-

-~
brought to you by ;i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Carolina Digital Repository

Research Paper

Common susceptibility variants are shared between
schizophrenia and psoriasis in the Han Chinese
population
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Background: Previous studies have shown that individuals with schizophrenia have a greater risk for psoriasis than a typical person. This
suggests that there might be a shared genetic etiology between the 2 conditions. We aimed to characterize the potential shared genetic
susceptibility between schizophrenia and psoriasis using genome-wide marker genotype data. Methods: We obtained genetic data on indi-
viduals with psoriasis, schizophrenia and control individuals. We applied a marker-based coheritability estimation procedure, polygenic
score analysis, a gene set enrichment test and a least absolute shrinkage and selection operator regression model to estimate the potential
shared genetic etiology between the 2 diseases. We validated the results in independent schizophrenia and psoriasis cohorts from Singapore.
Results: We included 1139 individuals with psoriasis, 744 with schizophrenia and 1678 controls in our analysis, and we validated the results
in independent cohorts, including 441 individuals with psoriasis (and 2420 controls) and 1630 with schizophrenia (and 1860 controls). We
estimated that a large fraction of schizophrenia and psoriasis risk could be attributed to common variants (h%, = 29% + 5.0%, p = 2.00 x 1078),
with a coheritability estimate between the traits of 21%. We identified 5 variants within the human leukocyte antigen (HLA) gene region,
which were most likely to be associated with both diseases and collectively conferred a significant risk effect (odds ratio of highest risk quartile =
6.03, p < 2.00 x 107'%). We discovered that variants contributing most to the shared heritable component between psoriasis and schizophrenia
were enriched in antigen processing and cell endoplasmic reticulum. Limitations: Our sample size was relatively small. The findings of 5 HLA
gene variants were complicated by the complex structure in the HLA region. Conclusion: We found evidence for a shared genetic etiology
between schizophrenia and psoriasis. The mechanism for this shared genetic basis likely involves immune and calcium signalling pathways.

Introduction

Schizophrenia and psoriasis are common complex disorders
with large immune components.'? Schizophrenia has been
shown to be associated with numerous autoimmune diseases,
and psoriasis is a common immune-mediated inflammatory
skin disease. Both result in a heavy societal and public health
burden. Schizophrenia and psoriasis both have an estab-

lished genetic component,** and are relatively common in the
Han Chinese population (approximate prevalence of 1% and
0.5%, respectively*?). Cases of clinical comorbidity involving
both schizophrenia and psoriasis have been reported.® Epi-
demiological studies of the Taiwan Chinese population have
shown that psoriasis develops in about 0.87% of patients with
schizophrenia, which is a higher proportion than in the gen-
eral population.”® In addition, a study involving individuals

Correspondence to: X. Zhang, Institute of Dermatology, Anhui Medical University, Hefei, Anhui Province, 230032; ayzxj@ vip.sina.com or
N.J. Schork, Human Biology, J. Craig Venter Institute, La Jolla, 92037, United States; nschork@jcvi.org

Submitted June 3, 2015; Revised Oct. 26, 2015; Revised Dec. 15, 2015; Accepted Dec. 21, 2015; Early-released Apr. 19, 2016

DOI: 10.1503/jpn. 150210

© 2016 Joule Inc. or its licensors

J Psychiatry Neurosci 2016;41(6)

413


https://core.ac.uk/display/304666437?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Yin et al.

in the Danish nationwide registry suggests that the incidence
of psoriasis is nearly twice as high in patients with schizo-
phrenia than the general population. Moreover, they found
that the incidence of autoimmune disorders in patients with
schizophrenia or individuals with a family history of schizo-
phrenia is increased. It is estimated that autoimmune diseases
develop in about 3.6% of individuals with schizophrenia and
that about 3.1% of people with autoimmune diseases have a
family history of schizophrenia.”!® In light of these findings, it
is quite likely that comorbidity of schizophrenia and psoriasis
arises as a result of a shared autoimmune dysfunction.">!!

Previous results from our genome-wide association studies
(GWAS) conducted independently in Han Chinese schizo-
phrenia and psoriasis cohorts suggested that a shared suscep-
tibility to these disorders may stem from genetic variants on
chromosome 6, as it was found to be associated with both dis-
orders. It is noteworthy that the human leukocyte antigen
(HLA) gene has been implicated in many immune disorders.>*
In addition, other researchers have identified variants in the
CSMD1 gene as a contributing factor to both diseases.'**
However, to our knowledge, no studies published to date
have comprehensively explored the potential common genetic
etiology of schizophrenia and psoriasis.

In order to avoid false-positive findings in GWAS, a strin-
gent significance threshold is usually applied. When sample
sizes are small, conventional GWAS of complex diseases may
overlook variants with small or moderate effects. Several
complementary approaches have been developed to improve
the characterization of the genetic basis of common disorders
and traits in GWAS settings (e.g., gene-based association tests,
gene-set analyses).!*!® In addition, it is now recognized that
many common disorders and traits have a polygenic basis
(i.e., many genes, each with a small effect, contribute to a
phenotype) that can be characterized through the use of
whole genome genotype data. In fact, the genetic architecture
for many common diseases and complex traits has been char-
acterized through polygenic methods.!'® Given that most
common disorders and traits have been shown to have a
polygenic basis, many researchers have explored the possi-
bility that many complex disorders and traits, including
schizophrenia and psoriasis, actually share genetic deter-
minants (i.e., are genetically correlated to some degree).’*2
This trend appears to be even more pronounced in diseases
of autoimmune origin.?” In this light, we tested our hypothesis
of a shared genetic basis of schizophrenia and psoriasis using
large cohorts previously studied in independent GWAS.

Methods
Study design, samples and quality control

We pursued our analyses in 3 stages. In stage 1, we used the
mixed linear model to explore the polygenic architecture of
schizophrenia and psoriasis in isolation and then combined the
data associated with each and reran the analysis. In stage 2 we
used 2 popular methods to quantify the possible genetic cor-
relation between schizophrenia and psoriasis: bivariate mixed
linear modelling, as implemented in the genome-wide complex

trait analysis (GCTA) software suite, and polygenic scoring
profile using standard methods. Finally, in stage 3 we used
standard single variant association tests to identify candidate
variants that might be associated with both conditions in a
more pronounced way than others, and we looked for common
molecular pathways affected by the most strongly associated
variants using gene-set enrichment analyses. This 3-stage strat-
egy is summarized in Appendix 1, Fig. S1, available at jpn.ca.
Two previously reported independent schizophrenia and
psoriasis cohorts of Han Chinese descent were used in the
present study.’* The schizophrenia diagnosis was made by at
least 2 experienced psychiatrists according to DSM-IV criteria.
No participants had severe medical complications or other
psychiatric disorders. The clinical diagnosis of psoriasis was
also confirmed by at least 2 dermatologists. To enrich for indi-
viduals with a likely overt genetic basis for their condition, we
preferentially selected individuals with type 1 psoriasis (early
age of onset) who had a family history of disease. All control
individuals were clinically determined to be free of autoim-
mune or psychiatric disorders, psoriasis or family history of
such disorders (including first-, second- and third-degree rela-
tives). We collected additional clinical and demographic infor-
mation on all cohorts through questionnaires. Individuals
were categorized into 3 groups based on disease status: a psor-
iasis case—control cohort, a schizophrenia case—control cohort
and a combined cohort (i.e., all individuals from both studies).
There were no individuals common to both the schizophrenia
and psoriasis cohorts. It should be noted that we did not make
the diagnosis and exclusion of schizophrenia in the psoriasis
cohort, and vice versa. All participants provided written in-
formed consent. This study was approved by the institutional
review boards of The First Affiliated Hospital, Anhui Medical
University and Institute of Mental Health, Peking University.
Genotyping was performed on the Illumina Human 610-
Quad BeadChip according to the manufacturer’s specifications.
We applied quality control procedures, resulting in the exclu-
sion of markers with a minor allele frequency (MAF) less than
0.01, call rate less than 0.9, deviation from Hardy-Weinberg
equilibrium in the controls (p < 1 x 107), all markers on the X, Y
and mitochondrial chromosomes and the copy number variant
(CNV)-related probes. Individuals with low overall call rates
(< 0.9) were excluded from the study. We performed
genome-wide genotype imputation on autosomal chromo-
somes using IMPUTE2 software and the 1000 Genomes Project
phase 1 integrated variant set reference panel.®® Imputed calls
were made using a threshold of 0.9 in the software GTOOL
(www.well.ox.ac.uk/~cfreeman/software/gwas/gtool.html).
Markers with info values less than 0.5 were excluded. Imputed
markers were also subject to the quality control procedures
implemented on the genotyped data described above.

Estimation of the phenotypic variation explained by
polygenic factors

We computed genetic relatedness matrices (GRM) in each of
the 3 cohorts (schizophrenia, psoriasis, combined) from geno-
typed and imputed autosomal markers using the GCTA soft-
ware.!® We excluded 1 individual from each pair of related
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individuals (relatedness < 0.025). This resulted in the exclu-
sion of 11, 14, and 67 individuals in the psoriasis, schizophre-
nia and combined cohorts, respectively. Restricted maximum
likelihood (REML) estimation was applied to estimate the
proportion of variation explained in the liability of a disease
by genetic markers (h%,;) in each of the cohorts. To facilitate
the analyses, we set the prevalence of psoriasis, schizophre-
nia, and the combined cohort to 0.47%, 1%, and 1.47%, respec-
tively, based on published data.>®” We included the first
20 principal components from the GRM as covariates in the
analyses to accommodate genetic background heterogeneity
and potential stratification. The contribution of genetic mark-
ers to disease status in each of the cohorts was further broken
down into components based on chromosome and MAF. In
the former case, genetic markers were partitioned into groups
based on chromosome. We estimated GRMs for each chromo-
some, and the proportion of disease liability explained by
each chromosome was calculated independently (separate
analysis) as well as jointly with all other chromosomes (joint
analysis). Likewise, genetic markers were partitioned based
on MAF (uncommon: 0.01 < MAF < 0.05; common: MAF >
0.05), and independent and joint analyses were performed.*
We conducted an REML analysis using the GCTA package to
characterize the polygenic architecture of schizophrenia, psor-
iasis and the combined phenotype.’® To quantify the genetic
correlation (or coheritability) between schizophrenia and
psoriasis, we implemented a bivariate extension of the REML
methods in the GCTA software with the combined cohort.!

Polygenic scoring profile

The shared contribution of genetic variants including, but not
limited to, the HLA region, was assessed using markers geno-
typed in both the schizophrenia and psoriasis cohorts. Markers
were pruned based on linkage disequilibrium (LD) with neigh-
bouring markers (maximum threshold for pairwise r* of 0.25,
200-single nucleotide polymorphism [SNP] window). We then
treated the schizophrenia data set as the discovery (i.e., training)
set and the psoriasis data set as the target (i.e., test) set, and vice
versa. Based on the association statistics in the training set, we
selected 5 sets of markers using various significance thresholds
(pr; markers with p; < 0.001, p; < 0.05, p; < 0.1, p; < 0.5 as well as
all markers). In the target set, we calculated genetic risk scores
for each individual as the sum of the risk alleles weighted by the
corresponding natural log of odds ratios estimated in the dis-
covery set. The scoring was implemented in the PLINK tool set
via the score function.*” A logistic regression model was then fit
using the estimated genetic risk score as the independent vari-
able and disease as the dependent variable. We calculated the
area under the receiver operating characteristic (ROC) curve
(AUC) to assess the degree to which schizophrenia risk esti-
mates predicted susceptibility to psoriasis and vice versa.

Genome-wide association analysis and modelling in the
HLA region

Single variant association analyses were pursued assuming
the additive allelic model as implemented in the PLINK 1.07

software suite for each of the 3 cohorts.*? The first 20 principal
components extracted from a GRM across all individuals in a
study were included as covariates to account for possible
genetic stratification in the sample. After LD-based pruning,
markers in the HLA region that exhibited a pronounced asso-
ciation with disease in the combined cohort (p < 1 x 107)
showed nominal association with both the schizophrenia and
psoriasis cohort (p < 0.05), and displayed the same direction
of effect and were therefore included in specific additional
analyses (referred to as “marker subset A”).

All 680 genotyped and imputed markers in the HLA region
were considered in a least absolute shrinkage and selection
operator (LASSO) logistic regression model in the combined
cohort via the glmnet analysis package in R software version
3.0.3 We performed 10-fold cross-validation to select the
value of the tuning parameter A, which maximized the AUC
(Appendix 1, Fig. S2). Markers with nonzero effect estimates
from the LASSO model were noted (referred to as “marker
subset B”). Twelve markers were common in both marker
subsets A and B. These markers were then fit in a stepwise lo-
gistic regression model in the combined cohort, and param-
eter estimates and corresponding conditional association sta-
tistics were recorded. The results of this analysis suggested
that 7 of the 12 markers were not associated with disease
when the effects of the other markers were considered in a
single all-encompassing model. Using the remaining 5 in-
dependently associated markers, we calculated a genetic risk
score for each individual in the combined cohort using a
weighted allele counting approach® in which weights were
assigned based on the effect size estimates obtained from the
logistic regression model. Bins were constructed based on the
risk score quartiles among controls, and odds ratios in each
bin were calculated with respect to the first quartile.

Functional annotation and gene ontology

The functional effects of the 12 HLA markers identified above
as well as the non-HLA markers with suggestive significance
in the combined cohort (p <1 x 10 n = 12 markers) were in-
vestigated with information from the ENCODE database
using HaploReg.* The overlap in shared biological processes
between psoriasis and schizophrenia was explored using gene
set enrichment analysis (GSEA) implemented in the Aligator
software package.” We performed the GSEA analyses in the
schizophrenia, psoriasis and combined cohorts individually.
Only markers exceeding a single SNP association threshold
(p <0.001) in their respective data sets were included.

Independent validation

Findings were validated from the summary statistics of
2 GWAS in schizophrenia® (1630 cases and 1860 controls)
and psoriasis® (441 cases and 2420 controls) of Singapore
Chinese descent. The schizophrenia data set came from the
Singapore Translational and Clinical Research in Psychosis
(STCRP) Study. All patients were recruited from the Insti-
tute of Mental Health in Singapore from 2005 to 2008 and
were aged 18-83 years. The diagnosis of schizophrenia was
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made using the Structured Clinical Interview for DSM-1V,
Research Version, Patient Edition (SCID-I/P). The controls
were from the Singapore Prospective Study Program 11,
who were randomly sampled from the Singapore popula-
tion. All these samples were genotyped by Illumina 1M
duo3 array. The Singapore psoriasis cohort included indi-
viduals who were genotyped using the Illumina Human550
BeadChip, whereas the controls were genotyped using Illu-
mina Human550, Illumina Human610 Quad and 1M duo3
BeadChip. There was no overlap between the schizophrenia
and psoriasis validation cohorts. Genetic variant imputation
was performed individually in each study using the 1000
Genomes Project reference panel, and unified quality con-
trols (impute INFO > 0.8, MAF > 0.01, Hardy—Weinberg
equilibrium test p > 1.00 x 107 in controls, dosage threshold
> 0.9, call rate > 0.99), and LD-pruning criteria (SNPs pruned
by indep-pairwise 50 5 0.3 parameter in PLINK 1.07) were
applied. We considered only biallelic markers in the analy-
ses. The probabilistic significance of variants exhibiting con-
sistent direction of effect between the validation studies was
assessed using a binomial test, assessing Pr(X > x), where
X~bin(n,p), n = the number of markers reaching a particular
significance level in both studies, p = 0.5, and x = the number
of markers at the corresponding significance level with the
same direction of effect.

Results
Population

Individuals were categorized into 3 groups based on disease
status: a psoriasis case—control cohort (1139 cases and
1132 controls), a schizophrenia case—control cohort (744 cases
and 546 controls) and a combined cohort (1883 cases and
1678 controls). There was no overlap between the schizophre-
nia and psoriasis cohorts. We excluded 79 individuals with
low overall call rates (< 0.9) from our analysis.

Summary description

After genomic imputation and quality control, we obtained
genetic data on roughly 5.6 million high-quality autosomal
SNPs in the schizophrenia, psoriasis and combined cohorts.
Inspection of the single marker association results in the
combined cohort revealed no obvious bias or population
stratification issues (genomic inflation factor Aqc = 1.01; Ap-
pendix 1, Fig. S3). The quantile-quantile (QQ) plot and
Manhattan plot in the combined cohort are shown in Ap-
pendix 1 (Fig. 54 and Fig. S5). At the upper tail of the distri-
bution, the QQ plot showed an obvious deviation from the
null distribution owing to the effects of the HLA region.
Thus, after omitting SNPs in this region (chr.6: 29 700 kb-
33 300 kb), the distribution of observed p values largely fit
the null (i.e., uniform) distribution. In view of evidence of a
shared common polygenic contribution, the deviation in the
QQ plot after omitting SNPs in the HLA region potentially
shows the aggregate effects of a moderate number of low-
risk variants.

Proportion of liability explained by common variants in
schizophrenia and psoriasis

We discovered that 41.3% + 13.9% (p = 0.002) of the variation in
genetic liability for schizophrenia was captured by genotyped
and imputed variants. The proportion of liability explained by
markers on each chromosome was linearly correlated with the
length of the respective chromosome (R* = 0.1, p = 0.09; Fig. 1
and Appendix 1, Fig. S6). A partition of markers based on MAF
(common: MAF > 0.05; uncommon: 0.01 < MAF < 0.05) sug-
gested that common variants were the main contributors to the
polygenic liability (> 85%; Appendix 1, Fig. S7 and Table S1).
Meanwhile, we found that 34.9% + 6.0% (p = 9.0 x 10) of the
variation in genetic liability for psoriasis was captured by geno-
typed and imputed variants.*” We observed that chromosome 6
was the main contributor to SNP heritability (/%) in both the
schizophrenia and psoriasis cohorts (Fig. 1 and Appendix 1,
Fig. S6). Furthermore, the genetic variance explained by each
chromosome was highly correlated between schizophrenia and
psoriasis (R? = 0.93, p = 0.005).

Coheritability and shared genetic etiology of schizophrenia
and psoriasis

We next evaluated SNP heritability in the combined cohort
(n = 3494). We found that 29.4% + 5.0% (p = 2.0 x 10%; Ap-
pendix 1, Table S2) of the genetic liability for disease was
captured by genotyped and imputed markers. We assessed
genome-wide pleiotropy between schizophrenia and psoria-
sis using marker-based coheritability (Appendix 1, Table S3).
We estimated the coheritability (r, s») as 0.21 + 0.20, (p =
0.10). This finding provides preliminary evidence that
schizophrenia and psoriasis possibly share a common gen-
etic etiology. Our analysis of each chromosome individually
suggested that the coheritability was distributed roughly
equally across chromosomes, suggesting in turn that a
shared pattern of polygenic contribution to disease exists
(Appendix 1, Table S54).

Encouraged by previous results from GWAS initiatives in
schizophrenia and psoriasis that have shown susceptibility
variants in the HLA region (as well as our discoveries on
chromosome 6), we extracted all 49 332 SNPs in an extended
HLA region (chr.6: 25-34 MB) and found that 7.0% + 1.0% (p <
1 x 10) of genetic liability for disease was captured by the
HLA variants in the combined cohort (Appendix 1, Table S5).
We then estimated the contribution of each individual chro-
mosome to iy, in the combined cohort. We again found that
the variance in disease liability explained by each chromo-
some was linearly correlated with its length when chromo-
somes were considered independently (R*> = 0.42, p = 0.001)
after omitting chromosome 6 owing to its substantial contri-
bution (Fig. 1). However, the correlation was considerably
smaller when examining the contribution of each chromo-
some, conditional on the others (R* = 0.10, p = 0.09; Appendix
1, Fig. S6). Finally, we again partitioned markers into 2 cate-
gories based on MAF. We found that roughly 80% of the esti-
mated heritability of disease was due to common variants
(Appendix 1, Fig. S7 and Table S6).
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Polygenic scoring profile analysis

After pruning based on LD, we identified 222 161 independ-
ent SNPs genotyped in both the schizophrenia and psoriasis
cohorts. We constructed a polygenic risk score using data
from the schizophrenia cohort and tested this model in the
psoriasis cohort (and vice versa) using 5 different p value
thresholds. We discovered that genetic risk in 1 cohort was a
significant predictor of genetic risk in the alternative cohort
(Table 1). Interestingly, the AUC was highest when using
more moderate significance thresholds in the discovery set,
implying that genetic background and/or variants with
small effects may contribute to the shared etiology between
schizophrenia and psoriasis.

Association analysis and modelling in the HLA region

After LD pruning, we identified 565 SNPs with nominal asso-
ciation (p < 0.05) in both the schizophrenia and psoriasis co-
horts. More of these markers (55%) displayed the same direc-
tion of effect that would be expected by chance (binomial test
p = 0.02). Many of these markers (n = 22) were found in the
HLA region and showed some evidence for association (p <
1 x 107) in the combined cohort (subset A). We then mod-
elled all 680 markers in the HLA region with nominal signifi-
cance (p < 0.05) in the schizophrenia, psoriasis and combined
cohorts simultaneously using a LASSO penalized regression
model. Markers with nonzero regression coefficients were re-
corded (subset B). Twelve markers reached our criteria for
subset A and subset B (Table 2, Appendix 2, Table S9 and

S10). Among those, we performed forward and backward
stepwise regression and discovered 5 SNPs that jointly con-
tributed to disease risk in the combined cohort (Appendix 1,
Fig. S8 and Appendix 2, Table S9 and 510). In construction of
a genetic risk score based on these 5 markers, we found that
the highest-risk group was 6 times more likely than the
lowest-risk group to have disease (p < 2.00 x 107¢; Fig. 2).

Gene ontology analysis

To explore potential shared biological processes between
schizophrenia and psoriasis, we implemented gene ontology
analyses in the combined, schizophrenia and psoriasis co-
horts separately. We found 18 categories showing significant
enrichment in each of the 3 data sets (Appendix 2, Table S8).
Most were involved in antigen process and presentation and
in endoplasmic reticulum.

Independent validation in the Singapore Chinese population

After genomic imputation and LD pruning, we found that
68 922 SNPs from approximately 6 million genotyped and
imputed bi-allelic markers were shared in the Singapore
schizophrenia and psoriasis data sets. We used these SNPs
to assess the consistency of the p values for association be-
tween schizophrenia and psoriasis. Markers were placed
into bins based on their significance level obtained in both
data sets: p < 0.01, 0.03, 0.05, 0.07, 0.08, 0.09 and 0.10. Then the
number of markers with the same direction of effect in each
bin was enumerated, and the consistency of directional effect
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was evaluated using a binomial test (Appendix 1, Table
S11). The results suggest that there are indeed genetic vari-
ants that exhibit pleiotropic effect in the sense that they are
associated with the risk for both schizophrenia and psoria-
sis, although the pleiotropic effect of any single variant may
be small. In addition, although the independent validation

Table 1: The results of polygenic scoring profile analysis

Target p- value® No. SNPst AUC (95% ClI) PascValue
Schizophrenia < 0.001 189 0.52 (0.48-0.55) 0.16
Schizophrenia <0.05 10616 0.53 (0.50-0.56) 0.036
Schizophrenia <01 21685 0.54 (0.51-0.58) 0.004
Schizophrenia <05 110329 0.53 (0.50-0.56) 0.042
Schizophrenia <0.99 222 161 0.53 (0.50-0.56) 0.032
Psoriasis <0.001 182 0.51 (0.48-0.53) 0.25
Psoriasis <0.05 11376 0.53 (0.51-0.56) 0.004
Psoriasis <01 22927 0.54 (0.52—-0.56) <0.001
Psoriasis <05 112645 0.54 (0.52-0.57) <0.001
Psoriasis <0.99 222 161 0.54 (0.51-0.56) 0.002

AUC = area under the receiver operating characteristics curve; Cl = confidence
interval; SNP = single nucleotide polymorphism.

*Threshold of association p value in the discovery set.

TNumber of SNPs with a p value in the discovery set.
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Fig. 2: The combined risk effect distribution of 5 single nucleotide
polymorphisms (SNPs) in the human leukocyte antigen (HLA) region
in the combined cohort. The X axis denotes the genetic risk score
group. The left Y axis denotes the number of individuals in each group.
The right Y axis represents the odds ratio. Group 0 = the genetic risk
score is less than the 25% quartile of that in controls. Group 1 = the in-
dividual score is less than the median but larger than the 25% quartile
in controls. Group 2 = the genetic risk score is larger than the median
but less than the 75% quartile of that in controls. Group 3 = the score
is larger than the 75% quartile of that in controls. Odds ratios were cal-
culated with respect to Group 0. The number of controls and cases are
in orange and blue, respectively.

data sets didn’t provide direct validation to our findings in
the HLA region, single locus analyses of these independent
validation data sets, suggested that several SNPs residing in
the HLA region conferred significant risk for both schizo-
phrenia and psoriasis, and the effect of the deleterious SNP
allele was in the same direction in both conditions, adding
further evidence to our initial findings involving the HLA
region (Appendix 1,Table 512).

Discussion
Main findings and implications

In the present study, we characterized the polygenic architec-
ture of schizophrenia and psoriasis and explored the possi-
bility of shared genetic etiology between schizophrenia and
psoriasis in the Han Chinese population. Our study provides
preliminary evidence to support the polygenic basis of both
diseases. We found evidence that a shared genetic etiology
(i.e., genetic correlation) exists between schizophrenia and
psoriasis, and we were able to quantify, to our knowledge for
the first time, the strength of the genetic correlation (or coherit-
ability) through the use of whole genome genotype array data.
In particular, the contribution of the HLA region appears to be
shared between diseases, and we identified 5 SNPs residing in
the HLA region contributing in a more pronounced way than
other variants to the risk of both diseases. These results high-
light the potentially important role of antigen presentation and
endoplasmic reticulum pathways in the genetically mediated
etiology of schizophrenia and psoriasis.

Ultimately, we explored the polygenic architecture of
schizophrenia and psoriasis in the Han Chinese samples. The
finding verified the polygenic characteristics of schizophrenia
in our samples.® In addition, our results highlight the impor-
tant role of common variants in the etiology of both schizo-
phrenia and psoriasis. In general, it appears that both dis-
eases follow a polygenic model of inheritance® (i.e., beyond
the HLA region), predominantly influenced by common vari-
ants with small effects. It has been shown that 23% of the
variation in genetic liability for schizophrenia is captured by
common variants in the European population.* The differ-
ence between our estimate of variation in liability for schizo-
phrenia (41.3%) and liability in European samples is possibly
owing to sampling error given the different sample sizes
used in the studies. Furthermore, we tested the hypothesis of
a shared genetic etiology for schizophrenia and psoriasis
using single-marker, multimarker and gene ontology analy-
ses with 2 independent Han Chinese GWAS cohorts. We
identified evidence of genetic correlation or coheritability be-
tween schizophrenia and psoriasis across several analytical
approaches. Moreover, our independent validation in the
Singapore Chinese provided complementary evidence of this
common genetic etiology. Recently, evidence has been found
for genetic pleiotropy between many complex human dis-
eases, especially immune-mediated disorders.!??!2224-2629
Schizophrenia has been shown to share a common genetic
basis not only with other psychiatric diseases (e.g.. bipolar
disorder), but also with metabolic (e.g., type 2 diabetes) and
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immune disorders (e.g., rheumatoid
arthritis).’?>? We estimated that 21%
of the genomic contribution to both
schizophrenia and psoriasis could be
attributed to the shared genetic vari-
ants. This finding was validated using
a polygenic scoring profile analysis
and replicated in our independent
Singapore data sets. Clinical cases of
individuals with both schizophrenia
and psoriasis have been documented.®
Large epidemiological studies have
shown that the higher incidence of
psoriasis in patients with schizophre-
nia and even in individuals with a
family history of schizophrenia in both
Chinese and European popula-
tions.” 1020 While we demonstrated a
shared genetic etiology between these
diseases, common environmental fac-
tors may still play a role in the disease
coetiologies (e.g., stress event in epi-
demiological studies).*** The addi-
tional role of environmental factors
and how such environmental factors
may influence genetic factors (i.e., gene
X environment interactions) remains to
be explored. As we used genome-wide
genotype array data, we could at least
argue that our study is not likely to be
attributable to shared environmental
factors because it is highly unlikely
that environmental stressors or stimuli
correlate perfectly with, for example, a
genome-wide risk score for each disor-
der. In addition, our result demon-
strating coheritability and consistent
effective direction of common variants
between schizophrenia and psoriasis
agrees with clinical observation and
prior epidemiological evidence. Ulti-
mately, we argue that the common
genetic etiology would account for the
comorbidity of schizophrenia and
psoriasis in proportion. However, con-
sidering the relatively moderate sam-
ple size of our study, further efforts to
more accurately estimate coheritability
should be explored.

It is strongly believed that the im-
mune process plays an important role
in schizophrenia and psoriasis.>>!' Re-
cent studies provide evidence that sus-
ceptibility to both diseases can be attrib-
uted to the HLA variants.*#®4 In this
study, we highlighted the important
role of chromosome 6, and investigated
markers residing in the HLA region. By

Table 2: The association results of 12 SNPs in the HLA region implicated in LASSO model
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1.43E®

0.35
(0.25-0.49)

0.041  0.043

5.11E%

0.40
(0.26-0.62)

0.044  0.042

0.002

0.46
(0.28-0.85)

0.05

0.04

-0.29

ANG 32515516

rs141611788

053 037 1.47 1.43E%
(1.28-1.67)

4.07E2

1.24 0032 062 037 2,05
(1.67-2.51)

(1.02-1.50)

0.37

0.04 0.4

31098344

AT

rs141906974

01 003 330 810E©®  —
(2.38-4.57)

2.40E®

6.99
(4.52-10.81)

1.67 0.044 0.13 0.02

(1.01-2.77)

0.03

ANG 30719578 0.11 0.05

rs146554817

068 348E%2 075 0.09

8.50E

217
(1.70-2.78)

0.09 0.03

231E"

3.22
(2.32-4.46)

0.11 0.04

0.029

61

1.

TIC 31474820 -0.14 005 003
(1.05-2.47)

rs41293883

1.24E77

6.00
(3.98-9.04)

0.07 0.01

8.88 1.93E"
(5.52-14.28)

0.01

0.1

4.39 0.003

(1.63-11.80)

0.01

G/A 31322690 0.13 0.02

rs41543314

8.39E%

1.80

9.90E1°

266
(1.94-3.64)

0.09 0.03

3.06E"®

474
(3.12-7.21)

0.045 0.12 0.02

1

16

(1.01-2.56)

0.03

0.05

0.38

29837158

T/IC

rs78439157

odds ratio;

human leukocyte antigen; OR =

the effective allele frequency in controls; HLA =

confidence interval; Fca = the effective allele frequency in cases; Fcn

1Single-variant associate was implemented in “—logistic” function in Plink version 1.07 using the respective first 20 PCs as covariates in each data set.

*We built the multivariate regression model using these 12 SNPs. The missing genotypes were imputed as the average values for each SNP.
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modelling markers in this region, we identified 5 SNPs that
jointly contribute to disease susceptibility. Our results confirm
earlier reports that suggest the HLA region is involved in
schizophrenia and psoriasis'?***4° and shed light on their
polygenic architecture. The 5 SNPs we assessed in the HLA
region that jointly contribute to disease may contribute to the
etiology of schizophrenia and psoriasis through a regulatory
effect (Appendix 1, Table S9). The markers we identified im-
plicate HLA-B, HLA-C, MICB and HLA-DRB as joint contribu-
tors to disease susceptibility. Notably, 1 of these markers
(rs41293883) is a missense polymorphism in the MICB gene
that results in amino acid change from threonine to isoleucine,
although it is predicted to be benign in Polyphen2. We did not
impute the HLA molecules or amino acid status. Owing to the
complexity of the HLA region and the need for more focused
analysis involving the HLA region, future studies are needed.

Beyond the antigen presentation processing pathways, we
found evidence that several biological pathways related to
the endoplasmic reticulum harbour variants that are shared
between schizophrenia and psoriasis. The endoplasmic reticu-
lum plays an important role in the transportation of calcium
ion in cells.*! Our findings therefore provide some level of vali-
dation of the potential role of calcium signalling in the etiology
of schizophrenia and psoriasis.3##

Strengths and limitations

The strength of our study is rooted in the use of multiple
complementary statistical approaches designed to identify
genetic correlations that all suggest a shared genetic etiology
between schizophrenia and psoriasis. We were able to quan-
tify the genetic correlation (coheritability) between schizo-
phrenia and psoriasis through genome-wide array data, and
to our knowledge this had not been shown before. In addi-
tion, we were able to replicate our results in an independent
Singapore Chinese population.

Our study’s limitations revolve around our relatively
small samples, which led to a standard error on our estimates
of genetic correlation and coheritability from the bivariate
linear mixed model. In addition, the AUC value obtained
from our polygenic scoring profile analyses is not very large.
Larger studies should be pursued to replicate and validate
our findings. Based on previous findings suggesting that
variants in the HLA region are most likely to be associated
with both diseases,>” we tested the hypothesis that specific
variants in the HLA region could predispose to both diseases.
We found credible evidence for this phenomenon. However,
the complex LD structure among variants in the HLA region
complicates the prioritization of specific variants, and as
such our finding that 5 HLA variants exhibit associations
warrants validation in independent samples. In addition, the
precise molecular mechanism underlying these association
signals remains to be elucidated.

Conclusion

We identified a polygenic contribution to schizophrenia and
psoriasis in the Han Chinese population. We discovered a

shared genetic etiology between the disorders, a large frac-
tion of which could be accounted for mainly by common
variants, particularly in the HLA region. The mechanism for
this shared genetic basis seems to involve immune and
calcium-signalling pathways.

Acknowledgements: This work was supported by the National Nat-
ural Science Foundation of China (81370044, 81000692, 81273301,
81072461, 81130031, 81222022 and 81222017) and China Council of
Scholarship (201208340003), Youth Project of the Outstanding Talents
of Organization Department of the CPC Central Committee Program
(31200939), the Pre-National Basic Research Program of China (973
Plan) (2012CB722404), Youth Project of Anhui Province Natural Sci-
ence Foundation (1208085QH145), Anhui High Education Young
Talent (X. Yin) and Anhui Medical University Ph.D. Fund
(XJ201429). NEW is supported by the NIH grant 1TUL1TR001114. NJS
and his lab are supported by NIH grants U19 AG023122-09, R01
DA030976-05, R01 MH094483-03, R01 AG035020-05, R01 MH100351-
02, R21 AG045789-01A1 as well as grants from Human Longevity,
Inc., Johnson and Johnson, the Tanner Foundation, and the Stand-
Up-to-Cancer organization. The Singapore Translational and Clinical
Research in Psychosis is supported by the National Research Foun-
dation Singapore under the National Medical Research Council
Translational and Clinical Research Flagship Program (Grant No.:
NMRC/TCR/003/2008). We would like to thank all the individuals
participating in our study, Siow Ann Chong, PhD in Institute of
Mental Health Singapore, as well as other researcher and physicians
who helped to recruit samples and collect information.

Affiliations: From the Institute of Dermatology, Department of Der-
matology of The First Affiliated Hospital. Key lab of Dermatology
Ministry of Education, Anhui Medical University, Hefei, China (Yin,
Jiang, Wu, Cui, Shen, Cheng, Zhou, Chen, Zuo, Zhend, Fan, Wang,
Sun, Yang, Zhang); the Institute of Dermatology, Huashan Hospital,
Fudan University, Shanghai, China (Yin, Zhang, Huang, Xu, Zhang);
the The Scripps Translational Science Institute, La Jolla, California,
USA (Yin, Wineinger, Schork); the Department of Molecular and Ex-
perimental Medicine, The Scripps Research Institute, La Jolla, USA
(Yin, Schork); Human Biology, . Craig Venter Institute, La Jolla, Cali-
fornia, USA (Yin, Schork); the Department of Genetics, and Renais-
sance Computing Institute, University of North Carolina at Chapel
Hill, Chapel Hill, USA (Yin); the Scripps Health, La Jolla, California,
USA (Wineinger); the Department of Neurology, the First Affiliated
Hospital of Anhui Medical University, Hefei, China (Wang); the Pe-
king University Sixth Hospital, Peking University Institute of Mental
Health; Key Laboratory of Mental Health, Ministry of Health (Peking
University), Beijing, China (Yue, Wang); the Peking University Sixth
Hospital, Peking University Institute of Mental Health; Key Labora-
tory of Mental Health, Ministry of Health (Peking University), Beijing,
China (Yue, Wang); the Human Genetics, Genome Institute of Singa-
pore, Singapore (Norgren, Wang, Liu); the Institute of Mental Health,
Singapore (Norgren, Wang, Liu); the Institute of Mental Health, Singa-
pore (Lee); the Saw Swee Hock School of Public Health, National Uni-
versity of Singapore, Singapore 138672, Singapore (Tai, Liu).

Competing interests: None declared.

Contributors: X. Yin, N.J. Schork and X. Zhang designed the study.
X. Yin, K. Wang, W. Yue, N. Norgren, W. Yao, X. Jiang, B. Wu,
Y. Cui, C. Shen, H. Cheng, F. Zhou, G. Chen, X. Zuo, X. Zheng,
X. Fan, H. Wang, L. Wang, J. Lee, M. Lam, S. Tai, Z. Zhang,
Q. Huang, L. Sun, J. Xu, S. Yang, K. Wilhelmsen and J. Liu acquired
the data, which X. Yin, N. Wineinger, L. Wang and N. Schork ana-
lyzed. X. Yin, N. Wineinger and N. Schork wrote the article, which
all authors reviewed and approved for publication.

References

1. Feng BJ, Sun LD, Soltani-Arabshahi R, et al. Multiple Loci within
the major histocompatibility complex confer risk of psoriasis. PLoS
Genet 2009;5:€1000606.

420 J Psychiatry Neurosci 2016;41(6)



Common variants in schizophrenia and psoriasis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Adams DD, Adams CD. Autoimmune disease. Springer Briefs in
Public Health, 2013.

Zhang X]J, Huang W, Yang S, et al. Psoriasis genome-wide associa-
tion study identifies susceptibility variants within LCE gene cluster
at 1q21. Nat Genet 2009;41:205-10.

Yue WH, Wang HF, Sun LD, et al. Genome-wide association study
identifies a susceptibility locus for schizophrenia in Han Chinese
at 11p11.2. Nat Genet 2011;43:1228-31.

Ding X, Wang T, Shen Y, et al. Prevalence of psoriasis in China: a
population-based study in six cities. Eur | Dermatol 2012;22:663-7.

Miyaoka T, Seno H, Inagaki T, et al. Schizophrenia associated with
psoriasis vulgaris: three case reports. Schizophr Res 2000,41:383-6.

Chen SJ, Chao YL, Chen CY, et al. Prevalence of autoimmune dis-
eases in in-patients with schizophrenia: nationwide population-
based study. Br | Psychiatry 2012;200:374-80.

Yang YW, Lin HC. Increased risk of psoriasis among patients with
schizophrenia: a nationwide population-based study. Br | Dermatol
2012;166:899-900.

Benros ME, Pedersen MG, Rasmussen H, et al. A nationwide
study on the risk of autoimmune diseases in individuals with a
personal or a family history of schizophrenia and related psycho-
sis. Am | Psychiatry 2014;171:218-26.

Eaton WW, Byrne M, Ewald H, et al. Association of schizophrenia
and autoimmune diseases: linkage of Danish national registers.
Am | Psychiatry 2006;163:521-8.

Knight JG. Dopamine-receptor-stimulating autoantibodies: a possi-
ble cause of schizophrenia. Lancet 1982;2:1073-6.

Sun LD, Cheng H, Wang ZX, et al. Association analyses identify
six new psoriasis susceptibility loci in the Chinese population. Nat
Genet 2010;42:1005-9.

Ripke S, O'Dushlaine C, Chambert K, et al. Genome-wide association
analysis identifies 13 new risk loci for schizophrenia. Nat Genet
2013;45:1150-9.

Liu JZ, McRae AF, Nyholt DR, et al. A versatile gene-based test for
genome-wide association studies. Am | Hum Genet 2010;87:139-45.

Holmans P, Green EK, Pahwa ]S, et al. Gene ontology analysis of
GWA study data sets provides insights into the biology of bipolar
disorder. Am | Hum Genet 2009;85:13-24.

Yang ], Lee SH, Goddard ME, et al. GCTA: a tool for genome-wide
complex trait analysis. Am | Hum Genet 2011;88:76-82.

Yang J, Benyamin B, McEvoy BP, et al. Common SNPs explain a
large proportion of the heritability for human height. Nat Genet
2010;42:565-9.

Yang J, Manolio TA, Pasquale LR, et al. Genome partitioning of
genetic variation for complex traits using common SNPs. Nat
Genet 2011;43:519-25.

Andreassen OA, Djurovic S, Thompson WK, et al. Improved detec-
tion of common variants associated with schizophrenia by leverag-
ing pleiotropy with cardiovascular-disease risk factors. Am | Hum
Genet 2013;92:197-209.

Ellinghaus D, Ellinghaus E, Nair RP, et al. Combined analysis of
genome-wide association studies for Crohn disease and psoriasis
identifies seven shared susceptibility loci. Am | Hum Genet
2012;90:636-47.

Weidinger S, Willis-Owen SA, Kamatani Y, et al. A genome-wide
association study of atopic dermatitis identifies loci with overlap-
ping effects on asthma and psoriasis. Hum Mol Genet 2013;22:
4841-56.

Smoller JW, Craddock N, Kendler K, et al. Identification of risk
loci with shared effects on five major psychiatric disorders: a
genome-wide analysis. Lancet 2013;381:1371-9.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

41.

42.

43.

Andreassen OA, Harbo HF, Wang Y, et al. Genetic pleiotropy be-
tween multiple sclerosis and schizophrenia but not bipolar disorder:
differential involvement of immune-related gene loci. Mol Psychiatry
2015;20:207-14.

Andreassen OA, Thompson WK, Schork A], et al. Improved detec-
tion of common variants associated with schizophrenia and bipolar
disorder using pleiotropy-informed conditional false discovery rate.
PLoS Genet 2013;9:€1003455.

Stringer S, Kahn RS, de Witte LD, et al. Genetic liability for schizo-
phrenia predicts risk of immune disorders. Schizophr Res 2014;
159:347-52.

Andreassen OA, Harbo HF, Wang Y, et al. Genetic pleiotropy be-
tween multiple sclerosis and schizophrenia but not bipolar disorder:
differential involvement of immune-related gene loci. Mol Psychiatry
2015;20:207-14.

Li YR, Li], Zhao SD, et al. Meta-analysis of shared genetic architecture
across ten pediatric autoimmune diseases. Nat Med 2015;21:1018-27.

Howie BN, Donnelly P, Marchini J. A flexible and accurate geno-
type imputation method for the next generation of genome-wide
association studies. PLoS Genet 2009;5:e1000529.

Purcell SM, Wray NR, Stone JL, et al. Common polygenic variation
contributes to risk of schizophrenia and bipolar disorder. Nature
2009;460:748-52.

Lee SH, DeCandia TR, Ripke S, et al. Estimating the proportion of
variation in susceptibility to schizophrenia captured by common
SNPs. Nat Genet 2012;44:247-50.

Lee SH, Yang J, Goddard ME, et al. Estimation of pleiotropy be-
tween complex diseases using single-nucleotide polymorphism-
derived genomic relationships and restricted maximum likelihood.
Bioinformatics 2012;28:2540-2.

Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for
whole-genome association and population-based linkage analyses.
Am ] Hum Genet 2007;81:559-75.

Friedman J, Hastie T, Tibshirani R. Regularization paths for general-
ized linear models via coordinate descent. | Stat Softw 2010;33:1-22.

Jostins L, Ripke S, Weersma RK, et al. Host-microbe interactions
have shaped the genetic architecture of inflammatory bowel disease.
Nature 2012;491:119-24.

Schizophrenia Working Group of the Psychiatric Genomics Consor-
tium. Biological insights from 108 schizophrenia-associated genetic
loci. Nature 2014;511:421-7.

Yin X, Low HQ, Wang L, et al. Genome-wide meta-analysis identi-
fies multiple novel associations and ethnic heterogeneity of psoriasis
susceptibility. Nat Commun 2015;6:6916.

Yin X, Wineinger NE, Cheng H, et al. Common variants explain a
large fraction of the variability in the liability to psoriasis in a Han
Chinese population. BMC Genomics 2014;15:87.

Chandran V, Raychaudhuri SP. Geoepidemiology and environmental
factors of psoriasis and psoriatic arthritis. ] Autoimmun 2010;34:]314-21.

Beards S, Gayer-Anderson C, Borges S, et al. Life events and psycho-
sis: a review and meta-analysis. Schizophr Bull 2013;39:740-7.

Stefansson H, Ophoff RA, Steinberg S, et al. Common variants
conferring risk of schizophrenia. Nature 2009;460:744-7.

Karvonen SL, Korkiamaki T, Yla-Outinen H, et al. Psoriasis and al-
tered calcium metabolism: downregulated capacitative calcium in-
flux and defective calcium-mediated cell signaling in cultured psori-
atic keratinocytes. | Invest Dermatol 2000;114:693-700.

Kira M, Kobayashi T, Yoshikawa K. Vitamin D and the skin. ] Dermatol
2003;30:429-37.

Carlberg C, Molnar F. Current status of vitamin D signaling and
its therapeutic applications. Curr Top Med Chem 2012;12:528-47.

J Psychiatry Neurosci 2016;41(6) 421



	_GoBack

