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BCL2, _ _ Abstract

é'gr?(l)etygil:]i;eo“de Polymorphisms, | is proposed that both pre- and postnatal as eeligenetically determined

abnormalities of the apoptotic processes are anfactgrs responsible for the
development of schizophrenia. The ultimate vulniitgbof cells to diverse
apoptotic stimuli is determined by the relativaaatf various pro-apoptotic and
anti-apoptotic members of the B-cell lymphoma 2I{Bcfamily proteins among
which Bcl-2 proper is a major anti-apoptotic prateand Bcl-2-associated X
protein (Bax) is pro-apoptotic death promoter. Rustem studies demonstrated
the increased expression level of Bax encoding gamé high Bax/Bcl-2
proteins ratio in schizophrenia. However, it is ysiclear whether these
alterations are genetically determined or causedtbgr factors. In the present
study we, for the first, time evaluated the asgamiaof single nucleotide
polymorphisms (SNPs) rs1057369 (A>G) and rs95656G2A), rs1801018
(A>G) of Bax and Bcl-2 encoding gendBAX and BCL2, respectively, with
schizophrenia in Armenian population using polyrserahain reaction with
sequence-specific primeBAX rs1057369 SNP was found negatively associated
with this disorder; the presence BAX rs1057369*G minor allele, especially in
homozygous form, was associated with decreased dbkdeveloping
schizophrenia, whereas no association between agifmegnia and BCL2
rs956572 and rs1801018 polymorphisms was reve&laded on the obtained
results we concluded that the rs1057369*G mincelalbf BAX may have a
protective effect relative to schizophrenia, andattithis effect is most
pronounced in individuals with GG homozygous gepety
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1. Introduction

Schizophrenia is one of the most severe and digahlinong mental disorders
affecting up to 1% of the world population (1) asccharacterized by cognitive
impairments (2) linked to behavioral changes (3). i3 considered a
multifactorial disease, likely to be caused by raltiens in genome, both
acquired (originated during prenatal development) mherent, combined with
postnatal environmental factors (4, 5).

Apoptosis is a mechanism of cell death that opsrate normal
neurodevelopment and is increasingly recognizedgqgrathological features in
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diverse neuropathological conditions including raént  Postmortem studies of Jarskog et all demonstrdted t
disorders (6, 7). Activation of apoptosis can led increased expression level of Bax encoding geng 39
elimination of neurons and glia in the central mery  well as high Bax/Bcl-2 proteins ratio in the temalor
system (8, 9). Evidence of progressive clinicalcortex of patients with schizophrenia (40). Howe\ers
deterioration and subtle neurostructural changésviong yet unclear whether these pathologic alterations ar
the onset of psychosis, shorter dendrites, reducedenetically determined or caused by other factors.
neutrophil count, reduction in neuronal and gliallc In the present study we evaluated the associatfon o
number, especially synaptic elements (10, 11), thmge single nucleotide polymorphisms (SNPs) rs1057368 an
with brain imaging data of schizophrenia-affectetljects rs956572, rs1801018 of Bax and Bcl-2 encoding genes
(12) indicate that apoptosis may significantly cimite to  (BAX and BCL2, respectively) with schizophrenia using
the pathophysiology of schizophrenia. Moreover,polymerase chain reaction with sequence-specifingns
alterations of the apoptotic processes in schizmphrare (PCR-SSP). Information about functionality of these
detected at the levels of the brain (13, 14) amipperal SNPs was obtained from the databases of the
blood (15-17). Furthermore, one of the contemporarynternational Haplotype Map Project (HapMap;
hypotheses of etiology and pathogenesis of schiemidn  http://hapmap.ncbi.nim.nih.gov/cgiperl/gbrowse/hapm
(“neurodevelopmental hypothesis”) proposes that ir27_B36/) and the National Institute of Environménta
schizophrenia apoptotic processes and their genetidealth Sciences (NIEHS; http://snpinfo.niehs.nilv/go
regulation are altered starting from the early eta@f snpinfo/snpt ag.htm). To our knowledge this is estfi
neural development (18). It is proposed that batt pnd  study evaluating potential implication ofBAX
postnatal as well as genetically determined abnlitiesa (chromosome 19, locus 19q13.33) andCL2
of the apoptotic processes are among factors reggen (chromosome 18, locus 18qg21.33) polymorphisms in
for the development of schizophrenia (10) and that-  etiopathomechanisms of schizophrenia.
lethal apoptosis may contribute to schizophrengoeaated
defects of synaptic plasticity (19), neurodegerezat .
alterations (20), and immune system dysfunctions,z' Subjects and Methods Study
particularly, autoimmune and inflammatory reactigms, Population
21, 22) directly linked to apoptosis (23, 24). Adigether
these interrelated anomalies have a significantagchpn
cognitive function (25-29) and might be responsifile
cognitive impairments in schizophrenia.

A family of B-cell lymphoma 2 (Bcl-2) proteins

In total 654 unrelated Caucasian individuals of
Armenian nationality born and living in Armenia (33
chronic patients with schizophrenia and 326 healthy
control subjects) were enrolled in this study.
constitutes one of the most biologically relevaasses of ~>chizophrenia-affected subjects (female/male: 1D&/2

apoptosis regulators acting at the effecter stdgpaptosis, Mean age + SD: 48.6 + 10.58 years, age at thedirset
with some members functioning as suppressors off illness: 29.16 + 6.36 years, duration of |IIrFe§;§.57 *
apoptosis and others as promoters of apoptosis. THE-81 years) were recruited from the clinics of the
ultimate vulnerability of cells to diverse apopeostimuli s ~ PSychiatric Medical Center of the Ministry of Hea(MH)

determined by the relative ratio of various progptic ~RA-  All - patients — were .diagnosed as paranoiq
and anti-apoptotic members of the Bcl-2 family (3Q). schizophrenics (ICD-10 code: F20.0, DSM-IV-TR code:

Bcl-2 proper and Bcl-2-associated X proteie members 29930 (41, 42)) by psychiatrists according to
of the Bcl-2 family proteins (32). Bcl-2 proper &n the presence of tr_]e_ relevant symptoms and thetsestl
integral, membrane-associated protein with antiséqtic the Stru_ctured Clinical Interview for DSM-IV-TR ()1.2.
and antioxidative effects (32, 33). Bcl-2 is a magmti- All patients were treated with typical neuroleptic

apoptotic protein that inhibits apoptotic and néicraell ~ haloperidol (1Img 3 times dailyper 0s). Age- an_d Sex-
death induced by a diverse set of adverse conditga). matched healthy control subjects (female/male: 208/

Bcl-2 also plays critical roles in neuronal morphngsis M€an age + SD: 41.2 £ 13.46 years) with no fanpbst

and synaptic plasticity (35, 36), and reduced Bcl-2°" present histo.ry of any mental disorder as dejtmr_dw_
function is hypothesized to contribute to the impeint PY the non-patient version of the Structured Chinic

of cellular plasticity and resilience in patientétwmood ~ 'Nterview for DSM-IV-TR Axis | Disorders (43) were
disorders (34). recruited among the blood donors of the Erebouni

Medical Center MH RA. Exclusion criteria for allusty
subjects included any serious neurological, endegri
oncological, inflammatory, autoimmune, cerebrovéeGu

Bcl-2-associated X protein (Baxis pro-apoptotic
member of the family of Bcl-2-related proteins, aihas
an extensive amino acid homology with Bcl-2 (37).38

Whether the cell will live or die may depend on teeel ~ N€art, or metabolic disorder. All subjects gaveirthe
of either protein: while Bcl-2 prevents death, Baxa informed consents to participate in the study, Wwhicas
death promoter (30-32). further approved by the Ethical Committee of thstilate

of Molecular Biology NAS RA (IRB #00004079).
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Collection of Blood Samples and Extraction data was evaluated usif@PSS-13.0" (SPSS Inc, USA)
of Genomic DNA software.

About 5 ml of peripheral blood was collected froacle 3.R It
study subject by venipuncture and transferred tol &D - Results

containing tubes. Genomic DNA samples were isolated The gistribution of genotypes for the selected SIPs

from fresh blood according to a s:[)andar.d pPhenolyaih study groups complied with H-W equilibrium e n
chloroform method (44) and stored at -30°C untd.us significant differences were detected between theeoved

Genotyping of BAX Rs1057369 and BCL2 and expected genotype frequencies (p>0.05). The
Rs956572. Rs1801018 SNPs genotyping success rate was 100%, and rescreeriing o
’ randomly selected DNA samples of study subject8od®

All DNA samples were genotyped f@AX rs1057369 total) gave 100% identical results. Minor allelecuency
(A>G; chromosome 19: 49464866; intron variant) andin healthy control subjects for all studied polypioisms
BCL2 rs956572 (G>A; chromosome 18: 60820571, introrwas close to that reported for Central EuropearuRdipn
variant), rs1801018 (A>Ggrhromosome 18: 60985879, (HapMap, NIEHS). Distribution oBAX rs1057369 and
synonymous codon) SNPs using PCR-SSP as describ&CL2 rs956572, rs1801018 variants in study groups is
earlier(45). All primers for PCR-SSP were designed usingshown in table 1.
the genomic sequences in the GenBank databaseNo significant difference was observed between the
(http://www.ncbi.nim.nih.gov, Gene IDs: 581 and 58  patients and controls regarding the genotype ataleal
BAX and BCL2, respectively). The primer sequences forfrequencies and minor allele carriage of tiBCL2
three mentioned SNPs were as follows: 1) rs9568ll@e  rs956572 and rs1801018 SNPs (p>0.05). Thus, thdtses
A reverse 5-AGAGGGAGTCATGACTGAATT, allele G obtained indicated that there is no significanfeddnce in
reverse 5-AGAGGGAGTCATGACTGAATC, constant minor allele frequency oBCL2 rs956572 and rs1801018
forward 5'-CAGATCTGTGCTTGAACCTCA, 2) SNPs between patients and controls (rs956572*/epesti
rs1801018: allele A reverse 5'- vs. controls: 40% vs. 41%.orected1.809, OR=1.06, 95%
ATCTCCCGGTTATCGTACCCT, allele G reverse 5'- Cl: 0.851-1.322; rs1801018*G patients vs. contrdi%
ATCTCCCGGTTATCGTACCCC, constant forward 5'- vs. 519%, Peorrecte®0.372, OR=0.84, 95% CI: 0.679-1.048,
GATCCGAAAGGAATTGGAATA, 3) rs1057369: allele respectively). The same applies to the carrietth®BCL2
A reverse 5'- ATCTTCTTCCAGATGGTGAGT, allele G rs956572*A and rs1801018*G minor alleles (rs956%y2*
reverse 5-ATCTTCTTCCAGATGGTGAGC, constant patients vs. controls: 66% vs. 64%0omrectedl.632,
forward 5-TTACAGGTGTGAGCCACCATG. OR=1.105, 95% CI: 0.8-1.525; rs1801018*G patiergs v

The presence/absence of allele-specific amplicoribe  controls: 74% vs. 79%corrected0.348, OR=1.34, 95% CI:
PCR products was visualized in 2% agarose gelexfain 0.93-1.923). Statistical powers of this part of stedy,
with ethidium bromide fluorescent dye using DNA indicating the differences in the carriage of tBEL2
molecular weight markers as a reference. To chbek t rs956572*A and rs1801018*G minor alleles between
reproducibility of results, randomly selected DN&ngples patients and controls, were 7.52% and 15.11%,

of study subjects (10% of total) were genotypedéwi respectively. By contrast, significant difference in the
Lo ) genotype and allele frequencies, and minor allaleiage
Statistical Analysis rates of theBAX rs1057369 SNP between patients and

Distributions of genotypes for all investigated NP COntrols was found (p<0.05), and the negative asgon
were checked for correspondence to the Hardy-Weinbe between schizophrenia and rs1057369 SNP was détecte

(H-W) equilibrium. In order to find potential relamce of ~ 1Nus, minor allele frequency BAX rs1057369 SNP in
the selected SNPs to schizophrenia, their genotym patients was lower than in controls (rs1057369*@Eepas
allele frequencies and minor allele carriage ratgmtients VS'O con'Frols: 45% VS. 55%Dcorrecteq0.00185, OR=0.68,
and healthy control subjects were compared. Th&>% Cl: 0.551-0.851). The same tendency was detecte
calculations of genotype and allele frequenciesevised WNen comparing a number of the rs1057369*G minor
on the observed number of genotypes. The signifieai allele carriers in patients and controls (rs956%7 Patients
differences in genotype and allele frequencies mimbr S+ CONtrols: 73% vs. 82%corecte0.0206, OR=0.6, 95%
allele carriage between patients and healthy cbntrcC!: 0-415-0.871).

subjects was determined using Pearson’s Chi-scieate The obtained results demonstrated —th&AX
The odds ratio (OR), 95% confidence interval (Gijd rs1057369*G minor allele is overrepresented in c@stas

Pearson’s p-value were calculated. P-values weitested compared to patients. Moreover., asitis s_hownablé' 1,
by Bonferroni multiple correction approach (46)dahose & number of homozygous carriers of minor allele JGG
less than 0.05 were considered statistically sicit. ~2MOng controls was significantly higher than among
Statistical powers of the present study were catedl Patients (18% vs 29%, p<0.05). Statistical powertios
according to the protocol described elsewhere (FTig part of the study, indicating the difference in tagriage of
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the BAX rs1057369*G minor allele between patients and  rotsitwas 38.99%.

Table 1. Genotype and allele frequencies and minor allele carriage of BCL2 rs956572, rs1801018 and BAX rs1057369 SNPs in patients with
schizophrenia (SCH) and controls.

BCL2 rs956572 (G>A) SCH (n=330) Controls (n=326) Prominal Peorrected

GG 110(0.34) 116(0.36)
Genotypes AG 176(0.53) 150(0.46)

AA 44(0.13) 60(0.18) 0.075 0.225
el G 396(0.60) 382(0.59)

A 264(0.40) 270(0.41) 0.603 1.809
Carriage A 220(0.66) 210(0.64) 0.544 1.632
BCL2rs1801018 (A>G)

AA 86(0.26) 68(0.21)
Genotypes AG 182(0.55) 186(0.57)

GG 62(0.19) 72(0.22) 0.295 0.885

A 354(0.54) 322(0.49)
Alleles

G 306(0.46) 330(0.51) 0.124 0.372
Carriage G 244(0.74) 258(0.79) 0.116 0.348
BAX rs1057369 (A>G)

AA 90(0.27) 60(0.18)
Genotypes AG 180(0.55) 174(0.53)

GG 60(0.18) 92(0.29) 0.0023 0.0069
. A 360 (0.55) 294(0.45)

G 300(0.45) 358(0.55) 0.000617 0.0019
Carriage G 240(0.73) 266(0.82) 0.00685 0.0206

Data is presented as absolute number (proportion).

in the neurobiology of reward processes and emotion
4. Discussion regulation and in the pathophysiology of mood disos
(54). Also, it was demonstrated that rs956572 SN&/ m
In the present study, for the first time, the pti#8n modulate cognitive function and regional gray nratte
association between schizophrenia disorder andifimad  volume in non-demented elderly men, and affect uagg
polymorphisms of Bcl-2 family proteins encoding gen performance through its effect on the right mideieaporal
BAX rs1057369and BCL2 rs956572,rs1801018,was gyrus (55). In addition, it was shown that rs956572
assessed. associates with increased anterior cingulate c@rtic
BAX rs1057369 SNP was found negatively associatedlutamate (56) and disrupted intracellular calcium
with schizophrenia: the presence BAX rs1057369*G homeostasis in bipolar | disorder (57) and thatoaimal
minor allele, especially in homozygous form, wasBCL2 gene expression in the AA genotype of rs956572
associated with decreased risk of developing sphiiamia. contributes to dysfunctional Ca(2+) homeostasisugh
It has to be mentioned that no data on associatichis inositol 1,4,5-trisphosphate receptor-dependenthiargism
polymorphism with any diseased condition has beeif58).
reported before. Regarding BCL2 rs956572 and rs1801018
Opposite toBAX rs1057369 SNPBCL2 rs1801018 and polymorphisms, this study revealed no associatetwéen
rs956572 polymorphisms have been intensively stuifie schizophrenia and these SNPs. Further studies with
different diseased and other conditioB€L2 rs1801018 implication of otherBAX and BCL2 SNPs will finally
SNP was mostly found to be associated with oncoddgi reveal whether alterations iBAX and BCL2 genes may
disorders (48-51) as well as with poorer clinicatoomes contribute to changes in to Bax/Bcl-2 expressiorle (39,
and mortality in patients with traumatic brain inj52). 40), and, in general, to defects in apoptosis in
BCL2 rs956572 polymorphism was shown to associat schizophrenia (10).
with the risk for developing bipolar disorder andasw
nominated as modulat_o_r of the expres_sion of Bct_d_tepn 5. Limitation of Study
and cellular vulnerability to apoptosis (53). Pieichl
studies show that this SNP exerts functional effect Bcl- The limitation of this study is a relatively smathmple
2 expression, as the A homozygous genotype is a$sdc size of study subjects. Also, because all subjestslived
with significantly lower Bcl-2 mRNA expression, 50% in the present study belonged to Armenian popuiatio
lower Bcl-2 protein levels, and greater cellulansivity  further investigations in other populations areassary to
to stress-induced apoptosis (53). This SNP wasrtegpdo  replicate the present findings.
affect gray matter volume in areas known to play fades
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6. Conclusion [7]

In conclusion, our results, for the first time, ealed
significant negative association between schizaparand
rs1057369 polymorphism oBAX gene encoding pro-
apoptotic Bax protein. According to these resube t [9]
rs1057369*G minor allele dBAX may have a protective
effect relative to schizophrenia at least in Arnaeni
population. In addition, it was demonstrated thég effect
is most pronounced in individuals with GG homozygou
genotype. Our study also indicated nsignificant
association between schizophrenia and rs956%¢#]
rs1801018 polymorphisms @®CL2 gene encoding anti-
apoptotic bcl-2 proper protein.
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