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Abstract

Background: Schizophrenia is a psychotic disorder that impacts around 0.5% to 1.2% of the world's population. It
has been well established that heredity plays an essential role in the causation of schizophrenia, with genetic herit-
ability of up to 80%. A several new schizophrenia susceptibility genes were identified at the start of the twenty-first
century. The aim of this systematic review will be to explore the association between single nucleotide polymor-
phisms (SNPs) and schizophrenia risk in people all over the world.

Methods: This systematic review collected available data on genetic variants associated with schizophrenia in
worldwide populations. A PubMed and Science Direct search was investigated to identify all studies published until
December 2020 on genetic susceptibility to schizophrenia in various populations, excluding family studies, transversal
studies, cohort studies, experimental studies, and descriptive studies; those that demonstrate an association between
repeat polymorphism (CNV, VNTR, etc.). All researches on genetic predispositions of schizophrenia and accepting the
predetermined inclusion criteria were included in this systematic review.

Findings: Thirty-six studies focused on the schizophrenia-associated genes were retained in which a total of 44 poly-
morphisms among 26 susceptibility genes to schizophrenia have been associated in the world populations.

Conclusion: Despite the few number of studies published about genetic of schizophrenia, some genetic variations
have been consistently correlated to schizophrenia, particularly in China, as this analysis shows. Further data, espe-
cially from genome-wide association studies, might contribute in the development of a reference for schizophrenia

genetic susceptibility markers.

Keywords: Genetics, Schizophrenia, Systematic review, Genes, Polymorphisms, Psychiatry

Introduction

Schizophrenia is conceptualized as a psychotic disorder
according to DSM-5. Delusions, hallucinations, and dis-
ordered speech are basic "positive symptoms" that may
be reliably identified with schizophrenia and may be
regarded crucial for a successful diagnosis [1]. With an
early onset in late adolescence or early adulthood, the
disease affects about 0.5% to 1.2% of the global popu-
lation. The most common clinical manifestations are
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positive symptoms, particularly hallucinations and delu-
sions, on the one hand, and negative symptoms, such as
reduced mood, speech and interest, as well as language
and behavioral disorders, on the other hand [2].

It has been well established that heredity plays a signifi-
cant role in the causation of schizophrenia, with genetic
heritability of up to 80% [3]. Evidence in this context is
available from family studies, genetic associations, and
genetic linkage studies. Despite the high heritability, the
genetic susceptibility factors that contribute to this dis-
ease have not been fully elucidated [4].

The scientific community has long sought to under-
stand the pathogenesis of schizophrenia; however, due
to high disease’s complexity, this objective has proven
difficult to achieve. Researchers have browsed the entire
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human genome for loci and genetic alterations (e.g.,
single nucleotide polymorphisms [SNPs]) that may be
related to schizophrenia and other psychiatric disorders
over the last decade [5].

A number of new schizophrenia susceptibility genes
were identified at the start of the twenty-first century,
and to this day more than 1000 genes have been analyzed
for their potential association with schizophrenia. These
genes were discovered through association studies based
on their chromosomal position or their function. Among
the genes that have been suggested to converge function-
ally on schizophrenia risk, we highlight ACE, GRM3,
GSTs, DTNBPI1, EFHD2, ERBB4, GABRB2...[5].

A recent systematic review and meta-analysis indicated
that AMBRA1, ANK3, ARNTL, CDH13, EFHDI1, MHC,
PLXNA2, and UGTIAI were revealed to be linked with
SCZ or bipolar disorder (BD) diagnosis in at least two
independent samples [6].

Similar to other psychiatric diseases, schizophrenia
arises from an interplay between genetic and environ-
mental factors. Studies in Chinese, Spanish, Indian, Ira-
nian, Caucasian, and other populations around the world
have shown robust genetic predispositions to this disease.
This systematic review aims to collect available informa-
tion on the genetic determinants of schizophrenia, more
precisely to explore the association between single nucle-
otide polymorphisms (SNPs) and schizophrenia risk in
people all over the world.

Methods used for systematic review

This systematic review was reported using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. This article will discuss
the epidemiology and genetics of schizophrenia in the
global population. This is a systematic review based on
publicly available data. As a result, no ethical approval is
needed.

Bibliographic search

We searched Medline through PubMed and Science
Direct databases for all existing genome-wide asso-
ciations studies (GWAS) of schizophrenia that has been
published in English from database inception until
December 2020. Additionally, the reference lists of per-
tinent articles and reviews were checked for further
articles.

Selection of studies

We included observational studies, particularly
cases—control studies that assessed the link between
genetic polymorphisms and schizophrenia in various
populations.
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To focus on genetic as a complex trait of schizophrenia
we excluded (1) family studies, transversal studies, cohort
studies, experimental studies and descriptive stud-
ies; (2) those that demonstrate an association between
repeat polymorphism (CNV, VNTR, etc.), mutations and
schizophrenia.

For studies reported in several reports, we considered
the most detailed reporting on the largest sample size.
Three authors (H.B., E.G., and A.H.O.) individually exam-
ined articles for inclusion (titles, abstracts, and then full
texts).

Data extraction, assessment, and synthesis

Three investigators (H.B., EG., and A.H.O.) extracted
data from qualified articles using an essentialist data
extraction form. The gathered information contained the
country of the study, study population, sample size, mean
age, range and proportion of men for cases and controls,
genotyping method, gene and polymorphism studied,
and the outcome (effects of studied polymorphism on the
disease).

Due to high heterogeneity among included studies,
the impact of a genetic variant on schizophrenia (their
association, or none association) was identified as linked
(YES) or unlinked (NO) based on whether the polymor-
phism was associated or not with a risk of schizophrenia.

A fourth experienced investigator double-checked all
collected evidence for consistency (Hm.B.).

Our decision to conduct a narrative synthesis of the
collected data is informed by the small number of qual-
ifying studies and the enormous variation between
research pertaining to sample population characteristics
and evaluation of the association of genetic polymor-
phisms and schizophrenia.

Results of the systematic review

Literature search

Our initial database search identified 5804 records from
PubMed (n=1632) and Science Direct (n=4173); after
removal of duplicates (n=352), 5452 records remained.
Since checking titles and abstracts, we identified 5220
records to be irrelevant and excluded them. We exam-
ined the complete texts of the remaining 232 articles to
see if they were appropriate, of which 36 were eventu-
ally added [7-42] and 196 were excluded with reasons as
indicated in Fig. 1.

Populations, genetic evaluation, and results

Of the 36 studies analyzed, 25 articles enrolled patients
with schizophrenia of Asian origin (69,44%) [7-10, 12,
13, 15-20, 22-25, 28, 29, 33, 36—40, 42]. Patients of Euro-
pean ancestry were included in 6 articles (16,66%) [11, 26,
27, 30, 32, 41], whereas only 2 of African origin (5,55%)
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Records identified database searching

(n =5804)

Studies included in review
(n=36)

> Duplicates (n = 352)
Records after duplicates removed
(n =5452)
Records excluded after title and
abstract screening
(n=5220 )
A 4
Full-text articles assessed for eligibility
(n=232)
Full-text article excluded
(n=196)
~ 137 with no relevant data
8 associations with treatments
7 study familial
44 review and meta-analysis
\4

Fig. 1 Preferred reporting items for the systematic reviews and meta-analysis (PRISMA)

[21, 35], and the self-reported ethnic background in the
last 3 article is African, African-American, Asian, and
European [14, 31, 34]. All studies have been carried out
on patients who had schizophrenia. Participants ranged
in age from 16 to 76 years, with a men ratio ranging from
46 to 100% based on the population. Across studies, a
total of 121 polymorphisms (including single nucleotide
polymorphisms (SNPs) and insertion/deletions among 39
different genes were investigated (Table 1).

All SNPs in the selected studies fall in multifunc-
tional scaffold proteins that are expressed in neurons
and interact with multiple proteins involved in neu-
ronal migration, glutamatergic, neurotransmission, sig-
nal transduction, and hippocampal development, all of
which are implicated in the etiology of schizophrenia
[15]. Indels were located primarily in the angiotensin
converting enzyme (ACE), NQO2, and PAI-1 genes. The
aim of all of the researches was to see whether there was
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Table 1 The different genes investigated within the selected

articles

Gene

Polymorphisms

Country

Date

1.ACEI/D
2.AUTS2
3.G3

4. CACNA2D2

5.DAO
6. DAOA

7.DISC

8.DISC1

9.DRD2

10. DTNBP1

11. EFHD2

12. ERBB4

13. GABRB2

14. GLRX5
15. GRIAT

16. GRIK4

17.GRM3

I/D
rs6943555
511569562
15344555
rs2241393
rs445750
rs12496815
rs3806706
rs45536634
153741775
13916956
rs2391191
15778292
rs3918342
rs1421292
rs1417584
rs1954175
1s821616
rs113012343
rs821616
rs821597
rs7116768
151799732
rs3213207
rs1011313
rs760761
152619522
152473357
rs71631726
rs140124965
rs10927785
rs839523 (G/A)
rs3748962 (A/G)
rs12187676 (G/C)
rs1816072 (T/C)
rs1007814
rs1428920
rs1552834
rs1422889
rs10035143
rs2926835
rs79526501
rs4582985
rs11218016
rs6589847
1s56275759
rs187993
rs13242038
rs917071

Iran
Turkey
China

China

Taiwan

Taiwan

Pakistan

China

China

Korea

china

Jordan

Iran

China
Korea

China

European &American

2015
2020
2018

2020

2017
2017

2020

2016

2018

2009

2020

2017

2020

2016
2012

2017

2005
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Gene

Polymorphisms

Country

Date

18.GSTs

19. HDAC

20. HSPATA

21.HSPA1B

22.HSPATL
23.IFNGR2
24. MTHFR
25.NQO2
26.NRG1
27.NRXN1

28. OPRM1

29. PAI-1
30. PDE4B

31.PPARa
32.RANBP9

33.RELN

rs6465084
rs2228595
rs1468412
rs3804100
GSTM1
GSTT1
HDAC3 (rs2530223)
HDAC4 (rs1063639)
HDAC10 (rs155048)
rs1008438
1s562047
rs6457452
1s2763979
rs539689
rs9281590
rs2075800
Q64R(GIn64Arg)
C677T

I/D
13924999
rs10490168
rs2024513
rs10174398
rs10195460
1513382584
rs1558852
rs1799971
152075572
1648893
671531
4G/5G (I/D)
151354064
154320761
rs1040716
1910694
rs1321177
rs2144719
15783038
rs599381
aL1e2v
1524023
rs442458
16940759
1s204226
rs11759518
1/D (rs16724)
rs1062831
rs3808039
15362746

Tunisia

Korea

Poland

Poland

Poland
Tunisia
USA
Japan
China
China

China

Turkey
Caucasian
Africa, America

Croatia
Korea

China

2012

2010

2018

2019

2018
2016
2006
2003
2016
2011

2013

2016
2008

2014
2014

2019
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Table 1 (continued)

Gene Polymorphisms Country Date

rs736707
-1415T/C SNP
rs1261085
rs1261084
18766
rs9960767
12958182
1s12966547
rs3804099
rs3804100
rs699947
rs25648
rs833070
13024997
rs10434
rs2312147
rs1051061
rs2043890
rs3732136
Ala499Val Iran
PAT

Lys939GIn

34. SAT-1
35.TCF4

2009
2020

Spain
China

36.TLR2 Korea 2013

37.VEGFA China 2015

38.VRK2 China 2015

39.XPC 2019

a correlation between genetic determinants and schizo-
phrenia in general populations.

Schizophrenia-associated genes

We identified 26 genes and 44 significant genetic poly-
morphisms implicated in schizophrenia in the research
included in this review. Four studies about the 26 genes
showing an association with schizophrenia were con-
ducted in the Chinese population DISCI (rs821616,
rs821597), GLRXS5 (rs1007814), NRGI (rs3924999),
TCF4 (rs2958182) [18, 20, 40]. Four other studies in
Chinese Han population C3 (Complement 3) polymor-
phism (rs11569514), CACNA2D2 (rs45536634), four
polymorphisms of NRXNI (rs10490168, rs2 024513,
rs13382584, rs1558852), and two polymorphisms of
OPRM1 (rs1799971. rs2075572) [13, 16, 37, 42]. In the
Korean population, a similar associations were detected
with GRIAI (rs1428920, rs2926835), TLR2 (rs3804099,
rs3804100), HDAC3 (rs2530223) HDAC4 (rs1063639),
DTNBPI (rs760761, rs2619522) [23-25, 33]. Three other
studies analyzed previously shown to be associated with
schizophrenia in the northern and northeast Chinese han
population EFHD?2 (rs2473357) [8, 10, 28]. Studies in Ira-
nian population showed that the II genotype of the I/D
polymorphism of ACE gene, (rs1816072 (T/C)) polymor-
phism of GABRB2 and the (Haplotype Val-Lys) of XPC
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gene have a significant association with the susceptibility
of schizophrenia [19, 29, 38].

It has already been found that there is a correlation
between (GSTT1) polymorphism of GSTs, and Q64R
(GIn64Arg) polymorphism of IFNGR2 and the risk of this
disease in the Tunisian population [21, 35]. Similar results
were observed in Turkish with AUTS2 (rs6943555) [32],
Taiwanese with DAOA (rs778292, rs3918342, rs1421292)
[12], Pakistanian with DISC (rs1417584) [15], Jordanian
with ERBB4 (rs839523) (G/A) [7], and Japanese popula-
tion with NQO2 (Deletion) [17] gene polymorphisms,
respectively (Table 2).

One study conducted in mixed ethnic sample (Cauca-
sian and African-American population) demonstrated
an association between schizophrenia [14] and poly-
morphisms in PDE4B (rs1354064, rs4320761, rs1040716,
rs910694, rs1321177, rs2144719, rs783038, rs599381)
(Table 2).

Studies with lack of association

Twelve studies from various population did not find a
significant association with schizophrenia [9, 11, 12, 22,
26, 27, 30, 31, 34, 36, 39] (Table 2).

Discussion

In this research, we used a systematic review to evalu-
ate the correlation between polymorphisms and schizo-
phrenia in the global population by integrating data
from all qualifying studies. These powerful studies serve
as informative summaries of the field’s progress. Fur-
thermore, a systematic review of smaller research will
theoretically help entice and plan pathophysiologi-
cal hypotheses for further genomic, transcriptomics,
proteomics, and drug studies, particularly in unique
populations. They can cover the research community’s
reflection on the diversity and discrepancies in samples,
approaches, and conclusions through schizophrenia
association, as well as make sense of current and pro-
spective meta- and mega-analysis studies.

Our analysis showed that 75% of the overall pooled pol-
ymorphisms of these genes are SNPs (AUTS2, C3, CAC-
NA2D2, DAO, DAOA, DISC, DISC1, DRD2, DTNBPI,
EFHD2, ERBB4, GABRB2, GRLX5, GRIAI, GRIK4,
HDAC, HSPAIA, HSPAIB, HSPAIL, NRGI, NRXNI,
OPRM1, PDE4B, RANBPY, RELN, SAT-1, TCF4, TLR2,
VEGFA, VRK2) and 25% of the others types of polymor-
phisms (ACE, GRM3, GSTs, IFNGR2, MTHFR, NQO?2,
PAI-1, PPARa, XPC).

After examining several articles across various popula-
tions, we selected 25 articles from the Asian population
including 21 studies which found a significative asso-
ciation between polymorphism and schizophrenia, and
four studies who failed to find an association. There are
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Table 2 The genetic polymorphisms implicated in schizophrenia included in this review

References  Ethnicity  Total No. of case/ Mean age (case/control) % Men (case/ Genotyping Gene Polymorphism Associated/
sample  control control) method no associated
Mazaheriand Iranian 726 363/363 41.4413.1/39.7£11.1 73.8%/73.8%  PCR Assay ACE I/D Yes (insertion
Saadat [29] with women)
Ozsoy etal.  Turkish 252 100/152 39.11£10.08/ 55%/60.5% PCR-RFLP AUTS2 16943555 Yes
[32] 47.74+13.26
Zhangetal.  Chinese 2240 1086/1154  3424+12.26/ / Mass ARRAY/  C3 1511569562 Yes
[37] Han (rs11569514)
3647+£10.93 PCR | rs344555
| 152241393
rs11569514
| rs445750
Fuetal. [16]  Chinese 1536 761/775 34.61+£12.02/ 582%/56.2%  MALDI-TOF- CACNA2D2 512496815 Yes
Han MS technology (rs45536634)
34741141 | rs3806706
| 45536634
Chuetal.[12] Taiwan 515 248/267 39.22+10.64/ 56%/81.6% SNPlex geno-  DAO 153741775 No
typing system
36.13+£11.95
Chuetal [12] Taiwan 515 248/267 39.224+10.64/ 56%/81.6% SNPlex geno- DAOCA 153916956 Yes (rs778292,
typing system 1s3918342,
rs1421292)
36.13+£11.95 | 152391191
| rs778292
| rs3918342
| 11421292
Fatimaetal.  Pakistani 300 150/150 34.07£95/ 653%/61.3%  PCR/PCR-RFLP  DISC 151417584 Yes (rs1417584)
[15]
338+106 | 1s1954175
| 1821616
| rs113012343
Heetal.[18]  Chinese 484 248/236 5439+13.39/ 64.5%/65.6%  MassARRAY DIsC1 1s821616 Yes (rs821616,
56.114+1291 | 1s821597 rs821597)
Zhangetal.  Northeast 630 306/324 446+73/ 50.3%/48.5%  PCR DRD2 157116768 No
[39] Chinese
Han
453+159 | 151799732
Paeetal.[33] Korean 1509 908/601 38.9/337 50.5%/50.9%  Pyrosequencer DTNBP1 1s3213207 Yes (rs760761,
1s2619522)
| rs1011313
| 1760761
| 152619522
Gaoetal. [28] Northern 602 281/321 41.1£7.0/ 50.8%/482%  PCR EFHD2 152473357 Yes (rs2473357)
Chinese
Han 437174 | rs71631726
| 15140124965
| rs10927785
Al-Eitan etal.  Jordan 380 185/195 45 9+126/ 100%/100% PCR ERBB4 rs839523 (G/A) Yes (rs839523)
(7]
314481 | 153748962 (A/G)
Heidari Nia Iranian 390 190/200 36.48 +10.52/ / Tetra-ARMS- GABRB2 r1s12187676(G/C) Yes (rs1816072)
etal.[19] 36.40£10.88 PCR
| rs1816072 (T/C)
Yang et al. Chinese 1504 893/611 504+134/ 56.4%/54.5% PCR GLRX5 rs1007814 Yes (rs1007814)
[40]
420+£99
Kang et al. Korean 598 218/380 4224106/ / PCR GRIA1 rs1428920 Yes (rs1428920,

[23]
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Table 2 (continued)

References  Ethnicity  Total No. of case/ Mean age (case/control) % Men (case/ Genotyping Gene Polymorphism Associated/
sample  control control) method no associated
443+63 | 1s1552834 1s2926835)
| rs1422889
| rs10035143
| 152926835
Renetal.[36] Chinese 2068 1034/1034 45.06+12.88/ 60.4%/56.8% MassARRAY GRIK4 No
rs79526501
3406+10.0 Sequenom | rs4582985
| rs11218016
| 156589847
| 1s56275759
Nortonetal. ~ European 1390 674/716 4454146/ 715%/63.6%  Sequenom GRM3 rs187993 No
[31] & Ameri-
can
415115 MassARRAY | rs13242038
PCR | rs917071
| rs6465084
| 152228595
| rs1468412
| rs3804100
Raffa et al. Tunisian 261 138/123 3267744/ 86.9%/804%  PCR GSTs GSTM1 Yes (GSTT1)
[35]
31.28£528 | GSTT1
Kim et al. [25] Korean 512 278/234 4291+£1091/ 67.9%/41% SegMan Il HDAC HDAC3 Yes (HDAC3,
software (rs2530223) HDAC4)
36.06£6.08 HDAC4
(rs1063639)
HDAC10
(rs155048)
Kowalczyk Polish 1080 401/679 413+£124/ 59.69%/52.8% PCR-RFLP HSPATA rs1008438 No
etal. [26]
404+£87 TagMan | 1s562047
Kowalczyk Polish 901 377/524 41.1£123/ 59.4%/55.34 PCR-RFLP/ HSPA1B 16457452 No
etal. [27] TagMan Assays
398491 | 152763979
| rs539689
| rs9281590
Kowalczyk Polish 1080 401/679 413+124/ 59.6%/52.8%  PCR-RFLP HSPATL rs2075800 No
etal. [26]
404+£8.7 TagMan
Jemlietal. Tunisian 391 225/166 39.7410.02/ 77.7%/614%  PCR-RFLP IFNGR2 Q64R(GIN64Arg) Yes (Men)
[21]
2837 +844
Philibertetal. European, 565 206/359 39.8+£10.8/ 63.5%/50.6%  Flurescent MTHFR Ce77T No
[34] African- Primer
American,
Hispanic,
Asian
Probe
Haradaetal. Japanese 336 102/234 4694142/ 59.8%/70.1%  PCR NQO2 I/D Yes (Deletion)
[17]
464+9.1
Heetal.[18]  Chinese 484 248/236 5439+13.39/ 64.5%/65.6%  MassARRAY NRG1 Yes (rs3924999)

rs3924999
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References  Ethnicity  Total No. of case/ Mean age (case/control) % Men (case/ Genotyping Gene Polymorphism Associated/
sample  control control) method no associated
56.11+£1291
Yueetal.[42] Chinese 1506 768/738 335+87/ 46.8%/485%  TagMan NRXN1 rs10490168 Yes
Han (rs10490168,
1s2024513,
1513382584,
322464 | 152024513 rs1558852)
| rs10174398
| 1510195460
| rs13382584
| rs1558852
Ding et al. Chinese 528 264/264 3744£11.04/ 583%/553%  PCR-RFLP OPRM1 rs1799971 Yes (151799971
[13] Han
3638+12.27 | 152075572 rs2075572)
| rs648893
| rs671531
Yenilmez Turkish 250 150/100 / / PCR PAI-1 4G/5G (/D) No
etal. [41]
Fatemietal.  Caucasian, 1482 878/604 / / TagMan PDE4B rs1354064 Yes (rs1354064,
[14] African
American rs4320761 rs4320761,
rs1040716,
rs910694,
rs1321177,
152144719,
rs783038,
rs599381
| rs1040716
| rs910694
| rs1321177
| 152144719
| rs783038
| rs599381
Nadalinetal. Croatian 394 203/191 40.1+88/ 54.6%/455%  PCR-RFLP PPARa L1e2v No
[30]
Baeetal.[9]  Korean 842 449/393 44.92/54.62 55.7%/56.5%  TagMan Assay ~ RANBP9 rs24023 No
| rs442458
| 1s6940759
| 15204226
| rs11759518
| Ins/Supp(rs16724)
Baietal.[10]  Northeast 1536 761/775 3461+£1202/ 58.2%/56.1 Mass ARRAY RELN rs1062831 Yes (rs362746)
Chinese
Han
3474+1141 | rs3808039
| 1s362746
| rs736707
Bermudo- Spanish 593 180/413 41.95/38.85 53.8%/38% PCR SAT-1 -1415T/CSNP No
Soriano et al.
[
Gaoetal. [20] Chinese 1076 448/628 36.14+10.2/ 49.5%/42.9 PCR/SNPscan  TCF4 rs1261085 Yes (rs2958182)
357497 | rs1261084
| 158766
| rs9960767
| rs2958182

rs12966547
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References  Ethnicity  Total No. of case/ Mean age (case/control) % Men (case/ Genotyping Gene Polymorphism Associated/
sample  control control) method no associated
Kang et al. Korean 591 286/305 428+10.8/ 66.7%/48.1% PCR TLR2 rs3804099 Yes (rs380499,
[24] (Asn199Asn)
36.6/6.8 rs3804100 Rs3804100)
(Ser450Ser)
Gaoetal. [22] Chinese 1986 1034/952 494441795/ 64.7%/51.2%  TagMan VEGFA rs699947 No
Han
34454+10.12 | rs25648
| rs833070
1.1s3024997  rs3024997
| rs10434
Zhangetal.  Northwest 893 360/533 37.24+104/ 49.1%/43.5%  PCR VRK2 rs2312147 Yes (rs3732136)
[8]
Chinese 356%112 rs1051061
Han
| rs2043890
| rs3732136
Taghipour Iran 721 361/360 419+ 13.5/406 £ 132/ 72.3%/74.1 SNP Alyze (TM)  XPC Ala499Val Yes (Haplotype
etal. [38] software Val-Lys)
| PAT
| Lys939GIn

also 11 other studies from Europe, Africa, and the USA
(2 African, 6 European, and 3 mixed African-American-
European) among which 5 have found a relation between
polymorphism and schizophrenia.

The Iranian study [29] investigated the role of the gen-
otypes of I/D ACE polymorphism by PCR method. The
deletion allele (D) was seen as a 191 bp band, whereas the
insertion allele (I) was identified as a 478 bp band [29].
When compared to the DD genotype, the II genotype
substantially reduced the risk of schizophrenia in females
[29]. There was a strong linear relationship between
the number of I alleles and the risk of schizophrenia in
females. The sexes and the II genotype had a strong
interaction [29]. The association between the ACE I/D
polymorphism and the risk of schizophrenia has already
been established. Two recent studies found contradictory
results: the I allele was shown to be a protective factor
in a Turkish population [43], although the D allele was
found to be protective against schizophrenia and bipolar
disorder in a Spanish population [44].

The study of C3 polymorphisms is still a major field
in schizophrenia research. Association between the
SNP rs11569514 in C3 and schizophrenia was investi-
gated in Han Chinese population [37]. Interestingly, in
the codominant model (TT vs. AA) the authors found a
significant risk effect for rs11569514 on schizophrenia.
Recent findings in the Tunisian population, as well as in
the Brazilian population, show a significantly higher level
of C3 protein in schizophrenia patients [45, 46].

In the research of Zhang et al. [39] among the north-
ern Chinese Han population, there was no significant

association between the (rs7116768) and (rs1799732)
polymorphisms of the dopamine D2 receptor (DRD?2)
gene promoter region and schizophrenia [39], these
results are consistent with those of previous research
in a Spanish population [47], but are in contrast to the
results in Brazilian population who found a significant
association [48]. However, there are still some uncer-
tainties concerning these associations.

The GRM3 gene was not associated with schizophre-
nia in the European and American populations [31].
Similar results were observed in the Japanese popula-
tion [49]. However, other studies have instead reported
a link between GRMS3 genetic variation and risk of
schizophrenia [50, 51].

Among single population studies, 12 variants of
NQO?2 gene were identified in Japanese population [17]
including the insertion/deletion (I/D) polymorphism of
the 29 base pair nucleotide sequence in the promoter
region. In the schizophrenia group, the frequency of
the D allele was significantly higher than in the healthy
controls. The current findings show that individuals
with the deletion of the 29 bp sequence in the pro-
moter region of the NQO2 gene might be vulnerable to
a specific type of schizophrenia [17]. Further research
is needed on the implication of this polymorphism on
schizophrenia.

One of the most promising potential genes for schiz-
ophrenia is neuregulin 1 (NRGI); the rs3924999 G/G
genotype was associated with schizophrenia in the early
onset subgroup (25 years) in the Chinese population [18].
Similar findings have been reported in Han Chinese and



Boulenouar et al. Egyptian Journal of Medical Human Genetics

Japanese populations, where the NRGI gene appears to
contribute to schizophrenia susceptibility [52, 53].

In this research [14], 27 single nucleotide polymor-
phisms (SNPs) across the PDE4B gene were genotyped;
several of these SNPs genotyped in the Caucasian
population were substantially associated with schizo-
phrenia. Two related intronic SNPs, rs1321177 and
rs2144719, were particularly correlated to schizophre-
nia [14].

Although a number of studies have shown an asso-
ciation between the phosphodiesterase 4B (PDE4B) gene
and the risk of schizophrenia, the findings are still incon-
clusive [54].

Reelin (RELN) is a protein involved in brain develop-
ment and function and has been related to a variety of
neuropsychiatric disorders. Bai et al. reported that the
rs362746 of the RELN gene was associated with schizo-
phrenia under the recessive and codominant models, in
the Chinese population [10]. In Australia and Turkey,
there was also a high correlation between this polymor-
phism and schizophrenia [55, 56].

The transcription factor 4 (TCF4) gene is highly
expressed and plays a critical role in nervous system
development, and it has long been implicated in the risk
of developing schizophrenia [57].

The rs2958182 on TCF4 gene showed a significant
association with schizophrenia in a meta-analysis in Chi-
nese population [20]. This conclusion is in agreement
with previous studies, in different ethnicities like Malay-
sians population, and Han Chinese population [57, 58].

VRK2 is a serine/threonine protein kinase enzyme
encoded by the VRK2 gene on human chromosome
2p16.1. The VRK2 rs3732136 polymorphism was shown
to be substantially linked with schizophrenia in the study
of Zhang et al. [8] in a Northwest Chinese Han popula-
tion, similar results were reported in other genotype
and haplotype association studies. The results suggest
that the VRK2 gene may play an important role in the
development of schizophrenia in the Han population of
northwest China [8]. The polymorphisms of serine/thre-
onine-protein kinase (VRK2) were correlated to schizo-
phrenia in two recent studies performed in Northern
European and Asian populations [59, 60].

Several other polymorphisms were genotyped in dif-
ferent populations; for example, AUTS2 (rs6943555)
[32], CACNA2D2 (rs45536634) [16], DAOA (rs778292,
rs3918342, rs1421292) [12], DISC (rs1417584) [15],
DISCI (rs821616) [18], DNTBPI (rs3213207, rs1011313,
15760761, and rs2619522) [33], EFHD2 (rs2473357)
[28], ERBB4 (rs839523) [7], GABRB2 (rs12187676) [19],
GLRXS (rs1007814) [40], GRIAI (rs1428920, rs2926835)
[23], GSTs (GSTT1) [35], HDAC (rs1063639) [25],
IENGR2 (Q64R) [21], NRXNI (rs10490168, rs2024513,
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rs13382584, 1rs1558852) [42], OPRMI (rs1799971,
1s2075572) [13], TLR2 (rs3804099) [24] and XPC [38]
each found a significant association with schizophrenia.

In contrast some studies which genotyped other poly-
morphisms in several genes, for example, DAO [12],
GRIK4 [36], HSPAIA [26] HSPAIB [27], HSPAIL [26],
MTHEFR [34], PAI-1 [41], PPAR« [30], RANBP9 [9], SAT-
1 [11], VEGFA [22], found no significant association with
schizophrenia.

To fully understand the correlation between these pol-
ymorphisms and schizophrenia, further research with
larger populations and prospective approaches is needed.
Therefore, this systematic review still reveals new data of
the impact of genes in schizophrenia risk.

A rigorous and systematic literature review, as well as
the inclusion of multiple potential genetic risk factors for
schizophrenia, is among the review’s strengths. As many
sample sizes were small, it is possible that the sample
sizes were insufficient to detect a true association, espe-
cially because schizophrenia is most likely polygenic and
influenced by many variants with small effect sizes.

Conclusion

Despite the few number of studies published about
genetic of schizophrenia, some genetic variations have
been consistently correlated to schizophrenia, par-
ticularly in China, as this analysis shows. Further data,
especially from genome-wide association studies, might
contribute in the development of a reference for schizo-
phrenia genetic susceptibility markers.
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