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1.Introduction

1.1 The interleukin-23/interleukin-17 axis

Cytokines are primarily intracellular connection mediator glyotgns with low
molecular weight, which play important role during immune responseeriransmission and
regulation of the information. These molecules are called cytokim#s other name interleukin
(IL)-, which refers to the establishment of interactions between leulsocyte

The interleukin-23 (IL-23) was identified in 2000; it has a heterodstracture, where its
subunits are linked trough disulfide connectidihs23 is composed of the p19 domain, which is
typical only for IL-23; and of p40 domain, which is also a part ofrietéin-12 (IL-12). In
chronic inflammation, antigen-stimulated dendritic cells and maeaggsh produce the IL-23,
which affects naive CD4T cells and promotes the development of Thili/Fhcells. These cells
produce IL-17, which enhances T cell priming and triggers potent infedorgnresponses by
inducing the production of a variety of inflammatory mediators. IL188 acts on dendritic cells
and macrophages in an autocrine manner to stimulate the productipnoioflammatory
cytokines, such as IL-1, IL-6, and tumor necrosis factOrNF-u).

Cells expressing the receptor complex built from IL-23R and ILBl2&te able to respond
to IL-23. IL-23R is a trans-membrane protein built from 629 amino adibls. extracellular
domain has a signal sequence, N-terminal immunoglobulin-like and twakirgt receptor
domains. The human IL23R gene locates on the short arm of chromosdp@l13]. The basic
form of IL-23R is coded by 11 exons; however through alternate splatihgast six different
isoforms can be generated (IL-23R1-6). The most common deletiondetrerdef exon 7 and/or
10. These variations result early termination of the protein leawindifferent forms of the
extracellular domain, or to frameshift of the open readingdraresulting different length of
intracellular domains.

In 2006, genome-wide association study of Duerr et al found strongassobetween
Crohn’s disease and IL-23R polymorphisms, furthermore between IL-23ke gad
polymorphism of the neighboring intergenic region of the IL-12RR1 geneadthers published
ten different single nucleotide polymorphisms (SNP), which smmed strong significant
association with this type of inflammatory bowel disease. Fivgnpmiphisms, the rs10889677 in
the 3’-untranslated region (3-UTR), the intronic rs1004819 and rs2201841, fadteerthe
intergenic rs11209032 and rs1495965 were found as susceptibility factorsdeviiepment of
the disease. However some others were found to be protectivestagzid: Arg381Gin
(rs11209026) in the cytoplasmic domain, the intronic rs7517847, rs10489629, rs11465804 and
rs1343151 mutations.

Not much later, relationship between one of the IL23 variant (rs1180%8@3LCD was
discovered by the Wellcome Trust Case Control Consortium anglyfzengenetic background of
seven autoimmune diseases. Theoretical considerations supposed tiomshgtatof these
mutations with other autoimmune diseases.

The IL-23/IL-17 axis can be influenced by many other genes. Wh&3 lhinds to its
receptor, Janus kinases (JAK) will be activated, which phosphorilat3, providing binding
sites to different STAT proteins. After phosphorylation by JAK pnstethey will dimerize and
translocate to the nucleus, where they stimulate the trptiearof many pro-inflammatory genes
(e.g. IL-17).

The JAK2 gene locates on the short arm of the chromosome 9 (9p24), &1Ah& gene
on the long arm of the chromosome 17 (17921.31). They contain such polymorphisms
(rs10758669, rs744166), which can be associated with autoimmune diseases.



1.2 Analyzed diseases

1.2.1 Crohn’s disease

Chronic inflammatory bowel diseases (IBD) are classifiedCashn’s disease (CD) and
ulcerative colitis (UC). Both forms may be associated with skin, eye, jointvaandalterations.

CD was originally described by Crohn, Ginzberg és Oppenheim#®3@, as a disease
localized to the ileum (ileitis terminalis, enteritis regilig)a Today, it is fact that it is a transmural
and segmental process affecting the digestive tract frommaélogéh (buccal mucosa) until the anus.
It is also characterized by recurring inflammation and unpredicted course.

In Hungary, 20-25,000 people are affected. Symptoms occur usually hed@esnd 40
years affecting both sexes, but it is more common in women. Bamahtand external factors
play role in the development of the disease. Most important exigeals are the different toxic
substances, drugs, smoking, alcohol, infections and intestinal bachedi@idual genetic
characteristics, dysfunction of the immune system and various Inpentasses can be mentioned
as internal triggers. The background of the disease is still unblgagreat importance is attached
to genetic components, since some genetic predisposition may sted¢hearesistance of the
intestinal mucosa and the dysfunction of the immune system may. @dcof these coupled with
environmental factors initiate inflammatory processes.

CD is characterized by transmural and granulomatosus inflammaltiolspreads
segmentally where the healthy and affected bowel segmeys/ary. The process happens with
thickening of the intestinal, stenosis and obstruction. Ulcers mayraendistulas and fissures
may be also formed.

Patients with CD are getting to medical care often with 4&syef history of abdominal
pain, tactile resistance, intestinal perforation and appendiggisymptoms. Damage of the small
intestine may lead to malabsorption. Seventy percent of the patidinteed a surgery later due
to different kind of complications.

Symptoms include abdominal pain, distension, diarrhea, bloody stools, titornt
fistulas, fever, loss of appetite, vomiting, weight loss, growtardetion, malaise and delayed
puberty. The inflammation may penetrate into the deeper laytiediowel, leading to cohesive
intestinal or colon segments. This may lead to the formation oftimé fistula between the
different abdominal organs (bladder, uterus, and vagina).

The intestinal content containing bacteria may penetrate throughsthka in to other
organs, or into abdominal cavity resulting in abscesses. Formatioteoha fistula around the
the anus is typical. The inflamed bowel is not able to absorb nutptoperly, causing often
undernourishment and loss of appetite.

1.2.2 Ulcerative colitis

Ulcerative colitis (UC) is a chronic, inflammatory diseasethe colon with unknown
etiology. UC is localized exclusively for the area of the coldre ihflammation affects only the
mucous membrane of the colon. The disease can be limited only fiacten, or for the entire
colon. Simultaneous inflammation of the sigmoid and the descending colibre sigmoid colon
and the rectum are characteristics of UC.

Symptoms include abdominal pain, cramps, bloody diarrhea, constipatien, i@ter and
salt loss, anemia, protein and iron deficiency. Comparing to CD tlealgolon is involved in UC,
thus if removing of the colon is necessary, complete healing osGssible. (In contrast, in CD
the entire digestive tract is affected from the mouth until ritum, thus removing of the
inflamed section does not cure the disease, it can return anytkmother important difference is
based on the involvement of the intestinal segment: in CD thenimiédion is limited only for the



intestinal mucosa and submucosa, but the segmental inflammation assoaiated. Since the
whole lumen of the bowel is affected, fistulas are not charatitsriof the disorder. UC affects
only the colon, so weight loss or malabsorbtion is not typical.
UC can be coupled with primer scoloritizing collangitis (cholangllatar carcinoma as a
complication!), on the other hand with duration of colitis increases the risk of colomorasc
Unlike toCD, 30% of UC cases need colostomy, which can lead to full recovery.

1.2.3 Rheumatoid arthritis

It is a disease with unknown etiology, affecting the joins whitoic inflammatory, where
genetic factors may contribute to the development of the disémsgystemic, autoimmune
diseases, the body treats theirs own connective tissue eleradatsign, defending against them
with inflammatory reaction. During this process, the intima rad joint thickens due to the
inflammation and synovial fluid builds up. All these prevent the normaliumcpreventing the
movement of the joint. Muscle spasms occur and at a later siag@agled form of the joint will
be stabilized. During inflammation different lesions occur: degrad of the joints and
surrounding areas, tendonitis is very common, rheumatoid nodules may apgearskin, and
different bone deformations may also develop. After disease rattiée, painful joint distorsion
of the connective tissue or bony joint stiffness develops in the later stage.

However, in more severe form extraarticular manifestation eesayr on both sides of the
same affected region. Rheumatoid nodules in the skin, presence of ,tbhebfactor” (RF) in the
blood as a proof, and these together with changes in the x-raly cdearonstrate the presence of
rheumatoid arthritis (RA). In 75% of patients with RA the REetectable, whereas in 25% of the
cases not, despite in the presence of other RA specific sympgbom® studies have shown that
consumption of coffee in large amount or smoking may cause the ieacodaRA as the
accumulation of the risk factor.

Based on epidemiological data, RA is a very common disease. In Hungary approx. 100,000
people are affected. Over 16 years of age, it can develop aganyut most often in 40 to 50
years of age. Practically, it occurs everywhere on the wouldthe incidence, the course and the
severity of the disease may be different among ethnic groupsprsieelh Europeans have more
serious disease.

1.2.4. Psoriasis

Psoriasis is a genetically determined, polygenic inheritancedss@ase, associated with
increased proliferation of keratinocytes, paraceratosis, dermkmimiation, vascular and
immunological abnormalities. It is one of the oldest known spesKio rashes, which was
described already by Greek and Roman physicians as well.

The onset of the disease is influenced by climate and didtanges, and psychological
factors. As a disease, it was first described in 1808. Itcisranic, long-tern, immune-mediated
disease, which tends to recurrence. In contrast to autoimmune didbasesget antigen in not
their own, instead the loss of associated flora is assumed sfitvated prevalence of psoriasis is
2% in Hungary, equally common both in women and men. It may occuyaige, but the first
appearance is in the teenage with symptoms on the scalp. Ten pgseafitthe patients haveRA,
which may lead to reduced mobility.

In the beginning, just at certain predilection areas show wax-white, sidialy deposits
covered papules, this can remind us to dried candle wax. In other eapesially in pediatric
cases, millet size, in the later phase scaly, small and bedhpapules occur on the whole body
(psoriasis eruptiva, psoriasis guttata). Predilection sitebeosymptoms are the surfaces areas



exposed to irritation: elbows, knees, scalp, areas under the bgEastefemoral bend, perianal
area and the external genitalias.

1.2.5 Ankylosins spondylitis

The ankylosins spondilitis (Bechtrew-disease, SPA) is a chronf@mmatory and
progressive disease of the spinal and sacroiliac joints, especially chiaeaictéth calcification of
the joints and ligaments. As a consequence of these resultd apige. The peripheral joins are
affected in the one third of the cases.

The prevalence of the disease is 0.1-1.4%. Both sexes aretedft however it is more
common in man, than women. In 80% of the cases, the symptoms marfibest3feyears of age,
and develop only in 5% of the cases over 45 years of age. Initial @y @tre usually low back
or thoracic pain, which occurs with variable strength mosthigiit, and worsens gradually over
the time.

As the joint surfaces die due to the inflammation, the joins aatifs, the vertebrae begin
to grow together, and beaklike lumps are formed on their edges. SPAffeetythe entire body.
Approximately 25% of the patients show some kind of non-musculosketetailications, such
as iritis, aortic valve insufficiency, circulatory failure or fibrosighe upper lung lobes.

2. Aims

The aim of our experiments was to analyze the IL-23R gene pgiymsms and their haplotypes
in certain autoimmune diseases in the Hungarian population:

To study the genetic variants of IL-23R gene rs1004819, rs7517847, rs7530511, rs2201841,
rs1343151 and rs10889677 in rheumatoid arthritis, Crohn’s disease and in ankylosis spondylitis.

We also wanted to examine the role of the following variants: rs1884&MB05303, rs7517847,
rs2201841, rs10889677 and rs11209032 in the two aspects of inflammatory bowel disease a
psoriasis.

Our goal was to analyze the role of these variants and theimoomhaplotypes in the
development of the above mentioned diseases.

Another goal was to analyze two known polymorphisms of JAK2 and STIB758669 and
rs744166) which influences the IL-23 activity, in Hungarian patients with CD and UC.



3. Patients and methods

3.1 Study populations

For the haplotype analysis of IL-23R gene we used 190 (mean age: B9.0 years) and
199 (mean age: 38.8 = 14.1 year) patients with CD. All samplesatggi from the Biobank
governed by the University of Pecs, as a part of the National Biobank.

DNA samples of the total of 282 patients with UC (mean age: 46.7 £ 16.1 years)tedgina
from the Biobank governed by he University of Pecs, as weheasotal of 396 DNA samples of
patients with RA (mean age:54.9 + 14.7 years).

The SPA group contained a total of 206 patients (mean age: 40.7 ¥€k5s). These
samples originated from the National Institute of Rheumatolagg Physiotherapy. By
comparison, DNA samples of 255 healthy controls (mean age: 45.0 + 10.9 years) were used.

For the analysis of the IL-23R gene polymorphisms, a total of 263 BéAples from
patients with psoriasis were used (mean age: 47.5 + 12.3 yearstolldéetion of the blood
samples was done at the University Clinic of Dermatology dletgblogy, Szeged. As a control,
DNA samples from 189 clinically healthy patients were used (mean 4get42.0 years).

For the analysis of JAK2 and STAT3 gene polymorphisms DNA saroplagotal of 309
patients with CD (38.7 + 0.80 years) and 307 with UC (45.2 + 0.90 years)used, and as a
control DNS samples of 496 healthy adults were used (46.5 + 0.80 years).

DNA samples of the control persons originated in all cases fr@mmBiobank of the
University of Pecs, Department of Medical Genetics. Particgpainthese trials gave their written
consent for genetic testing in advance. Each study was conductadcordance with the
permission of the Ethics Committee (ETT TUKEB), and the 1964 bsma of Helsinki
principles.

3.2 Molecular biological methods

The genomic DNA was isolated from peripheral blood leukocytes wittinen salting out
method. For genotyping of the variants PCR-RFLP method was appliediciRastiragments
were separated by gel electrophoresis containing ethidium broamdevisualized by UV
transillumination.

Specific primers and restriction endonucleases used to the @adpdifi, and the enzyme
cleavage patterns are shownTiable 1 In the case of rs2201841, mismatch base was applied in
primer design to create an artificial cleavage site (underlined in goersee).

3.3 Statistical analysis

To the evaluation of the relationship between the diseases, thécgear&nts and the
haplotypes,y*-test and regression analysis was used. Analyses weredcauteSPSS 11.5
package for Windows. Haploview 4.1 was used to test linkage disequilibilaplotype
frequencies were estimated using PHASE version 2.1.
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4. Results

4.1 Analysis of rheumatoid arthritis, Crohn’s disea and ankylosis spondilitis

Six polymorphisms of the IL-23R gene were analyzed in patieitks RA (n=396), CD
(n=190 and SPA (n=206) and compared with healthy controls (n=182). Allypenand allele
frequencies were in Hardy-Weinberg equilibrium in all four groupgndB/pe and allele
frequencies are shown irable 2.

Table 2.Case-control genotypes and minor allele frequencies (MAF) in RA, CD, SPA amal cont

groups
RA (n=396) CD (n=190) SPA (n=206); Controls (n=182)
GG 169 (42.7) 66 (34.7) 74 (35.9) 91 (50.0)
GA 180 (45.5) 102 (53.7) 110 (53.4 73 (40.1)
rs1004819
AA 47 (11.9) 22 (11.6) 22 (10.7) 18 (9.89)
MAF 0.35 0.38* 0.37* 0.30
1T 150 (37.9) 71 (37.4) 67 (32.5) 57 (31.3)
TG 182 (46.0) 102 (53.7) 115 (55.8 99 (54.4)
rs7517847
GG 64 (16.2) 17 (8.95) 24 (11.7) 26 (14.3)
MAF 0.39 0.36 0.40 0.41
CC 295(74.5) 145 (76.3) 159 (77.2 132 (72.5)
CT 90 (22.7) 39 (20.5) 43 (20.9) 46 (25.5)
rs7530511
1T 11 (2.77) 6 (3.16) 4 (1.94) 4 (2.20)
MAF 0.14 0.13 0.12 0.15
TT 167 (42.2) 75 (39.5) 91 (44.2) 82 (45.1)
TC 175 (44.2) 90 (47.4) 89 (43.2) 89 (48.9)
rs2201841
CC 54(13.6)* 25(13.2)* 26 (12.6)* 11 (6.04)
MAF 0.36 0.37 0.34 0.31
GG 174 (43.9) 97 (51.1) 102 (49.5 70 (38.5)
GA 190 (48.0) 82 (43.2) 96 (46.6) 97 (53.3)
rs1343151
AA 32 (8.08) 11 (5.79) 3(3.88) 15 (8.24)
MAF 0.32 0.27* 0.27* 0.35
CC 173(43.7) 75 (39.5) 88 (42.7) 77 (42.3)
CA 174 (43.9) 92 (48.4) 94 (45.6) 94 (51.6)
rs10889677
AA 49 (12.4) 23 (12.1)* 24 (11.7)* 11 (6.04)
MAF 0.34 0.36 0.35 0.32

* p<0.05 vs. controls



Significant different was observed in the allele frequenciesvofSNPs in CD and SPA groups
compared to control subjects. The most significant different aasdfin the CD group in the case
of the variant rs1004819 (p=0.015; OR=1.46; 95% CI. 1.08-1.98), similarly ® ttie
polymorphism rs1343151 was significant too (p=0.027, OR=0.70, 95% CI: 0.52-0.97). Mater al
frequency of rs1004819 showed significant different in SPA patipa3.¢29; OR=1.40; 95% CI:
1.03-1.89), as well as in the case of rs1343151 (p=0.020; OR=0.70; 95% CI: 0.51-0494 twer
controls. The homozygote form of the variant rs2201841 was found as a dbtyefatctor in all
three analyzed diseases. In the case of CD patients: p=0.013; ORBEBEl: 1.20-4.60; at SPA
patients the level of significance was a bit lower (p=0.031; OR=8%%; CIl: 1.08-4.68), whereas
in RA patients it was stronger (p=0.009; OR=2.45; 95% CI: 1.25-4.81). Milete earriers of the
variant rs10889677 in the 3° UTR region increased the odds ratio (>2d) amnalyzed disease
groups. In RA: p=0.023; OR=2.20; 95% CI: 1.11-4.33; in SPA p=0.047; OR=2.10; 95% CI: 1.01
4.53; in CD p=0.032; OR=2.10; 95% CI: 1.06-4.14.

The major haplotypes (ht) are shown Tiable 3. A total of 4 haplotypes showed
association with one of the analyzed diseases. Haplotype fregsi@me shown ifable 4. Two
haplotypes were found as susceptibility and two protective at onenéiyzed disease. The htl
haplotype decreased the odds ratio RA (p=0.029; OR=0.66; 95% CI: 0.46-0.96)t2Tbecurs
significantly more times in patients with RA or SPA, compared to healthyotauoibjects.

Table 3.Major haplotypes (ht) created by the examined IL-23R variants
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htl G G C T G C
ht2 A T C C G A
ht3 G T C T G C
ht4 G G C T A C
ht5 A T C C A A
ht6 G T T T G C
ht7 G T T T A C

In the case of RA it caused 1.44 higher odds ratio (p=0.019; OR=1.44; 93%0€&11.96),
whereas in SPA the odds ratio was much higher (p=0.006; OR=1.78; 95%1842.68). The
haplotype ht4 showed to be as a susceptibility factor in RA (p=0.03713&=95% CI. 1.10-
1.96), however at the other two diseases it was protective, bueshéts were statistically not
significant. The haplotype ht7 showed strong protective effeatlithree diseases, reducing their
odds ration to 1/3. In patients with RA p=0,005; OR=0.26; 95% CI: 0.10-0.67; in O(%;
OR=0.37; 95% CI: 0.17-0.78; in SPA p=0.004; OR=0.38; 95% CI: 0.19-0.74.

Several strong significant differences were found betweeraftAthe other two diseases
in the distribution of the major haplotypeBaple 4). The haplotype htl occurs more often in RA
than in SPA (p<0.001), and also compared to CD (p<0.001). The haplotypecutBeddess times
in CD than in RA (p<0.001), whereas ht3 showed increased level compdr&d (p=0.002). The
haplotypes ht4 and ht6 were significantly more frequent in RA, tharDirfp€0.001 respectively
p=0.027) and in SPA (p<.001in both two haplotypes). The haplotype ht5 occurrgdrgralients
with RA, compared to patients with CD or SPA (p<0.001).



Table 4.Haplotype frequencies of the examined IL-23R variants

RA (%) CD (%) SPA (%) Kontroll (%)
htl 12.2* 18.8 23.8 20.6
ht2 23.5* 15.% 19.7* 13.3
ht3 9.17 15.8 13.5 12.1
ht4 16.1* 4.97 6.62 9.22
ht5 3.95 9.98 7.68 7.12
ht6 9.17 5.9§ 4.66 5.50
ht7 1.25* 2.46* 2.21* 4.72

*p<0.05 vs. controls; 3p<0.05 vs. RA patients

4.2 Analysis of ulcerative colitis, Crohn’s diseaard psoriasis

Six polymorphisms of the IL-23R gene was analyzed in patietit WC (n=282) CD
(n=199) and psoriasis (n=263, and compared to healthy control sube2&E3)nAll genotype and
allele frequencies were in Hardy-Weinberg equilibrium in allrfgroups. Genotypes and allele
frequencies are shown ihable 5. The TT genotype of the variant rs1884444 showed strong
susceptibility in patients with UC (p=0.001; OR=3.13; 95% CI: 1.60-6.13), angsss (p=0.005;
OR=2.68; 95% CI. 1.35-5.35). The GG genotype of rs7517547 is protective aganst t
development of CD (p=0.017; OR=0.48; 95% CI: 0.27-0.88), whereas the homozygatéswvairia
rs2201841 and rs10889677 were found as a susceptibility factors (p=0.007; ORBE2&Z;I:
1.27-4.62 respectively p=0.016; OR=2.28; 95% CI: 1.17-4.45). The last mentioned SN& show
association with psoriasis (p=0.041; OR=1.97; 95% CI: 1.03-3.76).

A total of four haplotypes showed association with one of the analyzed diSHasesajor
haplotype frequencies are showriliable 6. Three haplotypes conferred as a susceptibility factor in
the development in one the analyzed diseases. The haplotype ht5 osaymifechntly more often
in patients with UC, compared to healthy subjects. (p=0.003; OR=2.50C95%36-4.58). Two
haplotypes, the ht6 and ht8 showed strong predisposing affect for thepeeat of CD; the
haplotype ht6 showed the strongest significance level compared thsa#ises (ht6 p<0.001;
OR=3.04; 95% CI: 1.69-5.46 and ht8 p=0.020; OR=2.62; 95% CI: 1.16-5.89).

Analysis of the major haplotypes resulted several strong assasidetween UC and the
other two diseased &ble 7). The haplotype htl was more common in UC, than in CD (p<0.001)
and psoriasis (p=0.045). The ht6 haplotype occurred with less frequendg, than in CD
(p=0.002), whereas the haplotype ht4 occurred more frequent in UC, than ifp=DD21).
Haplotype frequency of ht6 showed significant different betweeileratwith psoriasis and CD
(p=0.006).
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Table 5.Case-control genotypes and minor allele frequencies (MAF) in CD, UC, psoriasi
and in control groups

CD ucC Psoriasis Control
(n=199) (n=282) (n=263) (n=253)
GG 60 (30.2) 68(24.1)  75(28.5) 61 (24.1)
GT 133 (66.8) 176 (62.4) 157 (59.7) 180 (71.1)
rs1884444 i
TT 6(3.00) 38 (13.5)* 31(11.8)% 12 (4.74)
MAF 0.36 0.45 042 0.40
cC 80 (40.2) 135(47.9) 111 (42.25) 129 (51.0)
CT 99 (49.7) 124 (44.0) 126 (47.9) 102 (40.3)
rs11805303 |
TT 20 (10.1)  23(8.16) 26 (9.98) 22 (8.70)
MAF 0.35 0.30 0.34 | 0.29
TT 72(36.2) 115(40.8) 89 (33.8) 74 (29.2)
TG 110 (55.3) 122 (43.3) 128(48.7) 138 (54.5)
rs7517547 :
GG 17 (8.54)* 45(16.0) 46 (17.5), 41 (16.2)
MAF 0.36 0.38 0.42 : 0.43
TT 77 (38.7) 132(46.8) 89 (33.8)§ 123 (48.6)
TC 94 (47.2) 129 (45.7) 128(48.7) 114 (45.1)
rs2201841 !
cC 28 (14.1)* 21(7.45) 46 (17.5); 16 (6.32)
MAF 0.38 0.30 042 | 0.29
cC 77(38.7) 128 (45.4) 128(485) 117 (46.2)
CA 97 (48.7) 133 (47.2) 106 (40.3) 121 (47.8)
rs10889677 !
AA 25(12.6)* 21(7.45) 29 (11.0)%  15(5.93)
MAF 0.37 0.24 031 | 0.30
GG 69 (34.7) 134 (47.5) 127 (48.3) 109 (43.1)
GA 107 (53.8) 122 (43.3) 107 (40.7) 120 (47.4)
rs11209032 :
AA 23(11.6)  26(9.22) 29 (11.0) 24 (9.49)
MAF 0.38 0.31 0.31 | 0.33

* p<0.05 vs. controls



Table 6.Major haplotypes (ht) created by the examined IL-23R variants

™ N~ Al

3 S 5§ 5 0

< o [ee] [ee] bon) or)

> o ™ g 0 o

o0} Ioe) — o 1) ~

3 = 12 N S -

o 3 o % B %

ht1 G C G T C G
ht2 G C T T C G
ht3 T T T C A A
ht4 T C T T C G
ht5 T C G T C G
ht6 G T T C A A
ht7 G C G T C A
ht8 T T T C A G

Table 7 Haplotype frequencies of the examinke23R variants

CD (%) UC (%) Psoriasis (%) Control (%)
htl 21.1 21.0 24.7 24.7
ht2 19.9 20.1 17.0 17.4
ht3 12.8 15.1 14.3 12.9
ht4 5.50 9.47 9.33 8.42
ht5 4.83 9.72% 5.91 6.55
ht6 10.4* 6.14 6.78 4.99
ht7 2.32 1.27 1.68 2.44
ht8 3.62* 3.41 2.07 1.67

*p<0.05 vs. controls; p<0.05 vs. CD; #p<0.05vs psoriasis
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4.3 Polymorphisms of JAK2 and STATS3, as a possesealations

One to one polymorphisms of the genes JAK2 and STAT3 were testedentpatith CD
(n=308) and UC (n=307). The results of these were compared to 496 remithgl subjects. All
genotype and allele frequencies were in Hardy-Weinberg equrildn all three groups. Genotypes
and allele frequencies are showTable 8.

The TT homozygote genotype showed strong susceptibility in patietitd M (p=0.009;
OR=1.48; 95% CI: 1.10-1.99) compared to control subjects. Frequency of thexdfr atliele
showed significant different compared to controls. Thus, we can conttiatiéhis polymorphism
of STAT3 is a risk factor for ulcerative colitis. Regardingptdients with CD this association was
not detectable.

In the case of the variant rs10758669 (JAK2) we could not detect gmficgint different
compared to patients with CD and UC, when they were compacmhtls (neither in the case of
homozygotes, nor in the allele frequencies).

Table 8.Case-control genotypes and minor allele frequencies (MAF) in CD, UC and in
control groups

_ _ . Controls

CD (n=309) UC (n=307): (1=496)

cC 33 (10.7%) 32 (10.4%) | 72(14.5%)
CT 163 (52.7%) 133 (43.3%) 243 (49.1%)

STAT3 o o o
744166 | 1T 113(36.6%) 142 (46.3%) 181 (36.4%)
CT+TT 276 (89.3%) 275 (89.6%) 424 (85.3%)

MAF 62.9% 67.9% |  60.98%
AA  112(36.2%) 127 (41.4%); 203 (40.8%)
AC 159 (51.5%) 142 (46.2%) 243 (49.1%)

JAK2 - . o .
10758669 CC 38 (12.3%) 38 (12.4/0)E 50 (10.1%)
AC+CC 197 (63.8%) 180 (58.6%) 288 (57.9%)

MAF 38.0% 3550% |  34.41%

* p<0.05 vs. controls
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5. Discussion of the results and conclusions

The IL-23 -as a member of the IL-12 cytokine family- plays ingartrole in various
inflammatory processes, therefore modifications in this genetlta@onsequent changes in the
structure, lifetime and function of the protein may affect certaitoimmune functions and the
development or severity of these diseases.

Our goal was to analyze in Hungarian patients and healthy sulijex different gene
polymorphisms and haplotypes of IL-23 in autoimmune diseases and theibl@affect on the
development of the disease.

Association of SPA and the IL-23R gene was shown at first tijnéhé genome-wide
linkage analysis of the Wellcome Trust Case Control Consor#utatal of eight SNPS of the IL-
23R gene were analyzed (rs11209026, rs1004819, rs10489629, rs11465804, rs1343151,
rs10889677, rs11209032, rs1495965), which showed association with the disease. The stronges
association was found with the variant rs11209032. Our results were sdppygrie study on
Spanish population, where the rs11209026 (Arg381GIn) and rs1343151 was found to bevg@rotecti
against the development of the disease. Similar results were fouBdtish population, where
similarly to the above mentioned study population the variant rs11209032 shimsvetrongest
association with SPA, whereas in Portuguese patients the 3RGU819 was proved as a highest
risk factor.

In the international literature the association of rheumatoidistiand IL-23R gene is
somewhat contradictory. Our research group found association betweemriants (rs10889677
and rs2201841) and RA in Hungarian population, however other studies not. Reoeatlgsge
population study an association was found between the SNP rs134315h&Hie disease. These
observations encouraged us to extend our analyses for these polymerpdunginto carry out
haplotype analysis. In the haplotype analysis we included those BhiBls were found to be
significantly associated with RA and three other variants hwisitowed association with other
autoimmune diseases.

An association was found between the polymorphism rs1343151 and CD andexbnopar
SPA too; however that kind of association was not observable in patigmtRA. Similarly to this,
any association was found with the other three SNPs (rs1004819, rs7517830514l). The four
major IL-23R haplotypes showed association with one of the testegdelséaom this haplotypes
two (htl and ht4) showed association only with RA. This fact appedre substantial and draws
attention to how important is not just to analyze the individual polyn&ms) but their combined
haplotypes may help for better understanding of the diseases. Wasseupported by the fact,
while the seven major haplotypes showed any significant differbatgeen CD and SPA, six
showed significant difference between RA and/or CD and SPA. Suaglyighis difference was
more pronounced than in healthy controls and in analyzed diseases. lonaiiditirequency of ht4
was increased in RA compared to controls, whereas in the atbatiseases reduced, concluding
the direction of the association is the opposite in RA comparedtand SPA. These results are
accordance with the observations of Holliss-Moffatt, who found the sathe rare A allele of the
polymorphism rs1343151. This allele was also included in ht4.

The IL-23R gene and psoriasis was associated at first tinGatgill and coworkers. Based
on these results, the presence of most common haplotype defined®@wylieée of rs7530511 and
the G allele of rs11209026 G is significantly higher in patients psriasis, compared to healthy
control subjects. Association between the latter SNP, respedtinetyaplotype combined from the
two mutations and psoriasis was confirmed by numerous studies. #&ssoavas found between
rs2201841 and psoriasis too.

Results testing the association of UC and IL-23R gene are s@hewaitradictory. Duerr
and coworkers showed at the first time between the diseasbiargehe. Shortly after, a study in
Chilean patients did not find any association, while in Spanish pabeit a trend was observable,
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which was statistically not significant. Another study on Europedammatory bowel disease
patients found association between the polymorphism Arg381GIn and CD, but also in UC.

Overall, these observations led us to examine the relationship2# flolymorphisms and
haplotypes in Hungarian UC patients. Genotyping of the same polgmo was performed in
CD, which is the other type of IBD, in which was shown several times the impataiof iL-23R.

In our study we involved psoriasis, which is symptomatic completely different

Association was found between the variant rs1884444, psoriasis and UC, buthnGDw
The three other polymorphims (rs7517847, rs2201841, rs100889677) showed associatioD wit
and psoriasis, but not with UC. From the analyzed eight major haptotypeight was found
association with one of the tested diseases, compared to heaithyls. One of the haplotypes, the
ht5 showed association only with UC, indicating how important is nohatyze the individual
polymorphisms alone; their combined haplotypes needs to be analyzdth¢odistribution of the
analyzed haplotypes showed large differences in all threesdisebn psoriasis in comparison to
CD, statistically significant difference was found in one haplet¢ht6), but interestingly between
the two forms of IBD the three haplotypes differed. The haplotypetturred more frequent in
UC, compared to the other diseases. The increases frequency @eht6 ® be as n isolation
marker in CD. All these suggest, not only the individual polymorphismdstizeir haplotypes may
differ, but apparently similar diseases may differ in terms of thegtgebackground.

It is clear; the haplogroup analysis shows further progressderstanding the role of IL-23
in autoimmune diseases. However, it is clear hat many otherdazan affect the effect of IL-23,
not just its polymorphisms. As a taken out example, DNA sampleDo&r@ UC patients were
analyzed for JAK2 rs10758669 and STAT3 rs744166 polymorphims. In thigregarfound the
STAT3 rs744166 is a susceptibility factor in Hungarian UC patieotspared to control subjects
both in T allele frequency and the level of TT homozygotes.

Our results contribute to accurate knowledge and understanding ofckgrdaand of some
autoimmune diseases, which is essential for an early detettioa disease. All these contribute to
the identification of ne therapeutic targets. Of course, themensed to identify additional genetic
variants and careful genotype-phenotype analyses, because tls way to the effective
prevention in the increasingly expanding knowledge, and in better managemamioimmune
diseases.

6. Summary of the results

1. Studying of the IL-23R gene variants we found, that the presence wdribats rs2201841 and
rs10889677 in homozygote forms increase the risk of RA, CD and SPA. HooteZggn of the
variant rs1004819 increases the risk of CD and SPA.

2. The GGCTGC, ATCCGA, GGCTAC and GTTTAC haplotypes of the vasiasi004819,
rs7517847, rs7530511, rs2201841, rs1343151 and rs10889677 are associated with RA, and the
GTTTAC haplotype with CD and SPA.

3. The GGCTAC haplotype frequency of the variants rs1004819, rs7517847, rs7530511,
rs2201841, rs1343151 and rs10889677 significantly distinct in the RA group comparedhy heal
controls, patients with CD or SPA.

4. The homozygous form of the polymorphism rs1884444 was significantly sextea UC and
psoriasis, compared to controls.

5. The GTTCAA and TTTCAG haplotypes of the variants rs1884444, rs11805303, rs7517847,
rs2201841, rs10889677 and rs11209032 are more common in CD, and the TCGTCG haplotype in
ucC.
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6. The TCGTCG haplotype frequency of the variants rs1884444, rs11805303, rs7517847,
rs2201841, rs10889677 and rs11209032 significantly distinct in patients with UC cdntpare
healthy controls, patents with CD disease or psoriasis.

7. Analysis of the variants JAK2 rs10758669 and STAT3 rs744166 showed that homoEygote
form of STAT3 rs744166 and the T allele frequency significantly asad in patients with UC
compared to controls.
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