Iran Red Crescent Med J. 2014 December; 16(12): e21484. DOI:10.5812/ircmj.21484

Published online 2014 November 30. Research Article

Association Between Upstream Purine Complexes of Human Caveolin-1
Gene and Schizophrenia in Qazvin Province of Iran

Reza Najafipour '; Abolfazl Heidari '; Safar Ali Alizadeh '; Hannaneh Ghafelebashi *» Zahra

*
)

Rashvand '; Amir Javadi *» Mohammad Moradi * Hosein Afshar *

Icellular and Molecular Research Center, Qazvin University of Medical Sciences, Qazvin, IR Iran
Tarbiat Modarres University, Tehran, IR Iran

iSchool of Allied Medical Sciences, Tehran University of Medical Sciences, Tehran, IR Iran
Qazvin University of Medical Sciences, Qazvin, IR Iran

*Corresponding Author: Hosein Afshar, Qazvin University of Medical Sciences, Qazvin, IR Iran. Tel: +98-2833362959, +98-9121812000, Fax: +98-2833362960, E-mail: hoseinafshar1345@
gmail.com

Received: June 25, 2014; Revised: September 27, 2014; Accepted: November 12, 2014

Background: Caveolin is a multifunctional and scaffolding membrane protein, which involves cholesterol trafficking to plasma lipid
microdomain. It organizes and targets synaptic parts of the neurotransmitter and neurotrophic receptor signaling pathways. Caveolins
are encoded by CAV4, 2 and 3 genes. Disruption of the CAV1I would likely ruin the neuronal signaling, which leads to symptoms of
schizophrenia in predisposed individuals.

Objectives: The upper area of CAV-1 gene is highly conserved and can have a regulatory role in neurodegenerative diseases. This study was
designed to find out the possible association of polymorphisms of this area and schizophrenia.

Patients and Methods: In a case-control study, 254 blood samples were obtained from 127 patients with schizophrenia and 127 well
matched controls referred to 22 Bahman Hospital of Qazvin University of Medical Sciences (QUMS) in Qazvin province, Iran, using simple
random sampling method. After extracting DNA, the upper region of the human CAV1- gene was amplified by PCR in all collected samples.
The products were visualized by silver staining in 10% polyacrylamide gel and then sequenced.

Results: We detected nine homozygotes in patients and 15 in control subjects. Homozygosity was 7.08% and 11.8% in cases and control,
respectively. Nine types homozygote haplotype were detected in upper region of the CAV1 gene in cases and controls. Three haplotypes
were common in cases and controls; four haplotypes were seen in controls only and two in cases.

Conclusions: Our findings implied a significant correlation between some haplotypes of upper region of CAV1 gene and schizophrenia.
Existence of some haplotypes and lack of another in CAV1 upstream can suggest a significant correlation between schizophrenia and some

haplotypes.
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1. Background

Schizophreniais a serious and neurodevelopmental dis-
order, which affects approximately 1% of the general pop-
ulation often-devastating effects such as psychological,
social and financial skills. Disease symptoms include de-
lusions, auditory hallucinations and thinking disorder.
Schizophrenia can disturb memory, attention, thought
and motivation of affected patients (1). Twin concor-
dance rates, family and adoption studies, genetic linkage
and allelic association analyses revealed a strong genetic
element contributing to schizophrenia (2). The heritabil-
ity of schizophrenia is estimated to be 80% (3). Therefore,
due to the high percentage of heredity involvement, over
1000 genes have been tested to assess such an association.
This makes schizophrenia one of the most studied disor-
ders through a candidate gene approach (4, 5). Caveolins
are encoded by CAV-, 2 and 3 genes (6). Caveolins (en-
coded by CAV1 gene) are multifunctional scaffolding and

cholesterol binding proteins organizing other lipids and
proteins in surface domains; also they regulate various
cellular functions such as lipid homeostasis, vesicular
trafficking and signal transduction. In fact, Caveolin is ex-
tensively expressed in the nervous systems (7-11). In CAV1
knock-out mice, neurodegeneration and aging is more
advanced than normal mice (12, 13). Current analyses of
genomic structural variations in patients with schizo-
phrenia showed that caveolin-1 gene (CAV1) is disrupted
by an insertion mutation, therefore the CAV1is identified
as a rare structural variant correlated with schizophre-
nia (14). Given the importance of this region in neurode-
generative diseases, any changes in this area of genome
may result in illnesses such as schizophrenia. CAV1 is
also known as an interacting partner of G-protein and its
loss can cause destruction of neuronal signaling leading
to signs of schizophrenia in susceptible persons (9-11).

Copyright © 2014, Iranian Red Crescent Medical Journal. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial us-
ages, provided the original work is properly cited.



NajafipourRet al.

Table 1. The CAV1 Upstream Purine Complex in Different Species

Gene Sequence

Homo sapiens~ -1.5 kb

GAAAGAAAAGAAAAAAAGAAAAGGAAGGAAGGAAGGAAAGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAGGAAG
GAAGGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAAGAAAGGAAGGAAGGAAGGAAGGGGAAGGAAGGAAGA

Macaque primates~ -1.8 kb

GGAAAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGA
AAGAAAGGAAGGAAGGAAGGAAGGATGTAAGGAAGGAAGGAAGGAAGGAAGAAAAAACAAAGAAAGAAAGAAAGAAAAAGAGAAA

Mouse~ -3.3 kb

GAGGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGA

The purine rich complex at the 1.5 kb upper region of the
human CAV1 gene is composed of three tandem STRs of
GGAA, GAAA and GGAA motifs, which is conserved in dif-
ferent species as shown in Table 1 (15, 16). A skew in the
homozygous haplotype of this region in patients with
multiple sclerosis (MS) and late onset Alzheimer’s disease
(AD) has been reported versus controls. Twenty homozy-
gous haplotypes have been identified in two neurodegen-
erative disorders increasing CAV1 gene expression (17).

2. Objectives

In the current study, test and trails were conducted and
observed, to obtain a correlation between the genome
area and schizophrenia.

3. Patients and Methods

In this case-control study, 127 unrelated patients with
schizophrenia were included (diagnosed based on diag-
nostic and statistical manual of mental disorders, fourth
edition, 1994, DSM-IV). Patients with IQ ‘below 90, major
depression, bipolar disorder and abuse of amphetamine
and cannabis were excluded. Samples were selected from
22 Bahman Hospital, a psychology special hospital of Qa-
zvin University of Medical Sciences (QUMS), Iran. The 22
Bahman hospitals is a referral psychology center, which
has four sections with 100 beds. Patients were selected by
a psychologist using consecutive sampling method from
April 2012 to April 2013. Furthermore, 127 healthy sub-
jects were selected as controls. The control subjects well
matched with cases regarding gender, age and ethnicity.
Cases and controls were 51% males and 49% females and
their mean age was 41.5 years. A 5-milliliter blood sample
was collected from individuals and stored at -20°C until
use. An informed consent was obtained from all partici-
pants and the study was approved in the ethics commit-
tee (Ethic no; 93.04.03-8890).The sample size was calcu-
lated according to this formula:

)
. Q(Z]_%Arzl,,,) xP~x(1-P~)
=iy X e

F=15% (IOSS to follow—up)‘ l-a= 95%, 1'B = 80%, PO = 0.18, P] =035

3.1. PCR and Sequencing

All laboratory techniques were performed in molecular

and cellular research center of QUMS. Five-milliliter blood
samples were collected from patients and controls. DNA
was extracted using DNA Extraction Kit (Roche; Germa-
ny). The PCR primers were designed by primer three tools
for amplifying upstream region of the CAV1 gene. These
primers were Forward; 5-CAGGCTGCAGTGACCTATG-3'
and Reverse; 5-TCTGTACAACGAATCCCTGTG-3'. PCR reac-
tions were performed in 25 pL volume, including 100 ng
genomic DNA, 10 pmol of each primer, 12.5 microliter Mas-
termix (Takara; Japan) and 10 microliters of distilled wa-
ter. PCR temperature profiles were initially denaturized
at 95°C for three minutes, 30 seconds at 95°C, 30 seconds
at 60°C, 30 seconds at 72°C, for 30 cycles, followed by five
minutes final extension at 72°C. These reactions were per-
formed by a veriti ABI system. The produced fragments
with 388 bp were detected on 10% polyacrylamide gel by
electrophoresis and silver staining. The homozygote am-
plicons on gel were selected for sequence analysis. The se-
quencing was performed by 3130 ABI genetic analyzer. We
looked for three tandem STRs of GGAA, GAAA, and GGAA
motifs in sequenced fragments. All statistical analyzes
were performed using SPSS software (version 16).

4.Results

After DNA extraction, upstream CAV1 gene was ampli-
fied by PCR with specific primers. All PCR products were
sequenced to check this region. An example image of
the sequences was shown in Figure 1. We detected nine
homozygotes in patients with schizophrenia and 15 ho-
mozygotes in the control subjects. Homozygosity rates
were 7.08% and 11.8% in cases and controls, respectively.
Nine different types of homozygote haplotypes with dif-
ferent repeat numbers were detected in cases and con-
trols. Some of homozygote haplotypes were detected in
both patients and controls, but a number of haplotype
lengths were found in cases and not observed in the con-
trols and some of haplotype lengths were identified in
controls and not observed in the cases. Details of results
are shown in Table 2. These haplotypes contained 4-13-7
(110 bp), 5-10-8 (114 bp), 5-12-9 (118 bp) and 6-13-8 (110bp)
(Table 3), while haplotypes 4-12-7 (106 bp), 7-11-9 (118 bp), 11-
12-6 (126 bp), 7-12-8 (124 bp) and 11,10,8 (130 bp) only existed
in controls (haplotypes 6-9, Table 3). Only one haplotype
was seen in cases only (haplotype n. 4, Table 3). One ex-
ample of results is summarized in Tables 1and 3.
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Table 2. CAV1 Purine Complex Motif Lengths Observed in the Controls and Cases

Variable Repeat (Repeat Observed Frequency
Number) Case Control Case Control
GGAA
4 1 5 oqn 0.33
5 1 0.55 0.06
6 3 1 0.33 0.06
7 0 5 0 0.33
1 0 3 0 0.2
GAAA
10 2 2 0.22 0.13
il 0 3 0 0.2
12 3 7 0.33 0.46
13 4 3 0.44 0.2
GGAA
6 0 2 0 0.13
7 1 5 0.11 0.33
8 5 5 0.55 0.33
9 3 3 0.33 0.2

Table 3. CAV1 Purine Complex Haplotypes Observed in Controls and Cases

HaplotypesN. GGAA(n1) GAAA(n2) GGAA(n3) Length,bp = Number of Homozygote Frequency
Schizophrenia Control Schizophrenia Control

1 4 13 7 110 1 2 0.11 0.13

2 4 12 7 106 0 3 0 0.2

3 5 10 8 114 2 1 0.22 0.06

4 5 12 9 18 3 (0] 0.33 0

5 6 13 8 110 3 1 0.33 0.06

6 7 1 9 118 0 3 0 0.2

7 1 12 6 126 0 2 0 0.13

8 7 12 8 124 (] 2 0 0.13

9 11 10 8 130 (0] 1 0 0.06

Total - - - - 9 15 - -
Figure 1. Homozygote Haplotype in a Patient With Schizophrenia
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This figure shows tandem STRs of GGAA, GAAA, GGAA motifs and haplotype length [e.g. 126-bp (11-12-6 haplotype)].

5. Discussion

There are a number of reports about implicating pu-  such as multiple sclerosis (MS) and Alzheimer's disease
rine complex of upstream CAV1 human gene involve-  (AD) (8, 18). According to existing information, this re-
ment in pathophysiology of neurodegenerative diseases ~ gion is conserved across several species, and consists of
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GGAA, GAAA and GGAA motifs, transcription consensus
sites for the Ets and IRF (interferon regulatory factor)
family members. The interaction between Ets and IRF
family members has been shown in different studies (7,
8). Furthermore, inflammation plays a role in neurode-
generative diseases and several inflammatory transcrip-
tion factors like STAT4 and interferon regulatory factor
(IRF). In which, these factors bind to the CAV1 upstream
purine complex and regulate target genes (12, 19, 20).
Some literatures categorized Schizophrenia as a neuro-
degenerative disease (1, 14). To examine the hypothesis
that purine complex of upstream CAV1 may be related
to pathogenesis of schizophrenia, we investigated this
region in a group of patients with schizophrenia and
compared the results with well-matched controls. In
this research, homozygote haplotypes of GGAA, GAAA
and GGAA motifs were compared between cases and con-
trols. Some haplotypes were found in patients only. Chi
square test showed that these haplotypes significantly
related to object (e.g. haplotype 4, Table 3, P = 0.016, P <
0.05). Nevertheless, some haplotypes were found in con-
trols only. Statistical analysis showed no significant as-
sociation between these haplotypes and schizophrenia
(for example; haplotype 6, Table 3, P = 0.15, 7 and 8 P =
0.25, P > 0.05). These findings implied a significant cor-
relation between schizophrenia and some haplotypes of
this region of CAV1 gene. Existence of some haplotypes
and lack of another in CAV1 upstream can suggest a sig-
nificant correlation between schizophrenia and some
haplotypes. To the best of our knowledge, this was the
first study to assess the association between purine com-
plex upstream region of human CAV1 and schizophre-
nia disease. These results could be useful for further re-
searches in this field.
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