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Gilutamate-induced excitotoxicity is considered one of the major mechanisms
involved in the pathogenesis of ischemic stroke (IS), a severe acute neurological
complex disorder with polygenic inheritance. However, molecular level alterations
responsible for IS-associated excitotoxicity are yet unclear. Complexins represent a
family of proteins contributing to the modulation of neurotransmitter release and
maintenance of synaptic plasticity. Recent study demonstrated upregulation of
complexin-2 in the ischemic brain that may suggest its implication o synaptic
mallunction mn IS. In the present work we evaluated the potential association of the
complexin-2 gene (CPLX2) 151366116 and rs3892909 single nucleotide
polymorphisms (SNPs) with IS, For this purpose. genomic DNA samples of 172
patients with IS and 225 healthy subjects of Armenian nationality were genotyped
for the selected CPLX2 gene SNPs using polymerase chain reaction with sequence-
specilic prnimers. Data were analyzed by Pearson's %2 test. The obtamned results
demonstrated positive association of the CFLXY2 gene rs1366116 SNP and 1S and
absence of any association between this disorder and the rs3892909 SNP of the
CPLX2 gene. Our finding suggests that T minor allele of the rs1366116 SNP of the
CPIX2 gene may be considered as a risk factor of S,
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I'myraMaTHad 2KCaHTOTOKCHYHOCTH  paccMaTpHBaeTCd KaK  BakHEHIIHH
TIATOTSHeTHYSCKIIT MEXaHH3M HIeMIecKoro HHeymbTa (MUH) - Tsmkenoro ocrpero
KOMITTEKCHOTO ~ HEBPOMOTHUECKOTC  3a00NMeBaHWd ¢ TIOMHTEHHBIM — THIIOM
HacleMoBaHUA. OJHAKO 0 HACTOAMETO BPeMeHH HeACHO Kakie HApYIIeHHA Ha
MOJICKYILIDHOM  YPOBHE OTBETCTBEHHBL 32 accoUMHposaHHyro ¢ WU
IKCAHTOTOKCHYHOCTh.  KOMITIEKCHHBI — TIPEACTABIAIOT  CeMeHCTBO — OEIKOB,
YUACTBYIOT B MOIYILALWH BEICBOCOXKICHIA HeHPOTPAHCMHITEPOB H IIOANC]H KAHHH
CHHAIITHYCSCKOH IUMcTHYHOCTH. COrTMACHO IMTepaTyPHBIM LaHHBIM B HEIOABHO
NPOBEACHHEIX HCCIeNOBaHHH OBUIO IIPONEMOHCTPHPOBAHO — CBEPXIIPOILYKIIHA
KOMIUICKCHHA-2 B TKaHH T[OIOBHOTO MO3la IIPH  MINEMWH, 4YTO MOMKET
CBHASTEMBCTBOBATE O €r0 BOBIEUSHHMH B CHHATITHYSCKYIO THC(PYHKITHIO Tpu MH.
Hensto Hactodmel pafoThl OBIIO  H3YUEHHE BOSMOKHOH  accoITHallHu
ONHOHYKICOTHIHEIX MOMHMOpdI3MoE 1$1306116 1 153892909 reHa KOMITIICKCHHA-2
¢ MH. C a10ii nemsto obpastet reHomMHoH JITHK 172 dompabix MW 1 225 smopoBsIx
TIHLL aPMIHCKOH HAIMOHAIBHOCTH OBLIH I'eHOTHITHPOBAHEL METOLOM II0IMMEPa3HOi
TEMHOH PeakiHi ¢O CMEIMpHYHBIMH K TOCTEA0BaTebHOCTH TMpaiimepanmt (PCR-
SSP). CraTHCTHUECKHIT aHalH3 JaHHBIX TIPOBOJHICA COTIMACHO KPHTEPHIO -
[Mupcona. IlpoBeficHHOe HcClNelOBaHME IIOKA3Al0 HAIHYHE ITONOMKHTEIEHOH
accorrHarpd Mexmy rsl366116 mommiopdismon reHa CPLY2 w MW u oTcyTcTBHE
KAKOH-mHOO  accolMallMM  MEKAY  5THM  3alolcpaHdeM H o 153892909
mommMop(HsMoM  TeHa CPLX2.  PesylbTaTel  HACTOMINETO  HCCICHOBAHIT
CBHJISTENBCTBYIOT © TOM, YTO HacleJoBaHWe T MHHOpPHOH ammentn 151366116
nonmMop(HsMa reHa CPLYZ MOBHIIACT PHCK Pa3sBHTHA HHCYIIBTA.

Huersmecruii uHcymom - ROMIIERCUH-2 - OOHOHYRACOMUOHBE NORUMOp izt -
2eHOMURUPOBAHIUE

Introduction.

Stroke 1s a leading cause of death and adult disability in the developed world, and
there is no effective treatment for this disorder. Ischemic stroke (IS) is a polygenic
complex disorder caused by gene-environmental interactions, which induce different
pathophysiological processes [6]. Identification of whole complex of genetic variations
associated with IS could sufficiently enlarge our knowledge on molecular targets for
stroke therapy and prevention of its complications.

Glutamate-induced excitotoxicity 1s considered one of the major mechanisms
involved in the pathogenesis of IS. An increase in intracellular calcium following over-
activation of glutamate receptors leads to excitotoxicity and tissue injury [8]. Ca®'-
dependent glutamate release is a SNARE (soluble N-ethylmaleimide-sensitive factor
attachment protein receptor) protein-dependent synaptic vesicle exocytosis process [7].
However, molecular level alterations responsible for IS-associated excitotoxicity are yet
unclear. Complexins represent a family of proteins contributing to the modulation of
neurotransmitter release and maintenance of synaptic plasticity [11]. These proteins have
been characterized as being responsible for the regulation of SNARE-mediated fusion
[10]. Promising studies have indicated that complexins bind in an antiparallel a-helical
conformation to the groove between synaptobrevin and syntaxin and stabilizes the
interface between these two SNAREs that bears the repulsive forces between the
apposed membranes [4]. Recently it has been reported that inhibition of the SNARE
pathway attenuated damage after stroke suggesting that complexin-2 is a central target
molecule that links NADPH oxidase-derived reactive oxygen species to glutamate-
mediated neuronal excitotoxicity in IS [13]. Also, upregulation of complexin-2 in the
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1schemic brain has been demonstrated [ 13] that provides further evidence on implication
of this protein to synaptic malfunction in [S.

The present study was designed to investigate potential association of the functional
single nucleotide polymorphisms (SNPs) of gene encoding complexin-2 (CPLX2) with
IS in an Armenian population.

Materials and Methods.

Study population. In total, 172 patients with first episode IS (males/females: 90/82; mean age
+SD: 5049.7 years) and 225 healthy subjects (males/females: 154/71; mean age +SD: 42.649.2
years) were enrolled in this study. All subjects were unrelated Caucasians of Armenian ancestry.
Patients were hospitalized in the Medical Clinic N2 of the Yerevan State Medical Umversity.
Diagnosis of IS was based on clinical history and neurological examination and was confirmed by
brain computer tomography (CT) imaging and basal laboratory tests. Stroke severity was scored
using the National Institutes of Health Stroke Scale. Among IS patients involved in this study 38
had cardiceambolic stroke, and 134 - large vessel atherothromboembolic stroke. Among IS patients
89 had hyperlipidemia, 70 had arterial hypertension, 32 had atrial fibrillation, and 53 had coronary
artery disease; 63 patients were nicotine-dependent (cigarette smokers), and 34 were alcohol
consumers;, 86 patients had positive family history of IS (54 -maternal heredity, 30 - paternal
heredity, 2 - both). Healthy subjects (controls) without family history of IS and myocardial
infarction were recruited among the blood donors of the Erebouni Medical Center of the Ministry
of Health of the Republic of Armema (MH RA) and had no history of previous ischemic
cerebrovascular event. Controls had no serious medical disorders, including coronary artery
disease, atrial fibrillation, arterial hypertension, and hyperlipidemia, or treatment during the past
12 months. At the time of blood sampling they do not have symptoms of IS or a transient ischemic
attack. No special studies have been performed to assess the progress of atherosclerotic process in
controls. Exclusion criteria for all subjects include past or present history of neuropsychiatric
disorders, metabolic disorders, myocardial infarction, oncological and immune system diseases.
All subjects or their legal representatives gave their informed consent to participate in the study,
which was approved by the Ethical Committee of the Institute of Molecular Biology NAS RA
(IRB #00004079).

Collection of blood samples and extraction of genomic DNA. About 5 ml of venous blood was
collected from each study participant by venipuncture and transferred to EDTA-containing tubes.
Blood samples of IS patients were collected on days 1-4 of stroke onset. Genomic DNA was
isolated from fresh blood samples according to the standard phenol-chloroform method and stored
at -30°C until further use [12].

Genotyping of the CPLX2 gene rsi366116 and rs3592909 SNPs. All DNA samples were
genotyped for CPLX2 gene 151366116 and 153892909 SNPs using polymerase chain reaction with
sequence-specific primers (PCR-SSP) under earlier described conditions [3]. All primers for the
PCR-SSP were designed using the genomic sequences in the GenBank database
{(www.ncbi.nlm.nmh.gov ). The primers sequences were as follows:

1. CPLX2r1s1366116: reverse 5-ATG-TGT-AGG-AAA-ATG-GCT-TCG-3’ for standard C
allele, reverse 5'-ATG-TGT-AGG-AAA-ATG-GCT-TCA-3’ for minor T allele, and
constant: forward 5°- CAA-TGG-CCT-CTG-ACT-GGT-G-3",

2. CPLX2 r33892909: forward 5- GGT-GAG-GCT-GCT-GTC-TGC-3' for standard C
allele, forward 5’-GGT-GAG-GCT-GCT-GTC-TGT-3’ for minor T allele, and constant:
reverse 5-CTG-CTT-CAT-GAC-GAA-GTC-CA-3".

The presence/absence of allele-specific amplicons was visualized by electrophoresis in 2%
agarose gel stained with ethidium bromide.

Statistical analysis. Distribution of genotypes for the rs1366116 and rs3892909 SNPs were
checked for correspondence to Hardy—Weinberg equilibrium. To reveal a potential association of
these SNPs with IS, their genotype, allele, and minor allele carriage frequencies in patients and
controls were compared. The significance of differences in the mentioned parameters between the
study groups was determined using Pearson’s 2 test. The odds ratio (OR), 95% confidence
interval (CI), and Pearson’s p value were calculated. Statistical power of the present study was
assessed as described earlier [9]. All tests were two-sided with 95% significance level (p<0.05). P
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values <0.05 after adjustment by Bonferroni multiple correction approach were considered
significant.

Results.

To assess potential association between the CPLX2 gene 151366116 and rs3892909
SNPs and 1S, genomic DNA samples of patients and controls were genotyped for the
selected polymorphisms. The genotype frequencies of the selected SNPs followed the
Hardy-Weinberg equilibrium {p>0.05). Estimated genotype and allele frequencies of the
CPLX2 gene 151366116 and rs3892909 SNPs in controls were similar to those reported
for European population in public genetic database (www.ncbinlm nih.gov/SNP). The
distributions of the rs1366116 and rs3892909 variants in both study groups are presented
in Table 1. Regarding the rs1366116 SNP, there was detected a significant increase in
the frequency of T minor allele (p=8.8E-5, peor=1.7E-4, OR =1.8, 95% CI 1.343-2.434)
and carriage of this allele (p=0.015, peor=0.03, OR=0.6, 95% CI 0.4-1) in patients
compared with controls. Accordingly, the carriers of CPLX2 rs1366116*T minor allele
were overrepresented in patients compared to controls. Statistical power of this study,
indicating the difference in the allele frequency of the rs1366116 SNP between the
patients and controls, was 99.54%.

No association between the rs3892209 SNP and IS was found.

Table 1. Genotype, allele and minor allele carriage frequency distributions (FD) of the CPEX2 gene 151366116
and rs3892909 SNPs in IS patients and controls.

Genotype (FD, %) Allele (FD, %)
SNP ID Prominat Carriage (FD’ %) Prominat
IS Controls I8 Controls Promectea Poorrected
n=172) (n=225)
IS Controls
CC (41) CC (53) C({59) c(2)
151366116 CT (36) CT (38) fgg-i (59) “47) 88;’3
T3 | TTO) | Te | TS B '
CC(23) CC (20) C @ C (46) 07 0.52
153892909 CT (49) CT (52) 1 '4 (77 (80) 1'04
T8 | TT8) | TGH | TeH : :

Discussion.

Recent report have indicated that gene silencing of complexin-2 ameliorated cerebral
injury as evidenced by reduced infarction volume, neurological deficit, and neuron
necrosis accompanied by decreased glutamate levels [13]. The present study
demonstrated that the CPLXZ rs1366116*T minor allele is positively associated with IS
in Armenian population. Interestingly, previous studies performed in our laboratory
demonstrated associated of this SNP with schizophrenia and posttraumatic stress
disorder in Armenian population [1, 2], which like IS are characterized by defects in
synaptic plasticity [5]. All together these observations emphasize the important role of
complexin-2, in particular, and genetic factors, in general, in development of pathogenic
alterations relative to synaptic-plasticity.

Since the present observation refers to one given population {Armenian), the results
should be replicated in other populations/ethnic groups. Another limitation of the present
study is relatively small sample size (172 patients and 225 controls).
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Conclusion.
Our finding nominates the minor T allele of the CPLY2 gene rs1366116 SNP as a
risk factor for IS at least in Armenian population.
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IS - ischemic stroke

MH RA - Ministry of Health of the Republic of Armenia

NAS RA - National Academy of Sciences of the Republic of Armenia

OR - odds ratio

PCR-SSP - polymerase chain reaction with sequence-specific primers

SNARE - soluble N-ethylmaleimide-sensitive factor attachment protein receptor
SNP - single nucleotide polymorphism
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