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Background: The prevalence of psoriasis differs by population, and it appears to be more
common among Europeans than in East Asians. Recent genome-wide association studies
(GWAS) have identified alleles that increase the risk of psoriasis, and these alleles may pres-
ent different frequencies in different geographic regions.

Objective: We aimed to gain insights into the causes of differences in disease frequencies ac-
cording to populations and the factors affecting prevalence and pattern differences.
Methods: We collected a total of 147 psoriasis-associated single-nucleotide polymorphisms
(SNPs) from the GWAS catalog and compared the allele frequency differences in 27 popula-
tions using public population frequency in the 1000 Genomes Project phase 3 (n=2,504) and
the Korean Reference Genome Database (n=1,722). Additionally, we calculated the compos-
ited genetic risk scores across the population groups.

Results: There were distinct patterns of allele frequencies in different population groups.
In many cases, East Asians exhibited allele frequencies opposite to that of Europeans. The
genetic risk score was higher in Europeans (average: 0.487) and Americans (average: 0.492)
than in East Asians (average: 0.471). The prevalence of psoriasis correlated with the average
genetic risk score of the population.

Conclusion: We observed a difference in the allele frequencies of psoriasis-associated SNPs
between the studied populations. This result suggests that the difference in the prevalence of
psoriasis between population groups can be interpreted to some extent by the genotype.
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INTRODUCTION

Psoriasis is a common chronic inflammatory skin disease as-
sociated with a variety of comorbidities, including arthritis,
obesity, metabolic syndrome, cardiovascular diseases, and
depression. It has no complete cure and can have a significant
negative impact on the patient’s quality of life. Psoriasis af-
fects people of all ages and ethnic groups, and the prevalence
of psoriasis varies widely depending on race, climate, and
geographic location. The reported prevalence of psoriasis in

various countries ranges from 0.09% to 11.43%, making pso-

riasis a serious global problem affecting at least 100 million
people worldwide'. Due to the disease burden of psoriasis, the
World Health Organization reported the public health impact
of psoriasis to provide policy-makers with practical solutions
to improve the health care of patients with psoriasis in their
populations'.

Psoriasis is caused by complex etiologies that are affected by
genetic predisposition as well as environmental influences. A
higher incidence of psoriasis has been reported in families of
psoriasis patients; in twin studies, identical twins showed 2 to

3 times higher susceptibility to psoriasis than dizygotic twins
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did*’. Classic genome-wide linkage analysis identified 9 chro-
mosomal loci, including psoriasis susceptibility (PSORS) 1~9".
The major genetic determinant is PSORSI, which is located
within the major histocompatibility complex in the short arm
of chromosome 6, containing HLA-C, CCHCR1, and CDSN".
Through recent multiple genome-wide association studies
(GWAYS) in people of European-Caucasian descent, the initial
finding of chromosomal susceptible loci was replicated and
various new associations have been identified””. However, the
population frequency of risk alleles associated with psoriasis
may show differences in each geographic region, which may
contribute to differences in the disease prevalence between
populations.

In order to gain insights into the relationship between ge-
netic causes and disease prevalence, we collected the single-
nucleotide polymorphisms (SNPs) associated with psoriasis
risk and compared the allele frequency differences in 27 popu-
lations using public population frequency databases®’. We also
calculated the composite genetic risk score for psoriasis at the
population level and tested the correlation between the average

composite risk score and psoriasis prevalence in the population.

MATERIALS AND METHODS

Population frequency comparison of psoriasis-related SNPs
We downloaded full association data (v1.0.2-associations_
€96_r2019-10-14) from the GWAS catalog (NHGRI-EBI
GWAS catalog, https://www.ebi.ac.uk/gwas/home), and 147
SNPs that were associated with at least one of the “psoriasis”
or “psoriasis vulgaris” related trait were included in this study
(Supplementary Table 1). We used 1000 Genomes Project
phase 3 (n=2,504) and Korean Reference Genome Database
(KRGDB) (n=1,722) to obtain the population-level allele fre-
quencies of the SNPs"”. The 1000 Genomes Project phase 3
surveyed genetic variations of people who declared themselves
to be healthy from 26 populations worldwide, which can be
grouped into African (n=661), American (n=347), East Asian
(n=504), European (n=503), and South Asian (n=489) based
on their geographic locations and ancestries. The 1000 Ge-
nomes Project phase 3 genotype data was downloaded from
ftp://ftp.1000genomes.ebi.ac.uk/voll/ftp/release/20130502/
(last accessed: January 2021). Since the Korean population was
excluded from East Asia in the 1000 Genomes Project, geno-

typing data for the Korean population was obtained through

KRGDB. The population frequency of KRGDB was download-
ed from the web-based database (http://coda.nih.go.kr/coda/
KRGDB/index.jsp, last accessed: January 2021). To compare
the distribution of individual risk allele count in the Korean
population, individual genotype results of the 2nd phase of
KRGDB (n=1,099) were distributed from the National Human
Resource Bank of Korea. KRGDB did not provide clinical in-

formation about psoriasis.

Calculation of genetic risk scores using SNPs related to
psoriasis
To compare the composite genetic risk score (GRS) of psoriasis,

we adopted the following equation suggested by Mao et al."’:

I .
i=1 X1

GRS =
21

where, “T” refers to the number of psoriasis risk SNPs and
“Xi” to the copies of risk alleles at the i SNP. In one extreme
case, if a person has two copies of risk alleles at each risk SNP,
then the person’s GRS will become “1”. On the other hand, if
a person has no copies of the risk alleles at each risk SNP, then
the person’s score will become “0”. If copies of effect alleles
(0/1/2) are randomly assigned to each SNP, the expected value
of the GRS will be “0.5”. SNPs with a frequency difference of
more than 10% between the total (n=1,722) and the 2nd phase
(n=1,099) of KRGDB were excluded from the GRS calculation.

Statistical analysis

The Fisher’s exact test was used to assess whether the effect
allele at a given SNP was significantly enriched or depleted
compared to the global population frequency in the 1000 Ge-
nome Project database. For generating heat maps to visualize
the allele enrichment/depletion patterns in different popu-
lations, Fisher testing p-values were adjusted, and then the
adjusted p-value (g-value) was log,, transformed. If the effect
allele of an SNP was enriched in a population, then the nega-
tive log,, of the enrichment g-value (a positive number) was
used to represent the SNP in association with that population
in a heat map. On the other hand, if the allele of an SNP was
depleted in a population, the value of log,, of the depletion g-
value (a negative number) was used to represent the SNP for
that population in the heat map. All statistical analyses and

visualization presented here were performed using R (v 3.6.0).
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Ethics statement
This study was approved by the Institutional Review Boards of
Inha University Hospital (IRB No. 2020-03-025).

RESULTS

Population frequency patterns of psoriasis-risk alleles

In total, 147 psoriasis-associated SNPs were obtained from
13 GWAS studies (Supplementary Table 1). Among these, 10
studies involved Europeans, 2 involved East Asians, and 1 in-
volved mixed populations. Clearly, most populations, except
Europeans, were understudied. However, there was no sig-
nificant difference (Kruskal-Wallis rank sum test, p=0.09) in
the SNP frequency among these populations (Supplementary
Fig. 1). The results showed that the psoriasis-associated SNPs
found in the European studies were also distributed in other
populations without significant differences. We then compared
the allele frequencies of the psoriasis-associated SNPs in each
of the 5 continental groups (Africa, America, East Asia, Eu-
rope, and South Asia) and Korea from public databases (Fig. 1,
Supplementary Table 2). There were distinct patterns of risk

allele frequencies depending on the population groups among

the psoriasis-associated SNPs. The hierarchical clustering tree
showed the differences among the populations: the European,
American, and South Asian populations belonged to one clus-
ter, the East Asian and Korean populations to another cluster,
and the African population to a different branch. In addition,
the heat map clearly showed that the majority pattern of the al-
lele frequency of East Asians in the 1000 Genomes Project was
very similar to that of Koreans. The above results confirm that
the population frequency of psoriasis-associated SNPs was sig-
nificantly different. The representatively frequent SNPs related
to psoriasis in Koreans are shown in Supplementary Table 3.
Fig. 2 presents the effect alleles of each East Asian country,
specifically Korea. In the 1000 genome project, East Asian
populations were divided into Chinese Dai in Xishuangbanna,
China (CDX); Han Chinese in Beijing, China (CHB); South-
ern Han Chinese in China (CHS); Kinh in Ho Chi Minh City,
Vietnam (KHV); and Japanese in Tokyo, Japan (JPT). Even
though East Asians and Koreans have similar allele frequency
patterns for psoriasis, there were some differences in the allele
frequency pattern for each detailed population (Supplementary
Table 4). The hierarchical clustering tree showed the differ-

ences among populations, and the populations most different

South Asia
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East Asia
Korea
Africa

Fig. 1. The heat map of risk alleles of 147 psoriasis-associated single-nucleotide polymorphisms (SNPs) in the population groups. Heat map
shows how significantly are the effect alleles enriched or depleted in each population. Each row represents SNPs, and each column shows
population groups. Red color indicates that the effect allele is enriched, whereas purple color indicates that the effect allele is depleted.
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Fig. 2. Heat map of risk alleles of 147 psoriasis-associated single-nucleotide polymorphisms in each East Asian population. Heat map
shows how significantly are the effect alleles enriched or depleted in each East Asian population, including Koreans. CDX: Chinese Dai
in Xishuangbanna, China, KHV: Kinh in Ho Chi Minh City, Vietnam, CHS: Southern Han Chinese in China, CHB: Han Chinese in Bei-
jing, China, JPT: Japanese in Tokyo, Japan, KOR: Korean.

34



Difference of Risk Allele Frequencies of Psoriasis

from Koreans were the CDX, CHS, and KHV that resided in
regions that were geographically more distant from Korea
than the other East Asian regions (Fig. 2).

Distribution of composite GRS

We calculated the GRS based on copies of effect alleles for pso-
riasis-associated SNPs (see MATERIALS AND METHODS
section). Although the majority of psoriasis-associated SNPs
were detected in the European population, we assumed that
these variants would also be associated with the pathogenesis
in non-European populations. This assumption was partially
validated in the analysis of multi-population comparison
studies for complex traits, and most associations of GWAS-
identifying variants were replicated in various populations' ",
The GRS was calculated for each person present in the
1000 Genomes Project (n=2,504) and 2nd phase of KRGDB
(n=1,099) using 82 SNPs that reported a risk allele base in the
original study (Fig. 3A). Although the CHS population scored
higher than some European and other populations, most Eu-

ropean and American GRS scores were higher than those of
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the East Asian population. The average GRS of each of the five
continental groups was 0.484 for Africa, 0.492 for America,
0.471 for East Asia, 0.487 for Europe, and 0.505 for South Asia.
This pattern correlates with the known prevalence of each

population (R=0.519) (Fig. 3B, Supplementary Table 5).

DISCUSSION

This study compared the allele frequency patterns of psoria-
sis-associated SNPs between different population groups to
provide more insights into the relationship between genetic
factors and differences in prevalence. The frequency of 147
psoriasis-risk SNPs showed distinct patterns of difference in
each population group, while geographically close regions
showed relatively similar patterns of allele frequencies.
Examples of SNPs that differ between populations include
rs1265181 of the HCG27 mapped in candidate interval, which
is the shortest haplotype segment identified in PSORS1". The
risk allele frequency was 18% in Europe and 4% to 5% in the

East Asian and Korean populations. The allele frequency in
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Fig. 3. Genetic risk score of psoriasis-associated single-nucleotide polymorphisms. (A) Distribution of composite GRS for psoriasis; (B)
correlation between psoriasis prevalence and average of composite GRS at population level. GRS: genetic risk score, ACB: African Ca-
ribbean in Barbados, ASW: African Ancestry in Southwest US, BEB: Bengali in Bangladesh, CDX: Chinese Dai in Xishuangbanna, CEU:
Utah residents with Northern and Western European ancestry, CHB: Han Chinese in Beijing, China, CHS: Southern Han Chinese in
China, CLM: Colombian in Medellin, Colombia, ESN: Esan in Nigeria, FIN: Finnish in Finland, GBR: British in England and Scotland,
GIH: Gujarati Indian in Houston, Texas, GWD: Gambian in Western Division, The Gambia, IBS: Iberian populations in Spain, ITU: In-
dian Telugu in the UK, JPT: Japanese in Tokyo, Japan, KOR: Korean in the Republic of Korea, KHV: Kinh in Ho Chi Minh City, Vietnam,
LWK: Luhya in Webuye, Kenya, MSL: Mende in Sierra Leone, MXL: Mexican Ancestry in Los Angeles, California, PEL: Peruvian in Lima,
Peru, PJL: Punjabi in Lahore, Pakistan, PUR: Puerto Rican in Puerto Rico, STU: Sri Lankan Tamil in the UK, TSI: Toscani in Italy, YRI: Yo-

ruba in Ibadan, Nigeria.
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Europeans was more than that in East Asians, including Ko-
reans. This gene is a well-known psoriasis-associated gene,
which can be interpreted as a causative factor associated with
a higher prevalence of psoriasis in Europeans. Another exam-
ple of rs2395029 mapped in HCP5 is the SNP with the highest
odds ratio among the psoriasis-related SNPs'"”. The odds ratio
of rs2395029 was 4.1, which was the highest among the SNPs
in this study (Supplementary Table 1). The allele frequencies of
rs2395029 of South Asian (9.3%) and European (4.4%) popula-
tions were higher than that of East Asian (1.2%) and Korean
(0.2%) populations.

Interestingly, The GRS of South Asians highest among all
populations, and Africans scored higher than the East Asians
did. There is a lack of studies about the prevalence of psoria-
sis in South Asian and African populations as compared to
the European, American, and East Asian populations, which
limits its interpretation. Although there are some groups of
populations that had patterns that did not fit the well-known
prevalence distribution, it can be inferred that this difference
in the prevalence between populations can be interpreted to
some extent by the genotype.

Most studies on psoriasis in GWAS involve the European
population. This report included 13 studies, of which 10 were
conducted on the European population. There were evidences
showing that variants identified as GWAS are multi-ethnically
reproducible. Carlson et al.”” reported that significant major-
ity of GWAS-identified variants about several traits in Eu-
ropean ancestry population have allelic associations in the
same direction in non- European ancestry. GWAS of type 2
diabetes in a range of ancestry groups also revealed that most
common-variant susceptibility loci are shared across ethnic
groups“. Also, Wojcik et al.”? validated the replication of 8,979
SNPs associated various traits from GWAS catalog and they
showed that 1,444 associations were replicated at the p<0.05
significance threshold. Although some genetic factors could
have different effects in each population, we hypothesized that
most SNPs identified in European populations also have simi-
lar effects on non-European populations.

Two studies were conducted on the East Asian population,
including 5 SNPs (rs1265181, 152233278, rs3213094, rs4085613,
and rs9394026). The majority of these SNPs were reported to
have a higher allele frequency in East Asians than in Ameri-
cans and Europeans. Furthermore, GRS calculated by these

5 SNPs did not replicate the positive correlations between
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disease prevalence and GRS (data not shown). This could
be attributed to the limited number of psoriasis-risk SNPs.
Therefore, further studies, including East Asian, African, and
South Asian populations outside of Europe, are expected to
provide results that are more accurate. The fact that the cal-
culated GRS was higher in South Asians than in Europeans,
even though the SNPs used were identified in the European
population, leads to the assumption that South Asians may
have a higher prevalence than what is known. South Asian
population-based studies are expected to identify more psori-
asis-related SNPs and genes.

This study had some limitations. First, 1722 individuals
belonged to the Korean reference genome, which was a large
number, assuming that the number of 26 populations belong-
ing to the 1000 genome project was about 100, ranging from
61 to 113. Therefore, the statistical significance for Koreans
may have been highly evaluated. Second, when calculating
GRS, we did not consider the effect size of the SNPs. This was
because some studies did not report effect sizes, and the same
SNPs reported different effect sizes across studies. If a sophis-
ticated model considering the effect size is applied, results that
are more accurate will be obtained.

Our study showed substantial population differentiation
in allele frequencies in psoriasis-related SNPs in different
populations. Furthermore, a correlation between GRS and the
prevalence of psoriasis was observed. We observed differences
in allele frequencies associated with SNPs related to psoriasis
between East Asian and other populations, suggesting that
this difference in the prevalence between populations can be

interpreted to some extent by the genotype.
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