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ABSTRACT

Introduction: Schizophrenia is a chronic heterogenic neurodevelopment disorder. Many
genes interfere in the development of SCZ. All four genes, NrCAM, PRODH, ANK3, and

Article info: ¢ ANKKI, which were evaluated in this study, were previously reported to be associated with
Received: 28 May 2018 ¢ Schizophrenia. The NrCAM contributes to creating cognitive deficiencies through the CAM’s
First Revision: 10 Jun 2018 ¢ signaling pathway. PRODH plays a vital role in creating SCZ negative symptoms through

the signaling pathway of glutamatergic and NMDA receptors. ANK3 affects ion channel and
molecular adhesion in Ranvier and initial segments of axons, leading to mental retardation,
sleep disorder, and SCZ. ANKK1 encodes a protein kinase and was reported to be associated
with alcohol addiction, Attention Deficit Hyperactivity Disorder (ADHD), and SCZ.
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Methods: The subjects were selected from Schizophrenic patients referring to the Psychiatric
Ward of Imam-Hussein Hospital and Schizophrenic Patients Support Institution (AHEBBA).
95 (30 Schizoaffective patients, 57 Paranoid patients, and 8 disorganized) patients were
recruited as the subjects in the present case-control association study. 120 healthy subjects were
recruited from the Tehran Medical Genetics Laboratory staff and a group of students from the
Islamic Azad University of Science and Research in Tehran. The genotypes were determined
with molecular genotyping techniques of PCR-RFLP, ARMS-PCR, and Cycle sequencing.
Results were analyzed by the Chi-Square test using SPSS V. 24 and R, SNP STATE Package
to investigate significant differences between cases and controls.

Results: The incidence of schizophrenia was 68% and 32% among men and women, respectively.

The evaluation of the allelic association between schizophrenia and all the candidate SNPs

:  showed a significant association between NrCAM's SNP 1510235968 and SCZ (P=0.001).

Keywords: Haplotype T, T, C in rs10235968, rs6967368, rs3763463, respectively, within the NrCAM gene,
B i(;markers, SNPs, NrCAM, . showed significant association with schizophrenia disorder (P=0.0001).

PRODH, ANKK1, ANK3, Conclusion: No association was found between other candidate SNPs and SCZ among the subjects.
Schizophrenia :
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Highlights

® Schizophrenia (SCZ) is a chronic mental disorder.

Basic and Clinical

e Many genes and environmental factors are involved in SCZ development.

o The CAM's signaling pathway is a candidate pathway involved in SCZ.

Plain Language Summary

Schizophrenia (SCZ) is a chronic mental disorder. Many genes and environmental factors are involved in SCZ devel-
opment. The CAM's signaling pathway is a candidate pathway involved in SCZ to be linked to both psychosis and
neurocognitive dysfunctions. Using GWAS and signaling pathways data, researchers reported several signaling path-
ways contributing to the development of SCZ. One of the most potent risk factors for SCZ is 22q11 deletion syndrome.
The administration of NMDA antagonists results in cognitive deficiency and SCZ syndromes among healthy people,
leading to dopaminergic neurons transmission. ANKK1 encodes a serine-threonine kinase protein and belongs to a
receptor-interacting serine/threonine-protein kinase family, which contributes to cell division and cell differentiation.
ANKKI is located on the chromosome 11q32.2 and includes 10 exons. It was reported to be associated with alcohol
addiction, eating disorder, SCZ, and Attention Deficit Hyperactivity Disorder (ADHD). This study aimed to investigate
the association between the candidate SNPs within the NrCAM gene, and in the PRODH gene.

1. Introduction

chizophrenia (SCZ) is a chronic mental

disorder. Many genes and environmental

factors are involved in SCZ develop-

ment. NrCAM is a candidate gene for

schizophrenia and has been reported in

many studies with conflicting results

(Ayalew, Le-Niculescu, et al. 2012).

NrCAM encodes the neuron cells' adhesion protein mol-

ecule and is located on 7q31.1. The Northern Blotting

technique showed a 2 kb transcript of NrCAM in all brain

tissues. The 7.0 kb transcript of NrCAM is highly ex-

pressed in the brain medulla, adrenal, and adrenal cortex

(Lane, et al., 1996, Wang, Williams, Du, Terrett, & Ken-

wrick, 1998). NrCAM owns 36 exons and is involved

in WNT and CAM's signaling pathways (Chen & Zhou

2010, Zhang et al., 2015). NrCAM is one of the twelve

genes active in CAM's pathway and has a significant re-

lationship with schizophrenia. It acts as an interneurons

connection and a signal transmission in CAM's pathway
(Zhang et al., 2015).

The CAM's signaling pathway is a candidate path-
way involved in SCZ, repeatedly reported to be linked
with both psychosis and neurocognitive dysfunctions
(Zhang et al., 2015). CAM's pathway plays a vital role
in the brain's cognitive functions, including the for-
mation of memory, attention, learning, reasoning, and
thinking disrupted in SCZ (Hargreaves et al., 2014).

The gene NrCAM is active in interneurons, neuron-gli-
al adhesion, and growth cone motility (Kamiguchi &
Lemmon, 1997). NrCAM has also been demonstrated
to participate in many cellular processes of central and
peripheral nervous systems, inclusive neurite growth,
exon routing, myelination, and cellular migration (Ka-
miguchi & Lemmon 1997).

Using GWAS and signaling pathways data, research-
ers reported several signaling pathways contributing
to the development of SCZ, including ionic channel
pathway (Askland, Read, O’Connell, & Moore, 2012),
myelination pathway (Yu et al., 2014), apoptosis fac-
tor pathway, adhesion molecule pathway, growth factor
signaling pathway, and glutamate metabolism pathway
(Jia, Wang, Meltzer, & Zhao, 2010). Cell adhesion mol-
ecules are glycoproteins expressed on the cell surface
and significantly contribute to biological processes,
including immune responses, inflammation responses,
embryonic development (Elangbam, Qualls Jr, & Dahl-
gren, 1997). NrCAM is mostly reported about autism
(Sakurai, et al., 2006).

NrCAM’s SNPs 153763463, 1510235968, 156967368
are located in the promoter area, and rs1269634 is lo-
cated in intron area. They were evaluated among an Ira-
nian sample of patients with schizophrenia. An associa-
tion study on NrCAM's SNPs and SCZ was conducted
in the Korean population, and no association was found
between NrCAM's SNPs and SCZ (Kim et al., 2009).
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In another study conducted at the University of Califor-
nia, NrCAM's SNP rs646558 showed association with
SCZ (Atz, Rollins, & Vawter, 2007). Yoo et al, evaluated
the association between NrCAM's SNPs and personal-
ity disorder, addiction to amphetamines. Their results
showed a significant association between NrCAM's SNP
rs129634 and symptomatic amphetamine addiction (Yoo
et al., 2012). One of the most potent risk factors for SCZ
is 22qll deletion syndrome (Levinson, et al., 2011).
One-third of patients with 22ql1 deletion syndrome
(which is also called DiGeorge or Velocardiofacial
syndrome) are suffering from Schizophrenia/Schizoaf-
fective (Pulver et al., 1994). while the prevalence ratio
of 22ql11 deletion syndrome among the populations is
1/4000, this rate is about 1% among schizophrenic cases
(Christofolini etal., 2011). 22q11 deletion syndrome was
proposed as a genetic kind of SCZ; therefore, all the se-
quences located in the 22q11 deletion area are addressed
to be linked with schizophrenia. PRODH is one of the
genes located on the chromosome 22q11.2 and includes
15 exons. PRODH encodes the Proline dehydrogenase
enzyme and Catalyzing conversion of Proline into Glu-
tamate. Hyperprolinemia is regarded as involved in the
development of SCZ (Jacquet et al., 2002, Kempf et al.,
2008). On the one hand, Proline is a modulator of glu-
tamine neurotransmitters (Liu et al., 2002). In particular,
the hypofunction of the NMDA receptor, a glutamater-
gic receptor, is also involved in the development of SCZ
(Galderisi, Merlotti, & Mucci, 2015).

The administration of NMDA antagonists results in
cognitive deficiency and SCZ syndromes among healthy
people, leading to dopaminergic neurons transmission
(Galderisi, Merlotti, & Mucci, 2015). The association
of PRODH’s SNP rs238731 located in the exon 12 and
SCZ is supported in numerous studies (Shashi, Berry, &
Keshavan, 2009; Ota et al., 2014).

This study aimed to investigate the association between
the candidate SNPs rs10235968, rs1269634, rs6967368,
1rs3763463 within the NrCAM gene, and rs2238731 in
the PRODH gene in an Iranian sample of patients with
schizophrenia.

ANKKI1 encodes a serine-threonine kinase protein
and belongs to a receptor-interacting serine/threonine-
protein kinase family, which contributes to cell division
and cell differentiation (Hamosh et al., 2002; Jasiewicz
et al., 2014). ANKKI1 is located on the chromosome
11g32.2 and includes 10 exons. ANKK1 was reported
to be associated with alcohol addiction, eating disor-
der, SCZ, and Attention Deficit Hyperactivity Disor-
der (ADHD) (Jasiewicz et al., 2014; Arab & Elhawary
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2015). ¢.562C>T within the ANKK1 gene located in
exon 3 argued to have a significant association with sus-
ceptibility to SCZ (Shirzad, Beyraghi, Ataei, & Akbari,
2017). ANK3 is located on chromosome 10q21.2, in-
cludes 52 exons, and was reported to be associated with
mental retardation and SCZ (Igbal et al., 2013). The pro-
tein encoded by ANK3 assumes to be connected to inte-
gral proteins and locates in the Ranvier node and axons
(Igbal et al., 2013). ¢.7649 G>T within ANK3 locates
in the exon 13 was shown to influence SCZ susceptibil-
ity (Shirzad, Beiraghi, et al. 2017). Another goal of this
study is to investigate the frequency of recurrence of two
novel variants ¢.562 C>T and ¢.7649 G> T within genes
ANKKI1, ANK3 respectively, in the two groups Iranian
case and control.

2. Materials and Methods
2.1. Patients and controls

This study was a case-control association study where
none of the patients were relatives. A total of 95 patients
(men=65, women=30) with average age 32+12.18 were
recruited from the Psychiatric ward of Imam Hussein
Hospital and Schizophrenic Patient Support Institution
(AHEBBA) in Tehran from August 2015 to May 2016.
(30 Schizoaffective, 57 Paranoid, and 8 disorganized).
The patients’ demographic specifications, including gen-
der, age, place of birth, and age at onset, were recorded.
Patients were identified by drawing pedigree and inter-
views to recognize any physical illness or a family his-
tory of psychiatric disorders. Patients were clinically
diagnosed with SCZ by an expert psychiatrist, accord-
ing to the approach of Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) symbolism. Positive and
Negative Syndrome Scale (PANSS) was used to recog-
nize the severity of Positive and Negative Syndromes
among schizophrenic cases.

A total of 120 healthy subjects (men=78, women=42)
with an average age of 35+£14.14 were recruited from
Tehran Medical Genetics Laboratory staff and a group
of students from Islamic Azad University of Science and
Research in Tehran. These subjects were demographical-
ly matched by age and gender. They were identified by
drawing pedigree and interviews to recognize any previ-
ous psychological or a family history of psychiatric disor-
ders and physical diseases. Case and control groups were
matched in terms of age and gender. None of the partici-
pants had a specific physical illness. The specifications of
case and control subjects are introduced in Table 1.

597
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Table 1. Demographics and characteristics of cases and controls

N Frequency (%) N Frequency (%)
Variable
SCZ Patients Controls
Gender 95 120
Female 30 314 % 42 34.5%
Male 65 68.6 % 78 65.5%
Age 95 32+12.18 120 35(+14.14)
Age at onset 80 21.43+7.32
Family History (%) 80 31.1%
PANSS score 80 80 +10.0039

SCZ: schizophrenia, N: sample size, PANSS: positive and negative syndrome scale. As shown, 65 males and 30 females have
participated in the case group with average age 32 + 12.18, PANSS score with average score 80 +10.0039, and age at onset
with average age 21.43 £7.32 And 31.1% of patients had a Family History of schizophrenia disorder. Also, among the controls

group, 78 males and 42 females have participated with an average age (35 +14. 14).

2.2. Ethical considerations

The consent Letter was taken from all patients and
their caregivers. This research was conducted in agree-
ment with the Declaration of Helsinki. This investigation
was authorized by the medical ethics committee of the
Science and Research Branch of Islamic Azad Univer-
sity of Tehran.

2.3. DNA extraction

The blood samples (5 ml) were obtained from all cases
and controls in EDTA tubes and were prepared for DNA
extraction. In this study, MagCore HF16 Automatic
Nucleic Acid Extractor system (RBC Bioscience Corp,
Taiwan) with MagCore blood Genomic DNA Extraction
Kit (RBC Bioscience Corp, Taiwan) was used to extract-
ing of Genomic DNA samples. Then they were stocked
at a temperature of -20°C. Nanodrop and 1% agarose gel
electrophoresis were used to specify the quality and the
quantity of the purified DNA.

2.4. Primer design

The software Gene Runner (www.SNPs.com) and
primer-blast-NCBI-NIH databases were used to design-
ing primers for PCR-RFLP, ARMS-PCR, and Cycle-
Sequencing methods.

SNPs rs3763463, 1s2238731, and novel variant ¢.562
C>T were genotyped through the PCR-RFLP method

were genotyped through the ARMS-PCR method (Table 3).
Two forward primers and one reverse common primer
were designed for any polymorphisms which were ex-
amined by ARMS-PCR (i.e. wild type [Wt] and mutant
[mut]). A mismatch would appear in the 3' terminal of
mutant primer. However, more changes inside the last
five nucleotides at the 3’ terminal of the mutant primer
will lead to enhance the specificity (Little 1995; Table 3).
A fragment of the B-globin gene was chosen as an in-
ternal control. Necessary primers for Cycle sequencing
were designed for all the polymorphisms and were listed
in Table 4.

2.5. PCR-AFLP

While Polymerase Chain Reaction-Restriction Frag-
ment Length Polymorphism (PCR-RFLP) was used for
genotyping target SNPs, it needs to be digested using
certain restriction enzymes. Their recognition site and
the length of fragments obtained from the enzymatic di-
gestion are described in Table 5.

Samples were evaluated for wild and mutant alleles in
each PCR run. Two tubes containing positive and nega-
tive control were replicated along with other tubes. The
appropriate restriction enzymes in agreement with the
manufacturer's instructions were used to digesting the
PCR products. A 12% polyacrylamide gel electrophore-
sis and silver staining protocols were used to visualizing
digested products. The PCR conditions for PCR-AFLP:

(Table 2). The PCR-RFLP primers were designed ac- « Reaction volume: 20 ul
cording to the recognition site and the fragments' length .
after enzymatic digestion. Remaining SNPs rs1269634, * PCR mix: 19.05 pl

1s6967368, rs10235968, and novel variant ¢.7649 G>T
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Product Restriction
Gene SNP Primer sequences (5’-3’
q ( ) length (bp) Enzyme
Forward: 5’.. GCAGCAAGCAGTGTGTTTACTC.. 3’
NRCAM rs3763463 (C/G) Reverse: 5'. CTTCGAAATTCATCAGTTGGG...... 3 320bp sstll
Forward: 5'.... GGACAGAGGTTGGAGGCCC....... 3 .
PHULIE rs2238731{G>T) Reverse: 5. GTTGATGGGGTCCTCATAGCC..... 3’ 315bp HindIl (Nlalll)
Forward: 5'... ACCCTGGAACAGGCAGATAGC... 3’
ANKK1 €562 C>T Reverse: 5'.. GTTCACACAGTCCCAGGCAAG..... 3' 444 bp Ddel
Table 3. List of primers used for ARMS-PCR method
Product Tm
H ’_ U
Gene SNP Primer sequences (5’-3’) length (bp) °c
151269634 Forward (Wt): 5... GTTTAAGTAATTTTCATGCGCGA........
NRCAM (A/G) Forward (Mut): 5... GTTTAAGTAA CATGCGTGG 260 bp 58
Reverse(C): 5’. TCATAAGGATGGTAGACAGATTATGC.. 3’
Forward(Wt): 5....TCT CATTTGGCAAACCCTT... 3’
NRCAM rs6967368 (A/T) Forward Mut: 5. TCT CATTTGGCAAACCCTA... 3’ 331 bp 60
Reverse(C): 5......CATGGGAAGGACAGGCAAGAC.... 3’
rs10235968 Forward(Wt): 5. CTTAGCCTGACCCTTGGTTCC... 3’
NRCAM (/) Forward(Mut): .CTTAGCCTGACCCTTGGTTCT.... 3’ 126 bp 62
Reverse(C): 5. AAGGCTCCGCTGAGCTCAC.... 3’
Forward(Wt): 5’......CATCCACATGGCATGTTTTAGAC.... 3’
ANK3 c.7649 G>T Forward (Mut): 5 CATCCACATGGCATG AGAA... 3’ 471 bp 58
Reverse (C): 5.....GAGTCATTGCCTTCTTATCTGGAG... 3’
- %I'r‘:tb;?nifne Forward Control primer: 5'.....CAATGTATCATGCCTCTTTGCACC... 3’ 800b
control) Reverse Control primer: 5... GAGTCAAGGCTGAGAGATGCAGGA... 3’ P

Forward (Wt): Forward wild type primer, Forward Mut: Forward mutant primer, Reverse (C): Reverse common primer

* Primer concentration: 0.15 pl (each forward and re-

The enzymatic digestion conditions for digestion of

verse) PCR products directly after amplification:
* Taq polymerase: 0.15 pl . Add:
» Template DNA: 0.5 pl (~16.5ng) PCR reaction mix: 5l
The thermal cycling: Nuclease-free water: 4.7 w
* Primary denaturation: 5 minute at 95°C 10xBuffer G- 1 ul
* No. of cycles: 30 o
Restriction enzyme: 03w
* Denaturation: 30 seconds at 94°C
* Mix softly and spin down for a few second
* Annealing: 30 seconds at 61°C
) * Incubate at 37°C for over night
* Extension: 30 seconds at 72°C
) ) ) Thermal inactivation: Restriction enzyme is inactivat-
* Terminal extension: 10 minute at 72°C

ed by incubation at 65°C for 20 min.
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Table 4. List of primers used for cycle sequencing method.
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Pr
Gene SNPs Primer sequences (5’-3’) Iengc;:l:;tp) Tm
Forward: 5'..... GGATGGTAGACAGATTATGCTTCA... 3’
NrCAM 51269634 (A/G) Reverse: 5'..... GCAGTTCAGAGTGATGATAAATGC.... 3’ 515bp >8
Forward: 5.. AATCTGCTCCTAACTTATCTCTCCATT... 3/
St rs6967368 (A/T) Reverse: 5. AAATTGTCCTCAAAGAAGTGAAATTTT.. 3 236 bp e
Forward: 5'....... GCAGCAAGCAGTGTGTTTACTC....... 3’
rs3763463 (C/G) Reverse: 5'....... CTTCGAAATTCATCAGTTGGG....... 3’ 320 bp 60
NrCAM
Forward:5'.... TGGTGAGGAGCTCAGAAAATGTT...... 3’
rs10235968 (C/T) Reverse:5'.. ATTTGCTTATTTACAAATGGGGGAGTA.. 3’ 353 bp 60
PRODH rs2238731(G/T) Forward: 5’ ......... 315 bp 61
Reverse: 5'.........
ANKK1 €562 C>T Forward: 5 444 bp 61
Reverse: 5'........
ANK3 €.7649 G>T Forward: 5 366 bp 59

Reverse: 5’

* Electrophoresis: 10x10 cm 12% polyacrylamide, 1
hour at 150 volts

* Staining: 0.1% silver nitrate.

2.6. ARMS-PCR

ARMS-PCR was performed in triplicates for all speci-
mens. The results showed Wt [1] allele or Mut [2] allele,
depending on the amplicon bands detected on a poly-
acrylamide gel. Samples carrying the Wt/Wt alleles or
Mut/ Mut alleles showed a single band on a polyacryl-
amide gel, while two bands with the same molecular size
were expected for samples carrying both Mut and Wt
alleles. A real negative is suggested by applying to repli-
cate the internal control region and lack of amplification
through the ARMS primers. The 12% polyacrylamide
gel electrophoresis and silver staining protocols were

Table 5. Restriction enzymes and their recognition site

used to visualizing amplified products [1], Wild type al-
lele, and [2] Mutant type allele.

The PCR conditions for ARMS-PCR are:
* Reaction volume: 20 wl
* PCR mix: 18.21 wl

* Primer concentration: 0.25 ul (each forward (Mut/
Wt) and reverse); 0.07 ul (each forward and reverse for
[-globin)

* Taq polymerase: 0.15 pl
» Template DNA: 1 pl (~13ng)
Thermal cycling:

The length of the fragments

SNP Restriction Enzyme Recognition Site Wild Type RN Polymorphic
Type
rs2238731 Hind Il (Nia 11l 35 ,Ig?; N \]:1’3_;, 317nt 112nt,205nt, 317nt  205nt, 112nt
rs3763463 Sacll g:":(cscG?]\CC‘lécéa:::g 168nt, 152nt 320nt, 168nt, 152nt 320n
e

SNP: Single nucleotide polymorphism
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Table 6. Genotype distribution for the candidate SNPs in the study

Gene SNPs P
SCzZ 0.82
NrCAM rs10235968 Controls 0.016
All subject 0.093
Scz 0.83
NrCAM rs1269634 Controls 1
All subject 0.78
SCz 0.22
NrCAM rs6967368 Controls 0.073
All subject 0.034
SCz 1
NrCAM rs3763463 Controls 0.6
All subject 0.71
scz 1
PRODH rs2238731 Controls 1
All subject 1
* Primary denaturation 5 minute at 95°C * PCR mix: 19.05 ul

* No. of cycles: 30

* Denaturation: 30 seconds at 94°C
* Annealing: 30 seconds at 65°C
* Extension: 30 seconds at 72°C

» Terminal extension: 10 minute at 72°C

* Electrophoresis: 10x10 cm 12% polyacrylamide, 1
hour at 150 volts

* Staining: 0.1% silver nitrate
2.7. Sequencing

To confirm the results obtained by ARMS-PCR and
PCR-AFLP, Applied Biosystems incorporation (ABI)
and 3130 Genetic Analyzer were used to sequencing
one-third of samples.

The PCR conditions for Sequencing:

* Reaction volume: 20 ul

* Primer concentration: 0.15 pl (each forward and re-
verse),

* Taq polymerase: 0.15 wl
* Template DNA: 0.5 pul (~20ng)
The thermal cycling:

* Primary denaturation S minute at 95°C

* No. of cycles: 30

* Denaturation: 30 seconds at 94°C
* Annealing: 30 seconds at 65°C
* Extension: 30 seconds at 72°C

» Terminal extension: 10 minute at 72°C

The PCR products were transferred to the advanced
genomic department of Tehran Medical Genetic Labora-
tory for cycle sequencing. The cycle sequencing was
implemented based on Applied Biosystem.
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TheApplied Biosystem Protocol:

* 96°C for 1 min

25 cycles of:

96°C for 10 seconds.

50°C for 5 seconds.

60°C for 4 minute

4°C - hold

EDTA-Ethanol protocol was used for purifying prod-
ucts. After adding 12 ul Formamide, purified products
were denatured at 95°C for 5 minutes and then cooled
off to 4°C. Finally, products were run using the 3130 Ge-
netic Analyzer.

2.8. Statistical analysis

The Chi-square test was used to determine departure
from Hardy—Weinberg Equilibrium (HWE) for all SNPs
(Wittke-Thompson, Pluzhnikov, & Cox, 2005; Rodri-
guez, Gaunt, & Day, 2009). To evaluate normality distri-
butions, the Kolmogorov-Smirnov test using SPSS v. 24
was conducted. For analyzing the results, the Chi-square
test using the R, SNP STATE Package to investigate the
association of the candidate SNPs with SCZ. The Al-
lele homozygosity and heterozygosity were specified.
The OR (Odds Ratio) and 95% CI (Confidence Interval)
were determined for all genotypes. Calculated Probabil-
ity P<0.05 was considered significant.

3. Results

3.1. Hardy—Weinberg disequilibrium

The genotype distribution for all candidate SNPs, among
case and control, did not deviate from those predicted by
Hardy—Weinberg (P>0.05), except for SNP 1510235968 in
NrCAM, in control group (P=0.016) and, SNP 156967368
in NrCAM in all subject (caset+control) (P=0.034). The P-
value for genotype distribution was calculated for the can-
didate SNPs and listed in Table 6. The rest of the candidate
SNPs did not pervert from Hardy-Weinberg equilibrium in
both case and control groups.

3.2. Allele and genotype frequency of the candidate
SNPs

Incidence of Allele C and Allele T for NtCAM's SNP
rs10235968 among patients was 0.66 and 0.34, respec-

Basic and Clinical

tively, while the incidence of allele C and T was equal
among the healthy group (0.5/0.5). Genotyping frequen-
cy of two genotypes CC and TT for SNP rs10235968
among patients was 0.43 and 0.11, respectively, while
the frequency for the two genotypes among the healthy
group was both 0.19. The genotype and allele frequen-
cies of all candidate SNPs were presented in Table 7.

Table 9 shows genotype association of SNPrs10235967
in NrCAM with schizophrenia. In codominant inheri-
tance: the genotype CT, 3.01 times, will increase the risk
of schizophrenia, compared to the genotype CC. The
genotype TT 4.1 times will increase the risk of schizo-
phrenia compared to the genotype CC (P=0.0006). In
dominant inheritance: the genotypes CT+TT, 3.21 times
will increase the risk of schizophrenia, compared to the
genotype CC (P=0.0001). In overdominant inheritance:
the genotype CT, 1.87 times, will increase the risk of
schizophrenia, compared to the genotypes CC+TT
(P=0.025).

3.3. Haplotype analysis

According to the haplotype analysis, shown in Table
10, three alleles, T, T, and C, in the variants rs10235968,
rs6967368, 153763463, respectively, within the NrCAM
gene showed a strong association with schizophrenia dis-

order (P=0.0001).
3.4. Linkage disequilibrium (LD)

The SNPs rs10235968, 1s6967368, rs3763463 located in
the NrCAM gene promoter (Upstream variant 2KB) were
analyzed for LD. NrCAM displayed LD in two blocks
169677368 and rs3763463 (P=0.0371).

3.5. Frequency of recurrence of two novel variants ¢.562
C>T and ¢.7649 G>T

After genotyping two novel variants, ¢.562 C> T and
¢.7649 G> T within genes ANKK1, ANK3, among patients
and healthy people. We have found no recurrence frequency

of two novel variants, ¢.562 C>T and ¢.7649 G>T.

4. Discussion

According to the results of the present study and other
studies investigating NrCAM's SNPs and schizophrenia
association, all SNPs' frequency in this study has shown
no significant association between the candidate SNPs and
SCZ except for SNP 1510235968 in NrCAM, which was
significantly associated with SCZ. It seems that the allele T
inrs10235968 associated with schizophrenia, suggested be-
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Table 7. Genotype and allele frequencies of the all candidate SNPs

Genotype frequency (%)

Allele frequency

Gene Polymorphisms N
Ccc CcT T C T
scz 95 41(43) 44(46) 10 (11) 0.66 0.34
NrCAM rs10235968
Controls 119 22 (19) 71(62) 22 (19) 0.5 0.5
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
AA AG GG A G
SCz 95 17(18) 49(52) 29(13) 0.44 0.56
NrCAM rs1269634
Controls 119 16(13) 56(47) 47(39) 0.37 0.63
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
T TA AA A T
scz 95 70(74) 21(22) 43) 0.15 0.85
NrCAM rs6967368
Controls 117 92(79) 21(18) 4(3.4) 0.12 0.88
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
cc GC GG C G
scz 95 76(80) 18(19) 1(1) 0.89 0.11
NrCAM rs3763463
Controls 118 94(80) 24(20) 0(0) 0.9 0.1
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
cc CcT T C T
SCz 95 93(98) 2(2) 0(0) 0.99 0.01
PRODH rs2238731
Controls 119 117(98) 2(1.7) 0(0) 0.99 0.01
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
cc CcT T C T
scz 95 94(98.9) 1(1.1) 0(0) 0.99 0.005
ANKK1 rs897218854
Controls 114 114(96.6) 0(0) 0(0) 1 0
Genotype frequency (%) Allele frequency
Gene Polymorphisms N
GG GT T G T
SCz 95 94(98.9) 1(1.1) 0(0) 0.99 0.005
ANK3 c.7649 G>T
Controls 114 114(96.6) 0(0) 0(0) 1 0
N: Sample size, SCZ: Schizophrenia
Table 8. Association between the candidate SNPs and schizophrenia
Gene Chr SNP/Mutation  A1/A2 Common allele P Value OR (95%Cl) x2
NrCAM 7 rs10235968 c/T C 0.001 1.969 (1.323-2.929) 11.284
NrCAM 7 rs126934 A/G A 0.144 1.407 (0.88-2.22) 2.134
NrCAM 7 rs6967368 T/A T 0.593 0.831(0.42-1.63) 0.285
NrCAM 7 rs3763463 G/C C 0.781 0.817 (0.05-13.28) 0.078
PRODH 22 rs2238731 T/C C 0.881 0.81(0.05-13.02) 0.022

OR: Odds Ratio, CI: Confidence Interval, Chr: Chromosome, SNP: Single Nucleotide Polymorphism, A1/A2: allelel/allele2
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Table 9. Genotypic association of SNP rs10235967 in NrCAM with schizophrenia

rs10235968 genotype association with SCZ

Model Genotype Case Control OR (95% Cl) P-value
c/c 41 (43.2%) 22(19.1%) 1.00
Codominant /T 44 (46.3%) 71 (61.7%) 3.01 (1.59-5.70) 6e-04
T 10 (10.5%) 22 (19.1%) 4.10 (1.65-10.18)
c/c 41 (43.2%) 22 (19.1%) 1.00
Dominant le-04
C/T-T/T 54 (56.8%) 93 (80.9%) 3.21(1.73-5.95)
c/c-c/T 85 (89.5%) 93 (80.9%) 1.00
Recessive 0.08
T 10 (10.5%) 22 (19.1%) 2.01(0.90-4.49)
C/C-T/T 51 (53.7%) 44 (38.3%) 1.00
Over dominant 0.025
c/T 44 (46.3%) 71 (61.7%) 1.87 (1.08-3.25)

SNP: Single Nucleotide Polymorphism, OR: Odds Ratio, CI: Confidence Interval, P-value: A small p-value (typically < 0.05)
shows strong evidence against the null hypothesis, so the null hypothesis is rejected.

Table 10. Haplotype Analysis of the candidate SNPs

Haplotype Association With SCZ

rs10235968 rs6967368 rs3763463 Frequency OR (95% Cl) P-value
1 C T C 0.4544 1.00 -
2 T T C 0.3104 3.70 (2.08 - 6.57) <0.0001
3 T A C 0.1169 1.31(0.67 - 2.54) 0.43
4 C T G 0.0984 1.68 (0.79 - 3.58) 0.18
5 C A C 0.0151 4.66 (0.46 - 47.20) 0.19

Global haplotype association p-value: 0.00015

ing risk in the Iranian population (P=0.001). The decreased
frequency of genotype TT for SNP rs10235968 in NrCAM
was seen among the patient's group (Table 7). Reduced
homozygous CC and TT and increased heterozygote CT
were observed among the healthy group in NrCAM's SNP
1510235968 (Table 7).

The Haplotype T, T, C in rs10235968, rs6967368,
13763463, respectively, within the NrCAM gene,
showed significant association with schizophrenia disor-
der (P=0.0001). rs10235968 deviated from those predict-
ed by Hardy—Weinberg equilibrium in the control group
(P=0.016). Probably, it is because of the small sample
size. Many studies have been conducted aim to genotype
rs10235968. However, the results are a little different in
different populations. According to the NCBI dataset, the
common allele for SNP rs10235968 is C with allelic fre-
quency 0.52. in 1000 genome projects, the allele frequency
of C and T was 0.521 and 0.479, respectively. Neverthe-
less, in Africa, the frequency of allele C of rs10235968 is
0.446, and allele T is 0.554. The allele C may probably
not be regarded as an ancestral allele, and more probably,
1rs10235968 is a balancing polymorphism.

The prominent role of SNP rs10235968 in the develop-
ment of schizophrenia is still unknown. Although the can-
didate SNPs have been previously studied about SCZ, no
study has been conducted on the association of these SNPs
with SCZ among Iranian patients.

Two types of research evaluated the association of
NrCAM's SNPs with SCZ: Atz, Rollins, & Vawter (2007)
in California University reported the association of SNP
15646558 in NrCAM with the susceptibility to SCZ, and Kim
etal. (2009) evaluated the association of 13 SNPs in NrCAM
and SCZ among Korean population and no association was
found between the examined polymorphisms and SCZ. The
latter study's Korean population results are not in line with
those drawn from this study among Iranian patients. SNP
110235968 is located in the promoter of NrCAM. The role
of nucleotide changes in the upstream region of NrCAM is
not entirely known. This region is not translated; however,
since it is located in the gene's promoter region, the epigen-
etic changes may affect gene translation (Barbeau, Liang,
Robitalille, Quirion, & Srivastava, 1995).
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The NrCAM gene expression strongly decreases in the
the brain of patients with SCZ, and the abnormal ratio of
the synaptic NrCAM proteins found in the hippocam-
pus of schizophrenic patients (Honer et al., 1997; Vaw-
ter, Howard, Hyde, Kleinman, & Freed, 1999; Vawter,
2000). The association of CAM's signaling pathway and
SCZ among Chinese and European populations were
previously reported (O'Dushlaine et al., 2011, Zhang, et
al., 2015). NrCAM is involved in CAM's signaling path-
way, which has an essential role in the brain's cognitive
function, an attribute that is disrupted in SCZ. It is hy-
pothesized that the SNPs of NrCAM can affect CAM's
pathways; by how they can affect the brain's cognitive
function. NrCAM SNPs are likely to affect the function
of the protein or gene expression, through which they
can affect the process of transmitting signals between
neuron cells (Schmid & Maness 2008).

The cell-cell adhesion molecule, which is encoded
by the NrCAM gene, is vital for the formation of neu-
rons and their axons, synaptic flexibility, myelination,
and highly coordinated function of the brain, such as
the brain’s cognitive functions of memory and learning
(Benson, Schnapp, Shapiro,& Huntley, 2000). Previous
research showed that the disruption of neuronal connec-
tion’s adhesion during neuronal cell growth in the ner-
vous system may result in neuronal circuit dysfunction
and can be the etiological foundation of many neurologi-
cal disorders (Yang, Hou, Jiang, & Zhang, 2014). Har-
greaves et al (2014) reported that mutations or abnormal
expression of NrCAM are likely to cause alteration in
synapse formation. Disruption in the NrCAM function
can be associated with psychiatric disorders, including
SCZ, Autism, Alzheimer, Mathematic learning disabil-
ity, and drug addiction (Sakurai, 2012). Furthermore,
the protein NrCAM is a stimulator for the division of
astrocyte neuronal cells. Glucocorticoid Receptor (GR)
pathway contributes to NrCAM’s ability to stimulate
cell division as NrCAM proteins adhere to neuron cell,
intracellular

The NrCAM mRNAs decrease, whereas calreticulin
mRNAs and glutamine mRNAs increase. These two
genes are active in the Glucocorticoid Receptor (GR)
pathway, which is one of the ten signaling pathways
identified as a biomarker in the Veripsych kit within the
blood serum of drug-Naive schizophrenic patients (To-
masik, Schwarz, Guest, & Bahn, 2012; Sabherwal, Eng-
lish Focking, Cagney, & Cotter, 2016). It may be pos-
tulated that the activity of NrCAM and the two proteins
in question affect each other, and disruption in either of
them will disrupt the intracellular chain of events and
cause a complication. As a result, the decreased expres-
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sion of NrCAM through the GR pathway can also dis-
rupt the nervous system's development.

PRODH is one of the critical known genes concerning
SCZ. The role of PRODH in the development of SCZ
was frequently reported in different populations (Bas-
sett, Marshall, Lionel, Chow, & Scherer, 2008). SNP
rs2238731 is situated in exon 12 of PRODH and was re-
ported as a functional missense mutation (Bender et al.,
2005). SNP rs2238731 is situated in a translated exon.
rs2238731 (V427M) affects the function of proline de-
hydrogenase, the protein which is encoded by PRODH.
Bender and Almashanu reported that the SNP V427M
leads to a 30%-70% decrease in the Proline Dehydroge-
nase Enzyme (POX) among the schizophrenic patients
(Bender et al., 2005).

The reduction in the proline dehydrogenase enzyme activ-
ity contributes to the development of SCZ by affecting the
glutamatergic pathway and, in particular, by affecting the
NMDA receptors (Coyle, Tsai, & Goff, 2003; Zinkstok, et
al. 2008). In a study carried out on the relationship between
polymorphisms in PRODH and brain cortical volumes,
only SNP V427M (rs2238731) was found to be significant-
ly associated with the cortical thickness. Cortical thickness
in patients with genotype GA was reported to be smaller
compared to those carrying genotype GG. However, this
finding needs to be confirmed in larger sample sizes (Ota
etal., 2014). The frequency of allele A in rs2238731 is 0.02
in the American population, and it was reported as the pre-
disposing allele for SCZ (Bender, et al., 2005). Ota et al.
(2014) suggested that allele G in rs2238731 could be a pro-
tective allele for SCZ. Despite the role of rs2238731 in the
development of SCZ, no significant association was found
between 152238731 and SCZ among Iranian patients.

The frequency of alleles G and A in rs2238731 displayed
no meaningful difference between the two patients and
healthy groups (P=0.881). Novel variants ¢.562 C>T and
c.7649 G>T in ANKKI1 and ANK3 respectively, neither
schizophrenic nor non-schizophrenic people were carrying
this mutated allele. Recently, the ¢.562 C>T was registered
by characteristic rs89721885408642 in NCBI.

Novel variant ¢.7649 G>T is situated in exon 13 of ANK3.
Proteins encoded by the ANK3 are those connected to cellu-
lar integral proteins. In a study conducted in the Norwegian
population, the role of ANK3 in susceptibility to SCZ was
reported. They examined the expression of ANK3 in blood
and found that protein ANK3 increased in the blood of those
suffering from SCZ. As a result, they suggested that ANK3
mRNA might be one of the diagnostic biomarkers for diag-
nosing SCZ (Athanasiu et al., 2010).
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ANK3 is associated with other mental disorders such
as autism and mental retardation (Bi et al., 2012; Igbal
et al., 2013). Increased expression of ANK3 was pre-
viously reported in blood patients with SCZ. It can be
regarded as a factor for the formation of psychological
disorders such as mental retardation, autism, and SCZ
(Igbal et al., 2013).

5. Conclusion

In this study, for the first time, the NrCAM's polymor-
phisms were interrogated among a sample of Iranian pa-
tients in terms of association with SCZ. Our results sug-
gest the association of NrCAM's SNP rs10235968 with
schizophrenia disorder in an Iranian sample. NrCAM
expression should be evaluated to understand the role
of SNP rs10235968 further. The results obtained in this
study are different from other similar studies conducted
in other populations and indicate genetic diversity in dif-
ferent populations.

The NrCAM's SNPs can play essential roles in the
development of schizophrenia through numerous bio-
logical pathways. This study's restriction was the small
sample size and the low number of polymorphisms that
were evaluated in this research. In our investigation, the
sample size was too small to come to a decisive conclu-
sion. Hence, further researches are suggested to support
the results of this investigation. Besides corroborating
the affiliation between NrCAM polymorphisms and
SCZ among the Iranian, more polymorphisms should be
evaluated.
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