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Abstract N
Background: The correlation between single nucleotide polymorphism (SNP) rs12807809 in Neurogranin (NRGN) gene and \
Schizophrenia (SCZ) was investigated by several studies, whereas the results were conflicting. Thus, we performed the present
meta-analysis to combine and analyze the available studies in order to provide a more accurate result on the association of
rs12807809 polymorphism in NRGN gene and SCZ vulnerability.

Methods: A comprehensive retrieval in PubMed, EMBASE, Web of Science, Cochrane Library and Wanfang was performed for
relevant studies on the relationship of rs12807809 polymorphism and SCZ. Summary odds ratios (OR) with 95% confidence interval
(95% Cl) were calculated in allelic, homozygous, heterozygous, dominant and recessive model to appraise the association.

Results: The meta-analysis included 8 studies containing 12552 SCZ cases and 34783 controls. The results showed a statistically
significant correlation between SCZ and rs12807809 polymorphism in overall population in allelic model (OR=1.10, 95%CI 1.04-
1.17). However, subgroup analysis indicated the association only existed in Caucasians but not Asian.

Conclusion: The results of present meta-analysis suggested significant association between SNP rs12807809 in NRGN gene and
SCZ susceptibility in Caucasians but not Asians.

Abbreviations: Cl = confidence interval, HWE = Hardy-Weinberg Equilibrium, NOS = Newcastle-Ottawa Scale, NRGN =

Neurogranin, OR = odds ratio, SCZ = schizophrenia, SNP = single nucleotide polymorphism.
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1. Introduction

SCZ is a destructive psychosis which onset time usually is in late
adolescence or early adulthood, impacting around 0.5% to 1.2%
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of the population all over the world.""" The main clinical
manifestations are positive symptoms, especially hallucinations
and delusions, and negative symptoms like decreased mood,
speech and interest, and language and behavioral disorders.”!
These symptoms make the normal life of patients with SCZ
difficult, resulting in inability to work, study and exercise their
social responsibilities. Albeit pharmacological therapies are
useful for SCZ, many patients have poor efficacy.l*! SCZ patients
suffer a 10% to 15% suicide risk during their lifetime."!
Therefore, there is a great need to find better treatments to reduce
the effects of these symptoms in order to further meliorate
prognosis and increase happiness index.

SCZ is a complicated psychosis involving many genetic factors
as well as environmental factors."! Literature have reported that
SCZ has a heritability about 80%, and first-degree relatives are 5
to 10 times more possible to have SCZ than the ordinary
population.!®’ In recent years, genome-wide association
studies (GWASs) have authenticated many susceptible regions
for SCZ.”!

NRGN gene is located in chromosome 11q24.2.81 NRGN
encodes a post-synaptic protein kinase substrate that is
exclusively expressed in human brain, binding to calmodulin
(CaM) in the absence of calcium.””’ NRGN is a postsynaptic
brain-specific protein that participates in signal transduction and
regulates the interaction between calmodulin and calcium by
binding to calmodulin.!"”’ NRGN has an important effect on Ca”
*.CaM signaling pathway. NRGN oxidation induced by Ca**
influx results in post-synaptic activation of CaM-dependent
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protein kinase I (CaMKII) in CaM, which is related to enhance
N-methyl-D-aspartate (NMDA) receptor signaling. Thus, the
change of NRGN activity may mediate the effects of NMDA
dysfunction involved in the physiopathology of SCZ.H11!

In recent years, there have been several reports attempting to
prove the association between rs12807809 polymorphism in
RNGN gene and SCZ among different populations, but the results
are controversial. For example, Sudesh et al reported that
rs12807809 showed a significant association in South Indian
population (cases=1005 and controls=1069)."3! However, the
study by Li et al failed to observe an association between
rs12807809 and SCZ in Chinese Han population (cases=2496
and controls= 5184)."¥ The reason for the conflicting results might
be limited samples, insufficient statistical ability, ethnic specificity,
participant heterogeneity. Thus, the meta-analysis aimed at
synthetizing current studies on the association of rs12807809
polymorphism in RNGN gene and susceptibility to SCZ.

2. Methods

2.1. Literature search strategy

PubMed, EMBASE, Web of Science, Cochrane Library, and
Wanfang were retrieved for relevant studies published before
May 2019 by combining the Medical Subject Headings (MeSH)
and free words: (Polymorphisms, Genetic OR Genetic Polymor-
phisms OR Genetic Polymorphism OR Polymorphism OR
Polymorphisms OR variant OR variation OR mutant OR
mutation OR “Polymorphism, Genetic’[Mesh]) AND (Schizo-
phrenias OR Schizophrenic Disorders OR Disorder, Schizo-
phrenic OR Disorders, Schizophrenic OR Schizophrenic
Disorder OR Dementia Praecox OR “Schizophrenia”[Mesh])
AND (P17 Protein Kinase C Substrate OR RC3 Protein OR
NRGN OR “Neurogranin”[Mesh] OR Neurogranin). Studies
were regarded eligible if they examined the relation between
rs12807809 polymorphism in RNGN gene and SCZ. Further-
more, we conducted a manual retrieval of the bibliography from
related publications to obtain potential researches. The meta-
analysis did not involve data related to patient personal
information and therefore does not require ethical approval.

2.2. Inclusion and exclusion criteria
The criteria below need to be satisfied for inclusion studies:

(1) published studies on the correlation of rs12807809 in the
RNGN gene and SCZ;

(2) case-control studies that included at least 50 cases and 50
controls;

(3) healthy control subjects without any history of psychosis or
family history of mental disorder;

(4) studies with sufficient data to compute OR and 95% CI.

Exclusion criteria are as follows:

(1) animal studies, expert opinions, reviews, and case studies;
(2) pedigree studies;
(3) studies without available allele and genotype frequencies.

2.3. Methodological quality assessment

Two reviewers (L Jin and Z An) utilized Newcastle-Ottawa scale
(NOS) to evaluate the methodological quality of inclusion
studies.""*! Guided by the Star system, an individual study was
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accessed from three broad perspectives: the selection of cases and
controls, the comparability of cases and controls, and the
determination of exposure or outcome of interest in case-control
studies. Disagreements between reviewers were settled through
discussion.

2.4. Data extraction

The data extraction of present study was independently
performed by 2 reviewers. Information collected included first
author, year of publication, country, ethnicity of study popula-
tion, diagnostic criteria for SCZ, number of case and control
subjects, allele and genotype frequencies of cases and controls.
With regard to disagreements that emerged throughout the
process, 2 investigators reviewed the literature and discussed with
each other until consensus was reached.

2.5, Statistical analysis

The relationship rs12807809 polymorphism in RNGN and SCZ
susceptibility was appraised by pooled ORs and 95% ClIs in
allelic comparison (T vs C), homozygous comparison (TT vs CC),
heterozygous comparison (TC vs CC), dominant model (TT+TC
vs CC), and recessive model (TT vs TC + CC). Z-test was
employed to ascertain the summary OR results, and P <.05 was
considered statistically significant. The data analysis was
achieved using Review Manager 5.3 software (The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).

2.6. Heterogeneity and publication bias

Q-statistical test and I* test are applied to appraise the
heterogeneity across included studies, where test result was
I>50% and P<.1 indicated the presence of heterogeneity.!®!
When there was no significant heterogeneity (P>.1 or I* < 50%)
across studies, a fixed-effect model was selected. Conversely, the
random-effect model was chosen. If there was heterogeneity, we
would conduct a stratified analysis according to ethnicity to
further determine the potential source of heterogeneity. Publica-
tion biases were examined by Funnel plot and asymmetry
plots implied possible publication bias.'”! We conducted leave-
one-out sensitivity analysis to appraise the stability of summary
results.

3. Results

3.1. Literature search

Figure 1 displayed the literature identification and selection
process. We identified 104 relevant literature after combining the
search results. After removing the duplicate ones, 63 publications
were retained. After scanning the titles and abstracts, a further 51
irrelevant studies were eliminated. Subsequently, the full-text
review of the remaining 12 articles were performed to inspect
their qualification according to the predetermined inclusion
criteria, and 4 studies were excluded. Finally, 8 studies were
considered to be qualified for the meta-analysis.

3.2. Study characteristics

Eight case-control studies with a total of 47,335 subjects (12,552
SCZ cases and 34,783 healthy controls) were included in this
study.>1318-231 The sample sizes varied from 158 to 12,080.
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Figure 1. Flow diagram of literature retrieval and selection.

Table 1 generalized the main characteristics and allele and
genotype frequencies of inclusion studies. Two studies were
conducted among Caucasian population, and the others were
across Asian population. The study by Zhang et al focused on the
association between SNP rs12807809 and resting-state hippo-
campal functional connectivity in SCZ.!"®! The study by Shen et al
carried out a correlation and functional study between 7 common
SNPs in NRGN gene and SCZ."' Wen et al’s study investigated a
multi-disease association between 3 SNPs in NRGN and Chinese
patients with SCZ, depression and bipolar disorder.”?! All
inclusion studies accorded with HWE. NOS scores of inclusion
studies were greater than 6, which indicated they had a good
methodological quality (Table 2).

3.3. Meta-analysis and subgroup-analysis

The summary data under allelic model (T vs C, OR=1.10, 95%
CL: 1.04-1.17, P=.0005; Fig. 2) indicated a significant

association between rs12807809 and SCZ in the overall
population. However, none significant correlation was observed
in homozygous, heterozygous, dominant model or recessive
models (Table 3). We performed subgroup analysis by ethnicity,
the result revealed a statistically significant association between
SNP rs12807809 and SCZ risk in Caucasian population (T vs C,
OR=1.14, 95%CI, 1.08-1.20, P <.00001; Fig. 3), but not in
Asian population. Because of insufficient data, we did not analyze
the association between rs12807809 and SCZ in Caucasians
under homozygous, heterozygous, dominant, and recessive
models. We analyzed the association between rs12807809
variant and risk of SCZ in the Asian population, but no
significant association was observed.

3.4. Sensitivity analysis

We removed each study in this study to judge the effect of
individual dataset on the summary ORs. When the study by
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Main characteristics of included studies and genotype frequencies of cases and controls.
Case Control

Study Year Country Ethnicity = Sample size T c T 1C cc T c T TC cc HWE
Bocharova et al 2016 Russian Caucasian 389/674 655 123 282 91 16 1102 246 449 204 21 0.709
Ohi et al 2012 Japan Asian 2019/2579 3049 989 1171 707 141 3842 1316 1444 954 181 0.174
Shen et al 2012 Taiwan Asian 346/345 508 184 185 138 23 495 195 183 129 33  0.148
Stefansson et al (a) 2009 England Caucasian 93/88 153 33 NA NA NA 147 29 NA NA NA NA
Stefansson et al () 2009 Finland Caucasian 59/147 101 17 NA NA NA 251 43 NA NA NA NA
Stefansson et al (c) 2009 Finland Caucasian 123/50 210 36 NA NA NA 82 18 NA NA NA NA
Stefansson et al (d) 2009 Germany Caucasian 483/367 759 207 NA NA NA 590 144 NA NA NA NA
Stefansson et al () 2009 Germany Caucasian 574/604 957 191 NA NA NA 983 225 NA NA NA NA
Stefansson et al (f) 2009 Iceland Caucasian 589/11491 1001 177 NA NA NA 18684 4298 NA NA NA NA
Stefansson et al () 2009 Italy Caucasian 83/89 145 21 NA NA NA 153 25 NA NA NA NA
Stefansson et al () 2009 Scotland Caucasian 658/661 1119 197 NA NA NA 1092 230 NA NA NA NA
Stefansson et al. () 2009  Netherlands ~ Caucasian 714/3631 1190 238 NA NA NA 5948 1314 NA NA NA NA
Stefansson et al (j) 2009 Denmark Caucasian 344/642 576 112 NA NA NA 1034 250 NA NA NA NA
Stefansson et al (k) 2009 Denmark Caucasian 513/1331 834 192 NA NA NA 2188 474 NA NA NA NA
Stefansson et al (|) 2009 Germany Caucasian 610/1542 1011 209 NA NA NA 2510 574 NA NA NA NA
Stefansson et al (m) 2009 Germany Caucasian 302/1620 523 81 NA NA NA 2689 551 NA NA NA NA
Stefansson et al (n) 2009 Hungary Caucasian 259/225 449 69 NA NA NA 385 65 NA NA NA NA
Stefansson et al (0) 2009  Netherlands  Caucasian 91/87 146 36 NA NA NA 144 30 NA NA NA NA
Stefansson et al (p) 2009 Norway Caucasian 111/164 191 31 NA NA NA 265 63 NA NA NA NA
Stefansson et al () 2009 Russia Caucasian 456/457 757 155 NA NA NA 761 153 NA NA NA NA
Stefansson et al (1) 2009 Sweden Caucasian 255/290 429 81 NA NA NA 463 117 NA NA NA NA
Stefansson et al (s) 2009 Finland Caucasian 272/3985 466 78 NA NA NA 6599 1371 NA NA NA NA
Stefansson et al (f) 2009 Spain Caucasian 287/615 500 74 NA NA NA 1032 198 NA NA NA NA
Stefansson et al () 2009 Spain Caucasian 337/404 571 103 NA NA NA 664 144 NA NA NA NA
Su et al (a) 2015 China Asian 94/94 132 56 44 44 6 121 67 41 39 14 0.354
Su et al (b) 2015 China Asian 188/188 275 101 104 67 17 262 114 91 80 17 0922
Sudesh et al 2017 India Asian 1005/1069 1817 193 829 159 17 1991 145 929 133 6 0.602
Wen et al 2016 China Asian 1239/1245 1790 688 651 488 100 1782 708 620 526 91 0.151
Zhang et al 2019 China Asian 59/99 88 30 30 28 1 140 58 53 34 12 0.089

HWE = Hardy-Weinberg Equilibrium, NA=not available.

Sudesh et al was removed, the heterogeneity changed from light
heterogeneity (P=.05; I*=33%) to non-heterogeneity (P=.61,
I*=0%) while the pooled OR value did not change much (from
OR=1.10 95%CI: 1.05-1.14 to OR=1.11 95%CI: 1.07-1.16,
Fig. 4) under allelic model. But for recessive model, the overall
effect reversed without no heterogeneity (Fig. 5). After the
deletion of study by Sudesh et al, the pooled ORs did not change
significantly for homozygous, heterozygous and dominant
model. After removing this article, the effects on the results
of the 5 models are different, so this article is retained. After

careful reinvestigation, it was found that there was pedigree
study in the case group, of which 25.2% had consanguinity and
32.4% had SCZ family history, which may result in high
heterogeneity.

3.5. Publication bias

The publication bias of the inclusion studies was assessed by
Funnel plot. There was no obvious asymmetry according to shape
of the funnel plots (Fig. 6).

Quality assessment of included studies according to the Newcastle-Ottawa Scale.

Item/Study Bocharova et al Ohi et al Shen et al Stefansson et al. Su et al Sudesh et al Wen et al Zhang et al
Adequate definition of cases * * * * * * * *
Representativeness of cases * * ¥ * % % * %
Selection of control subjects * * * * * * * *
Definition of control subjects * * * * * * * *
Control for important factor * * * * * % * *
or additional factor
Exposure assessment * * * * * * *
Same method of ascertainment * * * * * * * *
for all subjects
* * * * * * * *

Non-response rate

*star given; *, star not given.

A study could be awarded a maximum of one star for each item except for the item “Control for important factor or additional factor”.
The definition/explanation of each column of the Newcastle-Ottawa Scale is available from http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
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Case Control Odds Ratio

r I Even Total Even Total Weight M-H. Random, 95% CI
Bocharova et al. 2016 655 778 1102 1348 3.8% 1.19[0.94, 1.51]
Ohi et al. 2012 3049 4038 3842 5158 9.1% 1.06 [0.96, 1.16]
Shen et al. 2012 508 692 495 690 3.8% 1.09[0.86, 1.38]
Stefansson et al. (a) 2009 153 186 147 176 1.0% 0.91[0.53, 1.58]
Stefansson et al. (b) 2009 101 118 251 294 0.8% 1.02[0.55, 1.87]
Stefansson et al. (c) 2009 210 246 82 100 0.8% 1.28 [0.69, 2.38]
Stefansson et al. (d) 2009 759 966 590 734 3.8% 0.89[0.71, 1.14]
Stefansson et al. (e) 2009 957 1148 983 1208 4.4% 1.15[0.93, 1.42]
Stefansson et al. (f) 2009 1001 1178 18684 22982 6.0% 1.30[1.11, 1.53]
Stefansson et al. (g) 2009 145 166 153 178 0.8% 1.13[0.61, 2.10]
Stefansson et al. (h) 2009 1119 1316 1092 1322 4.6% 1.20[0.97, 1.47]
Stefansson et al. (i) 2009 1190 1428 5948 7262 6.5% 1.10[0.95, 1.29]
Stefansson et al. (j) 2009 576 688 1034 1284 3.6% 1.24[0.97, 1.59]
Stefansson et al. (k) 2009 834 1026 2188 2662 5.2% 0.94 [0.78, 1.13]
Stefansson et al. (1) 2009 1011 1220 2510 3084 5.6% 1.11[0.93, 1.32]
Stefansson et al. (m) 2009 523 604 2689 3240 3.5% 1.32[1.03, 1.70]
Stefansson et al. (n) 2009 449 518 385 450 2.0% 1.10[0.76, 1.58]
Stefansson et al. (0) 2009 146 182 144 174 1.0% 0.84 [0.49, 1.44]
Stefansson et al. (p) 2009 191 222 265 328 1.3% 1.46 [0.92, 2.34]
Stefansson et al. (q) 2009 757 912 761 914 3.6% 0.98[0.77, 1.25]
Stefansson et al. (r) 2009 429 510 463 580 2.5% 1.34[0.98, 1.83]
Stefansson et al. (s) 2009 466 544 6599 7970 3.6% 1.24[0.97, 1.59]
Stefansson et al. (t) 2009 500 574 1032 1230 2.9% 1.30[0.97, 1.73]
Stefansson et al. (u) 2009 571 674 664 808 3.1% 1.20 [0.91, 1.59]
Su et al. (a) 2015 132 188 121 188 1.5% 1.31[0.85, 2.01]
Su et al. (b) 2015 275 376 262 376 2.5% 1.18 [0.86, 1.63]
Sudesh et al. 2017 1817 2010 1991 2136 4.1% 0.69 [0.55, 0.86]
Wen et al. 2016 1790 2478 1782 2490 7.7% 1.03[0.91, 1.17]
Zhang et al. 2019 88 118 140 198 1.1% 1.22[0.73, 2.03]
Total (95% CI) 25104 69564 100.0% 1.10 [1.04, 1.17]
Total events 20402 56399

Odds Ratio

M-H. Ran

RE—
—

T

T
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Figure 2. Calculated OR and 95% Cl for the association rs12807809 polymorphism and Schizophrenia risk in the allelic model for overall populations. Forest plot of

association between rs12807809 and risk of Schizophrenia for allelic model (T vs C).

The pooled ORs and 95% Cls for the association between rs12807809 polymorphism in NRGN gene and Schizophrenia susceptibility.

Association Heterogeneity
Comparison OR 95%Cl P Effect model P (%) P
Overall
TvsC 1.10 1.04-1.17 <.01 R 33 .05
TT vs CC 1.05 0.79-1.40 74 R 51 .05
TC vs CC 0.98 0.71-1.34 .89 R 57 .02
TT + TC vs CC 1.02 0.76-1.38 .88 R 56 .03
TT vs TC + CC 1.05 0.92-1.21 48 R 54 .03
Asian
TvsC 1.02 0.90-1.16 75 R 61 .02
TT vs CC 1.09 0.79-1.51 .60 R 56 .03
TC vs CC 1.05 0.74-1.47 .79 R 58 .03
TT + TC vs CC 1.07 0.77-1.50 .69 R 60 .02
TT vs TC + CC 1.01 0.88-1.17 .84 R 53 .05
Caucasian
TvsC 1.14 1.08-1.20 <.01 R 0 .52
TT vs CC NA NA NA NA NA NA
TCvs CC NA NA NA NA NA NA
TT + TC vs CC NA NA NA NA NA NA
TTvs TC + CC NA NA NA NA NA NA

Cl=confidence interval, OR =odds ratio, R=random-effect model.
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Case Control
r r Even Total Even Total Weigh

1.2.1 Asian

Ohi et al. 2012 3049 4038 3842 5158 9.1%
Shen et al. 2012 508 692 495 690 3.8%
Su et al. (a) 2015 132 188 121 188 1.5%
Suetal. (b) 2015 275 376 262 376 2.5%
Sudesh et al. 2017 1817 2010 1991 2136 41%
Wen et al. 2016 1790 2478 1782 2490 7.7%
Zhang et al. 2019 88 118 140 198 1.1%
Subtotal (95% Cl) 9900 11236  29.8%
Total events 7659 8633

Heterogeneity: Tau? = 0.02; Chi? = 15.37, df =6 (P = 0.02); I? = 61%
Test for overall effect: Z=0.32 (P = 0.75)

1.2.2 Caucasian

Bocharova et al. 2016 655 778 1102 1348 3.8%
Stefansson et al. (a) 2009 153 186 147 176 1.0%
Stefansson et al. (b) 2009 101 118 251 294 0.8%
Stefansson et al. (c) 2009 210 246 82 100 0.8%
Stefansson et al. (d) 2009 759 966 590 734 3.8%
Stefansson et al. (e) 2009 957 1148 983 1208 4.4%
Stefansson et al. (f) 2009 1001 1178 18684 22982  6.0%
Stefansson et al. (g) 2009 145 166 153 178 0.8%
Stefansson et al. (h) 2009 1119 1316 1092 1322 4.6%
Stefansson et al. (i) 2009 1190 1428 5948 7262 6.5%
Stefansson et al. (j) 2009 576 688 1034 1284 3.6%
Stefansson et al. (k) 2009 834 1026 2188 2662 52%
Stefansson et al. (1) 2009 1011 1220 2510 3084 5.6%
Stefansson et al. (m) 2009 523 604 2689 3240 3.5%
Stefansson et al. (n) 2009 449 518 385 450 2.0%
Stefansson et al. (0) 2009 146 182 144 174 1.0%
Stefansson et al. (p) 2009 191 222 265 328 1.3%
Stefansson et al. (q) 2009 757 912 761 914 3.6%
Stefansson et al. (r) 2009 429 510 463 580 2.5%
Stefansson et al. (s) 2009 466 544 6599 7970 3.6%
Stefansson et al. (t) 2009 500 574 1032 1230 2.9%
Stefansson et al. (u) 2009 571 674 664 808 3.1%
Subtotal (95% Cl) 15204 58328 70.2%
Total events 12743 47766

Heterogeneity: Tau? = 0.00; Chi? = 20.06, df = 21 (P = 0.52); 1> = 0%
Test for overall effect: Z = 4.86 (P < 0.00001)

Total (95% ClI)
Total events 20402 56399

Heterogeneity: Tau? = 0.01; Chi? = 41.50, df = 28 (P = 0.05); I = 33%
Test for overall effect: Z = 3.49 (P = 0.0005)

Test for subgroup differences: Chi? = 2.39, df =1 (P =0.12), I = 58.1%

25104 69564 100.0%

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
M-H. Random, 95% CI
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Figure 3. Forest plot of rs12807809 polymorphism and risk of Schizophrenia using a random-effect model: subgroup-analysis by ethnicity.

4. Discussion
With the development of society, mental health has received
increasing attention. Mental health is as important as physical
health. SCZ is a chronic and recurrent mental illness that causes
high morbidity and mortality and a huge emotional and financial
burden on society.!**! Albeit the concrete pathogenesis of SCZ is
still unclear, genetic risk factors play an essential role in SCZ.
Identifying polymorphisms in potentially pathogenic genes
enable us to forecast disease and take preventions. GWAS have
identified many variants that are related to SCZ, where NRGN
gene is one of the most commonly investigated candidate genes.
NRGN is largely expressed in brain regions that are crucial for
cognitive functions, particularly in CA1 pyramidal neurons in the
hippocampus.'*’! Furthermore, NRGN gene knockout mice
shows neurological and behavioral deficits related to learning and
memory.”*>! Broadbent et al found NRGN immunostaining
decreased in areas 9 and 32 of prefrontal cortex involved in
advanced cognitive function and working memory in

postmortem SCZ brains.?®! These evidences indicate NRGN
gene may play an important part in learning and memory. NRGN
gene has been proved to play a crucial role in synaptic signaling,
plasticity, neurodevelopment, learning, and memory."?”!
Besides, there have been several studies investigated the effects
of SNP rs12807809. An fMRI study carried out in 94 healthy
subjects reported TT homozygous carriers of rs12807809
showed higher activation than C-carriers in the anterior cingulate
cortex during episodic memory encoding.*®! Pohlack’ study
found the hippocampal activity of homozygous T-allele carriers
was impaired during the acquisition of situational fear.*”!
Similarly, a recent study has shown that NRGN rs12807809 TT
genotype was associated with abnormal hippocampal functional
connection at rest in SCZ.'®! Taken together, these evidences
suggest that rs12807809 is related to the function of hippocam-
pus and cingulate gyrus. The effect of rs12807809 on
the hippocampus function is likely to be one of the reasons for
the change of cognitive function of SCZ.*® However, other
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Case Control
r r Even Total Even Total Weigh

Bocharova et al. 2016 655 778 1102 1348 3.2%
Ohi et al. 2012 3049 4038 3842 5158 19.6%
Shen et al. 2012 508 692 495 690 3.2%
Stefansson et al. (a) 2009 153 186 147 176 0.6%
Stefansson et al. (b) 2009 101 118 251 294 0.5%
Stefansson et al. (c) 2009 210 246 82 100 0.5%
Stefansson et al. (d) 2009 759 966 590 734 3.1%
Stefansson et al. (e) 2009 957 1148 983 1208 3.9%
Stefansson et al. (f) 2009 1001 1178 18684 22982 6.7%
Stefansson et al. (g) 2009 145 166 153 178 0.5%
Stefansson et al. (h) 2009 1119 1316 1092 1322  4.1%
Stefansson et al. (i) 2009 1190 1428 5948 7262 7.7%
Stefansson et al. (j) 2009 576 688 1034 1284 3.0%
Stefansson et al. (k) 2009 834 1026 2188 2662 5.1%
Stefansson et al. (1) 2009 1011 1220 2510 3084 5.8%
Stefansson et al. (m) 2009 523 604 2689 3240 2.8%
Stefansson et al. (n) 2009 449 518 385 450 1.3%
Stefansson et al. (0) 2009 146 182 144 174 0.6%
Stefansson et al. (p) 2009 191 222 265 328 0.8%
Stefansson et al. (q) 2009 757 912 761 914 3.0%
Stefansson et al. (r) 2009 429 510 463 580 1.8%
Stefansson et al. (s) 2009 466 544 6599 7970 2.9%
Stefansson et al. (t) 2009 500 574 1032 1230 2.1%
Stefansson et al. (u) 2009 571 674 664 808 2.3%
Su et al. (a) 2015 132 188 121 188  0.9%
Su et al. (b) 2015 275 376 262 376 1.8%
Sudesh et al. 2017 1817 2010 1991 2136  0.0%
Wen et al. 2016 1790 2478 1782 2490 11.6%
Zhang et al. 2019 88 118 140 198  0.7%
Total (95% Cl) 23094 67428 100.0%
Total events 18585 54408

Heterogeneity: Tau? = 0.00; Chi? = 24.28, df = 27 (P = 0.61); I> = 0%
Test for overall effect: Z = 4.95 (P < 0.00001)
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Figure 4. Association between rs12807809 polymorphism and risk of Schizophrenia under allelic model with Sudesh et al’s study excluded.

studies showed discordant results. Donohoe et al failed to detect
significant difference between TT homozygotes and C-carriers on
neuropsychological performance.®!! Therefore, more studies on
rs12807809 are extremely necessary in order to fully explore
the potential of rs12807809 TT genotype as a SCZ biomarker,
which will contribute to the clinical diagnosis of the disease
and take preventions.

A series of studies have been conducted to detect the
relationship between rs12807809 and SCZ vulnerability,
whereas some studies indicated that rs12807809 was related

to SCZ risk, others did not observe an association. A meta-
analysis of these studies could provide a more convincing result
on the association between rs12807809 and SCZ vulnerability.
The present study involved 12552 patients and 34783 controls,
and the findings suggested that rs12807809 was significantly
correlated with SCZ vulnerability in allelic model. However, in
the subgroup analysis of ethnicity stratification, a significant
association of rs12807809 with SCZ susceptibility was
observed only in the Caucasian population, but not in the
Asian population.

Case Control

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI

Bocharova et al. 2016 282 389 449 674 9.0%
Ohi et al. 2012 1171 2019 1444 2579 48.6%
Shen et al. 2012 185 346 183 345 7.5%
Su et al. (a) 2015 44 94 41 94 2.0%
Su et al. (b) 2015 104 188 91 188 4.1%
Sudesh et al. 2017 829 1005 929 1068 0.0%
Wen et al. 2016 651 1239 620 1237 27.1%
Zhang et al. 2019 30 59 53 99 1.6%
Total (95% CI) 4334 5216 100.0%
Total events 2467 2881

Heterogeneity: Tau? = 0.00; Chi? = 3.14, df =6 (P = 0.79); I? = 0%
Test for overall effect: Z =2.50 (P = 0.01)
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Figure 5. Association between rs12807809 polymorphism and risk of Schizophrenia under recessive model with Sudesh et al’s study excluded.
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Figure 6. Funnel plot of rs12807809 polymorphism and risk of Schizophrenia.

It should be noted that Wen et al performed a meta-analysis
indicating there was no significant association of rs12807809
with SCZ across Han Chinese population, which is similar with
our result of Asian in subgroup analysis.*°! But our study has
several methodological strengths. First of all, we attempted to
carry out a more comprehensive literature retrieval strategy, and
literature search and screening obtained 8 studies containing
12,552 patients and 34,783 healthy controls across Caucasian
and Asian, while Wen et al only investigated 4 studies with 4269
patients and 6962 controls from Han Chinese population. We
further conducted an ethnicity subgroup analysis to investigate
whether there was a race-specific effect in this association. In
addition, for each study included, we utilized NOS to conduct a
quality assessment, which enabled us to determine the potential
bias risk. Besides, our study assessed the HWE of healthy controls
of each included study, which also conduced to the creditability
of the results. Finally, we executed a sensitivity analysis to
confirm the stability and reliability of the results. Therefore, these
advantages strongly promote us to draw more accurate and
credible conclusions.

Similar to other studies, there were several limitations in this
study. First of all, we only searched the literature issued in English
and Chinese. Thus, potentially relevant papers published in other
languages may not be identified, which might introduce potential
selection bias. Secondly, a stratified analysis by ethnicities could
not be done under homozygous, heterozygous, dominant and
recessive model because insufficient frequencies data. Last, this
meta-analysis exclusively concentrated on the association
between rs12807809 and SCZ risk without considering gene-
gene or gene-environment interactions. Hence, in order to
comprehensively illustrate the pathogenesis of SCZ, it is
extremely necessary to study the combined interaction of these
related genes.

5. Conclusion

Rs12807809 polymorphism in NRGN gene is significantly
associated with SCZ susceptibility in Caucasians but not Asians.
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