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Abstract

Objectives

To confirm the association of previously discovered psoriasis (Ps) risk loci with the disease
in a Polish population and to create predictive models based on the combination of these
single nucleotide polymorphisms (SNPs).

Material and methods

Thirty-eight SNPs were genotyped in 480 Ps patients and 490 controls. Alleles distributions
were compared between patients and controls, as well as between different Ps sub-pheno-
types. The genetic risk score (GRS) was calculated to assess the cumulative risk conferred
by multiple loci.

Results

We confirmed associations of several loci with Ps: HLA-C, REL, IL12B, TRIM39/RPP21,
POU5F1, MICA. The analysis of ROC curves showed that GRS combining 16 SNPs at least
nominally (uncorrected P<0.05) associated with Ps (GRS-N) had significantly better discrim-
inative power than GRS combining SNPs associated with Ps after the Bonferroni correction
(AUC 0.776 vs. 0.750, P=1x 10"*) or HLA-C (AUC 0.776 vs. 0.694, P<1 x 107°). On the
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other hand, adding additional SNPs to the model did not improve its discriminatory ability
(AUC 0.782 for GRS combining all SNPs, P>0.05). In order to assess the total risk conferred
by GRS-N, we calculated ORs according to GRS-N quartile - the Ps OR for top vs. bottom
GRS-N quartiles was 12.29 (P<1 x 1076). The analysis of different Ps sub-phenotypes
showed an association of GRS-N with age of onset and family history of Ps.

Conclusions

We confirmed the association of Ps with several previously identified genetic risk factors in a
Polish population. We found that a GRS combining 16 SNPs at least nominally associated
with Ps had a significantly better discriminatory ability than HLA-C or GRS combining SNPs
associated with Ps after the Bonferroni correction. In contrast, adding additional SNPs to
GRS did not increase significantly the discriminative power.

Introduction

Psoriasis (Ps) is a chronic inflammatory disease of the skin affecting 2-3% of Caucasians [1].
About 75% of patients develop Ps before the age of 40 years - early-onset or type I Ps (T1Ps).
Type II Ps (T2Ps) or late-onset Ps is observed after the age of 40 years [2]. About 30% of Ps
patients develop inflammatory arthritis (psoriatic arthritis, PsA) [3,4]. Nail Ps is seen in about
50% of patients at Ps diagnosis, with a lifetime incidence reaching 80-90% [5].

The pathogenesis of Ps is complex involving both environmental and genetic factors. Envi-
ronmental factors include smoking, streptococcal infection (for acute guttate Ps), stress, drugs
(beta-blockers, interferon, anti-malarials, lithium), cold weather, diet, and obesity [6]. Epide-
miological studies provide evidence of genetic contributions to the development of Ps, with a
higher incidence of the disease in first- and second-degree relatives of patients than in general
population [7]. Furthermore, concordance rates are higher for monozygotic twins than for
dizygotic twins (35-72% vs. 12-23%) [8]. Linkage and association studies demonstrated that
the MHC region harbors the major genetic determinant for Ps susceptibility (PSORS1).
HLA-Cw*0602 is the most likely susceptibility allele in this locus, accounting for 35-50% of
disease heritability [9]. Further candidate gene association studies and genome wide associa-
tion studies (GWAS) identified several susceptibility loci both within and outside MHC. At
present, about 40 additional loci are thought to be associated with Ps [10]. Genes correspond-
ing to these loci are involved in the key pathogenesis pathways including: epidermal differenti-
ation pathway (LCE3B, LCE3C), IL-12/IL-23 pathway (IL12, IL23A, IL23R, TRAF3IP2, TYK?2),
NFxB and IFN signaling pathway (TNFAIP3, TNIP1, NFKBIA, REL, TYK2, IFIH1, IL23RA),
Th2 pathway (IL4, IL13) and adaptive immunity involving CD8 T cells (ERAP1, ZAP70) [11].
The underlying genetics may determine the age of onset as well as the disease course. T1Ps has
been shown to have a higher degree of heritability and a higher prevalence of HLA-Cw* 0602
[2,12]. The presence of the risk allele HLA-Cw* 0602 was reported to be associated with a more
severe disease course and a higher prevalence of the guttate phenotype, while nail Ps and PsA
were shown to be more common in HLA-Cw*0602-negative patients [12,13]. It should be
emphasized that the genetic contribution to PsA risk is less understood than to Ps. On the one
hand, a higher recurrence risk ratio in the first-degree relatives in PsA as compared to Ps (30-
55 for PsA vs. 5-10 in Ps) suggests a higher genetic contribution to PsA [11,14]. On the other
hand, nearly all PsA susceptibility loci identified by GWAS are also associated with Ps.
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In the case of complex diseases (such as psoriasis) single genetic markers have limited
impact on disease risk. Combining multiple loci with moderate effect into a genetic risk score
(GRS) might improve identifying individuals with an increased risk for the disease [15,16].
This approach was shown to be effective in several complex traits, including type 2 diabetes
mellitus, rheumatoid arthritis, multiple sclerosis, stroke and myocardial infarction [17-22].
Chen et al. showed that a GRS combining 10 psoriasis risk loci captured significantly more
risk than any individual SNP and was associated with an early onset of disease and a positive
family history [23]. Yin et al. found that a GRS combining 14 psoriasis susceptibility loci had a
very good discriminating potential and was associated with family history and age of onset
[24]. A recent study conducted in a population from Northern Poland showed that a panel of
5 susceptibility loci had higher accuracy for the disease prediction than any marker analyzed
separately [25].

In this study we aimed to replicate the association of Ps with 39 previously reported single
nucleotide polymorphisms (SNPs). We also sought to create predictive models based on the
combination of these SNPs and to evaluate their discriminatory performance in a large cohort
of Polish patients.

Materials and methods

The study was approved by the Medical University of £.6dz Ethics Committee. Written
informed consent was obtained from each patient. All procedures were performed in accor-
dance with the Helsinki Declaration of 1975, as revised in 1983.

Patients and controls

The study group consisted of 480 psoriasis patients. The patients were recruited at the Medical
University of £6dz Department of Dermatology, Pediatric and Oncologic Dermatology (L6dz,
Poland), Medical University of Warsaw Department of Dermatology (Warsaw, Poland) and
Miedzyleski Specialist Hospital Center of Dermatology Department of Dermatology (Warsaw,
Poland). The inclusion criterion was a clinical diagnosis of psoriasis vulgaris established by an
experienced dermatologist. The exclusion criteria were: (i) another (than psoriasis vulgaris)
type of Ps, (ii) another coexisting autoinflammatory disease, (iii) history of malignancy. A
short structured questionnaire was used to collect data regarding age, gender, age at Ps onset,
nail involvement, history of PsA (confirmed by a rheumatologist) and family history of Ps.
Each patient was examined by an experienced dermatologist. Psoriasis Area and Severity
Index (PASI) was used to assess disease severity [26,27]. Patients were classified as T1Ps or
T2Ps (disease onset <40 and >40 years of age, respectively). The abbreviation PsC refers to
individuals with purely cutaneous Ps (without joint involvement) and PsA to patients with
psoriatic arthritis (all PsA patients had also skin involvement). The control group comprised
490 anonymous unrelated individuals matched for sex and ethnicity, selected from a reposi-
tory used in previous studies and consisted mainly of individuals requesting paternity testing.

Single nucleotide polymorphisms (SNPs) selection

For this study we selected SNPs previously associated with Ps and/or PsA [28-42]. The criteria for
SNPs selection were as follows: (i) association confirmed in GWA, meta-analysis or large scale
case-control study, (ii) OR>1.15 in at least one study, (iii) minor allele frequency (MAF) >0.10 in
Caucasian population (based on data from HapMap CEU population). In general, 1 SNP was cho-
sen for 1 locus, except for IL23R, IL12B and HLA-C. IL23R (rs7530511, rs11209026) and IL12B
(rs3212227, rs6887695) SNPs were shown to be independent and to form common risk haplo-
types [29]. The rs4406273 was found to be in very strong linkage disequilibrium (LD) with
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HLA-Cw*0602 in four populations of European descent from the United States, Finland, Great
Britain, and Italy (r* = 0.984), and in three Asian populations from Japan and China (r* =

1.000); thus, it can be used as a substitute for HLA-Cw* 0602 genotyping [43]. However, some
studies used rs10484554 as a tag SNP for HLA-C [23] and thus, this SNP was also included. The
rs3751385 and rs9304742 were shown to be associated with Ps in a Chinese population (both with
OR = 1.14); however, a replication in a German population yielded ORs>1.15 (1.19 and 1.26,
respectively) [35]. Additionally, 2 SNPs associated with multiple autoinflammatory diseases were
included: rs10865331 (associated with Ps and ankylosing spondylitis) [44] and rs1250546 (associ-
ated with Ps and Crohn disease) [40]. Eventually, 39 SNPs were selected for genotyping (S1
Table).

Genotyping

DNA was isolated from whole-blood samples using a salting-out method [45]. SNPs were gen-
otyped using a GoldenGate (Illumina, CA, USA) custom assay according to the manufacturer’s
standard protocols. The genotyping success rate was >98% for all SNPs. One of the genotyped
SNP (rs125046) was excluded from the analysis because of Hardy-Weinberg equilibrium devi-
ation (P = 0.006).

Statistical analysis

The PLINK statistical software package was used to evaluate the differences in allele frequen-
cies of each SNP between cases and controls and to test the Hardy-Weinberg equilibrium
(HWE) [46]. P<0.05 was considered as a significant deviation from the HWE. Other statistical
analyses were performed using Statistica 12 package (StatSoft Inc). The Bonferroni correction
(with a correction factor derived from the number of SNPs tested) was used to adjust for mul-
tiple testing. The genetic risk score (GRS) was calculated to assess the cumulative risk con-
ferred by multiple loci. GRS was computed as a number of risk alleles multiplied by the natural
logarithm of the odds ratio associated with each individual SNP. Because of the missing data
11 cases were excluded from the GRS analysis. As the rs4406273 and rs10484554 are in strong
LD (r* = 0.79) only rs4406273 was included in the GRS. We calculated the following GRSs:
GRS-ALL (GRS combining all 38 SNPs), GRS-0.1 (GRS combining 19 SNPs associated/with a
trend toward an association with psoriasis in our cohort, i.e. with a P value <0.1), GRS-N
(GRS combining 16 SNPs at least nominally associated with Ps in our cohort, i.e. with uncor-
rected P value <0.05), GRS-B (GRS combining 6 SNPs which remained significantly associ-
ated with Ps after the Bonferroni correction), GRS-HLA (GRS including only rs4406273- a
proxy for HLA-Cw*0602), GRS-N(+)HLA(-) (GRS-N without rs4406273) and GRS-N(subst.)
(GRS-N with rs4406273 substituted by rs10484554). The SNPs forming particular GRSs are
summarized in S2 Table. The GRS was stratified into quartiles for examination of a dose
dependent effect. As previous studies used Ps OR for top vs. bottom GRS quartiles to evaluate
the effect size of the association [23,24], we used a similar method to allow the present vs. pre-
vious studies to be compared. In order to compare the discriminative ability of different GRSs,
we constructed receiver operating characteristic (ROC) curves and measured the area under
the curve (AUC). The AUCs were compared using DeLong’s method. We used logistic regres-
sion to assess the phenotypic variation covered by GRS as well as to examine the relationship
between GRS and Ps sub-phenotypes. To address the issue of overfitting, we conducted an
internal validation of our top GRS (i.e. GRS-N) by randomly dividing the cohort population
into 2 unequal (75% — Training Set and 25% — Test Set) groups. We used the larger group
(Training Set) to rebuild the same model, which was then tested on the second group (Test
Set).
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Results

Demographic and clinical characteristics of the patients are presented in Table 1. SNPs associa-
tions with Ps are presented in Table 2.

As expected, the strongest association with Ps was found for SNPs in HLA-C locus:
rs4406273 (OR = 3.98, P = 4.6 x 10>°) and rs10484554 (OR = 2.80, P = 5 x 10~>°). These asso-
ciations were stronger in T1Ps than in T2Ps (OR = 4.70, P=3.3x 10>’ vs. OR = 1.94, P = 1.6 x
10~ for rs4406273 and OR = 3.19, P= 2.1 x 10’ vs. OR 1.67, P = 2.3 x 10~ for rs10484554).
Several genotyped SNPs showed nominal association with Ps but only few SNPs remained sig-
nificant after the Bonferroni correction: rs702873 (REL), rs3212227 (IL12B), rs1264569
(TRIM39/RPP21), rs879882 (POU5F1), rs13437088 (MICA). Most of these SNPs (except
rs702873) showed an association with T1Ps (S3 Table). The only SNP to be significantly associ-
ated with T2Ps after the Bonferroni correction was rs13437088 (HLA-C SNPs showed only
nominal association, S3 Table). The rs4406273 and rs10484554 were strongly associated with
both PsC (OR = 4.09, P = 8.5x 10™%°, and OR = 2.84, P = 8.5 x 107*°) and PsA (OR = 3.79,
P=24x10""% and OR = 2.69, P = 1.4 x 107*3). After the Bonferroni correction the rs702873,
rs10865331, rs3212227, rs6887695, rs1264569, rs879882, rs13437088 showed an association
with PsC, while rs1264569 - with PsA (S4 Table).

The ROC curves for prediction of psoriasis with the use of GRSs are presented in Fig 1. The
AUCs for GRS-ALL, GRS-0.1 and GRS-N were similar (0.782, 0.779 and 0.776, respectively)
and the differences between them were insignificant. On the other hand, the AUC for GRS-N
was significantly larger than AUC for GRS-B (0.776 vs. 0.750, P =1 x 10~*) and AUC for
GRS-HLA (0.776 vs. 0.694, P<1x10™°).

To assess the discriminative power attributable to the HLA-C and non-HLA-C SNPs we
compared the AUCs for GRS-N(+)HLA(-) and GRS-HLA (Fig 2), which were similar (0.694
vs. 0.698, P = 0.87) and significantly lower than AUC for GRS-N (P<1 x 107°).

To assess the total risk conferred by the GRS-N, we calculated the ORs according to GRS-N
quartile, using the first quartile as the reference group (Table 3). The Ps OR for top vs. bottom
GRS-N quartiles was 12.29 (P<1 x 10~°). Interestingly, there were as many as 317 patients
(67.2%) in the highest quartile category. In GRS logistic regression model we found that 16
SNPs forming GRS-N totally covered 19.63% phenotypic variation.

We used logistic regression to assess the relationship between Ps sub-phenotypes and
GRS-N (Table 4). GRS-N correlated negatively with age of onset and positively with family his-
tory of Ps.

We performed an internal validation of the GRS-N. The model showed a similar discrimi-
natory ability (AUC) in Training vs. Test Sets (0.774 vs. 0.782, P = 0.805). The predictive per-
formance of the GRS-N in both groups was assessed in terms of sensitivity, specificity, positive

Table 1. Demographic and clinical characteristics of the patients.

Value
Sex, male/female 259/221
Disease onset, mean (SD), years 26.27 (16.32)
Nail psoriasis 251 (52.29%)
Psoriatic arthritis 162 (33.75%)
PASI, mean (SD) 16.65 (11.59)
Family history of psoriasis 208 (43.33%)

PASI- Psoriasis Area and Severity Index

https://doi.org/10.1371/journal.pone.0179348.t001
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Table 2. SNPs associations with psoriasis.

SNP
rs7552167
rs7530511
rs11209026
rs2476601
rs4112788
rs6701216
rs702873
rs10865331
rs17716942
rs30187
rs20541
rs1024995
rs3212227
rs6887695
rs2431697
rs6908425
rs1150735
rs1264569
rs879882
rs4406273
rs10484554
rs13437088
rs240993
rs610604
rs7007032
rs12580100
rs3751385
rs7993214
rs8016947
rs4780355
rs12445568
rs4795067
rs744166
rs12720356
rs892085
rs9304742
rs1008953
rs2235617

Chromosomal localization Gene Risk allele RAF ¢y RAF ases OR (95% CI) P
1p36.11 IL28RA G 0.833 0.871 1.36 (1.05-1.75) 0.017
1p31.3 IL23R C 0.851 0.866 1.13(0.87-1-46) 0.37
1p31.3 IL23R G 0.960 0.979 1.98 (1.14-3.44) 0.013
1p13.2 PTPN22 G 0.859 0.869 1.10 (0.85—1.44) 0.46
1921.3 LCE3C-LCE3B C 0.627 0.667 1.19 (0.99-1.44) 0.07
1921.3 LCE1IC T 0.147 0.168 1.18 (0.92-1.51) 0.20
2p13-p12 REL G 0.557 0.642 1.42 (1.18-1.71) 25x10™*
2p15 B3GNT2 A 0.400 0.467 1.32 (1.10-1.60) 25x1072
2924 IFIH1 T 0.893 0.898 1.07 (0.79-1.43) 0.68
5q15 ERAP1 T 0.313 0.344 1.15(0.95-1.40) 0.14
5q931.1 IL13 C 0.739 0.782 1.27 (1.02—1.56) 0.026
5q33.1 TNIP1 C 0.137 0.166 1.26 (0.98-1.62) 0.07
5033.3 IL12B A 0.774 0.853 1.69 (1.34-2.14) 1.2x107°
5033.3 IL12B G 0.697 0.760 1.38 (1.12-1.69) 2.1x1073
5033.3 PTTG1 C 0.396 0.430 1.15 (0.96-1.38) 0.13
6p22.3 CDKAL1 C 0.775 0.811 1.24 (0.99-1.55) 0.051
6p21.3 RNF39 T 0.344 0.367 1.10(0.91-1.33) 0.31
6p21.3 TRIM39/RPP21 A 0.794 0.871 1.75 (1.37-2.24) 1.1x107°
6p21.31 POU5F1 o} 0.615 0.723 1.63 (1.35-1.98) 3.4x1077
6p21.33 HLA-C A 0.112 0.335 3.98 (3.13-5.06) 4.6x1073
6p21.33 HLA-C T 0.222 0.444 2.80 (2.29-3.41) 5x1072°
6p21.33 MICA T 0.303 0.404 1.57 (1.30-1.90) 3.3x10°°
6921 TRAF3IP2 T 0.296 0.319 1.11 (0.92-1.35) 0.28
6p23.3 TNFAIP3 C 0.305 0.325 1.09 (0.90-1.33) 0.37
8p23.2 CSMD1 T 0.690 0.691 1.00 (0.82-1.22) 0.99
12913 RPS26 A 0.839 0.856 1.14 (0.89-1.46) 0.31
13q11-q12 GJB2 C 0.833 0.843 1.07 (0.84-1.37) 0.57
13913.3 COoG6 C 0.622 0.628 1.03 (0.85-1.24) 0.79
14913 NFKBIA G 0.531 0.591 1.27 (1.06-1.53) 7.5x1073
16p13.13 S0OCS1 T 0.668 0.680 1.06 (0.87-1.28) 0.58
16p11.2 FBXL19 C 0.406 0.427 1.09 (0.91-1.31) 0.35
17g11.2 NOS2 G 0.347 0.392 1.21 (1.01-1.46) 0.049
17921.31 STAT3 C 0.370 0.371 1.00 (0.83-1.21) 0.97
19p13.2 TYK2 T 0.929 0.951 1.49(1.01-2.18) 0.042
19p13.2 IL3/CARM1 T 0.602 0.634 1.15(0.95-1.38) 0.15
19q13.41 ZNF816 C 0.320 0.339 1.09 (0.90-1.32) 0.36
20q12 SDC4 G 0.745 0.798 1.35 (1.09-1.68) 5.9x107
20913.13 RNF114 G 0.522 0.568 1.20 (1.00-1.44) 0.045

CI- confidence interval; OR- odds ratio; RAF- risk allele frequency; P values <0.05 are in bold

https://doi.org/10.1371/journal.pone.0179348.t1002

predictive value, negative predictive value and accuracy). The accuracy of the model in Train-
ing and Test Sets was similar (71.6% vs. 73.3%).

Discussion

Psoriasis is a chronic inflammatory disease with a complex pathogenesis involving both
genetic and environmental factors. Previous studies on multiply affected families have found
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Fig 1. Comparison of ROC curves for prediction of psoriasis with the use of different genetic risk
scores (GRS). GRS-ALL- GRS combining all 38 SNPs; GRS-0.1- GRS combining 19 SNPs associated/with
a trend toward association with psoriasis; GRS-N- GRS combining 16 SNPs at least nominally associated
with psoriasis in our cohort; GRS-B- GRS combining 6 SNPs which remained significantly associated with
psoriasis after Bonferroni correction; GRS-HLA- GRS including only rs4406273 (a proxy for HLA-Cw*060).
AUC- area under the curve.

https://doi.org/10.1371/journal.pone.0179348.g001

several susceptibility loci for Ps [47]. The most strongly associated locus is on chromosome
6p21 within the MHC region (PSORS1) [48]. Family-based association studies have confirmed
that HLA-C is directly involved in psoriatic susceptibility [49,50]. The HLA-Cw* 0602 allele has
been reported as a risk allele in numerous populations and is claimed to be associated with ear-
lier disease onset, more severe disease course, and a higher prevalence of the guttate phenotype
[12,13]. On the other hand, PsA and nail Ps have been reported to be more common in HLA-
Cw*0602-negative patients [12]. We analyzed 2 SNPs in HLA-C locus: rs4406273 (almost per-
fect proxy for HLA-Cw*0602) and rs10484554. In our cohort the SNPs most strongly associ-
ated with Ps were rs4406273 and rs10484554 (OR = 3.98, P=4.6x 107>’ and OR = 2.80, P=5
x 107%°). As expected, the association was stronger in T1Ps than T2Ps and in PsC than PsA.
We confirmed an association between Ps and rs702873 (REL), rs3212227 (IL12B),
rs1264569 (TRIM39/RPP21), rs879882 (POUS5F1I), rs13437088 (MICA) in a Polish population.
Further 10 SNPs showed a nominal association with Ps but became insignificant after the Bon-
ferroni correction. We failed to find any association between Ps and the remaining 21 SNPs;
however, at least in some cases, it may be due to the limited power of our study (S1 Table).
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To assess the discriminatory ability of different GRSs we performed the ROC curves analy-
sis. The comparison of AUCs for different GRSs showed that the predictive power increased
gradually from GRS-HLA, through GRS-B to GRS-N (AUC = 0.694, 0.750 and 0.776,
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= GRS-N: AUC=0,776 (0,774-0,805)
-~ GRS-HLA: AUC=0694 (0,661-0,728)
~— GRS-N(+)HLA(-): AUC=0,698 (0,665-0,731)
-~ reference line
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Fig 2. Comparison of ROC curves for prediction of psoriasis with the use of different genetic risk scores: GRS-N, GRS-HLA and GRS-N(+)HLA(-).
GRS-N- GRS combining 16 SNPs at least nominally associated with psoriasis; GRS-HLA- GRS including only rs4406273 (a proxy for HLA-Cw* 0602);
GRS-N(+)HLA(-) (GRS-N without rs4406273). AUC- area under the curve.

https://doi.org/10.1371/journal.pone.0179348.9002
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Table 3. The risk of psoriasis in GRS-N quartiles relative to the first quartile.

GRS-N Number of cases % of cases Number of controls OR (95% Cl) P
< 3.10 (bottom Q) 26 5.5 123
3.10-3.43 39 8.3 122 1.51 (0.87-2.64) 0.14
3.43-3.76 90 19.1 122 3.49 (2.11-5.77) <1x107®
>3.76 (top Q) 317 67.2 123 12.29 (7.67-19.70) <1x107®

95% ClI- 95% confidence interval; OR- odds ratio; Q- quartile

https://doi.org/10.1371/journal.pone.0179348.t1003

respectively). However, adding further SNPs (GRS-0.1 and GRS-ALL) did not improve signifi-
cantly the discriminatory ability (AUC = 0.779 and 0.782, respectively).

GRS-N correlated negatively with age of onset and positively with family history of psoria-
sis. When we analyzed patients with T1Ps (mean age of onset 20.39 years) and those with T2Ps
(mean age of onset 53.6 years) separately, we observed a significantly higher discriminatory
ability of GRS-N in T1Ps (0.792 vs. 0.696). The ORs for top vs. bottom GRS-N quartiles were
16.06 (95% CI: 9.27-27.83, P=4x 10>%) in T1Ps and 4.56 (95% CI: 2.12-9.77, P=3.5x107)
in T2Ps patients. Similarly, the AUC for GRS-N was higher in patients with positive than in
those with negative family history of Ps (0.814 vs. 0.747). Our results are supported by both
previous studies analyzing the relationship between the GRS and Ps sub-phenotypes [23,24],
which also demonstrated the association with age of onset and family history of Ps. Thus, these
2 factors (i.e. age of onset and family history) should be taken into account when comparing
the predictive performance of different GRSs.

Few previous studies have reported good discriminatory ability of GRSs in Ps [23-25]. The
similarities and differences between previous studies and our study are detailed in S6 Table.

Yin et al. described a GRS (further named GRS-Yin) combining 14 SNPs in a Han Chinese
population [24]. Apart from the ethnicity, the study by Yin et al. differed from our study in
terms of age of onset (21.31 years vs. 26.27 years) and proportion of patients with positive fam-
ily history of Ps (31.34% vs. 43.3%). These differences make the direct comparison of the pres-
ent study and that by Yin et al. questionable. The AUC for the GRS-Yin as well as OR for top
vs. bottom GRS quartiles were markedly higher than in our study (0.8583 vs. 0.776 and 28.2 vs.
12.29, respectively). The SNPs forming GRS-Yin were found to cover 11.6% of phenotypic var-
iation. It should be emphasized that the association between Ps and HLA-C was extremely
strong in the study by Yin et al. (OR = 21.96 vs. 3.98 in our study) and most of the discrimina-
tive power of the GRS-Yin was attributable to HLA-C (AUC for HLA, non-HLA SNPs and
HLA + non-HLA SNPs was 0.8343, 0.6029 and 0.8583, respectively), while in our study AUC
for GRS-HLA was comparable to GRS-N(+)HLA(-) (0.694 vs. 0.698) and significantly lower
than GRS-N (0.776). In other words, in our cohort adding 15 SNPs to HLA-C markedly
increased the discriminatory ability, while in the Chinese cohort this gain was very modest.

Table 4. Association of GRS-N with psoriasis sub-phenotypes.

Reference sub-phenotype Test sub-phenotype OR (95% Cl) P
Nail psoriasis No Yes 0.92 0.611
Psoriatic arthritis No Yes 0.73 0.089
Age of onset <40 yrs of age >40 yrs of age 0.56 0.014
Family history No Yes 1.83 0.006

95% Cl- 95% confidence interval; OR- odds ratio

https://doi.org/10.1371/journal.pone.0179348.t1004
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Thus, a better performance of the GRS-Yin was attributable to markedly larger effect size of
the association between HLA-C and Ps. This may be simply due to different ethnicity but the
difference in age of onset between the present study and that by Yin et al. should also be taken
into account.

In a work published by Stawczyk-Macieja et al. conducted in a population of 294 individu-
als from Northern Poland (148 patients and 146 controls), a GRS (further named GRS-Stawc-
zyk-Macieja) based on 5 markers showed a slightly higher discriminatory ability for Ps than
our GRS-N did (AUC = 0.789 vs. 0.776, respectively) [25]. However, it should be emphasized
that the association of HLA-C with Ps was significantly stronger in the study by Stawczyk-
Macieja et al. than in our study (OR = 7.42 vs. OR = 3.98). Thus, this high predictive perfor-
mance of GRS-Stawczyk-Macieja might be explained by the high discriminative power of
HLA-C. We may speculate that larger effect size observed for HLA-C in the study by Stawczyk-
Macieja as compared to our study may be due to a different age of onset. Two previous small-
sample-size studies performed in a Polish population showed a strong association of HLA-C
with juvenile Ps (OR = 18.73) and lack of association with late-onset Ps [51,52]. Unfortunately,
the information on age of onset, as well as a proportion of patients with positive family history
of Ps, is not provided in the study by Stawczyk-Macieja, making a reliable comparison with the
present study impossible.

Chen et al. described a GRS (further named GRS-Chen) combining 10 SNPs in a popula-
tion of European ancestry [23]. That study shared some similarities with the present study, i.e.
ethnicity (European) and similar age of onset (24.6 years vs. 26.27 years). However, the pro-
portion of patients with positive family history of Ps was markedly lower in the present study
as compared to that by Chen et al. (43.3% vs. 76.7%). Importantly, 8 out of 10 SNPs forming
the GRS-Chen are included in our GRS (rs3212227 and rs2235617 are perfect proxies for
rs3213094 and rs6125829, respectively). Chen et al. found that the AUC for HLA-C was slightly
higher than AUC for the GRS without HLA-C (0.662 vs. 0.638) and significantly lower than
AUC for the GRS with HLA-C (0.720). The OR for top vs. bottom GRS-Chen quartiles was
10.55 (Pyrena = 2,15 x 107*'). The SNPs forming GRS-Chen were found to cover 11.6% of phe-
notypic variation. The predictive accuracy of GRS-Chen and the OR for top vs. bottom quar-
tiles are markedly lower than these of GRS-N (0.720 vs. 0.776 and 10.55 vs. 12.29, respectively).
It may be speculated that worse performance of GRS-Chen is due to lower discriminative
power of HLA-C (0.662 vs. 0.694 in our study). This might be partly explained by the fact
that Chen et al. used a different tag SNP for HLA-C (i.e. rs10484554, OR = 3.07). We used
rs4406273 as a HLA-C tag SNP (OR = 3.98). To assess this possibility, we rebuilt GRS-N with
the substitution of rs4406273 by rs10484554 — GRS-N(subst.). The AUC for GRS-N(subst.)
was lower as compared to GRS-N (0.741 vs. 0.776) but still slightly higher than AUC for
GRS-Chen (0.741 vs. 0.720). On the other hand, we should take into account the fact that the
age of onset in the present study was higher and the proportion of patients with positive family
history of Ps lower as compared to those presented by Chen et al. Adjustment for these param-
eters would certainly increase the difference in the discriminatory ability in favor of our GRS.

It should be emphasized that in all previous studies mentioned above the discriminatory
ability of the GRS was determined mainly by HLA-C (AUC for HLA-C was significantly higher
than AUC for the non-HLA-C SNPs). In contrast, in our study the discriminative power of the
GRS-N(+)HLA(-) and GRS-HLA were similar, which suggests that the non-HLA-C SNPs
from our study had larger influence on the discriminatory ability of the GRS than non-HLA-C
SNP from previous studies.

The observation of markedly better discriminatory ability of the GRS based on the poly-
morphisms previously described in Ps in T1Ps patients than in T2Ps patients seems to be
important for future analyses. This may be simply explained by a stronger genetic basis in
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T1Ps than in T2Ps. However, it may be also due to the fact that T1Ps is much more common
than T2Ps. Thus, we can speculate that T2Ps patients were under-represented in Ps cohorts
used in GWAS studies. If that is the case, a GWAS focusing on T2Ps patients might reveal the
associations with novel loci.

Several limitations to this study need to be acknowledged. First, we did not include all
known psoriasis loci in the analysis. Second, our study had a limited power to detect the associ-
ations with several SNPs, especially with low MAF (S1 Table). Thus, we used the combined
weighted GRS as the major genetic variable examined to overcome the problem of low power
resulting from the inclusion of rare variants in the analysis. Third, our study was prone to
overfitting (similarly to studies by Chen et al. and by Stawczyk-Macieja et al. [23,25]). How-
ever, it should be emphasized that all SNPs included in our top GRS (GRS-N) had a well-
documented (meta-analysis or large-cohort studies) association with Ps/PsA in Caucasian
populations, which reduces the risk of overfitting of the cumulative model due to potential
false-positive findings in our single dataset. Additionally, we performed an internal validation,
which showed a similar discriminatory ability of the model in Training and Test Sets. How-
ever, further validation on independent cohorts is needed to confirm our findings.

In summary, we confirmed an association of Ps with several previously identified genetic
risk factors in a Polish population. We also found that a GRS combining 16 SNPs at least nom-
inally associated with Ps in our population (GRS-N) had a significantly better discriminatory
ability than HLA-C or GRS combining SNPs associated with Ps after the Bonferroni correction
(GRS-B). In contrast, adding additional SNPs to the GRS did not increase the discriminative
power significantly. The total risk conferred by the GRS-N seems to be higher than the risk
conferred by another GRS described in a Caucasian population [23] and the 16 SNPs forming
GRS-N covered almost 20% of phenotypic variation. We demonstrated that GRS-N was associ-
ated with age of onset and family history of Ps.

Supporting information

S1 Table. SNPs selected for analysis. When OR for combined analysis was not provided in
the reference, an OR for discovery sample is given. In case of SNPs not fulfilling selection cri-
teria the reason for inclusion in the study is given in “Remarks”. OR™"- 0dds ratio in previous
studies; ORP™- odds ratio in the present study; P*- P value in previous studies; RAF™L risk allele
frequency in the controls in previous studies; RAFP"- risk allele frequency in the controls in the
present study; *Statistical power of our study to detect the association with an alpha of 0.05 (based
on risk allele frequency in our control group and OR from the reference study); ORP- odds ratio
for discovery sample; “OR for psoriatic arthritis; *based on OR in German population.

(DOCX)

$2 Table. SNPs forming particular genetic risk scores.
(DOCX)

S3 Table. SNPs associations with psoriasis, type I psoriasis and type II psoriasis. CI- confi-
dence interval; OR- odds ratio; RAF- risk allele frequency.
(DOCX)

$4 Table. SNPs associations with PsC and PsA. CI- confidence interval; OR- odds ratio;
PsC- purely cutaneous psoriasis; PsA- psoriatic arthritis; RAF- risk allele frequency.
(DOCX)

S5 Table. Predictive performance of GRS-N. PV: predictive value.
(DOCX)
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S6 Table. Comparison of previous studies reporting GRSs in Ps with the present study.
'rs1265181 is in complete LD (r* = 1.0) with rs4406273 in Han Chinese population. *rs4406273
can be used as a substitute for genotyping of HLA-C*06:02 in people of European, Pakistani,
Thai, Chinese, or Japanese ancestry; LD was very strong between rs4406273 and HLA-C*06:02
in four populations of European descent from the United States, Finland, Great Britain, and
Italy (r* = 0.984), and in three Asian populations from Japan and China (r* = 1.000) [43].
(DOCX)

Author Contributions
Conceptualization: BK KK RP AK.
Data curation: BK KK.

Formal analysis: BK KK KS GP MS AB.
Funding acquisition: BK KK AK.
Investigation: BK KK KS WM EBW SU AF RIN MK HK GP.
Methodology: BK KK GP WT RP AK.
Project administration: BK KK AK.
Resources: GP MK RP AK.

Validation: BK KS GP AK.

Writing - original draft: BK KK.

Writing - review & editing: BK KK KS WM EBW SU AF RIN MK HK GP MS AB WT RP
AK.

References

1. Lebwohl M. Psoriasis. Lancet. 2003; 361: 1197—1204. https://doi.org/10.1016/S0140-6736(03)12954-6
PMID: 12686053

2. Henseler T, Christophers E. Psoriasis of early and late onset: characterization of two types of psoriasis.
J Am Acad Dermatol. 1985; 13: 450—-456. PMID: 4056119

3. Bowcock AM. The genetics of psoriasis and autoimmunity. Annu Rev Genomics Hum Genet. 2005; 6:
93-122. https://doi.org/10.1146/annurev.genom.6.080604.162324 PMID: 16124855

4. Gladman DD, Antoni C, Mease P, Clegg DO, Nash P. Psoriatic arthritis: epidemiology, clinical features,
course, and outcome. Ann Rheum Dis. 2005; 64(Suppl 2): ii14—ii17.

5. Reich K. Approach to managing patients with nail psoriasis. J Eur Acad Dermatol Venereol. 2009; 23
(Suppl 1): 15-21. https://doi.org/10.1111/].1468-3083.2009.03364.x PMID: 19686381

6. Chandran V, Raychaudhuri SP. Geoepidemiology and environmental factors of psoriasis and psoriatic
arthritis. J Autoimmun. 2010; 34: J314-J321. https://doi.org/10.1016/j.jaut.2009.12.001 PMID:
20034760

7. Farber EM, Nall ML. The natural history of psoriasis in 5,600 patients. Dermatologica. 1974; 148: 1-18.
PMID: 4831963

8. Bowcock AM, Krueger JG. Getting under the skin: the immunogenetics of psoriasis. Nat Rev Immunol.
2005; 5:699-711. https://doi.org/10.1038/nri1689 PMID: 16138103

9. Trembath RC, Clough RL, Rosbotham JL, Jones AB, Camp RD, Frodsham A, et al. Identification of a
major susceptibility locus on chromosome 6p and evidence for further disease loci revealed by a two
stage genome-wide search in psoriasis. Hum Mol Genet. 1997; 6: 813-820. PMID: 9158158

10. Boehncke WH, Schén MP. Psoriasis. Lancet. 2015; 386: 983-994. https://doi.org/10.1016/S0140-
6736(14)61909-7 PMID: 26025581

PLOS ONE | https://doi.org/10.1371/journal.pone.0179348 June 15, 2017 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0179348.s006
https://doi.org/10.1016/S0140-6736(03)12954-6
http://www.ncbi.nlm.nih.gov/pubmed/12686053
http://www.ncbi.nlm.nih.gov/pubmed/4056119
https://doi.org/10.1146/annurev.genom.6.080604.162324
http://www.ncbi.nlm.nih.gov/pubmed/16124855
https://doi.org/10.1111/j.1468-3083.2009.03364.x
http://www.ncbi.nlm.nih.gov/pubmed/19686381
https://doi.org/10.1016/j.jaut.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20034760
http://www.ncbi.nlm.nih.gov/pubmed/4831963
https://doi.org/10.1038/nri1689
http://www.ncbi.nlm.nih.gov/pubmed/16138103
http://www.ncbi.nlm.nih.gov/pubmed/9158158
https://doi.org/10.1016/S0140-6736(14)61909-7
https://doi.org/10.1016/S0140-6736(14)61909-7
http://www.ncbi.nlm.nih.gov/pubmed/26025581
https://doi.org/10.1371/journal.pone.0179348

@° PLOS | ONE

Genetics of psoriasis in a Polish population

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Chandran V, Schentag CT, Brockbank JE, Pellett FJ, Shanmugarajah S, Toloza SM, et al. Familial
aggregation of psoriatic arthritis. Ann Rheum Dis. 2009; 68: 664—667. https://doi.org/10.1136/ard.2008.
089367 PMID: 18524791

Gudjonsson JE, Karason A, Runarsdottir EH, Antonsdottir AA, Hauksson VB, Jonsson HH, et al. Dis-
tinct clinical differences between HLA-Cw*0602 positive and negative psoriasis patients—an analysis
of 1019 HLA-C- and HLA-B-typed patients. J Invest Dermatol. 2006; 126: 740—-745. https://doi.org/10.
1038/s.jid.5700118 PMID: 16439971

Mallon E, Bunce M, Savoie H, Rowe A, Newson R, Gotch F, et al. HLA-C and guttate psoriasis. Br J
Dermatol. 2000; 143: 1177-1182. PMID: 11122018

Moll JM, Wright V. Familial occurrence of PsA. Ann Rheum Dis. 1973; 32: 181-201. PMID: 4715537

Wray NR. Goddard ME, Visscher PM. Prediction of individual genetic risk to disease from genome-wide
association studies. Genome Res. 2007; 17: 1520—-1528. https://doi.org/10.1101/gr.6665407 PMID:
17785532

Dudbridge F. Power and Predictive Accuracy of Polygenic Risk Scores. PLoS Genet. 2013; 9:
€1003348. https://doi.org/10.1371/journal.pgen.1003348 PMID: 23555274

Meigs JB, Shrader P, Sullivan LM, McAteer JB, Fox CS, Dupuis J, et al. Genotype score in addition to
common risk factors for prediction of type 2 diabetes. N Engl J Med. 2008; 359: 2208—2219. https://doi.
org/10.1056/NEJM0a0804742 PMID: 19020323

Weedon MN, McCarthy MI, Hitman G, Walker M, Groves CJ, Zeggini E, et al. Combining information
from common type 2 diabetes risk polymorphisms improves disease prediction. PLoS Med. 2006; 3:
€374. https://doi.org/10.1371/journal.pmed.0030374 PMID: 17020404

Karlson EW, Chibnik LB, Kraft P, Cui J, Keenan BT, Ding B, et al. Cumulative association of 22 genetic
variants with seropositive rheumatoid arthritis risk. Ann Rheum Dis. 2010; 69: 1077-1085. https://doi.
org/10.1136/ard.2009.120170 PMID: 20233754

De Jager PL, Chibnik LB, Cui J, Reischl J, Lehr S, Simon KC, et al. Integration of genetic risk factors
into a clinical algorithm for multiple sclerosis susceptibility: a weighted genetic risk score. Lancet Neurol.
2009; 8: 1111-1119. hitps://doi.org/10.1016/S1474-4422(09)70275-3 PMID: 19879194

Malik R, Bevan S, Nalls MA, Holliday EG, Devan WJ, Cheng YC, et al. Multilocus genetic risk score
associates with ischemic stroke in case-control and prospective cohort studies. Stroke. 2014; 45: 394—
402. https://doi.org/10.1161/STROKEAHA.113.002938 PMID: 24436234

Joseph PG, Pare G, Asma S, Engert JC, Yusuf S, Anand SS; INTERHEART Investigators. Impact of a
Genetic Risk Score on Myocardial Infarction Risk Across Different Ethnic Populations. Can J Cardiol.
2016; 32: 1440-1446. https://doi.org/10.1016/j.cjca.2016.05.014 PMID: 27650930

Chen H, Poon A, Yeung C, Helms C, Pons J, Bowcock AM, et al. A genetic risk score combining ten
psoriasis risk loci improves disease prediction. PLoS One. 2011; 6: e19454. https://doi.org/10.1371/
journal.pone.0019454 PMID: 21559375

Yin X, Cheng H, Lin Y, Wineinger N, Zhou F, Sheng Y, et al. A Weighted Polygenic Risk Score Using 14
Known Susceptibility Variants to Estimate Risk and Age Onset of Psoriasis in Han Chinese. PLoS One.
2015; 10: e0125369. https://doi.org/10.1371/journal.pone.0125369 PMID: 25933357

Macieja-Stawczyk M, Rebata K, Szczerkowska-Dobosz A, Wysocka J, Cybulska L, Karpifska E, et al.
Evaluation of Psoriasis genetic Risk Based on Five Susceptibility Markers in a Population from Northern
Poland. PLoS One. 2016; 11: e0163185. https://doi.org/10.1371/journal.pone.0163185 PMID:
27658291

Fredriksson T, Pettersson U. Severe psoriasis—oral therapy with a new retinoid. Dermatologica. 1978;
157: 238—-244. PMID: 357213

Schmitt J, Wozel G. The psoriasis area and severity index is the adequate criterion to define severity in
chronic plaque-type psoriasis. Dermatology. 2005; 210: 194-9. https://doi.org/10.1159/000083509
PMID: 15785046

Tsoi LC, Spain SL, Knight J, Ellinghaus E, Stuart PE, Capon F, et al. Identification of 15 new psoriasis
susceptibility loci highlights the role of innate immunity. Nat Genet. 2012; 44: 1341-1348. https:/doi.
org/10.1038/ng.2467 PMID: 23143594

Cargill M, Schrodi SJ, Chang M, Garcia VE, Brandon R, Callis KP, et al. A large-scale genetic associa-
tion study confirms IL12B and leads to the identification of IL23R as psoriasis-risk genes. Am J Hum
Genet. 2007; 80: 273-290. https://doi.org/10.1086/511051 PMID: 17236132

Juneblad K, Johansson M, Rantapaa-Dahlqvist S, Alenius GM. Association between the PTPN22
+1858 C/T polymorphism and psoriatic arthritis. Arthritis Res Ther. 2011; 13: R45. https://doi.org/10.
1186/ar3284 PMID: 21410964

Riveira-Munoz E, He SM, Escaramis G, Stuart PE, Huffmeier U, Lee C, et al. Meta-analysis confirms
the LCE3C_LCES3B deletion as a risk factor for psoriasis in several ethnic groups and finds interaction

PLOS ONE | https://doi.org/10.1371/journal.pone.0179348 June 15, 2017 13/15


https://doi.org/10.1136/ard.2008.089367
https://doi.org/10.1136/ard.2008.089367
http://www.ncbi.nlm.nih.gov/pubmed/18524791
https://doi.org/10.1038/sj.jid.5700118
https://doi.org/10.1038/sj.jid.5700118
http://www.ncbi.nlm.nih.gov/pubmed/16439971
http://www.ncbi.nlm.nih.gov/pubmed/11122018
http://www.ncbi.nlm.nih.gov/pubmed/4715537
https://doi.org/10.1101/gr.6665407
http://www.ncbi.nlm.nih.gov/pubmed/17785532
https://doi.org/10.1371/journal.pgen.1003348
http://www.ncbi.nlm.nih.gov/pubmed/23555274
https://doi.org/10.1056/NEJMoa0804742
https://doi.org/10.1056/NEJMoa0804742
http://www.ncbi.nlm.nih.gov/pubmed/19020323
https://doi.org/10.1371/journal.pmed.0030374
http://www.ncbi.nlm.nih.gov/pubmed/17020404
https://doi.org/10.1136/ard.2009.120170
https://doi.org/10.1136/ard.2009.120170
http://www.ncbi.nlm.nih.gov/pubmed/20233754
https://doi.org/10.1016/S1474-4422(09)70275-3
http://www.ncbi.nlm.nih.gov/pubmed/19879194
https://doi.org/10.1161/STROKEAHA.113.002938
http://www.ncbi.nlm.nih.gov/pubmed/24436234
https://doi.org/10.1016/j.cjca.2016.05.014
http://www.ncbi.nlm.nih.gov/pubmed/27650930
https://doi.org/10.1371/journal.pone.0019454
https://doi.org/10.1371/journal.pone.0019454
http://www.ncbi.nlm.nih.gov/pubmed/21559375
https://doi.org/10.1371/journal.pone.0125369
http://www.ncbi.nlm.nih.gov/pubmed/25933357
https://doi.org/10.1371/journal.pone.0163185
http://www.ncbi.nlm.nih.gov/pubmed/27658291
http://www.ncbi.nlm.nih.gov/pubmed/357213
https://doi.org/10.1159/000083509
http://www.ncbi.nlm.nih.gov/pubmed/15785046
https://doi.org/10.1038/ng.2467
https://doi.org/10.1038/ng.2467
http://www.ncbi.nlm.nih.gov/pubmed/23143594
https://doi.org/10.1086/511051
http://www.ncbi.nlm.nih.gov/pubmed/17236132
https://doi.org/10.1186/ar3284
https://doi.org/10.1186/ar3284
http://www.ncbi.nlm.nih.gov/pubmed/21410964
https://doi.org/10.1371/journal.pone.0179348

@° PLOS | ONE

Genetics of psoriasis in a Polish population

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

with HLA-Cw6. J Invest Dermatol. 2011; 131: 1105—1109. https://doi.org/10.1038/jid.2010.350 PMID:
21107349

Liu 'Y, Helms C, Liao W, Zaba LC, Duan S, Gardner J, et al. A genome-wide association study of psoria-
sis and psoriatic arthritis identifies new disease loci. PLoS Genet. 2008; 4: e1000041. https://doi.org/
10.1371/journal.pgen.1000041 PMID: 18369459

Genetic Analysis of Psoriasis Consortium & the Wellcome Trust Case Control Consortium 2., Strange
A, Capon F, Spencer CC, Knight J, Weale ME, Allen MH, et al. A genome-wide association study identi-
fies new psoriasis susceptibility loci and an interaction between HLA-C and ERAP1. Nat Genet. 2010;
42:985-90. https://doi.org/10.1038/ng.694 PMID: 20953190

Nair RP, Duffin KC, Helms C, Ding J, Stuart PE, Goldgar D, et al. Genome-wide scan reveals associa-
tion of psoriasis with IL-23 and NF-kappaB pathways. Nat Genet. 2009; 41: 199-204. https://doi.org/
10.1038/ng.311 PMID: 19169254

Sun LD, Cheng H, Wang ZX, Zhang AP, Wang PG, Xu JH, et al. Association analyses identify six new
psoriasis susceptibility loci in the Chinese population. Nat Genet. 2010; 42: 1005-1009. https://doi.org/
10.1038/ng.690 PMID: 20953187

Quaranta M, Burden AD, Griffiths CE, Worthington J, Barker JN, Trembath RC, Capon F. Differential
contribution of CDKAL1 variants to psoriasis, Crohn’s disease and type |l diabetes. Genes Immun.
2009; 10: 654—658. hitps://doi.org/10.1038/gene.2009.51 PMID: 19587699

Rahman P, Roslin NM, Pellett FJ, Lemire M, Greenwood CM, Beyene J, et al. High resolution mapping
in the major histocompatibility complex region identifies multiple independent novel loci for psoriatic
arthritis. Ann Rheum Dis. 2011; 70: 690-694. https://doi.org/10.1136/ard.2010.133561 PMID:
21242233

Julia A, Tortosa R, Hernanz JM, Cafiete JD, Fonseca E, Ferrandiz C, et al. Risk variants for psoriasis
vulgaris in a large case-control collection and association with clinical subphenotypes. Hum Mol Genet.
2012; 21: 4549-4557. https://doi.org/10.1093/hmg/dds295 PMID: 22814393

Feng B-J, Sun L-D, Soltani-Arabshahi R, Bowcock AM, Nair RP, et al. Multiple Loci within the Major
Histocompatibility Complex Confer Risk of Psoriasis. PLoS Genet. 2009; 5: e1000606. https://doi.org/
10.1371/journal.pgen.1000606 PMID: 19680446

Ellinghaus D, Ellinghaus E, Nair RP, Stuart PE, Esko T, Metspalu A, et al. Combined analysis of
genome-wide association studies for Crohn disease and psoriasis identifies seven shared susceptibility
loci. Am J Hum Genet. 2012; 90: 636—47. https://doi.org/10.1016/j.ajhg.2012.02.020 PMID: 22482804

Stuart PE, Nair RP, Ellinghaus E, Ding J, Tejasvi T, Gudjonsson JE, et al. Genome-wide association
analysis identifies three psoriasis susceptibility loci. Nat Genet. 2010; 42: 1000—4. https://doi.org/10.
1038/ng.693 PMID: 20953189

Cénit MC, Ortego-Centeno N, Raya E, Callejas JL, Garcia-Hernandez FJ, Castillo-Palma MJ, et al.
Influence of the STAT3 genetic variants in the susceptibility to psoriatic arthritis and Behcet's disease.
Hum Immunol. 2013; 74: 230-233. https://doi.org/10.1016/j.humimm.2012.10.019 PMID: 23127549

Stuart PE, Tejasvi T, Shaiq PA, Kullavanijaya P, Qamar R, Raja GK, et al. A single SNP surrogate for
genotyping HLA-C*06:02 in diverse populations. J Invest Dermatol. 2015; 135: 1177-1180. https://doi.
org/10.1038/jid.2014.517 PMID: 25493653

Evans DM, Spencer CC, Pointon JJ, Su Z, Harvey D, Kochan G, et al. Interaction between ERAP1 and
HLA-B27 in ankylosing spondylitis implicates peptide handling in the mechanism for HLA-B27 in dis-
ease susceptibility. Nat Genet. 2011 Jul 10; 43(8):761-7. https://doi.org/10.1038/ng.873 PMID:
21743469

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting DNA from human nucle-
ated cells. Nucleic Acids Research. 1988; 16: 1215. PMID: 3344216

Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al. PLINK: a tool set for whole
genome association and population-based linkage analyses. Am J Hum Genet. 2007; 81: 559-575.
https://doi.org/10.1086/519795 PMID: 17701901

Bowcock AM, Cookson WO. The genetics of psoriasis, psoriatic arthritis and atopic dermatitis. Hum Mol
Genet. 2004; 13(Spec No 1): R43-55. https://doi.org/10.1093/hmg/ddh094 PMID: 14996755

Russell TJ, Schultes LM, Kuban DJ. Histocompatibility (HL-A) antigens associated with psoriasis. N
Engl J Med. 1972; 287: 738-740. https://doi.org/10.1056/NEJM197210122871503 PMID: 5056734

Helms C, Saccone NL, Cao L, Daw JA, Cao K, Hsu TM, et al. Localization of PSORS1 to a haplotype
block harboring HLA-C and distinct from corneodesmosin and HCR. Hum Genet. 2005; 118: 466—-476.
https://doi.org/10.1007/s00439-005-0048-2 PMID: 16235096

Fan X, Yang S, Huang W, Wang ZM, Sun LD, Liang YH, et al. Fine mapping of the psoriasis susceptibil-
ity locus PSORS1 supports HLA-C as the susceptibility gene in the Han Chinese population. PLoS
Genet. 2008; 4: e1000038. https://doi.org/10.1371/journal.pgen.1000038 PMID: 18369457

PLOS ONE | https://doi.org/10.1371/journal.pone.0179348 June 15, 2017 14/15


https://doi.org/10.1038/jid.2010.350
http://www.ncbi.nlm.nih.gov/pubmed/21107349
https://doi.org/10.1371/journal.pgen.1000041
https://doi.org/10.1371/journal.pgen.1000041
http://www.ncbi.nlm.nih.gov/pubmed/18369459
https://doi.org/10.1038/ng.694
http://www.ncbi.nlm.nih.gov/pubmed/20953190
https://doi.org/10.1038/ng.311
https://doi.org/10.1038/ng.311
http://www.ncbi.nlm.nih.gov/pubmed/19169254
https://doi.org/10.1038/ng.690
https://doi.org/10.1038/ng.690
http://www.ncbi.nlm.nih.gov/pubmed/20953187
https://doi.org/10.1038/gene.2009.51
http://www.ncbi.nlm.nih.gov/pubmed/19587699
https://doi.org/10.1136/ard.2010.133561
http://www.ncbi.nlm.nih.gov/pubmed/21242233
https://doi.org/10.1093/hmg/dds295
http://www.ncbi.nlm.nih.gov/pubmed/22814393
https://doi.org/10.1371/journal.pgen.1000606
https://doi.org/10.1371/journal.pgen.1000606
http://www.ncbi.nlm.nih.gov/pubmed/19680446
https://doi.org/10.1016/j.ajhg.2012.02.020
http://www.ncbi.nlm.nih.gov/pubmed/22482804
https://doi.org/10.1038/ng.693
https://doi.org/10.1038/ng.693
http://www.ncbi.nlm.nih.gov/pubmed/20953189
https://doi.org/10.1016/j.humimm.2012.10.019
http://www.ncbi.nlm.nih.gov/pubmed/23127549
https://doi.org/10.1038/jid.2014.517
https://doi.org/10.1038/jid.2014.517
http://www.ncbi.nlm.nih.gov/pubmed/25493653
https://doi.org/10.1038/ng.873
http://www.ncbi.nlm.nih.gov/pubmed/21743469
http://www.ncbi.nlm.nih.gov/pubmed/3344216
https://doi.org/10.1086/519795
http://www.ncbi.nlm.nih.gov/pubmed/17701901
https://doi.org/10.1093/hmg/ddh094
http://www.ncbi.nlm.nih.gov/pubmed/14996755
https://doi.org/10.1056/NEJM197210122871503
http://www.ncbi.nlm.nih.gov/pubmed/5056734
https://doi.org/10.1007/s00439-005-0048-2
http://www.ncbi.nlm.nih.gov/pubmed/16235096
https://doi.org/10.1371/journal.pgen.1000038
http://www.ncbi.nlm.nih.gov/pubmed/18369457
https://doi.org/10.1371/journal.pone.0179348

@° PLOS | ONE

Genetics of psoriasis in a Polish population

51. tuszczek W, Kubicka W, Cislo M, Nockowski P, Manczak M, Woszczek G, et al. Strong association of
HLA-Cwé allele with juvenile psoriasis in Polish patients. Immunol Let. 2002; 85: 59-64.

52. Szczerkowska-Dobosz A, Niespodziana K, Rebata K, Garstecka J, Lange M, Baranska-Rybak W. Lack
of association of HLA-C alleles with late-onset psoriasis in the northern Polish population. J Appl Genet.
2007; 48:273-275. https://doi.org/10.1007/BF03195223 PMID: 17666781

PLOS ONE | https://doi.org/10.1371/journal.pone.0179348 June 15, 2017 15/15


https://doi.org/10.1007/BF03195223
http://www.ncbi.nlm.nih.gov/pubmed/17666781
https://doi.org/10.1371/journal.pone.0179348

