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LOWER SERUM BCL-2 PROTEIN LEVELS IN SCHIZOPHRENIA

PATIENTS TREATED WITH THE SECOND THAN THE
FIRST GENERATION ANTIPSYCHOTICS

Viadimir V. Pordeviéi?

Schizophrenia is one of the most severe psychiatric diseases the etiology of which
remains unknown. Among the many factors involved in the pathophysiology of
schizophrenia, a role of apoptosis has also been hypothesized. Bcl-2 protein is a potent
inhibitor of apoptosis, showing in addition neurotrophic activity in the central nervous
system. Since the expression of Bcl-2 protein is increased in several neurodegenerative
diseases and schizophrenia shows some of the features of a limited neurodegenerative
disorder, it has been hypothesized that Bcl-2 protein expression is altered in schizophrenia.
In order to test this hypothesis, Bcl-2 protein was determined in the sera from 30 patients
with schizophrenia and from 30 age- and gender-matched healthy subjects using the
ELISA method. Although the mean serum Bcl-2 protein concentration was lower in patients
with schizophrenia than in healthy volunteers, there was not any significant difference
between the patient (0.276 £ 0.07 ng/mL) and control (0.332 + 0.22 ng/mL) values. No
significant difference was found between males and females either. Similar Bcl-2
concentrations were obtained in the group showing almost equally positive and negative
symptoms (0.275 £ 0.068 ng/mL), in the group with a relative predominance of positive
symptoms (0.283 * 0.082 ng/mL) and in the group with a relative predominance of
negative symptoms (0.275 + 0.074 ng/mL). Serum Bcl-2 protein concentration in patients
treated with first generation antipsychotics was 0.301 £+ 0.075 ng/mL, and it was
significantly higher compared to the values in patients receiving second generation
antipsychotics (0.233 £+ 0.052 ng/mL, p <0.05). There was not any significant correlation
between serum Bcl-2 concentration and heredity, onset of the disease, number of
psychotic episodes and duration of psychosis. To date and to the best of our knowledge,
this has been the first demonstration of Bcl-2 concentration in the sera of patients with
schizophrenia, showing significantly different values between the patients treated with

typical and those treated with atypical antipsychotics.
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Introduction

Schizophrenia is a complex and one of the
most severe neuropsychiatric disorders, affecting
up to 1% of the world population. It is characte-
rized by cognitive impairments linked to beha-
vioral changes (1, 2). It is considered a multifac-
torial disease caused by a combination of genetic
and environmental factors (3). Among the many
factors responsible for the development of schizo-
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phrenia, both pre- and postnatal, as well as those
genetically determined, abnormalities of the apo-
ptotic process should be considered as well (4).
Apoptosis is a mechanism of cell death that ope-
rates in normal neurodevelopment. However, it
occurs as a pathological feature in various neuro-
logical and psychiatric disorders (5). The activation
of apoptosis can lead to the elimination of neurons
and glia in the central nervous system (6). Eviden-
ce of subtle neurostructural changes following the
onset of psychosis, shorter dendrites, reduced ne-
utrophil count, reduction in neuronal and glial cell
number as well as synaptic elements (4), indicates
that apoptosis may significantly contribute to the
pathophysiology of schizophrenia. Furthermore,
dysregulation of apoptotic process in schizophrenia
is documented in the brain (7) and peripheral
blood (8). On the basis of known evidence, it is
suggested that schizophrenia is associated with
non-lethal apoptosis that leads to the defects of
synaptic plasticity (9), neurodegenerative altera-
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tions (10) and immune system dysfunction (11),
and all these disturbances may have a significant
impact on cognitive impairments in schizophrenia.

Bcl-2 protein is a member of the Bcl-2 (B-
cell lymphoma 2) family of proteins that regulate
apoptotic cell death. To date, a total of 25 proteins
have been identified in this family which have
either pro- or anti-apoptotic activities. At least 15
Bcl-2 family members have been identified in
mammalian cells (12). Each family member con-
tains one to four conserved regions which are na-
med as Bcl-2 homology domains (BH1-BH4) and
which control the capability of these proteins to
dimerize and regulate apoptotic cell death (13).
Proteins which contain all four domains exert anti-
apoptotic activity, while the others exert pro-apo-
ptotic effects. The ultimate vulnerability of cells to
diverse apoptotic stimuli is determined by the
relative ratio of various pro-apoptotic and anti-
apoptotic members of the Bcl-2 family (14, 15).
They control and regulate the intrinsic, mitochon-
drial apoptotic pathway by exercising control over
mitochondrial membrane permeability. The main
mechanism of action of the Bcl-2 family of pro-
teins is the regulation of cytochrome c release
from the mitochondria. Bcl-2 is an integral, mem-
brane- associated protein, and a major anti-apop-
totic protein that inhibits apoptotic and necrotic
cell death induced by a diverse set of adverse con-
ditions (16, 17). It controls the activation of cas-
pase proteases and inhibits cytochrome c release.
Bcl-2 also plays critical roles in neuronal morpho-
genesis and synaptic plasticity (18, 19). In ad-
dition, it exerts antioxidant potentials, prevents
the production of reactive oxygen species and con-
trols calcium concentration in the cell.

The objective of this study was to evaluate
serum Bcl-2 protein levels in patients with schizo-
phrenia.

Material and methods

This study included 30 schizophrenic pati-
ents of either sex (19 males, 11 females; mean
age, 31.1 £ 8.1) and 30 healthy individuals (19
males, 11 females; mean age 29.1 £ 6.9). All the
patients were thoroughly screened and diagnosed
for schizophrenia at the Clinic of Psychiatry and
Clinic for Mental Health Protection of the Clinical
Centre Nis, taking into account the presence of
relevant symptoms and results of the Structured
Clinical Interview for DSM-IV-TR. The patients
were treated with first generation antipsychotics
or second generation antipsychotics. Healthy
control subjects were recruited from among the
clinical staff. A complete clinical and personal his-
tory of schizophrenics was recorded. Psychopatho-
logical evaluation and clinical management of pati-
ents was done using the Positive and Negative
Syndrome Scale (PANSS). The exclusion criteria
for all study subjects included any serious neurolo-
gical, endocrine, oncological, inflammatory, auto-
immune, cerebrovascular, cardiac or metabolic
disorder, as well as the history of receiving ECT in

the last month or any substance abuse. The
patients and controls were matched according to
their age, sex, education, marital status, living
conditions, living settings and habits. All subjects
gave their informed consents to participate in the
study, and the study was approved by the Clinical
Centre Ni$ Ethics Committee.

Venous blood samples were collected in va-
cutainer tubes (Venosafe, Terumo Europe N.V.,
Leuven, Belgium) without any anticoagulant, the
sera were separated as soon as possible after clot-
ting by centrifugation at 3000 rpm for 10 min, and
stored at -20°C until Bcl-2 protein determination.
The concentrations of Bcl-2 protein were determi-
ned using the ELISA method and available ELISA
kits (solid phase sandwich ELISA assays) (Bender
Med System, Vienna, Austria). The kit for Bcl-2
protein contained an antibody specific for human
Bcl-2 protein. A coloured product was formed in
proportion to the amount of Bcl-2 protein present
in the sample. Absorbance was measured at 450
nm, and Bcl-2 protein concentration determined
according to a standard curve prepared from
seven Bcl-2 standard dilutions.

Statistical analysis.

Bcl-2 protein distribution was presented in
Tables. Data analysis was perfor-med using the
SigmaStat computer program. The differences
between the groups were tested by the Mann-
Whitney Rank Sum Test (ANOVA). The re-sults
were expressed as arithmetic mean (X) =+
standard deviation (SD). P < 0.05 was taken to in-
dicate statistical significance. Correlations between
the measured Bcl-2 protein concentration and
demographic, clinical and drug treatment chara-
cteristics of patients with schizophrenia were as-
sessed using Pearson's coefficients.

Results
Clinical and demographic characteristics of
schizophrenia patients along with healthy controls

are presented in Table 1

Tablel. Demographic and clinical characteristics of
patients with schizophrenia

Schizophrenia Control
Ma'e(/,fl‘ima'e 19/11 19/11
Age (years) 31.1+£8.1 29.1+6.9
Heredity (+/-) 12/18
< 20 10
Patient age at| 55 _ 54 4
the disease
onset 25 - 29 9
30 - 34 7
Duration of <1 >
psychiatric 1-3 5
disease 3-5 8
(yeal’s) >5 12
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Both groups consisted of the same number of males
and females. The age of patients at the onset of the
disease was between 18 and 34 years, and the du-
ration of psychiatric disease was between 6 months
and 15 years. In 15 patients positive symptoms
showed relative predomination, in 9 patients nega-
tive ones, and in 6 patients both types of symptoms
were almost equally present. The heredity was pre-
sent in 12 out of 30 schizophrenics.

No significant difference was found between
the patient serum Bcl-2 protein concentrations and
control ones. Although the control females had the
highest concentration of this protein, a statistically
significant difference was not observed between
males and females, either in the control or in the
patient group (Table 2).

Table 2. Serum levels of Bcl-2 protein in
patients with schizophrenia

Group n Bcl-2 (ng/mL)
Control 30 0.332 £ 0.22
Schizophrenia 30 0.276 £ 0.07
C-females 11 0.423 £ 0.357
C-males 19 0.288 + 0.065
Sch-females 11 0.257+ 0.055
Sch-males 19 0.286 £ 0.075

The results were presented as X = SD

In all three subgroups of patients classified
according to the PANSS scores, similar average
concentrations of serum Bcl-2 were observed (bet-
ween 0.275 £+ 0.068 ng/mL and 0.283 + 0.082
ng/mL (Table 3).

Table 3. Serum Bcl-2 protein levels in
schizophrenic patients with different PANSS scores

Group of schizophrenics n Bcl-2 (ng/mL)

PANSS positive score

. 15 0.283 £+ 0.082
predominance

PANSS negative score

predominance 9 0.275 + 0.074

PANSS positive and negative

6 0.275 £ 0.068
equally expressed

The results were presented as X£SD

However, the patients treated with second
generation antipsychotics had significantly lower
levels of serum Bcl-2 protein (0.233 £+ 0.052 ng/
mL, p <0.05) than those treated with first genera-
tion antipsychotics (0.301 £+ 0.075 ng/mL) (Table
4),

Table 4. Serum Bcl-2 protein levels in
schizophrenic patients treated with the first or
second generation antipsychotics.

Group of schizophrenics n Bcl-2 (ng/mL)
First generation
antipsychotics 16 0.301 £ 0.075

(haloperidol)

Second generation
antipsychotics 14
(clozapine or olanzapine)

0.233 £ 0.052 *
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The results were presented as X £ SD
*p <0.05 vs. first generation antipsychotics

In the patients with positive heredity, serum
Bcl-2 protein concentration was 0.293 £ 0.095
ng/mL and was not significantly different compa-
red to the values in negative heredity group
(0.270 £ 0.059 ng/mL). No differences were fo-
und in serum Bcl-2 concentrations related to the
onset of the disease and duration of psychotic
disease. There was not any significant correlation
between serum Bcl-2 concentration and heredity,
first onset of the disease, number of psychotic
episodes and duration of psychosis.

Discussion

According to our knowledge, this is the first
study to report the concentration of Bcl-2 protein
in the sera of patients with schizophrenia. Altho-
ugh schizophrenia patients showed lower mean
serum Bcl-2 protein concentration, the dif-ference
was not significant compared to the controls. No
significant difference was found either between
males and females or between the patients with
different PANSS scores. However, the study limits
included the following: a small humber of patients,
impossibility to recruit drug naive patients,
inability to repeat the measure-ments of the
studied markers, determination of apoptotic
markers in different phases (remission and
exacerbation) of the disease. In previously re-
ported studies, apoptotic markers were investi-
gated mostly in post-mortem brain tissue from
schizophrenics. Similar to our results, Jarskog et
al. (20) found Bcl-2 protein reduction by 25% in
the temporal cortex of subjects with schizophre-
nia. Mean Bcl-2 levels in the treated group were
96% higher than in untreated (neuroleptic-naive)
group. Since Bcl-2 is a potent inhibitor of apo-
ptosis, its reduction suggests that the temporal
cortex in schizophrenia is more vulnerable to pro-
apoptotic stimuli, whether those stimuli are the
products of normal physiology and aging (21) or
from a pathological process. The Bax/Bcl-2 ratio
was also found to be 50% higher in the temporal
cortex of schizophrenia patients than in non-
psychiatric comparison subjects (22). A high Bax/
Bcl-2 ratio has been also demonstrated in the
cortex of brains from patients with Down’s syn-
drome (23) and in human neuronal cultures
treated with amyloid B protein, a model for Alzhei-
mer’s disease (24). Bcl-2 protein is elevated in
neurodegenerative diseases such as Alzheimer’s
and Parkinson’s disease and the findings of Jar-
skog et al. (22) showed that the degenerative
mechanism of schizophrenia differed substantially
from classic neurodegeneration. Since Bcl-2 pro-
tein has neurotrophic properties (18), its limited
reduction could promote neuronal atrophy and
reduced axodendritic branching, without any ef-
fects on the cell death. On the other hand, over-
expression of Bcl-2 protein can prevent pro-apo-
ptotic effects of ischemia, lack of growth factors
and glutamate excitotoxicity (4).
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In an attempt to clarify the increased ex-
pression level of Bax encoding gene (20), as well
as high Bax/Bcl-2 proteins ratio in the temporal
cortex of patients with schizophrenia, Pirumyan
and Boyajyan (25) evaluated the association of
single nucleotide polymorphisms (SNPs) rs1057369
(A > G) and rs956572 (G > A), rs1801018 (A > G)
of Bax and Bcl-2 encoding genes (BAX and BCL2)
with schizophrenia. BAX rs1057369 SNP was found
to be negatively associated with this disorder,
while the presence of BAX rs1057369*G minor
allele, especially in homozygous form, was as-
sociated with a decreased risk of developing schi-
zophrenia. No association between schizophrenia
and BCL2 rs956572 and rs1801018 polymorphi-
sms was found. The authors suggested that the
rs1057369*G minor allele of BAX may have a
protective effect against schizophrenia, and that
this effect is most pronounced in subjects with the
GG homozygous genotype. In the study including
the patients with bipolar disorder and those with
schizophrenia, Benes et al. (26) showed a marked
up-regulation of 19 out of 44 apoptosis genes in
bipolar disorder, while the schizophrenia group
showed a down-regulation of genes associated
with apoptotic injury and death. The second
reason for the dysregulation of pro- and anti-
apoptotic proteins in schizophrenia may be neuro-
leptics used in the treatment of schizophrenia.
There are indices that anti-psychotic drugs may
affect the expression of Bcl-2 protein and that
these drugs can influence the regulation of apop-
tosis in the CNS by activating both pro- and anti-
apoptotic pathways (27). Both typical (28, 29) and
atypical (29 ) antipsychotic drugs have been found
to promote cell survival, although atypical agents
may be more effective in this regard (30).
Contrary to this finding, our results showed a sig-
nificantly lower serum Bcl-2 concentration in pati-
ents treated with second generation antipsychotics
than that obtained in patients treated with first
generation antipsychotics. This finding is consis-
tent with our previously published results related
to an increased lymphocyte caspase-3 activity in
patients with schizophrenia (31). These results in-
dicate that the process of apoptosis is dysregula-
ted in schizophrenia and may be the cause of non-
letal apoptosis, as suggested by a number of au-
thors. Moreover, the typical agent perphenazine
has been found to increase DNA fragmentation

(32), while clozapine may act as a hapten and
increase the inflammatory potential (33). Cloza-
pine has also been shown to activate Akt, which is
a prosurvival factor that in its active form inhibits
glycogen synthase kinase-3 responsible for intra-
cellular signaling towards cell death (34). Although
there is evidence that atypical antipsychotics up-
regulate Bcl-2 mRNA and protein (35) in rat fron-
tal cortex, Jarskog et al. (36) do not confirm that
finding. They studied the effects of haloperidol,
clozapine, quetiapine, or saline on multiple apop-
totic markers, including Bcl-2, pro-apoptotic Bax,
anti-apoptotic XIAP, and the downstream protease
caspase-3 in rat frontal cortex using Western blot.
The obtained results showed that immunereac-
tivity of Bax and Bcl-2 bands were unchanged with
the treatment. However, the mean density of the
activated caspase-3 band was 55% higher with
haloperidol (p < 0.001), 40% higher with cloza-
pine (p <0.05), and 48% higher with quetiapine
(p < 0.01) compared to saline controls. The spe-
cific activity of caspase-3 was also increased
across all treatments (p < 0.0001), while DNA
fragmentation rates remained unchanged. These
data suggest that subchronic antipsychotic treat-
ment is associa-ted with non-lethal caspase-3
activity.

Conclusion

There was not any significant difference in
serum Bcl-2 concentrations between schizophre-
nics and control subjects. Serum Bcl-2 protein
concentration in patients treated with second ge-
neration antipsychotics was significantly lower
compared to the values obtained in patients re-
ceiving first generation antipsychotics. No signi-
ficant correlation was found between serum Bcl-2
concentration and heredity, onset of the disease,
number of psychotic episodes and duration of psy-
chosis.
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NIZI NIVO BCL-2 PROTEINA U SERUMU OBOLELIH OD
SHIZOFRENIJE TRETIRANIH DRUGOM U ODNOSU NA
TRETIRANE PRVOM GENERACIJOM ANTIPSIHOTIKA
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Shizofrenija je jedna od najtezih psihijatrijskih bolesti nepoznate etiologije. Medu
mnogim faktorima koji su ukljueni u patofiziologiju shizofrenije razmatrana je i uloga
apoptoze. Bcl-2 protein je potentni inhibitor apoptoze koji takode pokazuje neurotropnu
aktivnost u centralnom nervnom sistemu. Kako je ekspresija Bcl-2 proteina povecana u
nekoliko neurodegenerativnih bolesti, a shizofrenija pokazuje neke karakteristike
limitiranog neurodegenerativnog poremecaja postavljena je hipoteza da je ekspresija Bcl-
2 proteina poremecena u shizofreniji. Da bismo testirali ovu hipotezu, Bcl-2 protein je
odredivan u serumu 30 bolesnika sa shizofrenijom i 30 zdravih osoba ELISA metodom.
Mada je srednja vrednost koncentracije Bcl-2 proteina u serumu bolesnika sa
shizofrenijom bila niza u odnosu na kontrolnu grupu, nije bilo znacajne razlike izmedu
vrednosti bolesnika (0,276 £+ 0,07 ng/mL) i zdravih ispitanika (0,332 + 0,22 ng/mL). Nije
nadena znacajna razlika izmedu muskaraca i Zena. Sli¢ne vrednosti serumske koncen-
tracije Bcl-2 proteina dobijene su u podgrupi bolesnika sa podjednako izrazenom po-
zitivnom i negativnhom simptomatologijom (0,275 £ 0,068 ng/mL), u podgrupi sa rela-
tivnom predominacijom pozitivnih simptoma (0,283 £+ 0,082 ng/mL) i u podgrupi sa
relativnom predominacijom negativnih simptoma (0,275 + 0,074 ng/mL). Koncentracija
Bcl-2 proteina u serumu bolesnika tretiranih prvom generacijom antipsihotika bila je
0,301 + 0,075 ng/mL, i znacajno viSsa u poredenju sa vrednostima bolesnika koji su
leceni drugom generacijom antipsihotika (0,233 + 0,052 ng/mL, p <0,05). Nije nadena
znacajna korelacija koncentracije Bcl-2 proteina i herediteta, vremena pocetka bolesti,
broja psihoti¢nih epizoda i duZine trajanja bolesti. Prema nasim saznanjima, ovo je prvi
prikaz koncentracije Bcl-2 proteina u serumu bolesnika sa shizofrenijom koji je pokazao
znacajnu razliku izmedu bolesnika tretiranih prvom i onih tretiranih drugom generacijom
antipsihotika.
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