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Serotonin transporter functional
polymorphisms potentially
increase risk of schizophrenia
separately and as a haplotype

Rana Ghamari?, Fatemeh Yazarlou?, Zahra Khosravizadeh?, Atefeh Moradkhani*,
Elaheh Abdollahi® & Fatemeh Alizadeh5™

Schizophrenia is a severe, disabling psychiatric disorder with unclear etiology. Family-based, twins,
and adoption studies have shown that genetic factors have major contributions in schizophrenia
occurrence. Until now, many studies have discovered the association of schizophrenia and its
comorbid symptoms with functional polymorphisms that lie within serotonin reuptake pathway
genes. Here, we aimed to investigate the association of three variable number tandem repeats
(VNTR) functional polymorphisms in MAOA and SLC6A4 with schizophrenia in the Iranian population.
Two hundred and forty-one subjects with schizophrenia and three hundred and seventy age and
sex-matched healthy controls were genotyped for MAOA promoter uVNTR, 5-HTTLPR, and STin2
polymorphisms. Genotyping was performed by polymerase chain reaction (PCR) with locus-specific
primers and running the PCR product on agarose 2.5% gel electrophoresis. Finally, the statistical
inference was performed using R programming language and Haploview software. MAOA promoter
UVNTR analysis of allele frequency showed no differences between schizophrenia subjects and healthy
controls in both males and females and no significant differences were observed between female cases
and female controls in MAOA promoter uVNTR 4 repeat frequency. Also, there were no differences
between Schizophrenia and healthy control groups in 5-HTTLPR allele and genotype frequency but,
5-HTTLPRS allele carriers are significantly more frequent among cases. In addition, STin2.12 repeats
were significantly more frequent among schizophrenia patients. Genotype comparison suggested that
5-HTTLPRS allele and STin2.12 repeat carriers were significantly more frequent among schizophrenia
cases and being STin2.12 repeat carrier significantly increase the risk of schizophrenia occurrence.
Besides, analysis of haplotype showed stronger linkage disequilibrium between 5-HTTLPR and STin2
haplotype block in cases than controls. These results suggest that SLC6A4 functional polymorphisms
potentially could play a possible role as risk factors for the incidence of schizophrenia.

Schizophrenia (SCZ) is one of the five major psychiatric disorders with an approximate prevalence of 1%
worldwide!. As a multifactorial disease, the exact etiology of SCZ is still unknown. However, family-based, twins,
and adoption studies suggest the contribution of 46%-80% of genetic factors in the incidence and pathogenesis
of SCZ2. Even though multiple genes and pathways take a part in the incidence and severity of SCZ, the involve-
ment of monoamine neurotransmitters is one of the most probable theories for decades’.

Serotonin (5-HT) is a neurotransmitter responsible for setting various functions such as emotional features,
anxiety traits, aggression, and Etc*. Earlier, Several studies have given shreds of evidence to show the substantial
role of the 5-HT and serotonergic pathway in the pathophysiology of SCZ and other psychiatric disorders®.
Serotonin transporter (5-HTT), encoded by the SLC6A4 gene (location:17q11.1-q12), is known as one of the
major regulators of 5-HT via reuptake serotonin from synaptic clefts®-%. Following the reuptake process, 5-HT
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is degraded in presynaptic neurons by monoamine oxidase enzymes including monoamine oxidase A (MAOA)
enzyme, which, encoded by the MAOA gene at Xp11.3 locus®'. Thus far, many studies have revealed that changes
in mRNA and protein levels of 5-HTT and MAOA are associated with behavioral traits and psychiatric disorders
including SCZ!-.

On the other aspect, it is well established that variable number tandem repeats (VNTRs) functional poly-
morphisms are groups of polymorphisms that could affect on expression of genes through changing the number
of repeats'%. Recently, Rasekh et al. have found that about 180 different genes expression correlated with their
proximal VNTRs sequences'. This Phenomenon clearly can be seen in both 5-HTT and MAOA. Serotonin
transporter linked polymorphic region (5-HTTLPR) is a 44 bp element VNTR functional polymorphism located
in the promoter region of SLC6A4 and has been frequently studied in psychiatric related conditions in humans
including bipolar disorder, SCZ, Obsessive-Compulsive Disorder, and evaluation in response to medication
therapy in depression'®°. Besides, in macaques, 5-HTTLPR has shown a significant correlation with aggression-
related behavior®. L and S alleles are 5-HTTLPR major alleles which S allele results in lower expression and the
L allele cause higher transcriptional activity>*%. Up to now, several studies investigate the role of different geno-
types of 5-HTTLPR in psychosis. Although the latest Meta- Analysis showed no association between 5-HTTLPR
and SCZ, a few populations discovered 5-HTTLPR association with SCZ?. For example, the association of the
5-HTTLPR “L” allele with SCZ in the Indian population was the earliest study that found a significant relation
between SCZ and 5-HTTLPR?. In 2016, Golimbet et al. showed a higher frequency of the SS genotype in affective
psychosis compared to healthy individuals. In addition, in the same year, Xu-Xiu et al. found that S/L genotype
is a SCZ risk factor in Han Chinese population®*. It is worth mentioning that recent articles have focused on
the association of 5-HTTLPR with SCZ comorbid symptoms, but, 5-HTTLPR association with SCZ risk in many
populations remained as an enigma.

Another VNTR functional polymorphism of 5-HTT, the serotonin transporter intron 2 VNTR (STin2) is
a 17 bp VNTR element usually existing in 9, 10, and 12 repeats and effects on 5-HTT transcription through
binding to transcription factor Y-box binding protein 1 (YB-1)?"-%. Pieces of evidence have shown that STin2.12
repeats elevate the expression of 5-HTT compared to STin2.9 and STin2.10 variants®. Several studies support
the idea of STin2 association with psychiatric disorders such as obsessive—compulsive disorder (OCD), SCZ
and personality traits including Neuroticism and Harm Avoidance?***2. Unlike the 5-HTTLPR, there are much
evidence for a strong association between STin2.12 repeats and SCZ in many populations including Caucasians,
Indians, East Asians, etc.?.

Moreover, MAOA functional polymorphism (uVNTR) is a 30 bp sequence located in the MAOA promoter
region and the number of copies varies from 2 to 5 which the 4 repeats increase the expression of MAOA up to
10 times®. Association of MAOA uVNTR with aggressive behaviors in SCZ, antisocial problems, and impulsiv-
ity are a few examples of MAOA expression effect on behavioral traits**-**. Knockout uVNTR in semi-haploid
HAP1 cell lines appears the role of uVNTR in MAOA expression alteration”. Association of uVNTR with SCZ
in Mexican, Han Chinese, and Croatian populations are examples of MAOA VNTR relation with risk of SCZ
in different populations®®-*.

Although MAOA and SLC6A4 are two parts of the same pathway and the Possibility of 5-HTTLPR and STin2
involvement in physical linkage, few studies have been focused on haplotype analysis of these two genes vari-
ants. For instance, in 2008, V. Kazantseva et al. illustrated 5-HTTLPR S and STin2.12 haplotype (S-12) carriers
show higher anxiety-related traits such as harm avoidance (D'=0.36, r*=0.12)*%. In addition, Guhathakurta et al.
revealed the linkage disequilibrium (LD) of STin2.10 with T allele of 5-HTT-3"UTR-SNP in autistic individuals
of the Indian population (D'=0.82, r*=0.34, LOD =6.63)*..

Taken together aforementioned, until now, no study has investigated the MAOA uVNTR, 5-HTTLPR, and
STin2 LD analysis and allelic interaction in schizophrenic patients. Thus, the purpose of this study was to evaluate
the association of MAOA uVNTR, 5-HTTLPR, and STin2 with SCZ in the Iranian population and investigation
of LD and allele interaction in mentioned functional polymorphisms.

Material and methods

After a full explanation of the possible consequences of participating in this study, Informed consent was obtained
from the participants and their legal guardians. The whole process of this study has been carried out according to
the criteria of the Helsinki Declaration and approved by the Iran National Committee for Ethics in Biomedical
Research and the Ethics Committee of Tehran University of Medical Sciences, Tehran, Iran (IR. TUMS.MEDI-
CINE.REC.1399.145).

Participants. Two hundred and forty-one schizophrenic patients and three hundred and seventy healthy
individuals participated in the study. SCZ group consists of 50 females and 191 males (age mean=38.59 +11.05)
diagnosed by two independent expert adult psychiatrists according to the diagnosis criteria of Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-5) in Roozbeh psychiatry hospital. All cases had
no comorbidity with other mental illnesses and metabolic or immune system related disorders. Also, healthy
controls consist of 76 females and 273 males (age mean=37.38 £ 9.86) who became acquainted with this study
through advertising and participated voluntarily. None of the healthy subjects had neither familial nor personal
histories of mental, immunological, or metabolic disorders. Both schizophrenic patients and healthy subjects
had Iranian ancestry and were unrelated either between groups or within groups.

Genotyping. 5 ml of peripheral blood was collected from all participants. Genomic DNA was extracted
from whole blood using the well-established salting-out protocol in the Department of Genomic Psychiatry
and Behavioral Genomics (DGPBG) Roozbeh Psychiatry Hospital*2. DNA Concentration and contamination
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Polymorphism | F R

uVNTR CCCAGCGTGCTCCAGAAA GGACCTGGGCAGTTGTGC
5-HTTLPR GGCGTTGCCGCTCTGAATGC GAGGGACTGAGCTGGACAACCAC
STin2 TGGATTTCCTTCTCTCAGTGATTGG | TCATGTTCCTAGTCTTACGCCAGTG

Table 1. Forward (F) and reverse (R) primers for functional polymorphisms uVNTR, 5-HTTLPR and STin2.

Male | Female | Meanage |SD
Case 191 50 38.59 11.05
Control 273 76 37.38 9.86
Pvalue 0.84 0.17

Table 2. Demographic data.

were evaluated respectively by UV-spectroscopy and optical density ratios. Besides, qualitative assessment of
DNA checked by running the final extraction product on 1% agarose gel electrophoresis. Genotyping of MAOA
uVNTR, 5-HTTLPR, and STin2 was performed by polymerase chain reaction (PCR) with locus-specific prim-
ers. Afterward, following the PCR step, the PCR product ran on 2.5% agarose gel electrophoresis, and finally, the
results were confirmed by running the PCR product on 8% polyacrylamide gel electrophoresis (PAGE). Primers
were designed according to the previous studies**~** and using primer-BLAST web server for every functional
polymorphism which is shown in Table 1.

Statistical analysis. All statistical analysis performed in R version 4.0.4 (R Core Team, 2021), ggplot2(H.
Wickham. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York, 2016.) and dplyr (Hadley
Wickham, Romain Frangois, Lionel Henry and Kirill Miiller (2020). dplyr: A Grammar of Data Manipulation.
R package version 1.0.2. https://CRAN.R-project.org/package=dplyr) packages. Haploview software version 4.2
applied for analysis of linkage disequilibrium using expectation-maximization (EM) algorithm*. The normality
of ages in participants was checked using the Shapiro-Wilk test. A Two-sided Mann-Whitney test was used for
comparison of mean ages between cases and controls in significance level of 95% (alpha=0.05). Sex frequency
comparison between two groups, deviation from Hardy-Weinberg equilibrium (HWE) for cases and controls,
comparison of allele frequency between cases and controls, the association of all three functional polymor-
phisms with SCZ, haplotype differences between both groups, and genotypic interaction calculated using two-
tailed Pearson’s chi-squared test in significance level of 95% (alpha=0.05). A Two-tailed Fisher exact test was
used for Odds ratio calculation. At last, logistic regression was performed to prediction of SCZ risk with func-
tional polymorphisms and 5-HTTLPR and STin2 interaction. Also, Bonferroni correction was used for adjust-
ing the p value obtained from multiple comparison tests. It should be noticed that as a rare condition, carriers
of STin2.9 repeats were excluded from the analysis of STin2 alleles and genotypes. In addition, as an X-linked
variant, MAOA uVNTR allele analysis was carried- out separately in males, and females and genotype associa-
tion were executed only in females.

Results

Demographic results. Mann-Whitney and Pearson’s chi-squared tests respectively showed there were no
significant differences between cases and controls in age (W =39,066, p value=0.17) and sex ( -squared =0.04,
df=1, p value; squarea = 0.84) with 95% significance level. The demographic results have shown briefly in Table 2.

Allele frequency analysis. Table 3 shows allele frequency of MAOA uVNTR, 5-HTTLPR and STin2 in
both subjects and healthy individuals. Applying Pearson’s chi-squared test revealed there were no significant
differences in allele frequency of MAOA uVNTR neither in males nor females (males: x -squared=1.38, df=1, p
value i squarea = 0.70/females: x -squared =4.33, df=1, p valuey; squarea =0.22) and 5-HTTLPR ( -squared =2.85,
df=1, p value p; squarea = 0.10) between cases and controls. However, STin2 allele frequency showed significant dif-
ferences between cases and control subjects ( -squared =6.72, df = 1, p valueg,; squarea = 0.09%107") and STin2.12 is
more frequent among Schizophrenic individuals (Odds ratio=1.42, p valuep;gers exace = 0-08%¥1071).

Association analysis. For MAOA uVNTR, there were significant differences in genotypic frequency
distribution between cases and controls (x-squared=11.40, df=3, p value; squarea=9.75*107%) with alpha of
95%. 5-HTTLPR presented almost significant differences between schizophrenic patients and healthy controls
but, it couldn’t pass the 95% significance level () -squared=5.46, df=2, p value..squarea=0.06). About STin2
we observed significant association (x-squared=15.64, df=2, p valueg,; squarea=0.03*107%) between SCZ and
STin2.12. After genotypic association analysis, a fitting genetic model was applied for 5-HTTLPR and STin2. “S”
allele in 5-HTTLPR and 12 repeats in STin2 are supposed as risk alleles according to the previous studies*”*.
Therefore, Pearson’s Chi-squared test demonstrated that carrying “S” allele (SS and SL) was significantly asso-
ciated with SCZ (-squared=4.94, df=1, p value=0.02) and significantly more frequent among cases (Odds
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MAOA uVNTR 5-HTTLPR STin2
Allele 2 repeats | 3repeats |4repeats |5repeats |L S 10 repeats | 12 repeats
Case
Male 2 (1%) 70 (41%) 91 (54%) 5 (4%)
217 (45%) | 265 (55%) | 118 (24%) | 361 (76%)
Female 3 (3%) 40 (4%) 51 (51%) 6 (6%)
Control
Male 4(1%) 96 (36%) | 157 (59%) | 9 (4%)
371 (50%) | 369 (50%) | 234 (32%) | 504 (68%)
Female 2 (1%) 71 (44%) 85 (52%) 3 (3%)
Total
Male 6 (1%) 166 (38%) | 248 (57%) | 14 (4%)
588 (48%) | 634 (52%) |352(29%) | 865 (71%)
Female 5(2%) 111 (43%) | 136 (52%) |9 (3%)
P value
Male 0.70
Female | 0.22 0.09 0.091107
Table 3. Allele frequency of MAOA uVNTR, 5-HTTLPR and STin2.
MAOA uVNTR 5-HTTLPR STin2
Genotype 2/4 3/3 3/4 4/4 LL LS SS 10/10 10/12 12/12
Case (females) 1(2%) 16 (35%) 8 (17%) 21 (46%) 46 (19%) 125 (51%) 70 (30%) 10 (4%) 98 (43%) 130 (52%)
Total 46 241 238
Control (females) 2 (3%) 13 (4%) 34 (46%) 24 (47%) 101 (27%) 169 (45%) 100 (28%) 52 (14%) 130 (35%) 187 (51%)
Total 73 370 369
Pvalue 9.75%1073 0.06 0.03%1072
Table 4. Genotypic frequency of MAOA uVNTR, 5-HTTLPR and STin2.
MAOA uVNTR 5-HTTLPR STin2
Model 2,3,4/4 2,3/2,3 LL S- 10/10 12/ (10,12)
Case 30(65%) | 16(35%) |46 (19%) | 195 (81%) |10 (4%) | 228 (96%)
Total 46 241 238
Control 60(82%) | 13(18%) | 101 (27%) | 269 (73%) |52 (14%) | 317 (86%)
Total 73 370 369
Pvalue 0.06 0.02 9.38%10°
Table 5. Genetic model of 5-HTTLPR and STin2. S-: SS and SL.

ratio=1.60, p valuepgers exact =0.02). Besides, the results discriminated that being STin2.12 carrier, was sig-
nificantly associated with SCZ ( -squared=15.25, df=1, p valueg,; squrea=9-38¥107°). Also, Fisher’s Exact Test
represented that carrying STin2.12 was more frequent between schizophrenic patients (Odds ratio=3.85, p
valuer;gers exact = 3-27¥107°). Finally, Pearson Chi-squared revealed almost significant association between lack of
MAOA uVNTR 4 repeats and SCZ ( -squared =3.53, df =1, p value ;. squarea = 0.06). Genotypic frequencies and
genetic models have displayed in Tables 4 and 5.

5-HTTLPR & STin2 interaction and haplotype analysis. Pearson’s Chi-squared test which was fol-
lowed by Fisher’s Exact Test illustrated that either in cases/controls separately or in total population, there was
significant association between being “S” carrier allele and STin2.12 repeat carrier (cases : x-squared=4.53,
df=1, p value, quarea=0.03, Odds ratio=4.60, p valuep;ger; exace=0.02; controls : x -squared =36.08, df=1, p
value i quarea = 1.90*107%, Odds ratio =600.46*1072, p Valuegigers exact = 6.70¥107% total: x -squared =48.35, df=1,
P value g squarea = 3-55*107"%, Odds ratio =6.10, p valueggery exace = 6.83*107!"). Moreover, p value extracted from
general linear model showed significant interaction between STin2.12 and 5-HTTLPR “S” allele after exclu-
sion of confounding factors (intercept=0.78, p value,gj,qeq=4.80*10""). Analysis of haplotype revealed that
there is a significant difference in haplotype frequency between schizophrenic subjects and healthy controls
(x-squared=12.91, df=3, p valuey; qquarea=4.81*107). Further analysis revealed that S-12 haplotype signifi-
cantly associated with SCZ (x-squared=7.55, df=1, p valueq; squarea=5-97*1073, p valuegipery exac=5.70%1072,
Odds ratio=1.40), whereas, S-10 haplotype were significantly more frequent among healthy individuals
(x-squared =6.45, df =1, p value ; squarea=0.01, p Valtepipers exace =7.50*1073, Odds ratio =0.52). In addition, LD
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STin2
5-HTTLPR 10/10 12/(10,12) | Pvalue
Cases
LL 5(2%) 41 (17%)
0.03
S- 5(2%) 187(79%)
Controls
LL 32(9%) |68 (18%)
1.90*10°
S- 20 (5%) | 249 (68%)
Total
LL 38 (6%) | 109 (17%)
3.55%10712
S- 25(4%) | 439 (73%)

Table 6. 5-HTTLPR and STin2 risk alleles interaction.

Haplotype | Case Control P value P value (total)
S-10 24 (5%) 67 (9%) 0.01
L-10 96 (20%) | 177 (24%) | 0.11
4.81%1073
S-12 242 (50%) | 311 (42%) | 5.97*1073
L-12 120 (25%) | 185(25%) | 1.00

Table 7. Haplotype analysis of S/STin2.12.

5-HTTLPR/STin2 haplotype frequency
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5-HTTLPR/STin2 haplotype blocks

Figure 1. Haplotype frequency in schizophrenic patients and healthy controls.

calculation suggested that in schizophrenic patients, stronger LD observed between STin2 and 5-HTTLPR in
comparison with healthy controls (total: D’=0.57, LOD =23.20, r*=0.14/cases: D'=0.62, LOD=8.12, r*=0.16/
controls: D'=0.53, LOD =14.69, r*=0.13). These findings respectively showed in Tables 6 and 7. Besides, Fig. 1
shows S and STin2.12 alleles haplotype combination in cases and controls.

Prediction of SCZ risk using 5-HTTLPR & STin2.  After removal of confounding variables effects, logis-
tic regression discriminated that STin2.12 significantly increased risk of SCZ (p valueadjusted=4.l7*10’3) but,
failed to show such an effect in 5-HTTLPR (p value,gygeq =0.09). Nevertheless,” S—“and “STin2.12—“together
could be significantly considered as a predictor for risk of SCZ (p value,gjeq = 8.24*107). General linear model
results are expressed in Tables 8 and 9.
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Estimate | SE tvalue | Adjusted p value
Intercept 0.94 0.10 943 | <0.01¥107"
5-HTTLPR —-0.06 0.04 -1.30 |9.81*10!
STin2 -0.23 0.07 -335 [4.17*10°°
Sex 421107 | 0.04 -0.08 |1
Age 2.51%107 | 1.94*10°3 -130 |1

Table 8. General linear model for risk of SCZ using 5-HTTLPR and STin2.

Estimate | SE tvalue | Adjusted p value
Intercept 0.78 0.08 9.35 | <0.08*1071
5-HTTLPR-STin2 -0.13 0.04 -3.10 |8.24*10°°
Sex 270107 | 0.04 0.05 |1
Age 2.51%107 | 1.94*10°° -130 |0.70

Table 9. General linear model for risk of SCZ using 5-HT TLPR-STin2 interaction.

Discussion

In this study, we hypothesized that there might be a significant association between the incidence of SCZ and
three well-known functional polymorphisms in serotonin reuptake pathway genes. We failed to highlight the
association of MAOA uVNTR and 5-HTTLPR risk alleles in the pathology of SCZ, but we found that STin2.12
repeat apart or as a haplotype block with 5-HTTLPR “S” allele significantly associated with SCZ in Iranian popu-
lation and S-12 haplotype significantly enhance the risk of SCZ occurrence. Moreover, our findings discriminated
the protective role of S-10 haplotype in healthy individuals for the first time.

As a monoamine neurotransmitter, 5-HT is one of the substantial components of the neuromodulation
system which implicates in plenty of psychiatric conditions. The main regulator of 5-HT is 5-HTT localized in
presynaptic neurons in synaptic cleft®. In 2018, lung et al. supported the idea that SLC6A4 mRNA level changes
during treatment of patients with major depression and correlates with their responses to treatment™. Such
observations could shed a light on the importance of SLC6A4 mRNA level as an endophenotype for clinical
conditions like depression.

On the other aspect, VNTRs are subclasses of mini-satellites frequently found in the non-coding region
of gene-rich areas. It has been proven that in some circumstances, VNTRs have evolved as a binding site for
transcription factors and in such a manner, they regulate the product level of genes responsible for!. In 2021,
Bakhtiari et al. discovered that 49% of expression-mediated VNTRs, have a strong causal effect on their nearby
genes™. So, it can be concluded that SLC6A4 functional polymorphisms such as 5-HTTLPR and STin2 might
affect mood changes through alteration in the SLC6A4 mRNA level. This idea was justified when other studies
revealed the association of other SLC6A4 variants with comorbid conditions including depressive-like symptoms
and suicidal attempts in patients with SCZ>>*,

According to the previous studies, association investigation of SLC6A4 polymorphisms independently may
result paradoxically and it should be better to explore them as a haplotype. Several studies have attempted to look
at this issue from such a perspective. Association of 5-HTTLPR/5-HTT rs25531 (L,) haplotype and 5-HT TLPR/
STin2 (L10) haplotype with attempt to suicide in schizophrenic patients® or STin2/HTT-3"UTR-SNP (T-10)
association with autism in West Bengal population (cases: D'=0.82, r*=0.34/controls=D’'=0.27, r*=0.05)*! are
examples of such an approach.

However, it seems that among all SLC6A4 haplotype blocks, the 5-HTTLPR/STin2 haplotype is more remark-
able due to the effect of both loci on SLC6A4 expression in an almost similar way. New findings suggest that in
rat cortical cell culture, both 5-HTTLPR and STin2 prepare binding sites for CCCTC-binding factor (CTCF)
which was previously known to only have a binding site on STin2. These new results suggest that in the case of
S/STin2.12, the binding of CTCF makes more significant changes in contrast to other combinations®®.

Association of S/STin2.10 haplotype with response to lithium prophylaxis treatment in bipolar patients
and L/STin2.10 haplotype with suicidal attempt among Russian females are a few examples of studies focused
on 5-HTTLPR/STin2 haplotype®”. But, in the case of SCZ, the majority of explorations show the association
of mentioned haplotype in combination with other polymorphisms. For instance, in 2008, one study revealed
that 5-HTTLPR/STin2/rs104701/rs1042173 in the form of L/STin2.10/G/T associated with SCZ but not major
depressive disorder™.

As mentioned above, up to now, no study has investigated the association 5-HT TLPR/STin2 haplotype with
SCZ without considering any specific traits. Thus, we observed that 5-HTTLPR S allele and STin2.12 repeats
are significantly more frequent among subjects not only separately but also in one haplotype block. Besides, it
is taken from the general linear model that STin2.12 repeats carriers are more at the risk of SCZ. But, being a
5-HTTLPR S allele carrier alone does not affect SCZ risk. Whereas, carrying both S and STin2.12 does increase
the risk of SCZ.
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The origin of this observation might lie within the effect of the 5-HTT level and its variants on interface traits
and brain functions. For example, in 2012, Zilles et al. showed that “” homozygosity in 5-HTTLPR is associated
with better performance in verbal working memory tasks which its impairment significantly has been observed
with SCZ®. On the other hand, children and adolescents with homozygosity in the “S” allele of 5-HTTLPR have
weaker connectivity in the superior medial frontal cortex. According to the previous findings, this brain region
has shown higher metabolic rate during resting state fluorodeoxyglucose positron emission tomography (FDG-
PET) imaging in schizophrenic patients who experienced auditory verbal hallucinations®. On the other aspect,
among different brain regions, the amygdala is a particular target of 5-HTT. the hyper-methylation of SLC6A4
in promoter—which significantly observed more in “L” carriers of 5-HTTLPR- is associated with reduction of
left amygdala volume in males with SCZ®. It should be considered that previous evidence suggests the amygdala
volume reduction makes individuals more exposed to SCZ%. Also, these epigenetic remodeling might be the
further result of CTCF binding to 5-HTTLPR and STin2 VNTRs**,

There were several limitations to this study. First, we only assessed schizophrenic patients who had been
referred to Roozbeh hospital and had Iranian nationality. Thus, it is hard to generalize these results and this
should be confirmed in other populations. Besides, with increasing sample size, the results are more universal
and could be led to the emergence of a new biomarker for the prognosis of SCZ. Moreover, it should be noted
that all the results obtained from MAOA uVNTR risk allele are fragile because they are performed only on a
small population of females and need to be studied in a larger population.

In conclusion, in this study, we zoomed on to confirm the association of MAOA uVNTR, 5-HTTLPR, and
STin2 functional polymorphisms with SCZ in the Iranian population and for the first time, we formed a hap-
lotype block between 5-HTTLPR and STin2 in schizophrenic and healthy individuals. There was no significant
association between being exposed to SCZ and MAOA uVNTR specific allele. However, 5-HTTLPR and STin2,
S, and 12 alleles either apart or in one haplotype block increase the risk of SCZ.
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