CD39

CD73

CD134 (OX40)
CO187 (CCR7)
CDa7a (PD-1)
CD337 (MKp30)
Gal1

Gal-10

TLRs

cD27

CD45RA

CDe2L

CD103

CD304 (Meuropilin-1)
CD194 (CCR4)
CD196 (CCRE)
CDw19% (CCR9)
CD265 (TRANCE)

B
— |

Ligand/Substrate
MHC Il

IL-2

Unknown

CDs8 (LFA-3)
BT1EBT.2

GITR-L

T:T interactions
BT1B7.2

ICOSL (B7RP-1)
CD1e2 (PSGL-1)
E-cadherin, Integrin B7
OX40L

CCcL21

PD1-L

P2 & adenosine receptors
CD45

Multiple

Toll ligands

CD70, TRAFZ, TRAFS
Multiple glycoproteins
AMP

IL-7

Semaphorins & VEGF
CCL22

CCL20

CCL25
TRAMNCE-R/RAMK

27



1.2.OCULAR IMMUNOLOGY

1.2.1.0Ocular immune privilege

Since the first experimental description of ocilamune privilege in the 1940s’ (Medawar
1948) further research has called attention teigtence of two types of immune privilege:
immune privilege sites and tissues. Immune pridtegites, such as the eye can be defined as
places where foreign tissue can experience exteswl@d/al, whereas in other sites they are
rejected and they differ from conventional onethat they can survive when placed at
conventional sites, whereas non-privileged tisswegpromptly rejected (Streilein 2003).
Hence immune privilege is an evolutionary procéss allows immune effectors to provide
local protection without disrupting the local tissor specialized organs and is achieved by
dynamic interactions between the immune systenspgrdialized tissues.

Several features unique to the eye contributestorimune privilege.

The first one is the integrity of the blood ocubarrier, which restricts inflow of blood borne
pathogens into the eye. Secondly, the absencenpgitics combined with the major outflow
of agueous humor (AgH) through the trabecular meskwto the venous circulation, makes
the spleen rather than lymph nodes its primary lyomgb organ. Thirdly, the existence of
soluble immunomodulatory factors in the AgH, susauropeptides and cytokines such as
TGF43, that can suppress immune mediated inflammatidncamplement activation
(Streilein et al. 1992). In addition to this, thgeession of immunomodulatory ligands, such
as FasL on the surface of parenchymal cells indapeptosis of ingressing T cells, and
elevated levels in AgH during episodes of activeitiy suggest they have a regulatory role in
uveitis (Sugita et al. 2000). And finally, endogaadolerance promoting APCs that are
strategically located in the iris, ciliary body amdina. The result is that antigenic material
placed in or arising from the anterior chamberitslia different form of systemic immune
response, which includes T and B cells that eliteipa@athogens in the absence of
inflammation, as well as Treg cells that suppraedsiction and expression of immunogenic
inflammation secondary to Thl and Th2 cells, andugles effector CD4T cells that
eliminate pathogens via immunogenic inflammatidnisTresponse is known as anterior
chamber-associated immune deviation (ACAID). Nowwrthat this process is mediated by
F4/80 macrophages that present the ocular inoculatégeanto a cluster of B cells, NK
cells, CD4, and CD8 T cells in the spleen (Al-Maurset al.).

1.2.1.1.Experimental uveitis
It is difficult to obtain sufficient human oculdssue for research purposes. It is rarely
possible to obtain ocular tissue for histology iiepsies, hence animal experimental models

of uveitis have been developed to provide a b&ttewledge of the immunobiology of the
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uvea and surrounding ocular structures during isveihd to test new therapeutic strategies
(Table 1.3).

1.2.1.1.1 Experimental autoimmune uveitis

Experimental autoimmune uveitis (EAU) may be indlizeseveral mammalian species by
immunizing them with a soluble bovine retinal egtr&AU consists of an immune-mediated
response against soluble retinal antigens. 1G94 " Th1 cell mediated disease, in which the
T-cell infiltrate, triggers a cytokine cascade anon-specific cellular infiltrate, that are
responsible for cell damage. Histologically thifudar milieu consists mostly of
mononuclear cells. In EAU the inflammation affegtsinly the posterior segment, but often
has an anterior segment inflammatory component dgftosition of fibrin, as it is often seen

in humans in severe acute presentations of uveitis.

1.2.1.1.2 Endotoxin induced uveitis

Endotoxin-induced uveitis (EIU) is an animal moftglacute anterior uveitis (AAU) in the
human, but unlike human disease, it does not inthrgglasting tissue damage. Systemic
LPS injection in Lewis rats induces the adhererficaanocytes to retinal blood vessels,
followed by invasion into the retina. The popubaf EIU in research is partly due to the
recognized association between AAU and gram negateterial infection. Depending on
the animal used the inflammatory response haderelift anatomical predilection. In Lewis
rats the uveitis will develop mostly in the anteibamber, whereas in the mouse, the
inflammatory infiltrate will accumulate in the v@ous and around retinal vessels. Histological
findings include an early infiltrate of PMN leucdaey, followed by a mononuclear
component.

Interestingly, not all mouse strains injected WifS develop EIU. In the C3H/HeJ mice a
point mutation within the coding region of the TLBdne results in a functional disruption of
TLR4 signaling rendering these mice resistant t8 irRluced uveitis, yet highly susceptible

to gram negative infection (Poltorak et al. 1998).

1.2.1.1.3Experimental melanin-induced uveitis

Experimental melanin-induced uveitis (EMIU) is augent uveitis observed when Lewis
rats are immunized with bovine choroidal melaniikeLEAU is a T cell-mediated ocular
inflammation. Histological inflammation appearseasly as clinical signs are present. It
consists mostly of an accumulation of macrophagesTacells in the uvea, but as in EAU
PMN are also frequently seen. Whereas in EIU nehitanfiltrate predominate, in EMIU
mononuclear cells are the predominant type, eshetiahe ciliary body and they later

migrate to the iris. Clinically is characterized filateral, recurrent subacute uveitis.
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Although the clinical signs appear to resolve sgoabusly, the time taken for resolution is
longer than in the EIU model. EMIU appears to lerttodel more closely related to human

disease.

1.2.1.1.4Experimental autoimmune encephalitis associated aeatior uveitis

Experimental autoimmune encephalitis associated BAE/AU) is a model for recurrent

AU, which is associated with inflammation of theng cord. Similar to the other models of
autoimmune uveitis, CD4+ T cells of Th1l phenotypedrate the inflammatory response in
response to peptides that posses both the endeglealic and uveiticogenic properties.
Following immunization of Lewis rats with myelin $ia protein (MBP) EAE and AU appear
to manifest simultaneously, but AU has a longaricdil course and often persists after
clinical signs of EAE have subside. Interestindtgiathe initial episode of EAE, rats develop
a total resistance to further attempts to indutee@&AE but are susceptible to further
episodes of uveitis. The inflammatory cells in pneximity of nerve bundles and iris vessels

consist mainly of monocytes.
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Table 1.3.

Comparison of animal models for autoimenuveitis.

Model Antigen Target Clinical relevance
EAU S-Antigen | Retinal photoreceptors Posterior uveitis
IRBP
Rhodopsin
Recoverin
Phosducin
EIU LPS Anterior uveal epithelium Recurrent antetigeitis
Posterior uveitis
EMIU Melanin Uveal melanocytes Anterior uveitis
Posterior uveitis
EAE/AU | MBP Myelinated iris nerves and spinal cardnterior uveitis
MS

IRBP: Interphotoreceptor Retinoid Binding Proteéts: Multple Sclerosis
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1.3.CYTOKINES

Cytokines are regulatory, soluble proteins of atre¢ small size (10-45 Kd) produced by
cells in different organs in response to a vargdtinducing stimuli. They constitute a diverse
group of molecules with a wide range of effects|uding pro-inflammatory, anti-
inflammatory, and chemoattractant functions. Thiay an important role in controlling cell
proliferation and cell differentiation phenotypéély are involved in regulating the immune
response to foreign antigens and other forms adraef against infection by viruses and other
pathogens. They are also required for cellularwahevound healing, development of
cellular, humoral immunity, and inflammatory respes. Cytokines transduce signals from
the outside of the cell by binding to specific emliiface receptors, activating a series of
intracellular protein kinases which control gend arotein expression via factors such as
NFp.

The combination of cytokines and their concentretiat a specific site may differ, and their
action on a given tissue or cell can be influerimgthe microenvironment of the target cell.
These pleiotropic effects make cytokines able tuae many different types of responses,
often on different cell types.

Due to the overlap in their biological effects andchanisms of action classifying these
molecules has been difficult; in addition to thigtokine effects are typically redundant as
different cytokines may induce the same biologafédct. Hence, although cytokines are
generally classified according to the type of résethey bind, their nomenclature attempts to
reflect their main function and order of their digery.

Functionally, cytokines can be divided into prokamimatory e.g.: TNk, anti-inflammatory
e.g.: IL-10, proliferative e.g.: CSF3 (GCSF), regaty e.g.: TGH, and chemokines, and the
balance between them has been shown to deternardegree of inflammatory response.
Several studies have shown cytokine and chemokiease during intraocular inflammation
(Ahn et al. 2006b; Hill et al. 2005; Takase et?48106).

1.3.1.Molecular basis of cytokine action

Cytokines work in a network where the responsenahdividual cell will depend upon the
pattern of cytokines it is subjected to, and todéeof cytokine receptors that it expresses.
Many cytokines work by causing aggregation of rémegpat the cell surface, leading to the
activation of second messenger systems. Thesd®ffostly occur in the same cell that

produces them in an autocrine manner or in cedisdle close by in a paracrine fashion.

Cytokine action can be regulated at an extracellalael and is determined by the amount

and duration of availability of the cytokine pro@dc as well as the strength and distance
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between the target cell and the cytokine produceih The cellular milieu that may respond
to the cytokine signal is in turn determined by éixpression of the cytokine receptors on the
cell surface (Ishihara et al. 2002b).

Inside the cell, cytokine signalling is regulatedtee cell membrane in the cytoplasma and in
the nucleus. Following cytokine binding to its sfiececeptor, a specific transduction
pathway is activated and regulated by differenpéatamolecules. The set of genes
transcribed by these transduction pathways wilh beldetermine the final biological output
(Ishihara & Hirano 2002b), and although these digggathways are well characterized
most of the studies are limited to a single pathwayich fails to demonstrate the complexity
of the inflammatory responses.

Important mediators for the main cytokine signakduction pathway are the Janus kinases
(JAKSs) and signal transducers and activator ofstteiption (STATS). Cytokine receptors in
general lack intrinsic tyrosine kinase activity drahce, need to liaise with receptor-
associated kinases in order to initiate a phospaton cascade. Ligand binding to a cytokine
receptor induces the homo- or heterodimerizatiaefreceptor subunits and activates the
JAK family tyrosine kinases, which induce the tynesphosphorylation of the receptor’s
cytoplasmic tail. Some of these phosphorylatedsiyes serve as docking site for STATS.
Once bound to the receptor, STATs are then phoglatted, resulting in the acquisition of
high-affinity DNA-binding activity, which facilitags their action as nuclear transcription
factors. Seven STATs arranged across three ditfel@omosomes have been described to
date in mammalian cells. They differ by a SH2 damnihat contributes to their selective
response to cytokines (Schindler et al. 2007). Agriiem, STAT3 is required for the
regulation of naive T cells towards the developneéth17 cell lineage and recent data has
suggested that targeted deletion of STAT3 in C&lls may prevent the development of
EAU (Liu et al. 2008). Moreover, most of our knogde of pro-inflammatory signaling
pathways comes from members of the TNF, IL-1, Itytkine families and more recently
TLRs, where this cooperative induction of gene egpion is dependent on the presence of
binding sites for STAT and N#B (Yoshida et al. 2004). NdB transcription factors not only
regulate genes which are essential for both thaténand adaptive immune responses (Brown
et al. 2008) , but also recent research has fodugbe development of anti-inflammatory
therapies targeting NdB (Karin et al. 2004), as well as demonstrated e of NR< in the

resolution of inflammation (Fong et al. 2008; Lance et al.) (Figure 1.5).
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Figure 1.5. Factors involved in the determinatiboeall specificity of a cytokine. From
Ishihara et al. (Ishihara & Hirano 2002b).
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1.3.2.Cytokine genes polymorphisms

Cytokines are key players in the regulatory medrasiof the immune system, and it is clear
that variations in their levels (quantitative) tiaages in their structure (qualitative) have
been associated with disease susceptibility arfidrdiit clinical outcomes (Smith et al. 2009).
One of the approaches to investigate their ralkrisugh the study of candidate cytokine gene
polymorphisms using case-control association s died the genetic markers used in most
of these population-based studies are single ntdéepolymorphisms (SNPs).

A SNP is an inherited change of a single nucleahdée DNA sequence, and is
distinguished from rare variations in that the esguent allele is required to have a
frequency of 1% or more. Biallelic SNPs are highibundant across the genome and are often
used in association studies, and the frequencipslgmorphic alleles vary between different
populations (Cross et al. 2010; Huang et al. 2007).

Thus, multiple SNPs can often be found within thele length of a gene but only those
located in exons of cytokine genes can alter armoi sequences that subsequently lead to a
change in a protein function (Figure 1.6). Althowytokine expression is typically

modulated by polymorphisms within the promoter oagiof the cytokine genes (Lu et al.
2008hb), SNPs that are not in protein-coding reglmnge been found to influence

transcription factor binding (Schena et al. 2006).

A large number of polymorphisms within the codimglanon-coding region have been
identified and thousands of disease-associatialiestinave been carried out using these
variants. In this literature review | have summadizhose cytokines and chemokines that
have been the centre of the different studiesisfttiesis, which in turn have been reported in
the literature to be associated directly with iataar inflammation and related autoimmune

inflammatory disorders.
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Figure 1.6. Cytokine gene SNPs and their possitmsequences. From Ollier WER. (Ollier

2004).
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1.3.2.1.TNF-a

The prominent role of TNF in inflammation has beenvincingly demonstrated by many in
vitro and animal studies, such as those that shatttansgenic mice expressing human TNF
coupled to the 3’ untranslated regiorajlobin developed severe arthritis. Furthermore, th
evidence for TNF involvement in the pathogenesiBurhan autoimmune disease is
highlighted by the efficacy of TNF-blockage in timanagement of a wide spectrum of
autoimmune disorders such as Crohn’s disease aundhdtoid arthritis (RhA) (Lin et al.
2008).

However the biological functions of TNF are comp#d on occasion contradictory. While
during the acute phases of inflammation local patida of TNF appears to be beneficial, as
it increases the expression of adhesion molecuésevascular endothelium allowing for
neutrophils and macrophages to recruit locallyhatdite of inflammation, prolonged
exposure to TNF has been associated with seveiedback induced by bacterial endotoxins.
TNF is a pro-inflammatory cytokine with immunomodtdry activity. There are two forms of
TNF, a 26 Kd membrane bound form and a mature tetf& Kd form which is released
following enzymatic cleavage by a metalloproteindisintegrin called TNFe: converting
enzyme (TACE), which also controls the amount afudating soluble form of TNFR2
(Peschon et al. 1998).

In humans TNFe is produced mainly by monocytes/macrophages, adthd and B
lymphocytes, fibroblasts, and epithelial cells gisoduce significant amounts (Vassalli 1992;
Wilson et al. 1997). Abnormally high levels of TNFare produced mainly by macrophages
and T cells (Brinkman et al. 1997), in particultieathe stimulation of macrophages by LPS
following incubation of macrophages with IRNWilson et al. 1997), gram-positive and
gram-negative bacteria, mycobacterium tuberculosgsblood cells infected with
Plasmodium falciparum, different viruses, as welh@jor histocompatibility complex

(MHC) class ligands such as bacterial superantigeic shock syndrome toxin 1 and
staphylococcal enterotoxin B (Underhill et al. 1p90ther cytokines such as IL-2 or
granulocyte-macrophage colony-stimulating factoy miso induce TNF release from

macrophages (Vassalli 1992).

The TNFa gene is located in the HLA class region of the MétCthe chromosome 6p21,3
approximately 250 kilobases (kb) centromeric ofkhéA-B locus and 850 kb telomeric of
the HLA-DR in both humans and mice (Spies et 8891 Wilson et al. 1997). The 5’ flanking
region of the TNF gene contains multiple regulasitgs structurally similar to these found in
immunoglobulins and cytokine regulatory elemenimi@ys et al. 1992). The 3’ untranslated
region, on the other hand also plays an importstin the transcription of the gene through

clearance of mRNA transcripts.
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Most of the activities of TNF are mediated throigb receptors TNFR1 and TNFR2. They
belong to a family of receptors with repeating eyrstrich extracellular motifs. Both of them
are present in almost all types of cells, but wasfENFR1 has a ubiquitous distribution,
TNFR2 is mostly confined to cells of the haematefioilineage (Armitage 1994; Ryffel et al.
1993).

The TNFR1 gene (TNFSF1A) is located on chromoso?ped 3.2 and controls the induction
of apoptosis (Bradley et al. 2001), cell activat{glandevoorde et al. 1997), and B cell
trafficking (Tkachuk et al. 1998). The TNFR2 geséacated on chromosome 1p36.2 and
plays an important role in thymocyte and periph&raéll proliferation, NK cell activation,
apoptosis of activated T cell and neutrophil ad¢ibra(Pantelidis et al. 1999). Binding of the
trimeric ligands of TNFe to the TNF receptor induces “molecular switchiogthe receptor,

which then induces the signals required for immiumetion (Bazzoni et al. 1996).

The TNF cluster is located within the class Illiegof the MHC on chromosome 6p21,
where genetic alterations in the TNFRare involved in high TNF production (Tsukamotakt
1998). TNF mediates its functions by binding tocfie TNF receptors. Signalling through
these receptors influences T cell proliferation pradinflammatory responses, and
inappropriate signalling may trigger severe inflamony reactions (Hajeer et al. 2000). This
is based on in vitro observations that individuiffedences in cytokine levels after in vitro
culture may be attributed to SNPs or microsategliilymorphisms within the TNF gene.
Eight DNA variants or SNPs have been describedimvitie TNF promoter at positions -1031
T/C, -863 C/A, -857 CIT, -575 G/A, -376 G/A, -30845-244 G/A, -238 G/A relative to the
transcription start site (Bayley et al. 2004) (Fegd.7).

Among them, the two most commonly studies are G08 polymorphism (rs1800629) and
the -338 G/A polymorphism (rs361525). It is thegemece of the less common A allele in the -
308 nucleotide position that is associated withaeicled TNFe production (Mira et al. 1999).
However; there still remains controversy with refato the functional role of the TNF -308
SNP. Whereas initial studies in the late 90s’ fothrelallele A to be responsible for a higher
inducible levels of transcription than the allelesBggesting that the -308 polymorphism in
the context of TNFe: gene can effect transcription and induce elevigegls of TNF

(Kroeger et al. 1997; Wilson et al. 1997), latgraies have failed to demonstrate functionality
for the -308 SNP (Kaijzel et al. 2001; Kroegerle2800). Similarly, another putative
functional promoter polymorphisms such as -238 (¢5861525) and -857 C/T (rs1799724)
have also shown contradicting functionality (Bayéal. 2001; Hohjoh et al. 2001; Kaluza et
al. 2000), highlighting the complexity of the effed SNPs on TNF in vitro. In summary,
while the -308 G/A polymorphism appears not to&ffENF functionality, the function of
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others remains controversial and haplotype anabfdise candidate gene may prove to be a

more helpful approach (Bayley et al. 2004).
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Figure 1.7. TNF complex in chromosome 6. From E#lal. (Elahi et al. 2009).
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1.3.2.1.1Influence of TNF-a gene polymorphisms on autoimmune disorders

Despite the controversy on TNF gene polymorphism3$F production, it remains clear
that TNFe is a potent immune mediator and pro-inflammatgtpkine that is involved in

the pathogenesis of many inflammatory disorderd,smveral studies have analysed the
potential contribution of the above mentioned padyphisms to susceptibility or severity of a
wide range of conditions, in particular autoimmulisgeases. Most autoimmune disorders are
associated with specific HLA genotypes, and sontb@fssociations between TNF-
polymorphisms could be explained by linkage disigpium (LD) with HLA and vice versa.
There is a genetic contribution to RhA from sevethdles of the HLA-DRB1 gene located in
the MHC class Il region (6p21) explained by thedisd epitope” theory (Michou et al.
2006), however the important physiological rolé¢lef TNFe gene within the MHC has lead
to speculation about its role in RhA.

A study where the data was stratified accordinghtared epitopes subtypes (HLA-DR1 and
HLA-DR4) the TNF -308 A and TNF -857 T alleles wéoeind to be associated with RhA in
patients carrying the SE, furthermore the -308l8l@as significantly associated with RhA
susceptibility in individuals heterozygous for tBE carrying HLA-DR4, while the -857 T
allele was significant in individuals homozygous fiee SE (Waldron-Lynch et al. 2001).
Similarly, Date et al. demonstrated that the -85l&le may increase the effect of the
DRB1*0405/DQB1*0401 in predisposing to the devel@mtof systemic juvenile RhA (Date
et al. 1999). In two different ethnic populationze@ et al. did not find any associations
between the TNF -238 G/A polymorphism and diseaserity in juvenile idiopathic arthritis
(Zheng et al.), but a worse outcome of diseaseTiarkish children carrying the TNF -308 A
allele (Ozen et al. 2002), which correlates withare recent study showing a protective role
of the TNF -308 G allele (Schmeling et al. 2006)

TNF-a has a prominent role in the inflammatory proces$@one resorption in patients with
ankylosing spondylitis (AS). However, opinion remadivided as to whether TNE-
polymorphisms play a role in the pathogenesis isfdisorder.

Early studies by Fraile et al. and Verjans etailetl to demonstrate any association between -
308 or -238 polymorphisms in a Spanish and Dutgiufagions (Fraile et al. 1998; Verjans et
al. 1991). In another similar study in Dutch pat$eiaijzel et al. found that although the
frequency of the TNF -238 A allele was increaseHIiA\-B27 positive patients, this was not
different from their HLA-B27 positive controls atigerefore the authors concluded that the
association between TNF -238 G allele and AS wesrgtary to the HLA-B27 gene (Kaijzel
et al. 1999).

In contrast, one study showed a significant astiocidetween the -238 A allele in HLA-B27

negative patients and AS compared to the B27 nepatintrol (Gonzalez et al. 2001).
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Rudwaleit et al. found that HLA-B27 positive patiehad lower numbers of TNkpositive

T cells in peripheral blood compared with contralsgd heterozygous patients for the -308
polymorphism were associated with a higher pergentd TNFe positive T cells than
homozygous patients for the allele G (Rudwale#tle2001). Another two studies by
McGarry et al. and Vargas-Alarcon in different plgpions demonstrated that TNF308
polymorphisms (allele G, and allele A, respectiyelere involved in susceptibility to AS,

but not with outcome (McGarry et al. 1999; VargdarBon et al. 2006). A more recent study
in a Chinese population revealed a significant@asion between HLA-A333-B58-Cw10
haplotypes and TNE--308 G/A polymorphisms independently, playing agble role in the
pathogenesis of AS (Lu et al. 2008a).

A recent meta-analysis of the TNF308 and -238 polymorphisms and AS susceptibility
published recently showed no significant assoaiatiche overall population sample, nor did
it reveal any significant association between tB& Bositive patients and the matched B27
positive controls (Lee et al. 2009).

The frequencies of the TNik-308 GA and -238 GA genotypes were lower in pasievith
HLA-B27 positive associated AU than in patients wiere HLA-B27 negative. In addition

to this, when compared to healthy HLA-B27 posifiveividuals the frequency of the TNE-
-238GA genotype was also found to be lower amorigmts, suggesting that the presence of
allele A at nucleotide -238 to be a risk factorttoe development of intraocular inflammation
among individuals who are HLA-B27 positive (EI-Sheabi et al. 2006).

Several polymorphisms implicated in susceptibiiitysarcoidosis as well as disease prognosis
lie within the MHC class | and class Il genes (Sfaet al. 2003), which are closely linked
with the genes for TNlk-and LTe. TNF-o not only regulates granuloma formation
(Baughman et al. 2003) but its levels fluctuatéhwidisease activity (Prasse et al. 2000).
Similarly to AS, there is some heterogeneity inTiNF allelic association in different
populations.

A series of studies looking at the -308 and -23§rmporphisms in African American patients
did not found any associations with sarcoidosisiles et al. 2002; Rybicki et al. 2004).
Although Yamaguchi et al. did not find any assaomatvith TNF-o polymorphisms in a
Japanese cohort, the TNFallele 1 (LTA_Ncol_G) was found to be a marker foolonged
clinical course in Japanese patients with sarcadd@maguchi et al. 2001).

In an Indian population however, both TNF -308 G##d TNF -238 G/A polymorphism were
found to influence soluble levels of TNFand sACE. Additionally the haplotype GTCCGG
was identified as a major risk factor for diseasgceptibility, and increased levels of SACE in
the patient population (Sharma et al. 2008). Graitée al. found an increased of the rarer TNF

-857 T allele in two different Caucasian populasidrom the UK and the Netherlands and a
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subgroup analysis showed a significant increasieddless common TNF -308 A allele in
patients with Lofgren’s syndrome, which correlatgth Swider et al. findings in German
patients (Grutters et al. 2002; Swider et al. 1999)

TNF-o genes, in particular the -308 A/G polymorphisménbeen inconsistently associated
with SLE where there is also a strong associatin the HLA-DR antigen. A meta-analysis
of 21 studies of this polymorphism concluded theat£08 G/A polymorphism may confer
susceptibility to the disease in Europeans butmésian-derived population (Lee et al.
2006).

1.3.2.1.2TNF-a therapy

TNF-a has been detected in human eyes with a varietfflammatory conditions (Ahn et al.
2006b; Santos Lacomba et al. 2001b) and plays adteyn the regulation of the
inflammatory process seen in EAU (Dick et al. 199&utralising TNF in mice with EAU
suppress the proliferative response seen to retimtagens (Sartani et al. 1996). It is believed
thought that activated T cells cannot cross thedletinal barrier directly unless TNF-
mediated changes to the vessel endothelium ocaue(él. 2005). In the EAU model a
constant feature is increased TNF expression arfdmbdulates leukocyte migration. Its
central role in ocular inflammation makes TMR&n attractive target for immune therapy,
although there remains some controversy as to wh&tiF-blockage can suppress
permanent histological damage (Robertson et aBR00

Inhibition of TNF- results in a decrease in adhesion molecules nflexmatory cytokines
as well as regulation of chemokines (Taylor e2@DO0).

Accumulating evidence suggests that not only selliNF« but also transmembrane TNF-
Is involved in the inflammatory response (Horiuehal. 2010) and extensive clinical
experience has shown a significant therapeuticeffem TNF inhibitors in both systemic
and organ specific inflammatory diseases (Mitomal.€2008), in particular in those
associated with inflammatory eye disease suchragegative spondyloarthropathies, JIA,
Crohn’s disease, and RhA (Theodossiadis et al.)2007

The use of anti-TNfeantibodies has shown to be effective in the mamage of panuveitis
in patients with Behget's disease (Sfikakis e28D1), and most recently the chimeric anti-
TNF-o monoclonal antibody infliximab has been shownéchfe and effective in the short
and long-term treatment of refractory posterioritiw¢Benitez-del-Castillo et al. 2005;
Joseph et al. 2003). Unfortunately, despite thdadl efficacy in treating joint disease in
patients with coexisting arthritis and uveitis, thanagement of intraocular inflammation has

not always been effective. This may be explainethkypresence of unique cell adhesion



molecules, subsets of antigen-presenting cellsetalmf lymphocytes and cytokine profile in
autoimmune diseases occurring in different org&msith et al. 2001).

There are two monoclonal antibodies and a soliddeptor available for use clinically, which
bind to soluble and membrane form of TMRnd can neutralise the pathological effects of
TNF-o.

1.3.2.1.2.1Etanercept

Etanercept is a genetically engineered recombiftgign protein that consists of two
identical chains of the extra cellular human TNEeggor p75 monomer fused to the Fc
domain of human IgG1 (Mohler et al. 1993). This éliio protein binds to circulating TNF
and lymphotoxina preventing cell surface interaction and cytokiogvation. It is normally
given by subcutaneous injection at a dose of 25wgetweekly, although studies have
shown that 50mg once a week has equal effect ttweekly injections in patients with
RhA.

JIA is the most common systemic chronic autoimnuisease of childhood with about 30%
of patients developing uveitis in the course ofdisease, in particular those with
oligoarticular or seronegative polyarticular diseéSchmeling et al. 2005). Given the
significant clinical response seen with the usetahercept in about 80% of patients with
polyarticular JIA (Lovell et al. 2000), differentaups have evaluated the efficacy and safety
of etanercept in children with chronic uveitis asated with JIA that did not respond to other
forms of immunosuppression. Reiff et al. obsenrad etanercept at a dosage of 0.4mg/kg
was safe and effective in reducing intraocularimimation in 63% of patients after 6 months
(Reiff et al. 2001), and this effect was maintaif@dup to 2 years (Reiff 2003). A more
marked difference between systemic and ocular outsovere also demonstrated by
Schmeling et al. who noted a significant or conglesponse of arthritis in 87% of patients
with uveitis, whereas the frequency of uveitisdlaseemed to be higher during the course of
treatment with etanercept than during the predtneat period. In addition to this, two
patients out of 229 developed uveitis for the firsie while being treated with etanercept
(Schmeling & Horneff 2005), suggesting that inhdntof TNF-o might contribute to the
induction of exacerbating uveitis in certain cir@iances. This paradoxical effect remains
unexplained however, a “dechallenge-rechallengehpmena has been observed in EIU
mice that were treated with either repeated injastiof TNFe or with a single injection of
antibody against it. Although both treatments coel@ protection against LPS, TNF-resistant
mice and those treated with anti-TNFantibody demonstrated an exacerbation of EIU when
compared with control mice, suggesting that thésstance to TNF involves an complex

network of cytokines and unlike the systemic effdfdtPS, TNFe may not be the only
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molecule involved in the pathogenesis of EIU ang m&n have a protective role in this

disease (Kasner et al. 1993).

1.3.2.1.2.2Infliximab

Infliximab is a chimeric IgG monoclonal antibodynsposed of human constant region and
murine variable regions. It has a great affinity TNF-o receptors and inhibits its activity
(ten Hove et al. 2002). Differently to etanercéptoes not bind to lymphotoxin, and is
administered by an intravenous infusion at basgiineeeks, 6 weeks, and thereafter eight
weekly. The dose varies from 3mg/kg in RhA to 5magik AS or psoriatic arthropathy, but
higher doses of up to 20mg/kg have been used amartof 17 children with chronic uveitis,
with few side effects (Kahn et al. 2006).

A great experience in the use of infliximab hasrbgained from its use in patients with AS,
where uveitis is the most common extrarticular rfestation (Hamideh et al. 2001). A meta-
analysis by Braun et al. looking at the outcome4 pliacebo controlled studies and 3 open
labelled studies, showed a significant differenegveen the incidence of AU flares during
placebo treatment and the incidence during treatmith anti-TNFe agents. Although a
subset analysis suggested that episodes of AU legsdrequent in those on infliximab than
on etanercept, this did not reached a statistisadjgificant difference (Braun et al. 2005). A
more recent retrospective study comparing theaaffiess of anti-TNFe: antibody and the
soluble TNFe receptor treatments in reducing uveitis flarepatients with
spondyloarthropathies showed a significant redadtiche number of uveitis flares per
patient-years. However, subdata analysis showddhbaoluble TNFe: receptor was not
efficacious in reducing the occurrence of uveitsds in these patients (Guignard et al.
2006). In addition to this, there were two patiesithout any history of uveitis prior to anti-
TNF-o treatment that developed uveitis after being ¢ atith etanercept.

A single infusion of intravenous infliximab was hlg effective in suppressing inflammation
in a cohort of seven patients with HLA-B27 posit&v&U, without any other adjuvant
treatment other than topical cycloplegia (El-Shabet al. 2002). Markomichelakis et al.
demonstrated the effectiveness of a single dos#liodimab in reducing cystoid macular
oedema (CMO) and improving vision in a small seaepatients with refractory uveitis,
including one patient with HLA-B27 positive AU (Maymichelakis et al. 2004). This data
suggests that infliximab is an effective and rghdii safe agent in the treatment of acute
HLA-B27 uveitis, in particular in the managementefy severe cases.

Although it appears that in patients with JIA etaept may be more efficacious and be better
tolerated than infliximab (Lahdenne et al. 200B&itt efficacy in controlling the course of

uveitis is not clear, and a few small case segpsrting the use of infliximab in the



management of refractory uveitis associated wighsiliggest a better efficacy in controlling
ocular inflammation, in particular as an adjuvagert to simultaneous immunosuppressive
therapy (Murphy et al. 2004; Richards et al. 2005).

1.3.2.1.2.3Adalimumab

Adalimumab is a fully humanised IgG1 monoclonailzody that binds with high affinity and
specificity to TNF and neutralises the biologicetivdties of this cytokine by blocking its
interaction with the p55 and the p75 cell surfamseptors (Kempeni 1999; Kempeni 2000).
Similarly to etanercept, it is given by subcutarseeadministration at a usual dose of 40mg at
two weekly intervals. It has shown to be efficasi@u children with chronic uveitis
associated with arthritis who did not respond &vmus anti-TNF therapy, especially in
younger patients and these with shorter duratiaHA{Tynjala et al. 2008). In a mixed
cohort of children with JIA associated uveitis ariddiopathic origin, adalimumab showed an
improvement or stabilization of the uveitis in 94fteyes (Vazquez-Cobian et al. 2006).
Furthermore, as opposed to the results seen idrehilvith CAU associated to arthritis
adalimumab seem to be much more effective in cthimgantraocular inflammation that it is

against the arthritis (Biester et al. 2007).

Although treatment with TNF-blockers is generaliyesand initial studies did not show a
significant increase in adverse side effects, Kaugh et al. and Weinblatt et al. reported a
number of infections in patients with RhA treateithvetanercept (Kavanaugh et al. 2000;
Weinblatt et al. 1999), and therefore TNF inhibitghould be avoided in patients with acute,
recurrent or chronic infections. Another side dffefcanti-TNF therapy is the development of
anti-double stranded DNA antibodies. This was @algn in the group of patients treated with
infliximab and was not necessarily associated ghdevelopment of lupus-like disease.
Interestingly, one of the side effects reporte®hyith et al. was the development of
intraocular inflammation for the first time in paits taking etenarcept (Smith et al. 2001).
Special caution has to be paid when treating pregmamen, since the presence of TNF in
mouse embryos suggests the role of TNF in embryesie@nd may have implications in

anti-TNF therapy during pregnancy (Vassalli 1992).

1.3.2.2.Interleukin-1

The complexity of the cytokine network is epitonaidsy the IL-1 family. IL-1 is located in a
430 kb region in the human chromosome 2q14 regidncantains three related genes that
encode the pro-inflammatory cytokines Ik;1L-1p, and IL-1RN (Nicklin et al. 2002)
(Figure 1.8).
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The product of IL-1RN is the endogenous recepttagonist or IL-1ra (Eisenberg et al.
1990; Seckinger et al. 1987). There are two kngpetific receptors for IL-1. The
biologically active type | receptor (IL-1RI) and amactive type Il (IL-1RII), which binds IL-
1 preventing from interacting with the functiona}1RI (Colotta et al. 1994).

IL-1 has been implicated in the modulation of ammiune disorders including uveitis

(Dinarello et al. 1993), and it is upregulated ye®with EAU and uveitis (ElI-Shabrawi et al.

2000).
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Figure 1.8. Map of the IL-1 gene cluster on chroomes 2. From Smith et al. (Smith &

1136

Humphries 2009).
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1.3.2.2.1Interleukin-1 receptor antagonist

IL-1ra family includes one secreted isoform (sllajland three intracellular isoforms (iclL-ra
1, 2, and 3). The secreted isoform variety bind&.tb receptors (type | and type 1) located
on the plasma membrane of many different cells wsiithilar avidity than IL-& and IL-13 but
without inducing intracellular responses (Hannuralef990). The intracellular isoforms on
the other hand bind to IL-1 receptors and inhité $timulatory effects of IL-1, making IL-
1ra the natural antagonist of IL-1 by competitiweding to a specific receptor (Merhi-Soussi
et al. 2005).

Imbalances in the IL-1 and IL-1ra system have s&wn to be important in the
development and outcome of inflammatory diseasesn@2002; Mikuniya et al. 2000).
More recent research has confirmed downregulatigmainflammatory cytokines such as
IFN-y and IL-17 in the IL-1 knockout mice, while IFN4L-17, and TNFe. were upregulated
in the IL-1ra knockout mice, confirming that the 1IL-1ra system is crucial for auto-
antigen-specific T cell induction and contributes éxample to the development of EAE
(Matsuki et al. 2006).

IL-1ra is released in vivo during experimentallgirced inflammation and is thought to be
part of a naturally occurring feedback mechanisiinta the extent of IL-1 activity

(Dinarello 1991). In experimental and animal modsdlarthritis neutralizing antibodies to IL-
1ra exacerbated the LPS-induced arthritis in rabhitd the administration of IL-1ra
suppressed inflammation and tissue damage (Zheslg2206). Similar effects have been

observed in other inflammatory disorders such & (Budwiczek et al. 2004).

1.3.2.2.1.11L-1ra allele polymorphisms and disease

The IL1RN gene contains an 86bp variable-numbetdanrepeat (VNTR) or ILLIRN*2 in
intron 2, which is in LD with other polymorphisms iL1RN, among them one at position
+2018 within exon 2 (Cox et al. 1998; Tarlow et1#893). Although the frequency of
different alleles varies depending on the studiggujation, the frequency of allele 1 (IL-
1RN*1) in every population studied to date is mooenmon than the allele 2 (IL-1RN*2)
(Mwantembe et al. 2001).

IL-1RN*2 has been associated with an increasedymtazh of IL-1ra in vitro upon
monocytes stimulation with several cytokines inahgdTNF-o (Danis et al. 1995). This
findings have been replicated by Hurme et al. whondl increased plasma levels of IL-1ra in
healthy blood donors who carried the IL-1RN al2l@Hurme et al. 1998). However, IL-
1RN*2 allele has also been linked to decreasedéltdvels when compared to other alleles,
most likely due to the heterogeneity of disorderd ethnic groups studied and in a recent

study by Rafiget al. 5 out of 7 genotyped IL-1RNF2Nvere associated with plasma IL-1ra



with varying degree of significance (Rafiq et @00Z). The authors found several SNPs to be
in LD, in particular the ILLRN (rs579543) variariete, which is known to influence
circulating levels of IL-1ra with highest produatiin carriers of the homozygous TT

genotype (Graziano et al. 2009).

Several studies have shown an association betwedh-tLRN*2 allele and a variety of
different autoimmune or inflammatory diseases dwadnajority of these cases have been
associated with severity rather than a predispostt acquire the disease. Different authors
have reported an association between IBD and IL2PRRAndus et al. found that patients

with IL-1ra genotype 2 had significantly reducechcentrations of IL-1ra in inflamed mucosa
of patients with IBD, particularly these with Crosisease (Andus et al. 1997). Patients
who carried the IL-1RN*2 allele but not the I3-allele 2 were found to have an increased
susceptibility to ulcerative colitis and Crohn’sease. Since non-carriers of IB-dllele 2

were more often present in the subgroup of patiesntying the IL-1RN*2, and no

association of these alleles was detected in thpgof healthy controls, the authors
concluded that the ILAIIL-1RN allelic cluster may participate in the saptbility to chronic
IBDs (Bioque et al. 1995). Given that both ulcemttolitis and Crohn’s disease are
associated with SpA, polymorphisms in IL-1RN halsmdeen investigated and two separate
studies in two different European populations fothmat the allele IL-1RN*2 was

significantly increased in AS, compared to healtidividuals, independently from other
polymorphisms in the ILf1gene (McGarry et al. 2001; van der Paardt etGfl22 Increased
susceptibility but no disease activity or sevewsre reported in patients with JIA who had an

increase carriage of IL-IRN*2 compared to a corgroup (Vencovsky et al. 2001).

1.3.2.2.1.1.11L-1ra therapy

Gene therapy with IL-1ra was tried with succesthenanimal model for the treatment of
arthritis (Pan et al. 2000), and Bresnihan et@ificoned both the efficacy and safety of the
treatment with subcutaneous recombinant human dLirl patients with severe and active
RhA (Bresnihan et al. 1998). Similar studies hal®ived, and treatment with IL-1ra
showed a retarded radiographic disease progresspatients with RhA (Jiang et al. 2000).
Human recombinant IL-1ra has shown to inhibit thieammatory response triggered by IL-1
when injected into the anterior chamber or intraally as shown in different studies
(Bhattacherjee et al. 1987; Rosenbaum et al. 188¥9enbaum et al. found that IL-1ra
decreased the cellular infiltration and proteirr@xasation after the administration of
intravitreal IL-lo.when given within two hours after the initial adhisiration of IL-Iu
(Rosenbaum et al. 1991). Interestingly, intravitiejgction of IL-1ra inhibited IL-1 induced

inflammation in the animal model, but failed towed the inflammation secondary to the
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intravitreal administration of endotoxin possiblyedto the presence of other pro-
inflammatory cytokines or that the effects of Ilwgre primarily intracellular and therefore
resistant to the activity of exogenous IL-1ra (Rusum et al. 1992).

Conversely, the results of another experiment sdawat human IL-1ra injected in the
anterior chamber decreased the postoperative inflgian after intraocular lens implant in
the rabbit eye (Nishi et al. 1994), and more rdgdnin et al. showed a significant decrease
in the cellular immune response and in the expoassi cytokines such as IFN-gamma, TNF,
IL-1B, IL-1a, and IL-6, supporting the role of IL-1ra in immuresponses of immune-
mediated ocular inflammation (Lim et al. 2005).

Current research has also shown an increase iealafiograft survival rate following
topical administration of IL-1ra eye drops throwghinhibitory effect on CBpositive cells

in high risk corneal transplantation (Jie et abD£20

1.3.2.2.1.1.1.1Anakinra

Anakinra is the commercially available antagorosiLt1 receptor. It is a recombinant
version of the human IL-1ra (rHulL-1Ra) (Hannunakt1990). IL-1ra is released in vivo
during experimentally induced inflammation as dira naturally feedback mechanism
(Dinarello 2005), and blocks IL-1 action by binditwgits receptor (Hannum et al. 1990), but
does not result in signal transduction (Drippsle1@91). It was initially used in patients with
RhA showing significant improvement on clinicalbtaatory, and radiological parameters
(Bresnihan et al. 1998; Jiang et al. 2000). Siryildr-1 has been implicated in the mediation
of uveitis and is up-regulated in eyes with EAU-8Habrawi et al. 2000; Foxman et al.
2002).

Not all forms of chronic inflammatory arthritis dapd on TNF. Pascual et al. found an
increase in expression of IL-1b by circulating mouncdear cells, and a dysregulation of IL-1
production in patients with systemic onset JIA @Ras et al. 2005). They administered
subcutaneous, recombinant IL-1ra to a small grdygatents with systemic onset JIA, who
did not respond to other forms of immunosuppressioluding anti-TNF agents. All patients
had a significant improvement in their clinical gyt@ms and laboratory findings. With a
similar rational Teoh et al. showed a successftd@mue of the use of subcutaneous anakinra
in a patient with CINCA syndrome and panuveitis wianl showed resistance to previous
treatment with etanercept (Teoh et al. 2007). Bres/to this report, Matsubayashi et al. had
already demonstrated the benefits of anakinradgruie of CINCA associated ocular

complications (Matsubayashi et al. 2006).
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1.3.2.3.Interleukin-6

IL-6 is a multifunctional cytokine with a moleculareight (MW) ranging from 21 to 28 Kd
produced by a wide variety of cells of the innatenune system, such as dendritic cells,
monocytes, macrophages, lymphocytes and PMNs |&ubg other type cells which include
fibroblasts, epithelial cells, endothelial cellsiaamooth muscle cells, regulating the immune
response, hematopoiesis, the acute phase respoids@flammation (Ishihara et al. 2002a).
IL-6 signaling is regulated by negative feedbackwgfpressors of cytokine signaling and the
protein inhibitors of activated STATSs. IL-6/IL-6aeptor interaction leads to activation of
STATS3, which in turn targets the suppressors abkiye signaling (Kishimoto 2006). IL-6
can also elicit the development of specific cellidad humoral immune responses, including
end-stage B cell differentiation, and T cell adiima, suggesting the importance of IL-6 in
modulating the transition between acute and chriofi@mmation (Kaplanski et al. 2003),
and overproduction of IL-6 leads to inflammatiordaeveral autoimmune disorders (Ishihara
& Hirano 2002a).

1.3.2.3.1Association studies of IL-6 with disease

Since the first report indicating that high levetdL-6 in synovial fluid from the joints of
patients with RhA were responsible for the possielvement of IL-6 in RhA (Hirano et al.
1988) a vast number of studies have demonstrageishtiblvement of IL-6 in the
pathophysiology of other arthritic diseases (Istdah& Hirano 2002a). A more recent study
looking at the gene expression of IL-6 in childmith autoimmune arthritis confirmed the
circulating monocytes as the main cellular typeregging IL-6 in children with active
systemic JIA (Ogilvie et al. 2007). ConcentratiofsL-6 in synovial fluids correlated
positively with the amount of infiltrative cells Bynovial tissue in patients with RhA
(Matsumoto et al. 2006). Serum levels of IL-6 arerd to be elevated in patients with
Crohn’s disease and they correlate with diseasétgctind treatment response (Reinisch et
al. 1999). Analysis of inflamed intestinal mucosgatients with IBD revealed higher
amounts of IL-6 than in intestinal mucosa with inaedisease and local infiltrating T cells,
macrophages and B cells as being the cellular safriocalised IL-6 production in this
patients (Mitsuyama et al. 1991, Stevens et al2).98-6 transcripts are elevated only in
patients with active IBD, confirming not only thale of IL-6 in mediating inflammation in
the intestinal mucosa but also its involvementim pathogenesis of IBD (Matsuda et al.
2009).

IL-6 can induce T cell expression of IL-2 receptghich in turn would activate the
proliferation of T cells in the presence of IL-2dagzonsequently enhance a positive feedback

caused by the spontaneous release of IL-2 fronl§ icesarcoidosis (Lotz et al. 1988), where
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augmented expression of the IL-6 gene has showartespond with increases in IL-6 levels

in BAL fluid, alveolar macrophages and alveolardiblasts (Balamugesh et al. 2006).

1.3.2.3.1.11L-6 and uveitis

Studies from two different groups have demonstratbijh concentration of IL-6 among
other pro-inflammatory cytokine and chemokines Aafhbatients with idiopathic intraocular
inflammation (Ooi et al. 2006; Takase et al. 208&J more interestingly, the level of IL-6
correlates with the number of neutrophils preserihé cellular milieu in the AgH (Curnow et
al. 2005). Serial sampling of AgH of a murine mioofeEAU demonstrated an increased
local production of IL-6 at the onset of the dissa®llowed by a decrease as the
inflammation settled (Ohta et al. 2000). In agreetwdth this finding serum levels of IL-6 in
a small group of heterogeneous types of uveitigvi@uind to be significantly elevated durin
ghte acute phase of the disease, and decreased demission (Kramer et al. 2007).
Furthermore a comparison between AgH and seruntsleddlL-6 from patients with uveitis
showed significant higher levels in AgH than insar(Santos Lacomba et al. 2001a). These

findings suggest the pathogenic role of this cytekin uveitis.

1.3.2.3.2]L-6 gene and polymorphic sites

The human IL-6 gene is located in the 7p21 chromasadt is approximately 5 kb in length
and consists of five exons and four introns. Thed IL-6 is synthesized as a precursor
protein of 212 amino acids. Whereas the first 2&aracids can be removed without
affecting significantly the biological activity df-6, the removal of only 4 amino acids from
the C-terminal of the IL-6 molecule may result inamplete loss of its biological activity
(Kruttgen et al. 1990). The IL-6 gene does not amnany common polymorphism within
coding regions, and thus most of the researchdwséd on promoter polymorphism. There
are four described genetic polymorphisms in thé fhromoter (-597G/A, -572G/C, -373A/T,
and -174G/C) (Terry et al. 2000), which are natyratcurring haplotypes. The -174 G/C
(rs1800795) polymorphism in the 5’ flanking regimppears to affect IL-6 transcription
(Figure 1.9).
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Figure 1.9. Schematic representation of the 5'flagkegion of the IL-6 gene, showing the
four polymorphic sites, transcription factor binglisites, primer binding sites, and restriction

enzyme cutting sites used for cloning. From Tetrgle(Terry et al. 2000).
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Fishman et al. characterized this SNP in a Caucg&ipulation from North London, by
creating a luciferase reporter construct of th&aBKing region (-550 to +61bp). After
transfection into HeLa cells a reduction of the417allele was observed, whereas after
stimulation with LPS, expression of the -174 Claldid not change, but the construct
containing the -174 G allele showed a significactéase (Fishman et al. 1998). Terry et al.
designed a construct that contained the haplotgmi@nts of the proximal promoter (Terry et
al. 2000); when using the smallest construct (#®2#13bp) they demonstrated an increase in
the construct containing the -174 C allele follogvih-1 stimulation, although this was not
statistically significant. Using the larger constr¢-641 to +13bp), they found an increase in
IL-1B-stimulated HeLa cells for all haplotypes, anddaling treatment with dexamethasone
all haplotypes except AG28/12G showed a reducti@xpression. The AG28/12G haplotype
is a lower producer than the AG28/12C suggestiagttie -174 C allele is involved in greater
IL-1 stimulation. The authors concluded that ILfémoter polymorphisms may have an
influence on transcription through complex intei@ts determined by the haplotype type,
and that alone they are not functional.

A meta-analysis of the -174 G/C and levels of Ihe& been unable to show any correlation
after looking at a total of 5659 subjects, addingHer evidence to the existence of additional

loci that may have a role in IL-6 expression (Hetlal. 2009).

Nevertheless, higher levels of IL-6 have been astatwith the presence of allele C and CC
genotype in patients with chronic inflammation (feo%t al. 2000). The acute inflammatory
response seen after coronary artery bypass sugjelso associated with the release of IL-6,
specially in these patients who carried at least©rallele of either the -174 or -572
polymorphisms compared to those who were homozyfmmube allele G (Brull et al. 2001).
Homozygous patients for allele G have been relaténcreased plasma levels in patients
with primary Sjogren’s syndrome, although in thisdy the G/C base exchange
polymorphism at position -174 did not predispostepis to developing the disease
(Hulkkonen et al. 2001b). In type | diabetics ofuCasian origin, a significant increase in the
frequency of the G allele compared to normal cdst@od a corresponding decrease of the C
allele frequency was found. There was also a hiffeguency of homozygous for the allele G
in the diabetic groups compared with normal cost(@ahromi et al. 2000). There is evidence
of increased production of IL-6 among other prdanfmatory cytokines within inflammatory
cells in Kaposi sarcoma lesions promoting the dguweknt of Kaposi sarcoma in HIV
infected subjects. In this group of patients, thoke were homozygous for allele G were
associated with increased IL-6 production and wees represented (Brockmeyer et al.
1999). On the other hand, two different studiesctated that the IL-6 G/C promoter

polymorphism did not contribute to susceptibilitydevelop SLE in Caucasian patients
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(Linker-Israeli et al. 1999; Schotte et al. 20@inilarly, no significant differences were
found in the allele, genotype, or carrier frequesa®f this functional promoter polymorphism
in patients with IBD (Klein et al. 2001).

1.3.2.4.Interleukin-10

IL-10 is a 40 Kd regulatory cytokine, whose maitens to inhibit the production of pro-
inflammatory cytokines. Constitutively produced egenous IL-10 ameliorates the
development of EAU by suppressing the de-novo prinaf antigen-specific T cells and
inhibiting leukocyte recruitment (Agarwal et al.GB) as an example of the inhibitory
functions of IL-10. NADPH oxidase 1 (Nox1) has beecently identified as multicompetent
enzyme upregulated by TNFin colon epithelial cells (Kuwano et al. 2008),ighin turn is

down-regulated by IL-10 in colon epithelial celkafmnizato et al. 2009).

The gene encoding IL-10 is located in chromosoraeig31-32 and is expressed by C4
cells, CD8 T cells, monocytes, macrophages, keratinocytatsaativated B cells (Kim et al.
1992; Powrie et al. 1997). Human IL-10 complemgniNA (cDNA) exhibits a high degree
of nucleotide homology with mouse IL-10; the onlffetence being the insertion of a human
Alu repetitive sequence element in the 3’ untraeslaegion of the human IL-10 cDNA clone
(Moore et al. 2001).

The 5'-flanking region of the human IL-10 gene @ns two dinucleotide repeats, IL-10G
and IL-10R located at 1.1 Kb and 4.0 kb respedtiupistream of the transcription initiation
site (Eskdale et al. 1995; Eskdale et al. 199@)icating that innate differences in IL-10
production are locus-dependent.

The IL-10 proximal promoter region contains sev&dPs including -1082 G/A (rs1800896),
-819 C/T (rs1800871), and -592 C/A (rs1800872) Wwipoduce three haplotypes in
Caucasians (GCG, ATA, ACC) (Smith & Humphries 200@ges et al. showed that the IL-10
-1082 G/A polymorphism occurs within an ETS-likartscription factor binding site (Rees et
al. 2002), and is in LD with the -819 C/T and -8%A polymorphisms.

1.3.2.4.1 Association studies of IL-10 polymorphisms with disase

Crawley et al. examined the functional significan€¢he IL-10 gene in the -1137 to +25
region from individuals homozygous for the IL-1(latypes mentioned above (Crawley et
al. 1999). The ATA construct conferred weaker tcaipsional activity than GCC, and IL-10
levels measured from LPS-stimulated whole bloodevieund to be lower in those subjects
who were homozygous for the ATA haplotype. Thesalte have been reproduced by Suarez
et al. in a Caucasian population from Northern Spging RT-PCR quantified extracted

MRNA. Levels of mMRNA expression were significaritigreased in individuals carrying the
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GCC/GCC genotype, compared to those carrying th&/ATC genotype (Suarez et al.
2003). When they analyzed the genotypes at -108&ately, they found a significant
difference between the -1082 genotypes indeperadehe -819/-592 genotype, suggesting
that -1082 may be the most important functional SNtey also conclude that although not
significant, there was a trend for higher IL-10dvamong individuals who were
homozygous for the -1082 G genotype. More recettiy same group of authors examined
the influence of these polymorphisms in patienthWwWBD (Castro-Santos et al. 2006).
Stratified analysis demonstrated a significant ession between the -1082 AA genotype
(low IL-10 producers) and severe disease, in ageeémith previous findings from Tagore et
al. who showed a decreased IL-10 G allele in ptiesth IBD (Tagore et al. 1999).

Looking at patients with rheumatoid disease, Hgaiet al. demonstrated more severe organ
damage in patients with RhA with the -1082 AA gampet compared to those with the -1082
GG genotype (Huizinga et al. 2000).

1.3.2.5.Th 17 cytokines

One of the essential characteristics of the regelgcribed Th17 lineage of CD4+T cells is
their ability to produce IL-17A. Recent studies dahown that these cells also express IL-
17F, IL-22, and IL-21 and although their existehed already been reported, they were
thought to originate from a different T cell tyfgifferentiation of these Th17 cells is partly
driven by TGFB, with contributions by IL-1, TNFe, but mostly by IL-6 through a complex
process that involves activation of different tidunser and activator of transcription factors
such as retinoid-related orphan receptaand STAT3 (Kimura et al. 2007; Leppkes et al.
2009).

1.3.2.5.1Interleukin-17

The IL-17 family of cytokines includes IL-17A alsalled IL-17, IL-17B, IL-17C, IL-17D,
and IL-17F. IL-17E (IL-25) is not produced by Thd#lls, but by Th2 cells, and might be
involved in Th2-type allergic responses. IL-17A dhdl7F occupy the same location on
chromosome 6p12 (Kawaguchi et al. 2004), and can &éohetrodimeric cytokine, which
mediates biological activities, through shared pémes (Figure 1.10).

Upregulated Th17 responses or increased IL-17 ptaduhas now been linked with chronic
inflammation. Most cells expressing IL-17 receptoas produce pro-inflammatory factors
such as IL-1, IL-6, TNF, or IL-18 among many othtrat are involved in the pathogenesis of
chronic inflammatory conditions like RhA, psorigdBD, or MS. In RhA, the production of
TNF, IL-1, and IL-17 by synovial cells is prediaiof joint damage (Kirkham et al. 2006).
IL-17 together with IL-6 is highly expressed in ioréesions of patients with MS.

Furthermore in these patients where the lesiongeatected to the optic nerve and spinal
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cord, the levels of IL-17 and IL-8 in serum and G8& found to be significantly higher when
compared to patients with conventional MS (Ishizale2005). IL-17 expression is also
increased in the intestinal mucosa and serum ddmiatwith exacerbations of IBD (Fujino et
al. 2003), and interestingly blockade of IL-23 e dL-10 deficient mice has shown to
ameliorate colitis through the inhibition of IL-Bnd IL-6 (Yen et al. 2006). IL-17 is also
elevated in patients with Behcet's disease (Hamzatoal. 2002) and it is implicated in the
trafficking of leukocytes in AU (Saruhan-Direskeratlal. 2003) highlighting the importance
of Th17 cells in inflammatory eye diseases.

Jang et al. have recently investigated the infleesfdL17 polymorphisms on disease
susceptibility in a Korean population (Jang e2808). Analysis for the IL-17 gene
polymorphism identified three sites with gene wvatiseof IL-17F on exon 3 (126A/G,
155G/A, and 161A/G). Haplotype frequencies shoviedl the AG haplotype was more
frequently seen in Behget's patients comparedédw tontrol group, suggesting that the GG

haplotype of the IL-17 gene plays a protective tolthe development of the disease, whereas

those individuals carrying the AG haplotype woudtvé a higher risk for developing the

disease.
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Figure 1.10. Overview of IL-17 family ligands arid17 receptor family and known

functions. From Pappu et al. (Pappu et al. 2010).
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1.3.2.5.2Interleukin-22

IL-22 is one of the IL-10 family cytokines, andas first identified as an IL-10-related T
cell-derived inducible factor from a lymphoma dale (Dumoutier et al. 2001). IL-22 is
produced by fully differentiated Th17 cells andjitpears to be produced by Th17 cells in
response to IL-23 (McGeachy et al. 2007). The neiget cells of IL-22 are cells of the skin,
digestive tract, lung and kidney, and it has beemd to be upregulated in psoriatic skin
(Wolk et al. 2004). The preferential productionlof2 by T cells (Thl, Th17) suggests that
IL-22 plays a role in the pathogenesis of T celdrated diseases.

In vitro, high concentrations of IL-22 increasegrsficantly the production of CCL2 and
subsequent proliferation of synovial fibroblastsiekd from patients with RhA, and in RhA
IL-22 expression in synovial tissues was founddanzreased (Ikeuchi et al. 2005). More
interestingly there is new evidence that it cageahuman RPE cells and Li et al. found
several genes which included IL-22 to be highlyrezped in patients with a heterogeneous
group of uveitis compared to a control group. Idiadn IL-22 had an apoptotic effect on
RPE cells which had a detrimental effect on thedlcetinal barrier integrity (Li et al. 2008).
These results more importantly, are consistent thitise found by another group
demonstrating the presence of high levels of THellg i peripheral blood mononuclear cells
of patients with active scleritis or uveitis (Amadbi et al. 2007), confirming the role of

Th17 cells in intraocular autoimmune inflammation.

1.3.2.5.3Interleukin-21

IL-21 is a novel pro-inflammatory cytokine involv@dthe immune response of the Th17 cell
pathway (Korn et al. 2007). Its receptor sharestimemony chain and signals through the
Jak/STAT pathway. Additionally IL-21 is produced &gtivated CD4+ T cells (Ozaki et al.
2000; Parrish-Novak et al. 2000). IL-21 has beewshto induce proliferation and
differentiation of T and B lymphoid cells as wedl increase the activity of CD8+T and NK
cells (Leonard et al. 2008). It has been implicatetthe pathogenesis of EAE (Korn et al.
2007), and experimental colitis (Fantini et al. 2DBy modulating the balance between Treg
and Th17 cells.

In a recent report Liu et al. (Liu et al. 2009) derstrated a significant increase in expression
of IL-21 mRNA and IL-21R during the acute phasehaf disease of EAU in mice immunized
with human IRBP peptide 161-180 compared to thewvexy phase and normal controls,
suggesting the involvement of IL-21 in the develeptof uveitis. Furthermore, following
stimulated cell culture with recombinant IL-21 camdd with TGFB, IL-17 levels in the
supernatant of mice with EAU were markedly incrélaselding further evidence of the role
of IL-21 in the development acquired immunity asdaciation with the production of

autoimmune disease.
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1.4.CHEMOKINES

Chemokines or chemotactic cytokines are group @fllssecreted proteins with a MW
between 8- to 12Kd (Rollins 1997). The moleculdinhark of the chemokine family is the
presence of four cysteine residues. To date 53 hum@mokines and 23 receptors have been
cloned and characterized (Colobran et al. 2007 Jiperfamily of chemokines is now
subclassified into four groups according to theiamgement of their cysteine residues located
in the N-terminal region, as designated C, CC, Cxitl, CX3C, in which C represents the
number of cysteine residue in the N-terminal an@ptesents the number of intervening
amino acids in between the two first cysteines @hyret al. 2000).

Chemokines are not stored within cells, and theidpction is stimulated by a great range of
stimuli. Although their cellular sources can vahg majority of CXC and CC chemokines
are produced by stimulated monocytes, macrophages\gen by vascular endothelial cells.
These structurally related cytokines with chemaattve properties are responsible for the
recruitment, adhesion, chemotaxis of leukocytesitow the site of inflammation (Eugenin et
al. 2003). They also play an important role in inmalnomeostasis by driving the maturation,
homing, and activation of leukocytes. With few epti@ns, in vitro chemotaxis assays
showed that CXC chemokines have an affinity taattneutrophils, whereas CC chemokines
act preferentially on monocyte/macrophages. Howahierdistinction between the two main
subfamilies of chemokines is less well defined wtiendifferent subtypes of leukocytes are
considered. See table 4 for a summary of the chem@skiescribed in this chapter (Table
1.4).

Chemokines exert their biological actions by bigdio G protein-coupled cell surface
receptors (Haribabu et al. 1999; Murphy 1994). élthh chemokine-receptor interactions
exhibit a great degree of selectivity, there i®asiderable amount of redundancy in these

interactions with some chemokines binding to mbestone receptor and vice versa.
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Table 1.4. Systematic chemokine and chemokine tecapmenclature. Modified from Le et

al. and Murphy et al. (Le et al. 2004; Murphy et24100).

Chemokines| ELR H/l  |Synonyms Major target cells Chromosome
CC chemokines
CCL2 N/A MCP-1, MCAF | Monocytes, T cells, 17911.2-q12
basophils, NK cells,
progenitors
CXC chemokines
CXCLS8 ELR+ | | IL-8, NAP-1 Neutrophils, T cells, 4921
basophils, endothelial
cells
Receptors Ligands Synonyms Receptor-expressing
cells
CC Receptors
CCR2 CCL2,7,8, | CKR2,CC Monocytes, immature 3p21
12,13 CKR2, DCs, T cells, PMNs,
CMKBR2 eosinophils, platelets
CXC receptors
CXCR1 CXCL2, 3,5, | IL-8RA, IL-8 PMNSs, monocytes, 2034-q35
6,7,8 R-I, IL-8R astrocytes, endothelia,
mast cells

H: homeostatic chemokine; I

Inflammatory chemokiBER+: Presence of glutamic acid-

lecutine-arginine tripeptide motif; ELR-: Absendegtutamic acid-lecutine-arginine

tripeptide motif.
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1.4.1.CXC chemokines and chemokine receptors

1.4.1.1.Interleukin-8

IL-8 was identified by several groups as a neutitaaitivating peptide produced by a variety
of cells that include, monocytes, T lymphocytesitraphils, fibroblasts, endothelial, and
epithelial cells (Conlon et al. 1995). It is alswokvn as CXCL8, or NAP-1. Among its many
properties, which include chemoattraction of T Iyrapytes, and histamine release from
basophils, it is best known for being one of themthiemoattractants for neutrophils
(Thorburn et al. 2009).

1.4.1.1.1 Association studies of IL-8 with disease

Most of the evidence for the role of IL-8 in thafficking of neutrophils comes from
experiments that document chemokine expressioiffeteht inflammatory foci. In order to
examine functionality, Hull et al. identified a coran polymorphism in the promoter region -
251 T/A (rs4073) and examined IL-8 levels from L&Brulated whole blood. The IL-8 -251
A allele tended to be associated with increase8 jiroduction, although it did not reach
statistical significance (Hull et al. 2000). Thelsors in later study identified 9 SNPs in a
7.6Kb segment spanning the IL-8 gene and its prenregion, and used six of these SNPs to
define the haplotypic structure of the IL-8 locwith two common occurring; haplotype 1 (-
251T/+396T/+781C/+1238insA/+1633C/+2767A), and bagle 2 (-
2251A/+396G/+781T/+1238delA/+1633T/+2767T) (Hulledt2001). Using primary
respiratory epithelial cells stimulated with TNFeyhfound a moderate increase of haplotype
2. After performing reporter analysis on the -23A promoter SNP, they did not find a
difference in promoter activity between the twakds. Then they proceeded to systematically
screen for allele-specific protein-DNA binding hetfunctional haplotype, which revealed
significant differential binding with the +781 Céllele (rs2227306), suggesting that the
increased transcription from haplotype 2 may beiated by interactions between a
transcription factor binding complex and the proengHacking et al. 2004).

Elevated levels of IL-8 have been found in brontvealar lavage (BAL) fluid from patients
with interstitial lung disease (Meloni et al. 200dhd not only correlate with the respective
BAL cellular differentiation but also with worserlg-function parameters (Schmidt et al.
20009).

Similarly, IL-8 is upregulated in the kidney in Igfephropathy, SLE associated nephritis, and
ANCA-associated vasculitis, and its levels coreelaith disease activity. Neutralisation of
IL-8 attenuates glomerular neutrophil infiltratiand glomerular tissue injury (Rovin et al.
2002).
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Elevated levels of IL-8 in serum and CSF have beand in patients with ocular and CNS
inflammation in the context of Behget's diseaseuf@mulis et al. 2000), in particular during
the active phase of the disease (Saruhan-Diresletradl 2003), suggesting a role in IL-8 as a
possible marker of activity and predictor of vaseuhvolvement in Behcet's disease
(Durmazlar et al. 2009).

More importantly there is a significant correlatioetween AgH levels of IL-8 in patients
with uveitis and increased disease activity, eggdn patients with Behcet's disease, which
may be related to other neutrophil chemoattractduatisare involved in neutrophil
recruitment in this particular condition. In a cahaf patients with different uveitis entities
which included HLA-B27 related AU, systemic levelslL-8 were found to be significantly
elevated during exacerbations of the active odlitsgase and were decreased during

remission (Kramer et al. 2007).

1.4.1.1.2 Association studies of IL-8 polymorphisms with disase

The IL-8 gene is mapped to the 4g13-g21 and conthiexons and 3 introns (Mukaida et al.
1989).

Among all IL-8 SNPs described, the presence of AZb1n the transcription site is known to
exert a strong influence in protein synthesis, isdresence has been associated with a wide
spectrum of disorders, some of an autoimmune nafinere is a wide heterogeneity among
the distribution of this SNP throughout the wortdijihara et al. 2007). Since the existence of
-251A/T IL-8 polymorphism was reported, there hbaeen reports showing a higher IL-8
production by allele A (Hull et al. 2000), whilehets showed the high production to be
associated with the presence of allele T (Lee.&()5). More recent data revealed that the
differences in IL-8 expression were linked to twaimhaplotypes which include up to six
SNPs and constitute the so-called haplotype 2,wisisignificantly associated with higher
IL-8 levels compared to its counteract haplotyelacking et al. 2004). This would indicate
that the presence of -251A allele in high haplotypelucers of IL-8 has no effect on allele-
specific level of transcription, and that the fuocal allele is probably in LD with haplotype

2 and that -251A/T is not the functional SNP. lefiag with these findings, the frequency of
the haplotype TAT inferred from IL-8 -251A/T, -35BR and +678T/C is significantly higher
in patients with Behcet's disease compared to heatidividuals (Lee et al. 2007).

Other SNPs associated with disease include theC/g4id the IL-8 promoter region and
severe renal injury in African-American patientshWSLE nephritis (Rovin et al. 2002), or
three other different SNPs located in intron orPRJpositions (+781T/C, +1633T/C,
+2767T/A) found to be associated with asthma (Hearan et al. 2004).
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1.4.1.2.CXCR1

It belongs to the G-protein coupled receptor sgmaity (Dohlman et al. 1991). Also known
as IL-8RA, IL-8R, IL-8R-I. It is expressed mostly heutrophils and immunofluoresence
staining techniques and flow cytometry analysis alestrated the 70% to 90% of neutrophils
bear the CXCR1. It has with more limited expressiom cells, monocytes, dendritic cells, or
synovial fibroblasts. CXCR1 binds to two differéppes of chemokines, CXCL8/IL-8 and
CXCL2/GCP2, but is only CXCL8/IL-8 that has beetesatio neutralize neutrophil adhesion
as well as cause neutrophil infiltration (Pignattal. 2005).

It has been linked with inflammatory lung diseasd Behget's disease since the expression
levels of CXCR1 and CCR5 were down-regulated on @Bght)CD56 T cells after

systemic immunosuppressive treatment during a8efecet’'s uveitis (Ahn et al. 2006a).

1.4.2.CC chemokines and chemokine receptors

1.4.2.1.Monocyte chemoattractant protein-1

MCP-1 or MCAF now known as CCL2 was the first disa@d human chemokine. It is a
potent chemotactic factor for monocytes locatedtmomosome 17 (17g11.2-g21.1) and is
13Kd in size. It belongs to a family of at leagtfanembers (MCP-1, -2, -3, -4). It is
produced by a variety of cell types either constigly or induced by other cytokines, but
monocytes/macrophages are found to be the majocesofi CCL2. It regulates migration and
infiltration of monocytes, T cells and NK cells (Eamane et al. 2009).

Human CCL2 gene transcription is regulated by tigtirttt areas of the 5’ flanking region.

The proximal region extends at least 150 basesagmtand contains a number of

transcription factors binding sites that coordina@.2 gene response to other cytokines such

as TNF and INR= However it is the distal regulatory region thahtins the -2518 A/G
(rs1024611) polymorphism that regulates CCL2 exgioes(Rovin et al. 1999).

1.4.2.1.1 Association studies of CCL2 with disease

Macrophages, endothelial cells, and smooth musidle io inflammatory bowel disease
(IBD) express CCL2 mRNA and protein; furthermore tlse of immunosuppressive agents
decreases MCP-1 expression and production in sitediimonocytes (Grimm et al. 1996).
Atherosclerosis is accepted by many as an inflamrpabndition where CCL2 as well as its
receptor CCR2 has been found to play an importdatin the recruitment of monocytes
following injury to the vascular wall. There is dence of CCL2 expression in human
atheromatous plaques, which is essential for maeeagcruitment, angiogenesis and
proliferation and migration of smooth muscle (YlafHuala et al. 1991). In a similar fashion,
in asthma sufferers the kinetics of production @RA1 correlates with the recruitment in

their airways of specific leukocyte subsets expngsthe CCL2 receptor (CCR2)
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(D'Ambrosio et al. 2001). Patients with RhA wematified for the presence for the presence
of IgM rheumatoid factor and antibodies againsticyatrullinated peptide (predictor for
development of RhA) and CCL2 levels were founddcstgnificantly increased (Rantapaa-
Dahlgvist et al. 2007). Synovial production of CChy2local macrophages has been
suggested to play an important role in the recreitiof mononuclear phagocytes during
inflammation associated with RhA (Szekanecz e2@01).

In experimental autoimmune encephalitis (EAE), mimal model for multiple sclerosis
(MS), the immune cells infiltrate in CNS consist<G®4, CD8 T cells, and macrophages
which express CCL2 and have a direct correlatidh disease severity (Jee et al. 2002).
Tanuma et al. demonstrated increased immunorelycdtdri CCL2 in hypertrophic astrocytes
from demyelinating plaques in patients with MS (iiana et al. 2006).

Another example implicating CCL2 in the pathoges@sichronic inflammatory conditions
and disease severity is the direct relationshivéen plasma levels of CCL2 in patients with
SLE and severe renal involvement (Lit et al. 2006xa similar study Brown et al. found that
SLE patients had higher CCL2 concentrations thattineindividuals, and that patients with

nephritis had higher concentrations than thoseowithephritis (Brown et al. 2007).

1.4.2.1.1.1CCL2 and uveitis

Further evidence of the role that CCL2 plays iroammune inflammatory diseases has been
shown in Lewis rats injected with myelin basic pint(MBP) that developed inflammation in
the spinal cord and AU (Adamus et al. 1997). Iniducof the gene expression of CCL2
appears to contribute to the recruitment of inflaatony cells in the eye and CNS and also to
correlate with disease severity (Adamus et al. 2adlanother murine model, CCL2
deficient mice that were injected Salmonella typlminnm LPS subcutaneously showed a
significant reduction of intraocular inflammatiorh@n compared to the wild-type control
mice. When CCL2 deficient mice were treated wittorabinant rat MCP-1 (rRMCP-1) the
inflammatory response was reconstituted intraotul&nother observation from this study
was the over expression of IFN gamma in serum,edlsas IL-6, and an increased intraocular
IFN gamma transcription in the CCL2 deficient m{@eaillon et al. 2002). In a similar study
Fang et al. detected increased levels of CCL2 iH AfjLewis rats immunized with melanin-
associated antigen prior to the clinical onsehtbiocular inflammation, as well as an
upregulation of mMRNA of CCL2 during the evolutiohtbe EAAU, suggesting the
involvement of this chemokine in the initial re¢meént of inflammatory cells (Fang et al.
2004).

1.4.2.1.2 Association studies of CCL2 polymorphisms with dis&se



A variety of diseases which include SLE, juveniileumatoid arthritis, and HLA-B27
associated AU have been associated with this palyniem. Patients of Caucasian origin
diagnosed with SLE who carried the -2518 G alleld higher plasma concentrations of
CCL2 than those who were homozygous for the allglBrown et al. 2007), and predisposed
the development of renal involvement and the presei cutaneous vasculitis (Aguilar et al.
2001; Tucci et al. 2004). Despite different grobpsing failed to prove an association
between this functional polymorphism and suscdftitio RhA (Gonzalez-Escribano et al.
2003; Lee et al. 2003), when patients and conwel® stratified according to HLA-DRB1,
those patients who lacked the HLA shared epitope vegnificantly more likely to be
homozygous for the allele G (Gonzalez-Escribaral.€2003). Contrary to these findings,
another study postulated the role of the -2518 A{grporphism in HLA-B27 positive

patients with associated AU (Wegscheider et al5200hese results are in concordance with
these of other groups who looked at patients wiéhdggt's disease and associated uveitis
(Chen et al. 2004; Cho et al. 2004).

The -362G/C polymorphism has also been examindaeimodel of atherosclerotic disease in
addition to the -2578A/G SNP. This polymorphisns lieext to a number of transcription
factor-binding regions that are linked with an #&ase in transcription of CCL2 and biological
activity of its receptor CCR2. The result of théhdty of CCL2/CCR2 system is an increase
risk for the development of atherosclerotic plagidguist et al. 2009).

1.4.2.2CCR2

CCR2 or CKR2, CC CKR2, CMKBR2 exists in two formRZA and CCR2B. These two
forms differ only in the amin acid sequence of thmiracellular C-terminus (Charo et al.
1994). Therefore, their ligand binding specifigt@ppear to be identical (Combadiere et al.
1995; Franci et al. 1995). It is mainly expressedrmnocytes, B cells, activated T cells,
immnature dendritic cells (Frade et al. 1997). C@Ravolved in macrophage migration
(Mackay 2001), and its ligands have been implicategtie pathophysiology of a wide
number of disorders such as RhA, MS, organ transpégection, atherosclerosis. However
probably it is better known for its role in viraaftmogenesis, supported by in vitro
observations that CCR2B can act as a fusion coiféat HIV-1 (Doranz et al. 1996).

Jiang et al. demonstrated that induction of EAldnnacute model in the rat was accompanied
by an increase in CCR2 levels in animals displagiimgcal signs of the disease (Jiang et al.
1998). Another group demonstrated the upregulatfagene expression of CCL2 and CCR2
in the acute stages of EAU (Keino et al. 2003).

1.5.UVEITIS
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The uvea, the middle vascular coat of the eye (fitoerLatinuvaor grape) is composed by
the iris, ciliary body and choroid, with each origh®ese components having different
histology and function.

At present, the most widely accepted classificatibaveitis is based on the primary
anatomical location of the inflammation within tige (Bloch-Michel et al. 1987; Deschenes
et al. 2008) and not on the presence of structaralplications, as suggested in the last
International Workshop on Standardization of UgeNomenclature (SUN) (Jabs et al. 2005)
(Table 1.5).

Inflammation has also been categorised accordifitg tome course and duration into acute,
recurrent, subacute and chronic. These terms hea Uised inconsistently and therefore their
use is reserved to describe the onset of the swaiti the duration of the attack. Hence, AAU
usually lasts days to weeks and resolves complbttiyeen episodes. Chronic anterior
uveitis (CAU) by definition lasts longer than thr@enths. It may follow an episode of AAU
or begin insidiously as a low grade and occasigreymptomatic (Table 1.6).

In order to assist in the evaluation and diagnokisseitis, the International Uveitis Study
Group (IUSG) also recommended a clinical clasdificabased on etiological criteria, as
detailed in table 7 (Deschenes et al. 2008) (Tahg
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Table 1.5. The SUN working group anatomic clasatfan of uveitis (Jabs et al. 2005).

Type

Primary site of

inflammation

Includes

Anterior uveitis

Anterior chamber

Iritis, iridocyclitis, anterior

cyclitic

Intermediate uveitis

Vitreous

Pars planitis, posterior

cyclitic, hyalitis

Posterior uveitis

Retina or choroid

Focal, multifocal, or diffuse
choroiditis, retinochoroiditis,

retinitis, neuroretinitis

Panuveitis

Anterior chamber, vitreous,

and retina or choroid
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Table 1.6. The SUN working group descriptors ofitivéJabs et al. 2005).

Category Descriptor Comment
Onset Sudden
Insidious
Duration Limited 3 months or less of duration
Persistent More than 3 months of
duration
Course Acute Episode characterized by
sudden onset and limited
duration
Recurrent Repeated episodes separated
by periods of inactivity
without treatment for at leas
3months in duration
Chronic Persistent uveitis with relap

in less than 3 months after

discontinuing therapy
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Table 1.7. IUSG Clinical Classification of uveifl3eschenes et al. 2008).

Infectious

Bacterial

Viral

Fungal

Parasitic

Others

Noninfectious

Known systemic associations

Un-known systemic associations

Masquerade

Neoplastic

Non-neoplastic
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1.5.1.Anterior uveitis

AU refers to disease limited to the anterior segnoéthe eye. AU is the most prevalent form
of intraocular inflammation. The symptoms of antaapisode of AU may include pain,
typically in the periorbital region, redness anafeiphobia. Occasionally there may be
associated epiphora, especially in bright light.

The signs of AAU include limbal conjunctival injemh, also known as ciliary flush. The
characteristic finding in the acute phase are teegnce of cells and flare in the anterior
chamber, which are the result of extravasatedmmfiatory cells and proteins respectively.
Hypopyon formation occurs when the cells in theeaat chamber collect inferiorly, and it is
a sign of severe inflammation. It is typically asisped with HLA-B27 related uveitis and
Behcet's disease (Ramsay et al. 2001). Keratiggtates (KPs) are clusters of inflammatory
cells deposited on the corneal endothelium. Thestritequently coalesce in the inferior third
of the cornea as a result of the convection cuwétite AgH in the anterior chamber, or they
may be widely dispersed over the entire corneabmadium as it is seen in Fuchs’
Heterochromic Cyclitis (FHC). The mechanism by whilcese inflammatory cells attach to
the corneal endothelial cells seems to be influggethe effect of inflammatory cytokines
on the expression of cell adhesion moleculesnbitules may appear along the pupillary
margin (Koeppe) or in the iris stroma (Busaccakt&or synechiae (PS) formation
represents the adhesion of the posterior surfatieedfis and the anterior surface of the lens.
It tends to develop in untreated severe or pergigte. When these adhesions occur along
the entire 360° pupillary margin, the AgH outfloedomes compromised and the iris bows
forward developing the so-called, iris bombé. Titesiocular pressure may rise as a
consequence of this pupillary block or as a resfullhe formation of peripheral anterior
synechiae, between the peripheral iris and theeastglictures. However, severe inflammation
involving the ciliary body can affect the productiof AqH lowering the intraocular pressure.

It can also be secondary to ciliary body detachmeansed by cyclitic membrane formation.

1.5.1.1.Structure and function of Human Leukocyte Antigen HLA) molecules

The HLA system is genetically encoded in the chreomee 6 by the Major
Histocompatibility Complex (MHC) in humans. The MH&Ca system of glycoproteins
molecules expressed on the surface membranes ¢hoosin cells.

The HLA genes that are involved in the immune raspdall into two classes, | and Il, which
are structurally and functionally different.

The human class | region contains three main leciHLA-A, HLA-B, and HLA-C. Each
locus encodes the heavy chain of the MHC classég@ntigen. Other, less polymorphic
class | genes include the HLA-E, -F, -G, and —Hege(Bjorkman et al. 1990). The class |

HLA molecule consists of a non-covalently linkedtehain structure; a polymorphic heavy
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chain ora chain encoded by a gene in the HLA class | regiwtha non-polymorphig,-
microglobulin that is coded in the chromosome 1% HLA molecule has a peptide-binding
groove that acts as a binding site for short (B2@mino acids) peptides. The complex of
HLA molecule-antigen is then recognised by the ITreeeptor of class I-restricted CD8

cell (Klein et al. 2000). Class | HLA molecules agressed on most somatic cells with
different level of expression. Normal endotheliatreeal cells do not express HLA class |
molecules as part of their mechanism for immuneilpge. Human uveal cells normally
expressed HLA antigens at very low levels in noreyads, but expression is upregulated
during inflammation in AU (Abi-Hanna et al. 198@)n the other hand, class Il genes code
for thea andp polypeptide chains of the HLA-D molecules incluglifLA-DR, -DQ, DP
families, and are expressed in a limited numbeet§, which include B cells, monocytes,
macrophages, and dendritic cells. They are alspeegpd by different pro-inflammatory
stimuli as it has been observed in patients withitisszon RPE cells (Chan et al. 1986;
Liversidge et al. 1988) which then present retarglgens to T lymphocytes via the HLA
class Il system .Finally, class Il genes encoddtfe complement proteins, as well as TiNF-
and .

The association between the MHC complex, HLA-B2d s spectrum of HLA-B27-
associated inflammatory diseases and uveitis wstsrfiported almost forty years ago by
Brewerton et al. (Brewerton et al. 1973) and itaém one of the strongest HLA-disease
associations (Table 1.8).

The HLA-B locus is the most polymorphic of the Hichass | genes containing over 500
alleles (Robinson et al. 2006). Similarly, HLA-BB&7not a single allele but a family of at 38
different subtypes (Reveille et al. 2009), namedAHB*2701 to HLA-B*2728 that have a
wide varied racial distribution worldwide, diffegrfrom each other by one or a few amino
acids, and binding different peptides with somerlapping among them. There is evidence
of the diversity of strength of association betwelki\-B27 subtypes and different
conditions (Khan 2000), including AAU.
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Table 1.8. HLA-B27 SpA and their association witAl\ Courtesy of Dr Chang, University
of new South Wales, Sydney.

Disease HLA-B27 Proportion of Proportion of
prevalence (%) | patients with the | patients with
systemic disease| AAU developing
developing AAU | the systemic
(%) disease (%)
AS 90 20-30 15-50
55-90 in HLA-
B27 AAU
ReA 40-80 12-37 2-25
8-21 in HLA-B27
AAU
PsA 40-50 40-50 0-2
3-4% in HLA-
B27 AAU
IBD 35-75 35-75 2-3
1-7 in HLA-B27
AAU
Undifferentiated 70 70 4-12
spondyloarthropathy 5-21 in HLA-B27
AAU

AS: Ankylosing spondylitis; ReA: reactive arthrijtiBsA: Psoriatic arthropathy; IBD:

Inflammatory bowel disease.



One of the most widespread subtypes is the HLA-B&Wvhich is present in nearly 90% of
HLA-B27 positive healthy individuals form NortheEurope (Khan 2000), it is also believed
to be the common ancestral type from which othbtyges have evolved.

Other subtypes present in Caucasian individualdoothern European ancestry include the
HLA-B*2702, which is present in 10% of HLA-B27 ptise patients with AS, and AAU
(Chang et al. 2005), and in a Dutch populationftéguencies of HLA-B*2705 and HLA-
B*2702 subtypes in patients with AAU were found twmbe different from these found in
HLA-B27 normal controls (Derhaag et al. 1988). tat#ingly, in Asian populations, such as
the Japanese and Chinese, there is a predominatieedLA-B*2704 subtype, which in
addition to the weaker association of this subyfpldLA-B27 and AAU, may explain the
lower prevalence of HLA-B27 related AAU in theseotpopulations.

However, despite an increase in the number of paidiins reporting the association between
HLA-B27 related diseases and different B*27 subsypleere remains no evidence of the

predictive or diagnostic value of the various spkty

1.5.1.2HLA-B27 associated anterior uveitis

HLA-B27 positive AAU is recognised as a distindhaal entity with characteristic clinical
features that makes it distinguishable from its HR2Z7 negative counterpart (Huhtinen et al.
2000). The typical phenotype of HLA-B27 positive BAas extensively been reviewed in
the literature (Chang et al. 2005), and it is cbi@ésed by an acute onset of a red, painful
eye, with significant inflammatory cellular and @imaceous extravasation into the AgH,
including the development of hypopyon in the amtechamber, and a tendency for

recurrences, which may involve the fellow eye (Eahi).
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Table 1.9. Clinical features of HLA-B27 positivetigats compared to HLA-B27 negative

AU. From Chang et al. (Cha

ng et al. 2005).

Clinical features

HLA-B27 positive AU

HLA-B27 negaive AU

Age at onset (years)

32-35

39-48

Gender (male

preponderance)

1.5-25:1

1:1

Eye involvement

Unilateral (48-59%)
Unilateral alternating (29-
36%)

Bilateral (21-64%)

Pattern of uveitis

Acute (80-87%)

Chronic (43-61%)

Recurrence Frequent Uncommon
Fibrinin AC 25-56% 0-10%
Hypopion 12-15% 0-2%
Associated systemic disease 48-84% 1-13%
Familial aggregation Yes No
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1.5.1.2.1 Anterior uveitis associated with seronegative arthopathies

The spondyloarthropathies (SpA) are group of clwrarflammatory disorders primarily
affecting the axial skeleton and joints, and amegjeally linked with the strongest known
contributing factor being the MHC class | molecHleA-B27. The National Arthritis Data
Workgroup has estimated an overall prevalence3%olwith a worldwide distribution
(Akkoc 2008). The SpAs include: AS, IBD-associagedndyloarthropathy, psoriatic
arthropathy (PsA), and post-infectious or reactiséritis. Due to the overlap of clinical
manifestations within the group and often inconmplat atypical forms at presentation, two
separate sets of diagnostic criteria, the Euroggamdyloarthropathy Study Group and the
Amor criteria, which include both clinical and raftigical features were developed in the
early 90s’and still remain in use today (Amor etl&l90; Dougados et al. 1991). Their
clinical characteristics are summarised in tabl® ITable 1.10).

Among the extra-articular manifestations AU is ohéhe most common manifestations
(Collantes et al. 2007). Although the clinical f@ass of AU in some of the subtypes i.e., AS
or PsA, is highly consistent with typical symptoafsAAU, in other subtypes such as IBD or

reactive arthritis, the clinical characteristice arore variable (Martin et al. 2002).
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Table 1.10. Summary of Clinical Features of Spooasthropathies. From Kataria et al.
(Kataria et al. 2004).

Features AS Reactive PsA IBD-associated
arthritis spondyloarthropathy
Prevalence 0.1-0.2% 0.1% 0.2-0.4% Rare
Age at onset Late teens to | Late teens to 35-45 years Any age
early early adulthood
adulthood
Male to female | 3:1 51 11 11
ratio
HLA-B27 90-95% 80% 40% 30%
Sacroiliitis
Frequency 100% 40-60% 40% 20%
Distribution Symmetric Asymmetric Asymmetric | Symmetric
Syndesmophytes Delicate, Bulky, Bulky, Delicate, marginal
marginal nonmarginal nonmarginal
Peripheral
arthritis
Frequency Occasional | Common Common Common
Distribution Asymmetric, | Asymmetric, Asymmetric, | Asymmetric, lower
lower limbs | lower limbs any joint limbs
Enthesitis Common Very common Very Occasional
common
Dactylitis Uncommon Common Common Uncommon
Skin lesions None Circinate Psoriasis Erythema nodosum,
balanitis, pyoderma
keratoderma gangrenosum
blenorrhagicum
Nail changes None Onycholysis Pitting, Clubbing
onycholysis
Oral Ulcers Ulcers Ulcers Ulcers
Cardiac Aortic Aortic Aortic Aortic regurgitation
regurgitation, | regurgitation, regurgitation,
conduction | conduction conduction
defects defects defects
Pulmonary Upper lobe | None None None
fibrosis
Gastrointestinal | None Diarrhoea None Crohn’s disease,
ulcerative colitis
Renal Amyloidosis, | Amyloidosis Amyloidosis | Nephrolithiasis
IgA
nephropathy
Genitourinary Prostatitis Urethritis, None None
cervicitis
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1.5.1.2.2 Ankylosing spondylitis

AS is a chronic systemic disease of unknown catiseacterized by the presence of sclerosis
of the joint space of the axial skeleton. The plavee of AS among Europeans is estimated
to be 0.1-0.23% (Olivieri et al. 1998). There stiang genetic link, with 90 to 95% of
patients being HLA-B27 positive, and the risk ofeleping the disease of about 5% in
healthy HLA-B27 positive individuals, and signifidéy higher in HLA-B27 positive relatives
of patients (van der Linden et al. 1984). Althouigé importance of HLA-B27 is clear, there
is now evidence of other genes associated witheptibdity to this disease, such as the TNF-
a gene. Genome wide studies suggest the influencthef genes distributed on a number of
different chromosomes and for example, the IL-legenster in chromosome 2 appears to be
involved in disease susceptibility or disease sgvévlaksymowych et al. 2003).
Furthermore, not only the HLA-B27 haplotype hasraal correlation with the presence of
AU (Martinez-Borra et al. 2000), a different lodaschromosome 9p predisposes to the
development of AU in patients with AS (Martin et 2005).

AS in its classical presentation remains the pyp@iof the B27 related group of disorders,
with an insidious onset of lower back pain thatsjsts longer than 3 months, associated with
morning stiffness that improves with activity. Tgally the most common ocular
manifestation of AS is a non-granulomatous acutesrent AU. It is usually unilateral, but
can also be alternating or bilateral. Characteasti, the cellular response is severe and it is
one of the few non-infectious forms of uveitis thay present with a hypopyon (Ramsay &
Lightman 2001; Zaidi et al. 2010). Severe fibrinoesponse can lead to the formation of PS.
Rarely the posterior segment can show signs adnmfhation such as, vitritis, CMO, papillitis
and retinal vasculitis (Rodriguez et al. 1994). Bieless the presence of AAU and its

severity does not correlate with that of the spditidy

1.5.1.2.3Reactive arthropathy

The second type of arthritis in this group of SgApart of a clinical triad consisting of
arthritis, non-gonococcal urethritis and conjunitisy known as reactive disease. HLA-B27 is
present in approximately 75 % to 90 % of patieAtm@r 1998).The complete form also
described as Reiter’'s syndrome. The diagnosisuslilysclinical and it is summarised in table
11.

Over half of the patients with reactive diseasé kéle ocular involvement with AU being
the second most common form of ocular involveméet @onjunctivitis. It may be seen in
up to 12% of patients, especially in these patiedis are HLA-B27 positive (Lee et al.
1986). The initial attack is often unilateral, ngranulomatous, of insidious inset with a mild
to moderate cellular reaction with or without P8 &ypically lasting less than 3 months. The

presence of posterior segment manifestations ismanon; however Kiss et al. reported a
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64% of cases with evidence of posterior segmefdrimhation at some point during their
follow-up (Kiss et al. 2003).

1.5.1.2.4Psoriatic arthritis

Psoriatic arthritis (PsA) has often been defined asique inflammatory arthritis associated
with psoriasis in up to 30% of patients. It is defil by the triad of psoriasis, chronic-
recurrent, erosive arthritis, and rheumatoid faotgative. The skin lesions often precede the
onset of arthritis, but in up to 20% of cases ftttlrais is the initial complaint. There are five
types of recognised PsA: an oligoarticular (foufewer joints involved), a polyarticular (five
or more joints involved), a predominant distal iptealangeal joint involvement, arthritis
mutilans, and psoriatic spondylitis. The oligoartar pattern accounts for more than 70% of
cases (Gladman et al. 2005). See table 1.10 fomsuyn(Table 1.10)

Early studies on PsA associations with MHC allétesd a link between HLA-B27 positive
patients and spinal involvement, whereas HLA-B38 BB9 were associated with peripheral
disease (Gladman et al. 2003). Interestingly thegtser two alleles are highly correlated with
HLA-Cw*1203. Subsequent genome wide studies hagntified the association between the
psoriasis susceptibility locus 1 (PSORS 1) locatetie MHC class | region and HLA-
Cw*0602 and HLA-Cw*1203 (Veal et al. 2002). Furthere, the presence of the shared
epitope HLA-DRB1 from the MHC class Il region ipmted to be associated with
radiological erosions in PsA (Korendowych et alD20 Other susceptibility genes such as
TNF-o polymorphisms at the promoter positions -238 &@8-have been demonstrated to be
in LD with HLA-Cw*0602, and TNF-857 allele T appsao be involved in the development
of PsA independently of the PSORS1 allele (Reici.€2007).

With the exception of the MHC, linkages and asdamieof other susceptibility genes have
not yet been replicated in all cohorts. Howeverassociation with alleles of the IL-23
receptor, which are also risk factor for other S@e been found, suggesting a shared
inflammatory pathway mediated by IL-23R in theseugr of disease (Nograles et al. 2009).
Th17 cells are characterised by the production.€fd and IL-22 cytokines which have been
found to be expressed in psoriatic skin lesiongdwer it is still unclear whether they play a
role in the pathogenesis of joint disease. Nevértisereatment with human 12/23 p40
monoclonal antibody has shown to reduce the sigdsgmptoms of PsA, supporting the role
Th17 cytokines in influencing the clinical courdeRsA (Nograles et al. 2009).

AU in the presence of PsA is more likely to haveare insidious onset, longer episodes,
posterior segment involvement, and bilateral whempared with uveitis in patients with
other spondyloarthropathies. It is also more likelynanifest in HLA-B27 positive patients
with axial disease (Durrani et al. 2005; Paival e2@00).
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1.5.1.2.5Inflammatory bowel disease

IBD comprises two different entities, Crohn’s diseand ulcerative colitis. Arthritis
manifests in two different ways, an axial and dpg@ral. Whereas the latter has a
predilection for the large joints of the lower extities, and its activity parallels that of the
intestinal symptoms often disappearing followinggtocolectomy (Salvarani et al. 2001), the
less common axial presentation mimics that seeASnand its clinical course is unrelated to
the gastrointestinal involvement.

Although the incidence of HLA-B27 and HLA-DRB1*01@3 patients with IBD is higher
than in the normal population and is associatet thi¢ development of extra-intestinal
disease manifestations, HLA associations in thigysaup have given inconclusive results.
NOD 2 (nucleotide-binding oligomerisation domaiotein 2)/CARD15 SNPs located in
chromosome 16 have been associated with diffetemta manifestations of Crohn’s disease
(Economou et al. 2004). In addition, there is enmeof TLR4 being involved in the
pathogenensis of IBD, with the 299Gly allele fremeyeof the TLR4 gene and the T allele
and TT genotype frequencies of the CD14 promoteewignificantly higher in CD patients
only compared to healthy individuals (Gazouli et28l05) and the Asp299Gly+/NOD2-
polymorphism being a strong predictor of the stiicty disease phenotype (Brand et al.
2005).

Ocular involvement occurs in less than 10 % of saddBD (Mintz et al. 2004). A recent
prospective randomized study conducted to evathaterevalence of ocular involvement in
Turkish patients with IBD showed a higher prevaientocular inflammation in patients with
Crohn’s disease compared to these with UC, withurmtivitis being the most common
ocular complication seen in 9 % of patients, fokalby uveitis in about 5 % of cases
(Yilmaz et al. 2007). Compared to other HLA-B27ated spondyloarthropathies, the
intraocular inflammation associated with IBD tend$e more insidious in onset and chronic
in duration, and typically bilateral (Lyons et #097). Nevertheless, the most common type
of IBD-associated uveitis is a non-granulomatoow-grade recurrent-AAU, seen in 60% of

patients, with a third of patients manifesting wimuveitis (Salmon et al. 1991).

1.5.2.Fuchs’ Heterochromic Cyclitis

FHC is a form of chronic low-grade AU of unknowrtiakgy. The prevalence of FHC varies
from 1 % to 5 % of all cases of AU, although theyalence might be higher due to the fact
that the symptoms are subtle in the majority oésa#t is characterised by the presence of
fine, white, non-pigmented, stellate KPs spreadelyidver the entire corneal endothelium,
which are virtually pathognomonic. Atrophy of thissimay eventually result in the

appearance of heterochromia and in some caseegular pupil or even a dilated pupil in
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the affected eye. Typically, heterochromia is cdusgethe atrophy of the anterior layer of the
iris stroma, which although it might make a browia ook lighter, a blue iris will appear
darker due to the revealing underlying iris pigneeinposterior epithelium, resulting in a
paradoxical “reverse heterochromia”. PS never agvigl patients with FHC, unless the eye
has had intraocular surgery (Rothova et al. 1984)and trabecular meshwork show
abnormal vessels (Bonfioli et al. 2005) that maysbmes lead to a hyphema or spontaneous
haemorrhage (Amsler’s sign) in the anterior chanibiérwing paracentesis in eyes with
FHC. Cataract formation, secondary glaucoma amdouts cells and opacities are the most
common complications of this disorder. The presari@ataract formation in FHC is often
present at the time of the diagnosis and often festsi as posterior subcapsular lens opacity
(Jones 1991a), with a variable speed in its pragas Therefore, FHC should be considered
in any young patient with unilateral cataract withhistory of trauma or use of steroid.
Cataract surgery in eyes with FHC has evolved denably and although the incidence of
complications reported in the literature variesssderably (Jakeman et al. 1990; Jones 1996;
Razzak et al. 1990; Sherwood et al. 1992; Tejwhal.€006), cataract extraction and
intraocular lens implant in eyes with FHC is a gafecedure with good visual outcome.
Glaucoma is said to be the most damaging compdicati FHC and occurs in about 25 % of
patients (Jones 1991a). Although the mechanisraiséd intraocular pressure in FHC
remains poorly understood, the glaucoma is typi€ahronic open-angle, but it can also be
secondary to the presence of peripheral anterite@yae, rubeosis, lens-induced angle
closure and recurrent spontaneous hyphaema (J68&b)L The management of glaucoma in
these patients is one of the most difficult chajkesy and although the majority of patients
show a good response to topical medication alosgyréficant proportion of eyes will

require filtration surgery in order to control thegression of visual field loss (Al-Mansour et
al.)

Vitreous opacities are present in 50%of patientdAnsour et al.) but in contrast to
intermediate uveitis there is no macular oedemankHivtheir presence is not found to be
generally symptomatic, in some patients these eaguiie debilitating even if their Snellen
visual acuities appear to be relatively good. Tetoaspective studies of patients with FHC
who underwent pars plana vitrectomies for removaitoeous floaters showed not only an
excellent visual outcome, but also appeared t@fewith no exacerbation of any pre-

existing intraocular inflammation (Scott et al. 200

The aetiology is unknown and many pathogenic mash@have been proposed. Although
the presence of peripheral chorioretinal scarslairto the ones seen in Toxoplasma
retinochoroiditis has raised the hypothesis ofrdi@cdtive cause (Toledo de Abreu et al. 1982),

there has been no proof of such relationship aftatyzing humoral and cell-mediated
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immunity against toxoplasma gondii in blood and Aighbatients with uveitis and a control
group (La Hey et al. 1992). Other theories inclbdges simplex and rubella infection as
possible agents in the pathogenesis of the disaade recent study correlating the
percentage of new cases of idiopathic intermediagdtis including FHC before and after the
rubella vaccination program in the United Stateswsed a decrease in the number of new
cases following the introduction of the US rubeiecination scheme, supporting the link
between rubella infection and FHC (Birnbaum eR@D7). The cellular phenotype and
cytokine profile in the AgH of patients with FHCaidiopathic AAU has been compared
(Muhaya et al. 1998). The higher CDBcell and IL-10 levels seen in FHC compared o th
idiopathic AAU, where there was a predominance D#CT cells and IL-2 levels might
explain the low-grade inflammation seen in eyepatfents with FHC compared to that seen
in idiopathic AAU.

The course of the inflammatory process is unchamhgetie use of corticosteroids and the
management of this condition should be aimed tardement of its complications i.e.,

cataract, glaucoma, and vitreous opacities.

1.6.BEHCET'S DISEASE

Behcet's disease is a chronic, relapsing multisgsteflammatory disorder of unknown
aetiology with systemic and ocular manifestations.

It has a worldwide distribution but it is more freptly seen in the countries of the Eastern
Mediterranean and Asia that correspond to the itkdR®ute (Verity et al. 1999a), and
interestingly patients who are HLA-B5 distribute@rg the same areas. The incidence varies
from approximately one case per 1,000 populatiohurkey which has the highest incidence,
to one in 500,000 in the UK (Suzuki Kurokawa e248l04). Although many reports have
shown a higher prevalence in young male patiemgsntimber of cases of female patients has
increased, reaching a male female ratio of almostto one (Zouboulis et al. 1997).

The disease is rather heterogeneous with variakt@hiement of many organ systems. The
diagnosis is based on the presence of differemtcali findings, and it is characterised by the
triad of recurrent oral and genital aphthous ulcecsilar inflammation, and skin lesions such
as erythema nodosum or acneiform eruptions. Theé widsly used diagnostic criteria in the
UK is the one published by the International StGagup for Behcget's Disease (Criteria for
diagnosis of Behcet's disease. International S&ayp for Behcet's Disease 1990),
originally developed as a tool for aid classifyatients with the disease rather than that a
diagnostic criteria (Table 1.11). In order to impedhe accuracy of the diagnosis, the
Behcet's Disease Research Committee of Japan Viasddhe criteria using clinical and
laboratory data and includes a list of major diesder the differential diagnosis. The main

characteristics of these revised criteria inclugurrent aphthous ulcers on the oral mucosa,
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genital ulcers, skin lesions and ocular lesiondifh@hal symptoms include arthritis,
epididymitis, gastrointestinal, vascular and cdmesvous system lesions. The revised
criteria includes clinical and laboratory data sashpathergy test and prick test for dead
Streptococcus, HLA-B51 and pathological findingepfthema nodosum divides the disease
into four types: complete, incomplete, suspectesbecial lesions (Suzuki Kurokawa &
Suzuki 2004)
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Table 1.11. International criteria for diagnosidBehcet’'s disease (Criteria for diagnosis of

Behcet's disease. International Study Group forcBehDisease 1990).

Recurrent oral ulceration

Minor aphthous, major apthous, or
herpetiform ulceration observed by physicis
or patient, which recurred at least three tim

in one 12 month period

AN

Plus two of:

Recurrent genital ulceration

Aphthous ulceration or scarring, observed

physician or patient

py

Eye lesions Anterior uveitis, posterior uveitis, or cells in
vitreous on slit lamp examination; or retinal
vasculitis observed by ophthalmologists

Skin lesions Erythema nodosum observed by physician

patien, pseudofolliculitis, or papulopustular
lesions; or acneiform nodules observed by

physician in postadolescent

or

Positive pathergy test

Read by physician at 24-48 hours (findings
applicable only in absence of other clinical

explanations)
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So far, the pathogenesis of Behget's disease remaitiear. It has been accepted that an
exaggerated response to a microbial, viral or ant@gen stimuli with increased cytokines
and chemokines production and function is respdmsibthe clinical manifestations of the

disease, it is not clear what is responsible fanfil onset and persistence of the disease.

Behget's disease has a wide spectrum of clinicalifestations, but oral ulceration remains

the most common and defining feature being prasemier 95 % of cases (Yazici et al.

1999). Genital ulcers are less common than orarsland are present in up to 80 % of cases.

Skin lesion area present in about 80 % of patientscan be divided into erythema nodosum
and papulo-pustular, acneiform lesions. Anothemfof skin lesion is the pathergy reaction,
which represents a hyper-reactivity of the skiminor trauma. Various other organs can be
involved among different populations. Joint invahent is seen in about half of patients,
typically as a non-erosive, non-deforming arthnitigh an oligoarticular pattern. It has a
transient nature involving peripheral joints, sastknees, ankles, and wrists (Kim et al.
1997). A widespread vasculitis of vessels of aésj both arteries and veins may involve up
to one quarter of patients. Neurological involvetrismot uncommon, occurring in
approximately 5 % of cases (Kontogiannis et al.(0@ can be related to primary central
nervous system involvement, most frequently ofltfan stem but the hemispheres,
meninges and spinal cord can be affected. It cemlz@ secondary to the vasculitis causing
arterial occlusions or dural sinus thrombaosis. élthh, cardiac involvement was thought to
be unusual, Morelli et al. reported mitral valvelppse and dilatation of the proximal aorta in
50 % and 30 % of patients respectively (Morellaletl997).

Ocular involvement occurs in approximately 75% afignts with Behcet's disease, being the
presenting feature in up to 20% of patients (Koizogis & Powell 2000), and is the major
cause of morbidity of the disease. Typically haslapsing, remitting course and first
manifests with an attack of severe AAU with whitsnrpigmented KPs’ and hypopyon
formation. The classical finding of AAU with hypogy formation is present in 19% to 31%
of patients with the disease (Deuter et al. 20B8)with or without iris bombé, iris atrophy
and secondary glaucoma may develop as a reswpehted attacks. The natural history of
Behcet's disease is characterised by explosivemratuattacks of intraocular inflammation
that may be confined to the anterior segment or atsy affect the posterior segment. The
retinal disease is characterised by an occlusiseultis of arteries and veins with associated
vitritis, retinal haemorrhages with or without nasgularisation. Macular oedema is a major
cause of visual impairment in uveitis associateBdhcet’s disease even in these cases with
isolated AU. The end-stage of the disease is ctaised by retinal and optic nerve atrophy

with attenuation of the retinal vessels.
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1.7.SARCOIDOSIS

Sarcoidosis is a multisystem granulomatous diseblseknown cause characterised
pathobiologically by non-caseating granuloma forarain different organs. Sarcoidosis
occurs worldwide; affecting all races but with adlitection for certain ethnic groups, such as
African-Americans (Rybicki et al. 1997). It affedisth genders but with a higher incidence
of the disease in women and has a tendency ta gtfeag adults under the age of 40. The
clinical features and the natural history are \@eéamaking the prevalence and incidence of

the disease difficult to determine.

The clinical manifestations of sarcoidosis can legpread or may involve only one organ
system. The majority of patients present with npeesfic constitutional symptoms such as
fever, weight loss, fatigue, and malaise. The mostmon involved organs are the lung,
lymph nodes, skin and eye. Pulmonary involvemeatri®st universal at some point in the
course of the disease. Most typically, sarcoid@sas interstitial disease, bilateral involving
alveoli, blood vessels and bronchioles leadinghiracteristic radiological features. Intra-
thoracic and peripheral lymphadenopathy is commath, hiliar-node enlargement seen in up
to 90 % of patients. Frequently the disease is psymatic and discovered by chest
radiography. The radiographic features are uswegd to classify the different stages of
pulmonary sarcoidosis: stage 1 represents bilatdirat lymphadenopathy without
parenchymal involvement, stage 2 bilateral adetnypaith parenchymal involvement, stage
3 is pulmonary infiltrates without associated lyraghnopathy including cystic changes
(Miller et al. 1995). Approximately 25 % of patisnwill manifest skin lesions during the
course of the disease. These range from erythed@snm to a wide variety of macular,
papules, or subcutaneous nodules. The clinicabptagon of erythema nodosum is that of an
erythematous, warm, raised, and tender swelling#&ly over the anterior aspects of the
lower legs. Multiple lesions can be present aedéht stages. The most easily recognizable
form of cutaneous sarcoidosis is lupus pernio, Wisansists of purple papules involving the
nose, cheeks, lip, ears, eyelids, and sometimeipthef fingers. It is often associated with
the presence of lung disease in up to 74 % of misti@nd has a strong association with the
presence of ocular involvement (James 1992). Lregmiéntly seen cutaneous manifestation
of sarcoidosis may also include nail dystrophypatna, areas of hypo or hyperpigmentation,
and leukocytoclastic vasculitis. Non-specific aatbra occurs in up to one quarter of patients.
It manifests as an acute migratory polyarthropaitfgcting most commonly the ankles and
knees. It tends to resolve completely, althoughay recur. Chronic arthritis has a similar
distribution to the acute form but it may also affthe metacarpophalangeal and

interphalangeal joints (Thelier et al. 2008).
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Ocular disease may be the initial manifestationraagl progress to severe visual impairment
(Lobo et al. 2003). There are two peaks of inciéenfcocular sarcoidosis, the first at the ages
of 20 to 30 and the second at ages 40 to 50 yBathdva 2000). Depending on the
population studied the incidence of ocular involeatranges from 25 % to 60 % (Rothova
2000). AU is the most common ocular manifestatidfecting around two thirds of patients
with systemic sarcoidosis (Jabs et al. 1986). dratteristically presents as a bilateral
granulomatous uveitis, but it can also manifestS8Al together with skin lesions, such as
erythema nodosum and bilateral hiliar lymphaderiopat

The £'International Workshop on Ocular Sarcoidosis (laerbt al. 2009) has laid down a
diagnostic criteria based on a combination of oplntic signs and laboratory investigations
(Tables 1.12-1.14).
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Table 1.12. Diagnostic criteria for ocular sarcaigdo

Definite Biopsy-supported diagnosis with a compatible useiti

Presumed| Biopsy not done; presence of BHL with compatibleitis

Probable | Biopsy not done; BHL negative; presence of thregested intraocular signs

and two positive investigational tests

Possible | Biopsy negative; four suggested intraocular sigrstavo positive

investigational tests

All other possible causes of uveitis, in particul#verculosis have to be previously exclude

BHL.: Bilateral Hiliar Lymphadenopathy
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Table 1.13. Clinical signs suggestive of oculacs@tosis.

Mutton fat KPs and/or iris nodules at pupillary giaror stroma

Tabecular meshwork nodules and/or tent-shapedmrapanterior synaechia

Snowballs/string of pearls vitreous opacities

Multifocal peripheral chorioretinal lesions (actiaad atrophic)

Nodular and/or segmental periphlebitis(with or withcandle-wax exudates) and/or

macroaneurysm

Optic disc nodules/granuloma and/or solitary ctaabnodule

Bilateral inflammation (evident on clinical examiima or on investigational imaging)
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Table 1.14. Laboratory investigations in suspeocmdar sarcoidosis.

Negative tuberculin test in a patient who eithat B&G vaccination or previously had a

positive tuberculin test

Elevated sACE and/or elevated serum lysozyme*

Chest X-ray showing BHL

Abnormal liver enzyme tests (any two of: alkalif®pphatase, aspartate transaminase,

alanine transaminase)

Chest CT-scan in patients with normal chest X-ray

* Lysozyme required in patients taking ACE inhibgo
BHL.: Bilateral Hiliar Lymphadenopathy
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The KPs tend to have the mutton-fat appearanceit @dharacterised by the presence of iris
nodules. A Japanese study revealed the presemoelofes or granulomas on the trabecular
meshwork in nearly half of the patients (Mizun@ktl986). Patients with CAU may develop
macular oedema more frequently than patients veititeaor relapsing disease; corneal band
keratopathy may also develop. Occasionally intefatediveitis with vitritis with or without
peripheral vasculitis and snowball infiltratesées. This type of uveitis may precede more
severe posterior segment changes (Rothova 2008feriRw segment involvement include the
presence of periphlebitis with typical segmentdfing or more extensive perivenous
exudates, in addition to these features the preseinmultiple small round chorioretinal
lesions mostly in the peripheral retina not asdediavith retinal vessels are seen. Optic nerve
leakage on fluorescein angiography might be sedntamould be differentiated from true
optic nerve involvement, since it appears to b&hdr involvement of the central nervous

system in sarcoidosis in the presence of postavieitis (Menezo et al. 2009).

Systemic investigations that help in the diagno§sarcoidosis are chest radiograph.
Findings on chest x-ray suggestive of sarcoidosi®lbeen classified in a staged system from
0 to Il (Miller et al. 1995). Laboratory valueseaaffected to some extent by the
epidemiology of uveitis of the geographical areaentbey are performed. Among them,
levels of serum angiotensin-convertase enzyme (94@&tluced by local macrophages
appears to correlate with disease activity (Weiratehl. 1984), however the test is not useful
in patients who are taking ACE inhibitors. In thesses determining lysozyme levels in
serum would be recommended. In fact a Japanesg lstisdshown lysozyme levels to have a
better predictive value than sACE (Kawaguchi e2@D7).

Chest CT-scans have been shown to be helpful Betbases where chest radiography fails to
provide diagnostic support and can assist targetirtige biopsy site (Kaiser et al. 2002).
Newer functional imaging techniques such as PET-atlaw not only detecting localised

foci of inflammation; assess activity and determgnireatment efficacy (Shulman et al.
2009).

The gold standard for confirmation of the diagnadisarcoidosis is the histological
demonstration of non-caseating granuloma formatighe involved tissue, together the
presence of other clinical manifestations. Thegmes of non-caseating granuloma on tissue
biopsy and clinical features compatible with sadosis are considered a proof of a definite
diagnosis. Histological confirmation can be chalieg, and therefore more accessible sites
such as skin lesions or the conjunctival mucosa leen proposed (Bastiaensen et al. 1985;
Leavitt et al. 1998; Spaide et al. 1990). Fibremptionchoscopy with transbronchial biopsy

has reported to be positive in up to 90 % of pagiavith positive findings on chest x-ray
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(Koerner et al. 1975). In these cases with negfditinatings in transbronchial biopsy, BALmay
be of value (Society 1990; Vallee et al. 1990).

1.8.RESEARCH HYPOTHESIS

1.8.1.AIM OF STUDY

The study aims to evaluate the role of specificegeolymorphisms in determining the

outcome of patients with AU. The specific hypotkédsi be tested is:

1. Polymorphisms of certain key cytokine(s) gene(s)aasociated with the development of
complications leading to a poorer visual outcon@uiding macular oedema, glaucoma
and cataract in patients with AU, and

2. That posterior synaechia formation is associatéd an increased complication rate.
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CHAPTER TWO

2. MATERIALS AND METHODS

2.1.PATIENT CLASSIFICATION

Patients with uveitis presenting to Professor Liggnt’s uveitis clinics at Moorfields Eye
Hospital clinic were characterised on clinical grdg, and were divided into those with acute-
recurrent AU, CAU, and those with FHC.

The groups of patients identified were idiopatleata-recurrent AU (n=98), acute-recurrent
AU associated with systemic disease (n=30), idiupafAU (n=21), CAU associated with
systemic disease (n=7), FHC (n=11). AU with asgedi@isease was defined as AU related
to systemic conditions such as AS (n= 19), Reitgyrsdrome (n=4), reactive arthritis (n=3),
psoriatic arthropathy (n=3), IBD (n= 1), sarcoidogi=4), Behget's disease (n=1), systemic

vasculitis (n=1), multiple sclerosis (n=1).

All patients had a complete ocular examinationudgig best corrected Snellen visual acuity,
biomicroscopy, Goldmann applanation tonometry afadet! fundus examination.
Fluorescein angiography, visual fields and ultragwaphy were performed when indicated.
Initial laboratory investigations included full ldd cell count, renal and liver function,
treponema serology, serum angiotensin-convertaggrenand HLA-B27 typing. Chest x-
rays were requested for these patients suspecte/ofg associated sarcoidosis. Patients
with clinical and laboratory evidence of associagstemic disease were referred to the

appropriate medical team for further evaluation.

Patients were divided further into either a uveaitiated complication group or a no
complication group. These complications would hiagen detected on the day of clinical
phenotyping or venepuncture. The ocular complicat@nalysed were the presence of
posterior iris synaechia, posterior subcapsulas tgracity, ocular hypertension and/or
glaucoma, steroid response, and clinical or angjagc macular oedema. Posterior iris
synaechia was defined as the presence of iris exiiset® the anterior lens capsule post-
dilatation. Only the presence of posterior subckpdens opacities was considered as
cataract secondary to uveitis. Ocular hypertensias defined as intraocular pressure greater
than 21mmHg without associated optic disc or visiedd damage prior to treatment with
corticosteroids. Glaucoma secondary to uveitis istet of raised intraocular pressure over
21 mmHg with associated optic disc damage andioespondent visual field defect.
Clinically significant macular oedema was considesen thickening of the central macula
and or loss of the normal foveal depression wasgnteon biomicroscopy confirmed or not
by fluorescein angiography. Patients with uveifiinfectious aetiology (i.e., herpetic
simplex or zoster uveitis), postoperative uveitisthose with a previous history of glaucoma,

macular and or other retinal disease were excluded.
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This study was approved by the Ethics Committeabrfields Eye Hospital and was
conducted according to the Tenents of the Dectaraif Helsinky.

2.2.CONTROL POPULATION

A total number of 586 subjects from an ethnicalBtohed population were recruited. All the
controls were of Caucasian origin from the SoutheBEngland to avoid any ethnic genetic
differences (Grutters et al. 2002; Pantelidis eP@01). Peripheral blood was collected from
patients undergoing routine cataract surgery ferratated cataract and from blood and organ

donors. They were screened to have no past orntreselar or medical history.

Data from the control population described in chaptwas collected from 66 patients who
underwent routine cataract surgery and who hadeaqus history of ocular disease or
related systemic co-morbidity.

Control data described in chapters 4 and 6 inclide®6 patients described in chapter 5 and
in addition to these the remaining group of constddjects came from blood and organ

donors from South England, as well as cadaver @gdinom Oxford, England.

2.3.PERIPHERAL BLOOD SAMPLES

Fifteen ml of peripheral blood were obtained byemcture from patients undergoing
cataract surgery who had no previous history ofaralisease or autoimmune related
systemic disorders. Willing patients were askesigo a control sample specific consent form
[Appendix 1] and an ethics approved informatiorfletavas given to each patient [Appendix
2]. A record of the patient’s ethnic group was ket blood samples were anticoagulated
with Nagcitrate or NaEDTA in four 4.5ml BD Vacutainer TM or polypropylenubes and
kept on ice before being frozen and stored at m@i€ for later manipulation. Samples
were not stored in heparin coated tubes as amoagtitant since it inhibits both reverse
transcriptase and Taq polymerase reactions (Beettkdr 1990; Wang et al. 1992; Willems et
al. 1993).

2.4.GENETIC ANALYSIS

2.4.1.DNA extraction methods

Genomic DNA from all frozen bloods were extracté@tier using a salting out DNA
extraction method or by using the commercial DN&a&otion kit, QlAamp®DNA Blood
Maxi Kit (QIAGEN Ltd., UK). No significant differece in the quality of the DNA was seen

between the two methods used.

2.4.1.1.Salting-Out DNA Extraction Method
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A modified salting-out method originally describeg Miller et al. (Miller et al. 1988) was
used for DNA extraction. Assuming 20 ml of bloodgkeable as required), anticoagulated
blood was thawed in room temperature and decantechi50 ml centrifuge tube. The tube
was then top up to 50 ml with fresh TE solutionm(61M Tris, pH 7.35; 1 ml 0.5M EDTA,

pH 8.0). The mixture was then centrifuged at 250 for 20 minutes at room temperature.
Thirty ml of the supernatant was then decantedVtkon or Hycolin and left for 2 hours
before discarding. The residual pellet after ctuge was resuspended to 40 ml of swelling
buffer and left on ice for 20 minutes. The mixturas then centrifuged at 2500 rpm for 15
min at 4 °C (step 1). The supernatant was poureanaf discarded after. The residual pellet is
re-suspended in 10 ml of red cell lysis buffer &fdat room temperature for 15 minutes
(step 2). The mixture was further centrifuged &@@@Epm for 15 minutes at room
temperature. After which, the supernatant was diech The pellet should be white with a
pink halo. If the pellet was still dark in colourthis stage, steps 1 and 2 were repeated until it
was. When the pellet was homogenously white, it @tier stored at minus 70 °C to be
processed another day or processed immediatelypdltet was resuspended in 3 ml nuclei
lysis buffer, 200 ¢ of 10% w/v sodium dodecyl s@fh(SDS) and 600 ml Proteinase K
solution (10 mg/ml) in a sterile 15 ml tube and tefernight at 37°C. The mixture was later
added with 1 ml of 6M NaCl and shaken vigorously30 seconds. It was then centrifuged at
3000 rpm for 30 minutes. The supernatant was asgiiato a sterile 15 ml tube, added with
10 ml cold absolute ethanol, and mixed gently uhtl DNA was precipitated. The
precipitated DNA was removed and placed into dlsterbe and washed with 75% ethanol.
The mixture was then left to dry with the lid op&imally, the DNA was re-suspended in an

appropriate volume of sterile water, approximat ul, and stored at minus 20 °C.

2.4.1.2.QIAmp®DNA Blood Maxi Kit

Five hundredd of QIAGEN protease were pipetted into the botwina 50 ml centrifuge tube
and 8 ml of blood were added and vortexed bri€¥lg.ml of Buffer AL were added (6ml
Buffer when using 5 ml of peripheral blood) and ety vortexing three times, for at least 5
seconds each time. This mixture was then incubait@d °C for 10 minutes, as DNA yield
reaches a maximum after lysis for 10 minutes &Z.Eight ml of ethanol (96-100 %) were
added to the mixture and vortexed. When the insi@zahple was 5ml of peripheral blood, the
volume of ethanol was reduced to 5 ml. One hathefsolution was transferred into the
QIAamp Maxi column placed in a 50 ml centrifugedwdnd centrifuged at 3000 rpm (1850 g)
for 3 minutes. The QlAamp Maxi column was remowéd, filtrate discarded into Virkon and
the column was placed back again in the tube. @minder of the solution was loaded and

centrifuged again at 3000 rpm for another 3 minukase ml of Buffer AW1 were added to
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the QlAamp Maxi column and centrifuged at 5000 (@%00 g) for 1 minute. Without
discarding the flow-through from the centrifuged¢ub ml of Buffer AW2 were added to the
QIAamp and centrifuged at 5000 rpm (4500 g) fonfibutes. The QIAamp column was then
placed in a clean 50 ml centrifuged tube. 866f Buffer AE equilibrated at room
temperature was pipetted directly onto the memboditiee QlAamp Maxi column and
incubated at room temperature for 5 minutes anttibeged at 5000 rpm for 5 minutes. In
order to maximise the DNA concentration the eluatetaining the DNA was reloaded onto
the membrane of the QlIAamp Maxi column, incubategem temperature for 5 minutes and
centrifuged at 5000 rpm for another 5 minutes. Etusite containing the DNA was then

stored in Eppendorf tubes at minus 20 °C.

2.4.2.Determination of the concentration of the DNA extrated

The concentration of the DNA extracted was deteechiny means of spectrophotometry.

For quantifying the amount of DNA readings shouddtéken at wavelengths of 260 nm and
280 nm. The reading at 260 nm allows calculatiothefconcentration of the nucleic acid in
the sample, and the ratio between the reading8tah and 280 nm provides an estimate of

the purity of the nucleic acid.

It was anticipated that spectrophotometric readingbsorbance260/280 would be in the
range 1.7-2.0. In order to determine the Absorl26@@80 ratio, 69ul of sterile water for
injection and 1pul of the extracted sample DNA weaasferred using a Gilson pipette (P100)
into a 0.5ml Eppendorf TM tube. The concentratibDNA was calculated multiplying the
Absorbance260/280 ratio by 50 and by 70 as diluator. The concentration of DNA was
required so that the DNA obtained could be diluted concentration of 50 nd/ as required
by the genotyping protocol at the Division of Gemnoiedicine, University of Sheffield.
There was no need for dilution whenever a sampkefaand to have a concentration of less
than 50ngil.

2.4.3.Genotyping of single nucleotide polymorphisms. PCRnalysis

Polymerase chain reaction (PCR) is a techniqueydedito allow for selective amplification
of a target DNA sequence within a heterogeneousat@n of DNA sequences by in vitro
enzymatic replication. Since its original descoptin 1985, PCR has evolved into a group of
different technologies almost universally usediagdostic or clinical research.

PCR involves the enzymatic synthesis of millionsapies of a specific DNA segment. The

exponential amplification of the template DNA isried out by heat-stable DNA
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polymerases with a 3>5’ exonuclease activity, which will result in thgnshesis of defined
portions of the original DNA sequence.

It is based on three steps: denaturation of theleminto single strands by heating the
template of DNA to high temperature, annealingrirhprs to each original strand for new
strand synthesis, and extension of the new DNAdigdrom the primers.

Double-stranded DNA containing the sequence toopéed and amplified is mixed with a
large molar excess of two single-stranded DNA aligdeotides or primers. The first primer
is identical to the 5’ end of the sense strandhefl@NA to be copied, and the second primer is
identical to the anti-sense strand at the 3’ enth®@kequence.

The PCR reaction is initiated by melting the dotdilmanded DNA at high temperature
(typically 90 to 95°C) and then cooling the mixttweallow DNA annealing, so the first
primer will hybridize to the 3’ end of the anti-senstrand and the second primer will
hybridize to the 3’ of the sense strand. This alatkmixture is then incubated with DNA
polymerase and all four deoxynucleotide triphoseh@ATP, dTTP, dGTP, dCTP) to allow
new DNA to be synthesized. The original sense dtiainised as a template to make the new

anti-sense strand and then allowed to re-annehlti primers.

A second cycle commences when the reaction mixsuie-melted and the allowed to re-
anneal with the primers. In this synthetic steghefsecond cycle, each strand synthesized in
the first cycle serves as an additional templater &faving hybridized with the appropriate
primers. This second cycle is completed when DNKiperase extends the primers to
synthesize the complement of the templates. Thessgions are performed at the optimum
temperature for the heat-stable polymerase (6&21€)7automated by temperature controlled
cyclers that regulate denaturation of the templatesingle strands, annealing and DNA
synthesis. The most commonly used polymerase igrikgme isolated fromihermus
aquaticugTagDNA polymerase).

The three-stage cycle of denaturation, annealidgoaimer extension is repeated 25 to 40
times in a typical PCR procedure. The product chseaction is a large quantity of double-
stranded DNA whose length is determined by theadist between the primer sites on the

original template molecule.

2.4.3.1.Components
2.4.3.1.1DNA polymerase
The most commonly used DNA polymerase for a withggeaof DNA polymerases is a cloned

heat-stable DNA polymerase frofinermus aquaticus

2.4.3.1.2 Oligonucleotide primers
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PCR primers are normally between 18 and 30 nudestin length and should have a guanine
and cytosine context of about 50%. The melting rature at which half the oligonucleotide
is annealed to its exact complemeng)($hould be similar for the two primers in a reati

and about 5°C above the annealing temperature.iteestware being currently available to
calculate the ideal ., empiric testing of annealing temperatures isroftecessary for a well-

optimized PCR assay.

2.4.3.1.3Thermal cycling equipment

PCR process involves thermal cycling between tfferéint cycles of denaturation, annealing
and extension. During denaturation temperaturéglt€ are often required, although after
several cycles, it can be lowered to 90 to 92°tluce loss of polymerase activity during
the course of PCR. The choice of annealing tempiexrad in the range of 50 to 60°C, but will
ultimately depend on primer, I Finally, samples will be heated at 68 to 72°Crayr
extension.

Thermal cyclers that can monitor progress of thpldication reaction while it is taking

place are called real-time thermal cyclers. Theyitoo the emission of fluorescence from
labels whose emission intensity is proportionah®mamount of amplified DNA. WheTaq
DNA polymerase cleaves a probe labelled with aripbore it will dissociate the probe from
the quencher, and hence amplification will be detkby the correspondent increase in

fluorescence.

2.4.3.1.4Post-PCR analysis

Traditionally, once PCR reaction is complete thekfied DNA fragments are analysed and
visualised by gel electrophoresis. Howeweal-Time PCR allows the analysis of the
products while the reaction is actually in prograsd facilitates the quantitation of the DNA.
This is achieved by using various fluorescent dyeh react with the amplified product and
can be measured simplifying the process of quaatifin. Identification of the amplification
products by probe detection in real-time is higldgurate compared with size analysis on
gels, and since it is not necessary to perforntreplaoresis or other manipulations after the
DNA amplification reaction Real-Time PCR assays lbartompleted very rapidly (Heid et al.
1996).

Another variant of PCR, allele-specific PCR is dasd to amplify a DNA sequence while
excluding the possibility of amplifying other akal. It is based on the requirement for precise
base matching between the 3’ end of a PCR primebtlatarget DNA.

2.4.3.1.5TagMan

99



The TagMan system is a method of following reaktiRCR, used for the analysis of
polymorphisms. We used the 5’ nuclease (TagMan®)i@discrimination assay for
genotyping cytokine polymorphisms in which the Jadymerase cleaves the so-called

TagMan probe during the extension phase of the @iRet al. 2008).

With this method, the region flanking the polymagph is amplified in the presence of two
probes since we are dealing with a bi-allelic syst€here is one specific probe to an allelic
variant, and they were labelled with a differeqgaster dye, 6-carboxy-fluorescein (FAM)
and tetrachloro-6-carboxy-fluoresecein (TET). Theis®oes consists of an oligonucleotide
that is complementary to the sequence of inteoesttéd over the SNP, labelled with the
reporter dye at the 5’ end and with the quencher@garboxytetramethylrhodamine
(TAMRA) at the 3’ end. As long as the probe is attdne proximity between the reporter and
guencher dyes reduces the emission of fluoresc@uweng the degradation of the probe by
the 5 3’exonuclease activity, the reporter and quendlyyes are separated resulting in an
increase of the reporter fluorescence emissiothignway, fluorescence is a measure of each

probe binding to a specific allele.

As well as the samples being analysed, a seriesrufols were included. No template control
containing no DNA. Allele 1 control where a DNA salenhomozygous for allele 1, and
allele 2 control in which the DNA sample is homoayg for allele 2 are amplified. The
fluorescence levels in the allele 1 and 2 congfiect the cleavage of the allele specific

fluorophore.

This process is measured by the ABI PRISM™ 720@u&ece Detector (Applied
Biosystems, Warrington ,UK).

2.4.3.1.5.1Primer design and optimization

Probes and primers for detection of the SNP weseyded using the Primer Express®
software (Applied Biosystems) (Table 2.1). We foléml the guidelines for oligonucleotide
design in Primer Express® using the same princigdeis the design of standard PCR
primers. The optimal probe concentrations are detexd by comparing a range of TET
concentrations against a constant FAM concentratimn to PCR, and identifying those who

produce approximately equal levels of fluorescesigeal.
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Table 2.1. TagMan probes and primers sequences.

Sequence (All 5" - 3" N

bases

TNF-a (-308)

Allele 1 (TET Label)| ACC CCG TCC CCA TGC CC 17

Allele 2 (FAM AAC CCC GTC CTC ATG CCC C 19

Label)

Forward Primer GGC CAC TGA CTG ATT TGT GTGT 22

Reverse Primer CAA AAG AAA TGG AGG CAA TAGTT 24

TNF-a (-238)

Allele 1 (TET Label)| CCT CCC TGC TCC GATTCC G 19

Allele 2 (FAM TCCTCCCTGCTCTGATTC CGA 21

Label)

Forward Primer GCA TCA AGG ATACCC CTC ACA 21

Reverse Primer ATC AGT CAG TGG CCC AGA AGA 21

IL1ra( +2018)

Allele 1 (FAM AAC AAC CAA CTA GTT GCT GGA TAC TTG 30

Label) CAA

Allele 2 (TET Label)| ACA ACC AAC TAG TTG CCGSAT ACT TGC 27

Forward Primer GGG ATG TTA ACC AGA AGA CCTCIr ATC T | 28

Reverse Primer CAA CCA CTC ACC TTC TAA ATTAG ATT 27

IL-10(-1082)

Allele 1 (FAM CTA CTT CCC CCT CCC AAA GAA GCC T 25

Label)

Allele 2 (TET Label)] CCT ACT TCC CCT TCC CAAGA AGC C 25

Forward Primer GAT AGG AGG TCC CTT ACT TTCTC TTA 27

Reverse Primer CAC ACA CAA ATC CAA GAC AAC&E AC 26

IL-6(-174)

Allele 1 (FAM ACG TCC TTT AGC ATC GCA AGA CAC AAC 27

Label)

Allele 2 (TET ACG TCCTTT AGC ATG GCA AGA CAC AAC 27

Label)

Forward Primer GCT GAT TGG AAA CCT TAT TAA GATGT 27

Reverse Primer AAT GAC GAC CTA AGC TGC ACT TT 23
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2.4.3.1.5.2PCR conditions
All reactions were performed using a 96-well PCR¢l Each reaction well represented one
of the specific allelic polymorphism for the DNAmsple of each patient and a template

control.

Each well contained 7.5 pl of TagMan Mastermix. Yhkime for each primer and probes for

the different cytokine polymorphisms were optimizedfollow:
TagMan 7200 Protocol for IL-1ra (+2018):

0.375 pl of forward primer, 0.375 pl of reversenger, 0.15 pl of FAM probe, 0.525 pl of
TET probe and 4.875 pl of distilled,@.

TagMan 7200 Protocol for IL-6 (-174):

0.025 pl of forward primer, 0.025 pl of reversenmat, 0.09 pl of FAM probe, 0.18 pl of TET
probe 5.88 pl of distilled #D.

TagMan 700 Protocol for IL-10 (-1082):

0.075 pl of forward primer, 0.45 pl of reverse im0.15 pl of FAM probe, 0.375 pl of TET
probe 5.25 ul of distilled $#D.

TagMan 7200 Protocol for TN&<{-238):

1.35 pl of forward primer, 1.35 pl of reverse pritr@ 15 pl of FAM probe, 0.225 ul of TET
probe 3.225 pul of distilled 0.

TagMan 7200 Protocol for TN&+{-308):

0.45 pl of forward primer, 0.45 ul of reverse prig& 15 ul of FAM probe, 0.375 pl of TET
probe 4.875 pul of distilled 0.

All reactions were carried out using a DNA Engiretrad Machine PTC-225 Peltier Thermal
Cycle and run according to the following protoc@iables 2.2-2.6):
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Table 2.2 TagMan 7200 Protocol for IL-1ra (+2018).

Step 1 2 minutes 50°C
Step 2 10 minutes 95°C
Step 3 15 seconds 95°C
Step 4 1 minute 64°C
Step 5 Go to step 3 and repeat 40

times
Step 6 Hold 15°C
Step 7 End
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Table 2.3. TagMan 7200 Protocol for IL-10 (-1082).

Step 1 2 minutes 50°C
Step 2 10 minutes 95°C
Step 3 15 seconds 95°C
Step 4 1 minute 62°C
Step 5 Go to step 3 and repeat 40

times
Step 6 Hold 15°C
Step 7 End
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Table 2.4. TagMan 7200 Protocol for IL-6 (-174).

Step 1 2 minutes 50°C
Step 2 10 minutes 95°C
Step 3 15 seconds 95°C
Step 4 1 minute 62°C
Step 5 Go to step 3 and repeat 40

times
Step 6 Hold 15°C
Step 7 End
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Table 2.5. TagMan 7200 Protocol for TNK-238).

Step 1 2 minutes 50°C
Step 2 10 minutes 95°C
Step 3 15 seconds 95°C
Step 4 1 minute 58°C
Step 5 Go to step 3 and repeat 40

times
Step 6 Hold 15°C
Step 7 End
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Table 2.6. TagMan 7200 Protocol for TNK-308).

Step 1 2 minutes 50°C
Step 2 10 minutes 95°C
Step 3 15 seconds 95°C
Step 4 1 minute 58°C
Step 5 Go to step 3 and repeat 40

times
Step 6 Hold 15°C
Step 7 End
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2.4.3.1.6 PCR-SSPs
PCR with sequence-specific primers (PCR-SSP) wespsence-specific primers with 3’ end

mismatches and identifies the presence of speadlfitic variants through PCR amplification.

2.4.3.1.6.1Primer design and optimization

TNF, LT-a, TNFR primer design

Seventeen SNPs were investigated in this studyydimg TNF -1031, -863, -857, -308, -238
(all promoter, NCBI RefSNP: rs1799964, rs1800630709724, rs361525, and rs1800629),
LTA+720 (exon 3, NCBI RefSNP: rs1041981), +365 (inttpRefSNP: rs746868), +249
(intron 1, RefSNP: rs909253)NFRSF1A201, -230, -845, -839, -1135 (all promoter,
RefSNP: rs4149570, rs4149621, rs767455, rs414e6®1rs1800692)INFRSF1B+1663
(exon 10, RefSNP: rs1061624), +1668 (exon 10, REf$86030792), +1690 (exon 10,
RefSNP: rs3397), +676 (exon 6, RefSNP: rs106162&)the polymorphisms in the TNi-
and LT-a genes, we used the primer sequences and primarresxpreviously described by
Fanning et al. and Grutters et al. (Fanning €1287; Grutters et al. 2002) (Tables 2.7-2.9).
The primer sequences used for polymorphisms of TNgé&he are shown in table 2.10 (Table
2.10). For identifying the polymorphisms in the TREFgene, we usdbe primer sequences
and primer mixtures described by Pantelidis anttaglies (Table 2.11) (Pantelidis et al.
1999).
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Table 2.7.

TNF-1031, -863, -857 primer sequencesnksrutters et al. (Grutters et al. 2002).

Primer | TNF-a Sequence Conc. Product size
(ng/ul) (bp)

(-1031)

1 T CAAAGGAGAAGCTGAGAAGAT

2 C CAAAGGAGAAGCTGAGAAGAC

3 Reverse CCGGGAATTCACAGACCCC 20 433
primer
(-863)

4 C CGAGTATGGGGACCCCCC

5 A GAGTATGGGGACCCCCA

6 Forward CCGGGAATTCACAGACCCC 20 263
primer
(-857)

7 C CTACATGGCCCTGTCTTCG

8 T TCTACATGGCCCTGTCTTCA

9 Forward AAGGATAAGGGCTCAGAGAG | 10 270
primer

All

51—)31

Conc.: Concentration
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Table 2.8. TNF-238, -308 primer sequences. FronmiRgret al. (Fanning et al. 1997).

Primer | TNF gene | Primer Conc(uM) Primer Conc(uM) Product
Mix No SNPs No* No* Size (bp)
238 | 308

1 A - 1 0.58 5 0.57 763
2 G - 1 0.58 6 0.57 763
3 A - 2 0.47 5 0.57 763
4 G - 2 0.47 6 0.57 763
5 G G 3 0.49 7 0.56 109
6 A G 4 0.62 7 0.56 109
7 G A 3 0.49 8 0.56 109
8 A A 4 0.62 8 0.56 109
9 - G 1 0.58 7 0.56 835
10 - A 1 0.58 8 0.56 835
11 - G 2 0.47 7 0.56 835
12 - A 2 0.47 8 0.56 835

Conc.: Concentration

*Primer 1: 5 GCATCC CCG TCTTTC TTC AC
5 GCATCCCCGTCTTTCTCC AT
5 CTC CCC ATC CTC CCT GCT CC
5 CTC CCCATCCTC CCT GCTCT
5" GAA GCA CCC CCT CGG AAT CA
5 GAA GCA CCC CCT CGG AAT CG
5 ATA GGT TTT GAG GGG CAT CG
5 ATA GGT TTT GAG GGG CAT CA

Primer 2:
Primer 3:
Primer 4:
Primer 5:
Primer 6:
Primer 7:

Primer 8:
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Table 2.9. LTe primer sequences. From Fanning et al. (Fanniag) 4097).

Primer LT-a gene Primer Conc(uM) Primer | Conc(uM) Product
Mix No SNPs No* No* Size (bp)
365 249

1 G - 1 0.6 5 0.64 390
2 C - 1 0.6 6 0.61 390
3 G - 2 0.6 5 0.64 390
4 C - 2 0.6 6 0.61 390
5 G A 3 0.7 7 2.3 153
6 C A 4 2.2 7 2.3 153
7 G G 3 0.7 8 1.7 153
8 C G 4 2.2 8 1.7 153
9 - A 1 0.6 7 2.3 507
10 - G 1 0.6 8 1.7 507
11 - A 2 0.6 7 2.3 507
12 - G 2 0.6 8 1.7 507

Conc.: Concentration

* Primer 1: 5 GAG CAG CAG GTT TGA GGG
Primer 2: 5° GAG CAG CAG GTT TGA GGT
Primer 3: 5 GAC CTC CCG CCC TGG GAG AC

Primer 4: 5 GAG CTC CCG CCC TGG GAG AG

Primer 5: 5 GGG GTC GGG GGG TGC TG

Primer 6: 5 GGG GTC GGG TGC TC

Primer 7: 5 ATT CTC TGT TTC TGC CAT
Primer 8: 5 ATT CTC TGT TTC TGC CAT GG
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Table 2.10. TNFR1 primer sequences.

Primer TNFR1 gene SNPs Primer| Conc(Mm) | Primer| Conc(mM)| Product
Mix | 201| 230| 845| 839| 1135| No* No* Size
No (bp)
1 G - G - - 1 0.82 5 1.05 681
2 G - A - - 1 0.82 6 0.98 681
3 T - G - - 2 0.76 5 1.05 681
4 T - A - - 2 0.76 6 0.98 681
5 - G| G - - 3 0.69 5 1.05 657
6 - G| A| - - 3 0.69 6 0.98 657
7 - A G - - 4 0.67 5 1.05 657
8 - Al A - - 4 0.67 6 0.98 657
9 - - - G C 7 0.63 9 0.68 300
10 - - - A C 8 0.50 9 0.55 300
11 - - - G T 7 0.63 10 0.65 300
12 - - - A T 8 0.50 10 0.52 300

Conc.: Concentration

* Primer 1: 5 TGGAAAACAGATCCAGACAGG (sense)
Primer 2: 5° ATTGGAAAACAGATCCAGACAGT (sense)
Primer 3: 5 GTTATGTGTCTGAGAAGTTCATTTG (sense)
Primer 4: 5 AGTTATGTGTCTGAGAAGTTCATTTA (sense)
Primer 5: 5 TCCCTGGTCTCACCAGC (antisense)
Primer 6: 5 GTCCCTGGTCTCACCAGT (antisense)
Primer 7: 5 TCTTCTTGCACAGTGGACCG (sense)
Primer 8: 5 TCTTCTTGCACAGTGGACCA (sense)
Primer 9: 5 CGGCACAGCTAAAGGAGG (antisense)
Primer 10: 5 GCGGCACAGCTAAAGGAGA (antisense)
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Table 2.11. TNFR2 primer sequences. From Pantedidi (Pantelidis et al. 1999).
TNFR2 gene SNPs Concentration

Primer
No

Primer 1:

Primer 2:

Primer 3:

Primer 4:

Primer 5:

Primer 6:

Primer 7:

Primer 8:

(HM)
1663 1668 1690 676
G - - - 0.92
A - - - 3.2
- T - - 1.38
- G - - 1.38

- - C - 1.34

- - - T 0.69

- - - G 0.69

5 AGAGCAGAGGCACGG (sense)

5 AGAGCAGAGGCAGCGA (sense)

5 AGAGGCAGCG(A/G)GTTGT (sense)

5 AGAGGCAGCG(A/G)GTTGG (sense)

5 GCCTCTGCTGCCATGGC (sense)

5 GCCTCTGCTGCCATGGT (sense)

5 GACGTGCAGACTGCATCCA (antisense)

5 GACGTGCAGACTGCATCCC (antisense)

Exon

10

10

10

10

10

10
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IL-8, CXCR1, MCP-1, CCR2 primer design

To locate potential SNPs, multiple sequences fe8,ICXCR1, MCP-1 and CCR2 deposited
in GenBank were analysed. Chemokine polymorphidfasting the promoter region and
exon were preferably selected, and where it wapossible, UTR (untranslated region) and
intron polymorphisms were selected. To verify thespnce of these polymorphisms,
sequence specific primer PCR (SSP-PCR) was usdie(Z&l2).
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Figure 11. CC and CXC chemokine and receptor preaguences.
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2.4.3.1.6.2PCR conditions
All PCR amplifications were carried in a PTC200rthal cycler (MJ Research, GRI, UK).

Two different cycle parameters were used.

PCR amplifications for the TNE-promoter polymorphisms (-1031, -863, -857, -30&] a
238), Lymphotoxine (+720, +365, + 249), TNFRSF1A (-201, -230, -8439, -1135),
TNFRSF1B (+1663, +1668, +1690, +676) were as fallow

The DNA mixtures were heated at’@for 1 min in the first round of denaturation ahdn
subjected to 5 cycles of 25 sec at@®p45 sec at AT, and 25sec at 7¢; then followed by
21 cycles of 25 sec at 9B, 50 sec at 6%, 30 sec at 7Z; and 4 cycles of 30 sec at°@5 60
sec at 58C, 90 sec at 7Z. TenuL Orange-G loading buffer (0.5mM) was added in&@® th
final PCR mixtures and they were loaded onto a @i##@se-0.5x Tris-borate-
ethylenediamine tetra-acetic acid gel containirigt@g/mL ethidium bromide.
Electrophoresis was performed for about 20 minateX)0 V/cm in 0.5x TBE buffer (1x
TBE =89 mM Tris base, 89 mM boric acid, 2 mM EDTpM 8.0). The gels were visualized
over ultraviolet light (320nm) and photographed.

PCR amplifications for the IL-8 polymorphisms (38387511, 36849, 36831), CXCR1
(4205, 6694, 10188), MCP-1 (62534, 63997, 63556RE (50490, 49776, 49715, 49652,
49105, 46295, 39353) were as follow:

The cycling parameters for 28 reactions consisted of a first round of denataraat 96C
for 1 min, followed by 5 cycles of 25 seconds at®@&45 seconds at 70, 45 seconds at
72°C followed then by 21 cycles of 25 seconds &9&0 seconds at 65, 30 seconds at
72°C followed by 4 cycles of 30 seconds at®@660 seconds at 36, and 120 seconds at
72°C (Bunce et al. 1995).

After PCR amplification, the sealing mat was remtbged 1Qul of Orange G loading buffer
consisting of 150 ml of glycerol, 350 ml 0.5x TBH_(of 0.5x TBE = 54qg of Tris base, 27.5¢g
of orthoboric acid and 20 ml of EDTA (0.5M, pH 8d)3.72g of EDTA Na-dihydrate) and
0.125 g Orange G were added to each well to alisualization during agarose gel

electrophoresis.

The 1.5% agarose gel was prepared by dissolvirgyatyarose powder (Baxter, UK) in 500
ml of 0.5x TBE aided by heating in a microwave. Feenul of ethidium bromide were then
added to the dissolved agarose mixture and thérfindure is then left to set and solidify at
room temperature. The agarose gel is then loadedaogel tank (Flowgen model MH3025

with 26 well combs) containing 0.5 x TBE. After whithe mixture in each reaction well
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from the PCR plate was loaded into the agarosargkklectrophoresed for 15 minutes at

200V. The agarose gel was then photographed ofrariglet light.

A positive reaction was defined as the presen@mdilele-specific band of the expected size,
in conjunction with a control band. The absencaroéllele-specifiband in the presence of a

control band was considered to be a negative macti
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CHAPTER THREE
3. THE DEVELOPMENT OF COMPLICATIONS IN PATIENTS WITH C HRONIC
ANTERIOR UVEITIS
3.1.INTRODUCTION
AU is the most common form of intraocular inflamiatseen in the clinical setting and the
duration of the attack of inflammation defines wigetthe disease is acute or chronic
(Rodriguez et al. 1996; Rothova et al. 1996). Symathy an attack that lasts longer than three
months is termed CAU and distinguishes the dispessess from those with acute
inflammation in whom the inflammatory process resslin less than 3 months although it
may recur. The explanation for why some patienteldg chronic anterior disease whereas
others do not is unknown but it is not due to irp@ge treatment. In some patients, it is
associated with a systemic disease such as sas@olud in many it is idiopathic with no
detectable evidence of any systemic inflammatoog@ss (Weiner et al. 1991). Uveitis
patients with associated spondyloarthropathy aaeiynalways HLA-B27 positive and
usually present with a sudden onset of AU, whepagignts with IBD associated uveitis are
less frequently HLA-B27 positive and have a mosgdious onset of uveitis and more
chronic course (Feltkamp et al. 1998). Since th&HH27 antigen is less frequently found
associated with other specific uveitis entities aystemic diseases such as sarcoidosis, than
in uveitis associated with spondyloarthropathileis, suggests that the development of

chronicity is not related to the presence of HLA?B2

The primary aim of this study was to determinewiseal outcome and long-term
complications of patients with CAU treated aggreslsi as described above to achieve the

best control of the inflammation.

3.2.METHODS

The clinical records of a total of 68 patients €J&s) consecutive patients with CAU were
reviewed from Professor Lightman uveitis clinicdvidorfields Eye Hospital between
January 1999 and June 2004. In all cases thetla inflammation was active for more
than 3 months despite treatment. All patients hednaplete ophthalmic examination
including best corrected visual acuity, biomicrgsgaapplanation tonometry and fundus
examination. Fluorescein angiography, visual fieldd ultrasonography were performed
when indicated. Laboratory investigations incluéidtiblood cell count, renal and liver
function, treponemal serology, and serum angioteasivertase enzyme. Chest or sacroiliac
spine x-rays were requested for these patientesteghof having associated sarcoidosis or
seronegative spondyloarthropathy respectively. HR2Y-typing was performed according to

the clinical features and the absence of coexistggtemic disease i.e., sarcoidosis. Patients
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with clinical and laboratory evidence of associagstemic disease were referred to the

appropriate medical team for further evaluation.

For the purpose of the study AU was defined apthsence of inflammatory cells in the
anterior chamber and corneal endothelium (KPs) aiitiithout flare and absence of
posterior vitreous cells and other features obimtular inflammation other than macular and
optic disc edema. Other indicators such as ciliilash, pain and photophobia, common
features of AAU, were absent in most of the cadésen the intraocular inflammation
persisted for more than three months it was caiegghas CAU. Idiopathic uveitis was
defined on the basis of the absence of a deteciabteciated systemic disease regardless of
whether the patient was HLA-B27 positive or notsdél acuity wit best spectacle correction
was recorded with Snellen chart (logMAR visual &icuias calculateérom the relation;
logMAR visual acuity = Log of the reciprocal of 3iea visual acuity). Poor outcome was

defined as visual acuity of 0.3 logMAR (6/12 Sneléxjuivalent) visual acuity or worse.

The ocular complications analyzed were the presehpesterior iris synechiae, posterior
subcapsular lens opacity, ocular hypertension amglidnicoma, and clinical or angiographic
macular edema. Posterior iris synechiae (PS) wisedieas the presence of iris adhesions to
the anterior lens capsule post-dilatation. Onlygtesence of posterior subcapsular lens
opacities was considered as cataract secondamettisu Ocular hypertension was defined as
intraocular pressure greater than 21mmHg withos@ated optic disc or visual field
damage prior to treatment with corticosteroids.uGtana secondary to uveitis consisted of
raised intraocular pressure over 21 mmHg with daset optic disc damage and/or
correspondent visual field defect. Clinically siggcant macular edema was considered when
thickening of the central macula and or loss ofrtbamal foveal depression was present on
biomicroscopy confirmed or not by fluorescein aiggaphy. Patients with a previous history

of glaucoma, macular and or other retinal diseam® wxcluded from the study.

The medical treatment of all patients during thetaattack consisted of intensive topical
corticosteroids followed by a slow reduction anéddition to this all patients received
topical mydriatics for at least one month. Whehaesi clinical or angiographic macular
edema was present, patients were offered periooukystemic corticosteroids. Some
patients also required systemic corticosteroidsteir systemic disease. Patients with raised
intraocular pressure only during the acute episofleseitis were treated by increasing the
frequency of topical corticosteroids with or with@nti-hypertensive drops. When specific
anti-hypertensive therapy was required the drughofce was a topical non-selective beta-

adrenergic antagonist e.g., levobunolol 0.5% btk prostaglandin analogue latanoprost or
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the a-adrenergic agonist apraclonidine for short-terrmaggment were the preferred second
line agents (Sacca et al. 2001). Systemic carbamigrdrase inhibitors were given for the
short-term management of raised intraocular pressuer 35mmHg.

Patients with evidence of clinical or angiograpmacular edema at any time during the
disease who were listed for cataract surgery wisengystemic corticosteroids (40mg/daily)
for two weeks before surgery followed by the reducbf 5mg per week starting at the

beginning of the second postoperative week (Okletal. 1999).

3.3.STATISTICAL ANALYSIS

For statistical purposes patients were divided thtse with idiopathic CAU, those with
associated systemic disease, and those with FH@stiial analysis was performed using
Statistical Package for the Social Sciences (SB&8yare (version 9.05, SPSS Inc.,
Chicago, ILL for Windows).

The distributions of demographic, ocular and systerharacteristics at base line were
compared using chi-square or by Fisher’s exact Restiuct-limit or Kaplan —Meier method
was used to estimate survival rates (Mathew €t9%19). Log-rank test was used to compare
survival curves among the different groupsialues less than 0.05 were considered

statistically significant. No computation was cadriout for missing data.

3.4.RESULTS

A total of 91eyes of 68 patients had AU that lasteme than 3 months. Twenty four patients
(35.3%) were male and 44 (64.7%) were female. Tediam duration of follow up was 7.6
years (1.4 to 39.9 years). The median age wasygas +/- 14.1 SD (range 24 to 74). The
commonest ethnic group was Caucasian (60.3%)wellidby patients from the Indian
subcontinent (19%) and of Afro-Caribbean origin.g20). About one third of the patients
(35.3%) were diagnosed with FHC. Patients with Q&W.7%) were subdivided into those
with idiopathic CAU (50%) and those where the iatialar inflammation was associated to a
systemic disease (14.7%) that may account for ¢léis. Sarcoidosis associated AU and the
seronegative spondyloarthropathy groups with Sepégiin each group (7.4%) were the
commonest systemic disease associations identified.

The best corrected mean (+/- SD) logMAR visual gcai presentation was 0.27 +/- 0.45.
Fifty six eyes (61.5%) had a logMAR visual acuitypeesentation of 0.17 or better. The
frequency of complications is shown in table 3.al{IE 3.1). Nineteen eyes (20.9%)
presented with posterior subcapsular lens opactiieerall, visual acuity was significantly
worse in these patients with had evidence of cetémamation when they first presentgu=
0.005 OR 5.92 95% CI 1.7-20.Mhere were no significant differences betweenepédi with
CAU and those with FHC or those with idiopathic Catimpared to those with non-

120



idiopathic CAU. Nineteen eyes (20.9%) had evidesfd@S formation at presentation. As
expected, compared to these eyes with CAU nonleeofi had a diagnosis of FHC, however
no significant difference was found between pasievith idiopathic CAU and those with

CAU associated to a systemic disease. Fourteen(&yeto) had an intraocular pressure of
22mmHg or higher when they first presented, buy @ndyes (2.2%) showed glaucomatous
disc cupping. There was only one patient who preskewith raised intraocular pressure, and
he had a diagnosis of FHC. There was only onergatteo presented with cystoid macular
edema in one eye. There were no other significéfierences between patients with CAU and
those with FHC, or between those patients withpdibic CAU compared to those with an

associated systemic disease.
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Table 3.1. Complications seen at presentation tiema with CAU.

CAU (n=66) FHC (n=25)
Idiopathic CAU (n=48) Non-idiopathic CAU (n=18

Raised IOP 10 3 1

PSCLO 9 3 7

PS 15 4 0

CMO 0 1 0

Cupped optic dis¢ 2 0 0

IOP: Intraocular pressure; PSCLO: Posterior suhdaptens opacification; PS: Posterior

synechiae; CMO: Cystoid macular oedema.
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Although there was no difference in the presende®between patients with CAU and those
with FHC, cumulative survival curve at 5 years @fdw-up showed a significant risk of
developing PS in patients with CAlbg-rank = 3.98, p = 0.045)and it was increased 3
years after i.e., ears after first presentatidlog-rank = 5.23, p = 0.022jFigures 3.1 and
3.2). Although there were no significant differesee 5 years in terms of raised intraocular
pressure, a trend in patients with CAU to devellpigoma was founflog-rank = 3.08, p =
0.08) This was maintained 3 years lafi@g-rank = 2.69, p = 0.100)When we looked at the
risk of developing CMO, we found there were no Bigant differences between patients
with CAU and those with FHC at 5 or 8 years follag{log-rank = 1.96, p = 0.161 and log-
rank = 2.15, p = 0.142 respectively\e then, compared the 2 subgroups of patients wit
CAU. There was no significant difference betweetigmés with idiopathic uveitis compared
to those with associated systemic disease in dewgdS at 5 or 8 years of follow-(iog-
rank = 0.47, p = 0.49 and log-rank = 0.4, p = 0.8&spectively) There was a trend towards
developing CMO after 5 and 8 years in patients wih-idiopathic CAU compared to these
patients with idiopathic disease (log-rank = 2[4 % 0.14 and log-rank = 2.43, p = 1.12
respectively) (Figures 3.3 and 3.4).

When we looked at visual outcome at 5 and 8 ydtes patients first presented in our
department, we did not find any significant diffieces between patients with CAU and FHC
or between patients with idiopathic CAU and norejdithic CAU.
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Figure 3.12 Kaplan-Meier curve showing cumulativevaral of eyes with a potential for

developing posterior iris synechiae in CAU (dasleg) versus FHC (solid line) after 5 years

of follow-up. x=CAU censored.
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Figure 3.2. Kaplan-Meier curve showing cumulatiuevgsal of eyes with a potential for
developing PS in CAU (dashed line) versus FHC ddaotie) after 8 years of follow-up.
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Figure 3.3. Kaplan-Meier curve showing cumulatiuevg/al of eyes with a potential for
developing CMO in idiopathic CAU (I-CAU, solid lipeersus non-idiopathic CAU (NI-

CAU, dashed line) after 5 years of follow-up.
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Figure 3.4. Kaplan-Meier curve showing cumulatiuevgsal of eyes with a potential for
developing CMO in idiopathic CAU (I-CAU, solid lipeersus non-idiopathic CAU (NI-
CAU, dashed line) after 8 years of follow-up.
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3.5.DISCUSSION

It is generally perceived that although any patigitih AU may develop significant visual
sequelae, patients with CAU do less well than thvasie acute recurrent disease. Patients
with CAU often have no symptoms and minimal sighsflammation and may be first
diagnosed at a routine eye examination or when phesent with visual loss. PS formation is
much commoner feature in patients with chroniceathan acute inflammation. In addition
to this, patients with CAU may need long term tnggxt, which is aimed at minimizing
damage from the inflammation. Long term topicakicosteroids are the mainstay of
treatment for CAU however, periocular corticostdsocan be given for macular edema but
are contraindicated in steroid responders (Levad.2002; Riordan-Eva et al. 1994).
Systemic corticosteroids are indicated for bildteracular edema in patients who cannot
tolerate or do not respond to periocular cortiowstis. They may also be needed for the
management of any underlying systemic disordereR&ton chronic therapy are kept on the
minimum possible medication to control the inflantima in order to minimize the side
effects of corticosteroids such as cataract folwnagspecially the posterior subcapsular type,
and raised intraocular pressure with or withoutogisc damage and secondary visual field
loss (Carnahan et al. 2000; Stanbury et al. 198&ontrast, patients with FHC never
develop PS and the inflammatory component of theadie does not respond to
immunosuppression. Complications of this diseaslkidte cataract formation, glaucoma and
vitritis (Jones 1993).

Our data shows that the overall outcome of patieitts AU that persists more than 3 months
is encouragingAlthough there was a trend in patients with nomjpdithic CAU to develop

CMO compared to these patients with idiopathicaise no significant differences in visual
outcome were found between any of the groups ity term follow up. As expected there
was a significant difference in the formation of IRSween patients with FHC and the overall
group of patients with CAU, which appears to inseewith time. Analysis of follow-ups

longer than 8 years were not included, since tbeeased of censored observations resulted in

a considerable reduced number of patients followgd-

Posterior segment clinical manifestations in pasievith acute/recurrent AU have been
widely reported in the literature, however no deédirronclusions as to what might be the
cause other than the possible association witpihgence of the HLA-B27 haplotype have
been made. In these series of patients with chrorédis the two more common associated
diseases were the group of seronegative arthr@sadinid sarcoidosis, and so the increased
risk of CMO in non-idiopathic CAU patients might kedated to systemic immune alterations

of these systemic disorders. There are likely tother genetic influences on disease outcome
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in CAU. Different cytokine profiles have been foutadcorrelate with the different clinical
phenotypes, disease chronicity and response tioneeain the different types of AU
(Muhaya et al. 1998; Muhaya et al. 1999). In additio this, genotypic variations in cytokine
promoter region may account not only for inter-indiial variations in cytokine production
but also susceptibility to the disease (Seki e1299; Verity et al. 1999b). The correlation of
certain SNPs in Caucasian patients with CAU wadistlby Menezo et al. (abstract ARVO
2004). IL-1ra (+2018) T allele may predispose ®development of chronicity in patients
with acute-recurrent AU, whereas the TNF (-238) ggBotype may contribute to the
development of potentially sight threatening cowgdions in British Caucasian patients with
CAU. In theory, the identification of such variat®of these SNPs could lead to more
accurate ways of predicting outcome of diseasaesubnse to treatment in patient s with

intraocular inflammation.

Despite the limitations that a retrospective sthdg, our results suggest that posterior
segment complications in patients with CAU are niikedy to occur in these patients with an
underlying systemic disorder; however this doesapgear to have a negative impact in the

visual outcome of these patients.
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CHAPTER FOUR

4. TNF-857T, A GENETIC RISK MARKER FOR ANTERIOR UVEITI S
4.1.INTRODUCTION

Uveitis, an umbrella term for intraocular inflammaat, is of varying clinical phenotypes. It is
largely T-cell mediated and many cytokines havenlmtected in uveitis patients (De Vos et
al. 1992; Franks et al. 1992; Huhtinen et al. 200@haya et al. 1998; Ongkosuwito et al.
1998; Santos Lacomba et al. 2001b). Idiopathic AlUyhich there is often a severe
inflammatory response in the anterior chamberanmtfof eye is the most common type seen
in the general population. The disease severitycangse varies between individuals and
some patients, but not all, develop ocular compbaa that can threaten sight. Many
different cytokines have been identified in thddanfed eye (De Vos et al. 1992; Franks et al.
1992; Huhtinen et al. 2002; Muhaya et al. 1998; Kasgwito et al. 1998; Santos Lacomba et
al. 2001b; Verma et al. 1997), including TEHigh serum levels of TNB-have been
associated with a recurrent pattern of uveitis (&hacomba et al. 2001b) and decreased
inflammation was found in TNF receptor-deficiencmin immune complex-induced uveitis
(Brito et al. 1999). TNFx, produced predominantly by macrophages, playyade in

many infectious and inflammatory diseases (Breretaa. 1992; Grutters et al. 2002; Mannel
et al. 2000; Taylor 2001). Lymphotoxin{LT-a; previously known as TNB) is produced
mainly by lymphocytes and NK cells and displaysnailar spectrum of biological activity in
vitro, but is often less potent or displays appbapamtial agonist activity (Bazzoni & Beutler
1996). TNFe and LTa both activate many genes involved in inflammatamy
immunoregulatory responses and are structuralfedimolecules displaying 5Q&mino

acid homology (Ware et al. 1995). TNfand LT-a compete for binding to the same
receptors, TNFR1 and TNFR2. TNFR1 (55Kd) and TNFRsKd) (Aggarwal 1991; Bradley
& Pober 2001; Inoue et al. 2000) are expressedast nucleated cell surfaces and control
the cascades of regulated signals. Binding ofriheetic ligands of TNFa to the TNF

receptor induces “molecular switching” of the recepvhich then induces the signals
required for immune function (Bazzoni & Beutler 839Excessive or inappropriate signaling
through these receptors may casseere inflammatory reactions and tissue injura(Bey &
Pober 2001; Hajeer et al. 2001).

Many SNPs exist in the TN&; LT-a, TNFR1 and TNFR2 genes (TNF, LTA, TNFRSF1A,
and TNFRSF1B respectively) (Hajeer & Hutchinson20@ has been shown that
differences in TNFa production can be determined by genetic polymarpki(Abraham et

al. 1993; Grove et al. 1997; Higuchi et al. 1998;ab et al. 1990; Kroeger et al. 1997;
Kroeger et al. 2000; Wilson et al. 1997). Meanwhaléot of evidences suggest that these

polymorphisms may influence susceptibility and sgy®f inflammatory mediated disease

130



(Gonzalez et al. 2001; Grutters et al. 2002; L@0i81; Negoro et al. 1999; Verity et al.
1999b; Waldron-Lynch et al. 2001). The aim of ttisdy was to determine whether
polymorphisms in genes critical to the inflammatprgcess have an effect in idiopathic
AAU. Our objective was to investigate the assocrabetween published SNPs in TNF-
LT-a, TNFR1, and TNFR2 genes and idiopathic AAU. As HB2A?7 is closely linked to
TNF, the association between these SNPs and HLAv&#&7also studied. Furthermore, the

role of these SNPs in determining the clinical ghgpes in AAU was evaluated.

4.2.MATERIALS AND METHODS

Subjects

Patients with idiopathic AAU, referred mainly fraime southeast UK, were identified from
the uveitis clinics (SL) of Moorfields Eye Hospithlondon. AAU was defined as
inflammation confined to the anterior chamber andfderior vitreous for less than 3 months.
As uveitis is a clinically very heterogeneous diggat would be impossible to look at these
polymorphisms in a mixed group as the clinical oates would be so variable. Some AU
may occur in patients with systemic disease angnpaiphisms irthe promoter region of

TNF -1031T/C, -863C/A, and -857C/T have besported to be associated with Crohn's
disease and sarcoidosis (Grutters et al. 2002;sL2001). However the presence of systemic
disease could generate confounding factors so wsecto limit the group studied still further
to those with no detectable underlying disease, mstricted clinical phenotype of idiopathic
AU (IAU). Idiopathic disease was identified when there wereymptoms, signs or
investigation results which suggested a relevadedying disease process. Patients with any
following situations were excluded from this study AU of infectious etiology (e.g. herpetic
simplex or zoster uveitis, etc) 2) AU secondarthminflammation from neighbouring tissues
(e.g. scleritis, keratitis, post-operative uveigit;) 3) AU associated with known systemic
diseases (e.g. AS, Reiter’s syndrome, sarcoidBsiscet’s disease, etc) 4) Acute uveitis
secondary to other ocular diseases (e.g. FHC, r@aidossman syndrome, etc)

A total of 98 patients were studied, including 2dignts with single episode 1AU and 74 with
recurrent IAU. All patients received a detailed lacexamination on several occasions,
including corrected visual acuity, applanation taedry for intraocular pressure, slit lamp
examination, and fundus examination with 90-D déofens or indirect ophthalmoscope.
Fluorescein angiography was performed if the vigiad dropped and visually significant
macular edema was considered possible. The folipalinical parameters were also
collected: age, sex, episodes of disease recurreth@eB27, the presence or absence of PS,
lens opacity and glaucoma. All patients were dididgo either a inflammation-related

complication group or a no complication group. Thenplication group contained the
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patients with any of the following complicationshiech had been detected by the day of
phenotyping and blood collection and included posstment response to topical steroids,
secondary glaucoma, complicated cataract, cystaicliar edema, and requirement for
cataract, glaucoma or retinal surgery. All thesmlications were related to inflammatory

process

Genetic analysis

Ten to 15 mLs of peripheral venous blood were ctdlé for DNA extraction in all patients.
Genomic DNA was extracted from EDTA-chelated pegijahwhole blood, either with
commercial kits (Qiagen UK Ltd, UK) according to mdacture’s instructions or by a
modified salting-out procedure (Bunce et al. 198%lymorphisms were determined using
sequence-specific primers (SSPs). PCR-SSP utlia¢%s with 3’-end mismatches and
identifies the presence of specific allelic vargatiirough PCR amplification. Seventeen SNPs
were investigated in this study, including TNF -103863, -857, -308, -238 (all promoter,
NCBI RefSNP: rs1799964, rs1800630, rs1799724, 536 1and rs1800629), LTA +720
(exon 3, NCBI RefSNP: rs1041981), +365 (intron &fFNP: rs746868), +249 (intron 1,
RefSNP: rs909253); TNFRSF1A -201, -230, -845, -83935 (all promoter, RefSNP:
rs4149570, rs4149621, rs767455, rs4149584, an@06982); TNFRSF1B +1663 (exon 10,
RefSNP: rs1061624), +1668 (exon 10, RefSNP: rs5830) #1690 (exon 10, RefSNP:
rs3397), +676 (exon 6, RefSNP: rs1061622). Fopttgmorphisms in the TNB-and LT«
genes, we used the primer sequences and primauresxpreviously described by Fanning et
a.l (Fanning et al. 1997) and Grutters et al (@rstet al. 2002). The primer sequences used
for polymorphisms of TNFR1 gene are shown in t&e(Table 2.5). For identifying the
polymorphisms in the TNFR2 gene, we uelprimer sequences and primer mixtures
described by Pantelidis and colleagues (Table(P#&ntelidis et al. 1999).

In all reactions, one of two different control panpairs was used to generate a positive
control band of 796 base pairs or 256 base pausd®et al. 1995), depending on the size of
the target product. All PCR amplifications werereat out under identical conditions in
PTC200 thermal cycler (MJ Research, GRI, UK) asiptesly described (Grutters et al.
2002). Briefly, each reaction containedl5of the appropriate primer mix (allele-specificdan
control primers) and 8L of PCR reaction mixture, containing 1x PG&fer (Bioline,

London, UK), 300 uM of each deoxynucleotide tripbteete(Bioline), 2 mM MgC}, 0.32 U
Taq polymerase (Bioline), and 0.@10.1 g DNA per well. The DNA mixtures were hehte
at 96 C for 1 min in the first round of denaturation @hdn subjected to 5 cycles of 25 sec at

96°C, 45 sec at A€, and 25sec at 72; then followed by 21 cycles of 25 sec at®650 sec
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at 65C, 30 sec at PZ; and 4 cycles of 30 sec at°@; 60 sec at 5%, 90 sec at 7Z. The
agarose gels were visualized over ultraviolet [{@20nm) and photographed. A positive
reaction was defined as the presence of an alieeifsc band of the expected sine,
conjunction with a control band. The absence adlie-specifiddand in the presence of a

control band was considered to be a negative macti

4.3.STATISTICAL ANALYSIS

All genotype frequencies in each population wesgete for deviation from the Hardy-
Weinberg equilibrium using the chi-square test. gbprotype frequencies for each
polymorphism were determined by direct counting eredallele and allele carriage
frequencies calculated. Differences in genotypgueacies between patients and controls
were analyzed with a 2x3 unisquare with 2 degrééeedom. The allele and allele carriage
frequency were compared using a 2x2 chi-squaredTtee purpose of using three different
comparisons in our analysis was to increase theepofwour study to identify a significant
susceptibility allele that the type 1 error was moich inflated (Ohashi et al. 2001). Statistical
analysis was performed using chi-square contingéadalg analysis for all categorical data of
clinical phenotypes and laboratory variables, ddpgnon appropriate number of degrees of
freedom. Fisher’'s Exact test was used if any exgaeftequency was lower than 5. The
Student t test was used to compare the means obtitemuous variables, such as age. A

value of p < 0.05 was considered as significant.

Linkage is the association between alleles at tilkei which reflects, in part their proximity
and the correspondingly low probability of recondiion breaking the haplotype on which
they are found (Collins A. Mol Biotechnol. 2009).

Two alleles are in LD if their co-occurrence in f@pulation is higher than the product of
their allele frequencies. It denotes the non-randssociation of alleles at two or more loci.
If two loci have alleles A1, A2 and B1, B2 with fp@encies of pAl, pA2, pB1, and pB2
respectively, there will be four possible haplotypelB1, A1B2, A2B1, A2B2 and their
corresponding frequencies are pA1B1, pA1B2, pAZBB2. In the event of no LD the
frequency of the four haplotypes will be equalite product of the frequencies of their alleles
i.e., pA1B1 = pAl x pB1.

However, LD is a non-quantitative phenomenon andragpithe measures that have been
proposed for a two loci haplotype data the two nmgortant are D’ andfr

If the alleles at the two loci are not randomlyaasated, there will be a deviation (D) in the

expected frequencies, which can be measured by:
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D = pA1B1 x pA2B2 - pA1B2 x pA2B1, where A1B1 an@B2 are referred as the coupling
gametes and A1B2 and A2B1 the repulsion gametéstiierefore the difference between
these two gametes types.

As a measure of LD, the value of D will depend tom dllele frequencies at the two loci, and
Lewontin (1964) thus proposed standardizing D eorttaximum possible value it can take:
D’ = D/ Dmay Where Dhaxis the maximum value of D possible for the givéala frequencies.
D’ value will varies between 0 (no LD) and +/- beplete association) and allows assessing
the extent of LD relative to the maximum possilddue it can take.

An alternative measure of LD proposed by Hill arab&tson (1964):

r’= D*/ pAl x pA2 x pB1 x pB2. Wheré will equally varies between 0 and +/- 1.

r’reflects statistical power to detect LD.

nris the Pearson test statistic for independence2in & table of haplotype counts, therefore
a low F corresponds to a large sample size n that is redjth detect the LD between the
markers.

LD measuringTwas calculated for all pair wise combinations BPS within each gene. LD
analysis was carried out in HelixTf¥gGolden Helix Inc, Bozeman). The role of SNPs in
TNF is still controversial; therefore the analysisaplotype in candidate area is important
(Bayley et al. 2004). Haplotype frequency estintaiwere performed using the expectation-
maximisation (EM) algorithm, which calculates maximlikelihood estimates of the
possible haplotype frequencies, implemented inxdeti€ ™. To ensure the EM algorithm
was producing robust estimates of haplotype fregj@snseveral random subsets of the data
were selected and haplotype frequencies compaleate were no statistically significant
differences between haplotype frequency estimaiionandom subsets of the data. Due to
relatively strong LD it was possible to infer hapgjoes by direct counting. Haplotype
frequency comparisons were made by calculatingtlas ratios for the frequency of each
haplotype compared to the frequency of all oth@ldtgpes. A correction using the
Bonferroni method was used for multiple comparisaiseng the formula of = p x n. (p
represents the corrected value, p is the uncodeetiele, and n is the numbers of
comparisons performed in individual genes.)

The availability of high-throughput genotyping teclogies and massive amounts of marker
data for testing genetic associations is a duatedgvord. On one side is the possibility that
the causative gene will be found from among theseetl for association, but on the other
testing, many loci for association creates potéfalae positive results and the need to
accommodate the multiple testing problem. One efitlost widely used solutions involves
correcting each test using adjustments such asiteBoni correction. Bonferroni
adjustments are based on the reasoning that if Aypothesis is trua significant difference

(P<0.05) will be observed by chance omc20 trials. This is the type | error, or alphahgv
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20 independeriests are performed (for example, study groupsamgared witmegard to

20 unrelated variables) and the null hypothesiddfol all 20 comparisons, the chance of at
least one test beirgignificant is no longer 0.05, but 0.64. The forefdr the errorate across
the study is 1-(1-alphg)where n is the number of tests performed.

The Bonferroni correction for multiple comparisarsed the formulag= p x n; where p
represents the corrected value, p is the uncodeetieie, and n is the numbers of
comparisons performed in individual genes. We @sed value of 4 when comparing allele

frequencies for each individual SNP, and a valué when comparing genotype frequencies.

4.4.RESULTS

Forty-seven males and fifty-one females were inetlieh this study (Mean age 46.6 years,
SD 14.7 years). It has been demonstrated that #nerethnic variations in the frequency of
TNF and LTa gene polymorphisms. Consequently, all the indigldpatients and controls)
participating in this study were UK Caucasian iigior. The control population was collected
mainly from the southeast of the UK as describddrbgGrutters et al. 2002; Pantelidis et al.
2001) and included 354 individuals for TNFand LTa genes polymorphism, 132
individuals for TNFR1 gene polymorphism, and 10@iwduals for TNFR2 gene
polymorphism. The frequencies of TNELT-a and TNFR2 genes polymorphism have been
previously reported (Grutters et al. 2002; Paniekd al. 2001). All genotype frequencies in
case and control populations conformed to HardyAleig equilibrium.

Associations between SNPs and | AU

There was a significant increase in the alleledezgry of TNF-857T in IAU patients as
compared to controls (15.3% vs 7.3%, p = 0.0006,@2003) (Table 4.1). In the patients with
IAU, 28.6% carried the uncommon TNF-857T allelenpared with 14.4% in the control
subjects (p = 0.001.p 0.005). The pattern of LD between the 5 TNF SNRfiown in

figure 4.1 (Figure 4.1). The strongest evidencd.fdotbetween TNF-857 and the other SNPs
tested was for TNF-307 (r correlation 0.19, Figdir®). Interestingly there was also a
significant decrease in allele frequency of theaummon TNFRSF1A-230G in the IAU group
although this was not significant after correctigith the Bonferroni method (1.0% vs 5.0%,
p = 0.02, p=0.09) (Table 4.2). Analysis of allele carriageguency showed similar findings.
There was no other significant difference of SNPallele, allele carriage or genotype

frequency of LTe and TNFR2 genes between IAU and controls (Taldg 4.
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Table 4.1. Allele, genotype, and allele carriageglfrencies of TNF-857 in IAU and control.

Polymorphism IAU (n = 98) Control (n = 354)
No. % No. % p value |pvalue

Allele Frequency

TNF-857 C 166 |(84.7) 656 (92.7) 0.0006* |0.003*
T 30 (15.3) 52 (7.3)

Genotype Frequency

TNF857 CcCC 70 (71.4) 303 (85.6) 0.002* |0.01*
CT 26 [(26.5) |50 (14.1)
TT 2 (2.0) 1 (0.3)

Allele Carriage Frequency

TNF857 CcC 70 (71.4) 303 (85.6) 0.001* |0.005*
CT,TT 28 [286) |51 (14.4)

IAU: idiopathic anterior uveitis

*Statistical significance
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Figure 4.1. Linkage disequilibrium (LD) between TNIP31, -863, -857, -308, -238.

LD is weak between thENF857 and the other SNPs in the gene. The stroegestnce for
LD was betweed NF857 andTNF307 (r correlation 0.19).
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Table 4.2. Allele, genotype, and allele carriageg|frencies of TNFRSF1A-230 in IAU and

control.
Polymorphism IAU (n =97) |Control (n =119)
No. % No. % p value |pvalue

Allele Frequency

TNFRSF1A230 A 192 ((99.0) [226 (95.0) 0.02* [0.09
G 2 (1.0 12 (5.0)

Genotype Frequency

TNFRSF1A230 AA 05 [(98.0) (108 (90.8) 0.08 0.4
AG 2 (2.0 10 (8.4)
GG 0 [0.0) 1 (0.8)

Allele Carriage Frequency

TNFRSF1A230 AA 95 |(100.0) (108 (90.8) 0.03* 0.1
AG, GG 2 [2.0) 11 (9.2)

IAU: idiopathic anterior uveitis

* Statistical significance
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Table 4.3. Genotype frequencies of b'Tand TNFR2 genes between IAU and controls.

IAU Control
(n=98) % (n =349 % Chi2 pvalue
LT-a+720 CC 27| 28.1 133} 38.1 | 3.53 0.1713
CA 51]53.1 166| 47.6
AA 18| 18.8 50| 14.3
LT-a+365 GG 36(37.5 128/ 36.7 | 0.10 0.9491
GC 48| 50.0 173| 49.6
CcC 12| 12.5 48| 13.8
LT-a+249 GG 18| 18.8 50| 14.3 | 3.53 0.1713
GA 51| 53.1 166| 47.6
AA 27| 28.1 133| 38.1
TNFR2-663 AA 32| 32.7 28| 28.0 | 2.59 0.2732
AG 481 49.0 44| 44.0
GG 18| 18.4 28| 28.0
TNFR2- TT 891 90.8 86| 86.0 1.12 0.2902
1668
TG 9(9.2 14| 14.0
GG 0| 0.0 0] 0.0
TNFR2- CcC 14| 14.3 9]/ 9.0 1.44 0.4867
1690
CT 49| 50.0 51| 51.0
TT 35| 35.7 40| 40.0
TNFR2ex6- CT 64| 65.3 34/ 54.0 | 5.94 0.0512
676
TG 33| 33.7 24| 38.1
GG 1110 5/7.9
df=2

Caculated by 2xjf= 1
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From the results of the SNPs in the TNF promoterygre able to construct the TNF
haplotypes and calculate their frequencies (Taldle #he frequency of haplotype 4,
containing the T allele at nucleotide position -8&@s significantly increased in IAU as
compared to controls either by direct counting4¥yvs 7.1%, p = 0.0003, p 0.002, odds
ratio 2.4, 95% confidence interval 1.4-4.0) or by Blgorithm (15.3% vs 7.2%, p = 0.0004,
p. = 0.002, odds ratio 2.3, 95% confidence intervat3d9). No significant association was

found in the frequencies of the other haplotypes.

Associations of SNPs and Clinical Phenotypes

The complication group contained 9 patients (9.8&eloping at least one type of ocular
complication related to the inflammatory process|uding 4 poor responses to topical
steroid, 4 requiring surgery (cataract or glaucemeetina surgery), and 1 cystoid macular
edema. There was no association between the catiphagroup and any of these SNPs.
However, of the sixty-one HLA-B27 positive patiemighe subgroup analysis, there were
significant differences in the frequencies of tmeammon TNFRSF1A-201T and
TNFRSF1A-1135T alleles between HLA-B27 positiveigats with complications (n=5) and
those without complications (80.0% vs 33.6%, pG06, p = 0.03; 80.0% vs 36.6%, p =

0.01, p =0.07, respectively). Analysis of the genotypd alele carriage frequencies showed

similar significant findings in HLA-B27 positive pants (Table 4.5).

Higher allele carriage frequencies in TNFRSF1A-20INFRSF1A-845A, and TNFRSF1A-

1135T were found in recurrent IAU as compared nglsi episode IAU (71.2% vs 45.8%, p =

0.02, p = 0.1; 89.0%, 66.7%, p = 0.02,90.1; and 75.7%, 45.8%, p = 0.0060.03

respectively) (Table 4.6). Differences in the ggpetfrequencies of TNFRSF1A-201, -845, -

1135 were also found between recurrent and simmgoéde IAU (p = 0.02, 0.004, and 0.008;
p. = 0.09, 0.02, and 0.04; respectively) (Table 4.7).
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Table 4.4. Haplotype frequencies in IAU and control

Haplotype | TNF Polymorphism DC frequency EM frequency
-1031| -863| -857 | -308 | -238 | IAU Control | IAU Control
1 T C C G G 53.3% 54.4% 53.19 54.0%
2 T C C A G 15.4% 18.3%| 15.3% 18.2%
3 C A C G G 11.8% 14.7% 11.7% 14.0%
4 T C T G G *15.49 7.1% | '15.3%]| 7.2%
5 C C C G A 3.1% 4.9% 3.1% 4.8%
6 C C C G G 1.0% 0.7% 1.0% 0.7%

DC.: direct counting; EM: expectation maximisatidgaithm

IAU: idiopathic anterior uveitis, n=98; Control: 854

* Odds ratio: 2.4, 95% confidence interval: 1.4:420= 0.0003, Pc = 0.002
T Odds ratio: 2.3, 95% confidence interval: 1.4-8%; 0.0004, Pc = 0.002
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Table 4.5. Allele, genotype, and allele carriageg|frencies of TNFSF1A-201 & TNFSF1A-

1135 in HLA-B27 positive patients with complicatiand without complication.

Polymorphism Comp (n=5) No Comp (n =57)
No. | % No. | % p value| p.value

Allele Frequency

TNFSF1A201 G 2 (20.0) 73| (66.4) 0.006* 0.03*
T 8| (80.0) 37| (33.6)

TNFSF1A1135 C 2 (20.0) 71| (63.4) 0.01* 0.07
T 8| (80.0) 41| (36.6)

Genotype Frequency

TNFSF1A201 GG 0| (0.0) 23| (41.8) 0.003* 0.02*
GT 2| (40.0) 27| (49.1)
TT 31 (60.0) 5[ (9.1)

TNFSF1A1135 CcC 0] (0.0) 20| (35.7) 0.003* 0.02*
CT 2| (40.0) 31| (55.4)
TT 31 (60.0) 5 (8.9)

Allele Carriage Frequency

TNFSF1A1135 CC,CT 2] (40.0) 50[ (91.4) 0.01* 0.07
TT 3| (60.0) 5| (8.6)

TNFSF1A201 GG, GT 2| (40.0) 51| (91.2) 0.01* 0.07
TT 3| (60.0) 5| (8.8)

Comp: complication group; No Comp: no complicatipoup; IAU: idiopathic anterior

uveitis

* Statistical significance
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Table 4.6. Allele carriage frequencies of TNFSFI04-P, TNFSF1A-845A, and TNFSF1A-

1135T were found in recurrent IAU as compared nglsi episode IAU.

Recurrence(n = 74) Single episod€n = 24)
Polymorphism Postive Negative Positive Negative Zhi pvalue
TNFR1-201 | T| 52 71.2 21| 28.8| 11458 13| 54.2| 5.12| 0.02000| *
TNFR1-230 | A| 73| 100.0 0| 0.0 24| 100.0 0| 0.0 0| 1.00000
TNFR1-845 | Al 65/ 89.0 8/ 11.0| 16| 66.7 8| 33.3| Fisher| 0.0200Q * | ***
TNFR1-839 | A| 4|54 70| 94.6 1/4.2 23| 95.8 0 | 1.00000
TNFR1-1135( T| 5 75.7 18| 24.3| 11|45.8 13| 54.2| 7.46| 0.00600| *
df=1

*Statistic significant

*** Expected cell frequency <5, suggest correctwith Fisher's exact test
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Table 15 Genotype frequencies of TNFR1polymorphibatsieen recurrent and single

episode IAU.
Recurrence Single episode
(n=74) (n=24) Chi2 p value
TNFRI-201 GG 21 28.8 13| 54.2 8.03 0.02 *
GT 39| 534 5| 20.8
TT 13|17.8 6| 25.0
TNFRI-230 AA 73| 100.0 22| 91.7 6.21 0.010*
AG 0|0.0 2/ 8.3
GG 0| 0.0 0] 0.0
TNFRI-845 AA 21| 28.8 10| 41.7 10.78 0.004*
AG 441 60.3 6| 25.0
GG 8| 11.0 8| 33.3
TNFRI-839 GG 70 94.6 23| 95.8 0.06 0.800
GA 454 114.2
AA 0|0.0 0] 0.0
TNFRI-1135 TT 12| 16.2 5/ 20.8 9.54 0.008 *
TC 44| 59.5 6| 25.0
CcC 18| 24.3 13| 54.2
df=2

*Statistic significant
ACaculated by 2x&f=1
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HLA-B27 and SNPs
Sixty-one of the 98 IAU patients (62.2%) were HLAR-Bpositive. As expected, HLA-B27

was significantly associated with the recurrentfaf IAU ()(2 = 8.3, p = 0.004). The mean
age of IAU patients with B27 positive was not sfgraintly different from those with B27
negative (44.9 + 13.0 yrs vs 49.3+ 17.0 yrs, pE6].Significant differences in the
frequencies of the uncommon TNF-1031C and TNF-38B&es between patients with B27
positive and B27 negative were found (11.5% vs 24,8 = 0.02, p= 0.09; 6.6% vs 31.1%,
p = 0.000005, p= 0.00003, respectively) (Table 4.8). No significéifference in the allele
and genotype frequency of TNF-857 was found betw#ei-B27 positive patients and
HLA-B27 negative patients. Of the haplotype analysie frequency of haplotype 1 of the
TNF promoter, containing —1031T and —308G, was silgoificantly increased in IAU with
B27 positive as compared to B27 negative eithatil®ct counting (63.1% vs 37.0%, p =
0.0003, p=0.002, odds ratio 3.0, 95% confidence intervé}d.7) (Table 4.9) or EM
algorithm (63.6% vs 36.5%, p = 0.0002,/40.001, odds ratio 2.8, 95% confidence interval
1.5-5.5). The frequency of haplotype 2, contairih@31T and —308A, was significantly
decreased in IAU patients with B27 positive as careg to B27 negative by direct counting
(6.6% vs 30.1%, p = 0.00001, $ 0.00006, odds ratio 0.17, 95% confidence inledv@6-
0.4) or by EM algorithm (6.6% vs 29.7%, p = 0.000&1= 0.00006, odds ratio 0.17, 95%

confidence interval 0.06-0.4).
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Table 4.8. Allele frequencies of TNF promoter SNPBILA-B27 positive IAU and HLA-
B27 negative IAU.

Polymorphism B27(+) (n =61) B27(-) (n = 37)
No. | % No.| %
TNF-1031 * T 108 (88.5) 56| (75.7)
C 14| (11.5) 18| (24.3)
TNF-863 C 111} (91.0) 62| (83.8)
A 11 (9.0) 12] (16.2)
TNF-857 C 99| (81.1) 67| (90.5)
T 23| (18.9) 71 (9.5)
TNF-3077 G 114] (93.4) 51| (68.9)
A 8| (6.6) 23] (31.1)
TNF-237 G 120 (98.4) 70| (94.6)
A 2| (1.6) 4] (5.4)

* Statistical significance, p = 0.02, p 0.09
" Statistical significance, p = 0.000005,40.00003
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Table 4.9.16 Haplotype frequencies of TNF prom8f€Ps in HLA-B27 positive and HLA-
B27negative IAU patients.

Haplotype TNF Polymorphism DC frequency EM frequency
-1031] -863[ -857[ -307] -237| | B27(+) | B27() B27(+) B27()

1 T C C |G G *63.1% 37.0% 63.6% 36.5%

2 T cC| Cc| A |G 6.6% | ** 30.1% 6.6%| "1 29.7%

3 C A C G G 9.0% 16.4% 9.0% 16.2%

4 T C T G G 18.9% 9.6% 18.4% 9.4%

5 C C C G A 1.6% 5.5% 1.2% 5.4%

6 C C C G G 0.8% 1.4% 0.8% 1.4%

DC.: direct counting; EM: expectation maximisatidgaaithm

HLA-B27(+): n=61; B27(-): n=37

* Odds ratio: 3.0, 95% confidence interval: 1.6:327 0.0003, Pc = 0.002

T Odds ratio: 0.17, 95% confidence interval: 0.06-@ = 0.00001, Pc = 0.0006
** Odds ratio: 2.8, 95% confidence interval: 1.%52 = 0.0002, Pc = 0.001
™ Odds ratio: 0.17, 95% confidence interval: 0.06-@ = 0.0001, Pc = 0.0006
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4.5.DISCUSSION

The association of SNPs of TNE-LT-a, TNF-R1 and TNF-R2 genes in patients with IAU
has been investigated in this study. We have detrated that the frequency of the
uncommon TNF-857T allele is significantly assoaiatgth IAU even after correction for
multiple testing. Although a haplotype effect coaldo be demonstrated, haplotype 4 of TNF,
containing the T allele at nucleotide position -8vds the only haplotype significantly
associated with IAU. In addition, there was vetifdiLD between TNF-857 and the other
TNF SNPs, suggesting that the effect is largelybattable to TNF-857. Our results suggest
that the uncommon TNF-857T allele is a susceptyhifiarker for IAU.

SNPs in the TNF promoter region are potentiallyctional sites influencing the expression
of TNF-a, except TNFa. -308G/A polymorphism (Bayley et al. 2004). Thiatenship
between TNFa expression and SNPs may be explained by the popmsmn TNF-863

(C/A). TNF-863 (C/A) polymorphism has been proposedilter the binding affinity of the
p50-p50 form of Nk-B. The p50 subundontains a DNA binding domain but no activation
domain and the p50-p50 homodimer plays a roleteenacriptional repressor in the promoter
region of the TNF gene. The affinity of the p50-g6m NF«B to its DNA binding site is
significantly decreased in the TNF gene contaitiieguncommon -863A allele. Thus, the
change from G to T at nucleotidesition -863 results in increased TNproduction
(Udalova et al. 2000). The uncommon TNF-857T altelald have a similar function to —
863A. Another hypothesis is that TNFis controlled through allele-specific binding bkt
transcription factor OCT-1. OCT-1 has been suggestenodulate TNFx expression

(Knight et al. 1999), and OCT-1 has been foundeta$sociated with —857T in the promoter
area, but not with —-857G (Hohjoh & Tokunaga 2001).

Our results do not suggest that TNF-857T is theakailele for IAU, but that it can be used
as a marker for IAU. The same allele has been fooie associated with many other
inflammatory diseases, such as Crohn's diseasmjdasis, and in RhA patients carrying the
HLA-DR 'shared epitope' (Grutters et al. 2002; Neget al. 1999; Waldron-Lynch et al.
2001). The combination of the TNF -857T allele &RB1*0405 yielded a significantly
increased risk for developing systemic juvenileurhatoid arthritis (Date et al. 1999). There
may be other genes that affect susceptibilityrikdge with TNF gene, such as the other HLA
genes. TNF and HLA genes are located within thescli region of the highly polymorphic
major histocompatibility complex (MHC) and havehtig D each other and so. It is therefore
difficult to clarify the primary candidate markerflAU and further study of the LD data for

the haplotype containing TNF-857T is necessaryifat. Herrmann et al reported the allele
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frequency of TNF-857T were 13.7% and 17.8% frommmadrcontrols of Northern Ireland and
France respectively (Herrmann et al. 1998). likisly that these differences were due to
differences in ethnicity since the TNF genes angagid within the MHC region, which is
known to be both highly polymorphic and subjecgtionic variation. Ethnicity has been
reported to be strongly associated with cytokingegeolymorphisms (Hoffmann et al. 2002).
We suggest that differences between our contralilatipn and those reported by others are
likely due to differences in ethnic origin. Repegtour study in other populations of different

ethnicities is necessary to confirm the signifieao€our findings.

Fifty to 67% of patients with AAU are HLA-B27 pos# (Derhaag et al. 1989; Mooller et al.
1980; Trevisani et al. 2001). Recurrent episodedraguent in HLA-B27-associated AU
(Mapstone et al. 1975; Power et al. 1998) and HI2¥-Bssociated AU tends to develop
uveitis at a younger age (Rothova et al. 1987).r@sults were similar. Some reports mention
that the prognosis of the patients with HLA-B27exsated AU is similar to HLA-B27
negative ones (Linssen et al. 1995), but others heported that patients who are HLA-B27
positive developed a more severe clinical courseaanigher rate of ocular complication
(Rothova et al. 1987), with a more severe outcdPasver et al. 1998). The classic role of
MHC class | molecules is antigen presentation (Pahal. 1998) and recently, one study
reported that HLA-B27 modulates N§B-activity in response to LPS in monocytic cells
(Penttinen et al. 2002). NiEB is an important nuclear transcriptional factottia expression

of many genes which proteins are involved in thetrab of apoptosis and in the
inflammatory processes, and MB-can be activated by a variety of stimuli, incluglifNF-o
(Pamer & Cresswell 1998; Penttinen et al. 2002). this study, patients with inflammation-
related complications (poor response to topicabsls, complicated cataract, cystoid macular
edema, surgery) showed a trend of association MNRRSF1A-201T and TNFRSF1A-
1135T alleles in HLA-B27 positive patients. TNFRhich is responsible for mediating most
ofthe known TNFa effects, contains two functional domain€@OH-terminal region

(death domain) and an Nkerminal region. TNFR1 initiates the pathway of-NFactivation
through the death domain (Bradley & Pober 2001 ,chki& et al. 1998; Vandevoorde et al.
1997). Binding of trimeric ligands of TN&-to the TNFR1 induces signals required for the
subsequent pathway activation (Bazzoni & Beutl&8)9The effect on gene expression of
SNP in the promoter region of TNFR1 gene is stli clear. This might be associated with
the reported increase in severity and complicatiortise HLA B27 positive group. But this
association in this study should be treated asnpiredry since the numbers of the patients

with complications are small.
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The uncommon TNF-238A allele has been reportedftoence disease susceptibility in
HLA-B27 negative primary AS but had no effect in/B2ositive patients (Gonzalez et al.
2001). From the haplotype analysis of the TNF primim all IAU patients, haplotype 1,
containing the common TNF-308G, is significantlg@sated with HLA B27 positive
patients; and haplotype 2, containing the uncomiigR-308A, is associated with HLA-B27
negative patients. The uncommon TNF-308A seems tsbociated with HLA-B27 negative
IAU patients. Both TNF-308A and TNF-238A allelessbdeen reported to be associated
with a higher level of TNFr production (Abraham et al. 1993; Grove et al. 299@uchi et
al. 1998; Jacob et al. 1990; Kroeger et al. 200@.also found that HLA-B27 was associated
with TNF-1031 and —308 in this study. These resstlisngly suggest there is LD between
HLA-B27 and TNF-308. Therefore TNF-308A is unliketybe an independent risk marker
for HLA-B27 negative patients. Further work will heeded to clarify the role of the
uncommon TNF-308A allele in the HLA-B27 negativdipats.

In conclusion, this is the first study linking ighathic AAU and its clinical manifestations to
polymorphisms in TNFy, LT-o, TNFR1 and TNFR2 genes. A significant differencéhe
frequency of TNF-857T allele was found in patienith IAU. There is a trend toward
developing inflammation-related complications indgatients carrying TNFRSF1A-201 T
and TNFRSF1A-1135 T allele. Genetic variationshefse proinflammatory mediators and
their receptors may influence the susceptibilitg aaverity of the inflammatory response

within the eye of idiopathic AAU and may provideefid prognostic information.
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CHAPTER FIVE

5. CYTOKINE GENE POLYMORPHISMS INVOLVED IN CHRONICITY  AND
COMPLICATIONS OF ANTERIOR UVEITIS

5.1.INTRODUCTION

Uveitis is a generic term to describe intraocutdlammation, which has a variety of different

clinical phenotypes and visual outcomes. AU, wtikege is no evidence of inflammation in

the posterior segment, is considerably more comitmam posterior uveitis in which the

inflammatory process occurs mainly in the postesegment (McCannel et al. 1996). The

explanation for why some patients develop chromgitis whereas others have a recurrent

self-limiting type of uveitis is unknown. The degpment of chronicity is not due to

inadequate treatment, is unrelated to HLA-B27 amsllikely that host factors are important

determinants. Patients with CAU vary in their atialiphenotype. Some develop

complications such as cataract, glaucoma and CMOgthers do not.

Cytokines are regulatory proteins produced by deltfifferent organs in response to a
variety of inducing stimuli. They play an importante in controlling cell proliferation and
cell differentiation phenotype. Thl-type cytokiregh as interferop-mediate cellular
immune responses and have an inflammatory actio2-tfipe cytokines include interleukin-6
(IL-6) and interleukin-10 (IL-10) among others antibit Thl cells suppressing
inflammation as well as enhancing the humoral pathef the immune response. The pro-
inflammatory cytokines IL-1 and TNF are known td as mediators of inflammation and
even cause tissue damage in chronic inflammat@gedie and they have been associated,
together with other cytokines produced by T ceillthie pathogenesis of uveitis (Sakaguchi et
al. 1998). The clinical outcome of many autoimmdrgeases including different forms of
intraocular inflammation appears to be influencgdhe balance between inflammatory and
down-regulatory cytokines (Foxman et al. 2002; Muhat al. 1999; Ongkosuwito et al.
1998; Santos Lacomba et al. 2001a).

The level of cytokine production by cells in angividual has been associated with
polymorphisms in cytokine gene promoters (Lazatusd.e1997; Wilson et al. 1997). Since
the levels of cytokine gene expression are partgehetically determined through common
polymorphisms, these may influence the suscepiliti inflammatory disease or the severity
of the disease (Lazarus et al. 1997). In additiothis, the cytokine and chemokine milieu of
the aqueous has been shown to be associated witutbome of uveitis (el-Shabrawi et al.
1998; Muhaya et al. 1998; Verma et al. 1997).
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IL-1 is located on the long arm of chromosome 2 emttains three related genes that encode

the pro-inflammatory cytokines ILel IL-1p and their endogenous receptor antagonist IL-1ra.

The ratio between IL1 and IL-1ra appears to beialiw the outcome of inflammatory
disease (Arend 2002). It has been shown in seaemalal models that intraocular injection of
IL-1ra decreases the inflammatory response in Alised by intravitreal injection of IL-1 and
that seen after intraocular lens implantation (N&thal. 1994; Rosenbaum & Boney 1991).
Some studies have linked IL-1ra gene polymorphisitis susceptibility or outcome of
autoimmune disorders (Tountas et al. 1999; Vijgeal.€2002; Watanabe et al. 2002).

IL-6 is a multifunctional cytokine that regulaté®timmune phase response, acute phase
response and inflammation (Castell et al. 1989mbtu IL-6 is synthesized as a precursor
protein of 212 amino acids. Whereas the first 2&aracids can be removed without
affecting significantly the biological activity dif-6, the removal of only 4 amino acids from
the C-terminal of the IL-6 molecule may result inanplete loss of its biological activity
(Kruttgen et al. 1990). It is associated with sggteonset juvenile chronic arthritis (Fishman
et al. 1998) and it also seems to contribute t#itbogenesis of RhA by influencing the age
at disease onset (Pascual et al. 2000). This paopmsm was associated with different
clinical and immunological features in Caucasiamn@an patients with systemic lupus
erythematosus, but it did not appear to affectadisesusceptibility (Schotte et al. 2001).
There is still some controversy between the IL-6aggpe and IL-6 levels. The -174 (G/C)
polymorphism appears to affect IL-6 transcriptiowl 4.-6 levels and whereas some authors
have found that the presence of allele C and C@tgpa in patients with chronic
inflammation is associated with higher levels ofdl(Jones et al. 2001), others found that in
patients with primary Sjogren’s syndrome those wieoe homozygous for allele G had
increased plasma levels (Hulkkonen et al. 2001h¢. Jame was true for HIV-infected male
patients with Kaposi sarcoma (Foster et al. 200®reas other studies have not shown such

association (Kilpinen et al. 2001; Rauramaa e2@00).

IL-10 is a regulatory cytokine with predominantiytieinflammatory actions mediated
inhibiting the production of pro-inflammatory cyioks. It also up-regulates TNFR1 and
TNFR2, which in turns inhibits TNE-response (Moore et al. 2001). Chronic enterosoliti
that mimics IBD in humans has been induced in th&d knock-out mice (Kuhn et al. 1993).
Furthermore, intravenous injection of IL-10 in to@mal model has shown reduction of the
cellular infiltration in endotoxin-induced anterioveitis (Hayashi et al. 1996; Rizzo et al.
1998; Rosenbaum et al. 1995).

The G/A polymorphism at position -1082 has beekelihto high/low IL-10 producer status
respectively (Lazarus et al. 1997; Tagore et é#9).9and although the-1082 G/A
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polymorphism appears to be in LD with other polyptosms at -819, -592, it seems that the
relationship between the IL-10 A allele and incezbB_-10 gene transcription in B-cells is
independent of these other polymorphisms (Reels 20@2). Tagore et al. reported a higher
frequency of allele 1 in normal controls compam@@atients with IBD (Tagore et al. 1999).
IL-10 promoter polymorphisms have been found tassociated to different inflammatory
diseases, such as RhA, primary Sjogren’s syndram# SLE (Huizinga et al. 2000;
Hulkkonen et al. 2001a; Lazarus et al. 1997).

The TNF cluster is located within the class Illiggof the MHC on chromosome 6p21
(Hajeer & Hutchinson 2000). TNF mediates its fumas by binding to specific TNF
receptors (Bazzoni & Beutler 1996). Signalling thgb these receptors influences T cell
proliferation and proinflammatory responses (Hafeéfutchinson 2001). It has been shown
that differences in TNF production can be deterihimg genetic polymorphisms (Higuchi et
al. 1998; Kroeger et al. 1997; Kroeger et al. 2000son et al. 1997). As levels of cytokine
gene expression are at least partially geneticktgrmined through common polymorphisms,
it is thought that these polymorphisms may inflleesasceptibility and severity of
inflammatory disease. There are several SNPs wiltleippromoter region of the TNF gene;
among those the two most studied are the -308 Gditlze -238 G/A polymorphisms. In

vitro stimulation of TNFe production by cells and gene reporter assays beep used to
investigate the relationship between circulatingls of TNFe and their -308 and -238
polymorphisms with inconclusive results (Huizingak 1997; Louis et al. 1996; Pociot et al.
1995).

The TNF-238 A allele has been associated withdegerity in patients with multiple
sclerosis (Huizinga et al. 1997). In a similar stud patients with RhA the TNF-238 GA
genotype was associated with decreased radiolbgobetectable progression of the disease
(Brinkman et al. 1997). The TNépromoter-238 A polymorphism has been shown to
influence disease susceptibility in patients witbA-B27 negative AS (Gonzalez et al. 2001).
McGarry et al. found a significant increase in fteguency of the common allele TNF-308 A
in HLA-B27 positive patients with AS compared to AHB27 positive controls (McGarry et
al. 1999). However other studies have shown newffce in the TNie-allele frequency

between patients with AS and controls (Huizingale1997; Kaijzel et al. 1999).

The aim of the study is to evaluate the role ot#meSNPs of TNF, IL-1ra, IL-6 and IL-10
in influencing the development of chronicity anghgithreatening complications in patients
with AU.
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5.2.MATERIALS AND METHODS

A total of 157 British Caucasian patients with Aléne recruited from the uveitis clinics (SL)
at Moorfields Eye Hospital between January 1999 Andust 2003. Patients were divided
into those with recurrent self-limiting AU (n = 1)18hose with CAU (n = 39). All patients
had a complete ophthalmic examination including ISegellen visual acuity, biomicroscopy,
aplanation tonometry and fundus examination. Flemesn angiography, visual fields and
ultrasonography were performed when indicated tialniaboratory investigations included
full blood cell count, renal and liver function, €fonema Pallidum serology, serum
angiotensin-converting enzyme. HLA-B27 typing wast mequested in all patients i.e.,
patients who already had a diagnosis other thasdhenegative arthropathy or those with no
complaints of seronegative related arthropathielsesC or sacroiliac joint x-rays were
requested for these patients suspected of haviegciased sarcoidosis or seronegative
spondyloarthropathy respectively. Patients withicll and laboratory evidence of associated

systemic disease were referred to the appropriatkaal team for further evaluation.

Controls

Peripheral blood was collected from 66 patientsengoing routine cataract surgery for age-
related cataract and who had no previous oculaades

Ethical approval was obtained and informed congamin by all the patients and controls for
venesection, and genetic analysis.

As many cytokine polymorphisms have different frelggies in different ethnic groups, all

the individuals (patients and controls) in thisdstwere British Caucasians.

DNA extraction

Between 10 and 20 ml of peripheral blood was obkthiior DNA extraction in all patients
and controls. Genomic DNA from all frozen bloodssvextracted either using a salting out
DNA extraction method or by using the commercial®éktraction kit, QlAamp®DNA
Blood Maxi Kit (QIAGEN Ltd., UK).

PCR analysis

Gene sequences from all individuals in this stuéyenamplified by the TagMan PCR
(McGuigan et al. 2002).

The sequences of the probes and primers used basnbe PCR conditions have been
previously described in the literature (Table ZQlpy et al. 1996; D'Alfonso et al. 1994;
Wilson et al. 1992).
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5.3.STATISTICAL ANALYSIS

All genotype frequencies were tested for deviafiom Hardy-Weinberg equilibrium.

Chi square contingency table analysis was usedlfoategorical data. Fisher's Exact test for
2 X 2 tables was used if any expected frequencylovesr than 5. The Kruskal-Wallis test
for independent samples was used to compare namediic data. Odds ratios (OR) were
calculated for disease susceptibility or severitpatients carrying specific alleles. The 95%
confidence intervals (95% CI) for the OR were alstermined. Multiple significance tests
i.e.; Bonferroni adjustment were applied to alutess(Bland et al. 1995). All statistical
calculations were performed using Statistical PgeKar the Social Sciences (SPSS)

software (version 9.05 for Windows).

A sample size calculation was performed to caleula¢ power in order to detect two of the
observed differences. Assuming a significant l@féi% we have 81% power to detect the
difference in proportion of IL-1ra allele T in Caastan patients with CAU compared to those
with RAU and 69% power to detect the differenceroportion with TNFe -308 allele G
between patients with HLA-B27 negative versus HL27Biveitis.

5.4.RESULTS
The different clinical entities and demographicgafients with AU in this study are

summarised in table 5.1 (Table 5.1).

All genotype frequencies in both the case and obptrpulations conformed to Hardy-

Weinberg equilibrium (Salanti et al. 2005).
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Table 5.1. Demographics and clinical charactesaticpatients with anterior uveitis.

RAU N %
Male 63 53.4
Female 55 46.6

Mean age (+/-SD)

46.97 +/- 13.88

Systemic Manifestation

Idiopathic 88 74.6
Ankylosing Spondylitis 18 15.3
Reiter's Syndrome 3 2.5
Reactive Arthritis 2 1.7
Sarcoidosis 2 1.7
Psoriatic Arthropathy 1 0.8
Inflammatory bowel disease 1 0.8
Behcet's Syndrome 1 0.8
Other vasculitis 1 0.8
Multiple Sclerosis 1 0.8
CAU N %
Male 16 41
Female 23 59

Mean age (+/-SD)

53.97 +/- 16.16

Systemic Manifestation

Idiopathic 32 82.1
Sarcoidosis 2 51
Psoriatic Arthropathy 2 5.1
Ankylosing Spondylitis 1 2.6
Reiter's Syndrome 1 2.6
Reactive Arthritis 1 2.6

* All patients were of British Caucasian origin

156



Associations between SNPs and AU

No significant differences were found in eitheeldlor genotype frequency in any of the
SNPs when the total of patients with intraoculdlainmation were compared to the normal
controls (Tables 5.2 to 5.5)

Intra-group analysis showed a significant incréadhe frequency of IL-1ra allele B3.3%

VS 66.1% p= 0.004 OR 2.6 95% CI 1.3 — 4.8) Caucasian patients with CAU compared to
those with recurrent disease (Table 5.6).

We also found a significant increase in the freqyesf TNF-o 308 allele G91.8% vs 76.7%
p. = 0.02 OR 3.4 95% CI 1.4 — 8.) Caucasian patients with HLA-B27 positive AU
compared to those who tested negative for the HRX-Baplotype (Table 5.7).

Associations between SNPs and clinical phenotypes

To assess the severity of CAU, we analyzed datpdtients who developed at least one of
the complications described in the methods chaatet not individually due to the relative
small sample size. We did not find any significassociations between any of the SNPs and

severity of the disease.
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Table 5.2. Total uveitis vs Controls allele andagpe frequencies

)

D

IL1ra Total uveitis Controls % %
Homozygote A/A 79 36 50.32 54.55
Heterozygote Ala 63 27 40.13 40.91
Homozygote a/a 15 3 9.55 4.55
P Value = 0.4466 (df=2)

Allele 1 221 99 70.38 75.00
Allele 2 93 33 29.62 25.00
P Value = 0.3228 (df=1)

IL6 Total uveitis Control % %
Homozygote A/A 58 27 37.91 40.91
Heterozygote A/a 65 30 42.48 45.45
Homozygote a/a 30 9 19.61 13.64
P Value = 0.5701 (df=2)

Allele 1 181 84 59.15 63.64
Allele 2 125 48 40.85 36.36
P Value = 0.3782 (df=1)

IL10 Total uveitis Control % %
Homozygote A/A 41 22 26.11 33.33
Heterozygote Ala 75 27 47.77 40.91
Homozygote a/a 41 17 26.11 25.76
P Value = 0.5123 (df=2)

Allele 1 157 71 50.00 53.79
Allele 2 157 61 50.00 46.21
P Value = 0.4651 (df=1)

TNF-a (-238) Total uveitis Control % %
Homozygote A/A 147 59 93.63 89.39
Heterozygote Ala 10 7 6.37 10.61
Homozygote a/a 0 0 0.00 0.00
P Value = 0.5531 (df=2)

Allele 1 304 125 96.82 94.70
Allele 2 10 7 3.18 5.30

P Value = 0.2862 (df=1)

TNF-a (-308) Total uveitis Control % %
Homozygote A/A 115 45 73.25 68.18
Heterozygote Ala 37 19 23.57 28.79
Homozygote a/a 5 2 3.18 3.03
P Value = 0.7139 (df=2)

Allele 1 267 109 85.03 82.58
Allele 2 47 23 14.97 17.42
P Value = 0.5151 (df=1)




Table 5.3. RAU vs Controls allele and genotype dsagties

IL1ra RAU Control % %
Homozygote A/A 53 36 44.92 54.55
Heterozygote Ala 50 27 42.37 40.91
Homozygote a/a 15 3 12.71 4.55
P Value = 0.1558 (df=2)

Allele 1 156 99 66.10 75.00
Allele 2 80 33 33.90 25.00
P Value = 0.0759 (df=1)

IL6 RAU Control % %
Homozygote A/A 48 27 42.11 40.91
Heterozygote Ala 45 30 39.47 45.45
Homozygote a/a 21 9 18.42 13.64
P Value = 0.6227 (df=2)

Allele 1 141 84 61.84 63.64
Allele 2 87 48 38.16 36.36
P Value = 0.7347 (df=1)

IL10 RAU Control % %
Homozygote A/A 31 22 26.27 33.33
Heterozygote Ala 61 27 51.69 40.91
Homozygote a/a 26 17 22.03 25.76
P Value = 0.3654 (df=2)

Allele 1 123 71 52.12 53.79
Allele 2 113 61 47.88 46.21
P Value = 0.7584 (df=1)

TNF-a (-238) RAU Control % %
Homozygote A/A 110 59 93.22 89.39
Heterozygote Ala 8 7 6.78 10.61
Homozygote a/a 0 0 0.00 0.00
P Value = 0.6611 (df=2)

Allele 1 228 125 96.61 94.70
Allele 2 8 7 3.39 5.30

P Value = 0.3734 (df=1)

TNF-a (-308) RAU Control % %
Homozygote A/A 86 45 72.88 68.18
Heterozygote Ala 28 19 23.73 28.79
Homozygote a/a 4 2 3.39 3.03
P Value = 0.7512 (df=2)

Allele 1 200 109 84.75 82.58
Allele 2 36 23 15.25 17.42
P Value = 0.5863 (df=1)




Table 5.4. CAU vs Normal controls allele and gepetfrequencies

ILlra CAU Control % %
Homozygote A/A 26 36 66.67 54.55
Heterozygote Ala 13 27 33.33 40.91
Homozygote a/a 0 3 0.00 4.55
P Value = 0.252 (df=2)

Allele 1 65 99 80.33 75.00
Allele 2 13 33 19.67 25.00
P Value = 0.158 (df=1)

IL6 CAU Control % %
Homozygote A/A 10 27 25.64 40.91
Heterozygote Ala 20 30 51.28 45.45
Homozygote a/a 9 9 23.08 13.64
P Value = 0.215 (df=2)

Allele 1 40 84 51.28 63.64
Allele 2 38 48 48.72 36.36
P Value = 0.078 (df=1)

IL10 CAU Control % %
Homozygote A/A 10 22 25.64 33.33
Heterozygote Ala 14 27 35.90 40.91
Homozygote a/a 15 17 38.46 25.76
P Value = 0.38 (df=2)

Allele 1 34 71 43.59 53.79
Allele 2 44 61 56.41 46.21
P Value = 0.153 (df=1)

TNF-a (-238) CAU Control % %
Homozygote A/A 37 59 94.87 89.39
Heterozygote Ala 2 7 5.13 10.61
Homozygote a/a 0 0 0.00 0.00
P Value = 0.625 (df=2)

Allele 1 76 125 97.44 94.70
Allele 2 2 7 2.56 5.30

P Value = 0.343 (df=1)

TNF-a (-308) CAU Control % %
Homozygote A/A 29 45 74.36 68.18
Heterozygote Ala 9 19 23.08 28.79
Homozygote a/a 1 2 2.56 3.03
P Value = 0.798 (df=2)

Allele 1 67 109 85.90 82.58
Allele 2 11 23 14.10 17.42
P Value = 0.527 (df=1)




Table 5.5. CAU vs RAU allele and genotype frequesici

IL1lra CAU RAU % %
Homozygote A/A 26 53 66.67 44.92
Heterozygote Ala 13 50 33.33 42.37
Homozygote a/a 0 15 0 12.71
P Value = 0.016 (df=2)

Allele 1 65 156 83.33 66.10
Allele 2 13 80 16.67 33.90
P Value = 0.004 (df=1)

IL6 CAU RAU % %
Homozygote A/A 10 48 25.64 42.11
Heterozygote Ala 20 21 51.28 18.42
Homozygote a/a 9 45 23.08 39.47
P Value = 0.0003 (df=2)

Allele 1 40 117 51.28 51.32
Allele 2 38 111 48.72 48.68
P Value = (df=1)

IL10 CAU RAU % %
Homozygote A/A 10 31 25.64 26.27
Heterozygote Ala 14 61 35.9 51.69
Homozygote a/a 15 26 38.46 22.03
P Value = 0.102 (df=2)

Allele 1 34 123 43.59 52.12
Allele 2 44 113 56.41 47.88
P Value = 0.191 (df=1)

TNF-a (-238) CAU RAU % %
Homozygote A/A 37 110 94.87 93.22
Heterozygote Ala 2 8 5.13 6.78
Homozygote a/a 0 0 0.00 0.00
P Value = 0.935 (df=2)

Allele 1 76 228 97.44 96.61
Allele 2 2 8 2.56 3.39

P Value = 0.718 (df=1)

TNF-a (-308) CAU RAU % %
Homozygote A/A 29 86 74.36 72.88
Heterozygote Ala 9 28 23.08 23.73
Homozygote a/a 1 4 2.56 3.39
P Value = 0.962 (df=2)

Allele 1 67 200 85.9 84.75
Allele 2 11 36 14.1 15.25
P Value = 0.804 (df=1)
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Table 5.6. Frequency of IL-1ra allele T in Caucagatients with chronic anterior uveitis

compared to those with recurrent disease.

CAU RAU Observed frequencies
IL1ra % %
Homozygote TT 26 53 66.67 44.92
Heterozygote T/C 13 50 33.33 42.37
Homozygote C/C 0 15 0.00 12.71
Pc value =0.09
Allele T 65 156 83.33 66.10
Allele C 13 80 16.67 33.90
Pc value=0.004 OR 2.6 95% CI 1.3 — 4.9
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Table 5.7. Frequency of TN&-308 allele G in patients with HLA-B27 positive aribr

uveitis versus HLA-B27 negative anterior uveitis.

HLA-B27 HLA-B27 Observed frequencies
negative positive
TNF-a -308 % %
Allele G 46 101 76.7 91.8
Allele A 14 9 23.3 8.2

Pc value=0.02 OR 3.4 95% Cl 1.4 —-8.5
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5.5.DISCUSSION

We have investigated the association of differéPsof IL-1ra, IL-6, IL-10 and, TNF genes
in patients with CAU. The data of this study shdkat the frequency of IL-1ra allele T is
significantly associated with chronic disease in€esian patients with AU, even after
correction for multiple testing. Although there warsassociation between homozygous
patients for the IL-1ra (+2018) allele C and pasamith recurrent inflammation, this was not
significant after Bonferroni correction. HLA-B27 kmown to be a risk factor for AU, and is
closely linked to TNF. We found a significant agation between TNF (-308) allele G and
patients with AU who were HLA-B27 positive. Howewege did not find any associations
between the TNF (-238)G/A in patients with CAU, gesting that these polymorphisms are
unlikely to be a major cause of disease suscepfibil development of chronicity in patients
with AU. It is known that the TNF (-238) allele & in LD with the HLA-B27 allele and that
increased frequencies of the TNF (-308) allele »ehlaeen found in some infectious diseases
(Cabrera et al. 1995; McGuire et al. 1994). Butiit be of interest to know whether
increased expression of TNF (-308) allele G is &smd in the normal population. Although
this might introduce a bias on the data, as soroarial” controls may go on to develop AU.
McGarry et al. found an increased frequency oftN& (-308) allele G in HLA-B27 positive
patients with AS compared to HLA-B27 positive cofdr suggesting that the -308 allele G
may contribute to disease susceptibility indepetiger the HLA-B27(McGarry et al. 1999).
Kaijzel et al. could not demonstrate whether TNFymorphisms were associated with the
presence of AU in a cohort of patients with AS, tlueeduced sample size (Kaijzel et al.
1999). Our findings may correlate with those repothy Segundo-Gonzalez et al. where in a
subgroup of HLA-B27 positive patients with AS thRH (-308) allele G was found to be
increased due to B27 LD. Therefore it still remainsertain whether the low production of
TNF-a associated with the -308 allele G could contritatthe clinical phenotype in patients
with AU.

IL-1ra gene may have an important genetic contiobuio AU. There are several reports on
polymorphisms occurring within cytokine genes, sahehich are related to disease
(Bidwell et al. 2001). IL-1ra, the natural endogesdl -1 antagonist binds to the receptor but
does not initiate intracellular signalling. It aeis a competitive inhibitor and shows an anti-
inflammatory effect in both in vivo and in vitro §@er et al. 2001; Wilkinson et al. 1999). In
the second intron of the IL-1ra gene there is ddanrepeat sequence 86-bp in length
(Tarlow et al. 1993). Allele 1 is more common tlalele 2 in most of the studied
populations. Several studies have not been aldbkdw a definite relationship between levels

of IL-1ra and allele frequency (Mwantembe et aD20Santtila et al. 1998; Tountas et al.
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1999). Danis et al. observed that in healthy irdliais allele 2 of IL-1ra was associated with
an increased IL-1ra/lLdlratio (Danis et al. 1995). In addition to thistréars of the rare IL-
1ra allele 2 also show an increase in IL-1 beteutdting levels, which results in a lower IL-
1ra/IL-1 beta ration and therefore increased inftatory response (Hurme & Santtila 1998;
Santtila et al. 1998). From these studies we cannas the pro-inflammatory effect of the
rare IL-1ra allele 2. Also increased severity rathan predisposition to some inflammatory
diseases has been associated with a higher fregoétiee rare allele 2 of the IL-1ra (Arend
2002). We have analyzed the +2081 variation desdridy Clay et al. which is 100% in LD
with the two most frequent alleles of IL-1ra (VNTElay et al. 1996). From our findings,
patients with intraocular inflammation which petstlonger than 3 months had an increased
frequency of the common IL-1ra (+2018) allele 1£®.004) compared to those with RAU.
This was a surprising observation, and may look tienflicting evidence.

The exact functional consequences of these polysns remain still unknown. One of the
reasons being, that the VNTR in IL-1ra is in LD lw#everal polymorphisms including this
one at position +2018. It is also known the infloenf IL-18 gene to regulate the production
of IL-1ra (Hurme & Santtila 1998). Therefore, oindings may be explained by the influence
of the decreased frequency of allele 2 on the B./Ilr-1p ratio shifting the ration towards a
more prolonged but milder inflammation in patiewith uveitis.

We did not find any associations between the IL-B4)C/G, IL-10(-1082)G/A, or the TNF (-
238)G/A in patients with AU, suggesting that thpséymorphisms are unlikely to be a major
cause of disease susceptibility or developmenhairicity in patients with AU.

Not all our patients were genotyped for HLA-B27pedially these who had already been
diagnosed with an associated systemic diseassaregidosis, Behcget's syndrome. In our
study we did not measure systemic or agueous ctatens of any of these cytokines since
it would be difficult to correlate their levels aty single time point of the disease due to the
different disease duration, age, duration of theetu episode, and interfering factors, such as
the natural history of the disease and therapéiicventions, and the heterogeneous
associated group of diseases. One of possiblengdsothe differences in these results may

also be the relatively small sample size and toeeethe lack of statistical power.

In conclusion, this study shows an interesting eission between AU and IL-1ra gene
polymorphism. There is however a need for largeupgs, as well as measurement of

cytokine levels in both peripheral and organ-spetdévels.
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CHAPTER SIX

6. CHEMOKINE GENE POLYMORPHISMS IN IDIOPATHIC ANTERIOR  UVEITIS
6.1.INTRODUCTION

The pathogenesis of AAU is characterised by breakdaf the blood-aqueous barrier and
acute inflammation of the ciliary body and iris amwhsequent leukocyte recruitment, a
process that involves several proteins, includitigesion molecules, matrix metalloproteases,
and chemotactic factors, which include the chenmkamily. The successful trafficking of
leukocytes to restricted places depends partijhendcal secretion of chemokines and on the
programmed expression of their chemokine recemiorsell surfaces.

The chemokine IL-8 is a pro-inflammatory chemokiinat primarily mediates the activation
and migration of neutrophils into tissue from pagpal blood. There is support in both
animal and human model for the role of IL-8 in @uhflammation (de Boer et al. 1993;
Ferrick et al. 1991). Similarly, MCP-1 expressiarthe iris and ciliary body upregulates local
T cell clones and monocytes during acute episotia&JqAdamus et al. 2001).

There is evidence of certain polymorphisms of thman IL-8 gene have functional
importance, and individuals homozygous for the /A888ele secrete more IL-8 than those
homozygous for the T allele (Hull et al. 2000). T&NPs affecting the distal regulatory
region of the MCP-1 promoter; -2518A/G and -2076Tr@nsition have been reported (Rovin
et al. 1999), and -2518A/G appears to influencestraptional activity (Letendre et al. 2004,
Rovin et al. 1999), and to determine the sevefityrgan inflammation in diseases where
tissue leukocyte infiltration is MCP-1 dependent.

In the two previous chapters the association betwidéerent SNPs with susceptibility to
develop AU, chronicity of the disease or worse onte have been evaluated. In this study
the role of polymorphisms in chemokines and theteptors as potential pathogenic or
protective factors in the disease, as well asy ghassible role in disease phenotype prediction

are evaluated.

6.2. MATERIALS AND METHODS

This study was approved by the Ethics Committedabrfields Eye Hospital and was
conducted according to the Tenents of the Dectaratf Helsinky. Sixty Caucasian patients
with idiopathic AAU were recruited from the Uveit®inic at Moorfields Eye Hospital,

London for this study. The clinical phenotype df tatients was recorded at the time of
blood donation. After verbal and written informashsent was obtained, demographic details,
detailed medical and ocular history were recordeaéch of the patients. All patients had
detailed ocular examination including best corréatisual acuity, slit lamp examination,
applanation tonometry, and dilated fundus exanonatiith 90-D diopter lens or indirect

ophthalmoscope. Fluorescein angiography or OpGodlerent tomography (OCT) was
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performed if macular edema was considered likelglorical examination. The following
clinical parameters were particularly noted; pattefrthe AU (single episode versus
recurrent), laterality, response to topical stesp@ mplications (high IOP, permanent PS,
cataract and macular edema) need for systemictpasiosteroids and other
immunosuppressants. One hundred and twenty he@ihgasian control subjects were
recruited from blood and organ donors from Soutltargland. DNA was extracted either
using a modified salting out DNA extraction mettaydvith a commercial DNA extraction
kit, QIAamp® DNA Blood Midi Kit (QIAGEN Ltd., UK).

To locate potential SNPs, multiple sequences fe8,ICXCR1, MCP-1 and CCR2 deposited
in GenBank were compared. Where differences betweguences were identified, SNPs
located in promoter regions and exon were prefexlynselected for analysis. To confirm the
presence of each putative polymorphism, the SNPe determined on a series of pooled
Caucasian DNA samples using sequence-specific gand PCR. This technique identifies
the presence of specifdielic variants through PCR amplification, usiregjgence-specific
primers with 3’end mismatchesll PCRs were run under identical conditi@sspreviously
described (Hizawa et al. 1999). The presence allale-specifidand of the expected size, in
conjunction with a control bandias considered positive evidence for each partiailale.
The absence of an allele-specific band and thespoesof aontrol band were considered
evidence for the absence ofallele.

This resulted in the identification of 15 SNPstwd 2 chemokine genes and 2 chemokine
receptor genes as shown in table 6.1, which wenr dletermined in our IAU group and
controls (Table 6.1).
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Table 6.1. List of single nucleotide polymorphisimgestigated.

Gene Polymorphism site Locus NCBI dbSNP| Gene Bank
ID Accession No.
IL-8 IL-8 37511 C/T Intron rs2227306 AC112519
IL-8 36849 C/T Exon rs1803205 AC112520
IL-8RA IL-8RA 4205 G/A 3'UTR rs1567868 AC097483
IL-8RA 6694 C/G Exon rs2234671 AC097484
IL-8RA 10188 T/C Promoter | rs2671222 AC097485
MCP-1 MCP-1 62534 A/T Promoter | rs2867655 AC005549
MCP-1 63997 T/C * Promoter | rs1024611 AC005550
MCP-1 63555 A/T t Promoter | rs1024610 ACO005551
CCR2 CCR2 50490 T/A 3'UTR rs1034382 U95626
CCR2 49776 C/G 3 UTR rs762790 uU95627
CCR2 49715 AIG 3'UTR rs762789 U95628
CCR2 49652 T/C 3'UTR rs762788 U95629
CCR2 49105 A/G Exon rs743660 U95630
CCR2 46295 G/A % Exon rs1799864 U95631
CCR2 39353 A/G Promoter | rs768539 U95632
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6.3.STATISTICAL ANALYSIS

The genotypes were determined by direct countinbtia@ allele and allele carriage
frequencies calculated. Conformation of the HardgiWerg equilibrium was tested by using
a Chi-square goodness-of fit test. Haplotypes abd’= LD value) were identified using

the estimate haplotype frequencies program ARLEQ(Witp://Igb.unige.ch/arlequijp/Data

mining for significant associations was performsihg Knowledge Seek&fAngoss
Software, UK), and Chi-square or Fisher’s exadtwes used to test for differences in allele
distribution between the patient and control gro@sswell as within the patient group itself.
Confidence intervals were calculated at the 95%llev two-tailed P-value of <0.05 was
considered significant. A correction using the Bordni method was used for multiple
comparison, using the formula =P x n. (p. represents the corrected valBas the
uncorrected value, amtis the numbers of comparisons performed in indi@idyenes).

QUANTO® software (http://hydra.usc.edu/gx&as used to compute the power of study using

the sample of 60 subjects and the power to detedltelic frequency difference was more

than 80% for this sample size.

6.4.RESULTS

The allele frequencies of the investigated MCP-QR2, IL-8 and IL-8RA polymorphisms

for patients and control subjects were found tevfih Hardy-Weinberg equilibrium. The
allelic frequencies of all SNPs analysed are shioviable 6.1 (Table 6.2).

IL-8 38366 C/T and IL-8 37511 C/T were found toibetrong LD with a D’ value of 0.99.

All the subjects homozygous for IL-8 38366 C wedsmdnomozygous for IL-8 37511 C and
subjects with IL-8 38366 TT genotype were never tpygous for IL-8 37511 C. Similarly,

T allele of CR2 50490 T/A and T allele of CCR2 4265C were in complete LD, as were A
allele of 49105 A/G and A allele of 39352 A/G wadlD’ value of 1.00.

As shown in table 6.1 there was a significant défee in the genotype frequencies of MCP-1
63555 A/T between IAU patients and controls. Tlegdrency of the T allele of MCP-1 63555
polymorphism was significantly higher in the cohgooup (26.25%) compared to the patient
group (15%) (P=0.016@.=0.032, OR 0.49, 95% CI: 0.27-0.88). The alleleqginencies and

the allele carriage frequencies are shown in detadble 6.2 (Table 6.3).

As expected the frequency of HLA-B27 positive satgevas significantly higher in the
patient group than the control group (63.3% veldu8%; P<0.0001, OR: 9.18, 95% CI:
4.47-18.8). Thirty-eight out of 60 patients andal® of 120 controls were HLA-B27 positive
(Figure 6.1).

The association of the MCP-1 63555 polymorphisnhwiU was independent of the HLA-
B27 gene and similarly no linkage was noted betwéief-B27 and other polymorphisms.
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With the three SNPs of the MCP-1 promoter regiomwere able to construct three common
haplotypes. As shown in table 6.3, haplotype ATavihg the mutation T at 63555 and
ancestral allele T at position 63997 was signifilyamigher in the control group (P=0.01,
p.=0.03, OR: 0.47, 95% CI: 0.25-0.88). Also the atra¢haplotype AAT was more common
in the IAU group (57.7% versus 47.05 in controlh@ugh it was not statistically significant
(Table 6.3).

As shown in table 6.2, no other polymorphism shoamy association with IAU including
MCP-1 63997 T/C (published as MCP-1 -2518A/G) a@R2 46295 (published as CCR2
V64l). Also no effect of any of the SNPs was natadhe risk of developing complication

and visual outcome in IAU.
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Table 6.2. Genotype frequencies of chemokine SN

AU Control
(n=60) | % (n = 120) % | pvalue

IL-8 37511 C/T CcC 19| 31.7 45 375 0.50539
CT 30| 50.0 49 40.8
TT 11| 18.3 26| 21.7

IL-8 36849 C/T CcC 59| 98.3 119 99.2 0.61510
CT 1] 1.7 1| 0.8
TT 0] 0.0 0| 0.0

IL-8RA 4205 G/A GG 0| 0.0 1] 0.8 0.60678
GA 5| 83 14| 11.7
AA 55| 91.7 105| 87.5

IL-8RA 6694 C/G CcC 55| 91.7 107 89.2 0.59816
CG 5| 8.3 13| 10.8
GG 0| 0.0 0| 0.0

IL-8RA 10188 T/C 1T 0] 0.0 0| 0.0 0.25256
TC 3| 5.0 12| 10.0
CcC 57| 95.0 108§ 90.0

MCP-1 62534 A/IT AA 55| 91.7 114| 95.0 0.37879
AT 51 8.3 6| 5.0
1T 0] 0.0 0| 0.0

MCP-1 63997 T/C * TT 31| 51.7 63| 525 0.96504
TC 25| 41.7 48/ 40.0
CcC 41 6.7 9] 7.5

MCP-1 63555 A/T t AA 44 | 73.3 65| 54.2 0.04537
AT 14 | 23.3 47| 39.2
TT 2|33 8| 6.7

CCR2 50490 T/A TT 3] 5.0 6| 5.0 0.94502
TA 20 | 33.3 43| 35.8
AA 37 | 61.7 71| 59.2

CCR2 49776 CIG CcC 43| 71.7 87 725 0.76160
CG 17| 28.3 32 26.7
GG 0| 0.0 1] 0.8

CCR2 49715 AIG CA 8| 13.3 11| 9.2 0.67232
AG 19| 317 42| 35.0
GG 33| 55.0 67 55.8

CCR2 49652 T/C TT 3| 5.0 6| 5.0 0.94502
TC 20| 33.3 43| 35.8
cC 37| 61.7 71 59.2

CCR2 49105 A/G AA 3]5.0 6| 5.0 0.94502
AG 20| 333 43| 35.8
GG 37| 61.7 71 59.2

CCR2 46295 G/A t GG 52| 86.7 107 89.2 0.82549
GA 71 11.7 12| 10.0
AA 117 1| 0.8

CCR2 39353 A/G AA 3|50 6| 5.0 0.97501
AG 20| 33.3 42| 35.0
GG 37| 61.7 72 60.0

HLA B-27 positive 38| 63.3 19 15.8 <0.00

HLA B-27 negative 22l 36.7 101 84.2

* Published as MCP-1 -2518A/G polymorphism by Roeiral. (Rovin et al. 1999).
T Published as MCP-1 -2076A/T polymorphism by Ratial. (Rovin et al. 1999).
T Published as CCR2 V64l by Keino et al. (Keinale2003).
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Table 6.3. Allele, genotype, and allele carriage|frencies of MCP-1 63555 in IAU and

control.
Polymorphism IAU (n = 60) Control (n = 120)
No.| % No.| % p value| pcvalue

Allele Frequency

MCP-1 63555 T 18| 15.0) 63| (26.3) 0.016*  0.048*
A 102 (85.0) 177| (73.8)

Genotype Frequency

MCP-1 63555 TT 2] (3.3) 8] (6.7) 0.045* 0.14
AT 14 | (23.3) 47| (39.2)
AA 44 | (73.3) 65| (54.2)

Allele Carriage Frequency

MCP-1 63555 TT,AT 16 | (26.7) 56| (45.8) 0.013*  0.039*
AA 44 | (73.3) 65| (54.2)

IAU: idiopathic anterior uveitis

* Statistical significance
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Patient numbers

B HLA-B27(+)
HLA-B27(-)




Table 6.4. Haplotype frequencies in IAU and control

Haplotype| MCP-1 Polymorphism IAU Control
62534 | 63997| 63555 (n=60)n=120) Odds Ratib p value| p.value
1 A T 57.7% 47.0% - 0.055 ns
2 A T 13.8% 25.5% | 0.47(0.25-0.88)| 0.011 0.033
3 A C 24.3% 24.3% - ns ns
Others 4.2% 3.2% - ns ns

IAU: idiopathic anterior uveitis; ns: not significt

T95% confidence interval
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6.5.DISCUSSION

The association of chemokine gene polymorphisnmatients with AAU of who 63% of
them were HLA-B27 positive, has been investigatethis study. Except for MCP-1 63555
A/T polymorphism there was no correlation notedueein IAU and SNPs in IL-8, CCR2 and
CXCRL1 genes. MCP-1 is now thought to play an imgatrtole in AU (Mo et al. 1999;
Tuaillon et al. 2002), and animal studies have destrated that MCP-1 is involved in
induction of AU (Adamus et al. 1997).

However, like other studies on immune mediatedadiss (Gonzalez-Escribano et al. 2003;
Hwang et al. 2002; Kroner et al. 2004; Liao ef@l04; Steinmetz et al. 2004) we did not
observe any difference in allelic frequencies of RAC63997 T/C alleles (-2518 A/G)
between patients and controls.

Although the C allele is known to increase the egpion of MCP-1 (Hizawa et al. 1999;
Rovin et al. 1999), and many studies have shovatioal between this C allele (alternatively
designated as G allele at -2518) and MCP-1 lewetiefhdre et al. 2004; Tabara et al. 2003),
other studies however failed to show any signifiéacrease in the frequency of C allele in
their experimental samples. In our study, the fesqy of the T allele of MCP-1 63555 was
found to be significantly higher in the control gpocompared to the patient group (Pearson’s
P=0.0160,p.=0.048). The allelic frequencies in our control pigpion were similar to those
of Rovin et al. (Rovin et al. 1999) denoting tHattallele plays some sort of protective role
against AU. However most autoimmune mediated desease complex multigenetic
disorders and it is hard to point at a single ggseausative factor. Most of the time more
than one gene polymorphism has been implicatedhapbbtypes rather than single SNPs
determine the nature and course of these compdeasies. In our study haplotype ATT was
more prevalent in controls as compared to IAU (B%0,p.=0.033). This haplotype contains
T allele at 63555 (noted to be protective in oudg) and a T allele at 63977 (known to be
associated with decreased MCP-1 production). leapgpthat the presence of these two alleles
together on the same gene exert a combined praeffiect against IAU. How this mutation
confers this protection is not known. Although Roet al. (Rovin et al. 1999) showed that
polymorphism at site 63555 did not effect MCP-1resgion; it is worth mentioning that in
their study the maximum transcriptional activityM€P-1 promoter region was noted in
subjects with the AC haplotype (A at -2076 and &4&tL8 in their study). In another study,
the same AC haplotype was associated with accetepabgress to AIDS and death and a
high risk of HIV associated dementia in HIV positi€aucasian Americans (Gonzalez et al.
2002). In our study instead of the AC haplotypenbeaissociated with the disease it was the
TA haplotype with both protective alleles, whichsyraore common in the control group.
Alternatively, it is quite possible that the prdtee effective of t allele at 63555 is
independent of the 63977 polymorphism, as alsodioyeModi et al. in AIDS patients (Modi
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et al. 2003), were the T allele frequency was Sicanitly higher in high risk exposes
uninfected subjects as compared to sero-converters.

Although the association between IAU and MCP-1 &3i8%stablished, whether this SNP is
functional or not in not known. In the medical ftdture as mentioned above there is only one
study that has studied functional effects of tlikymorphism. Rovin et al. showed with
electro mobility shift assay technique that theeswignificant difference in amount of
nuclear protein complexes formed between the tledesl and at last with the T allele
sequence nuclear protein complex contains GATA ({Reval. 1999). By using online
bioinformatics tool TRANFEC to study putative bings sites for transcription factors
(Schug 2008), not only confirms that the more GASites become available in the presence
of T allele; but it also shows that the presencthefpresence of A allele enables the c-MYB
transcription factor to bind with MCP-1 promotetesiThis transcription factor is believed to
be involved in increasing the expression of iteptor gene (MCP-1 in this case) through
DNA a polymerase activation (Venturelli et al. 1990).

Given the lack of in vivo or in vitro functional ssciations thee more plausible theory of the
role of this SNP is through linkage with other SNiPthe same gene. To the best of our
knowledge only another study on MCP-1 63555 polyham (CCL2 -2076A/T) and
outcome to autoimmune disorder has been publishddte (Ambruzova et al. 2009).
Interestingly the authors concluded that the preserfithe CCL2 -2076TT genotype was
associated with decreased organ survival folloviiadpgenic stem cell transplantation,
although they considered these results to be predity due to the wide heterogeneity of their
clinical data and lack of correction for multipleraparisons. .

In a similar study to ours, Wegscheider et al. stbthat MCP-1 -2518G allele was
associated with HLA-B27 associated AU (Wegscheade. 2005). Although we did not
notice this association these studies togethet pmivards the presence of genetic
susceptibility locus for IAU in MCP-1 gene.

In conclusion, our study has demonstrated the a&ggwntof MCP-1 promoter haplotypes
with IAU. This is most likely due to the presenddle T allele of MCP-1 63555 which
seems to be protective against the developmeritlof While MCP-1 63555 is not the only
pathogenic factor it may still be a crucial keydeciphering the pathogenesis of AU. This in
future could be a useful tool for clinicians ine@hining the possibility of disease

development and prognosis in AAU.
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CHAPTER SEVEN

7. DISCUSSION

The research carried out in this thesis has shbeiffiollowing major findings. (1) The
presence of PS in patients with CAU is not assediatith worse clinical outcome; (2)
patients with CAU associated with a systemic auneime disorder were more likely to suffer
CMO; (3) however the overall long-term visual progis in patients with CAU was good.
This research also identified (4) TNF857T as a marker of susceptibility in Caucasian
patients to develop AAU; (5) TNFRSF1A -201G/T afdFRSF1A -1135C/T as potential
contributors to the development of complicationpatients with HLA-B27 associated AU.
Furthermore, (6) IL-1ra +2081T was identified ggedictor of chronicity in Caucasian
patients with AU. In addition (7) the presenceld tllele T of the chemokine MCP-1 -2076

has a protective role against the developmentiopathic AAU.

The work in this thesis showed that the presené&Soivas not significantly associated with
an increased rate of complications leading to podselal outcomes. The same outcome was
observed for the remaining complications, whicHuded, cataract formation, CMO, or
raised intraocular pressure. Interestingly this tias not only when the total group of
patients with CAU was compared to those with FH@,ddso after intra-group analysis of
patients with idiopathic and non-idiopathic CAlha it would be expected that patients with
FHC do not develop PS, at least pre-operativelythackfore they would be more likely to
have an overall better visual outcome.

Nevertheless, | showed a trend in patients with G&Eociated to an inflammatory systemic
disorder to develop CMO, however there was no uiffee in the long-term visual outcome
compared to patients with idiopathic disease.

Similarly, although FHC is typically associatedhwtised IOP in 15 to 59% of patients, |
found a trend in terms of increased IOP in the aVgroup of patients with CAU compared
to those with FHC; however this may only reflettias from the number of patients with
sarcoidosis-associated uveitis in whom the presehgkucoma is not uncommon or from
the population studied from a tertiary referraltcen

In the same way that posterior segment complicatiopatients with AAU have been widely
reported in the literature, no definite conclusiasgo what might be the cause can be
extrapolated from this study. A possible explamafar the increased risk of CMO in the sub-
group of patients with non-idiopathic CAU couldieéated to systemic immune alterations
associated with sarcoidosis or SpA, or other geffiatitors related to variations in the

promoter region of cytokine genes affecting cytelmoduction or disease susceptibility.
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| then investigated the association of differenPSNf IL-1ra, IL-6, IL-10 and, TNle-genes

in patients with CAU.

| analyzed the IL-1ra +2081 variation describedgy et al. (Clay et al. 1996} he findings
revealed an increased frequency of the more conin@ra +2018T allele in patients with
CAU compared to those with recurrent AU. This israteresting observation since the less
common IL-1ra +2018C allele is linked with increadk-1ra production in healthy
individuals, and because IL-1ra prevents IL-1 sligmathrough its receptor, the presence of
this allele would limit IL-1 mediated signals. Hoveg, the presence of the rare C allele has
also been linked with increased levels of [b.dnd assuming its pro-inflammatory effect.
These findings would be supported by the assocd@ween increased severity rather than
predisposition to some inflammatory diseases aghkdnifrequency of the rare allele C
(Arend 2002), and would correlate with our resultere the influence of the decreased
frequency of allele C on the IL-1ra /Il Tatio shifts towards a more prolonged but milder

inflammation.

A second association in this group of patients elaserved between TNé&-308G allele in
HLA-B27 positive patients with AU. However, not allir patients in this study were
genotyped for HLA-B27, in particular these who laditady been diagnosed with non-related
HLA-B27 diseases, such as sarcoidosis or Behcietzade. Nevertheless this finding could
explained by LD, given the short distance betwéenliNFe gene and HLA-B locus in
chromosome 6. For this reason a group of health&-BR7 individuals could be introduced,
although this could have introduced a bias on¢iselts, since 1% of HLA-B27 positive

normal controls may go on to develop AU at somgesta their lifetime.

Consequently, we looked at the associations ofdifft SNPs of the TN&-gene, including -
308 in patients with idiopathic AAU. Interestinglye found from haplotype analysis of the
TNF promoter in patients with IAU, that haplotypedntaining the common TNé&-308G
allele is significantly associated with HLA-B27 fiosty and haplotype 2 containing TNé-
308A is associated with HLA-B27 negativity. Howewveg also found that TNE-1031T
allele was also associated with HLA-B27 positiviyggesting that there is LD between
HLA-B27 and TNFe. More importantly these results have been re@atéat a separate
population by different authors, where they foumgér A allele frequencies at position -308
of the TNFe gene in patients with HLA-B27 positive associafgkl) than those in HLA-
B27 negative control subjects (El-Shabrawi et @06). However, They also included a
second control group of HLA-B27 positive individaah order to assess LD and similar to

the findings in the HLA-B27 negative control groapower frequency of the A allele was
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observed among patients, suggesting that the pirteole of the TNFx -308A allele is due

to LD to HLA-B27 is unlikely.

Another association seen in this cohort of patiarats the increased frequency of TMF-

857T allele in patients with IAU compared to cohsobjects. This allele has been linked
with other autoimmune disorders associated with HRR, conferring an increased risk of
developing juvenile rheumatoid arthritis (Date let1l899), and hence, there might be other
genes in the highly polymorphic MHC in LD. Thereddhese results suggest that the
uncommon TNFe -857T allele may not be the causal allele for IAUt is an independent
susceptibility marker for IAU, and TNé&-308A is unlikely to be an independent risk marker
for HLA-B27 negative patients.

A further interesting finding from this study isstssociation between the uncommon
TNFSF1A-1135T allele and the presence of recur®ntdU. Although many of these
patients with a single episode of inflammation w#lvelop at least one more if followed for a

longer period of time (Levinson et al. 2002).

Finally we investigated the associations of chemekiolymorphisms in patients with AAU.
We found the frequency of MCP-1 -2076T allele wagd to be significantly higher in the
control group compared to the patient group. Asetqd the frequency of HLA-B27 positive
individuals was higher in the uveitis group, howethe association between the MCP-1 -
2076 polymorphism with IAU was independent of HLR-Bgene and there was no evidence
of LD. In addition to this, the allelic frequenciisour control population were similar to
those of Rovin et al. (Rovin et al. 1999) suggegthmat this allele may have a protective role

against AU.

These findings support the principal hypothesithis thesis that proposes the association of
disease susceptibility and certain cytokine polyshsms, as well as the role of certain SNPs

in the development of chronicity in patients witiAB.

Advances in immunology continue to provide newghss about the ocular immunological
response. Despite these insights, the clinicalanécof the different uveitis entities and the
reasons for the diverse responses to treatmentrremaclear.

AU is a term that encompasses several clinicatiestilt may occur in isolation, or be
associated with systemic disease. It can presedesily or have an insidious onset, with
patients being asymptomatic until the onset of darafions such as cataract or macular

oedema. In addition, in some cases the inflammatmgess is self-limited lasting a few
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weeks and in other cases it persists, either @lagsing fashion with long periods of
inactivity in between attacks or it may persistapsing soon after discontinuing therapy.
Often there are no differentiating clinical featutbat can help in predicting the clinical
pattern of uveitis and ultimately the course armbposis. This is typified by the clinical
entities HLA-B27-associated AAU and Behcet's diseassociated AU, which frequently
share a similar form of presentation with suddesebf symptoms, severe anterior segment
inflammation and characteristic presence of hypapyet have different outcomes. On the
other hand, sarcoidosis-associated uveitis tygicadnifests with “mutton-fat” KPs, severe
inflammatory cellular response in the anterior chanwith PS, and involvement of the
posterior segment, but it can also present asalogblised AU with a chronic course.
Additionally there are entities, such as FHC wtltheeinflammation is typically associated
with specific complications such as cataract forambr raised intraocular pressure, but it is
not associated with the presence of PS or CMOfygpidally exhibits a lack of response to

steroid therapy.

Thought the precise pathogenesis of AU remaingbangnknown, in this thesis | have
described the current evidence showing that batatenand adaptive immune responses
regulate different mechanisms involved in the depelent of uveitis and how different
genetic markers can influence the development obAd ultimately determine the course of
the inflammatory process and different phenotypémifestations of this disease.

One of the critical links between the two armshaf immune response is a group of pattern
recognition receptors located on the cell membratied TLRs. They are expressed in a
variety of cells, mostly macrophages and dendcitits, and are known to be expressed in the
human uveal tissue. In addition, it is known theiyt have a unique specificity for highly
conserved ligands, and for instance TLR4 recogri®s of gram negative bacteria which is
implicated in the pathogenesis of uveitis.

LPS activates monocytes, macrophages, epitheliaéadothelial cells to produce several
pro-inflammatory cytokines such as TNFIL-1, or IL-6, which are commonly found in the
AgH in patients with AAU, as well as in experimdrdaaimals with EIU. In healthy
individuals a single exposure to LPS induces aistat functional endotoxin tolerance, with
significant reduction of TNFe-and IL-6 production following a second LPS stintiaia

results. Interestingly in patients with AAU TLR4tiaation is followed by a significant
reduction of IL-6 and IFNrproduction, whereas TLR2 stimulation results Bigmificant
increase of IL-# and TNFe.

Genotype analysis of TLR2 and TLR4 gene polymorpbkikave been found to be associated
with other autoimmune disorders such as RhA; howdwalate no associations have been

detected in patients with AAU, suggesting that riiote in the TLRs genes might not have a
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role in the pathogenesis of AU, but they providersy evidence of the role of microbial

organisms in the pathogenesis of AAU through TLRs.

Genes involved in the adaptive immune responseadecHLA class | molecules. They play
an important role in the pathogenesis of immuneiated disorders. The expression of HLA
antigens is upregulated in uveal tissue in patietitts uveitis and correlates with levels of
IFN-y in AgH. The strong association between the HLA-BRtigen and inflammatory
conditions such as AS, and AAU is well known; aiddially the discovery of different HLA-
B27 subtypes determined by alterations in the antlginding region supports the hypothesis
that AU may be a consequence of self-reactive oyiofl lymphocytes activated via
molecular mimicry against local peptides. Howevespite 45 to 70% of patients with AAU
being HLA-B27 positive compared to approximately 6#4he general Caucasian population,
the lifetime cumulative incidence in healthy indivals to develop HLA-B27 associated

AAU is only of 1% (Chang et al. 2005), implying thaher genetic or environmental factors

are involved in the development of AAU.

Furthermore, there is also evidence from familyligsi and genome wide screening that other
genes besides the HLA-B27 within and outside theCMbht play a role in disease
susceptibility. One of them is the MHC class | chialated gene A (MICA). Despite MICA
allele 4 being in LD with HLA-B27, its frequencysignificantly higher in HLAB27 negative
patients with AAU suggesting that the MICA itsetfanother nearby gene to be involved in
the development of AAU.

Cytokines are known to regulate cell proliferataond cell differentiation phenotype. They are
both pleiotropic and redundant, working in a netwihiat initiates gene activation and
suppression. They have also shown to be highlynpotphic, and these polymorphisms can
be represented by SNPs, VNTRs, and microsatellites.majority of them are found in the
promoter, intronic or 3’ untranslated regions, aftdough the role of polymorphisms may
vary, it is through functional SNPs in the promatagions that ultimately transcription
regulatory molecules such as ®fFand other genes involved in signal transductidghvgays

may be disrupted leading to disease associatiodsease outcomes.

The cytokine and chemokine genes chosen in thigsthave been implicated in the
development of uveitis, or have been used as mafkatraocular inflammation. They also
have been shown to influence disease susceptibilipfay a role in the development of the
various clinical outcomes in different autoimmurisodders, some of them closely related to

uveitis.
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In order to determine whether specific cytokineggponlymorphisms were associated
with the development of uveitis and different a@li phenotypes we investigated
SNPs in the promoter region since they are poténtianctional sites influencing

gene expression.

7.1.LIMITATIONS

Even when genetic analysis reveals a possible iasisocbhetween a cytokine gene
polymorphism and a disease, it may still be diffita fully establish its relationship with the
pathogenesis of such condition. Establishing theiomship between the disease associated
genotype and cytokine gene expression both at BdAnusing quantitative PCR technology
or protein levels might be useful, although thesg¢hmds are limited by small sample size,
especially for rare cytokine genotypes. Furtherntbeegenotype might not correlate with
cytokine levels due to other confounding factors.

In our studies we did not measure systemic or aggieoncentrations of any of these
cytokines since it would be difficult to correldtesir levels at any single time point of the
disease due to the different disease duration,cagation of the current episode, and
interfering factors, such as the natural historthefdisease and therapeutic interventions, and
the heterogeneous associated group of diseases.

It might be too simplistic to try to consider thewél of expression of a cytokine in isolation
and they should be analysed in the context of thetivork and activation pathway. Similarly
cytokine genes are up and down-regulated by thegraction with transcription factors and
other regulatory molecules, many of which can eredl by other environmental interactions,
such as infection.

The findings presented here demonstrate that eyadene polymorphisms have an
unguestionable role in the orchestration of the imenresponse, which ultimately influence
individual disease susceptibility and outcome.

Even though associations between cytokine and ckiempolymorphisms and different
subtypes of AU in a Caucasian cohort of patienteleen performed, it is clear that in order
to obtain a better understanding of the genetid@eisms involved in the pathogenesis it is
necessary to consider that heterogeneity of tlusmof disorders, the occurrence of specific
combinations of functional polymorphisms, the preseof LD with other biologically
significant polymorphisms and considering the camplature of the pathogenesis of uveitis,
it is unlikely that only genetic aspects will inflace the establishment or progression of
intraocular inflammation.

However the identification of a clear genetic sysibdity profile is a powerful tool for

diagnostic and therapeutic intervention.
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7.2.FUTURE DIRECTIONS

It appears clear from the literature presented aloat although there is a great variability in
the efficacy of TNFe blockage in the treatment of inflammatory diseasei; TNF drugs

have a role in controlling intraocular inflammatidrhis may be in acute disease such as the
severe relapsing episodes in Behget's eye disgaskronic disease in which macular
oedema may improve even after several months, arséeroid sparer. However, patients
show a great variability in their response to TiNBlockage. Infliximab appears to be the
more effective than etanercept, although most sare small and the dose regimen that is
best for uveitis may be different from the veryukag infusions required for the management
of other systemic chronic diseases such as RhA.ighikely to be related to different
pathogenic mechanisms involved in intraocular mfi@ation compared with inflammation
elsewhere.

In addition to this, and although serious sidea#f®f these drugs such as reactivation of
latent mycobacterium tuberculosis are reportecetnfrequent, other major side effects like
exacerbation of demyelinating disorders or inductbneutropenia and thrombocytopenia
have been described. The development of autoamtibditat are associated with SLE have
been observed at different rates depending onrntierlying disease (Charles et al. 2000;
Ferraro-Peyret et al. 2004; Vermeire et al. 2008),only in a few cases SLE-like syndrome
have been described (Antoni et al. 2002; De Banalt €005).

Since up to 40% of patients with RhA treated withi-dNF-a agents are labelled as non-
responders (Lipsky et al. 2000), and given the edudifference in efficacy in controlling
intraocular inflammation compared to systemic imihaation in patients with JIA (Schmeling
& Horneff 2005), it would be useful to identify nders and non-responders to TNF-
inhibitor agents.

Several SNP have been identified in the promotgpreof the TNFe gene (Allen 1999), and
these polymorphisms may have a functional sigmifteain modulating the magnitude of the
secretory response of this cytokine (Bouma et396). The effect of TNF-promoter -308
A/G polymorphism on TNFe: production, disease susceptibility severity ingyas with RhA
has been extensively studied. Although still covgrsial, most studies have found that the
less common allele A is associated with greatezltesf TNF transcription (Bouma et al.
1996; Braun et al. 1996; de Jong et al. 2002; Letiad. 1998; Rudwaleit et al. 2001)
Several groups have therefore, investigated tladioakhip between TNE-308 genotype
and therapeutic response to TNBlockers. The first report to test this hypothess in
patients with RhA and their response to infliximidtugnier et al. 2003). They found that
patients with the -308 G/G genotype were moreyikelrespond to infliximab therapy that
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these patients with the -308 A/G or A/A genotypdsis could be due to the higher
production of TNFa or increased severity in RhA patients associatéiu tive presence of the
-308 A/G or A/A genotypes. However, in their stubigy could not confirm any of these
possibilities.

These results were supported by another studyrigaki the therapeutic response of
etanercept, infliximab and adalimumab in patienth RhA, psoriatic arthropathy and AS. A
positive clinical outcome of anti-TNé&-treatment was significantly associated with the -
308G/G diplotype irrespective of their disease; ighe patients with RhA carrying the -308
A/A diplotype did not respond to anti-TNktreatment, those carrying the G allele showed a
moderate or good response. Similarly, patients pstiriatic arthropathy and AS with the -
308 G/G genotype were more likely to respond to BNF-a treatment (Seitz et al. 2007).
Louis et al. analysed the value of CRP and ToN§erum levels before treatment with
infliximab, as well as the TNF -308 gene polymosgphiin the prediction of response to
infliximab treatment in Crohn’s disease (Louis e2802). They found that CRP levels
before treatment were significantly higher in reggers than in non-responders. Furthermore,
response rate was significantly higher in patievite elevated CRP (>5 mg/l) than in patients
with a normal CRP value before treatment. A subgranalysis in their study found a
significant association in patients with luminatetise who did not respond to treatment and a
higher frequency of the rare allele A. Allelic ageinotype frequencies, however for the -308
TNF gene polymorphism were not significantly diéfiet between responders and non-
responders in either luminal or fistulizing Crohdisease.

Similarly, Cimaz et al. investigated the genetintdbutions of IL-1 and TNF: gene
polymorphisms and the response to treatment wiliTéd--a inhibitors in patients with JIA
(Cimaz et al. 2007). They also failed to find amgngicant differences for both allelic and
genotypic frequencies of IL-1ra (+2018) and TWE238 and -308) between responders and

non-responders in this cohort of patients with JIA.

However, the methodology of these studies is lichiig to the study of one or two cytokine,
and the complex interaction between different genglymorphisms and their clinical
response to treatment.

These shortcomings may be minimized by lookingtla¢opolymorphic sites within the TNF
locus that may predict clinical response to TéNBlockage. Among 13 genotyped SNPs in a
Korean study, seven SNPs, which included -103198&3C/A, -857C/T, -308G/A, and -
238G/A in the TNFe gene and +177A/G, and +319C/A in the lymphotaxigene were
polymorphic and within the Hardy-Weinberg equilibri. Of these seven TNF SNPs, only the
-857C/T SNP in the TNl-promoter gene was associated with the etanerespbnse in

patients with RhA, according to the American Caled Rheumatology (ACR) criteria. More
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so, patients who carried the T allele were morelyito respond than those who were
homozygous for the C allele (Kang et al. 2005)sThay be explained by the differences in
the TNFe gene expression due to allele-specific bindingshss the transcription factor
OCT-1 to the -857T allele, inhibiting the TNFgene activity, which in turn may result in less
TNF-o production and better response to etanerceptghékohjoh & Tokunaga 2001).
These findings correlate to those by van Heel.etdio reported a higher TNé&production

in healthy -857C allele homozygous that in -857&lelcarriers (van Heel et al. 2002). But
controversy still remains as a Japanese study wdxsan increased TNéproduction in the
carriers of the -857T allele (Soga et al. 2003).

Therefore, another possible way to try to elucidhi® controversy would be to combine
different SNPs rather than one SNP as a more usefubf predicting responsiveness to anti-
TNF-a therapy. In a cohort of 58 patients with RhA lmakat TNF and TNF receptor
polymorphisms and their response to anti-Ti\fRerapy, no independent polymorphism was
associated with the patient’s response to treatrbemthe polymorphisms -857C/T and
489G/A were found to be in LD. In addition, the dmnation of both TNFR2 polymorphism
allele 676T, together with the genotypic associatib-857C/489G was associated with good
response to infliximab therapy (Chatzikyriakidowakt2007).

The methodology used in all the above studies aralgomplex interactions between genetic
polymorphisms and clinical response to TNF block&devever most of these studies have an
already selected population, in which patients weceiving treatment, and therefore already
had severe disease. In addition to this, it isahwtys possible to reach universal agreement
in defining clinical response depending on the domdtreated. Although most previous
studies have focused on SNPs in the promoter regibis also known that LD is an

important factor for the interpretation of genetata. The TNFe gene is located within the
MHC class lll region on chromosome 6. The classdgjion lies between the class | and class
Il regions, and it would be therefore possible tither genes within the MHC may contribute
towards not only susceptibility, but also respatoseeatment. Few studies have looked at
MHC polymorphisms in relation to anti-TNiktherapy, but due to the small sample size, the
authors did not extrapolate any meaningful conolugiom their study (Martinez et al. 2003).
Genetic analysis performed in the majority of thedes published, are performed for a
limited number of alleles, mainly those that arasidered functionally relevant. Therefore,
the cytokine gene polymorphisms investigated congienly a minority of the existing
polymorphisms, and are chosen on the basis of quevieports in their functional and, or

clinical significance. However, the associationsrfo in these studies might be a useful tool
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for predicting the efficacy of the different biologagents in refractory intraocular

inflammation, and allowing for a targeted choiceagént and treatment regime.
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Patron: Her Majesty The Queen
Chairman
Sir Thomas Boyd-Carpenter
Chief Executive I. A. J. Balmer
City Road
London
EC1V 2PD
Tel 02072533411
Minicom 020 7566 2279

Patient Label

1. Study Title: DNA polymorphism and gene expression analysis ragligtors of
disease severity and response to treatment innpstigith anterior and posterior

uveitis

2. Invitation: You are being invited to take part in a reseatatlys Before you decide it is
important for you to understand why the researdieiag done and what it will involve.
Please take time to read the following informatanefully and discuss it with others if you
wish. Ask us if there is anything that is not cleayou would like more information.

Thank you for reading this.

3. What is the purpose of the study?As you know, you suffer from inflammation inside
your eye/s which in some patients results in Idsgsion despite treatment. In other patients,
the inflammation does not cause visual loss andnedrying to understand what actually
causes damage to help patients with these typsedsks. In the inflamed eye, blood cells go
into the eye and make substances which are caftellines. Some of these are harmful to the
eye while others are not. Ifwe can determine whiehgood ones and which are not, it would
be possible to devise new treatments which woulttbweff the bad ones and hopefully less
damage to the eye will occur. Although you havémueic disorder we will only ask you for
one sample and we will recruit patients for threarg to the study

4. Why have | been chosen?n order to really know the answer to this queastwe
are inviting all patients with active inflammatiamside their eye to take part in this
study.

5. Do | have to take part?:lt is up to you to decide whether or not to taketplf you do

decide to take part you will be given this inforinatsheet to keep and be asked to sign a
consent form. If you decide to take part you ailefete to withdraw at any time and without
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giving a reason. A decision to withdraw at any tiraea decision not to take part, will not
affect the standard of care you receive.

www.moorfields.org .uk

6. What will happen to me if | take part?: If you agree to take part, you will be asked for a
blood sample from your arm and then a sample ofleyeif you feel you could do this. To
take this we sit you at the slit lamp as for a Usya examination and put local anaesthetic
drops onto your eye to numb the eye. We then askydéeep still and look straight ahead
while a needle attached to a syringe takes thd fifom the side part of your eye. As the
needle goes in, you may feel pressure but not paie sample takes a few seconds to take,
the needle is removed and antibiotic cream putfgrou wish, the eye can be padded
afterwards while you travel home.

7. What do | have to do?:If you would like to take part, we will ask you $ggn the consent
form and the samples will then be taken immediatelpu are happy for this to be done now.

8. What is the drug or procedure that is being testedThis is not applicable to this study.

9. What are the alternatives for diagnosis or treatent? In this study, we are trying to
identify

patients who are at risk of more severe diseaseasmaiot offering any other treatments at
this stage.

10. What are the side effects of taking partAwhen the local anaesthetic wears off from the
eye, most patients do not feel any discomfort bybu do, you can take paracetamol tablets
as you would if you had a headache. ? If you ane@med, please call us on 020 7566 226
during the working day.

11. What are the possible disadvantages of takinga?: In order to take part in this study,
we need to take a blood sample and where poss#a@eple a fluid from your eye. Although
taking eye fluid samples is something we do every dome patients find the thought of it
worrying. It is not a painful procedure but coultlse mild discomfort once the local
anaesthetic drops have worn off.

12. What are the possible benefits of taking part?Your sample would contribute greatly
to the knowledge about inflammation in the eyavilt therefore help us help people like you
in the future who have inflammation and those #ratdamaged by it but the results will not
help you at the present time.

13. What if new information becomes available?Sometimes during the course of a
research project, new information becomes availabtait the treatment that is being studied.
If this happens, we will tell you about it and diss with you whether you want to continue
with the study. If you wish to withdraw, we will stbnue your normal care in the usual way
as before the study started. If you continue, wg raguire you to sign an updated consent
form.

14. What happens when the research study stopsPhe results of the study will be very
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carefully analysed to determine new treatmenteggias based on this knowledge

15. What if something goes wrong™ many countries, taking eye fluids is a part of
management of inflammation of the eye and we hawe dnany hundreds here. No patient
has suffered a problem because of the sample beirg.

If you are harmed by taking part in this researatjget, there are no special compensation
arrangements. If you are harmed due to someongligi@ece, then you may have grounds for
a legal action but you may have to pay for it. Rdlgess of this, if you wish to complain or
have any concerns about any aspect of the way swe been approached or treated during
the course of this study, the normal National He8lervice complaints mechanisms should
be available to you.
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16. Will my taking part in this study be kept confidential?: Yes. All information that is
collected about you during the course of the reseaill be kept strictly confidential. Any
information about you which leaves the hospital hélve your name and address removed so
that you cannot be recognised from it except ttteréo your OP which will let him know.

17. What will happen to the results of the researchtudy?: All the information is presented to
all the doctors involved in the management of pésigvith uveitis. This is done by presentation
of the results at meetings and by publishing tfermation in the medical journals. No patient is
individually identified in this but the results thfe whole group are determined. Relevant patient
groups are also informed of new advances in treatr$®me cells are stored for future study so
that we can investigate new advances quickly whgrdme along and help improve treatment
prospects.

18. Who is organising and funding the research?This study is carried out by Professor
Lightman and her team and organised through thigtutes of Ophthalmology and Moorfields
Eye Hospital.

19. Who has reviewed this study?This study has been approved by the Moorfields Eye

Hospital Research Ethics Committee.

20. Contact for further information: The doctor involved in your eye care is part & tham

that looks after patients with eye inflammationeThedical supervisor of the study is Professor
Susan Lightman and she can be contacted via hetagcon 020 7566 2252.

You will be given a copy of this information sheetd a signed consent form for you to keep.

Thank you for considering taking part in this study

Susan Lightman FRCP FRCOphth PhD FMedSci Profegg0linical Ophthalmology
Consultant Ophthalmologist
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APPENDIX 3
Clinical outcomes of patients with chronic anterioruveitis
AIMS:
The aims of this study were to:
1. Define the factors determining the ocular compiaat in a group of patients with
chronic anterior uveitis.
2. Determine the visual outcome of these patients.

This research by the candidate in the clinical o of chronic anterior uveitis has contributed

the following valuable information:

1. Posterior synaechia is not significantly associatgd worse visual outcome in
patients with CAU
2. Cystoid macular oedema, the most common causewfgment visual loss in

patients with uveitis is more likely to occur intigaits in whom their uveitis is
associated with a systemic autoimmune disease.

3. The overall long-term visual prognosis in patiemith CAU is good regardless the
subtype of CAU, despite patients with an associaystemic inflammatory disorder

having an increased risk of developing cystoid necedema.

Published work:
1. Menezo V, Lightman SL. The development of complaa in patients with chronic
anterior uveitis. Am J Ophthalmol 2005;139:988-992.
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Cytokine and chemokine polymorphisms in anterior ueitis

AIMS:

The aims of these studies were to:

1. Investigate the association between SNPs of kepkiw, chemokine and their receptor
genes and AU.

2. Investigate the association between these SNPthartkvelopment of chronicity and/or
complications in AU.

3. Investigate their association with the presenddlof-B27 antigen.

This study has contributed the following valualmitoimation:

1. The identification of TNFe -857T as markers of susceptibility to develop AAU.

2. The identification of potential SNPs, such as TNFR& -201G/T and TNFRSF1A -
1135C/T as potential contributors to the developgmécomplications in patients
with HLA-B27 associated AU.

3. The identification of the IL-1ra +2081T/C polymoipim as predictor of chronic
disease in patients with AU.

4, The identification of MCP-1 polymorphism (MCP-1 7Z8A/T) with a potential

protective role against AU.

Published works:

1. Kuo NW, Lympany PA, Menezo V, Lagan AL, John S, Y, Liyanage S, du Bois
RM, Welsh Kl, Lightman SL. TNF-857T, a genetic rislarker for acute anterior uveitis.
Invest Ophthalmol Vis Sci 2005;46:1565-1571.

2. Menezo V, Bond SK, Towler HMA, Kuo NW, Baharlo B,idbn AG, Lightman SL.
Cytokine gene polymorphisms involved in the chrimiand complications of anterior
uveitis. Cytokine 2006;35:200-206.

3. Keo TK, Ahad MA, Kuo NW, Spagnolo P, Menezo V, Lyamy P, Lightman SL.
Chemokine gene polymorphisms in idiopathic antanagitis. Cytokine 2006;35:29-35
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