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1. Abbreviations

ATG16L1
CARD15
CD

DLG5
EDTA
GWAS
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IL23R

LD

MDR
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NOD
OCTN1/2
OR

PCR
RAF
RFLP
SLC22A4
SLC22A5
SNP

Th cell
ucC

UTR

autophagy-related protein 16-1
caspase recruitment domain-containing pnat8i
Crohn’s disease

disks large homolog 5
ethylenediaminetetraacetic acid
genome-wide association study
haplotype

inflammatory bowel disease
interleukin

interleukin 23 receptor

linkage disequilibrium
multidimensional data reduction
Mendelian Inheritance in Man

nucleotide-binding oligomerization domain-cntng protein

organic cation transporter 1 and 2
Odds ratio

polymerase chain reaction

risk allele frequency

restriction fragment length polymorphism
solute carrier family 22, member 4
solute carrier family 22, member 5
single nucleotide polymorphism

T helper cell

ulcerative colitis

untranslated region



2. Introduction

Single nucleotide polymorphisms (SNPs) are the mostmon variations at a single
position in a DNA sequence among individuals, bettonly have modest effect individually
in complex genetical disorders. Analyses of genaite association studies (GWAS) often
focus on identifying individual SNPs which modifiyet risk of a phenotype, assuming the
underlying association of an individual SNP withoahsidering the involvement of any other
SNPs. Today, single SNP studies are more oftemceglwith the combined analysis of SNP
effects through interaction and haplotype analysis.

Inflammatory bowel diseases (IBD) — clinically dd®ged as Crohn’s disease (CD;
MIM 26600) or ulcerative colitis (UC; MIM 191390) are common chronic, relapsing
inflammatory disorders of the gastrointestinal tradth complex, multifactorial etiology.
GWAS have resulted in the identification of manyeloloci in IBD; to date, the number of
known risk loci has expanded to 16Mhe identified separate IBD loci have only modest
effects individually on IBD susceptibility. They @unt together for only 20-25% of the
heritability, suggesting that gene-gene interactiag well as gene-environmental interactions
could play a key role in IBD pathogenesis and lile so called “genetic vacuum” of
polygenic diseases.

The most studied SNPSI(C22A4 SLC22A5 IGR2096_a, IGR2198 a, IGR2230_a)
on inflammatory bowel disease-5 (IBD5) locus (chomome 5931, OMIM 606348) have
been reported to confer susceptibility to CD. Felt@ reported two novel functional CD
associated SNPs: the C1672T substitution in exontBe SLC22A4gene OCTNJ and the
G-207C transversion in the promoter region in$h€22A5ene OCTNJ, and the so called
TC haplotype. Noble et coworkers assessed thabmigtthe OCTN variants are susceptible
for the disease but also a number of surroundingsStkom the list of SNPs comprising the
IBD5 risk haplotype (IGR2096 a, IGR2198 a, IGR2230 The TC homozygous carriers
increased the risk for CD by 3,4-5,1-fold, while thlevated risk attributed to ti@CTNTC
haplotype andNOD2/CARD15mutations was additive with an Odds ratio of 70251in
double carriers. In some studies, including a GWA&a-analysis, association with UC has
also been established. One theory of V@@TN1andOCTNZ2are related to disease activity
has to do with their role in maintaining barrienétion in the intestine.

Interleukin-23 (IL23) is a heterodimeric, proinflamatory cytokine that shows similar
functions to IL12 in promoting cellular immunity éirenhancing lymphocyte proliferation.
However, unlike 1L12, 1L23 develops CD4+ T celldariL17 producing Th17 cells, instead
of Thl cells. IL23 is a regulatory cytokine prodddey activated macrophages and dendritic
cells. The interleukin-23 receptdt.23R) gene (OMIM 607562) was originally described as a
CD susceptibility gene, but recently the assoamtiath UC has been also confirmed in three
separate GWA studies. THE23R gene investigation was initiated by Duerr in 20060
found an association between th&3R gene and IBD, and reported several independent
functional SNPs of the gene and its neighboringoregwhich are susceptible (rs10889677,
rs1004819, rs2201841, rs11805303, rs11209032) pocdective (rs7517847) against CD and
UC in non-Jewish subjects. Two variants showed isease association, the rs7530511 and
rs1884444.

The attention of recent IBD studies has focusedmuiti-locus analysis, especially
involving theNOD?2, IL23R ATG16L1 DLG5 genes and IBD5 locus.

Haplotype analysis permits simultaneous analysesuliple SNPs. Haplotypes are a
combination of alleles at different markers alohg same chromosome which are inherited as
a unit. Since the sequence of the ancient hapletyyss conserved early in the process of
evolution, today there are haplotypes the distidoubf which marks ethnic groups.



As the Roma people have clear genetic differencapened with the surrounding
nations with their relatively highly conserved gepeol deriving ultimately from India,
similar to other pharmacogenetically relevant palypmisms we supposed differences of the
IL23R structure as well. The Roma population size isnedged to be about 12-15 millions in
the world. From this, 10-12 million people live Europe. The largest number (70%) of
European Roma population is concentrated in CeatrdlSouth-Eastern Europe. Hungary is
the fourth in Europe considering the estimated siz¢he Romas, with about 700000 - 1
million people. In the Roma population the generalrbidity rate is elevated, the infant
mortality is fourfold increased, they have specpirtvate disease-associated mutations, and
their life expectancy is ten years less.

3. Aims

1. The main objective of our work was to study thelalldistribution of the interleukin
23 receptorl{23R) gene polymorphisms and its interactions with epsbility genes
in Hungarian ulcerative colitis patients.

2. In single-locus association study we analysed tinbi@ susceptibilitfL23R gene risk
SNPs (rs1004819 and rs2201841) and five variantbeiBD5 locus (IGR2096a_1
(rs12521868), IGR2198a_1 (rs11739135), IGR2230arsll7622208), SLC22A4
(rs1050152)SLC22A5rs2631367)) in Hungarian UC patients.

3. We performed a combined genetic analysis, stratffythe two susceptibilityL23R
gene variants, rs2201841 and rs10004819 by the BBkers LC22A4, SLC22A5
IGR 2096 _a, IGR2198 a, IGR2230_a) to test for mbssjene-gene interactions in
UC population.

4. We also aimed to identify the occurrilig23R haplotypes in healthy Hungarian and
Roma population samples.

5. Our aim was to determine the genetic variabilitytiké major haplotype tagging
polymorphisms, and the haplotype profile k23R between the two ethnically
different, Hungarian and Roma population both kvin Hungary.

4. Methods
4.1. Study population

The study population (n = 636) was comprised of BZD patients and 316 healthy,
unrelated controls. All patients and controls w@&aucasian and of Hungarian origin. The
diagnosis of UC was determined according to esthbtl guidelines based on clinical,
endoscopic, radiological and histopathologicalecid.

For thelL23R haplotype analyses we used the DNA samples ofah @b 273 Roma
and 253 Hungarian, healthy blood donor subjects. drigin of DNA samples was the central
Biobank governed by the University of Pecs, as pérthe National Biobank Network of
Hungary (www.biobanks.hu), which belongs also te {an-European Biobanking and
Biomolecular Resources Research Infrastructure (BBMpreparatory phase project
(http://bbmri.eu/bbmri/)The donors were real representatives of the epdipeilation.



4.2. DNA isolation and genotyping

Genomic DNA was isolated from peripheral blood letijes with routine salting out
method. For genotyping the variants of IBD5 loci3q2198a_1 (rs11739135), IGR2096a_1
(rs12521868), IGR2230a_(1s17622208) an&LC22ANrs2631367)] andL23R (rs1004819,
rs2201841, rs10889677, rs11805303, rs1120903217845, rs7530511, rs1884444) gene
PCR-RFLP (restriction fragment length polymorphismgthods were applied, for the
SLC22A4(rs1050152) direct DNA sequencing was used by BegDgrminator labeling with
ABI 3100 automatic sequencer (Foster City, CA, EditStates). The PCR amplifications
were performed on MJ Research PTC-200 thermal y¢Rio-Rad, Hercules, CA, United
States). The amplicon contained an obligate cleasig of the restriction enzyme for the
suitable visual control of the efficacy of the dgen. The restriction fragments were
separated by electrophoresis on 3% agarose gdiaimiog ethidium bromide and visualized
by UV transillumination.

4.2.1 Determination of IBD5 variants

Amplification included an initial denaturation sté@b °C for 2 min) followed by 35
cycles of denaturation (95 °C for 30 s), annealorgd5 s at 54 °C ( rs17622208, rs1050152),
58 °C (rs11739135, rs12521868, rs2631367), primension at 72 °C for 45 s and final
extension at 72 °C for 5 min.

Each polymerase chain reaction contained 20@l/L of each dNTP, 1 unit of Taq
polymerase, L of reaction buffer (100 mmol/L Tris HCI, pH = 9.6ontaining 500 mmol/L
KCI, 15 mM MgCI2), 0.2umol/L of each primer and L DNA to be amplified in a final
volume of 50uL. The amplicons were digested by allelespecifitrietion endonucleases
Hinlll (rs11739135),Trull (rs12521868),Ddel (rs17622208),Hpall (rs2631367). The
restriction fragments were separated by electragdi®ron 3% agarose gels containing
ethidium bromide and visualized by UV transilluntina.

4.2.2. Determination ofl L23R variants

For the rs10889677, rs1004819, rs2201841, rs11&)5B11209032, rs7517847,
rs7530511 and rs1884444 of the3R gene we designed forward and reverse primers. The
following conditions were used: initial denaturatiat 96 °C for 3 min followed by 35 cycles
of denaturation at 96 °C for 45 s, annealing at@@or 45 s (rs10889677 and rs7530511); 54
°C for 45 s (rs1004819); 55 °C for 30 s (rs22018r1,1209032); 59 °C for 30 s
(rs11805303); 55 °C for 45 s (rs7517847); 58 °CAtors (rs1884444) and extension at 72 °C
for 45 s and final extension at 72 °C for 10 min.

The amplicons were digested by allele-specific riegin endonucleasesipyF3l
(rs2201841),Taal (rs1004819)Mnll (rs10889677 and rs11805308seMI (rs11209032),
BseMIl (rs7517847)Hphl (rs7530511)Pscl (rs1884444). Each restriction endonuclease had
an obligate cleavage site on the amplicon to enabléo control the sure-efficacy of the
digestion. The restriction fragments were separateelectrophoresis on 3% agarose gels
containing ethidium bromide and visualized by Uatisillumination.

4.3. Statistical analysis

Each genetic marker was tested for Hardy-Weinbergilierium in the control
population. Statistical analysis was carried oungiSPSS 20.0 package for Windows (SPSS



Inc, Chicago, IL, United States). Genotype andlalfeequency differences between cases
and controls were evaluated using Pearsgr2dest. Haploview 4.1 was used to test linkage
disequilibrium. Haplotype frequencies were estirdatsing PHASE version 2.1.

Binary logistic regression analysis was appliedliserve the individual contributions
of IBD5 and IL23R and to test for pairwise statistical interactiddn association was
considered significant if a P value of < 0.05 wadtaiaed. ThelL23R genotypes were
stratified by IBD5 genotypes. The odds ratios andfidence intervals for these specific
combinations of IBD5 antL.23Rwere derived from? in 2 x 2 contingency tables.

5. Results

5.1. Linkage analysis in ulcerative colitis patierg

All of the investigated SNPs were in Hardy-Weinbergiilibrium in controls. The’r
values for the tested IBD5 loci (IGR2198a_ 1, IGR289l, IGR2230a_1SLC22A4
SLC22A% and forIL23R (rs1004819 and rs2201841) were below 0.8,3bC22A and
IGR2096a_1 the r? value was 0.9.

5.2. Single SNP marker association analysis of IBD5
No significant association for any variants of IBDP&gion and UC was observed
(Table 1).

5.3. Single SNP marker association analysis Hf23R rs1004819 G/A and rs2201841 T/C

For the IL23R rs1004819 A allele we found significantly highetebd frequency
(0.343 versus 0.287 = 0.032) in UC patients compared to control suljedthe SNP
rs1004819 showed significant association with U€K rfor carriers (heterozygotes and
homozygotes togethel, = 0.004, OR = 1.606; 95%CI:1.160-2.223) and the $#201841
for homozygotesK = 0.030, OR = 1.983; 95%CI: 1.069-3.678) (Table 1).

5.4. Gene-gene interaction (IBD3L.23R) analysis in ulcerative colitis patients

We analyzed the possible statistical interactiongdirs ofIL23R variants and I1BD5
with binary logistic regression. No evidence oknaictions between these seven markers was
found. None of th® values was significant; the lowe3tvalue was 0.084.

Next, we stratified thdL23R genotypes by IBD5 genotypes and observed these
specific genotype combinations of single markersphays, the combined odds ratios are
shown in Table 2. ThE.23Rrs1004819 A variant did not show significant asaten with
UC on the background of all wild type IBD5 genotgpeespectively. We could detect
significantly elevated high odds ratios for rs10D4&\ variant only in carriers @LC22A4T
allele, SLC22A5C, IGR2198a_1 C or IGR2096 & allele. The combined OR seen in
rs1004819 A an@&LC22A5C carriers P = 0.048, OR = 1.691; 95%CI: 1.003-2.821) and the
odds ratio for rs1004819 A in single gene analyBis 0.004, OR = 1.606; 95%CI: 1.160-
2.223) were nearly equal while in combination wiBR2198a_1C (P = 0.020, OR = 1.803;
95%Cl: 1.096-2.966) and IGR2096_a F £ 0.010, OR = 1.911; 95%CI: 1.162-3.143) the
rs1004819 A variant showed higher disease risk. higleest OR value was calculated in the
presence oBELC22A4T allele P = 0.005, OR = 2.015; 95%CI:1.230-3.300). There was
association with UC for any combinations of rs10m2t&nd IGR2230a_1.

For the combinations of IBD5 loci aid23Rrs2201841 we could detect significantly
elevated high odds ratios only in carriers of rdBM homozygotes and wild type IBD5
genotypes B = 0.018, OR = 3.413; 95%CI: 1.169-9.965 f8ltC22A4 P = 0.014, OR =
3.946; 95%CI: 1.232-12.645 f@LC22A5P = 0.018, OR = 3.777; 95%CI: 1.181-12.084 for



IGR2230a_1P = 0.027, OR = 3.165; 95%CI: 1-088-9.206 for IGR24.9B P = 0.026, OR =
2.977; 95%CI: 1.099-8.066 for IGR2096a_1 backgroumtelL23Rrs2201841 homozygous
genotype and IBD5 carrier status together did nofer susceptibility for UC.

5.5. Linkage analysis in healthy Roma and Hungariapopulation

All IL23R genotype and allele frequencies (rs1004819, r<2#01rs10889677,
rs11805303, rs11209032, rs7517847, rs7530511, 44#83 were in Hardy—Weinberg
equilibrium both in Hungarian (n = 253) and in Rofna= 273) subjects.

Using the Hapmap LD map, the strongest linkageqdigibrium was shown between
the SNPs rs11805303-rs7517847 in the Roma populéfie 1) and rs1004819-rs11805303
(r* = 0.96) in Hungarian population (Figure 1).

5.6.1L23R haplotype analysis in healthy Roma and Hungarian @pulation

We examined five susceptibility (rs10889677, r<i8I®, rs2201841, rs11805303,
rs11209032), one protective (rs7517847) and twdrakvariants (rs7530511, rs1884444) of
thelL23R gene in pooled DNA of healthy Roma (Gipsy) and ganman population samples.
The major haplotypes (ht) can be seen in Tableh@ Aaplotype frequencies are shown in
Table 4. The ht2 (14.3% vs. 85.7%, p < 0.05), B&{% vs. 75.0%, p < 0.05), ht4 (87.1% vs.
12.9%, p < 0.05), ht5 (67.8% vs. 37.2%, p < 0.Gf)lbtype frequencies significantly differed
in the two groups. The htl (51.6% vs. 48.4%), BB.%% vs. 52.5%), ht7 (56.4% vs. 43.6%),
ht8 (57.1% vs. 42.9%) showed no remarkable diffeesnbetween the Roma and the
Hungarian populations.



Table 1.Case-control genotypes and allele frequenciesrdvia inIL23RandIBD5

UC (n = 320) Controls (n=316)  OR (95%CI)* P
IL23R (rs1004819)
GG 126 (39.4%) 158 (50.0%)
GA 168 (52.5%) 134 (42.4%)
GA+AA 194 (60.6%) 158 (50.0%) 1.606 (1.160-2.223) 0.004
AA 26 (8.1%) 24 (7.6%) 1.254 (0.696-2.261) 0.452
RAF 0.343 0.287 0.032
IL23R (rs2201841)
TT 140 (43.8%) 155 (49.1%)
TC 150 (46.9%) 143 (45.3%)
TC+CC 180 (56.3%) 161 (51.0%) 1.268 (0.920-1.749) 0.147
CC 30 (9.4%) 18 (5.7%) 1.983 (1.069-3.678) 0.030
RAF 0.328 0.283 0.242
SLC22A4 (rs1050152)
CcC 93 (29.1%) 110 (34.8%)
CT 159 (49.7%) 148 (46.8%)
CT+TT 227 (71.0%) 206 (65.2%) 1.319 (0.935-1.86) 0.115
TT 68 (21.3%) 58 (18.4%) 1.150 (0.768-1.723) 0.498
RAF 0.460 0.417 0.120
SLC22A5 (rs2631367)
GG 83 (25.9%) 89 (28.2%)
GC 163 (50.9%) 156 (49.4%)
GC+CC 237 (74.0%) 227 (71.9%) 1.138 (0.794-1.631) 0.481
CcC 74 (23.1%) 71 (22.5%) 0.982 (0.669-1.440) 0.925
RAF 0.485 0.471 0.607
IGR2230a_1 (rs17622208)
GG 87 (27.2%) 90 (28.5%)
AG 160 (50.0%) 157 (49.7%)
AG+AA 233 (72.8%) 226 (71.5%) 1.073 (0.751-1.532) 0.698
AA 73 (22.8%) 69 (21.8%) 0.990 (0.673-1.457) 0.960
RAF 0.478 0.466 0.685
IGR2198a_1 (rs11739135)
GG 105 (32.8%) 117 (37.0%)
GC 159 (49.7%) 150 (47.5%)
GC+CC 215 (67.2%) 199 (63.0%) 1.260 (0.900-1.763) 0.179
CcC 56 (17.5%) 49 (15.5%) 1.169 (0.760-1.797) 0.477
RAF 0.423 0.392 0.260
IGR2096a_1 (rs12521868)
GG 101 (31.6%) 117 (37.0%)
GT 164 (51.3%) 147 (46.5%)
GT+TT 219 (68.5%) 199 (63.0%) 1.256 (0.897-1.760) 0.185
TT 55 (17.2%) 52 (16.5%) 1.045 (0.680-1.608) 0.840
RAF 0.428 0.397 0.262

'Adjusted for age and gender.

Associations significant & < 0.05 vs controls are shown in bold.

RAF: Risk allele frequency; UC: Ulcerative colitis.



Table 2. Genotype-specific ulcerative colitis odds ratiogtjv@5%CI) for combinations of variants in23RandIBD5

SLC22A4
cc
IL23R rs1004819
1
GG
1.527
GA+AA (0.872-2.673)
P=0.138
IL23R rs2201841
1
TT+TC
3.413
cc (1.169-9.965)
P=0.018

CT+TT

1.298
(0.782-2.156)
P=0.313
2.015
(1.230-3.300)
P =0.005

1.328
(0.989-1.927)
P=0.058
1.716
(0.788-3.739
P=0.171

SLC22A5
GG

1.424
(0.776-2.614)
P=0.253

3.946
(1.232-12.645)
P=0.014

GC+CC

1.064
(0.623-1.815)
P=0.821
1.691
(1.003-2.821)
P =0.048

1.254
(0.868-1.812
P=0.228
1.474
(0.679-3.200)
P=0.324

IGR2230a_1
GG

1.300
(0.716-2.359)
P=0.388

3.777
(1.181-12.084)
P=0.018

AG+AA

0.941
(0.556-1.593)
P=0.822
1.549
(0.927-2.588)
P =0.093

1.184
(0.823-1.704)
P=0.363
1.411
(0.652-3.056)
P=0.381

IGR2198a_1
GG

1.263
(0.736-2.166)
P =0.396

3.165
(1.088-9.206)
P=0.027

GC+CC

1.033
(0.623-1.711)
P =0.900
1.803
(1.096-2.966)
P =0.020

1.296
(0.922-1.822)
P=0.136
1.592
(0.735-3.449)
P=0.236

IGR2096a_1
GG

1.281
(0.744-2.206)
P=0.372

2.977
(1.099-8.066)
P=0.026

GT+TT

1.104
(0.666-1.831)
P =0.702
1.911
(1.162-3.143)
P =0.010

1.385
(0.982-1.953)
P=0.063
1.701
(0.765-3.784)
P=0.189

Associations significant & < 0.05vs controls are shown in bold.
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Figure 1.1L23R linkage disequilibrium map in Roma population (upper panel), and in
Hungarian population samples (lower panel).

Diamonds represents pairwise linkage disequilibrigidi) for each SNP combinations.
Shading represents the magnitude of pairwise L®, Pe<1; bright red, D’ = 1; white, D'< 1.
The pentagons represent the haplotype blocks,dltéaced SNPs are htSNPs. LD data show
that there was 1-1 haplotype block within th&3R gene region both in Romas and in
Hungarians.
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Table 3. Major haplotypes (ht) created by the examied IL23R variants
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htl G G C T C T C G
ht2 G G C T T T C G
ht3 G G C G C T C G
ht4 G A T T C C A G
ht5 G A T T C C A A
ht6 T G C T C T C G
ht7 T G C T T T C G
ht8 T G C G C T C G

Table 4. Haplotype frequencies of the examinel.23R variants

Roma (%) Controls (%)
htl 51.6 48.4
ht2 14.3 85.7
ht3 25.0¢ 75.0
ht4 87.1 12.9
ht5 67.8 37.2
ht6 47.5 52.5
ht7 56.4 43.6
ht8 57.1 42.9

* P < 0.05 vs controls
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6. Discussion

6.1. Gene-gene interaction (IBD3L23R) analysis in Hungarian ulcerative colitis
patients

Most of the identified genes have only modest éffeon IBD susceptibility
individually, suggesting that complex interactioae more important. Epistasis, defined
generally as gene-gene interactions, has beconuw topic in complex disease genetics in
recent years and can explain the lack of replicadisingle-locus results. Different statistical
methods are used to investigate gene-gene intenactior example one traditional approach
still widely used today is the logistic regressanalysis or the 2x2 allele-basgdest.

Both the IBD5 and thelL23R genes have been identified originally as CD
susceptibility genes, but their association with U&s also been confirmed. In previous
Hungarian single-locus association studies ourarebegroup found no significant differences
in the allele frequencies &LC22A4andSLC22A5genes either in CD in pediatric and adult
patients or in UC. The TC haplotype was not assediaith a higher risk of CD and UC in
the Hungarian population. The IGR2096a_1 and IGRB212 markers on IBD5 locus were
found to confer susceptibility to CD but not for UThe distribution of IGR2230a_1 was not
significantly different in the CD or the UC groupropared with the controls. We observed an
increased prevalence of the23R rs2201841 and rs1004819 in CD in previous Hungarian
studies. In our recent work, besides confirmingrbgative association for IBD5 loci in UC
we could detect significantly higher allele freqagrior thelL23R rs1004819 and increased
prevalence of the homozygous rs2201841 CC genoigpd€ patients compared to controls
in Hungarian population.

In CD the interactions between the main suscefilililenes are better characterized
than in UC. Multifactor dimensionality reductionaysis (MDR) suggested an interaction
between IBD5ATG16L1 andIL23Rrisk alleles in CD patients from Manitoba IBD Raszh
Registry. Weersma et coworkers observed multipleegeombinationsATG16L1 IL23R,
CARD15 IBD5 andDLG5). According to their results an association betwén increase in
the number of risk alleles and an increased riskHe development of CD and a more severe
disease course was found. In the study of Cumnehgsé with the exception of rs11209026,
IL23Rrisk polymorphisms showed significant CD assocratnly in the subgroup of persons
positive for the IGR2060a_1 variant in IBD5. Thesult may suggest that thie23R gene
influences CD in tandem with effects of the IBD%ludype.

When we analyzed the possible statistical intevastiby pairs of risk-conferring
IL23R variants and IBD5 using binary logistic regressian evidence of interaction was
found between these seven markers, suggestingalihtite examined loci are independent
factors. In contrast with the single gene effeetier genotype stratification, thik23R
rs2201841 CC variant confers risk for UC only omvigd-type IBD5 background and the
rs1004819 A allele in combination with IBD5 carrgtatus except of IGR2230a_1.

The genetic variants identified during GWAS indivadly confer relatively small risk
with estimated odds ratios typically in the randdess than 1.5 and explain only a small
proportion of heritability (only 20-25%), suggesfithat gene-gene interactions as well as
gene-environmental interactions could play a kdg in IBD pathogenesis and fill the so
called “genetic vacuum” of polygenic diseases.

The future lies in understanding the etiology oistgsis at the biological level and
understanding pathways underlying disease and tisatgnowledge to develop strategies for
therapy and prevention. In conclusion, our study $f@own that UC susceptibility genes are
likely to act in a complex interactive manner sanilo CD. Our results play important role in
the understanding of the pathogenesis of UC arasarkoverlap with CD but further studies
are needed to confirm them.
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6.2.1L23R haplotype analysis in healthy Roma and Hungarian @pulation

The IL23R gene investigation was initiated by Duerr, who nduan association
between thdL23R gene and IBD, and reported several independemntitumal SNPs of the
gene and its neighboring region, which confer spisiodity (rs10889677, rs1004819,
rs2201841, rs11805303, rs11209032) or protections5E7847) against CD and UC in non-
Jewish subjects. Two variants, the rs7530511 at@BiA44, showed no disease association.
After the primary publication, numerous replicatistudies have been published in different
ethnical populations. Later, the associations wettended to other autoimmune diseases
(psoriasis, ankylosing spondylitis, Sjogren’s symde and systemic lupus erythematosus).
Very recently, a study of associationlb23R haplotypes with some of these diseases has also
been initiated.

Here we examined five susceptible, one protectiveé tavo neutral variant of the
IL23R gene in single-locus association analysis, anddaignificant increased genotype and
allele frequencies for rs10889677, rs1004819, r$220, rs11805303, rs11209032 in Roma
samples compared with the Hungarian population, taedrs7517847 showed significantly
decreased genotype and allele frequencies in theaR@amples compared to the Hungarians.
Hypothetically, while the former variants associaith disease risk based on observations of
other ethnicities, and the later one often confertgetion against diseases, these changes
independently and in combination are strongly satjge for increased disease-risk in Roma
people. However, at the moment there is no evidenedable for the higher prevalence rate
of any of the known autoimmune disease in Romalgeop

Here we also determined the major haplotypes, hadt4, ht5 showed significantly
increased haplotype frequencies, while ht2, ht3wsldo decreased haplotype frequencies
when comparing the results of the Roma populatmothé Hungarians. In addition to this,
linkage analysis revealed major differences, incigdtrong linkage disequilibrium between
rs11805303-rs7517847 in the Roma population, abolo#819-rs11805303 in the Hungarian
population. Taken together the unique distributioin SNPs, the linkage of them, the
haplotype profiles strongly suggest unique susbéiyi of Roma people, this needs further
investigations.

In summary, our results emphasize that complexantmns are more important than
the independent main effects of any single sudo#ipti gene among common human
diseases like IBD. Identification of gene-gene riatdions and determination of genotype-
phenotype associations might contribute to thegeitimn of risk factors, to early diagnosis
and efficient prevention of the disease. Haplotypey also offer additional information for
risk predictions.

In the future, simultaneous analysis of SNPs hdyefuill lead to better explanation
of the so-called “missing heritability” of commomaits. The knowledge of the complex
genetic background may prove to be greatly useftthé development of novel therapies and
to implement personalized medicine based on theithdal's genetics.
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7. Thesis

1.

In our recent work, we identified tHe23R rs1004819 as susceptibility factor for UC
in Hungarian patients. For the23Rrs1004819 A allele we found significantly higher
allele frequency in UC patients compared to corduddjects and it showed significant
association with UC risk for carriers.

We could detect significantly increased prevaleoicthe homozygous rs2201841 CC
genotypes in UC patients compared to controls ingdnan population.

In single-locus analysis, no significant assocratior any variants of IBD5 region
(IGR2096a_1 rs12521868 G/T, IGR2198a 1 rs1173913&, GIGR2230a_1

rs1762208 G/A,SLC22A5rs263136 G/CSLC22A4rs1050152 C/T) and UC was
observed.

During the search for possible statistical intetacbetween the risk-conferring23R
and IBD5 variants using binary logistic regressanalysis by pairs, no evidence of
interaction was found between these seven markeggesting that all the examined
loci are independent factors.

We could detect a positive association on the backgl ofIL23Rrs1004819 A allele
for SLC22A4T allele, SLC22A5C, IGR2198a 1 C or IGR2096a_1 T allele, when
stratifying thelL23R genotypes by IBD5 genotypes. There was no associatith
UC for any combinations d£23Rrs1004819 and IGR2230a_1.

ThelL23Rrs1004819 A variant (GA heterozygous and AA homozygtogether) did
not show significant association with UC on the Kggiound of all wild type IBD5
genotypes during combined interaction analysisundrian UC population.

For the combinations of IBD5 loci altd23R rs2201841 we could detect significant
association only in carriers of rs2201841 CC horgogy alleles and wild type IBD5
genotypes. The IBD5 carrier status did not contesceptibility for UC either in the
presence olL23Rrs2201841 TT + TC or CC genotypes.

We found difference in the prevalence rate of GGTTG, GGCGCTCG,
GATTCCAG and GATTCCAA haplotypes ofiL23R rs1004819, rs2201841,
rs10889677, rs11805303, rs11209032, rs751784730523 and rs1884444 between
the healthy Roma and the Hungarian populations.

We could not detect difference in the distributmfithe GGCTCTCG, TGCTCTCG,

TGCTTTCG and TGCGCTCG haplotypes between the twtbnieally different
healthy Roma and the Hungarian populations.
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