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ABSTRACT
Objective: Apoptosis is programmed cell death that occurs by several pathways. Caspase-3 is
induced by active caspase-9 via the intrinsic pathway. The aim of this research was to explore
the expression of caspase-3 and caspase-9 in schizophrenia patients and healthy samples.
Methods: RNA was isolated from the peripheral blood of 39 schizophrenia patients' and
healthy samples. After cDNA synthesis, real time PCR (RT-PCR) was used to analyse
caspase-3 and caspase-9 gene expression. The severity of psychopathological symptoms of
schizophrenia was evaluated using the Positive and Negative Symptoms Scale for
schizophrenia (PANSS) and Clinical Global Impressions (CGI).
Results: The expression of caspase-3 and caspase-9 genes were was higher in schizophrenia
patients than in healthy samples (p=0.0120, p=0.0022, respectively). The increase in caspase3 gene expression was significant with being male, smoking and with a duration of illness less
than 6 years (p=0.0468, p=0.0490, p=0.0344, respectively). On the other hand, the increase in
caspase-9 gene expression was significant in patients who is smokeing, haveing children, and
are under 33 years old (p=0.0395, p=0.0429, p=0.0450, respectively). A significant positive
correlation was detected between the caspase-3 and caspase-9 gene expression (r=0.3218,
p=0.04880).
Conclusion: Our findings indicate that caspase-3 and caspase-9 gene expression may activate
cell death mechanisms by intrinsic apoptotic genes. Furthermore, caspase 3 and caspase 9
may play essential roles in different ways in schizophrenia. As a result, Hence there is a need
to further study the apoptotic mechanism by with expanded patient populations.
KEYWORDS: schizophrenia, Apoptosis, caspase-3, caspase-9, RT-PCR, Intrinsic pathway

INTRODUCTION
Schizophrenia is a complex chronic, persistent mental health disorder marked by a wide range
of symptoms including delusions, disorganiszed speech, and cognitive impairment [1].
schizophrenia affects about 1 of 100 individuals worldwide [2]. Schizophrenia patients with
cardiovascular disease have a high mortality rate [3]. Schizophrenia is often related with an
average 20–25 years reduction in life span [2]. Pathological activation of neuronal apoptosis
and abnormal expression of apoptotic regulatory proteins have been demonstrated in
neurodegenerative disorders [4,5]. Different neurochemical processes and neural networks
may be involved in schizophrenia, one of them being is the apoptosis pathway [6]. However,
the exact molecular mechanisms of apoptosis in schizophrenia disease remain to be elucidated.
It is now known that many diseases, including neurodegenerative diseases, are the result of
not only genetic but also epigenetic changes. It is found that Transciriptional changes of 157
genes were found to be associated with schizophrenia in a transcription-wide association
study [7]. Most of these genes consist of chromatin-associated genes that emphasise
epigenetic mechanisms[8]. The epigenetic alterations may be the cause of some conditions
that are not explained by genetic mechanisms in diseases. Both genetic and epigenetic studies
can be expected to will shed light on information that will facilitate our understanding of the
background of schizophrenia.
The term apoptosis (a-po-toe-sis) was originally used to explain a morphologically distinct
form of cell death [9–11]. Apoptosis is a self-ordered cell death triggered by gene regulation,
and it’s deficiency of apoptosis is linked to the development of malignant tumours [12]. DNA
damage leads to occur DNA fragmentation and these fragments induce genes that are crucial
to the apoptotic process [13]. Caspases (cysteine-aspartic protease) are a type of endoprotease
with having crucial roles in the cell regulatory networks that regulate inflammation and cell
death [14].
Depending on the Acording to apoptotic stimuli apoptosis is defined called as intrinsic and
extricnsic. Intrinsic pathways are activated by the when prensence of cell stress, DNA breaks,
impairment of cell cycle, or hypoxia. These stimuliantas induce proapoptotic factors including
cytochrome C(CytC) releasing from the permebilised membrane of mitochondria [15]. CytC
binds to the protease-activating factor 1 (Apaf-1) to form the apoptosome, which Apoptosome
targets caspase-9 and activates it. caspase-9 activates effector caspases including caspase-3
[16] . Caspase 3, the ultimate executor of apoptotic death in mammalian cells, is a crucial
protease that can directly cleave a variety of essential structural and functional proteins [17].

The extrinsic pathway is started with extracellular ligands including CD95L/FasL [18]. The
Fas-associated protein with death domain (FADD), binds to initiator caspases. Activated
caspases further activate excecuter caspases including caspase-3 [19]. Both of intrinsic and
ectrinsic pathways activate caspase-3 and -9 to apoptotic activation.
Thus In the light of this information , caspase-3 and caspase-9 are last step of the apoptotic
pathway so and evaluating of their expressions may give us clearer results than other proteins.
The purpose of this research was to explore at the expression of caspase-3 and caspase-9 in
schizophrenia patients and determine their significance by comparing it this to other clinical
and demographic results.

MATERIAL and METHODS
Patients
Thirty-nine peripheral blood samples from schizophrenia patients and 39 healthy volunteers
were included in this research. Samples were collected from Research Hospital Psychiatry
Clinic of Atatürk University's. This study was approved by the local ethics committee of
Ataturk University (Decision no: 2021/23). For diagnosis the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition (DSM-V) [20] was used by

experienced

psychiatrists. The severity of psychopathological symptoms of schizophrenia was evaluated
using the PANSS and CGI [21]. We excluded healthy volunteers with mental disorders and
cancer. Two psychiatrist performed an assesment of the mental state of patients and healthy
volunteers.

RNA isolation, cDNA synthesis and gene expression analysis
The EcoPURE total RNA isolation kit (Cat no: E2075, Turkey) was used to isolate total RNA.
For the RNA isolation, 100 µl of non-coagulating fresh blood was used. 400 µl EcoPURE
lysis/binding buffer was added and mixed well by vortexing for 10 sec. 400 µl absolute
ethanol to the lysate and mixed well by vortexing for 10 sec. An EcoPURE column was
inserted into a collection tube and 700 µl sample was tarnsferred to the EcoPURE coloumns,
where it was centrifuged at maximum speed in a tabletop microcentrifuge for 30 sec at room
temperature. After the washing and elution steps, the isolation was successfully completed.
The concentration of the RNA samples was measured qualitatively using a NanoDrop

instrument Take3 Plate (BioTek, USA). The RNA of each sample was stored at -200 C until
use for RT-PCR.

The cDNA was then synthesised using the Bio-Rad IscriptTM cDNA kit (Cat no: 1708891).
For the cDNA synthesis reaction, 4 µl of 5x iScript reaction mix, 1 µl of iScript reverse
transcriptase, 8 µl of RNA and 7 µl nuclease free water were mixed in 20 µl volume. The
reaction was performed in the thermalcycler device at the temperatures recommended by the
kit (priming: 5 min 25 0C, reverse transcription: 20 min 460C, RT inactivation: 1 min 950C,
hold at 4 0C). For the RT-PCR synthesis reaction we used 10 µl SsoAdvanced Universal
SYBR Green Supermix (Bio-Rad, cat no: 1725270), 5 µl cDNA, 1 µl forward primer, 1 µl
reverse primer and 3 µl PCR grade water. Subsequently a An then PCR reaction was
performed in the Bio-Rad CFX RT-PCR device at the temperatures recommended by the kit
(30 sec at 950C for polymerase activation, 10 sec at 950C for denaturation, 20 sec at 600C for
annealing, 35-40 cycles). Each sample was run twice. The relative expression was determined
by the 2-∆∆Ct method:
∆Ct = Ct (gene of interest (caspase 3 or caspase 9) – Ct (Beta actin (housekeeping gene))
∆Ct is the value obtained by subtracting the Ct value of the internal gene from the gene under
investigation for a given sample. The internal control gene is does not affected by the from
your experiment, and it is used to normalise the gene of interested. The delta-delta Ct (∆∆Ct)
values show the difference between the your samples and the your controls. The final results
of the analysis are then indicated by 2-∆∆Ct as a fold change of your the gene expression that
shows the final results of your analysis.
The primer sequences for RT-PCR (housekeeping gene, caspase-3, and caspase-9) are as
follows:
Beta actin for humans;
Primer-F: 5- CCTCCTGAGCGCAAGTACT-3
Primer-R: 5- TGCTTGCTGATCCACATCT-3
caspase-9 for humans;
Primer-F

5-' TGTCTACGGCACAGATGGA-'3

Primer-R:

5-' GGACTCGTCTTCAGGGGA-'3

caspase-3 for humans;
Primer-F

5- ATGGAAGCGAATCAATGGA-3

Primer-R

5- TGTACCAGACCGAGATGTC-3

Statistical Analysis
GraphPad Prism 7.04 was used for all statistical analyses. We used Mean±Sd to describe
normally distributed variables. The normal distribution of the data was analyzed by the
Kolmogorov-Smirnov and Shapiro-Wilk normality test. A t test was used to see the age
difference in patients and healthy individuals. The χ² test was used to see the gender
difference in patients and healthy individuals. The Mann-Whitney U test was used to see the
difference in patients and control group gene expression, as well as Mann Whitney U test and
t test was also used to see the difference in patients’ gene expression according to
demographic data. The Pearson correlation was used to reveal the correlation of caspase-3 and
caspase-9 gene expression. If the result is p< 0.05, it is accepted statistically significantly.

RESULTS
Demographics Characteristics of 39 patients and healthy individuals
The demographic characteristics of the total 39 patients are shown in Table 1. We could not
reach the data of some patients. Age ranged from 20 to 65, and the average age of the
schizophrenia patients was 37.74±10.80 (mean±SD). Twenty four (61.54%) of the patients
were male and 15 (38.46%) of the patients were female. The mean total score on the PANSS
was 93.29±16.73. The mean total score on the CGI was 5.71±1.15. The number of single
patients was 24 (61.54%). The number of patients who have children was 11 (28.21%). When
the educational status of the patients were examined, 25 (64.10%) of the patients had only
elementary and or high school education. Among the patients, the number of people with a
family history of psychiatric illness was 13 (33.33%).
The number of smoking and non-smoking patients was equal (n=17). The number of patients
with the disease duration of more than 5 years was 23 (58.7%), while 20 patients (51.3%) had
a The duration of treatment of over 5 years was 20 (%51.3). The most commonly used

antipsychotic drug among patients was paliperidone 14 (35.90%). Aripiprazole, clozapine and
risperodine are other antipsychotic drugs that patients frequently use.
Age ranged from 18 to 63, and the average age of the healthy individuals was 39.26±12.03
(mean±SD). Twenty-one (53.85%) of the individuals were male and 18 (46.15%) of the
individuals were female.
Caspase-3 and caspase-9 expression were shown to be higher in schizophrenia patients and
were related to some demographic characteristics of patients
According to the our results, caspase-3 and caspase-9 genes were significantly overexpressed
in schizophrenia patients compared with healthy samples (p=0.0120; p=0.0022, respectively)
(Figure 1A-B). In addition, caspase-3 gene expression was higher in male patients, smokers,
and those who had the disease for less than 5 years (p=0.0468; p=0.0490; p=0.0344,
respectively) (Figure 2A-C). On the other hand, the increase in caspase-9 gene expression
was significant in patients who is smoke and those who are being under 33 years old or have
and, having children (p=0.0395; p=0.0450; p=0.0429, respectively) (Figure 3A-C). caspase-3
and caspase-9 gene expression levels were not shown to have a significant differences for
other demographic and clinical parameters (p > 0.05). The caspase-3 and caspase-9 levels
were lower in patients using paliperidone compared to those using other drugs (p = 0.6863, p
= 0.1772, respectively).
caspase-3 and caspase-9 gene expression levels were shown to have a significant positive
correlation (r= 0.3218, p=0.04880) (Figure 4). However, caspase-3 and caspase-9 gene
expression levels were not shown to have a correlation with PANSS and CGI score (p>0.05).
caspase-9 activates caspase-3 in the apoptotic pathway, so the existence of positive
correlations between these two genes is already expected.

DISCUSSION

There are several mechanism related to schizophrenia pathophysiology. Beside the
enviromental changes genetic and also epigenetic alterations may be must also considered to
in order to understand the disease background. Apoptosis is one of the significant mechanisms
to be explained in schizophrenia. Apoptosis is important for neural cells, during the process of
aging and neurodegeneration, which This constitutes the control mechanism of neural
development [22]. Upstream apoptotic signaling mechanisms focus on mitochondria to
achieve CytC release and procaspases. Apoptotic Apaf1 is activated by CytC and forms the
apoptosome morphology in the cytoplasm[23]. As a consequence, caspase-9 activates
executioner caspases like caspase-3, which aids in nuclear DNA break and cytoskeleton and
nuclear lamina sequestration, causing cells to assume an apoptotic, spherical form [23].
caspase-3 is the most commonly active among the effector caspases in neuronal apoptosis
[24].
Many genes have been investigated by blood levels of schizophrenia patients. One of them the
tumour necrosis factor (TNF)-like weak inducer of apoptosis (TWEAK), is in expressed in
many tissues including the brain[25]. Kılıç et al. was found higher serum TWEAK levels in
schizophrenia patients than control groups[26]. Beyazdüz et al showed an increased serum
apoptosis level of deficit schizophrenia patients and non-deficit schizophrenia patients than
compared to healthy controls[27]. Catts et al. used dermal fibroblast cells from schizophrenia
patients, non-schizophrenic psychosis patients, and healthy subjects and They investigated
apoptosis susceptibility by the proportion of cells in the sub-G0 cell cycle fraction and proapoptotic effector (activate caspase-3). They concluded that there are is higher apoptotic
susceptibility in schizophrenia than other groups[28]. According to findings of a one study,
the expression of the BCL-2 gene and the caspase-3 gene in schizophrenic patients was
substantially higher than controls [29].
Apoptotic proteins including caspase-3 and caspase-9 are known and they have special task
in different sitiuations [30].

caspase-3 can be measured for evaluating apoptosis and

comparing it to classical neurodegeneration[31]. Because it causes the release of cytochrome
c, which initiates the caspase cascade, Bax/Bcl-2 ratios are associated with susceptibility to
apoptosis [32]. caspase-3, Bcl-2 and Bax, which are expressed at different levels in the
pathophysiology of schizophrenia, distinguish it make the difference from classical
neurodegenerative disorders [33]. A higher rate of Bax/Bcl-2 was observed in the temporal

cortex of schizophrenic patients than in healthy controls. [33]. . However, the amount of
caspase-3 did not show significant differences [33]. Changes in APAF-1 complex formation
and caspase-9 activation form the fine line between cell survival and death.[34]. A One study
evaluated the altered expression levels of autophagy and apoptosis-related genes in
schizophrenia patients receiving treatment with olanzapine [35].
The fact that people with mental problems are more likely to smoke tobacco has raised the
idea that patients may be self-medicating. Schizophrenic patients have received special
scrutiny when it comes to smoking as a form of self-medication [36]. In present study, the
expression of apoptosis genes caspase-3 and caspase-9 was shown to be increased in
schizophrenia patients. The fact that the patients are male, smokers, and have a disease
duration of less than five years indicates differences in caspase-3 gene expression. Smoking
that is related with oxidative stress in schizophrenia patients [37] may be an independent
factor to induce caspase activation. Yu et al. (2021) showed that smoking increased cell
apoptosis, causing an elevated cleaved-caspase 3/pro-caspase 3 ratio, and Bax expressesion
but decreased Bcl-2 signals [38]. In this study, caspase-3 and caspase -9 genes were high
expressed in smoking schizophrenia patients. As the duration of the disease increases, the
duration of medical treatment process of the patient also increases. Prolongation of the
treatment period may have contributed to the reduction of caspase-3 expression. On the other
hand, the increase in caspase-9 gene expression was significant with patients of who smoke,
having have children and being or are under 33 years old. Similar to caspase-3, caspase-9
expression may be affected by smoking. Patients younger than 33 showed higher disease
severity than those older than 33. Increased disease severity may lead to high gene expression
of caspase-9. Also, there was a significant positive correlation between caspase-3 and
caspase-9 gene expression levels. caspase-3 and caspase-9 gene expression levels were not
shown to have a correlation with PANSS and CGI score.
The present study has some limitations that should be mentioned. We analysed caspase-3 and
caspase-9 gene expressions and demeographic parameters from Schizophrenic patients. First,
we were unable to analyse other apoptotic genes (Bax and Bcl-2 etc.). Second, we didn't did
not have the opportunity to work with large numbers of patients. Additional in vivo and in
vitro research and studies with larger patient populations is are needed to substantiate our
findings and explain their relevance. To investigate tissue-specific changes, post-mortem
brain tissue studies will be useful to demonstrate apoptotic activity. Investigating the

differences between cerebrospinal fluid and peripheral blood may provide more information
about tissue-specific expression.
CONCLUSION
In conclusion, the expression of caspase-3 and caspase-9 genes was significantly higher in
schizophrenia patients than healthy samples in this sudy. Also, In addition, several patients
characteristics have been associated with the expression of caspase. The levels of caspase-3
and caspase-9 gene expression were found to have a significant positive correlation. caspase-9
is the activator of caspase-3, so they are expected to show the same directional expression.
caspase-3 and caspase-9 gene expression in schizophrenia patients may be apoptosis
activators or regulators. With this study, we have contributed to the discovery of markers that
may be used in for schizophrenia in the future. Therefore, studies in the larger schizophrenia
patient population will reveal the value of apoptotic genes.
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Figure 1 A-B. In comparison to healthy samples, the caspase-3 and caspase-9 genes were
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Table 1. Characteristics of Schizophrenia patients' and healthy samples’
demographics
Characteristics

Patients (n=39)
n (%)

Healthy (n=39)
n (%)

37.74±10.80

39.26±12.03

0.5724#

15 (38.46)
24 (61.54)

18 (46.15)
21 (53.85)

0.4917##

25 (64.10)
6 (15.38)
2 (5.128)
6 (15.38)

-

17 (43.59)
17 (43.59)
5 (12.82)

-

11 (28.21)
23 (58.97)
5 (12.82)

-

-

11 (28.21)
21 (53.84)
7 (17.94)

-

-

11 (28.21)
24 (61.54)
4 (10.26)

-

-

-

-

13 (33.33)
20 (51.3)
6 (15.38)

-

-

9 (23.07)
7 (17.94)
14 (35.90)
5 (12.82)
4 (10.26)

-

*p
Age (mean±SD, year)
Gender
Female
Male
Educational status
Elementary and high school graduate
University or higher graduate
Illeterate
Unidentified
Smoking status
Yes
No
Unidentified
Duration of illness (years)
≤5
>5
Unidentified
Number of children
Yes
No
Unidentified
Marital status
Married
Single
Unidentified
Presence of psychiatric disease in
relative
Yes
No
Unidentified
Duration of treatment (years)
≤5
>5
Unidentified
Antipsychotic drug use status
Aripiprazole
Clozapine
Paliperidone
Unidentified
Other drug (risperidone, klorapimine
etc.)

*p<0.05 is significantly
#

t test and ## χ² test were used

13 (33.33)
20 (51.3)
6 (15.38)

-

-

-

Fig. 1 . A-B. In comparison to healthy samples, the caspase-3 and caspase-9 genes were significantly
overexpressed in schizophrenia patients` samples.

Fig. 2. A-C. Characteristics of patients` demographics with caspase-3 gene expression level

Fig. 3. A-C. Characteristics of patients` demographics with caspase-9 gene expression level

Fig. 4. Positive correlation between caspase-3 and caspase-9 gene expression in severe schizophrenia patients.

