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CLOZAPINE AFFECTS THE INFLAMMATORY IMMUNE RESPONSE IN THE BRAINS OF
SCHIZOPHRENIC RATS BY REGULATING B - CATENIN/APC/GSK-3B GENE
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Department of Laboratory, Hanchuan People's Hospital, Hanchuan 431600, Hubei Province, China

ABSTRACT

Objective: To investigate the effect of clozapine on the inflammatory immune response in the brains of schizophrenic rats by
regulating 3-Catenin, GSK-3 3 and the APC gene.

Methods: Twenty-one SD rats were randomly divided into a control group, a model group (using MK-801 to establish a model
for schizophrenia and intraperitoneal injections of equal volume of normal saline) and a clozapine group (establishing a model for
schizophrenia and treatment with 1mg/kg clozapine). The peripheral blood T cell subsets CD3 +, CD4 +, CD8a +, 1gG, IgA, IgM, IL-2,
IL-6, IL-1 B, TNF-a., Bcl-2, 3-Catenin mRNA, and APC were compared in each group. The expression of mRNA and GSK-3 f mRNA
and the number of IL-1 3, TNF-a and Bcl-2 positive cells in the rats’ brains were also assessed.

Results: The levels of CD3 +, CD4 + and CD8a + in the model group were significantly higher than in the control group
(P<0.05). The levels of CD3 +, CD4 + and CD8a + in the clozapine group were significantly lower than in the model group (P<0.05).
The levels of IgG, IgA and IgM in the model group were significantly higher than in the control group (P<0.05). The levels of IgG,
IgA and IgM in the clozapine group were significantly lower than in the model group (P<0.05). The water level of IL-2 and IL-6 in
the model group was significantly higher than in the control group, and the level of TNF-a was significantly lower than in the control
group (P<0.05). The water level of IL-2 and IL-6 in the clozapine group was significantly higher than in the model group, and the level
of TNF-a. in the clozapine group was significantly higher than in the model group (P<0.05). In the brain tissues of rats of the model
group, the number of TNF-a and IL-1 3 positive cells was significantly higher than in those of the control group, and the number of
Bcl-2 positive cells was significantly lower than in those of the control group (P<0.05). In the brain tissues of rats of the clozapine
group, the number of TNF-a positive cells was significantly lower than in those of the model group, and the number of Bcl-2 positive
cells was significantly higher than in those of the model group (P<0.05). The expression of 3-Catenin mRNA in the model group was
significantly higher than in the control group, and GSK-3f and APC mRNA were significantly lower than that in the control group
(P<0.05). The expression of B-Catenin mRNA in the clozapine group was significantly lower than in the model group, while GSK-3(3
and APC mRNA were significantly higher than in the model group (P<0.05).

Conclusion: Clozapine can inhibit the inflammatory immune response in the brains of schizophrenic rats by regulating the gene
expression of 3-Catenin, APC and GSK-3f3.
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Introduction (.2 In China, schizophrenia accounts for about

70% of all psychiatric hospitalizations; surveys

Schizophrenia, whose cause is not clear, is a
common severe mental illness. It usually manifests
as a clinical syndrome with a variety of symptoms,
and most patients experience cognitive dysfunction
and mental disharmony, which are characterized by
prolonged and difficult healing, recurrent attacks,
high disability rates, and great social impediments

show that the total number of schizophrenia cases
in the country exceeds 20 million, representing
the brunt of the burden of mental illnesses®. Drug
therapy is the primary clinical treatment route
for schizophrenia. Chlorpromazine led the first
generation of antipsychotic drugs mainly used to
treat the illness in the past, with the adverse reactions
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of these drugs having mostly been eliminated®. At
present, clozapine leads the second generation of
antipsychotics being used as a mainstream clinical
treatment option for schizophrenia, and has served
as the basis for the development of quetiapine and
olanzapine®. However, not all patients receive the
curative effects expected from antipsychotics: About
40% of patients’ conditions are still not effectively
being bought under control, although clozapine
has been found to be the most effective drug
currently available for treating schizophrenia, and
most patients show significant improvements after
treatment®. Part of the issue is that clozapine cannot
be the first choice for treatment, since its mechanism
of action is not completely clear and it can have many
adverse side effects, including intestinal obstruction
and cardiomyopathy?.

In recent years, clozapine has become a focus
of clinical research due to its special therapeutic
effects as well as side effects. Clinical studies have
shown that the side effects of clozapine are closely
related to the body’s immune system®. With that in
mind, this study set out to establish a model based on
experiments with schizophrenic rats to explore the
mechanism through which clozapine regulates the
immune inflammatory response in such rats.

Materials and methods

Subjects and grouping

Twenty-one clean SD rats at two weeks of
pregnancy were purchased from Hunan Saike Jingda
Experimental Animal Co., Ltd. Seven rats in a cage
were given free water and food at room temperature
(26+2) °C and humidity (55+5) %. The period of light
and darkness was 12h. The 21 rats were randomly
divided into a control group, a model group (in which
the schizophrenic rat model was established by MK-
801 and given intraperitoneal injections of equal
volume of normal saline) and a clozapine group (in
which the schizophrenic rat model was established
and given Img/kg clozapine). Seven rats were placed
into each group.

Main reagents and instruments

Reagents

MK-801 was purchased from Shanghai
Hanxiang Biotechnology Co., Ltd. Clozapine was
purchased from Beijing Lvyuan Bird Biological
Technology Co., Ltd. Tartaric acid was purchased
from Linyi Azeroth Biological Technology Co., Ltd.

Polyclonal antibodies against TNF-a, IL-1p and
Bcl-2 were purchased from Shenzhen Xinbosheng
Biotechnology Co., Ltd. The SP detection kit was
purchased from Suzhou Renode Biotechnology Co.,
Ltd. Goat serum for sealing was purchased from
Nanjing Senbeijia Biotechnology Co., Ltd. The
primers were purchased from Nanjing KingsRui
Biotechnology Co., Ltd. The DNA enzyme (without
RNA enzyme) was purchased from Promega, Inc.

Instruments

The 4°C refrigerator was purchased from
Beijing Wuzhou Oriental Science and Technology
Development Co., Ltd. The -80°C refrigerator was
purchased from Guangzhou Haohan Instrument Co.,
Ltd. The heparin anticoagulant tubes were purchased
from the Nanjing Jiancheng Institute of Biological
Engineering. The centrifuge was purchased from
Tianjin Benson Health Technology Co., Ltd. The
thermostatic magnetic agitator was purchased
from Suzhou Abituo Biotechnology Co., Ltd. The
biological image acquisition system was purchased
from Guangzhou Kezhilan Instrument Co., Ltd. The
electric thermostatic water tank was purchased from
Beijing Ganming Gene Technology Co., Ltd.

Methods

¢ The levels of CD3+, CD4+ and CD8a+ of the T
cell subsets in the peripheral blood of the rats in each
group were determined by flow cytometry.

e The levels of immunoglobulin G (IgG),
immunoglobulin A (IgA), immunoglobulin M (IgM),
interleukin 2 (IL-2), interleukin 6 (IL-6), interleukin
B (IL-1P), and tumor necrosis factor alpha (TNF-a)
were detected by ELISA.

* The expressions of TNF-a, IL-1f3 and B-cell
lymphoma factor 2 (Bcl-2) in the brain tissues
of rats in each group were determined via the
immunohistochemical method.

¢ Real-time quantitative PCR was used to
determine the cadherin-associated protein beta
(B-catenin), glycogen synthase kinase-3 beta (GSK-
3P) and adenomatous polyposis coli (APC) mRNA.

Statistical methods

The levels of T cell subsets and immunoglobulin
in the peripheral blood of the rats in each group were
expressed by (X£s).

A comparison between the two groups was
performed via a T test, and a comparison among
multiple groups was performed via a one-way
analysis of variance. P<0.05 is considered significant.
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Results Grou IL-1p L2 IL-6 TNF-a
P (pg/mL) (pg/mL) (pg/mL) (pg/mL)
Effects of clozapine on T cell subsets in the Control group 135.15+1.46 1.36+0.04 112.40+0.56 126.65+3.94
peripheral blood of the rats in each group . Model group 136.1322.90 | 1.55:004* | 114742039 | 114.47£2.96*
The levels of CD3+, CD4+ and CD8a+ in the
model group were Signiﬁcantly hlgher than in the Clozapine group | 136.21+3.39 2.10+0.06° 116.31+0.70° | 124.76+2.20°

control group (P<0.05). The levels of CD3+, CD4+
and CD8a+ in the clozapine group were significantly
lower than in the model group (P<0.05). See Table 1.

Group CD3+(%) CD4+(%) CDB8a+ (%)
Control group 29.87+11.30 17.61+5.35 18.70+8.27
Model group 40.85+7.36* 34.49+4 41° 43.22+741°

Clozapine group 24.97+8.71° 23.25+4.15° 29.16+£5.09°

Table 1: Effects of clozapine on T cell subsets in the
peripheral blood of rats in each group (X+s).
Note: a means compared with the control group, P<0.05; b
means compared with the model group, P<0.05.

Effects of clozapine on immunoglobulin lev-
els in each group

The levels of IgG, IgA and IgM in the model
group were significantly higher than in the control
group (P<0.05). The levels of clozapine IgG, IgA
and IgM were significantly lower than in the model
group (P<0.05). See Table 2.

Group 1gG (ng/mL) IgA (ng/mL) IgM (ng/mL)
Control group 49.87+8.90 206.59+9.16 118.66+10.06
Model group 61.70£10.58* 242.64+13.08* 136.75+£8.01°

Clozapine group 37.62£10.15 197.82+12.14° 108.37£10.02°

Table 2: Effects of clozapine on the immunoglobulin
levels of rats in each group (X+s).

Note: a means compared with the control group, P<0.05; b
means compared with the model group, P<0.05.

Effects of clozapine on the serum cytokines of
rats in each group

The levels of IL-2 and IL-6 in the model group
were significantly higher than in the control group,
while the level of TNF-a was significantly lower
than in the control group (P<0.05).

There was no significant difference in the
level of IL-1f3 between the model group and the
control group (P>0.05). The levels of IL-2 and IL-6
in the clozapine group were significantly higher
than in the model group, and the level of TNF-a
was significantly higher than in the model group
(P<0.05). See Table 3.

Table 3: Effects of clozapine on the serum cytokines of
rats in each group (X+s).

Note: a means compared with the control group, P<0.05; b
means compared with the model group, P<0.05.

Effects of clozapine on TNF-a, IL-1 and
Bcl-2 on the brain tissues of rats in each group

The number of TNF-a and IL-1f positive cells
in the brain tissues of rats of the model group was
significantly higher than that of the control group, and
the number of Bcl-2 positive cells was significantly
lower than that of the control group (P<0.05). The
number of TNF-a positive cells in the brain tissues
of rats in the clozapine group was significantly lower
than that in the model group, and the number of Bcl-
2 positive cells was significantly higher than that in
the model group (P<0.05). See Figure 1.
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Figure 1: Effects of clozapine on TNF-a., IL-1f and Bcl-
2 in the brain tissues of rats in each group.

Effects of clozapine on B-catenin, GSK-3f
and APC mRNA in rats

The mRNA expression of [-catenin in the
model group was significantly higher than in the
control group, and the mRNA expression of GSK-3f3
and APC in the model group was significantly lower
than in the control group (P<0.05). The mRNA
expression of B-catenin in the clozapine group was
significantly lower than in the model group, and
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the mRNA expression of GSK-3f3 and APC in the
clozapine group was significantly higher than in the
model group (P<0.05). See Table 4.

Group B-catenin mRNA | GSK-38 mRNA APC mRNA
Control group 0.007+0.001 0.035++0.004 0.026+0.003
Model group 0.011£0.001* 0.024+0.003* 0.022+0.002*

Clozapine group 0.009+0.001° 0.042+0.003" 0.030+0.004°

Table 4: Effects of clozapine on B-catenin, GSK-3[3 and
APC mRNA in rats of each group (X+s).

Note: a means compared with the control group, P<0.05; b
means compared with the model group, P<0.05.

Discussion

Clozapine is well-tolerated, on the one hand,
with little change in serum prolactin levels and
minimal risk of extrapyramidal adverse reactions.
On the other hand, clozapine can cause reduced
granulocyte numbers, myocarditis and other toxic
side effects, which seriously limit its clinical
applications®. Therefore, it is very important to
further reveal its mechanism of action for clinical
guidance on drug use.

Few studies have so far been published on
changes in immune function in schizophrenic rat
models stimulated by MK-801. Some research
has shown that the levels of IgA and IgM in
schizophrenic patients in that group are significantly
higher than in those in the normal control group"?.
Other scholars found that IgG and IgA decreased
significantly in patients with schizophrenia in
remission?. The results of the present study showed
that the levels of IgG, IgA and IgM in the model
group were significantly higher than in the control
group (P<0.05). Meanwhile, the levels of clozapine
IgG, IgA and IgM were significantly lower than in
the model group (P<0.05). These results indicated
that the immune function of schizophrenic rats
was disturbed, and that the effect of clozapine on
the immune function played an important role in
treating schizophrenia. Moreover, CD4+T cells are
important immunoregulatory cells, and an increase
in their levels suggests the presence of autoimmune
diseases. CD8+T cells have a direct killing function
and can clear target cells. CD3+T cells may
participate in the signal transduction process of
T cells. Regarding these aspects, the study results
showed that the levels of CD3+, CD4+ and CD8a+
in the model group were significantly higher than in
the control group (P<0.05). Conversely, the levels

of CD3+, CD4+ and CD8a+ in the clozapine group
were significantly lower than in the model group
(P<0.05). These results indicated that T-lymphocyte
subsets in the peripheral blood of schizophrenic
rats were dysfunctional, and that clozapine could
promote their functional recovery.

Many studies have been published on the
role of IL-2 and IL-6 in the inflammatory response
surrounding schizophrenia; it has been reported that
the levels of IL-6, IL-2 and IL-8 in schizophrenic
patients are significantly higher than those in the
normal population!?. Haack et al found that the
level of TNF-a was significantly reduced in patients
with schizophrenia, and that age could affect its
level™. This is consistent with the results of the
present study. A number of studies have shown that
the expression of TNF-a and IL-1f in the affected
brain tissue is significantly increased. The results
of the present study showed that the levels of IL-2
and IL-6 in the model group were significantly
higher than in the control group, and that the level
of TNF-a was significantly lower than in the control
group (P<0.05). In addition, the levels of IL-2 and
IL-6 in the clozapine group were significantly higher
than in the model group, and the level of TNF-a
was significantly higher than in the model group
(P<0.05). In this study, the levels of IL-2 and IL-6
did not recover but increased significantly after the
clozapine treatment, which may suggest that they
do not play immune regulatory functions through
such a treatment. The number of TNF-a and IL-1f3
positive cells in the brain tissues of the rats in the
model group was significantly higher than that of
the control group, and the number of Bcl-2 positive
cells was significantly lower than that of the control
group (P<0.05). Furthermore, the number of TNF-a
positive cells in the brain tissues of the clozapine
group was significantly lower than in those of the
model group, and the number of Bcl-2 positive cells
was significantly higher than in those of the model
group (P<0.05). These results indicated that TNF-a.,
IL-1p and Bcl-2 could play an important role in
schizophrenia, and that clozapine could effectively
promote the recovery of their levels.

APC can regulate the content of [-catenin
in cells and promote the binding of B-catenin to
the degradation complex. GSK-3B can promote
the phosphorylation of P-catenin and eventually
achieve the purpose of promoting the degradation
of P-catenin®. Previous studies have confirmed
that antipsychotics can increase GSK-3f3 and APC
levels". The present study, for its part, showed that
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the mRNA expression of f3-catenin in the model
group was significantly higher than in the control
group, and that the mRNA expression of GSK-3p
and APC in the model group was significantly lower
than in the control group (P<0.05). At the same time,
the mRNA expression of [B-catenin in the clozapine
group was significantly lower than in the model
group, and the mRNA expression of GSK-3[3 and
APC in the clozapine group was significantly higher
than in the model group (P<0.05).

In conclusion, clozapine can inhibit the
inflammatory immune response in the brains of
schizophrenic rats by regulating the expression of
B-catenin, APC and GSK-3f genes.
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