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Abstract: The immune system seems to play a significant role in the development of schizophrenia.
This becomes more evident with the emerging role of MHC complex and cytokines in schizophrenia.
In the recent past, several GWAS have implied that the 6p21 region was associated with schizophrenia.
However, the majority of these studies were performed in European populations. Considering
tremendous variations in this region and the probability of South Indian populations being quite
different from the European gene-pool from an immunogenetic point, the present study was initiated
to screen SNPs in the 2.28 MB region, spanning the extended MHC locus, in 492 cases and controls
from a South Indian population. We found a very strong association of rs3815087 with schizophrenia
at both allelic and genotypic levels with a 7.3-fold increased risk in the recessive model. Interestingly,
the association of none of the earlier reported GWAS hits, such as rs3130375, rs3131296, rs9272219,
or rs3130297 were found to be replicable in our study population. rs3815087 lies in the 5′UTR region of
the psoriasis susceptibility 1 candidate 1 (PSORS1C1) gene, which further suggests that inflammatory
processes might be an important common pathogenic pathway leading to both schizophrenia and
psoriasis. The study hints at ethnic specific gene–environment interaction in determining the critical
threshold for disease initiation and progression.
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1. Introduction

The focus of schizophrenia research has been turning away from the pathophysiology
of neurotransmission to possibly more heterogeneous etiological factors. Investigations
based on personal history data indicate that auto-immune diseases are associated with 45%
increased risk for developing schizophrenia. Among these, 9 auto-immune disorders had
higher prevalence rates among patients and 12 auto-immune diseases were significantly
more prevalent among the relatives of patients with schizophrenia [1]. In the early 1960s,
several investigators described a variety of antibrain antibodies in the sera of patients with
schizophrenia [2,3]. Several groups have reported the increased occurrence of autoantibod-
ies in people with schizophrenia, when compared to controls, against the brain or specific
areas of the brain (including the cerebrum) [4], septum [5] and amygdala, frontal cortex,
cingulate gyrus, and septal area [6] or against brain constituents such as gangliosides [7].
Aberrant activation of humoral immunity, innate immunity, and autoimmunity have been
reported to be associated with schizophrenia [8,9]. In light of all these observations, it is
highly probable that the immune hypothesis of schizophrenia fits well with the supposed
interaction between genetic and environmental factors.

The key regulators of immunity and inflammation that are involved in the neurobi-
ological processes related to neurodevelopment, neuronal plasticity, learning, memory,
and behavior are cytokines and MHC. While cytokines had been the point of intense in-
vestigation [10,11], three GWAS and the meta-analysis of GWAS data in 2009 shifted the
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focus to the MHC region by providing definitive evidence of the involvement of MHC
in schizophrenia [12–14]. This was further validated in a Swedish cohort and Psychiatric
Genomics Consortium data [15]. The role of MHC in schizophrenia was first reviewed by
McGuffin in 1979 [16], who also postulated the autoimmune pathogenesis. Since then, sev-
eral studies have implied the role of HLA in various ethnic populations [17–19]. The highly
diverse nature of the MHC region across ethnicities prompted us to investigate whether this
reported association of SNPs in the MHC region holds true in the South Indian population.

2. Materials and Methods
2.1. Subject Selection

A case-control association study was carried out using 248 schizophrenia patients
(98 males and 146 females) with mean age group of 33 ± 11 years and 244 controls
(83 males and 161 females) with mean age group of 33 ± 7 years that belonged to an
ethnically matched Malayalam-speaking population of Kerala, South India. These samples
were genetically [20] and epigenetically [21] stratified based on their ethnicity as assessed by
their genetic architecture and similar environmental background. Patients were diagnosed
as per the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)
criteria for schizophrenia by two psychiatrists who were part of the study. Patients with
major affective disorders and schizo-affective disorder were excluded. Patients with nar-
cotic drugs or alcohol abuse were also excluded. All the participants who consented were
included in the study. The study was approved by the Institutional Ethics Committee
for Biomedical Subjects (IHEC/01/2011/01), according to the Indian Council of Medical
Research (ICMR) guidelines. Peripheral blood was collected and used for DNA isolation.

2.2. MHC Region SNP Selection

SNPs from a 2.28 M bp region (30429711–32710247) spanning the extended MHC
in chromosome 6p21.3 were selected to test for association with schizophrenia in the
Kerala population. This also includes the top three SNPs, namely, rs3130375, rs3131296,
rs9272219 [12–15] and imputed the SNP, rs3130297, proximal to NOTCH4 gene [22] which
has also been associated with schizophrenia in European ancestry. A list of the selected
SNPs, their chromosomal positions, nearby genes, and predicted functional effects are given
in Table 1. Functional effect predictions of SNPs were done using Functional SNP Prediction
tool, FuncPred (snpinfo.niehs.nih.gov/snpinfo/snpfunc.htm accessed on 25 July 2022) and
FASTSNP (fastsnp.ibms.sinica. edu.tw accessed on 25 July 2022). Genomic DNA was iso-
lated and SNP genotyping was carried out by real time based TaqMan allelic discrimination
assay (Applied Biosystems, Foster City, CA, USA) and Competitive Allele-Specific PCR
genotyping system (KASPar) assay (KBiosciences, Hoddesdon, EN, UK) according to man-
ufacturers’ instructions in an Applied Biosystems 7500 Real-Time PCR. Gene expression for
the allelic variants were evaluated using GTex data portal (gtexportal.org).

2.3. Statistical Analyses

Allelic and genotypic frequencies were calculated and compared using Unphased
v3.0.13 software (Cambridge, UK). Odds ratios (OR), as the estimates of relative risk of
disease, with 95% confidence intervals, were calculated to compare allele and genotype fre-
quencies using Chi-square analysis. The p-values of the SNPs were corrected for false discov-
ery rate (FDR) using the Benjamini–Hochberg method for multiple correction. Association
was also analyzed using dominant, recessive, and additive genetic models for risk geno-
types, and only the significant models are presented. Deviations from the Hardy–Weinberg
equilibrium (HWE) were tested for all polymorphisms in controls by comparing observed
and expected genotype frequencies (ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl
accessed on 25 July 2022). The LD structure among SNPs was visualized by generating LD
plots using the Haploview v4.1 program (www.broad.mit.edu/mpg/haploview/ accessed
on 25 July 2022). The degree of LD between pairs of loci was estimated using r2 values (cor-
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relation coefficient). A triangular matrix of r2 value was used to demonstrate LD patterns
within cases and controls.

Table 1. SNPs in the HLA region, functional effect, and the genotyping method.

SNo. dbSNP rs
ID Locus Position Alleles

SNP
Functional

Effect
Nearby Gene Distance (bp) Genotyping

Method

1 rs3130375 6p21.33 30429711 A/C – RPP21||LOC100129192 −7100||−43,009 KASPar assay
2 rs9368649 6p21.33 31046862 A/G – DPCR1||MUC21 −16,885||−12,612 KASPar assay
3 rs4713419 6p21.33 31101215 A/G TFBS MUC21||LOC729792 −35,561||−729 KASPar assay

4 rs3815087 6p21.33 31201566 G/A Splicing
regulation PSORS1C1 10,964 KASPar assay

5 rs1819788 6p21.33 31367116 T/C TFBS HLA-C||HLA-B −19,282||−62,512 KASPar assay
6 rs9266336 6p21.33 31439114 A/G – HLA-B||LOC729816 −6200||−2507 KASPar assay
7 rs9266718 6p21.33 31457767 C/T – LOC729816 −14,955 KASPar assay

8 rs9267415 6p21.33 31579809 A/G – MICB 5864 TaqMan allelic
discrimination

9 rs9267487 6p21.33 31619329 C/T TFBS SNORD84||ATP6V1G2 −2395||−889 KASPar assay
10 rs1800629 6p21.33 31651010 A/G TFBS LTA||TNF −933||−319 KASPar assay
11 rs361525 6p21.33 31651080 A/G TFBS LTA||TNF −1003||−249 KASPar assay
12 rs3131296 6p21.32 32280971 T/C TFBS NOTCH4 10,373||18,851 KASPar assay
13 rs3130297 6p21.32 32306959 C/T – NOTCH4||C6orf10 −7137||−61,494 KASPar assay
14 rs9271850 6p21.32 32703038 A/G TFBS HLA-DRB1||HLA-DQA1 −37,479||−10,123 KASPar assay
15 rs9272219 6p21.32 32710247 G/T TFBS HLA-DRB1||HLA-DQA1 −44,688||−2914 KASPar assay

3. Results
Association of SNPs in the MHC Region with Schizophrenia

In the extended MHC region spanning 2.28 MB (30429711–32710247) of chromo-
some 6p21.3 region, 15 SNPs were screened for their association with schizophrenia in
a Malayalam-speaking South Indian population from Kerala. Among these, two SNPs,
rs9368649 (AA) and rs3130297 (CC), were found to be monomorphic in our population
and were excluded from further analysis. There were no significant deviations from het-
erozygosity values expected under HWE for the studied SNPs in controls with exception
to rs9271850. We found association of multiple SNPs in the MHC region associated with
schizophrenia susceptibility (Figure 1, Table 2). The most significant association was
observed for SNP rs3815087. The T allele (OR = 2, p = 1.14 × 10−6) and TT genotype
(p = 1.58 × 10−6) were observed to be very strongly associated with schizophrenia. In the
recessive model, the TT genotype conferred a 7.3-fold increased risk for schizophrenia.
Significant association with schizophrenia was also observed for rs9267487 at the allelic
(p = 0.03, OR = 1.66) and genotypic (p = 0.003) levels. SNP rs361525 allele and genotypes
were also observed to be associated with schizophrenia (p = 0.018 and p = 0.019, respec-
tively). The association of rs3815087 remained highly significant even after correcting
for multiple comparisons, both at allelic (FDR corrected p = 1.48 × 10−5) and genotypic
levels (FDR corrected p = 2.05 × 10−5) while for other SNPs, this association was lost
after multiple corrections. From a combined meta-analysis of p-values from ISC, MGS,
and SGENE cohorts and our present data, we observe that rs3815087 reaches a genome
wide significance of p = 1.90 × 10−8.

Table 2. Genotype and allele frequencies of the SNPs in MHC region with schizophrenia.

SNP CC AC AA P C A P OR (95% CI)

rs3130375 Control 242 (0.99) 2 (0.01) 0 0.12 486 (0.99) 2
(0.01) 0.03 5.0

(1.09–22.93)
Case 239 (0.96) 8 (0.03) 1 (0.01) 486 (0.98) 10 (0.02)

rs4713419 AA AG GG A G

Control 156 (0.64) 78 (0.32) 10 (0.04) 0.19 390
(0.8)

98
(0.2) 0.14 1.25

(0.93–1.70)
Case 141 (0.57) 95 (0.38) 12 (0.05) 377 (0.76) 119 (0.24)

rs3815087 CC CT TT C T
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Table 2. Cont.

SNP CC AC AA P C A P OR (95% CI)

Control 149 (0.61) 90 (0.37) 5 (0.02) 1.58 × 10−6 388 (0.80) 100
(0.20) 1.14 × 10−6 2.0

(1.50–2.67)
Case 112 (0.45) 103 (0.42) 33 * (0.13) 327 (0.66) 169 (0.34)

rs1819788 AA AG GG A G

Control 234 (0.96) 10 (0.04) 0 0.41 478
(0.98) 10 (0.02) 0.33 1.49

(0.66–3.35)
Case 234 (0.94) 13 (0.05) 1 (0.004) 481 (0.97) 15 (0.03)

rs9266336 GG AG AA G A

Control 111 (0.45) 134 (0.55) 0 0.92 356
(0.73)

132
(0.27) 0.99 0.99

(0.75–1.32)
Case 114 (0.46) 134 (0.54) 0 362 (0.73) 134 (0.27)

rs9266718 TT CT CC T C

Control 156 (0.64) 76 (0.31) 12 (0.05) 0.23 390
(0.80) 98 (0.20) 0.73 1.05

(0.77–1.43)
Case 151 (0.61) 90 (0.36) 7 (0.03) 392 (0.79) 104 (0.21)

rs9267415 GG AG AA G A

Control 85 (0.35) 110 (0.45) 49 (0.20) 0.27 280 (0.57) 208 (0.43) 0.13 1.2
(0.94–1.57)

Case 97 (0.39) 114 (0.46) 37 (0.15) 308 (0.62) 188 (0.38)
rs9267487 TT CT CC T C

Control 217 (0.89) 25 (0.10) 2 (0.01) 0.003 459 (0.94) 29 (0.06) 0.03 1.66
(1.02–2.68)

Case 201 (0.81) 47 (0.19) 0.00 449 (0.90) 47 (0.10)
rs1800629 GG AG AA G A

Control 192 (0.78) 51 (0.21) 2 (0.01) 0.09 434 (0.89) 54 (0.11) 0.62 1.11
(0.74–1.66)

Case 203 (0.82) 40 (0.16) 5 (0.02) 446 (0.90) 50 (0.10)
rs361525 GG AG AA G A

Control 217 (0.89) 25 (0.10) 2 (0.01) 0.019 459 (0.94) 29 (0.06) 0.018 1.77
(1.10–2.85)

Case 199 (0.80) 48 (0.19) 1 (0.01) 446 (0.90) 50 (0.10)
rs3131296 GG AG AA G A

Control 207 (0.85) 35 (0.14) 2 (0.01) 0.51 449 (0.92) 39 (0.08) 0.47 1.17
(0.75–1.84)

Case 207 (0.83) 36 (0.15) 5 (0.02) 450 (0.91) 46 (0.09)
rs9271850 AA AG GG A G

Control 160 (0.66) 66 (0.27) 18 (0.07) 0.26 386 (0.79) 102 (0.21) 0.68 1.06
(0.78–1.44)

Case 151 (0.61) 85 (0.34) 12 (0.05) 387 (0.78) 109 (0.22)
rs9272219 GG GT TT G T

Control 191 (0.78) 46 (0.19) 7 (0.03) 0.65 428 (0.88) 60 (0.12) 0.70 1.07
(0.74–1.56)

Case 187 (0.75) 57 (0.23) 4 (0.02) 431 (0.87) 65 (0.13)

* Recessive model (TT vs. CT + CC) p = 1.17 × 10−6, OR = 7.3, 95% CI 2.81–19.13.

Figure 1. Association of SNPs in MHC region with schizophrenia. X-axis shows the polymorphisms
screened and Y-axis shows the p values for each polymorphism on a logarithmic scale.
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4. Discussion

While trying to replicate the top GWAS hits from the MHC region reported in the
European population, we found a contrasting association in Malayalam-speaking South
Indian population from Kerala. We did not find any association of the top three SNPs
reported by GWAS, rs3130375, rs3131296, or rs9272219, with schizophrenia in our Kerala
population. Another SNP rs3130297, the best imputed SNP from the ISC study, was found
to be monomorphic in our population. Interestingly, we found a strong association of
rs3815087, rs9267487, and rs361525 with schizophrenia at the allelic and genotypic levels.
The presence of risk TT genotype of rs3815087 conferred a 7.3-fold increased risk for
schizophrenia (p = 1.17 × 10−6, recessive model TT vs. CT+CC). The T allele was also
strongly associated with the disease (OR = 2, p = 1.14 × 10−6). The association of rs3815087
remained highly significant even after correcting for multiple comparisons. This SNP
shows significant variation across ethnicities in the South Asian population displaying the
highest minor allele frequency, which is different from the Europeans.

The SNP conferring the strongest risk, rs3815087, lies in the 5′UTR region of the psori-
asis susceptibility 1 candidate 1 (PSORS1C1) gene. The PSORS1C1 gene, located 127 kb
telomeric to the HLA-C locus, is considered to be one of the potential candidate genes for
psoriasis. The SNP rs3815087 is reported to have a role in splicing regulation. rs3815087
was not in linkage disequilibrium with nearby SNPs. This SNP rs3815087 was analyzed in
three GWA studies conducted by three groups (ISC, MGS, and SGENE) published jointly
in Nature in 2009 [12–15]. Although no p-values reached genome-wide significance in the
three independent cohorts, namely ISC (p = 0.077, OR = 1.09, 95% CI = 0.99–1.21), MGS
(p = 0.22, OR = 1.06, 95% CI = 0.96–1.17,) and SGENE (p = 1.30 × 10−4, OR = 1.20,
95% CI = 1.09–1.31), the combined p-values reached genome-wide significance (p = 6.7 × 10−5,
OR = 1.12, 95% CI = 1.06–1.18). We further performed a combined meta-analysis for the
p-values from these cohorts and our present data, as described by Glessner and Hakonar-
son [23]; we observe that rs3815087 reaches a genome wide significance of 1.90 × 10−8.
The observed risk allele is associated with increased expression as per the GTex prediction
tool for PSORS1C1.

Many studies have confirmed PSORS1C1 on chromosome 6p21.3 to be a major lo-
cus for psoriasis susceptibility [24,25]. Case reports suggest a strong relationship between
schizophrenia and psoriasis vulgaris, with the emergence of schizophrenia symptoms being
accompanied by simultaneous exacerbation of psoriasis [26]. Another study using a nation-
wide population-based dataset in Taiwan demonstrated that patients with schizophrenia
had an approximately 1.2-fold higher risk of concurrent psoriasis than the comparison
cohort [27]. This was further supported by a recent meta-analysis comprising 6 million
participants confirming that psoriasis is a major comorbid condition for schizophrenia and
the risk of concurrent psoriasis significantly increases schizophrenia by 1.41 times [28].
One possible explanation for the positive association between schizophrenia and psoriasis
is that inflammatory processes might be an important common pathogenic pathway leading
to both schizophrenia and psoriasis.

In contrast, patients with schizophrenia have a strong negative correlation with an-
other autoimmune condition, rheumatoid arthritis [29–31]. It has been hypothesized that
they share a common immune etiology and that once an individual is affected by one of the
diseases, then they become relatively immune to the other. It has been shown in GWAS stud-
ies and in our present study that the SNP rs3815087, which increases risk for schizophrenia,
has a protective effect against rheumatoid arthritis (OR: 0.72, p = 1 × 10−5) [32]. This adds
strength to our observation of strong positive association with schizophrenia.

A significant association with schizophrenia was also observed for rs9267487 at the
allelic (p = 0.02) and genotypic (p = 0.003) levels. LD analysis revealed that this SNP was in
strong linkage with the TNFA SNP rs361525 (r2 = 0.96 in controls). TNFA variant rs361525
has been reported to be significantly associated with schizophrenia in the same study
population [11]. The SNP rs3815087 identified in this study may be the causative functional
SNP, or it could be in LD with any other functional variants in the MHC region. A recent
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study reported polygenic susceptibilities to immune abnormalities and genetic overlap
with severe mental phenotypes such as schizophrenia and psoriasis [33]. The implication
that immune processes may interact with genetic risk to influence schizophrenia risk is
consistent with several lines of evidence, implicating immune genes in schizophrenia
susceptibility. Moreover, a selective risk for one autoimmune condition, psoriasis, and pre-
ventive advantage for the other autoimmune condition, rheumatoid arthritis, may indicate
a complex interplay of immune and autoimmune function probably driven by the impact
of Effector T (Teff) cells on the regulatory T (Tregs) cells. Tregs are reported to be hypofunc-
tional in schizophrenia [34]. The Tregs are considered to be the main line of defense for
autoimmune and inflammatory conditions and when both are compromised it is possible
that autoimmunity may drive a subset of patients into schizophrenia. In Schizophrenia
both are compromised.

These observations are even more interesting from the point of view of treatment
response as few studies have reported results of trials of immunosuppressive agents in
schizophrenia. It has been shown that short-term treatment with azathioprine improved the
psychiatric symptomatology in a subgroup of patients with schizophrenia [35]. Few other
studies have set out to test well-defined immunosuppressive agents in schizophrenia.
Even the antipsychotic drugs such as haloperidol and clozapine are highly immunosup-
pressive [36,37]. Emerging reports indicate that antipsychotics may also be involved in
immune-mediated conditions, such as psoriatic rash [38]. Thus, investigating the immune
related genes can hold significance not only from disease association point of view, but may
also reflect on the role of antipsychotics or immunosuppressants in the treatment response
and adverse effects. It is also important to note that medication in schizophrenia did ele-
vate the Tregs which correlated with improvement in negative symptoms [39]. Therefore,
precise understanding of the functional implication of MHC molecules and cytokines on
the neurodevelopment with the impact of Teff cells on Tregs, may shed light on the role of
comorbid conditions that may contribute to the pathogenesis of schizophrenia.

5. Conclusions

Our finding support the role of MHC in schizophrenia and suggests a complex inter-
play with regulators of immune system such as cytokines and MHCs, which can act as
potential but selective drivers for autoimmune hypothesis in schizophrenia. It also calls
for identifying ethnic specific variants within the MHC loci which may help in providing
deeper insight into comorbid conditions in schizophrenia.

Author Contributions: L.S. carried out the genotyping and sequencing work. N.N.V. and M.B. were
involved in the sample collection and genomic DNA screening from patients. I.V.N. and C.M.N. were
involved in patient characterization and clinical profiling. L.S., C.M.N. and M.B. conceptualized and
designed the work. M.B. and L.S. carried out the statistical analysis of the genetic design. C.M.N.,
I.V.N. and M.B. coordinated the clinical part of the study. All authors have read and agreed to the
published version of the manuscript.

Funding: DBT-RGCB intramural funding was available to carry out the work.

Institutional Review Board Statement: The study was conducted as per the approval of the RGCB
Institutional Ethics Committee for Biomedical Subjects (IHEC/01/2011/01) according to the Indian
Council of Medical Research (ICMR) guidelines.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be available on request.

Acknowledgments: L.S. acknowledges the Council of Scientific and Industrial Research (CSIR),
Government of India, for providing the research fellowship. We also acknowledge the Department of
Biotechnology for providing intra-mural support to carry out the work.

Conflicts of Interest: The authors declare that they have no competing interests.



Cells 2022, 11, 2695 7 of 8

References
1. Eaton, W.W.; Byrne, M.; Ewald, H.; Mors, O.; Chen, C.Y.; Agerbo, E.; Mortensen, P.B. Association of schizophrenia and

autoimmune diseases: Linkage of Danish national registers. Am. J. Psychiatry 2006, 163, 521–528. [CrossRef] [PubMed]
2. Heath, R.G.; Krupp, I.M. Schizophrenia as an Immunologic Disorder I. Demonstration of antibrain globulins by fluorescent

antibody techniques. Arch. Gen. Psychiatry 1967, 16, 1–9. [CrossRef] [PubMed]
3. Heath, R.G.; Krupp, I.M.; Byers, L.W.; Liljekvist, J.I. Schizophrenia as an Immunologic Disorder II. Effects of Serum Protein

Fractions on Brain Function. Arch. Gen. Psychiatry 1967, 16, 10–23. [CrossRef] [PubMed]
4. Shima, S.; Yano, K.; Sugiura, M.; Tokunaga, Y. Anticerebral antibodies in functional psychoses. Biol. Psychiatry 1991, 29, 322–328.

[CrossRef]
5. Heath, R.G.; Mccarron, K.L.; O’neil, C.E. Antiseptal brain antibody in IgG of schizophrenic patients. Biol. Psychiatry 1989,

25, 725–733. [CrossRef]
6. Henneberg, A.E.; Horter, S.; Ruffert, S. Increased prevalence of antibrain antibodies in the sera from schizophrenic patients.

Schizophr. Res. 1994, 14, 15–22. [CrossRef]
7. Teplizki, H.A.; Sela, B.; Shoenfeld, Y. Autoantibodies to brain and polynucleotides in patients with schizophrenia: A puzzle.

Immunol. Res. 1992, 11, 66–73. [CrossRef]
8. Pathmanandavel, K.; Starling, J.; Dale, R.C.; Brilot, F. Autoantibodies and the immune hypothesis in psychotic brain diseases:

Challenges and perspectives. Clin. Dev. Immunol. 2013, 2013, 257184. [CrossRef]
9. Jeppesen, R.; Benros, M.E. Autoimmune Diseases and Psychotic Disorders. Front. Psychiatry 2019, 10, 131. [CrossRef]
10. Reale, M.; Costantini, E.; Greig, N.H. Cytokine Imbalance in Schizophrenia. From Research to Clinic: Potential Implications for

Treatment. Front. Psychiatry 2021, 12, 536257. [CrossRef] [PubMed]
11. Srinivas, L.; Vellichirammal, N.N.; Alex, A.M.; Nair, I.V.; Nair, C.M.; Banerjee, M. Pro-inflammatory cytokines and their epistatic

interactions in genetic susceptibility to schizophrenia. J. Neuroinflamm. 2016, 13, 105. [CrossRef] [PubMed]
12. Purcell, S.M.; Wray, N.R.; Stone, J.L.; Visscher, P.M.; O’Donovan, M.C.; Sullivan, P.F.; Sklar, P.; Macgregor, S.; Gurling, H.;

Blackwood, D.H.R.; et al. Common polygenic variation contributes to risk of schizophrenia and bipolar disorder. Nature 2009,
460, 748–752.

13. Shi, J.; Levinson, D.F.; Duan, J.; Sanders, A.R.; Zheng, Y.; Peâ, I. Common variants on chromosome 6p22.1 are associated with
schizophrenia. Nature 2009, 460, 753–757. [CrossRef] [PubMed]

14. Stefansson, H.; Ophoff, R.A.; Steinberg, S.; Andreassen, O.A.; Cichon, S.; Rujescu, D.; Werge, T.; Pietiläinen, O.P.; Mors, O.;
Mortensen, P.B.; et al. Common variants conferring risk of schizophrenia. Nature 2009, 460, 744–747. [CrossRef] [PubMed]

15. Ripke, S.; O’dushlaine, C.; Chambert, K.; Moran, J.L.; Kähler, A.K.; Akterin, S.; Bergen, S.E.; Collins, A.L.; Crowley, J.J.;
Fromer, M.; et al. Genome-wide association analysis identifies 13 new risk loci for schizophrenia. Nat. Genet. 2013, 45, 1150–1159.
[CrossRef] [PubMed]

16. McGuffin, P. Is schizophrenia an HLA-associated disease? Psychol. Med. 1979, 9, 721–728. [CrossRef] [PubMed]
17. Debnath, M.; Berk, M.; Leboyer, M.; Tamouza, R. The MHC/HLA gene complex in major psychiatric disorders: Emerging roles

and implications. Curr. Behav. Neurosci. Rep. 2018, 5, 179–188. [CrossRef]
18. Kadasah, S.; Arfin, M.; Tariq, M. HLA-DRB1 association with schizophrenia in Saudi Arabian patients. Int. J. Psychiatry Clin.

Pract. 2011, 15, 112–117. [CrossRef]
19. Wright, P.; Donaldson, P.T.; Underhill, J.A.; Choudhuri, K.; Doherty, D.G.; Murray, R.M. Genetic association of the HLA DRB1

gene locus on chromosome 6p21.3 with schizophrenia. Am. J. Psychiatry 1996, 153, 1530–1533.
20. Thomas, R.; Nair, S.B.; Banerjee, M. A crypto-Dravidian origin for the nontribal communities of South India based on human

leukocyte antigen class I diversity. HLA 2006, 68, 225–234. [CrossRef]
21. Saradalekshmi, K.R.; Neetha, N.V.; Sathyan, S.; Nair, I.V.; Nair, C.M.; Banerjee, M. DNA methyl transferase (DNMT) gene

polymorphisms could be a primary event in epigenetic susceptibility to schizophrenia. PLoS ONE 2014, 9, e98182.
22. Wei, J.; Hemmings, G.P. The NOTCH4 locus is associated with susceptibility to schizophrenia. Nat. Genet. 2000, 25, 376–377.

[CrossRef] [PubMed]
23. Glessner, J.T.; Hakonarson, H. Common variants in polygenic schizophrenia. Genome. Biol. 2009, 10, 236. [CrossRef] [PubMed]
24. Hang, X.J.; He, P.P.; Wang, Z.X.; Zhang, J.; Li, Y.B.; Wang, H.Y.; Wei, S.C.; Chen, S.Y.; Xu, S.J.; Jin, L.; et al. Evidence for a major

psoriasis susceptibility locus at 6p21 (PSORS1) and a novel candidate region at 4q31 by genome-wide scan in Chinese Hans. J.
Investig. Dermatol. 2002, 119, 1361–1366.

25. Chang, Y.T.; Chou, C.T.; Shiao, Y.M.; Lin, M.W.; Yu, C.W.; Chen, C.C.; Huang, C.H.; Lee, D.D.; Liu, H.N.; Wang, W.J.; et al.
Psoriasis vulgaris in Chinese individuals is associated with PSORS1C3 and CDSN genes. Br. J. Dermatol. 2006, 155, 663–669.
[CrossRef]

26. Miyaoka, T.; Seno, H.; Inagaki, T.; Ishino, H.; Ueda, D.; Ohno, T.; Dekio, S. Schizophrenia associated with psoriasis vulgaris: Three
case reports. Schizophr. Res. 2000, 41, 383–386. [CrossRef]

27. Yang, Y.W.; Lin, H.C. Increased Risk of Psoriasis among Patients with Schizophrenia: A Nationwide Population-based Study.
Brit. J. Dermatol. 2012, 166, 899–900. [CrossRef]

28. Ungprasert, P.; Wijarnpreecha, K.; Cheungpasitporn, W. Patients with psoriasis have a higher risk of schizophrenia: A systematic
review and meta-analysis of observational studies. J. Postgrad. Med. 2019, 65, 141–145. [CrossRef]

http://doi.org/10.1176/appi.ajp.163.3.521
http://www.ncbi.nlm.nih.gov/pubmed/16513876
http://doi.org/10.1001/archpsyc.1967.01730190003001
http://www.ncbi.nlm.nih.gov/pubmed/4163019
http://doi.org/10.1001/archpsyc.1967.01730190012002
http://www.ncbi.nlm.nih.gov/pubmed/4163018
http://doi.org/10.1016/0006-3223(91)90217-A
http://doi.org/10.1016/0006-3223(89)90244-8
http://doi.org/10.1016/0920-9964(94)90004-3
http://doi.org/10.1007/BF02918609
http://doi.org/10.1155/2013/257184
http://doi.org/10.3389/fpsyt.2019.00131
http://doi.org/10.3389/fpsyt.2021.536257
http://www.ncbi.nlm.nih.gov/pubmed/33746786
http://doi.org/10.1186/s12974-016-0569-8
http://www.ncbi.nlm.nih.gov/pubmed/27177030
http://doi.org/10.1038/nature08192
http://www.ncbi.nlm.nih.gov/pubmed/19571809
http://doi.org/10.1038/nature08186
http://www.ncbi.nlm.nih.gov/pubmed/19571808
http://doi.org/10.1038/ng.2742
http://www.ncbi.nlm.nih.gov/pubmed/23974872
http://doi.org/10.1017/S0033291700034036
http://www.ncbi.nlm.nih.gov/pubmed/92797
http://doi.org/10.1007/s40473-018-0155-8
http://doi.org/10.3109/13651501.2010.533181
http://doi.org/10.1111/j.1399-0039.2006.00652.x
http://doi.org/10.1038/78044
http://www.ncbi.nlm.nih.gov/pubmed/10932176
http://doi.org/10.1186/gb-2009-10-9-236
http://www.ncbi.nlm.nih.gov/pubmed/19785721
http://doi.org/10.1111/j.1365-2133.2006.07420.x
http://doi.org/10.1016/S0920-9964(99)00066-3
http://doi.org/10.1111/j.1365-2133.2011.10684.x
http://doi.org/10.4103/jpgm.JPGM_253_18


Cells 2022, 11, 2695 8 of 8

29. Gorwood, P.; Pouchot, J.; Vinceneux, P.; Puechal, X.; Flipo, R.M.; De Bandt, M.; Ades, J. Rheumatoid arthritis and schizophrenia:
A negative association at a dimensional level. Schizophr. Res. 2004, 66, 21–29. [CrossRef]

30. Sellgren, C.; Frisell, T.; Lichtenstein, P.; Landen, M.; Askling, J. The association between schizophrenia and rheumatoid arthritis:
A nationwide population-based Swedish study on intraindividual and familial risks. Schizophr. Bull. 2014, 40, 1552–1559.
[CrossRef]

31. Euesden, J.; Breen, G.; Farmer, A.; McGuffin, P.; Lewis, C.M. The relationship between schizophrenia and rheumatoid arthritis
revisited: Genetic and epidemiological analyses. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 2015, 168, 81–88. [CrossRef]
[PubMed]

32. Plenge, R.M.; Seielstad, M.; Padyukov, L.; Lee, A.T.; Remmers, E.F.; Ding, B.; Liew, A.; Khalili, H.; Chandrasekaran, A.;
Davies, L.R.; et al. TRAF1–C5 as a risk locus for rheumatoid arthritis—A genomewide study. N. Engl. J. Med. 2007, 357, 1199–1209.
[CrossRef]

33. Werner, M.C.; Wirgenes, K.V.; Shadrin, A.; Lunding, S.H.; Rødevand, L.; Hjell, G.; Ormerod, M.B.; Haram, M.; Agartz, I.;
Djurovic, S.; et al. Immune marker levels in severe mental disorders: Associations with polygenic risk scores of related mental
phenotypes and psoriasis. Transl. Psychiatry 2022, 12, 38. [CrossRef] [PubMed]

34. Corsi-Zuelli, F.; Deakin, B.; De Lima, M.H.; Qureshi, O.; Barnes, N.M.; Upthegrove, R.; Louzada-Junior, P.; Del-Ben, C.M.
T regulatory cells as a potential therapeutic target in psychosis? Current challenges and future perspectives. Brain Behav. Immun.
Health 2021, 17, 100330. [CrossRef] [PubMed]

35. Leykin, I.; Mayer, R.; Shinitzky, M. Short- and long-term immunosuppressive effects of clozapine and haloperidol. Immunophar-
macology 1997, 37, 75–86. [CrossRef]

36. Song, C.; Lin Ah Kenis, G.; Bosmans, E.; Maes, M. Immunosuppressive effects of clozapine and haloperidol: Enhanced production
of the interleukin-1 receptor antagonist. Schizophr. Res. 2000, 42, 157–164. [CrossRef]

37. Bujor, C.E.; Vang, T.; Nielsen, J.; Schjerning, O. Antipsychotic-associated psoriatic rash—A case report. BMC Psych. 2017, 17, 242.
[CrossRef]

38. Levine, J.; Gutman, J.; Feraro, R.; Levy, P.; Kimhi, R.; Leykin, I.; Deckmann, M.; Handzel, Z.T.; Shinitzky, M. Side effect profile of
azathioprine in the treatment of chronic schizophrenic patients. Neuropsychobiology 1997, 36, 172–176. [CrossRef]

39. Kelly, D.L.; Li, X.; Kilday, C.; Feldman, S.; Clark, S.; Liu, F.; Buchanan, R.W.; Tonelli, L.H. Increased circulating regulatory T cells
in medicated people with schizophrenia. Psychiatry Res. 2018, 269, 517–523. [CrossRef]

http://doi.org/10.1016/S0920-9964(03)00017-3
http://doi.org/10.1093/schbul/sbu054
http://doi.org/10.1002/ajmg.b.32282
http://www.ncbi.nlm.nih.gov/pubmed/25656077
http://doi.org/10.1056/NEJMoa073491
http://doi.org/10.1038/s41398-022-01811-6
http://www.ncbi.nlm.nih.gov/pubmed/35082268
http://doi.org/10.1016/j.bbih.2021.100330
http://www.ncbi.nlm.nih.gov/pubmed/34661175
http://doi.org/10.1016/S0162-3109(97)00037-4
http://doi.org/10.1016/S0920-9964(99)00116-4
http://doi.org/10.1186/s12888-017-1411-2
http://doi.org/10.1159/000119379
http://doi.org/10.1016/j.psychres.2018.09.006

	Introduction 
	Materials and Methods 
	Subject Selection 
	MHC Region SNP Selection 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

