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Abstract
Objective: Neuregulin1 (NRG1) gene is among the most promising candidate genes for
schizophrenia. This gene is located on 8p22-p12, a region with a reported linkage to schiz-
ophrenia. Several studies have reported an association between schizophrenia and the
5" end polymorphisms in this gene. However, some studies have failed to confirm the role
of NRG1 gene in the pathogenesis of schizophrenia. In the current study, we attempt to
examine the association of SNP8NRG241930 from the NRG1 gene with schizophrenia in
an Iranian population. It is noteworthy that there has been no report on the NRG1 associa-
tion with schizophrenia in a population from the Middle East region.

Materials and Methods: Genomic DNA samples were obtained via isolation from the
peripheral blood cells of 95 unrelated subjects with schizophrenia and 95 matched
healthy controls from southwest Iran. SNP8NRG241930 was genotyped by PCR-
RFLP using Scal as a restriction endonuclease enzyme. Association of the SNP with
schizophrenia was examined using the chi-square test. The frequency difference of al-
leles and genotypes between the two groups were compared. P<0.05 was considered
significant.

Results: Statistical analysis on the studied polymorphism showed that both case and con-
trol groups were in Hardy-Weinberg equilibrium. The frequency of high risk allele (G allele)
was 72.6% in patients, while this number was 56.8% in controls. The genotype frequen-
cies in the patient group were as follows: GG (54%), GT (38%) and TT (8%) vs. genotype
frequencies in the control group of: GG (26%), GT (63 %) and TT (11%).

Conclusion: Considering allele and genotype frequencies, a significant association
was observed between schizophrenia and SNP8NRG241930. The current study adds
weight to the idea that some functional polymorphisms could exist in the 5’ end of the
NRG1 gene which increase susceptibility to schizophrenia. This is the first time that
supportive evidence shows an involvement of the NRG1 locus in schizophrenia in an
Iranian sample population.
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Introduction

Schizophrenia is a severely disabling psychiat-
ric disease that affects approximately 1% of the
world’s population. It is one of the most heritable
complex disorders, with persuasive evidence for
genetic factors (1). Recent twin studies place the
heritability of schizophrenia at more than 80% (2).
Moreover, linkage analysis has identified several
loci, including chromosome 8p, 13q, 22q and 6p
that show linkage with schizophrenia. Several
genes located on these regions have been studied
extensively and there are supportive evidences for

enrollment of these genes in the pathogenesis of
schizophrenia (3).

Research into genetics of schizophrenia has
found Neuregulinl (NRGI) to be among the
most promising candidate genes for this disease
(4). NRG1 is located on 8p, a region whose link-
age with schizophrenia has been consistently
reported (5). This gene spans 1.2 Mb and gives
rise to many structurally and functionally distinct
isoforms, through alternative promoter usage
and alternative splicing. The isoforms are tissue-
specifically expressed and differ significantly in
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their structure. The NRGI proteins play crucial
roles in the central nervous system and their func-
tions in neurodevelopment and neuron plasticity,
as well as pathological condition such as protec-
tion of the brain from damage induced by stroke
and cancer has been confirmed in several stud-
ies (4, 6). Therefore, its position as well as func-
tion, strongly supports the NRGI gene as a sus-
ceptibility gene for neuropathological disorders
such as bipolar disorder and schizophrenia (4, 7,
8). Several studies in different populations have
positively reported the association of NRG1 poly-
morphisms with schizophrenia. For the first time
in 2002, Steafansson et al. suggested NRG/ as a
candidate susceptibility gene for schizophrenia in
a linkage study carried out in an Icelandic popu-
lation (9). They found a core at-risk haplotype,
which is involved in the etiology of schizophre-
nia. This haplotype was composed of five SNP
markers SNP8NRG241930, SNPENRG243177,
SNP8ENRG433E1006, SNP8NRG221132 and
SNP8NRG221533, and two microsatellite mark-
ers 478B14-848 and 420M9-1395 (9). Although
the association of NRGI has been confirmed in
several studies, there has been allelic heteroge-
neity between the different studies. Meanwhile,
some studies have failed to replicate the associa-
tion (10-13).

Genetic data from a new population is valuable
because it addresses whether NRG/ play a crucial
role in predisposition to schizophrenia in a dis-
tinct population. In this report, we investigate the
association of the SNP8NRG241930 polymor-
phism of NRG1, located at the 5’ end of this gene,
with schizophrenia in a homogenous population
city of Ahwaz, southwestern, Iran. Recently, we
have reported an association between schizophre-
nia and SNPENRG221533 in the same popula-
tion (14). Because of difficulties of sampling in
this region and limited numbers of available pa-
tients, we could not increase our sample size to
more than 95 patients in this study. PCR-RFLP
was used for genotyping SNPENRG241930. This
polymorphism is a part of the Icelandic haplo-
type, originally found by Stefansson et al. in the
Icelandic population (9). SNPSNRG241930 was
selected for this study because it has shown sig-
nificant association with schizophrenia as a single
marker and because it was technically feasible to
genotype this SNP by using restriction endonu-
clease enzymes (8, 15).

Materials and Methods
Case-control samples
Subjects were the patients of Salamat and Golestan
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Hospitals of Ahwaz, southwestern Iran. Subjects
were interviewed by two independent experienced
psychiatrists and each had a venous blood sample
drawn for DNA extraction. Diagnoses were made
according to the Diagnostic and Statistical Manual
for Mental Disorder DSM-1V criteria (Table 1).

Table 1: The socio-demographic characteristics of cases
and controls

Controls Patients
(n=95) (n=95)
Continuous variable
Age 38.34+9.1 39.28 £8.29
Age of onset 22.02+£9.047
Discontinuous variable
Female 30 31
Male 65 64
Educational level
Illiteracy 2 14
Primary School 6 55
High School 72 21
College 15 5
Marital Status
Single 24 70
Married 70 17
Divorced 1 8

For example, patients were entered into the study if
they presented inclusion criteria such as delusion,
hallucinations or disorganized speech symptoms
for at least six months continuously. All patients
had undergone repeated psychiatric hospitaliza-
tions. There was no case of familial relationship
between patients and controls. Control subjects
were drawn from the same population in south-
western Iran. Controls were accepted after they
were interviewed by psychiatrists and had no his-
tory of hospitalization for psychiatric disorders,
or no history of treatment for psychiatric illnesses
themselves or in their family. Written informed
consent was obtained before blood sampling. This
study was approved by the Ethics Committee of
Tarbiat Modares University and Jondi Shapour
University of Medical Sciences.

Genotyping

DNA was extracted from 100l of whole blood us-
ing the DNP™ Kit (Cinnagen, Iran). Briefly, lysis
solution was used to lyse blood cells. Subsequently
DNA was selectively precipitated by isopropanol



after which it was washed and desalted by ethanol.
DNA was dissolved in double distilled water. The
quantity and the quality of extracted DNA were
examined spectrophotometrically or visually after
electrophoresis in 1% agarose gel.

A pair of primers was designed using Primer3
software (Whitehead Institute, Cambridge, Mas-
sachusetts, USA). The primers were used for am-
plification of a 897 bp fragment which included
SNP8NRG241930. The sequences of primers were
as follows: forward, 5' AGAAGGGGAAGAT-
TCAAGATGG 3' and reverse, 5' TCATGGACT-
GATGTGGCAATG 3'. Briefly, 100 ng of DNA
were amplified for 35 cycles using recombinant
Taq polymerase (Cinnagen, Iran). Following an
initial 94°C denaturing step for 3 minutes, samples
were subjected to 35 cycles at 94°C for 50 seconds,
56°C for 45 seconds, 72°C for 70 seconds and a
final extension at 72°C for 10 minutes.
Afterwards, approximately 500 ng of amplified
DNA was digested with Scal/ (TAKARA, Japan)
at 37°C overnight. In case there was a G allele, the
amplicon was cut into the 576 bp, 174 bp and 147
bp fragments. In case there was a T allele, we ob-
tained the 750 bp and 147 bp fragments after di-
gestion. The resulting products were analyzed by
electrophoresis on a 1.2% agarose gel or 8% poly-
acrylamide gel (PAGE) following ethidium bro-
mide staining (Fig 1).

Finally, the accuracy of the method was confirmed
by sequencing the randomly selected samples for
each genotype (Fig 2).

NC GG GT GG GT TT GT M GT

i

Fig 1: The result of used PCR-RFLP technique for geno-
typing of SNPSNRG241930 . The full length of PCR frag-
ment was 897bp. Digestion of the fragment with Scal re-
sulted in expected, 576bp, 174bp and 147bp fragment for
GG genotype or 750bp and 147bp for TT genotype, respec-
tively. The expected fragment for heterozygote individuals
were 750 bp, 576bp , 174bp and 147 bp. M: means the DNA
molecular weight size marker.

Statistical analysis
In this study, we tested the association of SNP8N-
RG241930 with schizophrenia as a single marker. The

Shariati et al.

chi-square test was employed to compare frequency
differences of the SNPSNRG241930 alleles and gen-
otypes between the studied groups. A conventional p
value of <0.05 was considered significant.
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Fig 2: The results of DNA sequencing were consistent with
determined genotype by PCR-RLFP. The picture shows the
sequencing result for a heterozygote sample for SNPSN-
RG241930. The presence of two peaks at the SNP site indi-
cates the heterozygosity of the sample.

Results

We included 100 patients and 100 matched healthy
individuals as controls in this study. From these, the
genotypes of 95 cases matched with 95 control in-
dividuals for SNPENRG241930 were determined.
According to statistical analyses, the genotype fre-
quencies were in Hardy-Weinberg equilibrium in
both groups of controls (¥*=0.12, df = 2, p<0.1)
and patients (y>=0.07, df =2, p<0.1).

The frequency of the G allele in healthy individu-
als was 56.8% while this number for patients was
72.6%. The frequency of the G allele in the pa-
tients group was 1.27 fold higher compared with
control subjects, which demonstrated a significant
difference in allelic frequency.

Therefore, in confirmation with previous stud-
ies, a higher frequency of the G allele was ob-
served in cases compared with the control group
(Fig 3).

We compared the genotypic distribution of both
groups and noted a significant difference in gen-
otypic frequencies of patients compared with
healthy individuals. In order to see if the presence
of two risk alleles, in this case the G allele, could
increase the risk of disease, we compared the fre-
quency of homozygosity for the G allele with other
genotypes in cases and controls (Table 2).

We found that homozygosity for the G allele was
associated with increased risk of schizophrenia.
Our analyses showed a significant difference
between GG genotype versus GT and TT geno-
types in the two groups. (y* 16.09, p<0.001).
This result indicated positive evidence for the
association of NRGI with schizophrenia in our
samples.
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Table 2: Genotype distributions and allelic frequencies of SNPSNRG241930 among studied groups

GG vs. TT+GT G vs. T alleles TT GT GG G allele frequen- Subjects (N) SNPsID

cy
p df 2 p df 2 8%  38% 54% 72.6% Cases (95) SNP8NRG241930
<0.001 1 16.09 =<0.001 1 10375 11% 63% 26% 56.8% Controls (95)

df: Degree of freedom, y’: chi square.
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Fig 3: The allele and genotype ferquencies of SNP8N-
RG241930 in the studied groups. (A) Allelic frequencies
and (B) genotype frequencies of single nucleotide polymor-
phisms between case and control groups.

Discussion

NRG]I has been studied as a candidate gene for
several diseases such as: schizophrenia, bipolar
disorder (BPD), multiple sclerosis and cancer (6,
16-19). Compelling evidence has been gathered
through association studies and functional anal-
yses of the NRGI gene that indicate this gene
as a strong susceptibility gene for schizophrenia
4).

Attempts to replicate association studies are of
great value and have been proposed as a guide-
line to avoid spurious results. Importantly, rep-
lication of an association study in a new popula-
tion can bring invaluable results about the role
of a gene in the pathogenesis of a particular dis-
ease (20).
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Until now, there has been no report on the asso-
ciation of NRG with schizophrenia in a popula-
tion from Iran. Our main aim in this study was
to bring new clues about the role of NRG1 in the
pathogenesis of schizophrenia in a new popu-
lation. In the present work, we tried to avoid
population stratification by sampling from a ho-
mogenous population of southwest Iran and by
matching our cases perfectly with controls with
regards to age and sex.

Previously, several reports on the association
between schizophrenia and the NRGI gene
identified associated SNPs at the 5’ end of the
NRGI gene (4, 14, 21). We attempted to check
the association of SNPENRG241930 with schiz-
ophrenia, because association of this SNP with
schizophrenia has been reported as significant,
either as a single marker or as part of a hap-
lotype in the sample of a new population (15,
21-24). Another reason that SNP8NRG241930
was selected for this study was the possibility of
using PCR-RFLP, which is a simple, economi-
cal and accurate method. Although we included
a limited number of samples in our study, for the
first time, we have shown evidence of the as-
sociation of the NRGI gene with schizophrenia
in an Iranian population. However, these results
provide important evidence in support of the as-
sociation of the NRGI gene with schizophrenia.
This study increases the probability of existence
of one or more causative functional variants
within this region.

By genotyping the SNPENRG241930, we deter-
mined the frequency of the G allele in cases and
controls to be 72.6% and 56.8%, respectively. It
is noteworthy that the risk allele (G) frequency of
SNP8NRG241930 ranged from 60.9% to 94.9%
across different populations (19). We found differ-
ences in G allele frequency between our patient
group and other populations to be as follows: our
patients (72.6) versus Icelandic (68.3); Japanese
(89.4); Han Chinese (95.7 and 93), Irish (67), Por-
tuguese (65.6) and Scottish patients (66.6) (11, 23,
24-27). This variation is due to population-specific
allele frequency and hence linkage disequilibrium
(LD) patterns which vary from population to pop-
ulation. Additionally, Gardener showed extreme



population differences across the NRGI gene,
which further confirmed the value of replication of
the association study for this gene (10).

NRGI gene has more than 20 known exons and
SNP8NRG241930 is located upstream of the first
exon (28). The region mainly controls the expres-
sion of glial growth factor 2 (GGF2) whose defi-
ciency has been thought to play an important role
in the pathology of schizophrenia (28, 29).

Conclusion

Therefore, our results add weight to idea that
there could be some functional variants in this
region that play a crucial role in pathogenesis
of schizophrenia. It is worth mentioning that
the association of NRGI with schizophrenia in
a demographically distinct population would be
compelling evidence in favor of a true associa-
tion between them.

Altogether, we believe that replication of associ-
ation studies in a new population along with me-
ta-analysis of data could be a major step towards
understanding the role of genetic variations in
the molecular pathology of schizophrenia. Our
study suffers from small sample size and lim-
ited power. Therefore, studies with larger sample
size are necessary to confirm the results of this
study. This is a single marker association study
but it would be interesting to include more SNPs
and perform haplotype analysis of the 5’ end of
the NRGI gene in order to bring new evidence
about the possible role of haplotypes of Hapice
in the pathology of schizophrenia.

Acknowledgments

The authors gratefully acknowledge the contri-
bution of all participating individuals, especially
patients and institutions in this study. There is no
conflict of interest in this article.

The funding of this work is provided by the De-
partment of Research Affairs of Tarbiat Modares
University.

References

1. Norton N, Williams HJ, Owen MJ. An update on the
genetics of schizophrenia. Curr Opin Psychiatry. 2006;
19(2): 158-164.

2. Cardno AG, Gottesman Il. Twin studies of schizophre-
nia: from bow-and-arrow concordances to star wars
Mx and functional genomics. Am J Med Genet. 2000;
97(1): 12-17.

3. Harrison PJ, Weinberger DR.Schizophrenia genes,
gene expression, and neuropathology: on the matter of
their convergence. Mol Psychiatry. 2005; 10(1): 40-68.

4. Harrison PJ, Law AJ. Neuregulin 1 and schizophrenia:
genetics, gene expression, and neurobiology. Biol Psy-
chiatry. 2006; 60(2): 132-140.

5. Munafo MR, Thiselton DL, Clark TG, Flint J, Associa-
tion of the NRG1 gene and schizophrenia:a meta-anal-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Shariati et al.

ysis. Mol Psychiatry . 2006; 11(6): 539-546.

Xu Z, Croslan DR, Harris AE, Ford GD, Ford BD. Ex-
tended therapeutic window and functional recovery af-
ter intraarterial administration of neuregulin-1 after fo-
cal ischemic stroke. J Cereb Blood Flow Metab.2006;
26 (4): 527-535.

Stefansson H, Steinthorsdottir V, Thorgeirsson TE,
Gulcher JR, Stefansson K. Neuregulin 1 and schizo-
phrenia. Ann Med. 2004; 36(1): 62-71.

Falls DL. Neuregulins: functions, forms, and signaling
strategies. Exp Cell Res. 2003; 284(1): 14-30.
Stefansson H, Sigurdsson E, Steinthorsdottir V, Bjorns-
dottir S, Sigmundsson T, Ghosh S, et al. Neuregulin 1
and susceptibility to schizophrenia. Am J Hum Genet.
2002; 71(4): 877-892

Gardner M, Gonzalez-Neira A, Lao O, Calafell F, Ber-
tranpetit J, Comas D. Extreme population differences
across Neuregulin 1 gene, with implications for asso-
ciation studies. Mol Psychiatry. 2006; 11(1): 66-75.
Thiselton DL, Webb BT, Neale BM, Ribble RC, O'Neill
FA, Walsh D, et al. No evidence for linkage or associa-
tion of neuregulin-1 (NRG1) with disease in the Irish
study of high-density schizophrenia families (ISHDSF).
Mol Psychiatry.2004; 9(8): 777-783.

Ingason A, Seeby K, Timm S, Wang AG, Jakobsen
KD, Fink-Jensen A, et al. No significant association of
the 5' end of neuregulin 1 and schizophrenia in a large
Danish sample. Schizophr Res. 2006; 83(1): 1-5.
lkedaa M ,Takahashi N , Saito S, Aleksic B , Watan-
abe Y, Nunokawa A, et al. Failure to replicate the asso-
ciation between NRG1 and schizophrenia using Japa-
nese large sample. Schizophr Res. 2008;101(1-3):
1-8.

Shariati SAM, Behmanesh M, Galehdari H, Fathian
A. Multiplex tetra-primer amplification refractory mu-
tation system polymerase chain reaction to genotype
SNP8NRG221533 of Neuregulin-1 gene. Iranian Jour-
nal of Biotechnology. 2008; 6(2): 107-112.

Fukui N, Muratake T, Kaneko N, Amagane H, Someya
T, Supportive evidence for Neuregulin 1 as a suscepti-
bility gene for schizophrenia in a Japanese population.
Neurosci Lett. 2006; 396(2): 117-120.

Walker RM, Christoforou A, Thomson PA, McGhee
KA, Maclean A, Mihleisen TW, et al. Association anal-
ysis of Neuregulin 1 candidate regions in schizophre-
nia and bipolar disorder. Neurosci Lett. 2010;478(1):
9-13.

Sheng Q, Liu X, Fleming E, Yuan K, Piao H, Chen J, et
al. An activated ErbB3/NRG1 autocrine loop supports
in vivo proliferation in ovarian cancer cells. Cancer
Cell. 2010; 17(3): 298-310.

Buac K, Xu M, Cronin J, Weeraratna AT, Hewitt SM,
Pavan WJ. NRG1/ERBB3 signaling in melanocyte de-
velopment and melanoma: inhibition of differentiation
and promotion of proliferation.Pigment Cell Melanoma
Res. 2009; 22(6): 773-784.

Fernandez SV, Snider KE, Wu YZ, Russo IH, Plass C,
Russo J. DNA methylation changes in a human cell
model of breast cancer progression. Mutat Res. 2010;
688(1-2): 28-35.

Cardon LR, Bell JI. Association study designs for com-
plex diseases. Nat Rev Genet. 2001; 2(2): 91-99.
Tosato S, Dazzan P, Collier D.Association between the
neuregulin 1 gene and schizophrenia: a systematic re-
view. Schizophr Bull. 2005; 31(3): 613-617.

Harrison PJ Owen MJ.Genes for schizophrenia? Re-
cent findings and their pathophysiological implications.
Lancet. 2003; 361(9355): 417-419.

Akiskal HS. From circular insanity (in double form) to
the bipolar spectrum: the chronic tendency for depres-
sive recurrence. Bull Acad Natl Med. 2004; 188(2):

CELL JOURNALuaknen, Vol 13, No 2, Summer 2011 95



Association study of NRGT with Schizophrenia

24.

25.

26.

285-296.

Zhao X, ShiY, Tang J, Tang R, Yu L, Gu N, et al. A case
control and family based association study of the neu-
regulin1 gene and schizophrenia. J Med Genet. 2004;
41(1): 31-34.

Li D, Collier DA, He L. Meta-analysis shows strong
positive association of the neuregulin 1 (NRG1) gene
with schizophrenia. Hum Mol Genet. 2006; 15(12):
1995-2002.

Stefansson H, Sarginson J, KongA, Yates P, Steinthors-
dottir V, Gudfinnsson E, et al. Association of neuregulin
1 with schizophrenia confirmed in a Scottish popula-
tion. Am J Hum Genet. 2003; 72(1): 83-87.

CELL JOURNALwakniew, Vol 13, No 2, Summer 2011 96

27.

28.

29.

Petryshen TL, Middleton FA, Kirby A, Aldinger KA,
Purcell S, Tahl AR, et al. Support for involvement of
neuregulin 1 in schizophrenia pathophysiology. Mol
Psychiatry. 2005; 10(4): 366-374.

Steinthorsdottir V, Stefansson H, Ghosh S, Birgisdot-
tir B, Bjornsdottir S, Fasquel AC, et al. Multiple novel
transcription initiation sites for NRG1. Gene. 2004;
342(1): 97-105.

Pulver AE, Mulle J, Nestadt G, Swartz KL, Blouin JL.
Dombroski B, et al. Genetic heterogeneity in schizo-
phrenia: stratification of genome scan data using co-
segregating related phenotypes. Mol Psychiatry. 2000;
5(6): 650-653.




