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ABSTRACT

Background: The aim of this study was to identification of polymorphisms of FOLH1 and DISC1
genes in Iranian patients with schizophrenia.

Materials and Methods: In this case-control study, 50 patients with schizophrenia and 50 healthy
controls were evaluated. PCR-RFLP and Tetra-ARMS method used for detection of FOLH1 and
DISC1 gene respectively in both of patients and control groups.

Results: The frequency of CC, CT, and TT genotypes for FOLH1 gene in rs61886494 locus in
schizophrenic patients was 92%, 8%, and 0%, respectively, and in healthy subjects, 94%, 0%, and
6%, respectively. The frequency of DISC gene in GG genotype was higher than that of normal
people and frequency of GA genotype was lower than normal subjects. In addition, the genotype
AA was identified only in patients.
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Conclusion: For FOLH1 gene in rs61886494 locus, the frequency of CC and TT genotypes in
patients was 2% and 6% lower in healthy people, while CT genotype in patients was 8% higher in
healthy people. Interestingly, TT genotype was not observed in patients and CT genotype in
healthy people was not observed. Regarding the DISC1 gene, the results showed that the
frequency of homozygous GG and GA homozygote genotypes in the patients was higher in the
rs12133766 locus, while the heterozygote GA was high in healthy subjects and was not observed
in patients. Therefore, the result of this study in our country can provide suitable method for
diagnosis and prevention of schizophrenia patients.
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1. INTRODUCTION

Schizophrenia is a condition developing with at
least two of the following symptoms:
hallucinations, delusions, maladaptive speech,
abnormal behavior or negative symptoms that
occur over a period of one month and with
continuous problems with a period of more than
6 months [1]. Significant symptoms in
schizophrenia include positive symptoms (such
as auditory hallucinations, mental disorder, and
illusions) and negative symptoms such as self-
neglect and reduced feelings that should be
present to detect at least one of these symptoms.
The onset of a disease is usually early in
adulthood and the suicidal tendency is one of the
most dangerous complications of the disease.
The average lifetime mortality risk associated
with schizophrenia is 7.2 per 1,000 people [2].
Men's risk ratio is 1.4/1 compared to women
[3.4].

It seems that the incidence and prevalence of
schizophrenia  depending on race and
geographical location [5]. Age is usually less than
25 years for men and 35 years for women [6,7].
In addition, there is a higher incidence of disease
in urban and low-income communities compared
to rural and high-income populations [3]. The
incidence and prevalence of the disease
occurring within a period of time [8]. A higher
incidence has been reported in the immigrant
population [9,10].

Scientists have been trying to determine which
genes increase the heredity of schizophrenia.
Unfortunately, they estimate that there are
between 100 and 10,000 genes with damaged
brain mutations and more than 280 genes have
now been identified being associated with
schizophrenia. "Schizophrenia does not seem to
be a disease but is the end point of 10,000
different disorders in the subtle architecture of
the human brain" [11].

The FOLH1 gene encodes a type 2 membrane
glycoprotein belonging to the M28peptidase
family. This protein acts as a carboxy-peptidase
glutamate on various substrates, including
folate and n-acetyl-L-aspartate L-glutamate
neuropeptidase, and is expressed in a number of
tissues such as the prostate, the central and the
peripheral nervous system, and the kidney.
Mutations in this gene may be associated with
poor intestinal absorption of dietary folate, which
results in a decrease in blood folate levels and
thus hyperhomocysteinemia [12].

Expression of this protein in the brain may be
involved in a number of pathological conditions
associated with stimulation of glutamate toxicity.
In the prostate, protein is regulated in cancer
cells and is used as an indicator of the diagnosis
and prognosis of prostate cancer [13-15]. FOLH1
is also expressed in the brain by disrupting
NAAG (n-acetyl-aspartyl glutamate) into NAA
and glutamate in disorders of the nervous
system, such as multiple sclerosis, sclerosis,
Alzheimer's disease and schizophrenia due to
impairs in FOLH1 at various levels [16,17].

DISC1 gene was first identified as a risk factor
for mental illness in a Scottish family where a
balanced transmission between chromosomes 1
and 11 associated with schizophrenia, bipolar
disorder and depression was identified [18].
Since 2000, a number of additional research
efforts have been launched to illustrate the
importance and relevance of DISC1 for
psychiatric illness. Genetic studies have later
confirmed that DISC locus is involved in
several psychiatric disorders and cognitive
functions in several populations around the world
[19].

The aim of this study was to identification of
polymorphisms of FOLH1 and DISC1 genes in
the rs61886494 and rs12133766 loci among
Iranian patients with schizophrenia.
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2. MATERIALS AND METHODS

In this case-control study, 50 samples from
schizophrenic patients and 50 from healthy
individuals (as a control group) were used. All
samples were collected after approval by a
physician specialist. The specimens were
collected from the blood after a full clinical
examination and transferred to the laboratory for
extraction of genomic DNA and next stored at -
70 °C conditions after extraction of DNA.
Genomic DNA extraction from samples was
performed using 6 molar saturation salt. The
quality of extracted DNA by Salting Out method
was measured by agarose gel electrophoresis
and spectrophotometer (Nanodrop).

To determine the FOLH1 gene polymorphism,
PCR-RFLP method was used to determine the
genotype of DISCT1 gene polymorphism using
Tetra-ARMS-PCR and using internal and
external primers. The genotypes and alleles of a
mutation or polymorphism using Tetra-ARMS-
PCR technique and determining the risk level of
individuals with these mutations were used to
identify human traits such as the incidence of
schizophrenia. This method is based on the
design of specific primer pairs and the
amplification of the desired allele in a PCR

reaction. The number of primers pairs,
depending on the design, can be 3 or 4 pairs. In
our method, using 4 primers (Tetra primer
ARMS-PCR) to detect a specific mutation, two
pairs of control primers around the mutation site
were used to ensure the accuracy of PCR
reaction. To amplify the region containing the
mutation, two primer pairs were designed, which
were for a mutation allele and a natural allele,
respectively.

In this method, specific primers for these genes
were used. The total volume of PCR reaction
was 15 pl containing 20 ng of extracted DNA, 1
pmol of each primer (2 primers pairs), 1.5 mM of
MgCl2, 0.2 Unit of Tag DNA polymerase and
0.2 ym of dNTP. The primers used in this
study, along with the thermal profile for
amplification of products, are shown in Tables 1,
2 and 3.

For digestion of PCR products of the rs61886494
and rs12133766 loci, the tubes were incubated
for 37 hours at 16 °C using Msel (Trull) and
BseLl (Thermo Scientific) enzymes, respectively.
The Msel restriction enzyme detects and digests
the T A~ TAA region and the BselLl enzyme
digests in the CCNNNNN * NNGG region. Each
enzyme was used 2 units for enzyme digestion.

Table 1. The primers used to determine the presence of FOLH1 and DISC1 genes

SNP ID Sequence 5' to 3' Primer

rs61886494 CTAGGTCACCTCTCAAAATCT FOLH1F:
GAGCCAAGGATAAAAGAGAGAG R: FOLH1
AGATCATTAACAACAGAGAGAGAAGGGATG F (Outer): DISC1

rs12133766 AACAGCTTGCTGAGGGAGTCCCGCT R (Outer) :DISC1

TGCTGCTAGATCTTCCATGTGTGTGGAT F
ATCATCAATATCTTGCCGGGGAACAGTT R

Inner): DISC1
Inner) :DISC1

L~ — —~

Table 2. Temperature and time conditions used to amplify the FOLH1 gene

Stages of FOLH1 amplification Time T (°C) Cycles
Primary denaturation 5min 95 1
Secondary denaturation 30s 95 29
Annealing 30s 60

Extension 20s 72

Final extension 5min 72 1

Table 3. Temperature and time conditions used to amplify the DISC71 gene

Stages of DISC1 amplification Time T (°C) Cycles
Primary denaturation 5min 95 1
Secondary denaturation 1min 95 29
Annealing 1min 60

Extension 1min 72

Final extension 10min 72 1
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The enzyme digestion product was then taken on
an polyacrylamide gel 12%. Applied Biosystem
SimpliAmp was used for the amplification of the
fragments in PCR.

2.1 Ethical Process

The study was approved by the Institutional
Review Board of Central Tehran Branch, Islamic
Azad University, Tehran, Iran (IRB No.1396/08)
and performed in accordance with the principles
of the Declaration of Helsinki and each subject
signed an informed consent before participating
to the study. All procedures were approved by
the relevant ethics committees, and written
informed consent was obtained from all
participants.

3. RESULTS

A total of 100 samples (50 patients’ samples and
50 healthy individuals’ samples) were collected in
this study from all blood samples and their
genomic DNA was extracted. In the next step,
the primers for FOLH1 and DISC1 genes were
amplified in loci rs61886494 and rs12133766,
respectively. In this study, PCR-RFLP and Tetra-
ARMS were used to study the single-nucleotide
polymorphism in two groups of patients and
control.

The sequence polymorphism analysis of a PCR-
restricted fragment for the FOLH71 gene in the

rs61886494 locus is shown in Fig. 1. The
polymorphism of the FOLH1 gene was observed
in three forms. Frequency of homozygote gene
CC (wild-type C allele) without polymorphism
with a fragment length of 235 bp, heterozygote
CT has polymorphism in one of two DNA strands
with 235 bp, 100 bp, and 135 bp, and
homozygous TT (T mutant allele) polymorphism
was observed in both DNA sequences with two
products of 100 bp and 135 bp in electrophoresis
on 12% polyacrylamide gel.

For the DISC1 gene in the rs12133766 locus, the
sequence polymorphism analysis of the Tetra-
Arms restricted segment is shown in Fig. 2. This
product polymorphism was observed for the
DISC1 gene in three modes of GG, GA, and AA.
The frequency of the homozygous GG gene has
a band of 189 bp, heterozygote GA had a
polymorphism in one of two DNA sequences with
189 bp and 168 bp, and a homozygote of AA had
a product of 168 bp in electrophoresis on 12%
acrylamide gel.

The frequency of CC, CT, and TT genotypes for
FOLH1 gene in rs61886494 locus in patients was
92%, 8%, and 0%, respectively, and in healthy
individuals was 94%, 0%, and 6%, respectively.
In the DISC1 gene, the frequency of GG, GA,
and AA genotypes in the rs12133766 locus in
patients was 84%, 8%, and 8%, respectively, and
in the healthy control group was 82%, 18%, and
0%, respectively.

10 11 12 13

Fig. 1. Sequence polymorphism analysis of a PCR-restricted fragment of the FOLH1 gene in
rs61886494 locus after enzymatic digestion using a Msel restriction enzyme, well 3: 50 bp DNA
marker, (Sinaclon Co.), well 13: the heterozygote CT and the rest of the wells (wells 1-12)
associated with homozygous CC in schizophrenic patients
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Fig. 2. Sequence polymorphism analysis of a Tetra-ARMS-restricted fragment of the DISC1
gene in the rs12133766 locus after enzymatic digestion using a BselLl restriction enzyme, 6: 50
bp DNA marker (Sinaclon), well 5: negative control, wells 1 to 4 and 7 to 11: homozygous GG
and wells 12 and 13 indicate heterozygote AG and Wells 14 and 15 indicate homozygous of AA
related to schizophrenic patients

4. DISCUSSION

Schizophrenia is a psychiatric disorder that
usually manifests itself in the late adolescence or
early adulthood. The disease can often be a
lifelong struggle characterized by illusions and
other psychological problems.

Schizophrenia is the most injured between the
ages of 16 to 30, and men show signs at a lower
age than women. In many cases, the disorder
slowly develops in such a way that one does not
know that it has been the disease for many
years. However, in some cases, it can also
develop rapidly and promptly. Schizophrenia
affects about 1 percent of adults in the world.
Scientific research suggests that schizophrenia
may be due to inverse neuronal progression in
the fetal brain, which later occurs in life as a
complete illness [20,21].

Experts believe that several factors are involved
in the development of the disease; evidence
suggests that genetic and environmental factors
interact with each other in the development of
schizophrenia. It is defined as an inherited agent,
but environmental stimuli also significantly affect
it. If there is no history of schizophrenia in a
family, its possibility of developing is less than
1%. However, if the parent is diagnosed as a
patient, the risk increases by 10% [22,23]. A

large number of genes, including FOLHT,
PRODH, COMT, ZDHHCS8, DNTBP1, CAPON
and DISC1, have been investigated in relation to
schizophrenia and their association with the
disease has been documented. In this study, we
investigated polymorphisms of two FOLH1 and
DISC1 genes in rs61886494 and rs12133766 loci
using molecular techniques.

We found that for the FOLH71 gene in the
rs61886494 locus frequency of TT and CC
genotypes was lower in patients compared to
controls, while heterozygous CT genotype was
higher than control subjects and not observed in
the healthy group. Interestingly, TT genotype
was not observed in patients and healthy.
Regarding the DISC1 gene, the results showed
that the frequency of GG and AA homozygote
genotypes in the patients was higher in the
rs12133766 locus when the heterozygote GA
was high in healthy subjects and was not
observed in patients with this heterozygote. The
final conclusion is that the FOLH71 and DISC1
genes can be considered as an important
candidate in the population as a factor in the
incidence of schizophrenia.

In our country, there have been no extensive
studies on FOLH1 and DISC1 genes, but in
studies related to the analysis of polymorphism in
relation to the incidence of schizophrenia,
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Rahmanzadeh et al. (2012) studied the PRODH
gene at the site and showed that there is a
significant relationship between the incidence of
this nucleotide mutation and its frequency among
patients. Based on the statistical data for this
genotype, there was a significant difference
between the control group and the patient for the
mutated allele C frequency. The allele frequency
of this mutated allele was significantly higher in
the patient group than in the control group,
suggesting that the T1945C polymorphism in this
population could be associated with the
incidence of schizophrenia. In other words, the
marker C> T SNP1945 showed a significant
relationship with schizophrenia in the studied
population [24]. In our studies, there were
changes in the genotypes between patient and
control, which was the highest change in CT
genotype in FOLH1 gene and homozygote
genotypes in DISC1 gene.

In a similar study by Guoqin HU that examined
the DISC1 gene polymorphism among Han
Chinese people, there was a significant
correlation between polymorphism in this gene
and schizophrenia [25]. In a similar study in
South Korean schizophrenia by Kim HJ, the
DISC1 gene was introduced as a prone gene for
identifying these patients, which was consistent
with the studies [26]. Although many genes in
schizophrenia have been discussed, the FOLH1
gene has been proposed as an important goal in
the pathophysiology of schizophrenia. In our
study, FOLH1 gene was more frequent in CC
and CT genotypes than in normal individuals,
and the importance of this gene in Iranian
patients was presented. A study by Joshua L.
Roffman in Boston showed that genetic changes
and folate metabolic pathway influences negative
symptom severity in Schizophrenia patients [27].

5. CONCLUSION

Based on the results of this pilot study, our
results suggest that in Iranian patients with
schizophrenic disorder homozygous CC and CT
genotypes in the rs61886494 locus have a high
frequency in comparison with healthy subjects,
but the homozygous TT is infrequent. However,
in homozygous and heterozygous genotypes of
DISC1 gene in the rs12133766 locus, the results
showed high homozygote AA and homozygous
GG genotypes in comparison of healthy and
schizophrenia groups. Therefore, the result of
this study in our country can provide suitable
method for diagnosis and prevention of
schizophrenia patients.

CONSENT

Each subject signed an informed consent before
participating to the study. All procedures were
approved by the relevant ethics committees, and
written informed consent was obtained from all
participants.

ETHICAL APPROVAL

The study was approved by the Institutional
Review Board of Central Tehran Branch, Islamic
Azad University, Tehran, Iran (IRB No.1396/08)
and performed in accordance with the principles
of the Declaration of Helsinki.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Vahia VN. Diagnostic and statistical
manual of mental disorders 5: A quick
glance. Indian Journal of Psychiatry. 2013;
55(3):220-223.

2. McGrath J, et al. Schizophrenia: a concise
overview of incidence, prevalence, and
mortality. Epidemiol Rev. 2008;30:67-76.

3. McGrath JJ. Myths and plain truths about
schizophrenia epidemiology--the NAPE
lecture 2004. Acta Psychiatr Scand. 2005;
111(1):4-11.

4. Jablensky A, et al. Schizophrenia:
manifestations, incidence and course in
different cultures. A World Health
Organization ten-country study. Psychol
Med Monogr Suppl. 1992;20:1-97.

5. Kinney DK, et al. Relation of schizophrenia
prevalence to latitude, climate, fish
consumption, infant mortality, and skin
color: A role for prenatal vitamin D
deficiency and infections? Schizophrenia
Bulletin. 2009;35(3):582-595.

6. Torrey EF, et al. Seasonal birth
patterns of neurological disorders. Neuro-
Epidemiology. 2000;19(4):177-85.

7. McGrath JJ, Welham JL. Season of birth
and schizophrenia: A systematic review
and meta-analysis of data from the
Southern Hemisphere. Schizophr Res.
1999;35(3):237-42.

8. Bota RG, Munro JS, Sagduyu K.
Identification  of the  schizophrenia
prodrome in a hospital-based patient
population. Mo Med. 2005;102(2):142-6.



10.

1.

12.

13.

14.

15.

16.

17.

Parisa et al.; AIBGMB, 2(2): 1-7, 2019; Article no.AJBGMB.45793

Werbeloff N, Levine SZ, Rabinowitz J.
Elaboration on the association between
immigration and  schizophrenia: A
population-based national study
disaggregating annual trends, country of
origin and sex over 15 years. Soc
Psychiatry Psychiatr Epidemiol. 2012;
47(2):303-11.

Bourque F, van der Ven E, Malla A. A
meta-analysis of the risk for psychotic
disorders among first- and second-
generation immigrants. Psychol Med.
2011;41(5):897-91.

Fabisch H, Kroisel PM, Fabisch K. Genetic
risk factors in schizophrenia. Fortschr
Neurol Psychiatr. 2005;73(Suppl 1):S44-
50.

Derlin T, et al. Evaluation of 68Ga-
glutamate carboxypeptidase Il ligand
positron emission tomography for clinical

molecular imaging of atherosclerotic
plague neovascularization. Arterioscler
Thromb Vasc Biol. 2016;36(11):2213-
2219.

Zlitni A, et al. Development of prostate
specific membrane antigen targeted
ultrasound microbubbles using

bioorthogonal chemistry. PLoS One. 2017;
12(5):e0176958.

Lee SS, et al. Prostate-specific membrane
antigen-directed nanoparticle targeting for
extreme nearfield ablation of prostate
cancer cells. Tumour Biol. 2017;39(3):
1010428317695943.

Frigerio B, et al. Full preclinical validation
of the 123l-labeled anti-PSMA antibody
fragment ScFvD2B for prostate cancer
imaging. Oncotarget. 2017;8(7):10919-
10930.

Zhou J, et al. NAAG peptidase inhibitors
and their potential for diagnosis and
therapy. Nat Rev Drug Discov. 2005;
4(12):1015-1026.

Begeron R, Coyle JT. N-Acetyl aspartyl-
glutamate, NMDA receptor, and psychosis.
Current Medicinal Chemistry. 2012;19(9):
1360-1364.

18.

20.

21.

22.

23.

24,

25.

26.

27.

Thomson PA, et al. Balanced translocation
linked to the psychiatric disorder,
glutamate, and cortical structure/function.
NPJ Schizophrenia. 2016;2:16024.
Jaaro-Peled H, et al. Neurodevelopmental
mechanisms of schizophrenia:
understanding disturbed postnatal brain
maturation through neuregulin-1-ErbB4
and DISC1. Trends Neurosci. 2009;32(9):
485-95.

Patel KR, et al. Schizophrenia: Overview
and treatment options. Pharmacy and
Therapeutics. 2014;39(9):638-645.

Green MF, Harvey PD. Cognition in
schizophrenia: Past, present, and future.
Schizophrenia Research. Cognition. 2014;
1(1):e1-€9.

Tai S, Turkington D. The evolution of
cognitive behavior therapy for
schizophrenia: Current practice and recent
developments.  Schizophrenia  Bulletin.
2009;35(5):865-873.

Hofmann SG, et al. The efficacy of
cognitive behavioral therapy: A review of
meta-analyses. Cognitive Therapy and
Research. 2012;36(5):427-440.

Heidari Keshel S, R.Z.S., Ghasemvand F,
Maleki MH. Analysis of polymorphisms in
relation to schizophrenia susceptibility.
Scientific Journal of llam University of
Medical Sciences. 2012;20(4):192-199.
Guogin  HU, et al. Association of
schizophrenia with the rs821633
polymorphism in the DISC1 gene among
Han Chinese. Shanghai Arch Psychiatry.
2015;27(6):348-355.

Kim HJ, Park HJ, Jung KH, Ban JY, Ra J,
Kim JW, Park JK, Choe BK, Yim SV, Kwon
YK, Chung JH. Association study of
polymorphisms  between DISC1 and
schizophrenia in a Korean population.
Neurosci Lett. 2008;430(1):60-3. Epub
2007 Oct 22.

Joshua LR. Genetic variation throughout
the Folate Metabolic Pathway Influences
Negative Symptom Severity in
Schizophrenia. Schizophr Bull. 2013;
39(2):330-338.

© 2019 Parisa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle3.com/review-history/45793




