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Abstract
BACKGROUND 
Schizophrenia (SCZ) is a complex disease which can be affected by both genetic 
and environmental factors. Prenatal famine exposure may cause changes in DNA 
methylation levels of genes. Meanwhile, maternal nutrition during pregnancy is a 
pivotal environmental factor in the development of SCZ. DNA methylation may 
be an intermediate factor mediating exposure to famine during pregnancy and 
SCZ, and DNA methylation quantitative trait loci might serve as a promising tool 
for linking SCZ and prenatal famine.

AIM 
To analyze the association between prenatal famine exposure and SCZ risk in 
Northeast Han Chinese through analysis of DNA methylation related loci.

METHODS 
A total of 954 Han Chinese from Northeast China were recruited, including 443 
patients with SCZ and 511 healthy controls. The participants were further divided 
into famine (born in 1960-1962) and non-famine (born in 1963-1965) groups to 
investigate the effect of prenatal famine exposure. Four single-nucleotide 
polymorphisms (SNPs) selected according to the relevant literature were 
genotyped, namely, rs11917047 in PTPRG, rs2239681 in IGF2, rs3842756 in 
INSIGF, and rs61955196 in ABCB9. DNA were extracted from peripheral blood 
samples, and the genotypes of these SNP loci were detected using the improved 
Multiple Ligase Detection Reaction multiple SNP typing technique. The associ-
ations of the DNA methylation related SNPs with SCZ risk and prenatal famine, 
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and their interactions were analyzed using logistic regression analysis and generalized multifactor 
dimensionality reduction (GMDR) software.

RESULTS 
Based on the sequencing data, genotype distributions and allele frequencies of the four selected 
SNPs were determined. All genotype frequencies of the four SNPs in the healthy control group 
were tested for deviation from Hardy-Weinberg equilibrium (P > 0.05). Logistic regression 
analysis showed that rs61955196 was significantly associated with SCZ risk in the log-additive 
model [odds ratio (OR): 1.22; 95% confidence interval (CI): 1.01-1.48; P = 0.040]. We also found that 
the rs61955196 allele was related with an enhanced risk of SCZ (G>C, OR: 1.22; 95%CI: 1.01-1.47; P 
= 0.042). However, no associations were observed between rs11917047, rs2239681, or rs3842756 
and SCZ risk. Under the optimal genetic model, no significant association of famine with the four 
SNPs was seen. Though the gene–gene interactions between rs2239681 and rs61955196 were found 
in GMDR analysis, none of the gene-gene interactions and gene-famine interactions were 
associated with the risk of SCZ.

CONCLUSION 
Our study suggested that rs61955196 in ABCB9 is associated with SCZ susceptibility in Northeast 
Han Chinese, providing insight into genetic effects on SCZ.
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©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Prenatal famine exposure may cause changes in DNA methylation levels of genes, while 
maternal nutrition is a pivotal environmental factor for schizophrenia (SCZ). To analyze the association 
between prenatal famine exposure and SCZ risk, we recruited 443 SCZ patients and 511 healthy controls 
with four single-nucleotide polymorphisms genotyped, which were previously identified as DNA 
methylation quantitative trait loci. Our study observed significant differences in rs61955196 genotype 
distribution and allele frequency between SCZ patients and healthy controls for the first time, suggesting 
that rs61955196 in ABCB9 was associated with SCZ susceptibility among the Northeast Han Chinese 
population.
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INTRODUCTION
Schizophrenia (SCZ) is a complex disease affected by both genetic and environmental factors, which is 
often characterized by symptoms such as hallucinations, social withdrawals, delusions, and cognitive 
dysfunction[1,2]. The global point prevalence of SCZ was estimated to be 0.28% (0.24%–0.31%) in 2016 
which contributes 13.4 (95% uncertainty interval: 9.9–16.7) million years of life lived with disability to 
burden of disease globally[3]. And China was assessed to show the highest prevalence of 0.42% among 
global countries, which raises necessity to conduct research enrolling local Chinese participants to 
reveal the practical status and underlying biological mechanisms of SCZ for its management and 
treatment.

DNA methylation is a heritable epigenetic modification which alters gene expression[4]. Studies have 
demonstrated that overall DNA hypomethylation is evident in SCZ patients, while treatment with 
haloperidol might increase methylation[5,6]. In other words, DNA methylation, which can regulate gene 
expression, is closely associated with the risk of SCZ [7-10].

Although the peak incidence rate of SCZ appears in adolescence and early adulthood, many believe 
that its etiological origin exists much earlier in one’s life, which includes exposure to environmental and 
genetic factors. The exposure occurring in the early stages of life development along with a cumulative 
effect during the later stages may eventually lead to the appearance of symptoms[11]. Among the 
environmental factors, maternal nutrition during pregnancy plays an early and vital role in the 
occurrence and development of SCZ[12,13]. Studies have shown that prenatal famine exposure may 
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cause changes in DNA methylation levels of genes. Malnutrition during pregnancy, especially the lack 
of maternal protein and folic acid, seriously affects fetal development which will result in changes in 
DNA methylation[14]. Empirical studies of the Great Famine of China in 1959-1961 and the Dutch 
famine in 1944-1945 both showed that prenatal famine exposure led to an obviously increased risk of 
SCZ[15-17]. It was found that those who were born during the famine are twice as likely to have SCZ in 
their later years as normal people[16]. Therefore, we proposed that prenatal nutritional deficiencies may 
increase the risk of SCZ by altering DNA methylation status.

In recent years, genome-wide association studies (GWAS) have been effectively used for studying 
genetic variation associated with SCZ[18,19]. As DNA methylation tends to be sensitive to environ-
mental factors, DNA methylation quantitative trait loci (meQTL) seems more promising. They can be 
derived by GWAS mapping levels of DNA methylation in genotyped individuals and define loci at 
which DNA methylation is influenced by genetic variation[20], with a superiority of higher consistency 
throughout one’s life than DNA methylation itself. There have already been reports revealing the role of 
meQTLs in SCZ risk, which promote the feasibility of them serving as a useful tool for SCZ-related 
research[21,22]. However, the results from GWAS studies are often not repeatable due to the enormous 
number for detection and heterogeneity of genetic information regarding people from different races 
and regions[23]. Given the high SCZ prevalence in China and current lack of available genetic data 
covering native patients, we find it necessary to conduct research collecting genetic data among Chinese 
individuals.

Here we intended to analyze the associations between single-nucleotide polymorphisms (SNPs) 
identified as meQTLs with the risk of SCZ and prenatal famine exposure among a Han population in 
Northeast China. We recruited SCZ patients and healthy controls (HCs) with comparable age including 
individuals born between 1959 and 1961 with prenatal famine exposure, and collected their peripheral 
blood samples for genotyping. We selected four SNPs which were previously reported as meQTLs, and 
determined their associations with SCZ and prenatal famine along with their interactions. We hope our 
work may provide more practical reference in management of SCZ.

MATERIALS AND METHODS
Study subjects
A desired sample size of 417 patients was calculated using the software Quanto with a proper power 
before the recruitment of participants, with a unmatched case-control rate of 1.2, an estimated 
population risk of 1% for SCZ, a log-additive model gene with allele frequency of 0.1, genetic effect of 
1.5, and a type I error rate of 0.05 by two-sided test. According to the desired sample size and the 
inclusion and exclusion criteria, a total of 954 Han Chinese from Northeast China were finally recruited 
between 2010 and 2012, including 443 SCZ patients and 511 healthy people. The patients were recruited 
from the Siping Psychiatric Hospital and Sixth Hospital of Changchun City (Jilin, China). Each patient 
was diagnosed according to the Tenth Revision of International Classification of Diseases-10 for SCZ 
and confirmed by at least two experienced psychiatrists. Those with neurological disorders, severe 
organic lesions, and drug dependence were excluded. Subjects in the HC group matching the patients 
by gender and age were recruited from the Changchun Municipal Centre for Disease Control and 
Prevention, in order to get a comparable proportion of famine-exposed individuals between two groups 
and a similar ratio of gender. The healthy subjects were required to have no history of mental illness 
and were in good health without any known disease at the time of recruitment. Furthermore, subjects 
who were in uterus between 1959 and 1961 were regarded to be exposed to famine. And then they were 
divided into two groups, namely, famine group (born in 1960-1962) and non-famine group (born in 
1963-1965), according to whether they were exposed to famine before birth. All methods were 
performed in accordance with the relevant guidelines and regulations. The study adhered to the tenets 
of the Declaration of Helsinki, and was approved by the Ethics Committee of the School of Public 
Health of Jilin University (Approval No: 2014-03-11). All participants provided informed consent.

Genomic DNA extraction and genotyping
In the first step, we collected peripheral blood samples from the participants and extracted genomic 
DNA. Then, DNA content and purity were determined based on the ratio of OD260/OD280. Combining 
the feasibility of the detection method and the previous publications, we selected four SNPs (rs11917047 
in PTPRG, rs2239681 in IGF2, rs3842756 in INSIGF, and rs61955196 in ABCB9) which have been 
confirmed as meQTLs, and the SNPs themselves or the genes that they belong to were assessed to be 
associated with SCZ[21,24-26].

Then, the genotypes of these SNP locus were detected using the improved Multiplex Ligase Detection 
Reaction multiple SNP typing technique (Shanghai Tian Hao Biological Technology Co. Ltd.). Using the 
Assay Design software 3.1, we successfully designed primers for the four meQTL SNPs. And the primer 
sequences for each SNP are as follows: rs11917047-F, AGATGAAAGATTGGGGTGTGGGTA and 
rs11917047-R, GCTGGTACCCAACCAGGAACAC; rs2239681-F, ATGGGCAAATCAGCCTGAAGAG 
and rs2239681-R, GTGTGCAAGAGGGGTGAAAGGT; rs3842756-F, TCCACAGGGACTCCAT-
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Figure 1 Generalized multifactor dimensionality reduction 2D interaction model in rs2239681 and rs61955196. The left bar represents the 
positive score and the right bar represents the negative score.

CAGAAA and rs3842756-R, CCTGTGGCTCAGGGTCCAGTAT; and rs61955196-F, GCTGCAAGGTCG-
GAGCTGAG and rs61955196-R TGGGAGGAGTTTGCCACAGG.

Statistical analysis
Deviation of the genotypes from Hardy-Weinberg equilibrium (HWE) between the SCZ patients and 
healthy individuals was assessed using a χ2 goodness-of-fit test. Logistic regression analysis was used to 
examine the relationship between SNPs and the risk of SCZ as well as the association of famine with 
SNPs with age and sex adjusted as covariates. The online genetic analysis software, SNPStats, was used 
to select the optimal genetic model according to the Akaike information criterion (AIC) and Bayesian 
information criterion. Generalized multifactor dimensionality reduction (GMDR) analysis was 
conducted to analyze the gene-gene interactions, which are rather critical in investigating genetic 
information for multifactorial diseases, and the gene-environment interactions were analyzed by 
crossover analysis based on logistic regression analysis. Except for the above specified, all statistical 
analyses were performed with SPSS 24.0 software. A P-value < 0.05 was considered statistically 
significant.

RESULTS
Based on the SNP sequencing data, the genotype distributions and allele frequencies of the four selected 
SNPs in SCZ patients (n = 443) and HCs (n = 511) were determined and the detailed data are shown in 
Table 1. All genotype frequencies of the four SNPs in the HC group were in accordance with HWE (P > 
0.05). Logistic regression analysis showed that, compared with those carrying the wild-type 
homozygote (CC) of rs61955196, subjects carrying the mutant homozygote (GG) had a higher risk of 
SCZ [odds ratio (OR): 1.54; 95% confidence interval (CI): 1.03-2.30; P = 0.037]. We also found that the 
rs61955196 allele was related with an enhanced risk of SCZ (OR: 1.22; 95%CI: 1.01-1.47; P = 0.042). The 
frequency of the rs61955196 G allele was 40.5% in the case group, which was significantly higher than 
that of the control group (36.6%; P < 0.05). No associations were observed between SCZ patients and HC 
subjects regarding different genotypes or alleles of the rest three SNPs.

Based on the findings, we dug into the association between genotypes of rs61955196 and SCZ risk 
using multiple genetic models. As shown in Table 2, a significant association between rs61955196 and 
SCZ in the log-additive model was revealed (OR: 1.22; 95%CI: 1.01-1.48; P = 0.040). In the codominant 
model, we also found the association of rs61955196 with SCZ in the GG vs CC genotype comparison. No 
obvious effect of rs61955196 on the risk of SCZ was found in other models (P > 0.05).

To investigate the relationship of meQTLs and prenatal famine exposure, we analyzed the associ-
ations of the four SNPs with famine. Totally, 492 subjects were exposed to prenatal famine, including 
220 SCZ patients and 272 HC subjects. As shown in Table 3, based on the AIC, the inheritance model 
was recessive for rs11917047 and rs2239681, codominant for rs3842756, and overdominant for 
rs61955196. SCZ patients and HCs were further divided into a famine group and a non-famine group. 
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Table 1 Association analysis for four target single-nucleotide polymorphisms and schizophrenia risk, n (%)1

SNP Genotype/allele SCZ (n = 443) HC (n = 511) P value OR (95%CI) HWE test for controls

AA 219 (49.4) 259 (50.7) 1.00 (ref)

AG 183 (41.3) 200 (39.1) 0.431 1.12 (0.85-1.47)

GG 41 (9.3) 52 (10.2) 0.713 0.92 (0.58-1.45)

A 621 (70.1) 718 (70.3) 1.00 (ref)

rs11917047 (PTPRG)

G 265 (29.9) 304 (29.7) 0.885 1.02 (0.83-1.24)

0.151

AA 156 (35.2) 177 (34.6) 1.00 (ref)

AG 211 (47.6) 232 (45.4) 0.667 1.07 (0.80-1.43)

GG 76 (17.2) 102 (20.0) 0.447 0.87 (0.59-1.26)

A 523 (59.0) 586 (57.3) 1.00 (ref)

rs2239681 (IGF2)

G 363 (41.0) 436 (42.7) 0.567 0.95 (0.79-1.14)

0.104

CC 405 (91.4) 475 (93.0) 1.00 (ref)

CT 38 (8.6) 36 (7.0) 0.319 1.28 (0.79-2.08)

TT - - - -

C 848 (95.7) 986 (96.5) 1.00 (ref)

rs3842756 (INSIGF)

T 38 (4.3) 36 (3.5) 0.329 1.27 (0.79-2.04)

0.409

CC 157 (35.4) 202 (39.5) 1.00 (ref)

CG 213 (48.1) 244 (47.7) 0.297 1.16 (0.88-1.55)

GG 73 (16.5) 65 (12.7) 0.037a 1.54 (1.03-2.30)

C 527 (59.5) 648 (63.4) 1.00 (ref)

rs61955196 (ABCB9)

G 359 (40.5) 374 (36.6) 0.042a 1.22 (1.01-1.47)

0.513

aP < 0.05.
1Adjusted for gender.
SCZ: Schizophrenia; HC: Healthy control; OR: Odds ratio; HWE: Hardy-Weinberg equilibrium; SNP: Single-nucleotide polymorphism.

Logistic regression analysis indicated that under the optimal genetic model, there was no significant 
association of famine with the four SNPs in either the SCZ group or HC group (P > 0.05).

In this study, GMDR was used to import and analyze the interactions between rs11917047, rs2239681, 
rs3842756, and rs61955196. The impact of gene–gene interaction on the risk of SCZ is summarized in 
Table 4. The multifactor model 2 (rs2239681 × rs61955196) presented the best cross-validation 
consistency, which had a testing-balanced accuracy of 55.8%. Figure 1 shows the interaction model of 
this gene–gene interaction between rs2239681 and rs61955196. However, no significant association of 
gene-gene interaction with the risk of SCZ was found in this model.

Crossover analysis based on a multiplicative model of logistic regression was conducted to determine 
the interactions between the SNPs and famine in SCZ patients (Table 5). None of the interactions 
between the genotypes of the four loci of rs11917047/rs2239681/rs3842756/rs61955196 with the risk of 
famine were statistically significant (P > 0.05).

DISCUSSION
Based on existing reports, we selected four susceptibility loci of SNPs related to SCZ as the starting 
point for analysis, which are rs11917047 in PTPRG, rs2239681 in IGF2, rs3842756 in INSIGF, and 
rs61955196 in ABCB9, respectively. This study analyzed genetic data from representative samples of 
Northeastern Chinese using meQTL SNPs, and found the difference of rs61955196 genotype distribution 
with allele frequency between SCZ patients and HC subjects for the first time. rs61955196 is located in 
the 5' untranslated region of the ABCB9 gene, encoding the ABCB9 protein which belongs to the ATP-
binding cassette (ABC) transporter family. The ABC gene can be divided into seven different subfamilies 
(MRP, ABC1, OABP, ALD, GCN20, MDR/TAP, and White)[27], and the ABCB9 protein is a member of the 
MDR/TAP subfamily. ABC family and ABCB9 are reported to be involved in progression of multiple 
malignant tumors and chemoresistance[28-31], but little research has been done on the relationship 
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Table 2 Associations between rs61955196 and schizophrenia based on multiple models, n (%)1

Model Genotype SCZ (%) HC (%) OR (95%CI) P value AIC BIC

CC 157 (35.4) 202 (39.5) 1.00

GC 213 (48.1) 244 (47.8) 1.16 (0.88-1.55) 0.297

Codominant

GG 73 (16.5) 65 (12.7) 1.54 (1.03-2.30) 0.037a

1279.8 1299.2

CC 157 (35.4) 202 (39.5) 1.00Dominant

GC + GG 286 (64.6) 309 (60.5) 1.24 (0.95-1.62)

0.120 1279.7 1294.3

CC + GC 370 (83.5) 446 (87.3) 1.00Recessive

GG 73 (16.5) 65 (12.7) 1.41 (0.97-2.04)

0.068 1278.9 1293.5

CC + GG 230 (51.9) 267 (52.2) 1.00Overdominant

GC 213 (48.1) 244 (47.8) 1.03 (0.80-1.34)

0.810 1282.1 1296.7

Log-additive - - - 1.22 (1.01-1.48) 0.040a 1278 1292.6

aP < 0.05.
1Adjusted for gender.
SCZ: Schizophrenia; HC: Healthy control; OR: Odds ratio; AIC: Akaike information criterion; BIC: Bayesian information criterion.

Table 3 Association analysis for famine and single-nucleotide polymorphisms, n (%)1

Group SNP Genotype Famine Non-famine P value OR (95%CI) 

SCZ rs11917047 AA + GA 204 (92.7) 198 (88.8) 0.150 1.00

(Recessive) GG 16 (7.3) 25 (11.2) 1.62 (0.84-3.13)

rs2239681 AA + GA 185 (84.1) 182 (81.6) 0.550 1.00

(Recessive) GG 35 (15.9) 41 (18.4) 1.16 (0.71-1.91)

rs3842756 CC 198 (90) 207 (92.8) 0.270 1.00

(Codominant) CT 22 (10) 16 (7.2) 0.68 (0.35-1.34)

rs61955196 CC + GG 117 (53.2) 113 (50.7) 0.610 1.00

(Overdominant) GC 103 (46.8) 110 (49.3) 1.10 (0.76-1.60)

HC rs11917047 AA + GA 249 (91.5) 210 (87.9) 0.160 1.00

(Recessive) GG 23 (8.5) 29 (12.1) 1.50 (0.84-2.68)

rs2239681 AA + GA 222 (81.6) 187 (78.2) 0.330 1.00

(Recessive) GG 50 (18.4) 52 (21.8) 1.24 (0.80-1.92)

rs3842756 CC 257 (94.5) 218 (91.2) 0.150 1.00

(Codominant) CT 15 (5.5) 21 (8.8) 1.65 (0.83-3.27)

rs61955196 CC + GG 144 (52.9) 123 (51.5) 0.750 1.00

(Overdominant) GC 128 (47.1) 116 (48.5) 1.06 (0.75-1.50)

1Adjusted for gender.
SCZ: Schizophrenia; HC: Healthy control; OR: Odds ratio; SNP: Single-nucleotide polymorphism.

between ABCB9 gene and SCZ. Recent evidence suggests that ABCB9 is positively associated with the 
risk of SCZ[32], which is in accordance to our findings to some extent.

Increasing studies have shown that epigenetic modifications are associated with the pathogenesis of 
SCZ, and DNA methylation is a crucial one regulating gene expression, which may be a key factor in the 
process[33,34]. Our results showed that the methylation locus rs61955196 increased the risk of SCZ in 
the log-additive model. However, we did not observe the association between the methylation loci 
located in the other three genes and SCZ, which is inconsistent with existing studies. For example, 
Cressant et al[35] discovered that the PTPRG gene containing the rs11917047 locus was associated with 
SCZ. The receptor protein tyrosine phosphatase PTPRG is a ligand for members of the contact protein 
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Table 4 Generalized multifactor dimensionality reduction analysis for best interaction combination models

No. Best combination CVC Te-BA P value

1 rs61955196 9/10 0.5097 0.8281

2 rs2239681 × rs61955196 10/10 0.5582 0.0547

3 rs11917047 × rs2239681 × rs61955196 10/10 0.5341 0.1719

4 rs11917047 × rs2239681 × rs3842756 × rs61955196 10/10 0.5449 0.1719

CVC: Cross validation consistency; Te-BA: Testing-balanced accuracy.

Table 5 Crossover analysis of interactions between rs11917047/rs2239681/rs3842756/ rs61955196 and famine factor with schizophrenia

SNP Genotype Famine SCZ HC OR (95%CI) P value

AG + GG + 121 119 1.21 (0.85-1.72) 0.294

AG + GG - 103 133 0.92 (0.65-1.31) 0.646

AA + 102 120 1.01 (0.70-1.45) 0.958

rs11917047

AA - 117 139 1.00 (ref)

AG + GG + 144 157 1.13 (0.78-1.65) 0.519

AG + GG - 143 177 1.00 (0.69-1.45) 0.986

AA + 79 82 1.19 (0.77-1.83) 0.432

rs2239681

AA - 77 95 1.00 (ref)

CT + 16 21 0.99 (0.50-1.95) 0.974

CT - 22 15 1.90 (0.96-3.77) 0.064

CC + 207 218 1.23 (0.95-1.61) 0.123

rs3842756

CC - 198 257 1.00 (ref)

CG + GG + 147 145 1.35 (0.94-1.95) 0.109

CG + GG - 139 164 1.13 (0.78-1.63) 0.513

CC + 76 94 1.08 (0.71-1.64) 0.724

rs61955196

CC - 81 108 1.00 (ref)

SCZ: Schizophrenia; HC: Healthy control; OR: Odds ratio; SNP: Single-nucleotide polymorphism.

family, which are linked to autism spectrum disorders. The interpretation for these disagreements may 
be due to the disparity in the target population as what we studied is the Han population in Northeast 
China, which is different from other studies in race, sample size, and geographic location.

It is a pity that we did not find the association of prenatal exposure to famine with DNA methylation 
loci. A recent study also reported that maternal risk alleles for neurodevelopmental disorders, primarily 
attention-deficit/hyperactivity disorder, were associated with prenatal exposures, but nor for SCZ or 
autism spectrum disorder[36]. Nevertheless, there have been much supportive evidence regarding the 
positive relationship between SCZ and prenatal famine exposure. Waterland[37] discovered that 
maternal nutritional deficiency may result in permanent abnormal DNA methylation with the potential 
to affect gene expression. In addition, since human is unable to synthesize folic acid which is necessary 
for normal DNA methylation, the lack of folic acid which hinders the production of methyl donors 
might affect gene expression related to neurodevelopmental processes. Prenatal famine leads to 
undernutrition during fetal development, which is believed to further promote the risk of SCZ in 
offspring[38]. Wang and Zhang[39] also used data from a nationally representative sample to analyze 
the association of prenatal famine exposure with the risk of SCZ. The results showed that famine 
population had a higher risk of SCZ compared to the non-famine cohorts. This pattern was found 
throughout different subsamples, such as the urban/rural population[40]. Therefore, we still believe 
that it is vital to continue exploring the association of prenatal famine exposure with DNA methylation 
and SCZ in the future. Meanwhile, this study had several limitations. First, we only adjusted for gender 
as we mainly focused on the genetic variants, and we were not able to explore some underlying 
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confounders such as medication as we have directly excluded those who had any medical treatment in 
the past 3 mo before enrollment. Second, as we did not collect sufficient information from the patients 
regarding illness-related parameters such as the severity or duration of disease, we could not rule out 
the possibility that the SNPs could be associated with SCZ under some specific conditions although we 
got negative results. Third, this is a case-control study and the patients were recruited from hospitals, 
resulting in inevitable selection bias. Finally, limited by the feasibility and applicability of the detection 
method, we only selected four SNPs in this study, and the constrained selection may leave out other 
crucial SNPs related to DNA methylation.

CONCLUSION
Our study suggested that rs61955196 in ABCB9 could be associated with SCZ susceptibility among the 
Han population in Northeast China. No association was found between the four meQTL SNPs and 
prenatal famine. These findings provide insight into genetic effects on SCZ. Future research should be 
devoted to validating the results, and gathering comprehensive information for additional subgroup 
analyses may help to reveal the association between prenatal famine and SCZ risk.

ARTICLE HIGHLIGHTS
Research background
Schizophrenia (SCZ) is a severe mental disorder bringing heavy burden, which is closely related with 
genetic and environmental factors. The effect of prenatal exposure of famine on SCZ risk has been 
reported with intense interest. DNA methylation may be an intermediate factor mediating prenatal 
famine and SCZ, and DNA methylation quantitative trait locus (meQTLs) can serve as a promising tool.

Research motivation
The lifetime prevalence of SCZ is approximately 1% around the world, and study has reported the 
highest age-standardized prevalence of SCZ in China. Meanwhile, the Chinese famine of 1959-1961 is a 
proper source of study subjects to investigate the effect of prenatal famine on SCZ with little available 
genetic data. As a result, we intended to conduct analyses for SCZ and prenatal famine using native 
subjects with collected genetic information, which may provide insights specifically for Chinese 
researchers and patients.

Research objectives
To investigate the associations of four single-nucleotide polymorphisms (SNPs) identified as meQTLs 
with the risk of SCZ and prenatal famine exposure along with their interactions among Northeast Han 
Chinese.

Research methods
We recruited 954 Han Chinese from Northeast China including 443 patients with SCZ and 511 healthy 
controls, and their peripheral blood samples were collected. Among them, 492 born in 1960-1962 were 
further allocated to a famine group. Four SNPs were selected and genotyped, namely, rs11917047 in 
PTPRG, rs2239681 in IGF2, rs3842756 in INSIGF, and rs61955196 in ABCB9. The associations of the 
meQTLs with SCZ risk and prenatal famine, and their interactions were analyzed using logistic 
regression analysis and generalized multifactor dimensionality reduction software.

Research results
The genotype distributions along with allele frequencies of the four SNPs were determined among the 
Chinese participants. We found that rs61955196 was significantly associated with SCZ risk in the log-
additive model [odds ratio (OR): 1.22; 95% confidence interval (CI): 1.01-1.48; P = 0.040], and rs61955196 
allele was related with an enhanced risk of SCZ (G>C, OR: 1.22; 95%CI: 1.01-1.47; P = 0.042). However, 
the other three SNPs were not associated with SCZ risk. No association was observed between the SNPs 
and prenatal famine. Gene-gene interactions were seen between rs2239681 and rs61955196, while no 
gene-gene or gene-famine interactions were associated with the risk of SCZ.

Research conclusions
Our results suggested that rs61955196 in ABCB9 might be involved in SCZ susceptibility among 
Northeast Han Chinese.

Research perspectives
Our study provides a potential functional variant rs61955196 for SCZ susceptibility, and we recommend 
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further research to extend the findings to different populations and verify its function. Although no 
evidence between SCZ and prenatal famine was found, we believe that gathering comprehensive 
information for analyses regarding subgroups may help to reveal the association in the future.
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