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ABSTRACT

EXTREMELY SKEWED X-CHROMOSOME INACTIVATION IN JUVEN ILE
IDIOPATHIC ARTHRITIS

Chigdem Aydin Mustafa
M.S. in Molecular Biology and Genetics
Supervisor: Prof. Dr. Tayfun Ozcelik
July 2007, 74 Pages

Juvenile idiopathic arthritis (JIA) is the most amon childhood rheumatic disease with
female predominance and an incidence between 0QDQA0. There are several

explanations for the reason of disease developnsemiy as environmental factors that
trigger autoimmunity and genetic basis. The germgis of JIA is not well defined. It rarely

manifests familial recurrence. But the monozygdin data suggest that there is a
considerable genetic basis, which is likely to imeomultiple epigenetic events. It was
proposed that a disturbance in mosaicism of femaiey cause autoimmune disease
development. Recently, in our lab, an associatetwéen extremely skewed X-chromosome
inactivation (XCI) patterns and female predispositio autoimmunity was identified. Since

JIA is thought to have an autoimmune etiology, wedthesized that skewed XCI might

play a role in the disease development. To deteanXi@l status, androgen receptor locus
was analyzed by methylation sensitidpa Il digestion followed by PCR by using of 72

female patients diagnosed with JIA and 183 femaldrols, which comprised of newborns

(n=91) and children with no history of an autoimrawondition (n=92). A male control (46,

XY) was used for complete digestion in the analydisXClI pattern. We expect to see an
association between extremely skewed XCI and fepradisposition to JIA.



OZET

JUVENIL iDiYOPATIK ARTRIT HASTALI GINDA BOZUK X KROMOZOMU
ETKINSIZLE STIRILMEST

Chigdem Aydin Mustafa
Molekuler Biyoloji ve Genetik Yiksek Lisans
Tez Yoneticisi: Prof. Dr. Tayfun Ozgelik
Temmuz 2007, 74 Sayfa

Juvenil idiyopatik artrit (0A) cocukluk ca&inda gorilen en sik romatolojik hastaliktir.
Hastalgin gorilme sikigl 7-21/100.000 arasindadir ve genel olarak kiz ldjacunda daha
sik gorulmektedir. Hastain olusumu konusunda cevresel ve genetik etkenler olmakeliz
farkh aciklamalar bulunmaktadiriAldaki genetik etkenler tam anlamiyla bilinmemekted
Tek yumurta ikizleri ile yapilan ¢gmalar sonucu genetik etkenlerin varlsaptannytir,
ancak bu etkenler bircok epigenetik olaylari kapsieadir. Daha 6nce kadinlardaki
mozaizmin bozulmasinin otoimmun hastaliklara nealebilecei ileri strulmustur. Yakin
zamanda laboratuarimizda  gerceiitden calsmalar sonucunda  bozuk  X-
etkinsizlstiriimesi ve kadinlarin otoimmun hastaliklara yatkii arasinda bdanti
kurulmustur. JA hastalgl da otoimmiin bir hastalik olarak bilinmektedir. Bedenle bozuk
X-etkinsizlestiriimesinin JA olusumunda bir etkisi olabilegni ileri stirliyoruz. 72 hasta ve
183 salikli kontrollerde X-etkinsizlgtiriimesi statiisiint belirlemek icin androjen resept
lokusu metillemeye duyarkipall enzimi ile analiz edilngtir. Kontrol grubu 91 yenidgan
ve 92 sglikli cocuktan olgmustur. X-etkinsizlgtirilmesi analizinde tamamen X-
kromozomu kesilmesini gostermek Uzere erkek kongd@, XY) kullaniimstir. Burada
bozuk X-etkinsizlgtiriimesi ve JA’ ya kadin yatkinlg arasinda bir ifiki bulunmasini
bekliyoruz.
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CHAPTER I: INTRODUCTION

1.1 Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA), which is theflammation (cellular damage) of the
synovium (the lining of joints), is the most premal pediatric rheumatic disease that is seen
in children with onset before 16 years of age. gétients have swollen, painful joints (lasting
more than six weeks), which may be stiff and diffico move. The inflammation of the
joints may result in damage to the bone and cgdil&his may cause possible changes in
bone growth resulting in longer, shorter or biggéfected bones (Figure 1.1) (Cuccurullo,
2004).

Figure 1.1Leg-length discrepancy in a child with juvenileagathic arthritis (Rhodes, 1991)



Arthritis is best described by four major changesthe joints. The most common
features of JIA involve the joint are inflammatiocontracture, damage and alteration or
change in growth. Other symptoms are weaknessusckes and other soft tissues around
involved joints. It may also involve organs suchthe skin, heart, lungs, liver, spleen, and

eyes, producing extra-articular signs and sympt@uoscurullo, 2004; Pettst al., 2003).

1.1.1. Classification

First proposed in 1994 and later revised in 198& térm ‘juvenile idiopathic arthritis’
(JIA) (Petty et al., 1998; Pettyet al., 2003; Pettyet al., 2004) was used instead of the
American term ‘juvenile rheumatoid arthritis’ (JRAs defined by American College of
Rheumatology (ACR) (Brewest al., 1977) and the European classification ‘juvecheonic
arthritis’ (JCA) as defined by the European Leaggainst Rheumatism (EULAR) (Woaost
al., 1978). Because the American and European dlzatsiins of the disease were confusing
(Table 1.1), it was difficult to use them intercgaably (disease duration is 6 weeks for ACR,
while it is 12 weeks for EULAR). In an effort to prove research and treatment, the
International League Against Rheumatism (ILAR) dasised a unifying set of international
criteria, using the term f‘juvenile idiopathic aitl®’. The word ‘idiopathic’ means ‘of
unknown cause’. This classification is gaining favamong researchers, but is not yet

universally used.



Table 1.1 Comparison of the classification systems of &rshin children

Classification ACR EULAR ILAR
Designation JRA JCA JIA
Types Systemic Systemic Systemic
Pauciarticular Pauciarticular Oligoarticular
Polyarticular RF-negative polyartamu RF-negative polyarthritis
RF-positive polyarticular ~ RF-positive paithritis
Psoriatic Psoriatic
JAS Enthesitis-related
Undefined

ACR=American College of Rheumatology; EULAR=Europedeague against Rheumatism;
ILAR=International League of Associations for Rheotogy; JRA= juvenile rheumatoid arthritis;
JCA= juvenile chronic arthritis; JIA= juvenile igwathic arthritis; JAS= juvenile ankylosing
spondylitis (Pettyet al., 2003).

The ILAR classification aims to both unify the pi@ys classifications to minimize
international differences in disease definition aoddentify clinically homogenous disease
subgroups within the term JIA (Petiyal., 1998).

1.1.2. Types

According to ILAR, the major subtypes of JIA aregohrticular JIA, which may be
persistent or extended, polyarticular rheumatoaddia(RF)—negative JIA, polyarticular RF-
positive JIA, systemic JIA, enthesitis-related atith (ERA), psoriatic JIA, or a classification
of “other JIA” when the criteria for more than osigbtype of JIA or none of the criteria were
met (Pettyet al., 1998).



1.1.2.1. Oligoarticular JIA

Oligoarthritis affects four or fewer joints durinige first 6 months of disease. It is the
most common type, affecting about 50% of all clatdwith JIA, and mostly seen in females.
In the ILAR classification, children who have psmis/a family history of psoriasis, a human
leukocyte antigen (HLA) B27-associated disease in a firstrdegelative, and a positive
rheumatoid factor (RF) test are excluded from tligooarthritis category (Pettst al., 1998).

This form of JIA is not seen in adults, and it lEacterized by asymmetric arthritis,
early age of onset (before 6 years of age), ferpedominance, high frequency of positive
antinuclear antibodies (ANAs), and high risk ofdocyclitis (uveitis), which is an eye
inflammation. It is more common in the larger jainlike the knees, ankles or elbows, but can

also affect wrists, fingers and toes (Cuccurull@)4£ Ravelliet al., 2007).

According to the ILAR classification, there are twategories in the oligoarthritis
subtype: persistent oligoarthritis, in which theedise consists of four or fewer joints, and
extended oligoarthritis, in which arthritis extenids more than four joints after the first 6
months of disease (Pettyal., 1998; Ravellet al., 2007).

1.1.2.2. Polyarticular JIA

Polyarticular arthritis affects 35% children wittAJ more girls than boys. Symptoms
include swelling or pain in 5 or more joints. Thisd of JIA usually involves small joints of
the hands and feet (Figure 1.2). Large joints, saglknees, wrists, elbows, and ankles are
also involved in association with small joints. Atitwhally, the joints of the neck (cervical
spine) and jaw (temporomandibular joints) may alsoaffected. In addition, a low-grade
fever and tiredness may appear. Polyarticular 3lAfien symmetrical. There are two types
of polyarticular JIA: rheumatoid-factor-positive carheumatoid-factor-negative polyarthritis
(Cuccurullo, 2004; Ravelkt al., 2007).



Figure 1.2 Radiographs of normal hand (left) and arthritindhdright). (Arrows denote loss
of normal axial alignment) (Rhodes, 1991)

1.1.2.2.1. Rheumatoid-factor-positive polyarthritis

This disease, comprises 10% of all patients with dhd is characterized by age of
onset greater than 11 years of age with femaleopnethnce (Cuccurullo, 2004). It is the
same as adult RF-positive rheumatoid arthritis,epkehe differences in disease phenotype
between children and adults, which are relatechéodffect of the disease in an individual
whose skeleton is still growing. It is mainly seenadolescent girls (Cuccurullo, 2004;
Ravelliet al., 2007).

It is characterized as a symmetrical polyarthtiigt affects small joints of the hands
and feet (Figure 1.3) (Ravedéi al., 2007).



Figure 1.3 Symmetric polyarthritis affecting the metacarpopingleal, proximal and distal

interphalangeal, and radiocarpal joint (Ravetlial., 2007).

1.1.2.2.2. Rheumatoid-factor-negative polyarthritis

This disease is less defined than RF-positive ptilyiis, and is the most
heterogeneous subtype (Rave#ti al., 2007). It affects 25% of all patients with JIA
(Cuccurullo, 2004). There are at least three ssbsktRF-negative polyarthritis. The first
form resembles early-onset oligoarticular juvemdi®pathic arthritis with the characteristics
of asymmetric arthritis, early age of onset, femaledominance, frequent positive ANAs,
and increased risk of iridocyclitis, except for thember of joints affected in the first 6
months of disease (Martini, 2003; Ravetlial., 2007). The second subset is similar to adult
onset RF-negative rheumatoid arthritis, with chemastics of symmetric synovitis of large
and small joints, onset in school age, and neg#®NA (Ansell, 1987; Ravellet al., 2007).
The third form is known as dry synovitis, which slsonegligible joint swelling but stiffness,
flexion contractures (Figure 1.4). This subset fiero poorly responsive to treatment and

could follow a destructive progress (Ostrov, 20Rdyelliet al., 2007).



Figure 1.4. Flexion contracture in child with juvenile idiopattarthritis (Rhodes, 1991).

1.1.2.3 Systemic JIA

It usually begins in early childhood. Researchemsietimes call this Still's disease.
This type accounts for about 10-20% of cases of Sistemic arthritis affects both boys and
girls almost equally. There may be fever and a (&#fure 1.5), but joint involvement may
not be apparent at first although the child's belramay indicate joint pain. Fever occurs
suddenly and spikes to 39.4°C or higher once ocawlaily, usually in the late afternoon. It
then rapidly returns to normal or subnormal. ithis discontinuous spiking fever pattern that
helps to differentiate the disease from other mfizatory disorders. Other signs and
symptoms may include hepatosplenomegaly (enlargenoénthe liver and spleen),
lymphadenopathy (lymph node involvement), pleur{ts pleurisy -- inflammation of the
lining of the lungs or thoracic cavity), pericardifinflammation of the sac enclosing the
heart), myocarditis (inflammation of the musculaali& of the heart), and nonspecific
abdominal pain (Cuccurullo, 2004; Ravedtial., 2007). Anemia and weight loss may also
occur (Martiniet al., 1994; Ravellet al., 2007).



Figure 1.5Typical rash of systemic-onset disease in an 8-gkhchild (Ravelliet al., 2007).

1.1.2.4. Enthesitis-related arthritis

Enthesitis is an inflammation of the entheses, Iteation where a bone has an
insertion to a tendon or a ligament. Enthesitistesl arthritis, which is characterized by the
association of enthesitis and arthritis, mainlyeef§ male patients after the age of 6 years.
Most patients are HLA-B27 positive, and the joiotgshe lower extremities are affected. Hip
involvement is common at disease presentationymielseg oligoarthritis (Pettyet al., 2001;
Pettyet al., 2003). Enthesitis-related arthritis is often it#img and can be mild. About half of
patients have four or fewer joints affected througtthe entire course of the disease (Peitty
al., 1998; Pettt al., 2003; Ravellet al., 2007).

1.1.2.5. Psoriatic arthritis

According to ILAR, in order to diagnose juvenileopatic arthritis, arthritis and
psoriatic rash need to be present. If a rash isrdpthe presence of arthritis and any two of
the following: family history of psoriasis in adirdegree relative; dactylitis (sausage-shaped
swelling of the fingers and toes, that can be pdin&and nail pitting. The symptoms are

similar to the subset of RF-negative polyarthriied oligoarthritis. The main difference is



that patients with psoriatic arthritis have a geedtequency of dactylitis and of arthritis that
affects both small and large joints than do chitdvéth oligoarthritis (Pettyet al., 1998;
Ravelliet al., 2007).

1.1.2.6 Undifferentiated arthritis

Undifferentiated arthritis does not represent aassp subset, but includes patients
who do not satisfy inclusion criteria for any caieg or who meet the criteria for more than
one (Pettyet al., 2004; Ravellet al., 2007).

1.1.3. Prevalence and incidence

The incidence and the prevalence of the diseafer dilnong different ethnicity (Table
1.2). The prevalence of a disease in a statigticpulation is defined as the total number of
cases of the disease in the population at a givee, tor the total number of cases in the
population, divided by the number of individualstie population, while the incidence is the

number of new cases of a disease during a givesititerval, usually one year.

Table 1.2 Comparison of incidence and prevalence in diffepwpulations

Country Pre. Inc. Reference

Canada - 4.08/100,000 Mallessiral., 1996
Sweden 56/100,000 12/100,000 Andersgah., 1987
Norway 148.1/100,000 22.6/100,000 Mabal., 1998
Finland - 19.6/100,000 Kunnarsebal., 1986
Germany 14.8/100,000 6.6/100,000 von Koseiudl., 2001
Costa Rica 34.9/100,000 6.8/100,000 Arguetiak, 1998

Pre= Prevalence, Inc= Incidence.



The frequency of the subtypes differs. There mde predominance, except in the
systemic and enthesitis-related arthritis (TabB).1n systemic arthritis female-male ratio is

equal. In enthesitis-related arthritis, there idenpgedominance.

Table 1.3 International League of Associations for Rheumapl¢lLAR) categories of
juvenile idiopathic arthritis

Frequency* Onsetage Sex ratio

Systemic arthritis A4-17% Throughout childhood F=M
Oligoarthritis 27-56% Early childhood; peak at 2-4 years Fes=M
Rheumatoid-factor-positive polyarthritis ~ 2-7% Late childhood or adolescence F==M
Rheumatoid-factor-negative 11-28% Biphasic distribution; early peak at F==M
polyarthritis 2-4years and later peak at 6-12 years
Enthesitis-related arthritis 3-11% Late childhood or adolescence M==F
Psoriatic arthritis 2-11% Biphasic distribution; early peak at F=M

2-4years and later peak at 9-11years
Undifferentiated arthritis 11-21%

*Reported frequencies refer to percentage of all juvenile idiopathic arthritis.

(Ravelliet al., 2007)

1.1.4. Causes

The cause of JIA is not well-understood. It is &edd that JIA is caused by a
combination of factors, including genetic factohstt make a child's immune system more
likely to react inappropriately, an overly activemune system that inappropriately attacks
joint tissues, and viral or bacterial infectionsattrmay trigger the autoimmune process
(Cuccurullo, 2004).

10



1.1.4.1. Associated Genes

JIA rarely manifests familial occurrence. In th&AJtotal number of affected sibling
pairs (ASP) has been estimated to be ~300-400. Ndateonal Institute of Arthritis and
Musculoskeletal and Skin Diseases has sponsoredeanch for JIA-affected sibling pairs.
Initial analysis showed that 63% of 71 ASPs wenecoodant for gender and 76% for onset
type (Moroldo et al.,, 1997). The study also provided the first esteanaf the sibling
recurrence riskAg) for JIA: 15, a value similar to type 1 diabet8ach a highs is indicative
of a factor shared between sibling, genetic or remvnent. Researchers from Finland
estimated théis of JIA to be ~20, by using 41 JIA multicase faesilwith 88 affected
siblings. In the study, it was calculated that enorygotic twin of a JIA patient had a relative
risk (RR) for developing JIA of about 250 (Savokairet al., 2000; Borcherst al., 2006;
Glasset al., 1999). These data suggest that there is a @masilé@ genetic basis in JIA, but

this genetic basis is complex (Reviewed in Borcleeas., 2006).

There are both MHC-associated and Non-MHC gerasatte found to be associated
with JIA. The class | gene, HLA-B27, was the firdtA association found in JIA. It is found
that HLA-B27 is a risk factor for oligoarthritis, agticularly in older male patients
(Rachelefskyet al., 1974).

The class Il genes HLA-DR1 and HLA-DR4, have begported to increase risk for
polyarthritis. DR4 has a particularly high assaomtwith RF—positive polyarticular JIA in
older children. Homozygosity for DR4 may carry arcreased risk of disease. DR1 is
associated with oligoarthritis that converts toadyarthritis in younger patients, as well as
contributing risk for polyarticular disease in ald@ildren (Neponet al., 1984; Glasst al.,
1999).

Table 1.4 lists the non-MHC genes and chromosag®ns that have been reported

to be associated with JIA (Glassal., 1999). In general, the odds ratios are low aagb<€

control studies have not been as reproducible & &#isociation studies (Glasaisal., 1999).

11



Table 1.4 Non-HLA genes/loci in juvenile idiopathic arthsit

Polymorphism/chromosome region Reference

IgA deficiency Cassidst al., 1977
Complement deficiency Glagtsal., 1980
az-antitrypsin Aranaue al., 1977
Amyloid P component Wosa al., 1987
IL-1a promoter McDowelt al., 1995
TNFa/l3 Epplert al., 1995
TCR Vz6.1 null gene Maksymowyehal., 1992
IL-6 promoter Fishmaet al., 1998
IL-10 Crawleyet al., 1999
Chromosome 22 Sullivaahal., 1997

IL = interleukin; TNF = tumor necrosis factor; TGRT cell receptor (Glasa al., 1999).

1.1.4.2. Antibodies

JIA is an autoimmune disease, and a wide varietgubd-Abs has been described in
patients with JIA (Table 1.5). None of these isc#jeto JIA and only rheumatoid factor
(IgM RF) and antinuclear antibodies (ANA) are roety used to provide serological support

for the diagnosis of JIA.

ANA are detected in ~30-50% of patients with JlA(Bsonet al., 2003; Flatet al.,
1998; Serraet al., 1999; Kotaniemet al., 1999), with prevalence estimates in the indigldu
subtypes ranging from 38% to 85% in oligoarthritt80-50% in polyarthritis and 0-17% in
systemic onset disease (Al-Magtral., 2002; Moroldcet al., 2004). ANA positivity is one of
the most important risk factors for uveitis (Paakihet al., 2002; Kotaniemét al., 2001), but
is not significantly associated with the developteh complications and visual outcome
(Cabralet al., 1994).

One of the specific targets of ANA in JIA is the KIBa DEK nuclear antigen (Szetr
al., 1994; Murrayet al., 1997), a DNA-binding protein. It was shown tadispecifically to
the conserved Y-box regulatory sequences in the ahureukocyte antigens (HLA)
DQA1*0101 and DQA1*0501 (Adamet al., 2003), which is known as a susceptibility allele
for oligoarticular JIA (Thomsost al., 2002; Borcherst al., 2006).

12



2%- 12% of patients with JIA are positive for IgMFRncluding up to 21% of patients
with polyarticular disease, 9% of patients withgokrthritis and 0 - 15% of patients with
systemic onset arthritis according to the EULAR &ER criteria. Rheumatoid factor is an
antibody directed against the Fc fragment of IgKainflen et al., 2000; Kotaniemit al.,
1999).

In more recent studies; an ELISA, based on a cytrullinated peptide (CCP) for
detection of antibodies against citrullinated piridein JIA patients, was used. Two of the
studies reported significantly high frequencies anfti-CCP in RF-positive polyarthritis
patients (73% and 57%, respectively) (van Rossuah, 2003; Ferucct al., 2005; Borchers
et al., 2006). In a study, in which 3 synthetic citm#lited peptides and 2 different ELISA kits
were used, frequencies of anti-CCP antibodies dbuf¥% in patients with JIA overall, 93%
in RF-negative polyarthritis, 84% in oligoarthria;d 62% in systemic arthritis patients were
reported (Lowet al., 2004; Borcherst al., 2006).

Table 1.5Antibodies described in JIA patients

Antibodies Reference

ANA Berntsoret al., 2003; Flateet al., 1998; Serrat al., 1999;
Kotaniemiet al., 1999

RF Mindenret al., 2000; Kotaniemét al., 1999

Antikeratin, Antifilaggrin, Nesheat al., 1992; Gabayt al., 1993; Hromadnikovat al., 2001
Anticitrullinated fibrin,

Anti-Sa

Anti-CCP van Rossuehal., 2003; Ferucogt al., 2005; Lowet al., 2004

ANA= antinuclear antibodies; RF= rheumatoid fact@®a=citrullinated vimentin; CCP=cyclic
citrullinated peptide (Borchert al., 2006).
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1.2 Autoimmunity

Autoimmunity is the failure of an organism to renage its own constituent parts
(down to the sub-molecular levels) as "self", whiebults in an immune response against its
own cells and tissues. Any disease that result® fsach an aberrant immune response is

termed an autoimmune disease (Janestal., 2005).

All individuals are tolerant of their own potentjahntigenic substances, and failure of
self tolerance is the fundamental cause of autoimiywuThe mechanisms of self tolerance
have been worked out in considerable detail in ahimodels, and are best understood for
CD4" T cells (Figure 1.6). Self tolerance can be diglidieto central tolerance and peripheral
tolerance. In central tolerance, immature lymphesythat happen to recognize self antigens
in generative lymphoid organs (the bone marrowBfaells and the thymus for T cells) die by
apoptosis; in peripheral tolerance, mature selétrea lymphocytes encounter self antigens in
peripheral tissues and are killed or shut off. phacipal mechanisms of peripheral tolerance
are anergy (functional unresponsiveness), delé¢apoptotic cell death), and suppression by

regulatory T cells.
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Figure 1.6 Self tolerance (Goodnowt al., 2005). a, The cell is deleted through inductibn
cell death. b, The receptor is edited to one thaess self-reactive. ¢, Biochemical or gene-
expression changes intrinsically dampen the sealftree receptor’s ability to activate the cell.
d, The ability of self-reactive cells or antibodydause autoimmunity is limited by using
extrinsic suppression and by limiting essentialwglofactors, costimuli and inflammatory

mediators.

1.2.1 Cause of Autoimmunity

Autoimmune diseases develop when self-reactive hooptes escape from tolerance
and are activated. Although the mechanisms by wthch occurs are not entirely known,
autoimmunity is thought to result from a combinati@f genetic variants, acquired

environmental triggers such as infections, andhgtstic events (Janewaial., 2005).
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1.2.1.1. Genes associated with autoimmunity

1.2.1.1.1AIRE

AIRE (autoimmune regulator) was identified as the ge¢hat is mutated in
autoimmune polyendocrine syndrome (APS-1) — a disothat manifests as autoimmune
attack against multiple endocrine organs, the akohother tissues (Bjorsetsal., 1998).

The mouse homologue of the gene has been knockedralithe AIRE protein shown
to be responsible for the thymic expression of sameens that are expressed at high levels
in different peripheral tissues. In the absencéhgmic expression, T cells specific for these
antigens escape negative selection (central tadejaenter the periphery and attack the target
tissues ( Andersoet al., 2002; Listoret al., 2003).

1.2.1.1.2CTLA4

Cytotoxic T lymphocyte antigen 4 (CTLA4; CD152) &n inhibitory receptor
expressed by T cells that recognizes the costimylanolecules B7-1 (CD80) and B7-2
(CD86), the ligation of which shuts off T-cell respes and promotes long-lived anergy
(Salomon and Bluestone, 2001). CTLA4 works by catitigely blocking the engagement of
the activating receptor CD28 (by CD80 or CD86), agdransducing inhibitory signals; the
latter probably involves tyrosine and serine/thirerphosphatase activation (Bar@aal.,
2002).

1.2.1.1.3FOXP3

FOXP3 (encoding a transcription factor of the fa&t family) is a striking example
of a gene whose role in autoimmunity has been tedday the confluence of animal studies
and studies of a quite rare human disease.”CD25' regulatory T cells, now established as
major controllers of immune responses to self atitroantigens (Sakaguchi, 2004), were
shown to express high levels of FOXP3. Three gralgmsonstrated that induced knockout or

spontaneous mutation of the mouBexp3 gene led to a systemic autoimmune disease
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associated with the absence of COB25 regulatory T cells (Horét al., 2003; Fontenogt
al., 2003; Khattriet al., 2003).

1.2.1.1.4.PTPN22

PTPN22 gene maps to chromosome 1p13.3—p13.1 and encolyesphoid specific
phosphatase (Lyp). Lyp is an intracellular PTP ahgsically bound through proline-rich
motif to the SH3 domain of the Csk kinase, whiclarisimportant suppressor of kinases that
mediate T-cell activation (Cohest al., 1999). Recently, it was shown that PTPN22 1858C-
>T SNP may play role in autoimmunity (Bottigi al., 2004; Begovichet al., 2004). The
PTPN22 1858C->T SNP changes the amino acid atipo$20 from an arginine (R) to a
tryptophan (W) and disrupts the interaction betwkegm and Csk, avoiding the formation of
the complex and, therefore, the suppression ofllTacgvation (Cloutieret al., 1999).

1.2.1.2. Molecular Mimicry

Molecular mimicry is defined as the theoretical gibdity that sequence similarities
between foreign and self-peptides are sufficierdugh to result in the cross-activation of
autoreactive T or B cells by pathogen-derived plgsti(Janewagt al., 2005). Upon the
activation of B or T cells, it is believed that siee“peptide mimic” specific T or B cells can
cross-react with self-epitopes, thus leading twiaununity (Kohmet al., 2003) Assuming
five to six amino acid residues are used to indaceonoclonal antibody response, the
probability of 20 amino acids occurring in six itieal residues between two proteins i$ 20
or 1 in 64,000,000. However, there has been evalamown and documented of many

molecular mimicry events (Oldstone, 1998).
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1.2.1.3. Female Predominance in autoimmunity

1.2.1.3.1. Hormones

In most of the autoimmune diseases, such as aut@marthyroiditis, systemic lupus
erythematosus, and scleroderma there is femaleomiednce, 3-10 fold more affected
females (Whitacre, 2001). There are several exptamafor this predominance. One of them
is sex hormones. (Lockshin, 2002). The inhibitoffe@s of sex steroids on autoimmune
diseases were initially demonstrated in experimeatdoimmune thyroiditis induced in
guinea pigs and rats by thyroid extract adjuvamhiadtration (Kappa%t al., 1963). Both
testosterone and estrogen at moderately high daggsressed autoimmune thyroiditis in
guinea pigs. Similar effects of testosterone, bott @strogen, were noted in autoimmune

thyroiditis induced in rats.

1.2.1.3.2 Chimerism

Another possible explanation for the female pred@nce in autoimmune diseases is
chimerism. Microchimerism resulting from transplaiz cells (cell passage from child to
mother, or in some instances, mother to child) e@ssidered responsible for autoimmune
diseases, including SSc (Mullinax, 1993, Nelsong)98etal DNA and cells were identified
in some women with SSc (Nelson, 1996; Mullireal., 1996; Nelsoret al., 1998; Artlettet
al., 1998), raising the possibility that microchinseni play a role in autoimmune diseases.
Although these findings are really interesting, mahimerism in SSc could be secondary to
the underlying disease, because it offers no eafilam for the occurrence of the disease in

men or in women who have had no children (WelsB8)9

1.2.1.3.3. Skewed XCI

Disturbed X-inactivation is another explanation fie female predominance in
autoimmune diseases (Kast, 1977; Stewart, 1998niGtet al., 2000). As a result of X-
inactivation, the X-chromosome inherited from eithgarent is silenced at random, and

normal women are thus a mosaic of 2 cell populatidimerefore, it is reasonable that skewed

18



XCI could lead to the escape of X-linked self amtig from presentation in the thymus or in
other peripheral sites that are involved in toleemmduction, and loss of T cell tolerance.
High frequency of skewed X-inactivation has beesemsbed in breast and ovarian cancers
(Kristiansenet al., 2002, Bulleret al., 1999), and in women with recurrent spontaneous
abortions (Lanase al., 1999, Sanghet al., 1999). Recently it was shown that there are high
numbers of scleroderma patients that have extresigdywed inactivation in the peripheral
blood (Ozbalkaret al., 2005). Also, in AITD patients, extremely skewedctivation was
observed in peripheral blood (Ozcedikal., 2006).

1.3 X-Inactivation

1.3.1 History

In 1961 Mary Lyon proposed a hypothesis to exps&iveral unexpected results in her
analysis of mutations affecting the coat colorerhfle mice. She suggested that only one of
the two X-chromosomes functioned in each cell é¢raale, and the other became inactive;
because either parental chromosome could be ieadi@males would be mosaics (Lyon,
1961). She also suggested that the X-inactivatieente occurred early in development.

Therefore, each cell clone formed large patchefkffigrent color.

At that time, Ernest Beutler made a similar proptsaxplain that females inactivate
one X-chromosome in order to maintain dosage pawvith the single X-chromosome in
males (dosage compensation). Beutler and colleaiguesilated the XCI hypothesis using
studies of the human X-chromosome gene glucoseoégbtate dehydrogenase (G6PD)
(Beutleret al., 1962). They found that in females, G6PD actiwgs not twice that of males
and postulated a dosage compensation mechanismg Wsimixture of male cells with
deficient G6PD activity and normal G6PD activityewler and colleagues measured G6PD
activity (by glutathione stability) and comparedtat the response of female erythrocytes.
They concluded that intermediate activity in fersaleas probably due to the same

mechanism as in the mixture of male normal and G&€&tlvity deficient erythrocytes.

After these proposals, a hypothesis came from Ohtamschka, and Makino who

demonstrated, first in mice then in humans, that Badies (Baret al., 1949) did not consist
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of portions of two X-chromosomes in opposition &xle other. Rather, each Barr body was a
single X-chromosome (Ohra al., 1960, Ohncet al., 1961). Until that time, many believed
that the Barr bodies, which were called sex chrombhody at that time, were structures

formed by the crossing of the two X-chromosomethacell.

1.3.2. Mechanism

Normally, in eutherian mammals, X-inactivation isamdom process. By contrast, in
marsupials, the X-chromosome coming from the fathealways inactivated (Coopet al.,
1971). More recently, it was shown that eutherisemmmals also have imprinted XCI, as
marsupials. But this is limited to extra-embryotigsues-the placenta (Figure 1.7) (Takagi
and Sasaki, 1975). Mouse cells undergo an earlgrimted inactivation of the paternally-
derived X-chromosome in four-cell stage embryose €ktraembryonic tissues (which give
rise to the placenta and other tissues supportiegeimbryo) retain this early imprinted
inactivation, and thus only the maternal X-chrommeas active in these tissues. In the early
blastocyst, this initial, imprinted X-inactivatias reversed in the cells of the inner cell mass
(which give rise to the embryo), and in these dedith X-chromosomes become active again.
Each of these cells then independently randomigtivaes one copy of the X-chromosome.
This inactivation event is irreversible during thetime of the cell, so all the descendants of a
cell which inactivated a particular X-chromosomd afso inactivate that same chromosome.
This leads to mosaicism. X-inactivation is revergedhe female germline, so that all ova

contain an active X-chromosome.
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F%af.:lom XCl
Figure 1.7 Imprinted XCI (Huynh and Lee, 2004).

Random X-inactivation has often been described asulistep process involving
choice of the active X-chromosome (Xa), initiatiamd spread of silencing on the inactive X-
chromosome (Xi), and subsequent maintenance ofitheilent state (Chovet al., 2005).

Sequences at thé-inactivation center (XIC), present on the X-chromosome, control
the silencing of the X-chromosome. The hypothetidatking factor is predicted to bind to
sequences within the C (Russell, 1963; Thermaat al., 1974).

In 1991 a gene located within tRdC, the Xi-specific transcript was discovered
(Borsaniet al., 1991; Brockdorffet al., 1992; Brownet al., 1992, Brown, 1991)XIST is a
gene transcribed from the Xi and not from Xa in atmcells. No significant open reading
frame has been identified, suggesting tAST does not encode a proteiXist has
subsequently been shown to be the pivotal playehaice of which X-chromosome remains
active, and in the spread of silencing on the &iir(Marahrenst al., 1998). TheXist RNA

works only incis; that is, on the chromosome that made it.

In 1999, several groups reported the identificatbbrantisense transcription through
the Xist locus in embryonic stem cells. The transcript, edifsix in recognition of it being
antisense tXist, was found to initiate at a major transcriptioarssite 13 kb downstream of
theXist 3’ end, and to extend acroXsst into its promoter region. Subsequently, a mihgx

promoter has been identified, and mafUsex transcripts of up to 4 kb have been shown to be
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produced by splicing. Lik&ist, Tsix has no significant open reading frame and is maaght
to encode a protein (Lestal., 1999).

In general, the women are mosaics of inactive Xogtasome. In some cases, skewed
XCI might occur. There are two main reasons ofngd XCI: primary and secondary. A
mutation in Xic (X-inactivation-center), or in XIS(X-inactive-specific transcript) is primary
cause. The secondary causes are deleterious Xdlinkmitations, X-chromosome
rearrangements, aging, twinning or monoclonal egjman of cells (reviewed by Brown,
1999).

How skewed XCI could lead to self recognition fadus not well understood in a
hypothesis, it is thought that skewed XCI can yeldituation in which self-antigens on one
X-chromosome may fail to be expressed at suffityemigh levels in the thymus, or in other
peripheral sites that are involved in toleranceugtobn, but may yet be expressed with a high
frequency in other peripheral tissues and bloods.c@heoretically, some females may be
predisposed to express X-linked antigens in thepbpery to which they have been
insufficiently tolerized (Brixet al., 2005).

1.4. Aim and Strategy

Most of the autoimmune diseases have high fema@dominance (Whitacre, 2001).
Although the female prevalence is often attributedhe effect of estrogen, it is stated that
other sex differences might have as much or mdegaace to autoimmune disease, that is X-
inactivation (Stewart, 1998). Recently, it hasrbekown that high proportion of scleroderma
and AITD patients has extremely skewed X-inactosatin their blood cells (Ozbalkaat al.,
2005; Ozceliket al., 2006).

JIA is an autoimmune disease, with unknown calige. other autoimmune diseases
it has female predominance. Here we hypothesizesttewed XCI might play a role in the
pathogenesis of JIA. In order to test our hypathese analyzed the methylation status of a
highly polymorphic CAG repeat in the androgen réoeAR) gene. In this study we used
JIA patients within the subgroups that have femptedominance: oligoarthrits and

polyarthritis.
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CHAPTER II: MATERIALS AND METHODS

2.1. MATERIALS
2.1.1. Patient and Control samples

JIA patients were referred to Bilkent Universityadalty of Science, Molecular
Biology and Genetics Department (Ankara, Turkey)xbifaborating physicians at Hacettepe
University, Faculty of Medicine, Department of Padcs, Pediatric Nephrology Unit
(Ankara, Turkey). The patients were diagnosed teehaligoarticular or polyarticular JIA.
Blood samples were collected in tubes containing &£Dwith the consent forms signed.

2.1.2. Primers

The primers used in polymerase chain reaction (R@&¢ synthesized by IONTEK (Bursa,
Turkey).

The primer sequences are:  primer 1, 5- GTCCAAGABCCGAGGAG -3}

primer 2, 5'- CCAGGACCAGGTAGGCTGTG -3'

2.1.3. Enzymes

Taqg DNA polymerases were supplied from MBI Fermentas [Amherst, NY, USA)Rsal

and methylation sensitivgpall was supplied from Fermentas, Amh, NY, USA.
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2.1.4. Thermal cyclers

For PCR reactions, the thermal cycler The GeneAggieth 9600 (Perkin-Elmer, USA) was

used.

2.1.5. Chemicals, and kits

Table 2.1. Chemicals, reagents, and kits used in the expeténen

Reagent

Supplier

Used for

Agarose

Basica LE, EU

Agarose Gel electrophore

SiS

Bisacrylamide

Sigma, St. Louis, MO, USA

Polyacmyide Gel

Electrophoresis

Bromophenol Blue Sigma, St. Louis, MO, USA  Geldilephoresis
Ethanol EtOH Merck, Frankfurt, Germany

Ethidium Bromide EtBr Sigma, St. Louis, MO, USA  IG&ectrophoresis
Proteinase K Appligene-Oncor, USA Nucleic Acid iaxtion

TEMED Carlo Erba, Milano, Italy Polyacrylamide Gel
Electrophoresis

APS Carlo Erba, Milano, Italy Polyacrylamide Gel
Electrophoresis

EDTA pH 8.0 Carlo Erba, Milano, Italy TAE

Nucleospin® Blood kit Macherey-Nagel Inc., PA, | DNA isolation

USA
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2.1.6. Standard solutions and buffers

1IX TAE (Tris-acetic acid-EDTA): 40mM Tris-acetate, 2 nM EDTA, pH 8.0

Ethidium bromide: 10mg/ml in water (stock solution)

30 ng/ml (working solution)

Agarose Gel Loading Buffer (6X): 15% ficoll
0.05% bromophenol
0.05% xylene cyanol

Acrylamide: Biacrylamide Stock Solution (%30):  29.5 gr acrylamide
0.44 gr bisacrylamide
100 ml with ddHO

2.1.7. Nucleic acids

DNA marker, pUC Mix8 was supplied from MBI Fermesitdmh, NY, USA

bp ngS0.5p0 %a

- 1118
- 881
1118 BSTH 138 ?g_'z ,
ga 542 108 R
=
5 ; 404
480 607 124
404 BOAGR 100 a3
33 411 8.2
242 2005 &0 247
1490 236 4.7
147 1826 a7 140
111 138 28
110 1365 27 147
'g "o
2=
=
0Apglane, 67
&em length gel, B
1XTBE, B\VYom, 1.50i= E
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Figure 2.1 Sizes of the fragments of PUC mix marker, 8 goukarance on both agarose and

polyacrylamide gel electrophoresis (MBI Fermentab site)
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2.2 METHODS

2.2.1. Sample collection

Blood was obtained from JIA patients and contratg] collected in tubes containing
EDTA. They were divided into 1 ml aliquots in 1.3 eppendorf tubes. 20@ of blood was
used for DNA isolation; the remaining bloods wet@ed at -86C for later use.

2.2.2. Determination of X-chromosome inactivation status

For determination of XCI status, HUMARA assay wased (Figure 2.2). Isolated
DNAs were digested by methylation-sensitive enzynpall. After incubation withHpall,
the sites on the active X-chromosome (checkered) ke cleaved, since they are
unmethylated; the sites on the inactive X will m& cleaved, since they are methylated.
Amplification by PCR between these primers will yrield a product from the uncleaved
inactive X-chromosome. The X-inactivation patteans therefore assessed in a female who is
informative at the CAG repeat. The maternal aneémpal alleles are resolved using PAGE
(polyacrylamide gel electrophoresis) The HUMARAeddk are shown as single bands, for
graphic clarity. In practice, each allele is reprgsd by two major and two or more minor
bands (Alleret al., 1992).

A 280-bp PCR amplification unit including the flang Hpall sites and the

trinucleotide repeat element (nucleotides 229-508% developed for the human androgen-

receptor locus (Figure 2.3).
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Random Pattern of X inactivation Non-random Pattern of X inactivation

EEE—(CAG R M EEE}—(CAG;— KRR M

Ccacy{T——Jp Ceac TP
Cr—wcacy—T———IM C—cac—{—————IM

EEEE(CAc);EREREER P R (CAG);- TR p

Digestion with Hpall or Hhal
:l—{ChGE': P
o/, - E— | S— . oy E— ¥
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Amplification via PCR

Polyacrylamide Gel Electrophoresis

Figure 2.2 Analysis of X-chromosome inactivation pattebysHUMARA assay. The flow
diagram illustrates expected results from DNA issdafrom cell populations showing either
random (left) or nonrandom (right) X-inactivatioatferns. M and P = maternal and paternal
X-chromosomes, respectively; (CAG)m and (CAG)plelalassociated with the polymorphic

CAG repeat on the maternal and paternal X-chromesonespectively. (Allest al., 1992).
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Chromosome: X; Location: Xq11.2-q12 Gene: AR

[ & 56a4566 [ G7EET 026 b

LOGHD 240§ FIR e—- UPHNL

EDAZR FGRIPL wIPF&

HC_000023.9
[ BBEEI50E [ BBEENE44 i
Ay 3
HH_00044,8 [ :
NE_Dio10l 1645, 1 | }

B - coding resion B - untranslated resion

Hll HP_000035.2 dsoform 1 CCDEI455T.1
-l NP _00101316d58,1 isaferm 2

>r ef | NC_000023. 9] NC_000023: 66680599- 66860844 Honmp sapi ens chronpsome X,
ref erence assenbly

GGGAAAAAGGGOCGAGCTAGCCGCT CCAGT GCTIBINBBA GGAGCCGAAGGGACGCACCACGOCAGCCCCA
Rsal
GOBCYGECT CCAGCGACAGCCAACGCCTCT TGCAGCGCGGECGERECT TCGAAGCCGCCGUEEYGEAGCTGCC
Hpall Hpall
CTTTCCTCTTCGGTGAAGTTTTTAAAAGCTGCTAAAGACT CGGAGGAAGCAAGGAAAGT GCCTGGTAGGA
CTGACGGECTGCCTTTGTICCTCCTCCTCTCCACCCCGCCT CCCCCCACCCTECCTTCCCeeecreeeecear
CTTCTCTCCCGCAGCTGCCTCAGTI CGECTACTCTCAGCCAACCCCCCTCACCACCCTTCTCCCCcAcCceee
CCCCCCGCCCCCGT CEECCCAGCGCTGCCAGCCCGAGTI TTGCAGAGAGGTAACTCCCTTTGECTGCGAGC
GGGCGAGCTAGCTGCACATTGCAAAGAAGGCTCTTAGGAGCCAGGCGACTGGGGAGCGECTTCAGCACTG
CAGCCACGACCCGCCTGGTTAGGCTGCACGCGGAGAGAACCCTCTGTITTTCCCCCACTCTCTCTCCACCT
CCTCCTGCCTTCCCCACCCCGAGT GCCGAGCCAGAGATCAAAAGATGAAAAGGCAGT CAGGTCTTCAGTA
GCCAAAAAACAAAACAAACAAAAACAAAAAAGCCGAAATAAAAGAAAAAGATAATAACTCAGITCTTATT
TGCACCTACTTCAGTGGACACTGAATTTGCGAAGGTGGAGGATTTTGITTTTTTCTTTTAAGATCTGGGCA
TCTTTTGAATCTACCCTTCAAGTATTAAGAGACAGACT GT GAGCCTAGCAGGGCAGATCTTGTCCACCGT
GIGTCTTCTTCTGCACGAGACTTTGAGGCTGT CAGAGCGCTTTTTGCGT GGTTGCTCCCGCAAGT TTCCT
TCTCTGGAGCT TCCCGCAGGT GGGCAGCTAGCTGCAGCGACTACCGCATCATCACAGCCTGITGAACTCT
TCTGAGCAAGAGAAGGGGAGGCGEEGTAAGCGAAGT AGGT GGAAGATTCAGCCAAGCTCAAGGATGCRAAG
TGCAGT TAGGGECT GGGAAGGEGT CTACCCT CEECCGECCGT CCAAGACCT ACCGAGGAGCT TTCCAGAATCT
RS6 (Forward Primer)
GT TCCAGAGCGT GCGCGAAGT GAT CCAGAACCGY GEGCCCCAGGCACCCAGAGGCCGECGAGCGCAGCACC
Hpall
TCCCYGECGCCAGI TTGCTGCTGCT GCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCA
Hpat S =-—=== CAG Repeats~ ~—
GCAGCAGCAGCAGCAGCAGCA GAGACTAGCCCCAGGCAGCAGCAGCAGCAGCAGGGTGAGGATGGT

TCTCCCCAAGCCCAT CGTAGAGGCCCCACAGGECTACCT GGT CCTGGAT GAGGAACAGCAACCTTCACAGC
~ RS7 (Reverse Primer)

CGCAGT CGGECCCT GGAGT GCCACCCCGAGAGAGGT TGCGT CCCAGAGCCT GGAGCCGCCGT GGCCGCCAG

CAAGGGGCTGCCGCAGCAGCT GCCAGCACCTEEYGEACGAGGAT GACT CAGCT GCCCCATCCACGT TGTC
Hpall

CCTGCTGGGCCCCACT TTCOCCYGEECT TAAGCAGCT GCTCCGCT GACCT TAAAGACAT CCTGAGCGAGGC

Hpall

CAGCACCATGCAACT CCTTCAGCAACAGCAGCAGGAAGCAGT AT CCGAAGGCAGCAGCAGCGGGAGAGCG

AGGGAGGCCT CGEEEECTCCCACT TCCTCCAAGGACAAT TACT TAGGGGGCACTTCGACCATTTCTGACA

ACGCCAAGGAGT TGT GT AAGGCAGT GT CGGT GT CCATGGGCCT GGGT GT GGAGGCGT TGGAGCATCTGAG

TCCAGGGGAACAGCT TCGGGGGGAT T CCAT BB GCCCCACT TTTGGGAGT TCCACCCGCTGTGCGT CC
Rsal

Figure 2.3 The sequence of AR, exon 1. The region amplifiedPBR, theHpall digestion

sites and CAG repeat regions are shown.
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2.2.2.1. DNA Isolation

The DNA isolation was carried out from 2Q0 bloods via Nucleospin® Blood kit
(Macherey-Nagel Inc., PA, USA) according to mantfegr’s instructions. The remaining

bloods were stored at -800C for later use.

The concentration of the DNA was checked by sppbmtometric reading and
horizontal 1% agarose gel electrophoresis in 1X DAler. The DNA samples were loaded
on gel after mixing with 6X loading buffer. fig/ml ethidium bromide was added for
visualization. After the run, the DNA samples weigualized with UV transilluminator. The
spectrophotometric reading was done in order te@lctiee quality and quantity of the DNA.
Ratio of 260/280 reading of 1.8 £ 0.2 was accepigdigh quality DNA. In addition, 1%

agarose gel electrophoresis verifies that the D&Aigh-molecular weight.

2.2.2.2. Restriction Enzyme Digestion

Restriction enzyme digestion was carried out fropd §enomic DNA isolated from
the bloods in 2Qul reaction volumes in 500l tubes. Methylation specifielpall andRsal
enzymes were used for determination of X-inactoratistatus. The undigested control
samples were only digested wiRsal enzyme using the conditions and materials (reacti
buffer and BSA) given in the manufacturer’'s instiogs. One unit from each enzyme was

used for the reaction. The digestion reactions viecaebated at 3T in the incubator for

overnight.

Undigested Digested
DNA 5.0ul DNA 5.0ul
Buffer 2.0ul Buffer 2.0ul
Rsal 0.2ul Rsal 0.2ul
ddHO 12.8ul Hpall 0.8ul

ddHO 12.0pl
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2.2.2.3. Polymerase chain reaction (PCR)

7 ul template DNA (100-150 ng) was used in  d3PCR reaction containing 1X PCR
buffer(10X), 1ul MgCl, (1.5 mM), 0.3ul dNTPs (10 mM), 0.5l (20 pmol) from each primer
and 0.2ul Taqg DNA Polymerase (5U). And ddi®. Amplification was done using The
GeneAmp System 9600 (Perkin-Elmer, USA) under faihg conditions:

Initial denaturation at 95°C for 5 min, 30 cycles9%%°C for 30 sec (denaturation),

58°C for 30 sec (annealing), 72°C for 30 sec (esiter) and a final extension at 72°C for 5

min.

2.2.2.4. Agarose gel electrophoresis

PCR products were run in the 1.5% agarose gel ingus< TAE.

Agarose was completely dissolved in 1X TAE eledanesis buffer to required

percentage in microwave and ethidium bromide waeddo final concentration of 30ng/ml.

The samples were loaded onto agarose gel withdlBne of loading buffer. The gel

was run in 1X TAE at different voltage and time deging on the size of the fragment at

room temperature.

2.2.2.5. Polyacrylamide gel electrophoresis (PAGE)

The working PCR products were run in the 8% Polylaanide Gel

8% PAGE

Acrylamide: Bisacrylamide (29:1) 40 ml
10x TAE 15 ml
10% APS 1.5ml
TEMED 100ul
ddH,O 93.5 ml
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The polyacrylamide solution was poured into thetigal apparatus and the digests
were run at different W, and time, depending onrttmber of gels in 1X TAE buffer. After
the run the gels were stained with EtBr for 10 resuwashed with ddi® for 10 minutes.

2.2.2.6. Densitometric Analysis

Densitometric analysis of the alleles was performisthg Multi-Analyst software

version 1.1 (Bio-Rad, Hercules, CA). A correctetiordCrR) was calculated by dividing the

ratio of the predigested sample (upper/lower gllbiethe ratio of the nonpredigested sample
for normalization of the ratios that were obtaiffiexdn the densitometric analyses.
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CHAPTERIIl: RESULTS

3.1. PCR-based X-inactivation study of peripherablood

Androgen receptor assay was performed in ordeeterchine the XCI patterns in the
JIA patients and healthy controls, as explainetthénmethods section. Methylated inactive X-
chromosome is resistant to digestion by methylatgpecific Hpall enzyme, while
unmethylated X-chromosome can be digested. Androgegptor assay is used for XCI status
detection; because there are highly polymorphiddtirepeats adjacent to the methylation site
in the androgen receptor, which provide differemckengths of the alleles. The concentration
difference of more than 80% between the two alldesonsidered as skewed XCI (Allen
al., 1992; Naumovat al., 1996).

We studied XCI patterns of 72 JIA female patieA®3 female controls. The control
group comprised newborns (n=91) and children wadhistory of an autoimmune condition
(n=92). XCI pattern was informative in 56 of the J12Z patients, 52 of 91 newborn and 72 of
92 children healthy controls (Appendices). The vidiials, who do not show significant
difference between two alleles were consideredfammative since only those whose alleles
resolve adequately for densitometric analyses wvimckided in the study. In Figure 3.1,
patients with uninformative, random and skewed X@tterns are shown. Sample 06-15
shows uninformative XCI pattern as there is no ificant difference between alleles, while

samples 06-16 and 06-17 are informative as bogtealican be seen.
Densitometric analysis is described in the mettsmtsion. By densitometric analysis,

sample 06-17 was determined as having random X@érpa while the sample 06-16 has

extremely skewed XCI pattern (Figure 3.1).
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Hpall + - + - + -

\“"-

06-15 06-16 06-17

Figure 3.1 X-chromosome inactivation status in JIA patieh&ne 2-3: 06-15; lane 4-5: 06-
16; lane 6-7: 06-17. Polymerase chain reaction ymtsd from the androgen receptor
methylation assay demonstrate random XCI patterssumple 06-17 (allele ratio 51%:49%),
and skewed patterns in sample 06-16 (93%:7%). ahwke 06-15 is not informative for the
androgen receptor polymorphisrRor each sample, DNA was either undigested ( ) or
digested (+) with the methylation-sensitive resimic enzymeHpall. Lane 1: Marker ( pUC
mix 8, 242-bp fragment is visible).

Skewed XCI (>80% skewing) was observed in 14 ofai@atients (25%) (Table 3.1),
and 12 of the 124 controls (9.7%). Extremely skew€l, defined as >90% inactivation of
one allele, was present in 9 patients (16.1%), endnly 4 controls (3.2%, P=0.002,
OR=16.9, 95% CI 6.2-45.8) (Appendices).
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Table 3.1 Proportion of the JIA patients and controls witkewlkd XCI

Degree of skewing (%) No. (%) observed with skewing
JIA patients (n=56) Controls (n=124)
90+ 9 (16.1) 4 (3.2)
80-89 5(8.9) 8 (6.5)
70-79 12 (21.4) 28(22.6)
60-69 15 (26.8) 37 (29.8)
50-59 15 (26.8) 47 (37.9)

For comparison by?, P= 0.006 (>80% skewingP= 0.002 (>90% skewing)
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CHAPTER IV: DISCUSSION

A reduction in the sex ratio (male: female) is tblearacteristic of the most
autoimmune diseases (Whitacre, 2001). For seyeaais candidate mechanisms that could
be important in pathogenesis have been uncoveredalays, there are some explanations
for the female predominance in autoimmune diseddesse include genetic traits associated
with autoimmunity (Rioux and Abbas, 2005), pregnaredated microchimerism (Adams and
Nelson, 2004), and disturbances of XCI in femalgextts (Stewart, 1998).

In this study we demonstrate skewed XCI pattern80:20) in peripheral blood
mononuclear cells of a significant proportion (2566)females with JIA. 11.1% of female
healthy children control subjects demonstrate skieM#nactivation patterns, while 7.6% of
female newborn control subjects had skewed XClepattWhen extremely skewed XCI is
concerned (>90:10), the results are more distiacti¥.1% of the JIA patients have extremely
skewed XCI, while 2.8% of the healthy children, &8% healthy newborn controls have
skewed XCI. When we take all control subjects thge we found the frequency of controls
with extremely skewed XCI as 3.2% (OR=16.9 95% Q}45.8). This is consistent with the
findings in the world, which change 1%-6% (OR 4®hitniset al., 2000; Bulleret al., 1999;
Lanasaet al., 1999; Sanghat al., 1999). Our results suggest that skewed XCI so@ated
with the pathogenesis of JIA. Previously in ourugrpassociation between skewed XCI and
SSc and AITD was shown. To the best of my knowledfes is the first time that an

association between skewed XCI and a pediatriadeses observed.

There are several mechanisms that are used in wrdietermine XCI pattern, such as
protein isoforms and transcription based methodfe exonic polymorphisms, which are
used to identify the X-chromosome, are typicallynssynonymous mutations. A variety of

genes are used to determine XCI status includin@@s@Prchal and Guan, 1993), IDS
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(iduronate-2-sulfatase) (Greggal., 2000; el-Kassaat al., 1997), MPP1 (also known as p55)
(Luhovy et al., 1995), BTK (Bruton tyrosine kinase), and FHL415 LIM domain 1) (Liuet

al., 2003). In this study we used HUMARA assay, whilbased on DNA methylation and
tandem CAG repeats. The HUMARA assay is more widelgd than protein isoform and
transcription based methods because of the variabieber of CAG nucleotide repeats
allowing most patients to be informative for theas In our study we had a limited number
of patients, as we used only specific subtypeshhae female predominance. Therefore, it is
important to have all patients informative for tesay. From 72 patients, 56 were informative
for CAG repeats in AR, while 124 of 183 controlsrevénformative. It would be helpful to
use the genes above for the patients and conhatsate not informative for CAG repeats in
AR.

There are mainly two reasons for skewed XCI: prymaard secondary. When there is
a mutation InXIST (X-inactive- specific transcript) andc, it is called primary cause (Puck,
1998). The secondary causes are deleterious Xdinkeutations, X-chromosome
rearrangements, aging, twinning, or monoclonal egma of cells (Brown, 1999). Here we
propose that as a secondary cause, a putativé metitation on the X-chromosome may result
in a cell-survival disadvantage. Cells that carnyutative lethal mutation in their active X do

not survive because of the mutation, causing lbssosaicism.

Because of this survival disadvantage, skewed X€urs. The self antigens on the
inactive X of these cells are not presented intlyenus or in other peripheral sites. Because
of an unknown mechanism, at a later stage of ttee these self antigens encounter the
lymphocytes. Therefore, these self antigens areogrézed as non-self and cause

autoimmunity.

4.1. Future Perspective

In order to prove our loss of mosaicisim hypothesie are going to conduct a
comprehensive genomic study by using high-densityaarray analysis. We searched for all
genes and nonsynonymous single nucleotide polynsmeh(SNPs) on the X-chromosome
using NCBI and Ensembl databases. After elimimatb the redundancies, we identified

2715 nonsyn+syn SNPs, and 7277 intronic SNPs Wwihheterozygosity value between 0.40
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and 0.50. The flanking regions of these SNPs wenepiled through the use of an algorithm.
At the end, we had 1141 coding synonymous + 172fingononsynonymous + 4 coding not
determined, totally 2870 coding SNPs which corresisato 783 genes. 2802 intronic SNPs
which corresponds to 160 genes. With this studywilleanalyze copy number variation and
allele frequencies of heterozygous genes. Forghidy, we will use all the autoimmune

diseases studied in our lab, including JIA, andthgaontrols.
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Appendix A The list of JIA patients and their XCI pattern

CHAPTER VII. APPENDICIES

Number Sample XCI Pattern

90+ |16.10%
1 1 06-029 100
2 2 05-069 100
3 3 05-188 95
4 4 06-014 95
5 5 05-180 95
6 6 06-013 95
7 7 06-016 93
8 8 06-030 92
9 9 06-008 90

80-89 | 8.90%

10 1 05-179 88
11 2 06-026 84
12 3 06-018 81
13 4 05-064,05-186 80
14 5 06-020 80

70-79 |21.40%

15 1 05-170 78
16 2 06-012 76
17 3 05-071 75
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18 4 05-178 75
19 5 06-021 75
20 6 06-052 74
21 7 05-187 73
22 8 05-183 72
23 9 06-009 71
24 10 06-043 71
25 11 05-065 70
26 12 05-063 70
60-69 |26.80%
27 1 05-070 69
28 2 06-025 69
29 3 05-601 64
30 4 05-173 63
31 5 05-182 63
32 6 06-024 62
33 7 06-037 62
34 8 06-044 62
35 9 05-602 61
36 10 06-028 61
37 11 05-073 60
38 12 05-072 60
39 13 05-062 60
40 14 06-051 60
41 15 05-066 60
50-59 |26.80%
42 1 05-168 58
43 2 06-034 57
44 3 05-167 56
45 4 05-169 56
46 5 06-038 56
47 6 05-177 55
48 7 06-019 54
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49 8 06-027 53
50 9 06-031 53
51 10 06-048 52
52 11 05-166 51
53 12 05-185, 06-17 51
54 13 06-046 51
55 14 06-045 50
56 15 06-053 50
NI 22.20%

57 1 05-067 NI
58 2 05-068 NI
59 3 05-171, 06-15 NI
60 4 05-172 NI
61 5 05-174 NI
62 6 05-175 NI
63 7 05-176 NI
64 8 05-181 NI
65 9 05-184 NI
66 10 06-007 NI
67 11 06-022 NI
68 12 06-023 NI
69 13 06-032 NI
70 14 06-033 NI
71 15 06-035 NI
12 16 06-036 NI
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Appendix B The list of healthy children controls and thé€l pattern

Sample XCI Pattern
90+ | 2.80%
1 1 05-332 100
2 2 06-072 100
80-89 | 8.30%
3 1 05-583 88
4 2 05-370 85
5 3 05-369 85
6 4 06-056 85
7 5 06-071 82
8 6 05-588 82
70-79 22.2
9 1 06-057 79
10 2 06-070 78
11 3 05-595 75
12 4 06-077 75
13 5 05-587 75
14 6 05-348 75
15 7 05-359 75
16 8 05-599 75
17 9 06-068 75
18 10 05-375 73
19 11 05-372 73
20 12 06-066 73
21 13 05-342 72
22 14 06-059 70
23 15 05-354 70
24 16 06-069 70
60-69 |27.80%
25 1 05-347 68
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26 2 05-331 67
27 3 05-585 66
28 4 05-360 65
29 5 05-592 65
30 6 05-357 64
31 7 05-366 64
32 8 05-364 63
33 9 05-596 63
34 10 05-356 62
35 11 05-581 62
36 12 06-074 62
37 13 06-081 62
38 14 05-350 61
39 15 05-374 61
40 16 05-377 61
41 17 06-075 61
42 18 06-061 60
43 19 05-591 60
44 20 05-339 60
50-59 |38.90%
45 1 05-341 58
46 2 05-358 58
47 3 05-367 58
48 4 05-582 58
49 5 05-594 58
50 6 06-058 58
51 7 05-333 57
52 8 05-351 57
53 9 05-346 57
54 10 06-078 56
55 11 06-060 55
56 12 05-337 55
57 13 05-355 55
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58 14 05-368 55
59 15 05-586 55
60 16 05-338 55
61 17 05-336 55
62 18 06-067 55
63 19 05-349 54
64 20 05-584 54
65 21 05-329 53
66 22 05-593 53
67 23 05-363 51
68 24 06-080 51
69 25 05-590 50
70 26 05-343 50
71 27 05-598 50
72 28 06-079 50
NI 21.70%

73 1 05-330 NI

74 2 05-344 NI

75 3 05-345 NI

76 4 05-361 NI

77 5 05-362 NI

78 6 05-365 NI

79 7 05-371 NI

80 8 05-373 NI

81 9 05-376 NI

82 10 05-379 NI

83 11 05-589 NI

84 12 05-600 NI

85 13 06-055 NI

86 14 06-062 NI

87 15 06-065 NI

88 16 06-073 NI

89 17 06-076 NI

53




90 18 05-353 NI
91 19 05-378 NI
92 20 05-352 NI
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Appendix C The list of health newborn children and their X@ttern

Numbers Samples XCI Pattern
90+ 3.30%
1 1 06-830 100
2 2 06-848 99
80-89 3.80%
3 1 06-863 82
4 2 06-865 80
70-79 |23.10%
5 1 06-837 78
6 2 06-850 78
7 3 06-875 78
8 4 06-868 77
9 5 06-896 77
10 6 06-823 75
11 7 06-824 75
12 8 06-801 75
13 9 06-805 75
14 10 06-893 72
15 11 06-843 71
16 12 06-844 70
60-69 |32.70%
17 1 06-797 68
18 2 06-889 68
19 3 06-870 67
20 4 06-851 66
21 5 06-862 66
22 6 06-838 65
23 7 06-900 65
24 8 06-882 65
25 9 06-827 64
26 10 06-881 63
27 11 06-877 62
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28 12 06-884 62
29 13 06-820 61
30 14 06-847 61
31 15 06-811 61
32 16 06-826 60
33 17 06-804 60
50-59 [36.50%

34 1 06-891 59
35 2 06-810 58
36 3 06-831 58
37 4 06-869 58
38 5 06-864 57
39 6 06-883 57
40 7 06-871 55
41 8 06-836 55
42 9 06-873 54
43 10 06-888 54
44 11 06-846 53
45 12 06-845 52
46 13 06-878 52
47 14 06-860 51
48 15 06-876 50
49 16 06-832 50
50 17 06-874 50
51 18 06-880 50
52 19 06-822 50
NI 42.90%

53 1 06-840 NI

54 2 06-839 NI

55 3 06-814 NI

56 4 06-800 NI

57 5 06-802 NI

58 6 06-803 NI
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59 7 06-807 NI
60 8 06-809 NI
61 9 06-812 NI
62 10 06-813 NI
63 11 06-815 NI
64 12 06-821 NI
65 13 06-825 NI
66 14 06-828 NI
67 15 06-829 NI
68 16 06-841 NI
69 17 06-842 NI
70 18 06-849 NI
71 19 06-861 NI
72 20 06-866 NI
73 21 06-867 NI
74 22 06-872 NI
75 23 06-879 NI
76 24 06-885 NI
77 25 06-886 NI
78 26 06-887 NI
79 27 06-890 NI
80 28 06-892 NI
81 29 06-894 NI
82 30 06-895 NI
83 31 06-897 NI
84 32 06-898 NI
85 33 06-899 NI
86 34 06-799 NI
87 35 06-808 NI
88 36 06-816 NI
89 37 06-817 NI
90 38 06-819 NI
91 39 06-818 NI
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Appendix E The PAGE figures of XCI patterns of JIA patients
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Appendix F The PAGE figures of XCI patterns of healthy cols
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Appendix G The PAGE figures of XCI patterns of healthy newis
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