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The interleukin-20-receptor | complex (IL-20-Rl) is composed of two chains, IL20RA and IL20RB. lIts ligands are the three
members of the IL19 subfamily of cytokines, IL-19, IL-20 and IL-24. These cytokines are important in the manifestation of
psoriatic lesions and, recently, an association of polymorphisms of IL20 with psoriasis has been described. In the present study
we tested the hypotheses that genetic variations of the IL-20-Rl influence susceptibility to psoriasis and investigated single
nucleotide polymorphisms (SNPs) in the IL20RA and IL20RB genes in psoriasis patients (n=254) and healthy controls
(n=224). We found no association of any of the investigated SNPs with the disease. Analysis of pairwise linkage disequilibrium
(LD) across studied markers revealed a strong level of LD between SNPs within the IL20RA gene and SNPs within the IL20RB
gene, and, for both genes six common haplotypes were identified with an estimated frequency > 1%. Haplotype analyses
suggested that the IL20RA haplotype CCG (rs1184860, rs1167846, rs1167849) is significantly associated with psoriasis (OR
3.14, 95% CI 1.61-6.14), whereas the TTG haplotype had a protective effect (OR 0.20, 95% CI 0.07-0.55). The risk haplotype
defining SNPs 1167846 and 1184860 were found to modify paired box 5 and homeobox A9 sites, respectively, two transcription
factors related to the differentiation of immune cells. Further studies are needed to confirm the genetic association and to

investigate the functional relevance of IL20RA haplotypes in psoriasis.
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Introduction

Interleukin (IL)-19, IL-20 and IL-24 have recently been
identified as a group of IL-10-related cytokines, which
are now referred to as the IL-19 subfamily of cytokines
based on their analogous genomic localization, protein
structure, cellular sources, receptors and target cells.'
It has been verified that IL-19 subfamily cytokines are
regulators of epidermal keratinocyte biology and are
important in the immunopathology of psoriasis.**

The expression levels of IL-19, IL-20 and IL-24 in
lesional skin of psoriasis patients are increased compared
to healthy skin.?>”""" Two independent studies have
demonstrated that overexpression of IL-20 in transgenic
mice induces a skin phenotype similar to psoriasis.>®
Both in vitro and in vivo, IL-20 promotes hyperprolifera-
tion and abnormal differentiation of keratinocytes that
are characteristic features of psoriasis.>'>'® IL-19 has
been shown to induce expression of keratinocyte growth
factor, which acts as a potent mitogen for human
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keratinocytes.’ and is considered to contribute to the
epidermal hyperplasia in psoriasis.

We have previously studied the possible impact of
single nucleotide polymorphisms (SNPs) in the genes
encoding the IL-19 subfamily of cytokines on the risk to
develop psoriasis. Evidence was obtained that the IL19
gene cluster represents a susceptibility region shared by
plaque-type psoriasis and palmoplantar pustulosis (PPP),
offering a possible explanation at the genetic level for the
frequent co-existence of PPP and plaque-type psoriasis.'*"*

The biological activities of the IL-19 subfamily cyto-
kines are mediated through binding to two distinct
cell-surface receptors, the IL-20 receptor type I (IL-20-RI)
and type II (IL-20-RII). Both receptors are heterodimers
and share the IL-20RB protein as common subunit.
IL-20RB associates with IL-20RA to form IL-20RI
that binds IL-19, IL20 and IL-24, and IL-20RB associates
with IL-22RA1 to form IL-20-RII that binds IL-20 and
IL-24 2131921 After binding of the different ligands to the
receptor complexes, signals are predominantly trans-
ducted via Janus kinase-signal transducer and activation
of transcription pathways.?* IL-20-RI is mainly expressed in
the skin, lung and reproductive organs as well as in various
glands. The expression of IL-20-RII seems to be more
restricted with high levels detectable only in the skin.>'>'*=!

There are conflicting findings with regard to the
expression of IL-20R subunits in skin lesions of psoriasis.
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Increased expression of IL-20RA, IL-20RB and IL-22RA1
subunits has been demonstrated in psoriatic lesions
compared to healthy skin both at the mRNA and protein
level."> However, when lesional skin was compared to
nonlesional skin of patients with psoriasis, the expres-
sion levels of IL-20RA and IL-20RB were higher in the
latter,>** whereas expression of IL-22RA1 levels was
comparable.??

The factors that regulate the expression of IL-20R
subunits are unclear. It is possible that polymorphisms of
the genes encoding the subunits are involved; however,
the exact functional consequence of the different poly-
morphisms detected in these genes has not yet been
thoroughly investigated. In addition, to the best of our
knowledge, no studies have so far analyzed possible
associations of these polymorphisms with inflammatory
and other diseases. The aim of the present study was to
explore whether the genes encoding the two chains of
IL-20-RI, IL20RA and IL20RB, located on chromosomes
6q22.33-23.1 and 3q22.3, respectively, are associated with
psoriasis.

Results

We performed a dbSNP database search (www.ncbi.nlm.
nih.gov/SNP/) to identify SNPs of the IL20A and IL20B
genes suitable for association studies. The selection
criteria for SNP inclusion were the following: a
frequency of the minor allele >10% and a distance
between SNPs of at least 2000bp. The selected SNPs
were rs1184860, rs1167846, rs1167849 and rs276504 of the
IL20RA gene and rs835634, rs10935213, rs747842 and
rs108858 of the IL20RB gene (Figures 1 and 2).
Genotype distributions of the analyzed polymorph-
isms of IL20RA and IL20RB genes were in Hardy-
Weinberg equilibrium both in the group of patients with
psoriasis and the control group. Allele frequencies and
allelic P-values of SNPs in the psoriasis group compared
to the control group are presented in Table 1. There was
no statistically significant association of any of the
investigated SNPs with susceptibility to plaque-type
psoriasis. However, in an exploratory analysis of
subgroups defined by presence or absence of a family
history of psoriasis, the SNPs rs1167846 and rs1167849 of
the IL20RA gene showed an association with familial
psoriasis (Table 2). The frequencies of the minor alleles of

IL20RA SNPs rs1167846 and rs1167849 were lower in the
familial psoriasis group compared to the control group
(18.8 versus 25.9%; P 0.05, OR 0.66, 95% CI 0.44-1.00; 15.8
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Figure 1 Genomic localization of the single nucleotide polymorph-
isms (SNPs) in the IL20RA gene used in the current study. Relative
positions of selected SNPs are represented on the illustration by
their cluster ID numbers in Public Polymorphism database (http://
www.ncbinlm.nih.gov/SNP/) with allelic substitutions included.
Arrow indicates the direction of transcription of respective gene,
whereas coding region of a gene is represented as box on a narrow
bar with dark bands representing exons.
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Figure 2 Genomic localization of the single nucleotide polymorph-
isms (SNPs) in the IL20RB gene used in the current study. Relative
positions of selected SNPs are represented on the illustration by
their cluster ID numbers in Public Polymorphism database (http://
www.ncbinlm.nih.gov/SNP/) with allelic substitutions included.
Arrow indicates the direction of transcription of respective gene,
whereas coding region of a gene is represented as box on a narrow
bar with dark bands representing exons.

Table 1 Results of association analysis of the genes IL20RA and IL20RB in psoriasis patients are indicated

Gene SNP ID Chr Pos NCBI Alleles Minor allele Minor allele Allelic P-value OR (95% CI)
frequency in controls  frequency in cases
(%) (%)

IL20RA rs1184860 137382297 T/C 28.3 324 0.19 1.20 (0.91-1.59)
rs1167846 137385413 C/T 259 23.1 0.32 0.86 (0.64-1.16)
rs1167849 137390718 G/A 23.0 21.8 0.65 0.93 (0.69-1.26)
rs276504 137394212 T/C 35.0 36.7 0.60 1.07 (0.82-1.40)

IL20RB rs835634 138159001 G/A 46.6 46.7 0.99 1.00 (0.78-1.29)
rs10935213 138176157 A/G 41.6 43.1 0.64 1.06 (0.82-1.38)
rs747842 138185819 T/G 40.8 449 0.20 1.18 (0.91-1.54)
rs108858 138212583 A/G 33.0 32.3 0.82 0.97 (0.73-1.28)

Abbreviations: IL, interleukin; SNP, single nucleotide polymorphism.
Allelic P-values were calculated using y>-test.
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Table 2 Results of association analysis of IL20RA gene SNPs in plaque-type psoriasis

51184860 rs1167846 rs1167849 5276504

Alleles (%) P-value Alleles (%) P-value Alleles (%) P-value Alleles (%) P-value

T C C T G A T C
Controls (11 =224) 715 28.3 * 741 25.9 * 77.0 23.0 * 65.0 35.0 *
Early-onset psoriasis (n=179) 68.2 31.8 0.3177 779 22.1 0.2076 79.3 20.7 0.4291 63.7 36.3 0.7087
Late-onset psoriasis (1 =75) 66.2 33.8 0.2300 74.7 253 0.8921 76.0 24.0 0.8001 63.3 36.7 0.7193
Familial psoriasis (7 =101) 72.2 27.8 0.8625 81.2 18.8  0.0494*  84.2 15.8  0.0376*  66.8 33.2 0.6413
Sporadic psoriasis (n=153) 64.6 35.4 0.0538 74.2 25.8 0.9529 74.5 25.5 0.4502 614 38.6 0.3157

Allele frequencies of the four studied polymorphisms of the IL20RA gene were compared between the psoriasis patients and the controls,

P-values for allelic association were calculated using a y>-test.

*P-value <0.05 comparing allelic frequencies between patients and controls.

Table 3 Common haplotypes (estimated frequency >1%) formed by SNPs in the IL20RA and IL20RB genes

IL20RA IL20RB

151184860 rs1167846 rs1167849 Frequencies of rs835634 rs10935213 15747842 rs108858 Frequencies of

haplotype (%) haplotype (%)
T C G 66.4 A G G A 38.1
C T A 17.9 G A T G 30.3
C C G 5.3 G A T A 20.4
C T G 3.4 A A G A 3.3
C C A 34 A G T A 29
T T G 2.5 A A T A 1.8

Haplotype block of the IL20RA—8kb Haplotype block of the IL20RB—36 kb
versus 23.0%; P 0.04, OR 0.63, 95% CI 0.41-0.98; 0.20, 95% CI 0.07-0.55; Table 4). A lower frequency of the

respectively).

Haplotype analysis of the IL20RA and IL20RB
genes was performed according to the pairwise linkage
disequilibrium (LD) pattern in the pooled data set.
Nearly complete LD (|D’| 0.77-0.93) existed among the
polymorphisms rs1184860, rs1167846 and rs1167849
within the IL20RA gene. The IL20RA 15276504
polymorphism, located in the first intron of the IL20RA
gene, was not in strong LD with the other investigated
polymorphisms of the IL20RA gene. This polymorphism
was, therefore, excluded from further haplotype
analysis. There was nearly complete LD (|D’| 0.83-0.95)
among all studied polymorphisms within the IL20RB
gene. Six common IL20RA haplotypes and six
common IL20RB haplotypes with an estimated frequency
of >1% were identified in the pooled group of study
participants (Table 3). These common haplotypes con-
sisted of 98.9% of all IL20RA haplotypes and 96.8% of all
IL20RB haplotypes among study participants, respec-
tively.

nglotype analysis revealed a significantly higher
frequency of the IL20RA haplotype CGG in patients with
plaque-type psoriasis than in healthy individuals (7.6
versus 2.6%; Pom 0.0004, P,4;0.007, OR 3.14, 95% CI 1.61-
6.14), whereas the IL20RA haplotype TTG was less
frequent in patients with psoriasis compared to the
control group (0.9 versus 4.4%; P,.om 0.0006, P.4;0.007, OR

IL20RB haplotype AGTA was observed in patients with
plaque-type psoriasis compared to control subjects (1.9
versus 4.1%), but the difference was only of borderline
significance and not significant after correction for
multiple testing (Pnom 0.04, P.y 0.45 OR 0.44, 95% CI
0.20-0.97; Table 4).

Comparison of controls and different psoriasis sub-
groups stratified according to the age of onset and family
history of psoriasis showed that the strength of associa-
tion of the IL20RA haplotype CGG was similar in the
investigated subgroups (OR between 3.02 and 3.49;
Table 5). There were also no significant associations
between the different IL20RB AGTA haplotypes and
psoriasis subgroups (data not shown).

In order to obtain some information on whether the
SNPs defining the haplotypes associated with psoriasis
modify transcription factor (TF)-binding sites, the effect
of the base exchanges were modeled using MatInspector
and SNPInspector. It was found that two SNPs in IL20RA
gene modify potential TF-binding sites. In the case of
SNP rs1167846, the C to T exchange leads to the loss of a
PAX5 (paired box 5) site and generates a new TF-binding
site for POU class 2 homeobox 1. The T to C exchange of
rs1184860 leads to the loss of homeobox A9 TF site and
generates a new site for nuclear factor (erythroid-
derived-2)-like-1, TF. The SNP rs1167849 does not appear
to modify any TF-binding site.
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Table 4 Results of haplotype analysis of the IL20RA and IL20RB genes

IL20RA haplotypes Controls (n=224) Plaque psoriasis patients (n=254) P,om-value P,-value OR (95% CI)
TCG 66.8 66.1 0.81 1.00 0.97 (0.74-1.26)
CTA 18.2 17.6 0.81 1.00 0.96 (0.69-1.34)
CCG 2.6 7.6 0.0004* 0.007* 3.14 (1.61-6.14)
CTG 3.2 3.6 0.76 1.00 1.12 (0.56-2.2)
CCA 4.2 2.7 0.20 0.96 0.63 (0.31-1.28)
TTG 4.4 0.9 0.0006* 0.007* 0.20 (0.07-0.55)

IL20RB haplotypes
AGGA 35.9 40.0 0.20 0.96 1.19 (0.91-1.55)
GATG 30.5 30.1 0.89 1.00 0.98 (0.74-1.29)
GATA 20.2 20.5 0.91 1.00 1.02 (0.74-1.39)
AAGA 4.1 2.6 0.18 0.95 0.62 (0.30-1.26)
AGTA 4.1 19 0.04 0.45 0.44 (0.20-0.97)
AATA 1.8 1.7 0.91 1.00 0.94 (0.36-2.47)

The haplotype frequencies (%) and haplotypic ORs with their 95% ClIs and P-values in plaque psoriasis patients compared to controls are
indicated. Haplotype—phenotype associations were estimated using an expectation-maximization algorithm. Multiple testing was performed

using permutation testing.
*P-value <0.05 haplotypic differences compared to the controls.

Table 5 The IL20RA CCG and TTG haplotype frequencies (%) and haplotypic ORs with their 95% CIs and P-values in the subgroups
of patients according to the age of onset, family history and severity of disease compared to controls are indicated

Subgroups of psoriasis CCG (%) P-value OR (95% CI) TTG (%) P-value OR (95% CI)
Controls (n=224) 2.6 44

Patients with early-onset psoriasis (1 =179) 7.6 0.0008 3.18 (1.57-6 .45) 1.1 0.0052 0.24 (0.08-0.71)
Patients with late-onset disease (1 ="75) 7.6 0.004 3.27 (1.40-7 .65) 0.7 0.0295 0.15 (0.02-1.09)
Patients with familial psoriasis (1 =101) 8.2 0.0009 3.49 (1.61-7 .60) 0.7 0.0132 0.15 (0.03-0.84)
Patients with sporadic psoriasis (1 =153) 7.2 0.0021 3.02 (1.45-6 .30) 1.1 0.0097 0.24 (0.08-0.77)

Discussion

In the present study we analyzed the association of four
SNPs in the IL20RA gene and four SNPs in the IL20RB
gene with plaque-type psoriasis. We found no significant
association of any of the investigated SNPs with the
disease. In an exploratory subgroup analysis there was a
weak association of two SNPs (rs1167846 and rs1167849)
of the IL20RA gene with familial psoriasis in that the
minor alleles of these SNPs were underrepresented in
cases compared to healthy controls, possibly suggesting
a mild protective effect of the more frequent allele.
However, it cannot be excluded that this finding is a
false-positive result due to multiple testing.

LD analysis revealed strong LD over the 8421 bp and
53582bp region of the IL20RA and IL20RB gene,
respectively, and haplotype blocks for these genes could
be established. For IL20RA, the block consists of
rs1184860, rs1167846 and rs1167849 but not rs276504.
For IL20RB, all four SNPs are in almost complete LD.
Interestingly, association analysis of haplotypes revealed
a significant association of the IL20RA CCG haplotype
with psoriasis (P.4;<0.01), whereas carriage of the
IL20RA TTG haplotype seemed to have a protective
effect (P.q;<0.01). One IL20RB haplotype (AGTA) was
associated with a decreased risk for psoriasis, but this
effect did not remain significant after correction for
multiple testing. Therefore, our study suggests a role of
polymorphisms in the IL20RA gene and possibly also the
IL20RB gene in the development of psoriasis.

Genes and Immunity

Previous studies have indicated the importance of
IL-19, IL-20 and IL-24 in the manifestation of psoria-
sis.”#101¢ Psoriatic lesions are characterized by increased
expression of IL-19 and IL-20, which is normalized after
treatment with cyclosporine or calcipotriol parallel to the
clinical improvement of psoriatic lesions.”® Although
the data on the expression of IL-20R types I and II in
psoriasis are somewhat controversial it seems possible
that changes in the expression and/or function of IL-20-
RI contribute to the changes of the IL-19 cytokine system
that are part of psoriasis pathophysiology.®'°** There-
fore, the present association study focused on the
IL-20RA and IL-20RB genes.

The functional consequence of the observed associa-
tion of the IL20RA CCG haplotype with psoriasis (OR
3.14) is currently under investigation. Bioinformatic
modeling suggests that the C to T exchange in the case
of SNP rs1167846 in the IL20RA gene causes the loss of a
PAX5 site. PAX5 is a member of the paired box (PAX)
family of TFs that are important in the regulation of cell
differentiation. Alterations in the expression of these TFs
are thought to contribute to abnormal cell proliferation
and malignant transformation.?*?* Recently it was shown
that PAX5 deletion induces the conversion of B lympho-
cytes to functional T lymphocytes, indicating an
additional role in the immune system that might be
relevant in psoriasis. In the IL20RB gene SNP rs747842
leading to a loss of an IRF4 (interferon regulatory factor
4)-binding site could be of particular interest because
the function of IRF4 is very closely related to the



differentiation of T lymphocytes. For instance, IRF4 is
important during IL-12-induced Th1 cell differentiation
and is also necessary for IL-4-induced differentiation of
Th2 cells and B cells.?”** Recent findings suggest that
IRF4 is also involved in the development of Th17 cells
that are believed to be centrally involved in psoriasis.

The polymorphisms rs1167846 in the IL20RA gene and
rs747842 in the IL20RB gene appear as interesting
candidates for further studies, however, these hypo-
theses are currently speculative and require functional
support. In addition, as there was a strong LD in the
investigated genes, it is possible that other poly-
morphisms of these genes or of other genes in LD with
the investigated haplotype might account for the
observed association.

In summary, to the best of our knowledge, this is the
first study investigating the association of IL-20RA and
IL-20RB polymorphisms with a chronic inflammatory
disease. Although none of the investigated SNPs of the
IL-20RA and IL-20RB genes were individually associated
with psoriasis, we identified an IL-20RA haplotype that
seems to increase psoriasis susceptibility, and a second
IL-20RA haplotype that was associated with a protective
effect. There is initial evidence that the identified IL20RA
risk haplotype may be functionally relevant because it
carries altered binding sites for TFs involved in cell
differentiation and immunological functions, but the
exact effects of the IL-20RA polymorphisms on transcrip-
tional activation and function warrant further studies.

Materials and methods

Ethical considerations

The study was approved by the Ethics Review Commit-
tee on Human Research of the University of Tartu
and written informed consent was obtained from all
participants.

Characteristics of study participants

Unrelated Caucasian patients living in Estonia with a
clear clinical diagnosis of plaque psoriasis (1 =254, 119
women, 135 men, age range 18-89 years, mean age of
onset of psoriasis 29.7 years) were enrolled at the
Department of Dermatology, University of Tartu, Estonia
as described."”

Patients with plaque psoriasis were divided into
subgroups according to the age of disease onset and
family history of psoriasis. In total, 179 patients had
early-onset disease (onset before the age of 40), and 75
patients had late-onset disease (onset at the age of 40 or
later). Patients were considered to have familial psoriasis
if they had at least one first- or second-degree relative
with psoriasis (1 =101), otherwise they were considered
to have sporadic disease (n=153).

The control group consisted of 224 healthy unrelated
Caucasians (110 women, 114 men, age range 18-71 years)
without a personal or family history of psoriasis. These
individuals were recruited at the University of Tartu
from among medical students, health-care personnel and
patients presenting at the dermatological outpatient
clinic with mild expression of either facial teleangiectasis
or skin tags as described earlier.
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Preparation of genomic DNA and analysis of IL19, IL20 and
1L.24 polymorphisms

Genomic DNA was extracted from whole blood and the
SNPs of the IL20RA and IL20RB genes were analyzed by
the tetra-primer Amplification Refractory Mutation
System (ARMS)-PCR method as previously des-
cribed.”'*~'7 For each SNP, a set of four primers was
designed using the online program available at http:
//cedar.genetics.soton.ac.uk/public_html/primerl.html.
Each PCR reaction was carried out in a total volume of
10 ul, containing 100ng of template DNA, 20 pmol of
each inner primer, 2 pmol of each outer primer, 0.2 mm
deoxyribonucleotide triphosphate, 1 x reaction buffer
(75 mm Tris-HCI, pH 8.8, 20 mm (NH,),SO., 0.01% Tween
20, 0.1mgml~"' Tartrazine, 1% Sucrose (Naxo, Tartu,
Estonia), 0.5U Smart-Taq DNA polymerase (Naxo).
Sequences and melting temperatures of primers, anneal-
ing temperatures for specific PCR reactions and opti-
mized concentrations of Mg?* used for genotyping of
SNPs are shown in Table 6. The direct sequencing of
incidental DNA samples was performed using ABI
Genetic Analyzer 310 (Applied Biosystems, Foster City,
CA, USA) for verification of the tetra-primer ARMS-PCR
results and validation of the polymorphisms. The results
of the tetra-primer ARMS-PCR were completely consis-
tent with the results of direct sequencing.

Statistical and bioinformatic analysis

Single-marker association analysis and multimarker
haplotype association tests of individuals were per-
formed using the Haploview program.®' Allele frequen-
cies were investigated using the y*test. To evaluate
deviation from the Hardy-Weinberg equilibrium,
observed and expected genotype frequencies were
compared by Fisher’s exact test in the examined groups
(cases and controls). For determining haplotype-based
associations, an accelerated expectation-maximization
(EM) algorithm similar to the partition/ligation method
described by Qin et al** was used. The haplotype
association test was performed on the set of blocks
selected based on the LD. Pairwise LD was estimated by
a log-linear model and standardized D’ characteristics
were used to demonstrate the extent of disequilibrium.
Haplotype analysis was performed only for the haplo-
types with a frequency of >1%.

The significance level of the tests for declaring a
probability value as significant was set to 0.05. To correct
for multiple testing in comparing allele frequencies
between the group of patients with psoriasis and the
control group, the P-values (P,,n-value) were adjusted
by permutation testing (P.q-value). Altogether 1000
permutations were performed for correction of multiple
comparisons. In addition, in an exploratory analysis, we
compared allele frequencies and haplotype frequencies
of subgroups of psoriasis stratified according to age of
onset and presence of a positive family history for
psoriasis with healthy controls.

The sequence of IL20RA gene was analyzed with
MatlInspector version 7.4.8 (http://www.genomatix.de)
to find potential binding sites for the TFs in the close
proximity of SNPs. The SNPInspector (http://www.
genomatix.de) program was used to identify TF-binding
sites affected by SNPs investigated in our study.
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Table 6 Sequences and other details of primers used for genotyping of SNPs of IL20RA and IL20RB genes

Genetic polymorphism  Primers (5'-3') Temperature ~ Annealing Mg Amplicon size
temperature

rs1184860 T/C Forward inner primer (C allele): 60°C 25mm 289 bp-control
TTTTAATGTGAGTAAAGAAATGACAGCGC 65°C
Reverse inner primer (T allele): 193 bp—T allele
TTTTTGGGTATGTTTTAGGCATCTTGATAA 65°C
Forward outer primer: 155bp—C allele
TTTATAGTAGAGATGGGGTTTTGCCATG 65°C
Reverse outer primer:
AAAATTGCTTTGTTTCCTTATGACAGCA 65°C

151167846 C/T Forward inner primer (C allele): 60 °C 2.5mm 376 bp—control
CAGTCATTCAACTCATATTTATTGGGGGC 64°C
Reverse inner primer (T allele): 244 bp—T allele
AGAGGAACACAATTCAACCCATAATCA 64°C
Forward outer primer: 188 bp—C allele
TACTCTGGTTTATGTTTAGTTGCCGAGA 64°C
Reverse outer primer:
CCACCTGACTTCAGTATGATCTCATGTT 64°C

rs1167849 G/A Forward inner primer (A allele): 60°C 25mm 356 bp—control
CATTTAGGTAAGTGGGAAATGCTCCAAA 66°C
Reverse inner primer (G allele): 236 bp—G allele
TATAATCTTTTCTTCCCACAACACTGTCCC 66°C
Forward outer primer: 178 bp—A allele
AGAAAGAGCTCAGGAATTATTCGCTCAG 66°C
Reverse outer primer:
AACTATGAACAGTTCCACCAGGAAAAGC 66°C

rs276504 T/C Forward inner primer (C allele): 65°C 26mm 408 bp—control
AACCACTGGTGCACACTTCAGAAATCAC 69°C
Reverse inner primer (T allele): 275bp—T allele
ACTGAACGTTGTTTTGCAGCACGTGCCA 75°C
Forward outer primer: 189bp—C allele
GGCCAATGGCAGTGGACATCAAAAGACT 72°C
Reverse outer primer:
CCC CTA GGC TAC CAA CCT GTA CTG CATGC ~ 72°C

rs835634 A/G Forward inner primer (A allele): 55°C 2.5mm 285 bp—control
GAAGAGAAAAATGGGAACAAGACTTGTA 63°C
Reverse inner primer (G allele): 200bp—A allele
TCAAACGATATACAAAGATATTCATTC 57°C
Forward outer primer: 140 bp—G allele
TTTGCAAAAAGAAAAACTAAAAGAAGAT 60°C
Reverse outer primer:
TATTCCACTATTGTATTTGCACATTAGG 60°C

rs10935213 A/G Forward inner primer (G allele): 55°C 2.5mm 354 bp—control
TCTAACTATAATGACCATTTTACATTTTG 57°C
Reverse inner primer (A allele): 235bp—A allele
AGGAGGCTCATGATGTCCAGAGATAT 64°C
Forward outer primer: 174bp—G allele
TGTAATAGTCTTGGCTAGCAGGTTTT 60°C
Reverse outer primer:
TTTATGTATTATCAGTATCCCTAAGGGG 60°C

rs747842 T/G Forward inner primer (G allele): 65°C 2.5mm 415 bp—control
CTCAGGAGCTGTTCTATTCTCCTTTCCGTG 70°C 270bp—T allele
Reverse inner primer (T allele): 71°C
AGGGAAGGGCACCAGGGTAGAGGGTA 201 bp—G allele
Forward outer primer: 70°C
TTTCACAACAGAAGCTCTTCTGCCACATC
Reverse outer primer: 70°C
GATTATAGGAATGAGCCATCGCACAGGG

rs108858 A/G Forward inner primer (G allele): 60°C 2.5mm 426 bp—control
GCCAGGGTGGCCCTTTTTATTTGATG 71°C
Reverse inner primer (T allele): 162bp—G allele
CCTTTTTTCTGTTGGTAAAGTACAGAAGTT 62°C 120bp—A allele
Forward outer primer: 66 °C
TATCCTTTGGAGCCTCTCTGGACTTG
Reverse outer primer: 66 °C

CTGTAAAGTGTTGACAGTGTGTGCACAC

Genes and Immunity



Acknowledgements

This study was financially supported by the target-based
funding by the Estonian Ministry of Education grant no.

SF0180043s07, University of Tartu

research grant

no. PARFS 05901, Estonian Science Foundation grant
nos. 6576, 5712 and 7549 and by the Centre of Molecular
and Clinical Medicine grant VARMC-TIPP.

References

1

(o]

10

11

12

13

14

Gallagher G, Eskdale J, Jordan W, Peat ], Campbell ], Boniotto
M et al. Human interleukin-19 and its receptor: a potential role
in the induction of Th2 responses. Int Immunopharmacol 2004;
4: 615-626.

Blumberg H, Conklin D, Xu WE, Grossmann A, Brender T,
Carollo S et al. Interleukin 20: discovery, receptor identifica-
tion, and role in epidermal function. Cell 2001; 104: 9-19.
Chang C, Magracheva E, Kozlov S, Fong S, Tobin G, Kotenko S
et al. Crystal structure of interleukin-19 defines a
new subfamily of helical cytokines. | Biol Chem 2003; 278:
3308-3313.

Sabat R, Wallace E, Endesfelder S, Wolk K. IL-19 and IL-20:
two novel cytokines with importance in inflammatory
diseases. Expert Opin Ther Targets 2007; 11: 601-612.

Sa SM, Valdez PA, Wu ], Jung K, Zhong F, Hall L ef al. The
effects of IL-20 subfamily cytokines on reconstituted human
epidermis suggest potential roles in cutaneous innate defense
and pathogenic adaptive immunity in psoriasis. | Immunol
2007; 178: 2229-2240.

Boniface K, Lecron JC, Bernard FX, Dagregorio G, Guillet G,
Nau F et al. Keratinocytes as targets for interleukin-10-related
cytokines: a putative role in the pathogenesis of psoriasis. Eur
Cytokine Netw 2005; 16: 309-319.

Romer ], Hasselager E, Norby PL, Steiniche T, Thorn Clausen J,
Kragballe K. Epidermal overexpression of interleukin-19
and -20 mRNA in psoriatic skin disappears after short-term
treatment with cyclosporine a or calcipotriol. | Invest Dermatol
2003; 121: 1306-1311.

Otkjaer K, Kragballe K, Funding AT, Clausen ]JT, Noerby PL,
Steiniche T et al. The dynamics of gene expression of
interleukin-19 and interleukin-20 and their receptors in
psoriasis. Br | Dermatol 2005; 153: 911-918.

Wolk K, Kunz S, Asadullah K, Sabat R. Cutting edge: immune
cells as sources and targets of the IL-10 family members?
J Immunol 2002; 168: 5397-5402.

Wei CC, Chen WY, Wang YC, Chen PJ, Lee JY, Wong TW et al.
Detection of IL-20 and its receptors on psoriatic skin. Clin
Immunol 2005; 117: 65-72.

Kunz S, Wolk K, Witte E, Witte K, Doecke WD, Volk HD et al.
Interleukin (IL)-19, IL-20 and IL-24 are produced by and act on
keratinocytes and are distinct from classical ILs. Exp Dermatol
2006; 15: 991-1004.

Wolk K, Witte E, Wallace E, Docke WD, Kunz S, Asadullah K
et al. IL-22 regulates the expression of genes responsible for
antimicrobial defense, cellular differentiation, and mobility in
keratinocytes: a potential role in psoriasis. Eur | Immunol 2006;
36: 1309-1323.

Boniface K, Bernard FX, Garcia M, Gurney AL, Lecron ]C,
Morel F. IL-22 inhibits epidermal differentiation and induces
proinflammatory gene expression and migration of human
keratinocytes. | Immunol 2005; 174: 3695-3702.

Li HH, Lin YC, Chen PJ, Hsiao CH, Lee JY, Chen WC et al.
Interleukin-19 upregulates keratinocyte growth factor and is
associated with psoriasis. Br | Dermatol 2005; 153: 591-595.

Association analysis in psoriasis
K Kingo et al

o

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Kingo K, K&ks S, Nikopensius T, Silm H, Vasar E. Polymor-
phisms in the interleukin-20 gene: relationships to
plaque-type psoriasis. Genes Immun 2004; 5: 117-121.

Koks S, Kingo K, Rétsep R, Karelson M, Silm H, Vasar E.
Combined haplotype analysis of the interleukin-19 and -20
genes: relationship to plaque-type psoriasis. Genes Immun
2004; 5: 662-667.

Koks S, Kingo K, Vabrit K, Ritsep R, Karelson M, Silm H et al.
Possible relations between the polymorphisms of the cyto-
kines IL-19, IL-20 and IL-24 and plaque-type psoriasis. Genes
Immun 2005; 6: 407-415.

Kingo K, Mossner R, Koks S, Ratsep R, Kruger U, Vasar E et al.
Association analysis of IL19, IL20 and IL24 genes in
palmoplantar pustulosis. Br | Dermatol 2007 156: 646—652.
Dumoutier L, Leemans C, Lejeune D, Kotenko SV, Renauld JC.
Cutting edge: STAT activation by IL-19, IL-20 and mda-7
through IL-20 receptor complexes of two types. | Immunol
2001; 167: 3545-3549.

Donnelly RP, Sheikh F, Kotenko SV, Dickensheets H. The
expanded family of class II cytokines that share the IL-10
receptor-2 (IL-10R2) chain. | Leukoc Biol 2004; 76: 314-321.
Pletnev S, Magracheva E, Kozlov S, Tobin G, Kotenko SV,
Wilodawer A et al. Characterization of the recombinant
extracellular domains of human interleukin-20 receptors and
their complexes with interleukin-19 and interleukin-20.
Biochemistry 2003; 42: 12617-12624.

Parrish-Novak J, Xu W, Brender T, Yao L, Jones C, West J et al.
Interleukins 19, 20, and 24 signal through two distinct
receptor complexes. Differences in receptor-ligand inter-
actions mediate unique biological functions. | Biol Chem
2002; 277: 47517-47523.

Wang F, Lee E, Lowes MA, Haider AS, Fuentes-Duculan J,
Abello MV et al. Prominent production of IL-20 by
CD68+/CD11c+ myeloid-derived cells in psoriasis: gene
regulation and cellular effects. | Invest Dermatol 2006; 126:
1590-1599.

Tzankov AS, Went PT, Munst S, Papadopoulos T, Jundt G,
Dirnhofer SR. Rare expression of BSAP (PAX-5) in mature
T-cell lymphomas. Mod Pathol 2007; 20: 632-637.

Friedman AD. Transcriptional control of granulocyte and
monocyte development. Oncogene 2007; 26: 6816—6828.
Cobaleda C, Jochum W, Busslinger M. Conversion of mature B
cells into T cells by dedifferentiation to uncommitted
progenitors. Nature 2007; 449: 473-477.

Lohoff M, Mittrucker HW, Prechtl S, Bischof S, Sommer F,
Kock S et al. Dysregulated T helper cell differentiation in the
absence of interferon regulatory factor 4. Proc Natl Acad Sci
USA 2002; 99: 11808-11812.

Klein U, Casola S, Cattoretti G, Shen Q, Lia M, Mo T et al.
Transcription factor IRF4 controls plasma cell differen-
tiation and class-switch recombination. Nat Immunol 2006; 7:
773-782.

Sciammas R, Shaffer AL, Schatz JH, Zhao H, Staudt LM, Singh
H. Graded expression of interferon regulatory factor-4
coordinates isotype switching with plasma cell differentiation.
Immunity 2006; 25: 225-236.

Brustle A, Heink S, Huber M, Rosenplanter C, Stadelmann C,
Yu P et al. The development of inflammatory T(H)-17 cells
requires interferon-regulatory factor 4. Nat Immunol 2007; 8:
958-966.

Barrett JC, Fry B, Maller ], Daly MJ. Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics 2005;
21: 263-265.

Qin ZS, Niu T, Liu JS. Partition-ligation-expectation-maximi-
zation algorithm for haplotype inference with single-
nucleotide polymorphisms. Am ]| Hum Genet 2002; 71:
1242-1247.

451

Genes and Immunity



	Association analysis of IL20RA and IL20RB genes in psoriasis
	Introduction
	Results
	Figure 1 Genomic localization of the single nucleotide polymorphisms (SNPs) in the IL20RA gene used in the current study.
	Table 1 Results of association analysis of the genes IL20RA and IL20RB in psoriasis patients are indicated
	Figure 2 Genomic localization of the single nucleotide polymorphisms (SNPs) in the IL20RB gene used in the current study.
	Table 2 Results of association analysis of IL20RA gene SNPs in plaque-type psoriasis
	Table 3 Common haplotypes (estimated frequency ges1%) formed by SNPs in the IL20RA and IL20RB genes
	Discussion
	Table 4 Results of haplotype analysis of the IL20RA and IL20RB genes
	Table 5 The IL20RA CCG and TTG haplotype frequencies (%) and haplotypic ORs with their 95% CIs and P-values in the subgroups of patients according to the age of onset, family history and severity of disease compared to controls are indicated
	Materials and methods
	Ethical considerations
	Characteristics of study participants
	Preparation of genomic DNA and analysis of IL19, IL20 and IL24 polymorphisms
	Statistical and bioinformatic analysis

	Table 6 Sequences and other details of primers used for genotyping of SNPs of IL20RA and IL20RB genes
	Acknowledgements
	References


