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The apoptotic paradox in schizophrenia
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SUMMARY

Objective:  Understanding the role of apoptosis in abnormal
neurodevelopment and neurodegenerative processes are crucial. In this study,
it is aimed to determine how apoptosis biomarkers are affected in patients
with schizophrenia and severity of the disease and also whether apoptosis
biomarkers can be used as blood-based biomarkers in the diagnosis of the
disease.

Method: This is a cross-sectional prospective study performed at a tertiary
university hospital and city hospital in Turkey. Volunteers (n=60) diagnosed
with schizophrenia were divided into three groups (Mild, Moderate, and
Severe) according to the Clinical Global Impressions Scale developed by
Guy. The control group was constituted from volunteers who were similar to
the patient group (n=40) in terms of age and gender. Serum levels of
Caspase-8(C-8), Granzyme B (GrB) and Cytochrome C (CYCS) were
measured by ELISA method from blood samples collected from patient and
control groups.

Results: It was observed that Caspase 8 and GrB levels were lower in all
three groups compared with the control group, and the highest decrease was
in the 3rd group (P<0,.5). CYCS level, on the other hand increased, and the
highest increase was observed in 3rd Group (P<0.05).

Conclusions: It is hypothesized that the increase in serum CYCS level of
patients with schizophrenia may be a blood-based biomarker in which
apoptosis occurs.
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INTRODUCTION

Schizophrenia is a chronic mental disorder related
to disability." It is a clinical syndrome
characterized by relapses, changing of behavior,
progressing with significant hallucinations or
deliriums.>  The disease is an incurable
neurodegenerative disorder, the prevalence of
which is one percent of the world population.® The
onset of the disease is usually in teens progressing
with disorders in areas such as self-care,
interpersonal relationships, cognitive abilities,
sensation, thought, behavior and perception.” The
patients are significantly affected in terms of
bilateral relationships.

Studies on the etiology of schizophrenia have
aroused the interest of many researchers. Neural
and glial abnormalities, which may be the basis of
the etiology of schizophrenia, have been
investigated for years. Many researchers,
including Dr. Alzhemier, have aimed to find
microscopic evidence in the patients. In recent
years, advances in imaging technology (SPECT,
PET, CT, and MRI) have contributed significantly
to show changes in the brain.>® However,
neuroimaging techniques are expensive, and the
results are not satisfactory. It is suggested that
determination of new biomarkers in schizophrenia
can be proposed as a contributing mechanism for
diagnosis, treatment response, determining
changes in the severity and course of the disease,
as well as for new drug development efforts. For
this reason, researches on blood-based biomarkers
to be used in the diagnosis of schizophrenia have
increased recently.

Apoptosis is a biochemical process that enables
the control and programmed cell death selectively
in multicellular organisms, both in embryonal
development and in damaged, infected cells.
Apoptosis is responsible for destroying damaged
neurons during fetal brain development as well as
for the lifelong regulation of death of 20%-80% of
neurons.’

Apoptosis is controlled by complex molecular
cascade through activation of the cysteine
protease family known as caspase proteins.
Caspases are the underlying causes of breaking
down vital structural and functional proteins,
thereby causing characteristic cytomorphology
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associated with apoptosis. Apoptosis always starts
with a signal. This signal can come from inside
the cell itself (intrinsic pathway) or from the
environment (extrinsic pathway). Cytochrome C
(CYCS) is a mitochondrial protein found in
plasma during pro-apoptotic conditions. Even
though many molecular pathways have been
identified, causing activation of caspases,
mitochondrial (intrinsic pathway) pathway is
mostly associated with neural apoptosis. The pro-
and anti-apoptotic members of the Bcl-2 protein
family regulate caspase activity by controlling the
mitochondrial release of cytochrome ¢.®"°
Apoptotic activity can be induced by stimulants
such as oxidative stress (ischemia, hypoxia, etc.),
pro-inflammatory ~ cytokines,  mitochondrial
dysfunction, and increased intracellular calcium
concentration.™

Irregular cell death can cause too many clinical
disorders. Excessive apoptosis can lead to
ischemic and neurodegenerative damage, while
insufficient apoptosis can cause pathological
diseases such as cancer and autoimmune diseases.
Moreover, apoptosis plays an important role in
abnormal neurodevelopment and
neurodegenerative processes. >

It is still not known how programmed cell death
(apoptosis) is affected in schizophrenia, which is a
neurodegenerative disease. In this study, the levels
of apoptosis biomarkers (Caspase-8, GrB, and
cytochrome C) will be measured from blood
samples collected from patients diagnosed with
schizophrenia and divided into 3 groups (Mild,
Moderate and Severe) in accordance with Clinical
Global Impressions Scale.

This study aimed to determine whether apoptosis
biomarkers can be wused as a blood-based
biomarker in the diagnosis of the schizophrenia.

MATERIAL AND METHODS

Sixty patients who were diagnosed with
schizophrenia according to DSM-V criteria, who
were admitted to Sivas Numune Hospital
Psychiatry polyclinic and were followed up for at
least two years with the diagnosis of
schizophrenia, were included in the study. The
patients were divided into three groups as mild,
moderate, and severe according to the Clinical



Global Impressions Scale (CGI) in terms of
severity of the disease. The control group was
formed by 40 volunteers who were like the patient
group in terms of age and gender.

Clinical Global Impressions Scale (CGI):
Developed by Guy, CGI is a three-dimensional
scale to enable the clinician to record the
impression of the patient's functionality before
and after treatment. The severity of the disease in
the first dimension of the scale, the recovery in the
second dimension, and the severity of the drug
side effect in the third dimension are evaluated.
The first dimension of the scale was performed in
study.15

Exclusion criteria

Smokers, patients with alcohol and substance use,
additional psychiatric disease, acute or chronic
disease (diabetes mellitus, hypertension, chronic
renal failure, etc.), patients with a focus of
infection.

Venous blood samples of approximately 5 ml
were collected from the patient and control groups
to the biochemistry tubes. The samples were kept
at room temperature for 5-10 minutes and then
centrifuged at 4000 rpm for 5 minutes. The
supernatant (serum) formed on top was portioned
into Eppendorf tubes and kept at -800C until tests
were performed. After providing the number of
patients required for the study, all the samples
were taken out of -800C to defrost, human CYCS
(cytochrome C), human granzyme B (GrB) and
human caspase-8 (C-8) tests were performed in
the ELISA device.

Approval was obtained from the Ethics
Committee of Cumhuriyet University Faculty of
Medicine by the decision numbered 2018-06/01
on June 28th, 2018, and required permissions
were obtained from Sivas Numune Hospital Chief
Physician. The participants were informed about
the study, and the consent forms were received in
writing.

Statistics

Obtained data (C-8, CYCS, and GrB) were loaded
into SPSS 22.0 program. Test of normality was
proved by Kolmogorov Smirnov Z test. As all the
results were in the 95% confidence interval, the
distributions were assumed normal. Having data
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sets suitable for normal distribution; between-
group differences test the independent samples T-
test (student T) was performed. The mean
difference between the groups was statistically
determined in all variables. Since the number of
data was less than 30, comparisons between the
control group and disease severity were performed
by Kruskal Wallis-H Test and Mann Whitney u
test.

RESULTS

The study group consisted of 60 volunteers who
were diagnosed with schizophrenia, and the
control group was composed of 40 volunteers.
The patients were divided into three groups as
mild, moderate, and severe according to the
Clinical Global Impressions Scale (CGI) in terms
of severity of the disease. There was no
statistically significant difference between the
patient and control groups in terms of age and sex
(p=0,874) (Table 1). The patients diagnosed with
schizophrenia had a significantly (p <0.05) higher
CYCS and lower caspase-8 and GrB levels
compared to the control group (Table 2). The
average of Caspase-8 values is gradually
decreasing from control to schizophrenia severe
group. The groups are compared with two pairs;
The difference between the control and mild
group, and the moderate and severe groups were
not statistically significant (p> 0.05). The
difference between the other groups was
statistically significant (p <0.05) (Table 3). The
average of CYCS values increases from control to
clinically severely defined groups. When the
groups are compared in two pairs; The difference
between control and mild, control and moderate,
and mild and moderate groups was not
statistically significant (p> 0.05). The difference
between the other groups was statistically
significant (p <0.05) (Table 4). The average of
GrB values decreases from control to severely
schizophrenia groups. When the groups are
compared with two pairs, the difference between
the control and the other three schizophrenia
groups (mild, moderate, and severe) was
statistically significant (p<0.05). In addition, the
difference between the Light and severely
schizophrenia groups were statistically significant
(p <0.05) (Table 5).
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Table 1: The gender ratio of the groups

Gender Female % Male %
Control, -4 19 475 21 525
Patient, -0 27 45.0 33 55.0

No statistically significant difference between the patients with schizophrenia and the control group was observed in
terms of age and gender. (P=0,874)

Table 2: Caspase-8, Granzyme B, Cytochrome C Levels

Control (n=40)

Patient (n=60)

Mean SD+ Min. Max. Mean SD+ Min. Max. P
Age 4553 644 20 65 4737 893 22 66 >0.005
Caspase-8 pgmi 3.620 0.270 3.140 3.980 3.210 0.4902.310 3.980 <0.005
CYCSpym 1.330 0.0891.22 1560 1433 0.226 1.03 2.340 <0.005
GrB pgm 50.05 7.681 33.4965.08 42.89 7.421 32836284 <0.005

It was found statistically significant that the CYCS levels of patients diagnosed with schizophrenia were higher and
caspase-8 and GrB levels were lower than control group (P<0.05).

Table 3: Caspase-8 levels in terms of severity of schizophrenia

Variable Count Mean | SD+ Min. | Max. | Median | 1Q | p* N
R
3.617 | 0.270 | 3.140 | 3.980 | 3.590 0.4 N
Cont.p=4 7 =11
Mild 3427 | 0.400 | 2.660 | 3.980 | 3.500 0.4 3
Caspase-8 n=20 6 <0.001 |:»{£
pg/ml Moderate, | 3.196 | 0.540 | 2.310 | 3.980 | 3.360 g.B
=20 3,001
3.020 | 0460 | 2.310 | 3.850 | 3.150 0.7 -
Severen=» 0
*Control=Mild>Moderate=Severe (p<0,05),

The mean Caspase-8 values are decreasing from control groups to severe groups. It was not found statistically
significant the difference between Control and Mild Groups and Moderate and Severe Groups, either (P>0.05). The
differences between control and moderate, control and severe, mild and moderate, mild, and severe groups were found
statistically significant (P<0.05).

Table 4: CYCS levels in terms of severity of schizophrenia

Variable Count | Mean | SD | Min. | Max. | Median IQ | p*
:I: R 5507
Cont. 0.0 0.1
=10 1330 | 89 | 1.215 | 1.555 | 1.313 01 g
el
Cycs Mild, - 0.1 0.1 | <0001 o 5
pg/ml 2 1326 | 12 | 1.032 | 1614 | 1.333 00 ol £
Moder 0.1 0.2 _
ate,o | 1409 | 08 | 1.235 | 1.535 | 1.399 05
1,200+ Grup
Severe 0.3 0.2 - - . .
20 1563 | 23 | 1.305 | 2.336 | 1.427 46

The mean CYCS values are decreasing from control groups to severe groups. It was found statistically significant that
mean of severe group was higher than the other groups (P<0.05). However, the difference between the other three
groups (control, mild and moderate) was not found statistically significant (P>0.05).



Table 5: GrB levels in terms of severity of schizophrenia
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Variable | Count Mean SD+ | Min. Max. Median | IQR p* X
Cont.ng 50.053 | 7.681 | 33.490 | 65.080 | 49.540 | 5.640 i
GrB Mildy-0 46.032 | 7.818 | 33.490 | 62.840 | 44.380 | 5.960 ; N
PO/ml Nt oderate,o | 42.868 | 7.414 | 32.830 | 56.120 | 44.380 | 13.495 | 0001 \*
Severenso | 39.763 | 5.852 | 32.830 | 49.540 | 36.910 | 10.420 \:
*Control >Mild > Moderate = Severe p<0.05

The mean GrB values are decreasing from control groups to severe groups. The difference between control and the
other three groups (control, mild and moderate) was found statistically significant (P<0.05). Also, the difference
between Mild and Severe Groups was found statistically significant (P<0.05). However, the difference between
Moderate and Mild, Moderate, and Severe was not found statistically significant (P>0.05).

DISCUSSION

In the development and pathophysiology of the
nervous system, the death of neural cells is
critical. Apoptosis is important for neural cells,
which were aging and damaged. This constitutes
the control mechanism of neural development.™
Some schizophrenic patients have been shown to
gradually lose gray matter in the frontal and
temporal lobes of the brain by using noninvasive
neuroimaging methods. The cellular mechanisms
responsible for the loss of gray matter are not
known. It is suggested that apoptosis may account
for this condition.”

Considered previous literature researches, a
limited number of articles have been found on the

gene expression level by polymerase chain
reaction (PCR) and imaging methods to
demonstrate  apoptosis in  patients  with

schizophrenia. In addition, biochemical studies
showing the relationship between schizophrenia
and apoptosis are quite limited. As with many
diseases, the determination of blood-based
biomarkers will be an important milestone in the
diagnosis or treatment of schizophrenia.

It was reported that glycolysis accelerated, levels
of oxidative stress and lactic acid.’®*% increased,
the Bcl-2 level decreased in the temporal cortex
compared with controls, and the Bax/Bcl-2 ratio
increased in patients with schizophrenia according
to studies. Increase in mitochondrial cytochrome-c
release resulting from the increase in Bax/Bcl-2
ratio improves the sensitivity of apoptotic
activity.'%*

The aim of this study was to determine how
apoptosis biomarkers are affected by patients with
schizophrenia and the severity of the disease and
whether apoptosis is a blood-based biomarker that
can be used to diagnose the disease.

Many studies have shown that serum cytochrome-
c levels can easily be measured to evaluate the

severity of the condition characterized by cell
death.® In this study, it was determined that there
was a statistically significant increase in CYCS
levels in patients with schizophrenia in
comparison with the control group (p <0.05)
(Table 2). In terms of the severity of the disease, it
was observed that there was a significant increase
in all three groups, and the highest increase was
observed in the third group (Table 4). The high
level of cytochrome-C is thought to be a result of
mitochondrial dysfunction in patients with
schizophrenia.®  The results related to
cytochrome-c of this study are in parallel with the
results of the researchers mentioned above. The
increase in cytochrome-c level is suggested to be
the result of oxidative stress and downregulation
of Bcl-2.

Apoptosis cascade is known to be induced by
Cytotoxic T cells (CTL) by activating procaspases
when linked to receptors of cell surface molecules
belonging to the Fas Ligands (FasL) or TNF
(Tumor  Necrosis Factor) family.®**  The
activation of the pathways, in particular, caspase-8
and GrB, affects the mitochondrial membrane,
thereby  increasing  cytochrome-c  release.
Increases in cytoplasmic cytochrome-c and
caspase-8 levels are known to induce apoptosis by
activating procaspase **2?® Although cytochrome-c
levels were found statistically significant in this
study, serum GrB and caspase 8 levels decreased
in patients with schizophrenia compared with the
control group (p <0.05) (Table 2). It was reported
by Jarskog LF et al. that the increase in Bax/Bcl-2
ratio in patients with schizophrenia increased the
level of cytochrome-c, but not caspase-3.7 High
level of cytochrome-c is associated with cell
vulnerability to apoptosis, low levels of caspase-8
and GrB, on the other hand, suggest that apoptosis
is not active, which is a paradox.

Possible causes of this paradox, 1-apoptosis can
only be active in different stages of the disease.




For example, apoptotic markers may be found to
be high in the samples taken at the time of
excessive volume loss of gray matter but may be
found to be low in low volume loss. 2- In case the
synaptic loss mediated by apoptotic protein
activity in schizophrenia is episodic rather than
constant, levels of caspase-8 and GrB may only
temporarily increase and then return to the
reference line. 3- Moreover, antipsychotic drugs
used in the treatment of schizophrenia may also
affect the apoptotic markers’ expression, activity,
or method of measurement.

Findings from studies related to brain tissue have
not yet been transformed into biomarkers that are
practical in clinical use. Because brain biopsies
are not acceptable and neuroimaging techniques
are expensive, and the results are unsatisfactory.
Blood-based biomarkers are used in clinical
biochemistry to diagnose many diseases,
determine the severity of the disease, and
evaluation of response to treatment. However,
since blood interacts with all tissues, this leads to
blood to form a pool for metabolic products and
medical treatment metabolites of all tissues. Since
this leads to many mistakes, blood-based
biomarkers are often used as screening tests. In
case the results for screening test are high, then a
specific test is recommended.

CONCLUSION

It is hypothesized that the increase in serum
CYCS level of patients with schizophrenia may be
a blood-based biomarker in which apoptosis
occurs. However, further studies are needed to
clarify the paradox in this group of patients
associated with an increase in CYCS levels and a
decrease in caspase-8 and GrB levels. This study
is a preliminary study of future studies to be
carried out about this subject, and it will shed new
light on future studies. Biomarkers associated
with apoptosis in blood, CSF, and tissue samples
in schizophrenia-generated animal models are
planned to be studied in the next study.

Our study has certain limitations: According to
schizophrenia patients presenting to a psychiatric
clinic, a large sample study is needed to confirm
the results of this study.

Ethics committee approval: The study was
carried out with written the approval (No: 2016-
03/04) of the Ethics Committee of Cumhuriyet
University.
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