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Abstract

This thesis investigates the function of the IL-10 5° flanking region haplotypes and the
association of these haplotypes in children with Juvenile Idiopathic Arthritis (JIA).

We have shown that children with extended oligoarticular JIA are less likely to have a
genotype containing the ATA haplotype than children with oligoarticular JIA (p<0.05,
OR =1.9,95% CI: 1to0 3.5). The ATA haplotype is associated with lower reporter gene
expression in transfection studies (Crawley, 1999c). The ATA/ATA genotype was
shown to be associated with lower IL-10 production using whole blood culture in
controls (p<0.02). This is consistent with the observation that mean IL-10 production
was lower in the parents of those with extended oligoarticular disease when compared
to the parents of children with oligoarticular disease (p=0.03, 95% CI 88 to 2016).

A similar effect was seen in asthma where those with severe asthma were less likely to
have ATA containing genotypes than controls (p=0.04, OR1.57, CI: 1.01 to 2). We did
not show a difference in genotype distribution between patients with SLE and controls.

The transmission disequilibrium test (TDT) demonstrated an increase in transmission of
the ATA haplotype to patients with oligoarticular onset JIA (p=0.05). There was also
increased transmission of both the ACC and the ATA haplotype to patients with uveitis
(p=0.014 for each transmission).

Strong linkage disequilibrium was demonstrated (p<0.0005) between these haplotypes
and a microsatellite at —1000 in the IL-10 5’ flanking region which has previously been

shown to be associated with theumatoid arthritis and systemic lupus erythematosus.

Treatment of patients with methylprednisolone was associated with large changes in ex
vivo stimulated IL-10 production which was strongly correlated with the change in ESR
(correlation coefficient 0.922, p<0.01).

To investigate whether the IL.-10 5’ flanking region haplotypes affected transcription,
THP-1 cells were transfected with IL-10 luciferase DNA reporter constructs. Overall,
reporter gene expression was higher with the GCC than the ATA construct when the
THP-1 cells were transfected using Effectene Liposomes (median fold difference 1.71,
range 1.12 to 5.49).
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Abbreviation

As Sibling relative risk

ACR American College Rheumatology
ADHD Attention deficit hyperactive disorder
Ag Antigen

ANA Anti Nuclear Antibody

AP-1 Activator protein 1 complex

APC Antigen presenting cell

ARC Arthritis Rheumatism Campaign

ASP Affected sib pairs

BSA Bovine serum albumin

cAMP Cyclic AMP (adenosine monophosphate)
cDNA Complementary deoxyribonucleic acid
cGMP Cyclic GMP (guanosine monophosphate)
CI Confidence Interval

Con A Concanavalin A

COS cells Monkey cell system derived from transformed simian kidney DV-1 cells
CRP C Reactive Protein

Cy Cytochrome

dbcAMP Dibutryladenosine 3°:5” — cyclic monophosphate
DCChol 3b-[N-(N,N-dimethylaminoethane)carbamoyl] cholesterol
DOPE Dioleyl L-1-phosphatidlyethanolamine
DTT dithiothreital

DXM Dexamethasone

EIU Experimental Immune Uveitis

ELISA Enzyme Linked Immunosorbent Assay
ERK Extracellular Signal-Regulated Kinase
ESR Erythrocyte Sedimentation Rate

ETDT Extended TDT

EULAR European League Against Rheumatism
FACS Flouresecent activated cell sorter

FBC Full blood count

FCS Foetal calf serum

FITC Fluorescein isothiocyanate

GC Glucocorticoid

GVHD Graft Versus Host Disease

HeLa Cell line derived from Helen Lane

HLA Human Leukocyte Antigen

Hu-IL-10R Human IL-10 Receptor chain

IBD Identity-By-Descent

IBS Identity-By-State

ICAM-1 Intracellular Adhesion Molecule-1
IDDM Insulin Dependant Diabetes Mellitus
IFN Interferon

IL Interleukin

IL-1ra IL-1 receptor antagonist

ILAR International League Against Rheumatism
Jak Janus tyrosine Kinases

JTA Juvenile Idiopathic Arthritis

JNK c-Jun N-terminal kinase

LPS lipopolysaccaride
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mAb

Monoclonal antibody

MAP Mitogen-activated protein

MHC Major Histocompatibility Complex

MIP Monocyte Inflammatory Protein

MP Methylprednisolone

MPC Monocyte Chemotactic Protein

mRNA Messenger RNA

MTX Methotrexate

NFxB Nuclear Factor kB

NIDDM Non-Insulin Dependant Diabetes Mellitus

NO Nitric oxide

OD Optical Density

OR Odds Ratio

PBMC Peripheral Blood Mononuclear Cells

PCR Polymerase Chain Reaction

PDE Phosphodiesterases

PE Phycoerythrin

PG Prostaglandin

PHA Phytohemagglutinin

PI Phosphatidylinosital

PKC Protein Kinase C

PTK Protein tyrosine kinase

RA Rheumatoid arthritis (adult onset)

RF Rheumatoid Factor

RLU Relative light units

RSV Rous sarcoma virus

RT-PCR Reverse transcriptase PCR

SAA Serum Amyloid A

SCID Severe combined immune deficiency

SDS Sodium dodecylsulphate

SDW Sterile distilled water

SE Standard error

SFMC Synovial fluid monocytes

SLAM index Systemic lupus activity measures

SLE Systemic lupus erythematosus

SNP Single nucleotide polymorphism

SSOp Sequence specific oligonucleotide probing

STAT Signal transducers and activators of transcription

TAP Transporter associated with antigen processing (TAP)

TCR T cell receptor

TDT Transmission disequilibrium test

TGF Transforming growth factor

Thlor Th2 T helper cells 1 or 2

THP-1 Human monocytic cell line from a child with acute monocytic leukaemia
(Tsuchiya, 1980)

TNFa Tumour necrosis factor a

Tyk Tyrosine kinase

WHO World health organisation
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The first mark of intelligence, to be sure, is not to start things; the second
mark of intelligence is to pursue to the end what you have started.

Panchatantra (c. 5th c.)
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CHAPTER 1: INTRODUCTION
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1.1 Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA) is defined as arthritis in a child under the age of 16

years affecting one or more joints, lasting for at least 6 weeks and currently having no
other cause (Petty, 1998).

1.1.1 Incidence and prevalence of JIA

The prevalence of arthritis in children varies between 1 and 10 per 1000 (Oen and
Cheang 1996). The incidence rate varies between 1 and 20 per 100,000 (Oen and
Cheang 1996). ’@)revalence and incidence ratesyary between different studies
depending on the source population (whether a population survey or based on referral to
tertiary level clinics) and geographical differences between populations. The
geographical differences could be environmental or due to ethnic/genetic differences
and the factors involved have not yet been defined.

A difference in prevalence has not been shown to be due to a difference in classification
system used (ACR Vs EULAR). Ethnic origin does not affect overall incidence or
prevalence but it does appear to affect subgroup diagnosis. For example in Caucasian
populations, oligoarticular arthritis accounts for more than half of the patients (58%, CI:
56-60), and the proportion of polyarticular onset arthritis accounts for 27% (CI: 25-28).
This is contrast to the higher proportion of children with polyarticular arthritis in
African (35-50%), East Indian (41-87%), Japanese (53%) and Thai (77%) children who
have a correspondingly lower proportion of children with oligoarticular arthritis (Oen
and Cheang 1996).

1.1.2 Morbidity associated with arthritis in children

Arthritis in children can have both systemic and local consequences. Systemic effects
include general growth retardation and osteoporosis (Woo 1994), malaise and loss of
appetite and an increased risk of amyloidosis. In addition to joint destruction, local
inflammation results in accelerated growth of the epiphyses in the affected joints.
Overall, an estimated 49% of children end up with severe functional limitation (class III
and IV, Steinbroker classification) because of JIA (Wallace and Levinson 1991). This
is due to persistent arthritis, the consequences of arthritis in the form of permanent joint
damage or uveitis (15 to 30 % of children with uveitis are ultimately blind (Smiley
1974)).

In addition to the physical effects of JIA there are important (but more difficult to

measure) emotional and social consequences. For example, in a 10 year follow up,
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young people who had JIA as a child were significantly more likely to be unemployed
than their siblings (29.9% Vs 11.4% respectively) (Packham and Hall 1999).

JIA is therefore an important disease in children in terms of the number of children who

have a poor long term outcome.

1.2 Classification of JIA

In 1959, Ansell and Bywaters proposed the first clinical classification for children with
arthritis (Ansell and Bywaters 1959). This classification was according to mode of
onset which is the form adopted first by the American Rheumatism Association in 1977
(Brewer, 1972) and then the World Health Organisation European League against
Rheumatism (WHO EULAR) in 1978 (Wood 1978). Although similar, these
classifications were not identical and in 1994 the Paediatric Standing Committee of the
International League of Associations for Rheumatology (ILAR) bravely met to develop

a classification system which was universally acceptable. The classification was based

on the clinical experience of Paediatric Rheumatologists from each of the four regional ~
leagues of ILAR. The proposals from this meeting were published in(1995 (Fink 1998) )" '

and were subsequently revised in Durban ;n 1997 (Hochberg 199] 5)Malleson1996)

The primary aim was to develop criteria that would enable the 1dent1ﬁcat10n of
homogenous groups of children to facilitate research and communication between
physicians and scientists (Petty, 1998). The committee has acknowledged that
homogeneity was more important then inclusivity and children were therefore excluded
if they did not strictly fulfil criteria or if they fitted into more than one category (Petty,
1998). Even members of the committee agree that this classification is based on some
“entirely arbitrary factors” but as no other factors have superseded these in terms of
providing helpful prognostic information, the classification has remained intact. It is

this classification that is used in this thesis.

A summary of some of the important features of the ILAR classification which are

relevant for this thesis are given here — for full details please see appendix B.

1.2.1 Oligoarticular JIA

This is when the child has arthritis affecting 1-4 joints during the first 6 months of
disease. If the child never has more than 4 joints involved they are considered to have
persistent oligoarthritis. However if they “extend” and have more than 4 joints involved
after the first 6 months of disease, they are considered to have extended oligoarticular
JIA. One of the problems with this classification is that if a child extends before 6
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months, they are classified as having polyarticular JIA and it is not always easy to know

when a child extends.

1.2.2 Polyarticular JIA

When a child has polyarticular JIA they have arthritis affecting 5 or more joints during
the first 6 months of the disease. In children, tests for rheumatoid factor are usually
negative and it is termed polyarticular JIA — rheumatoid factor negative. In a small
percentage of children , the tests for rheumatoid factor are positive. If the disease is
associated with positive tests for rheumatoid factor on at least 2 occasions at least 3

months apart then it is called polyarticular JIA — rheumatoid factor positive JIA.

1.2.3 Enthesitis related arthritis
Enthesitis related arthritis is defined as arthritis occurring with enthesitis, or arthritis or

enthesitis with at least two of the following:
- Sacroiliac joint tenderness and/or Inflammatory spinal pain
- Presence of HLA-B27

- Family history in at least one first or second degree relative of medically confirmed
HLA-B287 associated disease

- Anterior uveitis that is usually associated with pain, redness or photophobia
- Onset of arthritis in a boy > 8 yrs of age

1.2.4 Systemic onset JIA

Clinically this is a very different disease as the arthritis is often not a predominant
feature. The arthritis occurs with or is preceded by a daily fever of at least 2 weeks
duration. The fever is classically quotidian. An evanescent, non-fixed, erythematous
rash is common as are generalised lymph node enlargement, hepatomegaly or

splenomegaly and serositis.

1.2.5 How helpful is the classification of JIA in genetic studies?
A good clinical classification system is clearly helpful in ti s of prognosis and clinical

. /
. . . . 7 . 7 "'K(L«,:,‘\:l‘,l}"
management if the patients within each group have alhomogenoug disease course. | 0. ; \
o T aind

However there are several problems with the classification of JIA which may hamper

genetic studies.

1. Genetic associations may not be associated with a clinically defined disease but a
clinical or laboratory disease parameter. This means that they would have an effect

across different disease groups. This was demonstrated in a recent study examining
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the association of HLA alleles with adult patients with a polyarthritis where an
association was demonstrated between inflammatory polyarthritis and the presence
of any shared epitope allele (Thomson, 1999). The strongest association was with
HLA-DRB1*0404, which gave a three to four fold increase in risk. The odds ratio
(OR) was increased in individuals homozygous for DRB1*04 in whom at least 1 of
the alleles was DRB1*0404 suggesting a gene dosage effect. There was no
difference in genotypic data when the patients were stratified by RA status although
the associations were stronger in those who were rheumatoid factor positive. In
other words the genetic risk factor was for polyarthritis not for rheumatoid factor

positive arthritis or for any other disease.

An example of a disease parameter which can occur in any subtype of JIA is

anterior uveitis and this is discussed in further detail in section 1.3.

. The classification system loses data on disease characteristics that are continuous
traits. For example, subdividing patients into more or less than 4 joints does not use
all the available information. If data is available on continuous traits then the results
can be regressed onto the number of disease alleles (Waldman, 1998). Other
examples of continuous traits are degree of growth arrest or high inflammatory
markers. Genetic factors may affect quantitative traits with a gene dosage effect.
For example, consider gene X with alleles A and a. Allele A increases the risk of
joint disease and allele a is protective. Analysis using data on total number of joints
may find a correlation between number of joints involved and either 0, 1 or 2 A
alleles and this important affect may be missed if clinical data is analysed only as a

binary characteristic.

. Genetic factors may determine disease severity across several different disease
groups affecting many different parameters. For example, several risk alleles could
interact to produce high inflammatory markers, anorexia, growth retardation and
multiple joint involvement in systemic JIA, polyarticular onset JIA or extended
oligoarticular onset JIA. In other words, each disease group could have a different
onset pattern because of environmental factors or other disease onset genetic loci,
but the same outcome because of genetic severity loci. Analysis of each of these
groups by disease onset may miss these severity risk factors. One possible method
of analysis would be to enrich for severity in each disease group and analyse for

association with genetic factors.
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4. All classification systems are open to miss-classification but in JIA this is
particularly difficult. For example, there is the more or less than 4 joints key
classification between the oligoarticular and extended oligoarticular disease. The
timing of arthritis affecting more than 4 joints (before or after 6 months) determines
whether the child is classified as having extended oligoarticular or polyarticular
onset disease. Recall of number of joints involved or date of onset is notoriously
bad and considerable inter-observer variability has been demonstrated even between
very experienced Paediatric Rheumatologists (Giannini and Lovell 1994).

Ultimately the question that plagues the study of JIA and adult onset RA is whether the

phenotypic heterogeneity observed within JIA (highlighted by the multiple attempts to

make ﬁ)mogenohsubgroups) represents genetic heterogeneity (Silman 1997). For

further dlscussmn see section4.1.1.2t04.1.1.5.

1.3 Anterior Uveitis

An important physical cause of morbidity in children with JIA is anterior uveitis.

The first description of uveitis and band keratopathy in a child with arthritis was by
Ohm in 1910 (Ohm 1910). In a population based study, in Finland, 16% of children
with JIA developed uveitis. Diagnosis was made at a mean age of 6.8 years with a
mean interval from diagnosis of JIA to detection of uveitis of 2.9 years (Kotaniemi,
1999). Despite nearly 90 years of research we understand little of the pathophysiology

of the uveitis associated with JIA.

1.3.1 Clinical features

1.3.1.1 Children at risk

Although all groups of JIA can develop uveitis, the highest risk group are young girls
with an oligoarthritis who are ANA positive. In fact = 95% of children from this group
who present under the age of 2, will develop uveitis (Chylack, 1979).

1.3.1.2 Clinical symptoms

The onset of uveitis in children with JIA is usually asymptomatic although up to 50%
may have symptoms such as pain, redness, headache and photophobia later in the onset
of disease. Less then 5% develop uveitis before the onset of arthritis and most children
develop their uveitis within 7 years of arthritis onset (Cassidy and Petty 199; Kotaniemi,
1999). The activity of arthritis does not parallel the course or severity of uveitis
(Rosenberg and Oen 1986). Both eyes are involved in 65% of children with uveitis.
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1.3.1.3 Prognosis

Although both the management and prognosis of children with uveitis has improved,
blindness is still relatively common with estimates of 15 to 30% (Smiley 1974). Other
studies from the mid 1970s report that 38% of children had decreased visual acuity to
20/200 with band keratopathy occurring in 49% (Key and Kimura 1975). Kanski’s
study on Taplow patients showed that although 57% of affected eyes had a visual acuity
equal to or better than 6/9, 63% had active inflammation with band keratopathy
occurring in 41%, cataracts in 42% and secondary glaucoma in 19% (Kanski 1977).

Uveitis is not a benign disorder.
1.3.1.4 Laboratory markers

Positive ANA titres is the most common laboratory marker and occurs in 65 to 88% of
children who develop uveitis. It is usually present in relatively low titre and has
unknown specificity (Kanski 1977).

1.3.2 Pathophysiology of uveitis in children with JIA

The uveitis in JIA is predominantly a chronic non-granulomatous inflammation
affecting the iris and ciliary body (Cassidy and Petty 199) (the anterior uveal tract).
Under slit lamp examination a cellular exudate of inflammatory cells can be seen in the
anterior chamber of the eye. A punctate keratitic precipitate develops later on the
posterior corneal surface. Progressive damage can lead to the development of posterior
synechiae that are caused by adherence between the iris and the anterior surface of the
lens. This results in an irregular or poorly reactive pupil. Other late manifestations
include band keratopathy (a degenerative lesion), secondary cataracts, glaucoma and
phthisis bulbi.

There is an intense immune reaction within the ocular fluid in these children (Petty,
1987) and the aqueous humour has increased immunoglobulin levels and ANA (Kanski
1976, Rahi, 1977; Person, 1981; Kaplan, 1982). In some children there is immunity
to retinal antigens (Petty, 1987). The presence of high levels of ANA (IgG) has led
some authors to postulate that there is an abnormal blood-ocular barrier or local
antibody synthesis (Person, 1981). This is consistent with the findings that 90% of
vitreous lymphocytes in one adult with uveitis and JIA were B lymphocytes (Kaplan,
1982).
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1.4 Is there a genetic component to JIA?
Moroldo et al have shown a higher than expected degree of concordance for subtypes of

JIA with different clinical onset patterns between 71 affected sib pairs (ASP) (Moroldo,
1997). This increase in concordance was greater than that predicted from the known
incidence of different disease types and suggests a genetic component which determines
the subtypes of JIA.

One way in which the extent of a genetic component to a disease can be quantified is as
the sibling relative risk of disease denoted as As. This is the disease prevalence in
siblings of affected individuals divided by the disease prevalence in the general
population. As is therefore usually small for common diseases even if there is a
significant genetic component and larger for rare diseases even if there is a small
genetic component because of the difference in the size of the denominator. The As for
JIA calculated from 300 sib pairs, is 15 (Glass and Giannini 1999). This is higher than
the As for RA which has been calculated as 4.9 (John, 1997). Although this means it is
likely that there is a genetic component to JIA, the children studied are likely to have
had common environmental exposure which can also act to increase sibling relative
risk. This value for As is only the relative risk for developing JIA suggesting that a
genetic component plays a role in determining susceptibility. The data from Moroldo et
al suggest that a genetic component may also determine disease course suggesting that

genetic factors are important in determining severity as well as susceptibility.

To date, no major gene effect has been demonstrated although associations with several
genes have been described (Donn, 1994; Fishman, 1998; Crawley, 1999¢; Miller,
1985; Fraser, 1990; Van Kerckhove, 1990). It seems likely therefore that the genetic
influence in JIA is polygenic i.c. that a large number of genes each exert a relatively

small effect (see also section 1.6.1).

14.1 Environment versus genetic

A seasonal onset of systemic onset JIA in the prairie region of Canada has been
described, with significant peaks in the autumn and early spring (Feldmann, 1996).
Although this suggests an environmental trigger such as a virus, the incidence of
systemic JIA did not correlate with viral incidence in the same region. In Manitoba
however onset of all types of JRA (now classified as JIA) correlated significantly with
Mycoplasma Pneumoniae infections detected in the province suggesting a possible
environmental link (Oen, 1995). Several studies have reported associations between

raised antibody titres against environmental pathogens and the development of JIA.
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Pritchard et al describe a clustering of children born in 1963 who developed late onset
(ages 13 to 19) severe erosive polyarticular JIA (5 RF positive and 36 RF negative)
(Pritchard, 1988). They believed this clustering was due to antigen exposure in utero to
Influenza A H,N, with subsequent re-exposure in later life (Pritchard, 1988). These
children had higher antibody titres to this virus but comparable antibody titres to control
viruses such as rubella when compared with healthy controls. However this group of
children also had a “surprisingly” high parental incidence of seropositive rheumatoid
disease suggesting either additional environmental effects or genetic susceptibility. A
retrospective study on children presenting in Massachusetts with joint symptoms and
associated constitutional symptoms found 22 out of 104 had serological evidence of
recent parvovirus infection (Nocton, 1993). Although the duration of symptoms was
usually brief, 3 children had arthritis which lasted for 3 months and 8 children continued

to have symptoms 2 to 13 months after disease onset.

The picture is complicated by the inclusion of children within these studies with
spondyloarthropathies. Several studies have suggested that infection plays a role in the
development of adult onset spondyloarthropathies (Tani, 1997; Tiwana, 1997).

Indeed, childhood onset spondyloarthropathies appear to be a different disease from
other forms of JIA (Burgos Vargas and Vazquez Mellado 1995) and it is possible that
the aetiology is different. However, there is no clear evidence that infection plays a role
in childhood onset spondyloarthropathy but there is definite evidence that genetic
factors are important (Malleson and Petty 1997).

Although environmental triggers appear to play a role, there is no unifying trigger for
JIA or indeed for any subgroup of JIA. It may be that it is the interaction between
different environmental triggers with a susceptible genetic background that determines
the development of JIA (Seldin, 1999; Brown and Wordsworth 1998).

1.4.2 Susceptibility versus severity

An emerging feature of polygenic diseases is that genetic effects may play a role in
defining severity rather than susceptibility. This paradigm is important for diseases
such as attention deficit disorder (Waldman, 1998) and adult onset RA (Weyand, 1992;
de Jongh, 1984). In attention deficit hyperactive disorder (ADHD) a dose dependant
association has been described between the dopamine transporter gene and severity of
hyperactive-impulsive symptoms but not for onset of ADHD (Waldman, 1998). This is
similar to adult onset RA where some HLA haplotypes are only associated with patients
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with severe disease and in some studies a gene dosage effect correlates with disease
severity (Weyand, 1992; de Jongh, 1984).

1.4.3 Disease characteristics versus disease subgroups
Alternatively, genetic factors could determine a disease characteristic rather than define
a JIA subgroup. An example of this is uveitis. In 1873, Jonathan Hutchinson observed
that the parents of children with iritis usually had arthritis. Anecdotally, uveitis in JIA
is described as a heritable condition although there is little evidence for this (Jacobs 19;
Cassidy and Petty 199). Although several studies report genetic associations with both
HLA alleles and IL-1a (see sections 1.6.1.3 and 1.6.1.4), no genotype has been

consistently shown to present a high risk factor for the development of uveitis.
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