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Abstract
The role of metabotropic glutamate receptors in the pathogenesis of schizophrenia or response to antipsychotic treatment has
been proposed previously. The aim of the current study was to investigate the associations between two intronic variants within
GRM7 gene (rs6782011 and rs779867) and schizophrenia in Iranian population. These two single nucleotide polymorphisms
(SNPs) were genotyped in 273 schizophrenic patients and 300 age and sex-matched normal controls. The frequency of A allele of
the rs779867 was significantly lower in the schizophrenic patients compared with healthy subjects (OR (95% CI) = 0.71 (0.56–
0.89), adjusted P value = 0.008). This SNP was associated with schizophrenia in co-dominant and dominant models (adjusted P
values of 0.03 and 0.02 respectively). However, there was no difference in allele and genotype frequencies of the rs6782011 SNP
between cases and controls. Consequently, the results of current study further highlight the participation of GRM7 in the
pathogenesis of schizophrenia.
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Introduction

Schizophrenia is a severe chronic psychiatric disorder de-
scribed by anomalous social behavior and disturbed emotions
and thought (Rahimi et al. 2017). This disorder affects 1% of
the general population (Drahl 2008). As one of the most com-
plex psychological conditions, diverse genetic, psychological
and environmental factors participate in the pathogenesis of

schizophrenia with heritable elements explaining 70% to 90%
of the phenotype variability (Nothen et al. 2010).

The glutamate hypothesis of schizophrenia has been pro-
posed as an adjunctive to the conventional dopaminergic theory
(Lisman et al. 2008). Primary evidences for the participation of
glutamate system in the pathogenesis of schizophrenia have
emerged from an animal study showing the effect of a metab-
otropic glutamate receptor (mGluR) agonist in amelioration of
the negative effects of phencyclidine on working memory, re-
petitive behavior, movement, and cortical glutamate outflow
(Moghaddam and Adams 1998). Subsequently, a clinical trial
reported the efficacy of a selective agonist for mGluR2/3 in the
treatment of schizophrenic patients (Patil et al. 2007). A certain
member of metabotropic glutamate receptors (GRM) namely
GRM7 has been the subject of several association studies in
different populations. GRM7 as one of the group III of mGluR
is principally expressed in the presynaptic compartments,
where it alters the production of both glutamate and gamma-
aminobutyric acid (GABA) (Jalan-Sakrikar et al. 2014). This
gene is located in a region on chromosome 3p which has been
previously linked with schizophrenia in Indonesian population
(Irmansyah et al. 2008). Several single nucleotide polymor-
phisms (SNPs) within this gene have been associated with
schizophrenia in different populations including the
rs17031835 in Indonesian population (Ganda et al. 2009),
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rs13353402, rs1531939, rs2229902 and rs9870680 in Chinese
Han population (Li et al. 2016; Niu et al. 2015) and rs3749380
in Japanese population (Ohtsuki et al. 2008). Two intronic var-
iants within this gene (rs6782011 and rs779867) have been
recently associated with autism spectrum disorder (ASD) in
Iranian and Chinese populations (Noroozi et al. 2016; Yang
and Pan 2013). However, associations of these variants with
schizophrenia have not been explored yet.

The aim of the present study was to evaluate the associa-
tions between rs6782011 and rs779867 SNPs and schizophre-
nia in an Iranian population. These two SNPs were selected
based on the results of a previous work in Iranian ASD pa-
tients indicating the associations between some haplotypes
containing these variants and disease status (Noroozi et al.
2016). The same study was used for estimation of minor allele
frequency of these SNPs in Iranian population.

Material and methods

Study participants

The current gene association study was performed on blood
samples acquired from 273 schizophrenic patients who visited
the psychology department of Hamadan University ofMedical
Sciences and 300 age and sex-matched normal controls. The
Diagnostic and Statistical Manual of Mental Disorders, fifth
edition (DSM-V) was used for assessment of schizophrenic
patients (Association, D.-A. P 2013). Inclusion criteria were:
definite diagnosis of disease, clinical assessment confirming
adequacy of oral medication, satisfactory decisional aptitude,

and ability to provide written informed consent. Exclusion
criteria were diagnosis of schizoaffective or schizophreniform
disorder, mental retardation, any other psychiatric disease,
pregnancy, breastfeeding or substance-induced psychosis. A
structured psychiatric interview was used for assessment of
control subjects. The study protocol was approved by Ethical
Committee of Shahid Beheshti University of Medical
Sciences. Informed written consents were obtained from all
study participants or their guardians in the mentally incompe-
tent cases.

Genotyping

The rs6782011 and rs779867 SNPs were genotyped using
tetra-primer amplification-refractory mutation system
(ARMS)-PCR technique as described previously (Noroozi
et al. 2016). The genotyping results were confirmed by con-
ventional Sanger sequencing of 10% of samples. Table 1
shows the nucleotide sequences of primers used for genotyp-
ing, their annealing temperatures and the predicted product
sizes.

Statistical analysis

The SNPAnalyzer 2.0 online tool (Yoo et al. 2008) was used
for statistical analyses. Hardy-Weinberg Equilibrium test was
performed for rs6782011 and rs779867 SNPs. Haplotypes
were predicted from unphased diploid genotype data, and
linkage disequilibrium (LD) between these SNPs was evalu-
ated and described by D’ and r values. Genetic association
analyses were performed using co-dominant, dominant and

Table 1 Nucleotide sequences of primers used for tetra-ARMS PCR and PCR conditions

SNP Primer sequence Tm Annealing
temperature

PCR product size (bp)

rs6782011 Forward inner primer (T allele): GCTCTGACCAAATTACAAAATATATGTGGT 63 °C 57 °C 191 bp (T allele)

Reverse inner primer (C allele): CACTCTGAATATTAGTACTCAAAACAGGGG 63 °C 261 bp (C allele)

Forward outer primer: GTTAGAACATTTGGACTATAAGCATGGC 63 °C 392 bp (two outer primers)
Reverse outer primer: ATAATAAACCAGTCTTCTGCATCAACGT 63 °C

rs779867 Forward inner primer (A allele): AAACCAGGGTTTCCACTCTCATGTAAA 65 °C 58 °C 163 bp (A allele)

Reverse inner primer (G allele): CATTAATCCAAGAGCATCTGTAAGCCC 65 °C 244 bp (G allele)

Forward outer primer: GATCAAGATGATATAAGGGGGAAACAGG 65 °C 353 bp (two outer primers)
Reverse outer primer: CTAGGTTTCATCCAGGAAGGGACTAAAG 65 °C

Table 2 General data of study
participants Variables Patients Controls

Male/Female [no. (%)] 184 (67.4)/89 (32.6) 200 (66.7)/100 (33.3)

Age (mean ± SD, Y) 35 ± 1.24 37.1 ± 0.2

Age range (Y) 19–54 18–58

Age at onset (mean ± SD, Y) 21 ± 0.8 –
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recessive models. False positive control was applied by mul-
tiple test correction. The associations between SNPs geno-
types and age of disease onset were analyzed using t-test. P
value, odds ratio (OR) and 95% confidence interval (CI) were
reported. P values less than 0.05 were regarded as significant.

Results

General data of study participants

General data of study participants are summarized in Table 2.

Genotyping

The allele and genotype frequencies of both SNPs were in
accordance with Hardy-Weinberg principle in both study
groups (Table 3).

The frequency of A allele of the rs779867 was significantly
lower in schizophrenic patients compared with healthy sub-
jects (OR (95% CI) = 0.71 (0.56–0.89), adjusted P value =
0.008). So A allele is regarded as the protective allele against
schizophrenia. This SNPwas associated with schizophrenia in
co-dominant and dominant models (adjusted P values of 0.03

and 0.02 respectively). Based on the observed genotype fre-
quencies, it can be deduced that the GG genotype of rs779867
is associated with risk of schizophrenia. However, there was
no difference in allele and genotype frequencies of the
rs6782011 SNP between cases and controls (Table 4).

The associations between genotype frequencies of SNPs
and age at disease onset were analyzed (Tables 5 and 6). No
significant associations were detected between SNPs geno-
types and age at disease onset.

Based onD’ and r statistic, the mentioned SNPs were not in
LD with each other (D’ = 0.06, r = 0.03).

Haplotype analysis showed no significant association
between estimated haplotype blocks and schizophrenia
in the assessed population after correction for multiple
comparisons (Table 7).

Discussion

In the present study, two intronic SNPs within GRM7 gene
were genotyped in a population of Iranian schizophrenic pa-
tients and healthy controls and found lower frequency of A
allele of the rs779867 in schizophrenic patients comparedwith
healthy subjects. Moreover, this SNP was associated with
schizophrenia in co-dominant and dominant models.

GRM7 encodes a member of mGluRs which inhibits the
cyclic AMP cascade in the central nervous system (CNS) in
response to L-glutamate. Schizophrenia has been associated
with disturbances in the glutamatergic system and the resul-
tant aberrations in synaptic plasticity and cortical microcircuit-
ry (Marsman et al. 2011). The role of mGluRs in the patho-
genesis of schizophrenia has been further highlighted by the
observed glutamatergic dys-function (Gray et al. 2009) and

Table 4 Association between SNPs and schizophrenia

SNP Model Patients N (%) Controls N (%) OR (95% CI) P value Adjusted P value

rs6782011 Allele C vs. T 257 (47) 293 (49) 0.93 (0.74–1.17) 0.55 1.00
289 (53) 307 (51)

Co-dominant CC vs. TT 67 (24.5) 79 (26.3) 0.88 (0.56–1.37) 0.85 1.00
CT vs. TT 123 (45) 135 (45) 0.94 (0.64–1.39)

Dominant CC + CT vs. TT 190 (69.6) 214 (71.3) 0.92 (0.64–1.32) 0.65 1.00
83 (30.4) 86 (28.7)

Recessive CC vs. CT + TT 67 (24.5) 79 (26.3) 0.91 (0.62–1.33) 0.62 1.00
123 (45) 135 (45)

rs779867 Allele A vs. G 199 (36) 269 (45) 0.71 (0.56–0.89) 0.004 0.008
347 (64) 331 (55)

Co-dominant AA vs. GG 35 (12.8) 57 (19) 0.63 (0.41–0.96) 0.01 0.03
AG vs. GG 129 (47.2) 155 (51.7) 1.04 (0.76–1.43)

Dominant AG+AA vs. GG 164 (60.1) 212 (70.7) 0.62 (0.44–0.88) 0.008 0.02
109 (39.9) 88 (29.3)

Recessive AA vs. AG+GG 35 (12.8) 57 (19) 0.63 (0.40–0.99) 0.04 0.09
238 (87.2) 243 (81)

Table 3 Exact test for hardy-weinberg principle

Study groups rs6782011 P value rs779867 P value

TT CT CC GG AG AA

Patients 83 123 67 0.11 109 129 35 0.74

Controls 86 135 79 0.08 88 155 57 0.44
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schizophrenia-like symptoms (Fell et al. 2008) resulted from
deletion of subunits of these receptors.

Previous studies have shown associations between several
SNPs within GRM7 and schizophrenia in different popula-
tions (Li et al. 2016; Irmansyah et al. 2008). The reported
dissimilarities in clinical manifestation and prognosis of
schizophrenia in patients from diverse populations (Cohen
et al. 2008) necessitate re-assessment of the genetic associa-
tion studies in each population to find possible differences in
the principal genetic factors. So the current study was con-
ducted to assess association between GRM7 and schizophre-
nia in Iranian population.

Based on the observed significant differences in alleles and
genotypes frequencies of the rs779867 between schizophrenic
patients and healthy subjects, the functional consequences of
this observation was explored using in silico tools. Using the
3DSNP tool we found that this SNP is in strong LD with the
rs712784, rs712778 and rs779760 in different populations
with the first SNP having a high total score of functionality
(Lu et al. 2016). So a possible explanation for the observed
association between rs779867 and schizophrenia in the cur-
rent study is the LD between this SNP and other functional

SNPs including rs712784. HaploReg v4 software (Ward and
Kellis 2011) indicated that rs779867 SNP alters the Mrg-
binding domain of the encoded protein. MRG protein family
includes a number of transcription factors participating in cel-
lular senescence. Their localization in the nucleus and their
predicted motifs imply their role in the chromatin remodeling
processes (Bertram et al. 1999; Bertram and Pereira-Smith
2001). Previous studies have reported abnormalities in DNA
cytosine methylation, histone modifications and histone vari-
ants, and chromosomal loop formations in some cases of
schizophrenia (Halene et al. 2014). Future studies are needed
to explore whether the rs779867 can alter epigenetic regula-
tion of gene expression through changes in Mrg binding
motif.

In brief, the current research provided further evidences for
contribution of GRM7 in conferring the risk of schizophrenia
in Iranian population. These results have potential clinical
implications of in risk management or treatment. Although
we did not assess the associations between genotypes and
response of patients to antipsychotic treatments, based on
the role of glutamate receptor in the function of antipsychotic
medications (Ossowska et al. 2000), genotyping of variants

Table 5 Associations between
allele/ genotype frequencies of
rs6782011 and age at disease on-
set (n = 273, crude analysis,
Patients were categorized based
on mean value of age at
disease onset)

Model Genotype Age at onset <21 Age at onset >21 OR (95% CI) P value

Co-dominant T/T 55 (31.1%) 28 (29.2%) 1.00 0.78
C/T 77 (43.5%) 46 (47.9%) 1.17 (0.65–2.10)

C/C 45 (25.4%) 22 (22.9%) 0.96 (0.48–1.90)

Dominant T/T 55 (31.1%) 28 (29.2%) 1.00 0.74
C/T-C/C 122 (68.9%) 68 (70.8%) 1.09 (0.64–1.88)

Recessive T/T-C/T 132 (74.6%) 74 (77.1%) 1.00 0.64
C/C 45 (25.4%) 22 (22.9%) 0.87 (0.49–1.56)

Table 6 Associations between
allele/ genotype frequencies of
rs779867 and age at disease onset
(n = 273, crude analysis, Patients
were categorized based on mean
value of age at disease onset)

Model Genotype Age at onset <21 Age at onset >21 OR (95% CI) P value

Co-dominant G/G 74 (41.8%) 35 (36.5%) 1.00 0.63
A/G 80 (45.2%) 49 (51%) 1.29 (0.76–2.22)

A/A 23 (13%) 12 (12.5%) 1.10 (0.49–2.47)

Dominant G/G 74 (41.8%) 35 (36.5%) 1.00 0.39
A/G-A/A 103 (58.2%) 61 (63.5%) 1.25 (0.75–2.09)

Recessive G/G-A/G 154 (87%) 84 (87.5%) 1.00 0.91
A/A 23 (13%) 12 (12.5%) 0.96 (0.45–2.02)

Table 7 The results of haplotype analysis

rs6782011 rs779867 Patients Controls Total frequency OR (95% CI) P value Adjusted P value

T G 0.35 0.29 0.32 1.28 (1.01–1.63) 0.04 0.18

C G 0.28 0.26 0.27 1.16 (0.9–1.54) 0.28 1.00

C A 0.19 0.23 0.21 0.79 (0.61–1.03) 0.09 0.35

T A 0.17 0.22 0.20 0.73 (0.53–1.02) 0.06 0.25
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within the coding genes might be used for personalization of
treatment strategies.

Our study had some limitations. Firstly, we did not access
comprehensive patients’ data including data on duration of
untreated psychosis, duration of treatment, antipsychotic use,
previous co-medication, psychopathology severity, etc. As
some patients have been treated in other centers before referral
to our center, the data regarding these factors were inconsis-
tent and could not be assessed. Lack of genotyping of other
functional variants within GRM7 is stated as another limita-
tion of the current study. A strong point of our study is the
homogeneity of patients’ cohort regarding clinical course and
response to oral medications.

Future studies in other populations are needed to explore
whether this gene might affect course of disease or patients’
response to antipsychotic treatments. Moreover, screening of
the entire gene for other SNPs using more advanced tech-
niques such as whole gene/exome sequencing might be used
to select patients for comprehensive screening strategies.
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