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Schizophrenia is a highly heritable mental disorder which can be occurred as a result of mutations
or single nucleotide polymorphisms (SNPs) in various genes. Proline dehydrogenase (PRODH) gene is one
of the most important genes which can be associated with increased risk of schizophrenia in several popula-
tions. Here, we considered the effect of PRODH gene polymorphisms on the incidence of schizophrenia in
Iranian populations. This study was done using the analysis of 3 SNPs markers, including G1496A, G758A and
C1482T. Molecular analysis was performed on 263 schizophrenic patients and 278 healthy individuals (control
group). These examinations were executed by PCR-based restriction fragment length polymorphism (RFLP)
technique. Statistical analysis was performed by SPSS software (16.0). Our findings showed that GI1496A and
CI1482T polymorphisms in patients were significantly higher than controls and there were meaningful cor-
relations between the occurrence of these polymorphisms and schizophrenia in the population (P < 0.001).
However, there was no significant relationship between G7584 in the PRODH gene and schizophrenia. Haplo-
type analysis showed that AAT, AAC and GAT blocks (variation alleles are bold) had significant correlations
with schizophrenia. PRODH gene can be considered as one of the important genes involved in schizophrenia
development among the Iranian population.
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disorder with a frequency of about 1% in the

world population [1]. The disease symptoms
usually begin in adolescence and early adulthood;
however, the exact mechanisms of the disease are
unknown. Recent investigations have reported some
structural and functional abnormalities on left tem-
poral lobe of the brain [2-4]. Schizophrenia is a com-
plex disorder that its transmission is either polygenic
or oligogenic. Genetic epidemiological data from
family, twin and adoption studies have consistently
implicated the importance of genetic factors in the

S chizophrenia is a kind of mental and affective

development of schizophrenia [5]. Generally, schizo-
phrenia is a complicated genetic disease which has
multigenic transferring patterns. It has been hy-
pothesized that schizophrenia associated with the
deletion of 22g11 might show the properties of a
contiguous gene syndrome and that in the general
population (without deletion) synergistic interactions
between physically linked genes could result in in-
creased risk of the disease [5]. Three candidate genes
on 22ql1 have been postulated as being involved
in such a synergistic effect: proline dehydrogenase
(PRODH), catechol-O-methyl transferase (COMT)
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and ZDHHCS [5]. Proline dehydrogenase gene is
one of the most important genes involved in the dis-
ease development [6]. This gene, which is highly
expressed in the brain, expresses a protein named
proline dehydrogenase (oxidase or POX) that cataly-
sis the first stage of proline catabolism (changing
pyroline to A-1 pyroline-5- carboxylate). Pyroline-5-
carboxylate (P5C) then converts to glutamate or
y-aminobutyric acid [7], which are critically im-
plicated in the pathophysiology of schizophrenia.
Therefore, polymorphisms or mutations in this gene
can reduce the activity of proline dehydrogenase en-
zyme and subsequently cause hyperprolinemia type
I and increased risk of schizophrenia.

Evidences revealed an association between
polymorphisms in PRODH and increased risk
of schizophrenia [8]. Some studies showed that
PRODH gene mutations may increase the activi-
ty of this enzyme. On the other hand, some muta-
tions may decrease the expression of this enzyme
and consequently cause an increase in the blood
proline level, resulting in hyperprolinemia type |
and schizophrenia [9]. There are some evidences
that indicate several mutations in this gene can lead
to its hyperactivity and overexpression and conse-
quently increased catabolism of plasma proline and
depletion of its plasma levels. Therefore, this data
indicates a significant association between different
types of polymorphisms or mutation and increased
risk of schizophrenia in a population. In this study,
we tried to confirm this association in a group of
Iranian population. Here, we evaluated for the first
time whether three polymorphisms G1496A, G758A
and C1482T in PRODH gene are related to increased
risk of schizophrenia in the Iranian population.

Materials and Methods

Patients and Methods. A total of 263 patients
with schizophrenia (including 145 female and 118
male, aged 18-60 years) were entered into the study
from psychiatry hospitals and clinics in Tehran
(from 2012 to 2014). These patients were diagnosed
according to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-1V), and
their illness was confirmed by psychiatrists. Further-
more, 278 healthy individuals, with age-matched to
the patient group, were also entered into the study
All participants signed written informed consent.
Patients with chronic diseases such as infectious
diseases, diabetes, cancer, and other abnormalities
other than schizophrenia were excluded from the

study. Samples collection has been performed from
2013 to 2018. We analyzed three SNPs present on
the PRODH gene, including G1496A, G758A and
C1482T. Their chromosomal orders are as follows:
rs382155-rs588609-rs450046, respectively. The
genotyping of SNPs were performed by PCR-based
restriction fragment length polymorphism (RFLP)
analysis. For all participants, blood samples (5-8 ml)
were obtained and collected in EDTA- containing
tubes. Genomic DNA used for PCR amplification
was extracted from the whole blood sample using
a manual DNA extraction procedure. Confirmations
of purified DNA were estimated by the Nanodrop
set at 260/280 nm. For amplifying of genes were de-
signed one pair primers for the each SNP genotyping
(by oligo7 software), and PCR reaction was accom-
plished for amplifying exons 3 and 11. Genotypes
were determined by RFLP with proper restriction
enzymes. PCR amplicons were digested with Bgll,
Stul and Fokl restriction enzymes (Fermentas com-
pany), respectively, and transferred on agarose gel
(4%). The primers used for PCR included: 5'-GC-
CCATCCTCACCCACACCTGC-3' (forward) and
5'-TAGCCGATCTCTGCCGCACG-3" (reverse)
for amplification of the exon 11 (1496G/A), 5'-GT-
GTTTGGAGCTGTGCTCAG-3" (forward) and
5'-CTCAGGCTGGGACATGGCAG-3' (reverse) for
amplification of the exon3 (758G/A) and 5-GCCCT-
GTATCCCTGCAC-3' (forward), 5'-ACCTCCAT-
CACGGGGCCA-3' (reverse) for amplification of
the exon 11 (1482C/T). The PCR amplification was
performed in a 25-ul reaction volume containing
10 mM Tris—HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl.,, 0.001% (w/v) gelatin, 200 uM of each ANTP,
0.4 uM of each primer, 1.0 unit of Taqg DNA poly-
merase, and 30-50 ng of genomic DNA. The condi-
tions used for PCR amplification were as follow: the
thermal cycling program for 1496G/A (exon 11) con-
sisted of activation of Tag DNA polymerase at 95 °C
for 5 min, 30 cycles at 95 °C for 1 min and at 63 °C
for 1 min and at 72 °C for 40 sec and final extension
at 72 °C for 7 min. The thermal cycling program for
758G/A (exon 3) consisted of activation of Taqg DNA
polymerase at 94 °C for 3 min, 15 cycles at 95 °C
for 30 sec and 65 °C 45 sec (-1 °C/cycle) and 72 °C
30 sec and 20 cycles at 94 °C for 30sec, 50°C for
45 sec, 72 °C for 30 sec and final extension at 72 °C
for 7 min and finally, for amplifying of 1482C/T was
executed activation of Tag DNA polymerase at 95 °C
for 5 min, 30 cycles at 95 °C for 1min and at 61 °C
for 1 min and at 72 °C for 1.15 min and final exten-
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sion at 72 °C for 7 min. A 15-pl aliquot of the PCR
products was completely digested with 6-8 units of
restriction enzymes and then separated on an aga-
rose gel followed by ethidium bromide staining.

Statistical analysis. The Hardy-Weinberg
equilibrium was checked by the goodness-of-fit
chi-square (X?) test for the genotypic distributions
of SNPs studied. Allelic and haplotype association
and quantitative trait analysis were executed by the
SPSS 16.0 program. The P value was set at 0.05 for
significance levels.

Results and Discussion

Risk of outbreak schizophrenia in relation
to PRODH gene and respective SNP markers. We
considered three SNP markers on PRODH gene,
including G1496A, G758A and C1482T. The X?
goodness-fit test showed that the genotypic dis-
tributions of two SNPs were not deviated from
Hardy-Weinberg equilibrium either in the patient
group (X2 =478, df = 5, P = 0:443) or in the control
group (X2 = 3:86, df = 5, P = 0:569). Genotyping
for G1496A polymorphism was determined using of
Bgll restriction enzyme. Fig. 1 shows a cut pattern
in this polymorphism after using Bgll restriction
enzyme. In individuals with wild type homozygote
genotype (GG), we observed a cut pattern with 3
bands, including 210, 50 and 24 bp, on agarose gels
and for individuals with heterozygote genotype
(GA) 4 bands, including, 284, 210, 50 and 24 bp were

adAi1ousb vo

observed. In recessive homozygotes with AA geno-
type, a 284 bp sharp band was found. 14 individuals
with AA genotype were found in the patient group,
while we didn’t find persons with AA genotype in
the control group. There were 32 GA genotypes in
the patient group, while there were 4 GA genotypes
in control group. Results of statistical analysis for
this SNP marker are shown in Table 1. Therefore,
SNP G1496A may be effective in the incidence of the
disease since P value was < 0.01 (Table 2).

Genotyping for G758A polymorphism in indi-
viduals was determined by using of Stul restriction
enzyme. There was any cut site for Stul enzyme in
individuals with wild type homozygote genotype
(GG), therefore, we observed a cut pattern with 1
band at 240 bp. For individuals with heterozygote
genotype (GA), we observed 3 bands at 240, 160,
80 bp. Also, in recessive homozygotes with AA
genotype, two bands at 160 and 80 bp were ob-
served. Fig. 2 (a, b) shows cut patterns after using
Stul. There were 2 individuals with AA genotype
in the patient group but there were 4 AA genotypes
in the control group. Also, 24 GA genotypes were
observed in the patient group, while these numbers
were 18 GA genotypes in control group. However,
there was no significant association between G758A
polymorphism and the incidence of schizophrenia
(P =0.241) (Table 2).

Fokl restriction enzyme was applied for
C1482T polymorphism genotyping after PCR am-

284 bp
210 bp

50 bp

10 bp

adAjousb vy
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Fig. 1. Digestion with Bgll restriction enzyme. The GG genotype displayed three bands, at 210, 50 and 24 (it
is seen unclearly). The GA genotype displayed 4 bands, at 284, 210, 50 and 240 bp. The AA genotype showed

1 band at 284 bp
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Table 1. Prevalence of the PRODH 758G/A polymorphisms in controls and schizophrenic patients; odds
ratios (OR) with 95% confidence intervals (95% CI) were determined to estimate the risk of schizophrenia

Genotype Controls (N = 278) Patients (N = 263)
758G)//Ap Number \ % Number \ % OR (95% CI) P - value
758GG 256 51.9 237 48.1 1.38 0.94-2.63
758GA 18 42.9 24 571 121 0.89-1.55 0.241
758AA 4 66.7 2 333 117 0.92-1.76

Table 2.Prevalence of the PRODH 1496G/A polymorphisms in controls and schizophrenic patients; odds
ratios (OR) with 95% confidence intervals (95% CI) were determined to estimate the risk of schizophrenia

Genotype Controls (N = 278) Patients (N = 263)

1496C)}l/pA Number \ % Number \ % OR (©5%Ch P - value
1496GG 274 55.8 217 44.2 1.25 0.97-2.82

1496GA 4 111 32 88.9 1 0.90-1.75 0.001
1496AA 0 0.0 14 100.0 115 0.88-2.16 0.001

plification of these exons. The results of enzyme cut
patterns by Fokl showed that individuals with wild
type homozygote genotype (CC) had two cut sites
and 3 segments were observed at 60, 100 and 125 bp
(Fig. 3). In recessive homozygote genotype (TT), one
cut site was added and segment 125 bp was broken
to 2 segments of 100 and 25 bp. Therefore, in this
condition, we observed 3 bands, including, 25, 60
and 100 bp (2 bands were overlapped). Finally, for
heterozygote genotype (CT), 4 bands of 25, 60, 100
and 125 bp were observed. As a whole, TT reces-
sive genotype was found in 5 patients group but not
control group. Also, 36 individuals with CT hete-
rozygote genotype were found in patients group and
there were only 3 individuals with this genotype in
control group. According to our results, these poly-
morphisms can be correlated with schizophrenia
outbreak in this population since the P value was
< 0.01 (Table 3).

Combinational effect of 1496G/A, 758G/A and
C1482T with the risk of schizophrenia. We analyzed
the co-effect of the presence of three alleles in these
positions on PRODH gene, simultaneously, and their
correlation with schizophrenia. After determining
frequency for each of genotypes in every case, we
tried to determine whether a compound of three al-
leles in these polymorphisms on PRODH gene could
be effective on schizophrenia incidence in our popu-
lation. In other words we assessed the relationship
between possible haplotypes and schizophrenia on
our population. Table 4 shows the frequencies of

compound genotypes within the group of controls
and patients. According to the chi-squared test,
there was a significant association between PRODH
1496G/A, 758G/A and 1482C/T variants within the
group of patients compared to controls. The activity
of alleles in the PRODH genotype combinations was
associated with an increased risk of schizophrenia.
Based on these data, AAT, AAC and GAT haplotype
carriers were significantly related to schizophrenia
in a comparison of the patient and control groups.

Schizophrenia is a mental disorder which is
characterized by a breakdown of thought processes
and poor emotional responsiveness. It most com-
monly manifests itself as auditory hallucinations,
paranoid or disorganized speech and thinking [3, 4].
Genetics, environment, neurobiology, psychological
and social processes appear to be important syner-
getic factors [1, 10]. Regard to different study, it
seems PRODH is as an important genetic factor in
relation to susceptibility to schizophrenia incidence.
In the current study, we examined the hypothesis
that the PRODH gene is associated with schizo-
phrenia in our population, using 3 SNPs/haplotypes
in this gene. We evaluated G1496A, G758A and
C1482T in PRODH in Iranian population (especially
west and south of the country).

Previously, we analyzed some polymorphisms
in PRODH, CLDN5 and ApoA1l genes and their cor-
relations with schizophrenia in Iranian population.
Also, we studied changes in plasma levels of proline
amino acid, ApoAl protein and IgM immunoglobu-
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Fig. 2. Digestion with Stul restriction enzyme. (a): The GG genotype displayed one band, at 240 bp. The GA
genotype displayed 3 bands, at 80, 160 and 240 bp. (b): The AA genotype showed 2 bands at 80 and 160 bp.
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Fig. 3. Digestion with Fokl restriction enzyme. The CC genotype displayed 3 bands, at 60, 100 and 120 bp.
The CT genotype displayed 4 bands, at 25, 60, 100 and 125 bp. The TT genotype showed 3 bands at 25, 60 and

100 bp (2 bands overlapped)
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Table 3. Prevalence of the PRODH 1482C/T polymorphisms in controls and schizophrenic patients; odds
ratios (OR) with 95% confidence intervals (95% CI) were determined to estimate the risk of schizophrenia

Genotype Controls (N = 278) Patients (N = 263)
14828//% Number \ % Number \ % OR ©5%C) P-value
1482CC 275 55.3 222 447 111 0.94-2.85
1482CT 3 7.7 36 92.3 1 0.93-1.95 0.002
1482TT 0 0.0 5 100 1.28 0.85-2.0
Table 4. Haplotype distribution of the PRODH gene
Haplotype Frequency in the controls | Frequency in the patients P-value
AAT 0.139 0.285 0.01
AAC 0.196 0.381 0.008
GAT 0.152 0.296 0.009
AGT 0.315 0.354 0.125
GGT 0.225 0.332 0.095

Variation alleles are marked in bold.

lin in relation to respective polymorphisms [11-14].
In previous studies, we reported 757C/T, 1766A/G,
1852G/A, 1945T/C PRODH polymorphisms were
correlated to schizophrenia and ApoAl polymor-
phisms had no correlation to the disease. Subse-
quently, we decided to continue our investigations
with other polymorphisms on another group. In this
current study, we selected study populations from
the south and west regions of Iran with larger sam-
ples size of acute schizophrenia and control indivi-
duals. Since exon 11 PRODH is known as a high risk
region for the occurrence of functional mutations
and polymorphisms [15-17], we examined two poly-
morphisms in this exon and also one polymorphism
in exon 3.

In the PRODH G1496A polymorphism that has
been located on exon 11, replacement of nucleotide
A instead of nucleotide G causes to replacement of
amino acid arginine to histidine at position 431 in
proline oxidase enzyme (POX). It seems that this
change is effective on expression and function of
POX and leads to decreasing of its function and sub-
sequently, leads to increasing of proline amino acid
in plasma and hyperprolinemia type I. Several in-
vestigations showed that it can reduce glutamate and
y-aminobutyric acid levels, as two important neuro-
transmitters in the brain and leads to schizophrenia
[18-20]. Some studies investigated polymorphisms
on this codon in different populations [15, 16, 21].
Our data have revealed 14 individuals by recessive

homozygote variant (AA) in patient group, whereas
this variant wasn’t observed in control individuals
(100% AA variant in patient group). Furthermore,
32 cases by heterozygote variant (GA) were found in
patients, whereas there were only were 4 individuals
in controls (88.9% GA genotype in patient group).
These data indicate that allelic frequency of A vari-
ant in individuals with schizophrenia is significantly
different compared to healthy individuals. Therefore,
this codon may contribute to the occurrence of the
disease in our society. In G758A polymorphism,
which is located on exon 3 of PRODH, naturally
codes amino acid Arg at position 185 in proline oxi-
dase enzyme. This polymorphism is enumerated as
a silent variation in this gene but it seems that it is
effective on the function of POX protein [22]. It has
been reported that this polymorphism causes an in-
crease in enzyme activity in blood and subsequently,
it can decrease proline level in the blood. It has also
been observed that this change can increase gluta-
mate level in the brain and causes increased risk
of schizophrenia [19, 23]. According to our results,
there were 2 individuals with AA genotype in pa-
tient group, but there were 4 persons with AA geno-
type in control group (57.1% in patient group and
42.9% in control). Also, there were 24 persons with
GA genotype in the patient group, while 18 subjects
in control group had GA genotype (66.7% AA geno-
type in control group). Allelic frequency of A variant
in control group was more than usual extent that
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could name it as an effective genetic factor associ-
ated with schizophrenia in our population, therefore,
we indicated that there was no significant association
between G758A polymorphism and the incidence of
schizophrenia (P = 0.241). C1482T polymorphism
is located in exonll in PRODH gene and normal-
ly is coded for Asparagine amino acid at position
of 426 of PRODH enzyme. This polymorphism
(C>T) is probably enumerated as a silent variation
because this substitution leads to exchanging of a
codon to another codon for Asparagine, but there is
increasing evidence supporting the notion that syn-
onymous SNPs are capable of alterations in protein
amounts, structures, or function. Some studies re-
ported the occurrence of C1482T in PRODH leads to
decreasing of the enzyme activity and consequently
increased risk of schizophrenia [21, 22].

Statistical analysis for this polymorphism
showed that there were 36 heterozygote T allele car-
riers in patient group (92.3%), while it was found
in 3 controls (7.7%). More importantly, there were 5
patients with TT recessive variants (100%) and there
was no individual with this genotype in controls.
On the other hand, there was a significant correla-
tion between allelic frequency (T variant) and the
outbreak of schizophrenia in our population. In this
study, we also assayed haplotype blocks in relation
to the disease in population. Our results showed
that AAT, AAC and GAT blocks (variant alleles
are bold), from the respective statistical analysis,
were related to schizophrenia. In another study on
a Greek/Caucasian population, a significant associa-
tion was reported between haplotypes consisting of
three SNPs: 1945T/C, 1766A/G and 1852G/A with
schizophrenia. They indicated that the alleles 1945C,
1766A and 1852G were over transmitted in schizo-
phrenia patients [17, 24, 25]. Li et al. reported that
PRODH 1945C-1852A haplotype was an important
determinant of executive functions in schizophrenia
patients [26]. We also reported a significant cor-
relation between haplotypes consisting of 757C/T,
1852G/A and 1766A/G [11]. A series of investigations
are being conducted by our research team to consid-
er the effects of PRODH, COMT, CLDN5, and ApoAl
polymorphisms on schizophrenia. Determining of
genetic transmission patterns of schizophrenia in
Iranian population is the most important aim of our
investigations and in continuously, if it is possible,
we are going to suggest the best drug construction
for these patients based on genetic pattern. Also, as
regards there was no sufficient molecular biomarker
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(s) for pre-diagnosis of schizophrenia, nowadays, it
looks these studies are useful for determining proper
genetic marker(s) for this object.

Our data have revealed that PRODH can be an
important susceptible gene in relation to the schizo-
phrenia risk in Iranian individuals. Also, it can be
used for the detection of the disease as a genetic
marker. However, it is essential to continue more
extensive studies on different population and with
other candidate genes and maybe by using stronger
methodology.
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In3odpenis — e crmaKoBUi ICUXITHUH pO3-
nan, SIKAi Moke OyTH CIPUYUHEHUM MYTaIlisIMU
ab0 OMHOHYKJICOTHAHUM momiMopdizmom (SNP)
pisaux rewis. I'en mpomiagerigporenasu (PRODH)
€ OJTHUM 3 HaWBAXIIMBIIINX TeHIB, IKUH MOke OyTH
TOB’SI3aHUW 3 TIJIBUIIEHUM PH3UKOM PO3BUTKY
mu30QpeHii B IeAKUX MONyJAmisx. byno BuB4eHO
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BIU1KB nojriMop¢izmiB reHa PRODH Ha wacTory Bu-
naakiB mu3odpenii B HaceneHHs Ipany. s nporo
Oy1o mpoBezieHo aHaniz 3 mapkepiB SNP, Takux sk
G1496A, G758A i C1482T, y 263 XxBOpUX Ha HIU30-
(dpeHito 1 278 310poBUX JIFOJICH (KOHTPOJIbHA I'PYTIa).
JocniKeHHs TPOBOAMIIN METOJOM TMOJiMOp(izmMy
JOBXKHH pecTpukiiiinux ¢parmentis (RFLP) 3a
JIONIOMOT'OI0 TIOJTIMEpa3HUX JIAHIFOTOBUX PEaKIliil.
CraTucTUYHUH aHali3 JaHuX 0yJI0 BAKOHAHO 32 JIO-
MOMOTro10 nporpamMuoro 3abesneuerns SPSS (16,0).
[Mokazano, mo nonimopdizm GI1496A 1 C1482T y
MamieHTiB OyB 3HAYHO BUIIMM, HIK Y KOHTPOJIbHIH
IPyIli, TAKOX BCTAHOBJICHO BIPOTiJIHY KOPEJISIIiI0
MI’K BUHUKHEHHSIM IMX MoJIiMopdi3miB 1 mm3odpe-
Hiero B nonyssnii (P < 0,001). Onnak He Oyno Bu-
SIBJICHO B3aeMO3B’s13Ky Mixk G758A B reni PRODH
i mu3odpeniero. AHali3 TamjJoTUIIIB MMOKa3aB, 10
anenbHi Bapianii AAT, AAC i GAT BiporigHo Ko-
pentoBanu 3 Bunaakamu musogpenii. len PRODH
MOJKHA PO3IJISJIATH SIK OJIUH 13 BAXKJIMBUX T'CHIB, K1
MPUYETHI IO pO3BUTKY MM30(peHii cepen HaceeH-
Hs Ipany.

KnmodoBi cloBa: reH MIPOJTiH-
JerigporeHasu, moiimMopdizM, moiiMopdizM T0B-
KHH pecTpukmiiaux ¢parmentiB (RFLP), mm3o-
(hpewnis.
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