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Background: Excitatory amino acid transporter 2 encoded by SLCI/A42 is responsible for
approximately 90% of glutamate uptake. Glycine transporter 1, encoded by SLC6A49, is
responsible for maintaining a low concentration of the N-methyl-D-aspartate receptor
(NMDAR) co-agonist — glycine in the synaptic cleft, suggesting its participation in the
development of the NMDARSs hypofunction described in schizophrenia.

Aim: The aim of this study was to evaluate whether the functional polymorphism-181 A/C
(rs4354668) of the SLC1A42 and the 152486001 (IVS3+411 G/A) in the SLC6A49 are involved
in schizophrenia development and its clinical picture in the Polish population.

Methods: The study group consisted of 393 unrelated Caucasian patients (157 [39.9%)]
females and 236 [60.1%] males; mean age 41+12) diagnosed with schizophrenia according to
the DSM-5, and 462 healthy controls. The results of the Positive and Negative Syndrome
Scale (PANSS) were presented in the five-dimensional model. Polymorphisms of SLC142
and SLC6A49 were genotyped with the use of PCR-RFLP assay.

Results: There were no statistically significant differences in the frequency of genotypes and
alleles between the patients and controls for SLC142 and SLC6A49 polymorphisms in either the
entire sample or after stratification according to gender. In the haplotype analysis, men with CA
haplotype had more than 1.5 higher risk to develop schizophrenia than women (OR=1.63 [95%
CI=1.17-2.27, p<0.05]). The influence of gender, genotypes of both analyzed polymorphisms
and gender x genotype interactions on individual dimensions of the PANSS scale has not been
observed. Also, there was no association of either polymorphism with suicide attempts.
Conclusion: The results of the present study did not indicate an association of polymorph-
ism-181 A/C (rs4354668) in SLC1A2 and rs2486001 in SLC6A49 with onset of schizophrenia
and its psychopathology in a Polish population.

Keywords: schizophrenia, glutamate system, excitatory amino acid transporter 2, glycine
transporter 1, polymorphism, PANSS

Background

Schizophrenia, in contrast to Einheitspsychose, is regarded today as a heterogeneous
clinical syndrome or collection of symptoms, including a number of changes in the
cognitive, behavioral and emotional domains with poorly defined etiology. Various
hypotheses have been proposed over the years to explain its pathogenesis. The
etiology of schizophrenia is considered as an interaction of many factors, including
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genetic, and the heritability is estimated to be approxi-
mately 80%." The growing body of evidence drawn from
post-mortem, neuroimaging and genetic studies stresses the
role of the glutamate system and its interconnections with
other neurotransmitter systems in the etiology of
schizophrenia.

Glutamate is the major excitatory neurotransmitter and
plays a key role in central nervous system (CNS)
activation.” More than 40% of CNS neurons use glutamate
as a neurotransmitter, especially the pyramidal cells of the
cortex.> The possible role of glutamate in the etiopatho-
genesis of schizophrenia was based on clinical observa-
tions of phencyclidine (PCP) and ketamine action. Both
substances induce not only schizophrenia-like positive and
negative symptoms, but also lead to cognitive impairments
in healthy volunteers*® and worsening of cognitive func-
tions in patients with schizophrenia.” Based on the psy-
N-methyl-D-aspartate
receptor (NMDAR) antagonists, a decreased activity of

chomimetic properties of the
the glutamate system was proposed to be present in schi-
zophrenia. However, other studies have shown elevated
glutamate levels in the striatum and prefrontal cortex
(PFC) of those taking PCP, which increased its availability
for the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (AMPAR) and correlated with the severity of
cognitive dysfunction.® The AMPAR blocade reverses
these effects, as well as the presynaptic metabotropic glu-
tamate receptors 2 (mGluR2) and 3 (mGluR3) agonists.>*
Therefore, activation of the glutamatergic system with
AMPAR may be a link in the etiopathogenesis of
schizophrenia.

Large-scale genome-wide association studies (GWASs)
on schizophrenia have identified many low penetrance risk
variants related to synaptic plasticity, neuron differentia-
9! The latest
Genomic

tion, neurotransmission, and immunity.
GWAS
Consortium (PGC) which combined several independent

conducted by the Psychiatric
GWAS datasets in the largest resource available to date
with 36 989 cases and 113 075 controls revealed the
association between SCZ phenotype and a number of
different loci containing genes involved in glutamatergic
transmission.'* This group includes the following genes:
GRM3 of the metabotropic glutamate receptor mGluR3,
GRIN2A of the NMDAR subunit NR2A, GRIAI of the
glutamate receptor 1 (GluR1, GluAl) — a subunit of an
AMPAR, SRR — serine racemase which catalyzes L-serine
racemization to D-serine, an essential co-agonist and acti-
vator of NMDAR, CLCN3 of the voltage-gated chloride

channel localized to glutamatergic synapses in the hippo-
campus and SLC3847 encoding SNAT7, an L-glutamine
preferring neuronal amino acid transporter that may be
important for the reuptake and recycling of glutamate.'?
In addition, GWAS that investigated cognitive phenotypes
impaired in schizophrenia has been conducted. It was
found that genetic variants related to cognitive trait impair-
ment in schizophrenia are involved in the NMDA gluta-
mate network.'® Associations between schizophrenia and
genetic variants, such as rare SNPs, as well as copy num-
ber variants in the GRIN3A, which encodes the NR3A
subunit of the NMDAR, have been also reported.'*'”
Transport of glutamate from the synaptic cleft is
a necessary mechanism for maintaining neuronal activity.
Reuptake of glutamate is mediated by endothelial proteins -
excitatory amino acid transporters (EAAT).'® Removal of
glutamate prevents excessive binding to receptors and forma-
tion of free radicals.!” Interruption of this process may lead to
excessive stimulation of glutamatergic receptors and
excitotoxicity.'® The EAAT family contains 5 subtypes, num-
bered EAAT1-EAATS sequentially. EAAT 1 to 4 are located in
the brain, whereas EAATS is found exclusively in the retina.'®
EAAT 1 and 2 are mainly expressed in astrocytes, although the
presence of EAAT2 was also found in neurons and
oligodendrocytes.”*' EAAT2, encoded by the SLCIA42, is
responsible for approximately 90% of cerebral glutamate
uptake.” Blockade of glutamate uptake in oligodendrocyte
cultures led to cell death, demyelination and astrocyte
damage.”® Bauer et al** documented lower glycosylation of
EAAT1 and EAAT2 in the dorsolateral prefrontal cortex
(DLPFC) and cingulate cortex of schizophrenia patients that
could explain their reduced ability of glutamate reuptake from

the synaptic cleft. Shan et al*

found decreased expression of
EAAT1 and EAAT?2 protein in the superior temporal gyrus and
decreased EAAT? protein in the hippocampus in schizophre-
nia. Rao et al”® reported higher protein and mRNA levels for
EAATI1, EAAT3 and EAAT4 in DLPFC in schizophrenic
patients, while EAAT?2 expression levels remained unchanged.
A decreased EAAT2 expression in parahippocampal and
DLPFC of patients with schizophrenia was also observed.*’
Based on these findings the SLC1A42 encoding EAAT?2 became
a candidate gene. The SLC1A2 consists of 11 exons coding for
proteins and extends to over 50 kb of genomic DNA on
chromosome 11p13-12.2% The functional significance of the
polymorphism at position —181 in the promoter region of the
SLCIA2, analyzed in this paper, was described by Mallolas
et al*’. The presence of this variant within the regulatory site
for the activator protein 2 was found to prevent binding of this
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transcription factor, creating a new binding site for the repres-
sor transcription factor GC-binding factor 2. As a consequence,
the expression of the SLCIA2 has been altered, and the pre-
sence of C allele resulted in a 30% reduction in promoter
activity compared with A allele.

Glycine plays an important role in the CNS development,
and it is also a required co-agonist along with glutamate for
NMDAR activation process. The availability of glycine, as
well as its uptake from the synaptic cleft, is regulated by
endothelial glycine transporters (GlyT). Two variants, known
as Type 1 (GlyT1) and Type 2 (GlyT2), have been described.
GlyT1 is widely expressed in glial cells of the PFC, hippo-
campus, hypothalamus, olfactory bulb and retina.*® It is
composed of 12 endothelial domains responsible for glycine
uptake, which ends the stimulation process.’’ Heterozygous
rodents with decreased expression of the GlyT1 gene exhib-
ited increased NMDAR activity in the hippocampus and
improved memory capacity and were also protected against
post-methamphetamine sensory gating disorders, suggesting
that GlyT1 inhibitors may improve cognitive performance
and have antipsychotics properties. Postmortem studies of
schizophrenia patients showed increased levels of glycine
and serine in the medial temporal lobe.*® Administration of
glycine to schizophrenia patients alleviated negative symp-
toms of the disease.®®> Antipsychotics (such as haloperidol,
chlorpromazine and clozapine) are uncompetitive GlyT1
antagonists in therapeutic doses, but their effect is assessed
as poor.>* Monotherapy of patients with sarcosine, a GlyT1
inhibitor, has resulted in significant improvements in both
negative symptoms and cognitive impairment.*> Due to the
role of GlyT1 in regulation of NMDAR activity, the gene
encoding GlyT1 seems to be a promising candidate gene in
schizophrenia. The SLC649 for the GlyT1 transporter con-
sists of 17 exons and is located on the short arm of chromo-
some 1 (1p31.3).%

Taking into account the results of previous reports
pointed at the potential role of EAAT2 and GlyTl in
schizophrenia, the current study focuses on examining
the association of the =181 A/C (rs4354668) polymorph-
ism of the SLCIA2 encoding EAAT?2 and the rs2486001
(IVS3+411 G/A) polymorphism in the SLC649 encoding
GlyT1 with schizophrenia and its severity in Polish
population.

Methods

The relationship between those two polymorphisms and
schizophrenia has been assessed based on a comparison of
genotype and allele distribution between the study and

control group. We also examined the possible connection
between some clinical variables (age of onset, severity and
psychopathology of schizophrenia symptoms and history
of suicide attempts) and the studied polymorphisms.

Subjects

The study group consisted of 393 unrelated Caucasian patients
with a diagnosis of schizophrenia (157 [39.9%] females and
236 [60.1%] males; mean age 41+12, median 41, range
18—73) recruited from inpatients treated at the Department of
Psychiatry and Psychotherapy, Medical University of Silesia
in Katowice and the Neuropsychiatric Hospital in Lubliniec.
All patients fulfilled the DSM-5 (Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition) diagnostic criteria
for schizophrenia. Exclusion criteria involved: psychotic dis-
orders other than schizophrenia, mood disorders, anxiety and
stress-related disorders, substance-related and addictive disor-
ders (excluding caffeine and nicotine), behavioral and person-
ality disorders, neurological illness, endocrine disorders and
autoimmune disease. The mean age of onset of schizophrenia,
defined as the age at which the first psychotic symptoms
appeared, was 26 years (SD=7, range 13—54). This informa-
tion was acquired from patients’ medical records. The mean
duration of schizophrenia was 16 years (SD=10, range 1-47).
The Positive and Negative Syndrome Scale (PANSS)*” was
used by clinically trained psychiatrists to assess the severity of
the illness. The results of the PANSS scale were presented in
the five-dimensional model presented by van der Gaag et al*®
which includes positive (POS), negative (NEG), disorganiza-
tion (DIS), excitation (EXC) and emotional distress (EMO)
dimension. The numerical values of these dimensions were
calculated according to the formula given by the authors using
all 30 PANSS symptoms.®® Suicide attempts made by patients
in the past were classified as violent and nonviolent.
Nonviolent methods included drug overdose, gas poisoning
and melting, all others were classified as violent methods
according to the division made in other studies.*® Suicide
attempts have been reported in 75 patients (19.1%), including
40 (53.3%) classified as violent. Positive family history was
diagnosed in 95 (24.2%) of schizophrenia patients. All of the
patients were assessed to be capable of understanding the
study before written consent was obtained.

The control group comprised 462 healthy unrelated
individuals (238 women [51.5%]; mean age 40 years
[SD=9, range 23-68 years]) recruited from among the
volunteer blood donors at the Regional Centre of Blood
Donation and Treatment in Katowice. Exclusion criteria
for controls were: current psychiatric problems, any other
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neurological disorders, family history of schizophrenia
(verified by direct interview), and chronic and acute phy-
sical illness (infections, autoimmune disease).

The study population was homogeneous and composed
of the Polish Caucasian residents of the Silesia region. The
study was approved by the Bioethics Committee of the
Medical University of Silesia.

SNP choice and genotyping with
PCR-RFLP

Information related to the SNPs was obtained from the
National Center for Biotechnology Information, dbSNP
(http://www.ncbi.nlm.nih.gov/SNP/). For genetic analysis,
we selected two SNPs: rs4354668 A/C (SLC1A2, promoter
sequence, average heterozygosity 0.471, and rs2486001 G/A
(SLC6A9, intron 3, average heterozygosity 0.269). The selec-
tion criteria were as follows: 1) the minor allele frequency
>10% in the European population, 2) assay availability, 3)
evidence from the literature (rs4354668) suggests potentially
functional effects on gene expression/protein function,?® and
4) the SNPs (rs2486001) were found to have associations
with other related disorders in previous experiments.*
Genomic DNA was isolated from whole peripheral
blood using phenol-chloroform method. DNA extracts
were qualitatively evaluated by electrophoresis in 1.5%
agarose gel and quantitated spectrophotometrically using
BioPhotometer plus (Eppendorf AG, Hamburg, Germany).
The genotypes for two SNPs: —181 A/C (rs4354668) in the
SLCIA2 and 12486001 (IVS3+411 G/A) in the SLC6A49 were
determined by the polymerase chain reaction-restriction
enzyme fragment length polymorphism (PCR-RFLP) assay
under modified conditions according to the method described
before.***! Briefly, the regions spanning polymorphisms were
amplified using the following published primers: SLCIA2 5'-
GAGCGGCGGGGCCTCTTTTC-3' and 5-TGCAGCCGCT
GCCACCTGTG-3""  SLC649 5'-TTCTATTCCCTGGG
GTTCAGCA-3' and 5-AGCCTGGGCTGAGGCACAC
CAC-3'* The PCR cycling conditions were an initial dena-
turation step at 95 °C for 5 mins. followed by 35 cycles under
the following conditions: 94°C for 30 s, 62°C for 30
s (SLC1A42) and 60°C for 30 s (SLC6A49) and final elongation
at 72°C for 10 mins. Amplification was performed using
a G-STORM GSI1 thermal cycler (Gene Technologies Ltd,
UK)
Biotechnologies, Madison, WI, USA) according to the manu-

Essex, with a Taq polymerase (Epicentre,

facturer's instructions in a reaction mix with a total volume of
25 pL. Subsequently, amplified PCR products were digested

with the appropriate restriction enzymes (Thermo Fisher
Scientific, Waltham, MA, USA) and separated on 2% agarose
gels stained with ethidium bromide. The SLCI42 —181 A/C
PCR products (381 bp) were digested with Benl (Ncil). An
undigested product od 381 bp for the A allele and two products
of 262 bp and 119 bp for the C allele were observed. The
SLC6A491VS3+411 G/A PCR products (210 bp) were digested
with Eco471 (Avall). An uncut product of 210 bp for the
G allele and two fragments of 123 bp and 87 bp for the
A allele were visible.

The overall success rate of genotyping was over 95%.
Samples with missing genotypes have been removed from the
analysis. For quality control of genotyping, approximately
5% of the samples were randomly selected to be retested
and the concordance of duplicated genotypes was 100%.

Statistical analysis

The results were presented as the mean + SD in case of data
with normal distribution and as median with IQR in case of
data with skewed distribution. Qualitative data were
expressed as percentage values. The Shapiro—Wilk test as
well as quantile-quantile plot was used to evaluate data
distribution. The association between the genotypes, gender,
PANSS dimensions and age of onset was done with two-way
ANOVA and contrast analysis. The homogeneity of variance
was assessed by the Levene test. Comparison of nominal and
order variables was performed using the y2 test. Assessment
of the relationship between occurrence of a particular allele,
genotype, haplotype or gender and the occurrence of schizo-
phrenia/suicide attempt was based on the OR with corre-
sponding ClIs and statistical significance. In case of

genotypes
(HWE) analysis was done. Then, the logistic regression

analysis, the Hardy—Weinberg equilibrium
model for five classic inheritance models (codominant, domi-
nant, recessive and dominating and log-additive), linkage
disequilibrium and haplotype analysis were performed. The
impact of gender, age and time of onset on schizophrenia/
suicide was assessed with the univariable logistic regression
model. Adjustment of scoring distribution in individual
dimensions of the PANSS scale was realized with the regres-
sion model with Epanecznikov kernel function. Correlation
between time of onset and dimensions of the PANSS scale
was done with the Pearson correlation coefficient. All
p-values were two-tailed, and p<0.05 was established as
statistically significant. The results were analyzed using the
Statistica 10.0 version PL software (StatSoft, Cracow,
Poland; www.statsoft.pl) , STATA 12.0 (StataCorp LLC,
College Station, TX, USA), MS Office Excel and R software.
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Results
Comparison of genotype and allele

distributions between study and control
group

The two-way ANOVA showed a statistically significant effect
on the age by: group (patients/control) (F=4,5; p<0,05) and
gender (F=20.7; p<0.001). There was also an interaction
between the group and the gender of the subjects (F=31.1;
<0.001). There were no statistically significant differences in
age (p=0.87) in the control group, but in the study group
women were statistically significantly older (4512 vs 38
+12; p<0.001). There was a statistically significantly higher
number of women in the control group than in the study group
(51.5% vs 39.9%, y*=11.4, p<0.001).

We compared the distribution of genotypes and alleles
for the polymorphism —181 A/C (rs4354668) of the
SLCIA2 and 152486001 of the SLC6A9 in both the patients
and control groups. There were no statistically significant
differences in the frequency of genotypes and alleles
between the patients and controls for SLCI42 and
SLC6A9 polymorphisms in either the entire sample or
after stratification according to gender (Tables 1 and 2).
However, in the subgroup of women, a trend for an effect
of —181 A/C genotype on the development of schizophre-
nia was observed. .

The genotype distributions of 2 SNPs did not
depart significantly from the HWE both in the patients
(—181 A/C [p=0.61], rs2486001 [p=0.38]) and in the
controls (—181 A/C [p=0.34], rs1008438 [p=0.65]).

We further tested the potential associations between schi-
zophrenia and individual polymorphisms based on different
genetic inheritance models (co-dominant, dominant, recessive,
over-dominant and additive) in the entire group, and separately

in the group of women and men. No significant differences
were found for any of the models analyzed.

The analysis showed no linkage disequilibrium
between the two polymorphisms neither in the entire sam-
ple (D'=0.0242; r=0.0124; P=0.608) nor assessed sepa-
rately in the female (D'=0.0580, r=—0.0209, P=0.556)
and male group (D'=0.0777, r=0.0397, P=0.229). The
results of the haplotype associations tests (in the entire
group with men/women comparison, and also separately
in women and men group) showed no statistically signifi-
cant higher risk for schizophrenia development for three
haplotypes in relation to the most frequent haplotype AG.
However, men with CA haplotype had more than 1.5
higher risk to develop schizophrenia than women

(OR=1.63 [95% CI=1.17-2.27, p<0.05).

Correlation between gender, genotypes

and clinical presentation of the disease
The results of the ANOVA showed a statistically signifi-
cant impact of gender on the onset of first schizophrenia
episode (F=25.5; p<0.001), but no statistically significant
effect of genotype of —181 A/C polymorphism in the
SLCIA42 (F=0.43, p=0.652), or gender x genotype interac-
tion (F=0.10; p=0.906). The onset of schizophrenia
occurred earlier in men than in women (2446 vs 28+8
years). For rs2486001 polymorphism in the SLC6A49,
such analysis was not performed due to the small number
of patients with A/A genotype.

There was no effect of gender or genotypes of both ana-
lyzed polymorphisms on the individual dimensions of the
PANSS scale (Table 3). There was a significant weak positive
correlation between the age of onset and negative symptoms
dimension values (r=0.118; p<0.05) and a significant weak

Table | SLCIA2 (rs4354668) SNP genotypes and allele distribution in patient and control groups

Group N Genotype distribution Allele frequency
AIA AIC cic Ve p A C Ve p

Patients 393 129 (32.8%) 188 (47.8%) 76 (19.3%) 1.69 0.43 446 (56.7%) 340 (43.3%) 0.64 0.42
Controls 462 | 154 (333%) | 234 (50.6%) | 74 (16.0%) 542 (58.7%) | 382 (41.3%)

Total 855 | 283 (33.1%) | 422 (49.4%) | 150 (17.5%) 988 (57.8%) | 722 (42.2%)

Female patients | 157 | 60 (38.2%) 68 (43.3%) | 29 (18.5%) 522 | 007 | 188(59.9%) | 126 (40.1%) | 022 | 0.64
Female controls | 238 | 73 (30.7%) 131 (55.0%) | 34 (14.3%) 277 (582%) | 199 (41.8%)

Total female 395 | 133 (33.7%) | 199 (50.4%) | 63 (15.9%) 465 (58.9%) | 325 (41.1%)

Male patients 236 | 69 (29.2%) 120 (50.8%) | 47 (20.0%) 251 | 028 | 258 (547%) | 214 (453%) | 1.89 | 0.17
Male controls 224 | 81 (36.2%) 103 (46.0%) | 40 (17.8%) 265 (59.2%) | 183 (40.8%)

Total male 460 | 150 (32.6%) | 223 (485%) | 87 (18.9%) 523 (56.8%) | 397 (43.2%)
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Table 2 SLC6A9 (rs2486001) SNP genotypes and allele distribution in patient and control group

Group N Genotype distribution Allele frequency
GIG GIA AIA 7 p G A b p

Patients 393 | 277 (705%) | 103 (262%) | 13(3.3%) | 0.18 | 091 | 657 (83.6%) 129 (16.4%) | 0.08 | 0.78
Controls 462 | 328 (71.0%) | 121 262%) | 13 (2.8%) 777 (84.1%) 147 (15.9%)

Total 855 | 605 (70.8%) | 224 (26.2%) | 26 (3.0%) 1434 (83.9%) | 276 (16.1%)

Female patients | 157 | 113 (72.0%) | 40 (25.5%) 4 (2.5%) 048 | 078 | 266 (84.7%) 48 (15.3%) 007 | 0.79
Female controls | 238 | 171 (71.8%) | 58 (24.4%) 9 (3.8%) 400 (84.0%) 76 (16.0%)

Total female 395 | 284 (71.9%) | 98 (24.8%) 13 (3.3%) 666 (84.3%) 124 (15.7%)

Male patients 236 | 164 (69.5%) | 63 (26.7%) 9 (3.8%) 176 | 041 | 391 (82.8%) 81 (17.2%) 029 | 059
Male controls 224 | 157 (70.0%) | 63 (28.1%) 4 (1.9%) 377 (84.2%) 71 (15.8%)

Total male 460 | 321 (69.8%) | 126 27.4%) | 13 (2.8%) 768 (83.5%) 152 (16.5%)

Table 3 The results of two—way ANOVA (gender and genotype distribution) for PANSS dimensions

Dimension | p-value
SCLIA2 (rs4354668) SCL6A9 (rs2486001)
Gender | Genotype | Gender x genotype Gender | Genotype | Gender X genotype
interaction interaction
POS 0.41 0.73 <0.01 0.23 0.37 0.20
NEG 0.39 0.23 0.66 0.36 0.82 0.16
DIS 0.42 0.79 0.17 0.92 0.86 0.57
EMO 0.22 0.37 0.36 0.26 0.40 0.11
EXC 0.19 0.96 0.06 0.80 0.09 0.59

Abbreviations: POS, positive; NEG, negative; DIS, disorganization; EXC, excitation; EMO, emotional distress.

negative correlation between the age of onset and the score in
the emotional distress dimension (=—0.117; p<0.05).

Analysis of suicide attempts

The distribution of genotypes and alleles in the group of
patients with a history of suicide attempts and nonsuicidal
group was analyzed. There were no statistically significant
differences in the genotype and allele frequencies between
groups for both analyzed polymorphisms. Results of five
different logistic regression models, evaluating the distribution
of the genotypes combination and ORs for suicide attempt,
showed no statistical significance for any of the models pre-
sented for genotypes of both polymorphisms. Also, no statis-
tical significant higher risk of suicidal attempt was found for
three haplotypes in relation to the most frequent haplo-
type AG.

Individuals who had a suicide attempt were younger
with a shorter duration of illness. There were no statisti-
cally significant differences in family history, gender, and
time of schizophrenia onset. These individuals had higher
scores in EMO dimension of the PANSS scale. For other

dimensions, there were no statistically significant differ-
ences (Table 4).

Our analysis showed that the risk of committing sui-
cide attempt decreases with age of onset (OR=0.973; 95%
CI: 0.953-0.994; p<0.05). The Hosmer—Lemeshov match
test proved to be statistically insignificant, confirming the
good fit of the logistic regression model (p=0.116).

Also the risk of suicide attempt decreases with
each year of schizophrenia (OR=0.971, 95% CIL
0.945-0.997, p<0.05). The Hosmer—Lemeshov match test
proved to be statistically insignificant, confirming the good
fit of the logistic regression model (p=0.391).

Discussion

Analysis of the distribution of alleles and genotypes for
the =181 A/C polymorphism of the SLC/A42 among schi-
zophrenic patients and healthy volunteers showed no sta-
tistically significant differences, both in the whole group
and after stratification according to gender. This indicates
a lack of association of the mentioned polymorphism with
the risk of developing schizophrenia in the Polish
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Table 4 Analysis of the clinical data and PANSS dimensions with respect to suicide attempts

Total S+ S - P
Male 236 (60.1%) 46 (19.5%) 190 (80.5%) 0.80
Female 157 (39.9%) 29 (18.5%) 128 (81.5%)
Family history of schizophrenia 95 (24.2%) 21 (22.1%) 74 (77.9%) 0.39
Age (years) 41£12 38+11 42+13 <0.05
Duration of illness (years) 16x10 14£9 16£10 <0.05
Age of onset (years) 26+7 24+6 26+7 0.11
PANSS (points)
POS 23.2+5.5 23.9+5.5 23.0+5.7 0.23
NEG 23.2+5.9 23.9+6.1 23.1+5.4 0.26
DIS 31.7x6.9 30.5+6.8 32.047.5 0.09
EMO 22.1%5.0 23.6+4.9 21.8+5.0 <0.01
EXC 20.4+5.6 21.1£5.5 20.2+6.0 0.23

Notes: S + patients with suicide attempt history. S — patients without suicide attempt history. Significant p values <0.005 are in bold.
Abbreviations: PANSS, Positive and Negative Syndrome Scale; POS, positive; NEG, negative; DIS, disorganization; EXC, excitation; EMO, emotional distress.

population. One of the polymorphisms analyzed in our
study: —181 T/G (lead strand DNA) (rs4354668) was
also evaluated in a group of 211 Italian Caucasians diag-
nosed with schizophrenia. Due to the lack of a control
group, only the distribution of individual genotypes was
given: 77 patients with genotype T/T (36.5%), 88 T/G
(41.7%) and 46 G/G (21.8%). The results obtained in the
current work can be confronted only in terms of the
frequency of individual genotypes. The distribution of
genotype and alleles in this study, including a twice larger
group of schizophrenic patients (AA 32.8%, AC 47.8%,
CC 19.4%) and alleles (A 56.7% and C 43.3%), was
slightly different, with a predominance of AC heterozy-
gotes and a lower percentage of AA and CC homozygotes.
At the same time, the frequency of the C allele (43.3%)
was slightly higher than in the study of Italian researchers
(42%),** where the frequency was almost the same as in
our control group (A 58.7%, C 41.3%) and the European
population (T 58%, G 42%).* In the association study of
—181 T/G polymorphism conducted in the group of Asian
schizophrenic patients, statistically significant differences
in the distribution of both genotypes and alleles between
the study and control groups were found. It was demon-
strated that the presence of the G allele was associated
with an increased risk of schizophrenia in the Chinese
population. In further analysis, it was noted that the poly-
morphism rs4354668 shows a similar association with
schizophrenia regardless of the gender of the examined
persons.** In another association studies of the SLCIA2
with schizophrenia in the Japanese population, for none of

the analyzed polymorphisms no statistically significant
differences in the distribution of both alleles and geno-
types between the patients and control groups could be
demonstrated.*>*® In conclusion, in contrast to the
obtained results in the study of the Chinese population,
in which the —181 A/C polymorphism of the SLC142 was
associated with schizophrenia, in our study of the
Caucasian schizophrenia patients. a similar compound
with the disease was not found.

In the current study, the polymorphism rs2486001 in
the SLC649 was analyzed. There were no statistically
significant differences in the prevalence of genotypes and
alleles between schizophrenic patients and healthy volun-
teers, both in the whole group and after stratification
according to gender.

To the best of our knowledge, this is the first associa-
tion study of SLC6A49 polymorphisms and schizophrenia in
Caucasian individuals. Similarly, no studies have been
published on association of rs2486001 polymorphism of
the SLC6A49 with schizophrenia among Asian patients.
Few published association studies of polymorphisms of
the GlyT1 encoding gene, not analyzed in this paper,
apply only to schizophrenia patients of Asian ethnicity.
Deng et al*’ studied 3 SNPs (rs783307, rs2248829 and
rs7555) in the SLC6A49, without noticeable differences in
the distribution of alleles and genotypes between the
groups for any of them. Also, Tsai et al*® in the study of
4 polymorphisms (rs1766967, rs16831541, rs2248632 and
1s2248253) of the SLC649 did not obtain statistically sig-
nificant differences in the distribution of genotypes and
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alleles. The authors concluded that there is no evidence of
association of the SLC6A49 with schizophrenia in the
Chinese population. Similar conclusions are derived from
the study of Korean schizophrenia patients with no differ-
ence in genotypic and allelic distributions for rs2248829 of
the SLC649.*° A study of the Japanese population indi-
cated a significant association of rs2486001 polymorphism
with a higher risk of developing post-amphetamine
psychosis.*

As described previously (see background), a number of
different loci related to glutamatergic transmission have
been identified by GWAS.'® GWAS is an epidemiological
study conducted on a very large population, but often
heterogeneous in contrast to candidate gene case—control
association studies. Because genetic marker frequencies
can differ between individuals with different ethnic back-
ground, population stratification can lead to false-positive
associations and/or mask true associations. It should be
emphasized that our study was carried out on a highly
homogeneous population, which minimizes the risk of
false results due to population differences. Moreover, an
important feature of GWAS is stringent selection criteria
of significance which may lead to false-negative results.
For this reason, the direct comparison of our moderate
sample size case—control study with large-scale GWAS
or meta-analyses will be rather difficult. However, data
obtained in our study may be used in the future meta-
analyses of association studies.

Numerous studies indicate differences in the clinical
picture and course of schizophrenia between men and

women,’*!

which emphasizes slightly higher risk
among men in whom the disease develops earlier. Men
are also more likely to abuse psychoactive substances.
Milder course of the disease among women means longer
periods of remission and less risk of recurrence. Some
authors highlight greater severity of negative symptoms
of schizophrenia in men and affective and positive symp-
toms in women. There is also evidence of gender differ-
ences in gene expression in the PFC of schizophrenia
patients.> We analyzed the effect of gender and genotype
of the =181 A/C polymorphism on the age of onset in the
schizophrenia group. Statistically significant earlier age of
onset among men compared to women (2446 vs 2848
years) was observed. There were no statistically significant
effects of genotypes of the —181 A/C polymorphism or
gender/genotype interaction on the analyzed parameter.
Studies of other authors examining the —181 T/G poly-
morphism (T/G: DNA of the leading strand) of the

SLCI1A2 contain averaged clinical data with no significant
differences between the groups (homozygous for allele
T and homo- and heterozygous for allele G) with respect
to analyzed variables.”>* Poletti et al** also describes
averaged clinical data and mentions the lack of statistically
significant differences between GG, GT and TT genotypes.
Deng et al*> omit the course of the disease. Nagai et al*®
showed no statistically significant differences in the dis-
tribution of genotypes in the 6 SNPs of the SLC/A42 in
individual subtypes of schizophrenia, or their effects on
clinical variables such as time of onset and duration of
illness, duration of untreated psychosis or number of
relapses. Regarding —181 A/C polymorphism of the
SLCIA2 the presence of allele A in healthy Japanese,
especially in women, was associated with higher transpor-
ter activity and thus lower glutamate plasma levels, and
promoted the occurrence of personality traits such as
introversion, independence and emotional coldness.*'
Another study of —181 A/C polymorphism of the
SLCIA42 in Caucasian patients diagnosed with bipolar dis-
order showed higher recurrence rates in homozygotes for
the polymorphic allele.”® Earlier studies already pointed to
the genetic similarity and co-occurrence of candidate
genes between bipolar disorder and schizophrenia. Shao
et al>® showed an altered expression of the SLCIA2 in the
DLPFC of patients in the bipolar and schizophrenia group.
Impairment of glutamate uptake due to dysfunction or
decreased expression of EAAT2 has been postulated in
the pathogenesis of many other neurodegenerative diseases
such as Alzheimer’s disease, Huntington’s disease or
amyotrophic lateral sclerosis.”’

In case of SNP rs2486001 of the SLC6A49, the analysis
of influence of gender and genotype on the age of onset of
schizophrenia was not performed due to the small number
of subjects with the A/A genotype in the study group.. In
the previous association studies of SLC649 polymorph-
isms in schizophrenia among patients of Asian ethnicity,
no clinical data were available (onset and duration of
illness).

Due to the heterogeneous nature of schizophrenia, the
PANSS scale has been introduced as an operatized, stan-
dardized that
a balanced representation of positive and negative symp-

research instrument should provide
toms, their relative proportions and their relationship to
global psychopathology. Initial groups of symptoms: posi-
tive, negative and general do not fully reflect the complex-
ity of the disease, which resulted in the development of the

3-, 4-, and then 5-dimensional PANSS scale. The

submit your manuscript

996

Dove

Neuropsychiatric Disease and Treatment 2019:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Merk et al

dimension description of schizophrenia was supported by
two main premises: it is complete, comprehensive and
does not lead to the loss of any part of the clinical
picture.’® The 5-dimensional PANSS structure is more
accurate reflecting clinical reality, and this model has
also been most frequently used in studies over the past
decade.”® The 5-dimensional model proposed by van der
Gaag®® used in this paper seems to comprehensively
describe the clinical picture of schizophrenia. So far, no
association studies of the glutamatergic system with schi-
zophrenia which use this model have been carried out. The
ANOVA results for both examined SNPs showed no effect
of gender and genotype on the values of individual dimen-
sions of PANSS. However, a significant weak positive
correlation was found between the age of the onset and
the magnitude of the negative dimension, and a significant
negative for the emotional distress dimension. In other
studies analyzing EAAT2 gene polymorphisms in the
Caucasian population, no gender division was introduced,
and each author provided a collective value of the PANSS
scale using a classical three-dimensional division. This
prevents direct reference to the results obtained by these
researchers. In the association study of —181 A/C poly-
morphism of the SLCIA2 among Asian schizophrenia
patients the PANSS has not been used,** this is the case
also in studies including other SNPs of the gene.****

In the current work, cognitive functions were not eval-
uated with neuropsychological tests in the study group;
however, according to other researchers, the disorganiza-
tion dimension could be identified as describing some
aspects of cognitive dysfunctions. Van der Gaag®® in the
5-dimensional model of the PANSS scale includes symp-
toms that are considered to be determinants of cognitive
impairment in the DIS dimension, although he does not
use a similar comparison. In the results of the present
study, genotypes and alleles of both examined polymorph-
isms were not related to the values of disorganization in
the study group. In the Asian population, Zhang et al**
found a statistically significant influence of the —181 A/C
polymorphism of the SLC/A42 on the results in WCST.
Homozygotes of the dominant T allele obtained better
results in comparison to persons with the polymorphic
G allele, both in the patients and in the control group.
The direct translation of disorganization dimension into
a determinant of patients cognitive functioning would be
a too reductionist approach, especially in the case of
incompatibility of individual authors as to the quantity
and quality of symptoms forming this dimension.

The distribution of genotypes and alleles in the group of
patients with a history of suicide attempts and nonsuicidal
group did not show statistically significant differences in the
genotype and allele frequencies between groups for both
analyzed polymorphisms. So far, no studies have been
published which would describe the influence of poly-
morphisms of glutamatergic system components genes on
the risk of suicide attempts in the group of schizophrenia
patients. On the other hand, our results are consistent with
the existing data, which include younger age, symptoms of
depression, sense of hopelessness or guilt, anxiety, insom-
nia and emotional tension as the risk factors for a suicidal
attempt in schizophrenia. The older age at the time of the
onset of schizophrenia is considered to be poorly related,
while the duration of the disease on the risk of suicide is
ambiguous.®® Among Korean patients diagnosed with schi-
zophrenia, there was a significant correlation of the occur-
rence of suicidal thoughts with the following symptoms of
the PANSS scale: G, G2, G3, G6.°' All of them are
included in the EMO dimension of the model we used in
our analysis.

This study shows several limitations which include the
relatively small sample size of the study group, which may
contribute to false-negative or false-positive results.
Another limitation may be the less number of female
patients included in the study. Neuropsychological tests of
cognitive functioning, which could enrich the results and
indicate possible association with polymorphisms, were
also not performed. Element hampering comparison of the
obtained results is the choice of a 5-dimensional model of
the PANSS scale proposed by van der Gaag.>® Some of the
presented results tended to be statistically significant, and it
is not known whether increasing the size of the studied
population could contribute to the statistical significance
of the examined parameters. However, we conducted our
study on a homogenous patient group of Caucasian ethni-
city, with the presence of a control group. So far, no asso-
ciation studies of SLC6A49 polymorphisms in schizophrenia
regarding Caucasian patients have been published. Previous
association studies of SLC/A2 polymorphism in schizo-
phrenia were performed only in patients. We broadly ana-
lyzed the psychopathology of schizophrenia in association
with polymorphisms, as well as their impact on suicide
attempts. Further analyses performed with larger samples
are still needed. It would be also interesting to analyze the
impact of the polymorphisms on other clinical features
(number of episodes and their duration and duration of
complete/incomplete remission) of schizophrenia.
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Conclusions

In conclusion, the current study showed no association of
polymorphism —181 A/C (rs4354668) in SLCIA2 and
152486001 polymorphism in SLC649 with susceptibility to
schizophrenia development. The presence of haplotype CA
in men was associated with an increased risk of developing
schizophrenia compared to women. There was no effect of
genotypes of both studied polymorphisms on the PANSS
scale factors. There was also no association of both poly-
morphisms with attempting suicide by patients. The results
of the present study did not indicate an association of studied
polymorphisms with onset of schizophrenia and its psycho-
pathology in a Polish Caucasian population.
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