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Variations in inflammatory regulators

in male patients with chronic schizophrenia
associated with psychopathology

and cognitive deficits
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Abstract

Background Immune dysregulation has been identified as a contributing factor in the pathophysiology of
schizophrenia. This study aimed to investigate variations in specific immune regulators and their correlation with
psychopathology and cognitive functions in male patients with chronic schizophrenia.

Methods Employing a cross-sectional design, this study included 72 male patients with chronic schizophrenia. The
Positive and Negative Syndrome Scale (PANSS) and the Repeatable Battery for the Assessment of Neuropsychological
Status were utilized to assess psychopathology and cognitive functions, respectively.

Results Serum levels of interleukin (IL)-4, IL-10, IL-12p40, IL-13, and monocyte chemoattractant protein-1 (MCP-1)
were measured. There were significantly increased levels of I1L-4, IL-13, and MCP-1, alongside decreased levels of IL.-10
in patients compared to controls (all P<0.05). IL-4 levels showed a significant negative association with PANSS positive
symptoms (beta=-0.222, P=0.042). After controlling for antipsychotic medication, BMI, and smoking, this correlation
was no longer significant (r=-0.232, P=0.055). Additionally, positive correlations of IL-4 (beta=0.297, P=0.008), IL.-13
(beta=0.371,P=0.001), and MCP-1 (beta=0.280, P=0.013) with language scores were observed. Increased levels of
IL-4 (P=0.044,0R=1.994), IL-13 (P=0.019, OR=2.245), as well as IL-4 and MCP-1 interactions (P=0.043, OR=2.000)
were positively associated with the risk of chronic schizophrenia, while lower levels of IL.-10 (P=0.003, OR=0.2.867)
were also linked to an increased risk.

Conclusion The identified associations between specific immune markers and the clinical and cognitive features of
chronic schizophrenia in males underscored the potential immune-mediated mechanisms underlying schizophrenia.
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Introduction

Schizophrenia is a severe mental disorder with strong
heterogeneity, primarily characterized by hallucinations,
delusions, disorganized thinking, cognitive impairments,
and abnormal affect or behavior. Schizophrenia typi-
cally manifests in early adulthood, imposing significant
burdens on the individual, family, and society [1, 2]. The
global prevalence of schizophrenia is approximately 1.0%
[2, 3], with a lifetime prevalence in China ranging from
0.5 to 0.9% [4]. The course of schizophrenia is prolonged,
and the prognosis is generally poor, significantly impact-
ing the quality of life of patients and potentially reducing
life expectancy [5]. Although the precise etiology remains
elusive, inflammatory processes have been implicated
as important contributory factors in the pathogenesis of
schizophrenia [6, 7].

Inflammation plays a crucial role in the pathogenesis
of schizophrenia. Cytokines interfere with normal brain
function through various mechanisms, including disrupt-
ing the balance of neurotransmitters, damaging neurons,
and causing synaptic dysfunction [8, 9]. Cytokines can
directly interfere with the synthesis, release, and reuptake
of neurotransmitters, such as dopamine and glutamate,
leading to neurotransmitter dysfunction [10, 11]. Abnor-
malities in these neurotransmitter systems are closely
associated with the positive and negative symptoms of
schizophrenia [12]. Cytokines may inhibit the prolif-
eration and differentiation of neural stem cells, affect-
ing neuronal migration and synapse formation, resulting
in neurodevelopmental disorders and brain structural
abnormalities [13], which are prevalent in patients with
schizophrenia. Furthermore, inflammation may also lead
to white matter integrity impairment by affecting myelin-
ation and oligodendrocyte function, and white matter
abnormalities are an important pathological feature of
schizophrenia [14, 15]. Among the cytokines involved in
regulating inflammatory responses, immune responses,
and intercellular signaling, interleukin (IL)-4, -10, -12,
-13, and the chemokine monocyte chemoattractant pro-
tein-1 (MCP-1) play key roles [16]. Figure 1 illustrates the
production process of major cytokines.

Recent studies have revealed significant abnormalities
in the expression levels of immune regulators in patients
with schizophrenia. For instance, comparisons have
revealed elevated levels of IL-4, IL-10, IL-12, IL-13, and
MCP-1 in the peripheral blood of drug-naive patients
with first-episode schizophrenia compared to healthy
controls [17-20]. However, in long-term chronic schizo-
phrenia patients, the levels of IL-4 and IL-12 showed a
decreasing trend [18]. Additionally, although IL-12 lev-
els are typically elevated in first-episode patients, they
were significantly influenced by pharmacological treat-
ment [21]. Conversely, IL-13 levels did not show signifi-
cant changes in first-episode patients [19]. Despite some
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inconsistencies, these findings underscored a dysregula-
tion of cytokine balance in schizophrenia.

Further research has explored the relationship between
expression abnormalities of these immune regulators
and the clinical symptoms and cognitive functions in
schizophrenia. The levels of IL-4 and IL-10 have been
significantly associated with negative symptoms [22, 23]
and cognitive impairments in schizophrenia patients
[24, 25]. On the contrary, levels of IL-12 and MCP-1
have been correlated with positive symptoms and cogni-
tive dysfunction [21, 26-28]. These results suggest that
the dysregulated expression of immune regulators may
influence the neuroimmune processes, with a role in the
pathophysiological mechanisms of schizophrenia and
being closely related to the clinical manifestations of the
patients.

Due to the chronic nature of the disease and pro-
longed treatment, long-term hospitalized patients with
schizophrenia may exhibit special inflammatory charac-
teristics. Additionally, the biological and hormonal differ-
ences of male patients may produce significant variations
in disease manifestation and inflammatory responses
compared to female patients. Therefore, studying the
inflammatory traits of long-term hospitalized male
schizophrenia patients can enhance the understanding
of the pathophysiological mechanisms in this specific
group.

We hypothesize that the levels of IL-4, IL-10, IL-12,
IL-13, and MCP-1 in sera of these patients will vary and
that these variations are associated with clinical patho-
logical symptoms and cognitive functions. This study
performed in long-term hospitalized schizophrenia
patients assessed: (1) the variation in serum levels of
IL-4, IL-10, IL-12, IL-13, and MCP-1; (2) the association
of these cytokine levels with clinical symptoms and cog-
nitive functions; and (3) the potential of these cytokines
as biomarkers for predicting susceptibility to chronic
schizophrenia.

Subjects and methods

Subjects

This cross-sectional, case-control study involved 72 male
schizophrenia patients who were long-term inpatients at
the Department of Psychiatry of the Fourth People’s Hos-
pital of Lianyungang and its affiliated institutions. The
inclusion criteria were males aged 18 to 60 years, Han
ethnicity, meeting the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) criteria
for schizophrenia, with a minimum of two consecutive
years of hospitalization and at least 12 months of stable
medication, and ability to complete neuropsychological
assessments. Additionally, participants had not received
anti-inflammatory or antibiotic treatments in the four
weeks prior to enrollment. All patients were evaluated
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Fig. 1 Overview of the production of some cytokines. IL-4 is an adaptive cytokine primarily secreted by Th2 cells, mast cells, and eosinophils. IL-4 plays
a pivotal role in regulating humoral immunity, promoting IgG and IgE production, enhancing the proliferation and differentiation of B cells, and sup-
pressing Th1 cell-mediated inflammatory responses. IL-10 is a cytokine with extensive anti-inflammatory properties that is secreted by various cell types,
including T cells, B cells, macrophages, and certain dendritic cells. IL-10 effectively inhibits the production of pro-inflammatory cytokines and limits
autoimmune responses, thus playing a crucial role in maintaining immune tolerance and preventing immunopathological damage. IL-12 is produced
by dendritic cells, macrophages, and certain B cells, and is essential for the differentiation and activation of Th1 cells. IL-12 is significant in anti-infective
immune responses, particularly against intracellular pathogens, and promotes the recruitment and activation of natural killer cells and T cells. IL-13, with
biological functions similar to IL-4, is predominantly produced by Th2 cells and contributes to regulating B cell function, enhancing antibody production,

and balancing immune responses. (The figure was created using https://www.figdraw.com)

by two senior psychiatrists. Exclusion criteria included
any history of brain disorders (e.g., intellectual disabil-
ity, dementia, neurodegenerative diseases), significant
physical illnesses (e.g., endocrine or metabolic disorders),
inability to complete neuropsychological assessments, or
history of alcohol or drug dependence.

The control group consisted of 68 healthy individuals
matched with the patients in terms of age, sex, education,
body mass index (BMI), and smoking. These participants
were recruited from the local community through adver-
tisements. Members of the healthy control group had no
history of any Axis I psychiatric disorders as defined by
DSM-1V, no personal or familial history of psychiatric
disorders, and no history of alcohol or drug dependence.
They also had not received anti-inflammatory or antibi-
otic treatments in the four weeks prior to enrollment.

All participants underwent routine laboratory and
physical examinations, and those with abnormal results
were excluded. The purpose and procedures of the study
were fully explained to all participants or their guardians,
and participation was voluntary. All data were anony-
mized to protect participant privacy. The study protocol
was approved by the Ethics Committee of the Fourth
People’s Hospital of Lianyungang, and informed consent
was obtained from all participants or their guardians.

Measures

All participants were required to complete a detailed
questionnaire containing demographic and clinical data
that included age, gender, educational level, smoking,
BMI, age of onset, and disease duration. Additionally,
doses of antipsychotic medications were converted to
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chlorpromazine equivalent doses for standardization
[29]. The severity of psychotic symptoms was assessed
using the Positive and Negative Syndrome Scale (PANSS)
[30-32], with an inter-rater correlation coefficient
exceeding 0.8.

The Repeatable Battery for the Assessment of Neuro-
psychological Status (RBANS) was employed to assess
cognitive functions across all participants, encompassing
five subscales: attention, language, visuospatial/construc-
tional, immediate memory, and delayed memory. Ini-
tially, the total raw score for the subscales was calculated,
which was then converted into a standardized score. Uti-
lization of RBANS within the Chinese population has
indicated favorable reliability and validity [33, 34].

Measurement of peripheral blood

Between 7:00 and 9:00 AM, fasting peripheral blood
samples were collected from both healthy control sub-
jects and patients, and stored using coagulant tubes.
After collection, the samples were left to stand at 4 °C for
1 h, followed by centrifugation at 3,000 rpm for 15 min.
Subsequently, the samples were stored in a -80 °C freezer
until analysis. All blood samples were tested in duplicate
by a technician who was blinded to the study sample and
clinical status. The intra-assay coefficient of variation
for IL-4, IL-10, IL-12p40, IL-13, and MCP-1 (all pg/mL)
ranged from 2.6 to 6.3%, while the inter-assay coefficient
of variation ranged from 2.5 to 9.6%. Serum levels of IL-4,
IL-10, IL-12p40, IL-13, and MCP-1 were analyzed using
the Luminex liquid suspension chip detection system,
strictly following the manufacturer’s instructions (R&D
Systems, Minneapolis, MN, USA).

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the nor-
mality of distribution for variables between the patient
and healthy control groups. However, serum levels of
IL-4, IL-10, IL-12p40, IL-13, and MCP-1 did not pass the
normality test in both groups. Thus, the Mann-Whitney
U test was utilized for these comparisons. Continuous
variables that followed a normal distribution were ana-
lyzed using the independent samples or Student’s ¢-test,
and are reported as mean*standard deviation. For con-
tinuous variables that did not follow a normal distribu-
tion, the median along with the 25th and 75th percentiles
were reported. Categorical variables were assessed using
the chi-square test. Bonferroni correction was applied
as a post-hoc test, with a corrected significance level of
0.01. Moreover, to evaluate effect sizes, Cohen’s d value
was used, where 0.2, 0.5, and 0.8 respectively repre-
sented small, medium, and large effects. Differences were
considered statistically significant at a P-value<0.05
(two-tailed).
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Relationships between nonparametric continuous vari-
ables were assessed using Spearman’s correlation analy-
sis. Stepwise regression analysis was used to explore the
relationship between psychopathological symptoms or
cognitive functions and independent variables to analyze
influencing factors. Histograms or Durbin-Watson tests
were used to examine whether the residuals conformed
to a normal distribution or were independent. Further-
more, we categorized IL-4, IL-10, IL-12p40, IL-13, and
MCP-1 into high IL-4 (code 1), high IL-10 (code 1), high
IL-12p40 (code 1), high IL-13 (code 1), and high MCP-1
(code 1) groups based on the median among all the par-
ticipants. Due to the strong correlation between IL-4,
IL-13, and MCP-1, we constructed IL-4*MCP-1 and IL-
13*MCP-1 interaction terms, which were subsequently
incorporated into binary logistic regression equations
as independent variables. These models, with diagnosis
(chronic schizophrenia vs. healthy control) as the depen-
dent variable, included all measured parameters (except
IL-12p40) as independent variables, adjusting for poten-
tial confounding factors including age, education, BMI,
and smoking, to analyze variables that may predict sus-
ceptibility to long-term chronic schizophrenia. SPSS
Windows statistical software version 22.0 was used for
all statistical data (SPSS, Chicago, IL, USA). The G*power
3.1.9.7 were used to calculate the sample sizes (https://w
ww.softpedia.com/get/Science-CAD/G-Power.shtml).

Results

Demographic and general clinical data in patients and
healthy controls

Table 1 presents the demographic characteristics and
general clinical data of patients with schizophrenia and
healthy controls. There was no significant difference
between the two groups in terms of age, education, BMI,
and smoking (all P>0.05). The age of onset of schizo-
phrenia was 26.65 + 8.29 years, the PANSS total score
was 57.57 £ 15.19, with a positive symptom score of 11.18
* 4.69, negative symptom score of 28.96 + 6.15, general
psychopathology score of 17.61 *+ 7.05, and equivalent
dose of chlorpromazine of 577.73 + 186.23. Moreover,
there was a significant difference in cognitive function
between patients with schizophrenia and healthy con-
trols (P<0.05); the patients performed worse in RBANS
total score and all subscales.

2 Independent samples t-test; > Mann-Whitney U test; ©
chi-square test; ¢ Student’s ¢-test. Abbreviations are: HC,
healthy controls; BMI, body mass index; PANSS, Positive
and Negative Syndrome Scale; RBANS, Repeatable Bat-
tery for the Assessment of Neuropsychological Status.
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Table 1 Demographic and clinical data of patients with
schizophrenia and healthy controls

Patients  HC t/x%/Z P
(n=72) (n=68)
Age (years) 4040+953 4038+ 0013° 0.990
9.50
Education (years) 9(6,9) 9 (6, -1.665° 0.096
12)
BMI (kg/mz) 2485+357 2538+ -0.990° 0.324
2.80
Smoking (n, %) 35 (48.6) 27 1.124°¢ 0.289
(39.7)
Age of onset (years) 26,65 + - - -
8294
Duration of illness (years) 1279+ - - -
819¢
Equivalent dose of chlor-  577.73 + - - -
promazine (mg/d) 186.23 ¢
PANSS total score 57.57 + - - -
151949
P subscores 1118 + - - -
4699
N subscores 28.96 + - - -
6.15¢
G subscores 1761 + - - -
7.05¢
RBANS total score 5860 + 8832+ -15306% <0.001
11.13 11.85
Attention 8213+ 106.54 -10.102°  <0.001
13.78 +14.82
Language 7207 + 9643+ -11.150° <0.001
14.04 11.61
Visuospatial/ 7010+ 8863+ -7.565° <0.001
constructional 14.70 14.26
Immediate memory 5081+ 8322+ -11.157%  <0.001
17.38 16.97
Delay memory 5435+ 8371+ -10240%  <0.001
16.38 17.54

Table 2 Levels of immune regulators between patients with
schizophrenia and healthy controls (HC)

Patients HC (n=68) A P
(n=72)

I-4 (pg/mL) 22.05 (6.20, 9.66 (6.20, -2.023 0.043
27.15) 27.15)

IL-10 (pg/mL) 0.32(0.19, 0.85 (0.38, -3431 0.001
0.85) 1.09)

I-12p40 (pg/mL) 76.37 (50.70, 84.25(6141, -1.119 0.263
109.10) 113.83)

I-13 (pg/mL) 184.71(71.12, 80.79 (61.25, -2.196 0.028
237.19) 237.19)

MCP-1 (pg/mL) 230.94 123.63 (86.54, -2.541 0.011
(102.71, 261.96)
321.58)

Comparisons between groups were performed using the Mann-Whitney U test
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Comparison of immune regulators levels between
schizophrenia patients and healthy controls

As shown in Table 2, serum IL-4, IL-13, and MCP-1 levels
were significantly increased in patients with schizophre-
nia compared to the levels in healthy controls (P=0.043,
P=0.028, and P=0.011, respectively; Fig. 2A-C, respec-
tively). Serum IL-10 levels were significantly lower in
schizophrenia patients than the levels in healthy controls
(P=0.001, Fig. 2D). However, there was no significant dif-
ference in serum IL-12p40 levels between the patients
and healthy controls (P=0.263). After Bonferroni cor-
rections, only serum IL-10 levels showed significant
differences between groups (P=0.005). No significant dif-
ferences were found in MCP-1, IL-4, IL-12, or IL-13 lev-
els (all P>0.05).

Correlation of immune regulators with clinical symptoms
in schizophrenia patients

Spearman’s correlation analysis revealed that IL-4 lev-
els were significantly negatively associated with PANSN
positive symptoms (r=-0.313, P=0.007). No significant
correlation was evident between IL-10, IL-13, MCP-
1, and PANSS total scores and the PANSS subscales
(all P>0.05). Furthermore, stepwise regression analysis
revealed independent associations with PANSS positive
symptoms and IL-4 (beta=-0.222, t=-2.068, P=0.042) and
with the equivalent dose of chlorpromazine (beta=0.412,
t=3.845, P<0.001). Partial correlation analysis revealed
that after controlling for antipsychotic medication, BMI,
and smoking, the correlation between PANSS posi-
tive symptoms and IL-4 was not significant (r = -0.232,
P=0.055).

Correlation of immune regulators with cognitive functions

in schizophrenia patients

Spearman’s correlation analysis showed that levels of
IL-4, IL-13, and MCP-1 were significantly positively
associated with language (r=0.318, P=0.006; r=0.379,
P=0.001; r=0.286, P=0.015, respectively). No significant
correlation was found between IL-10 and RBANS total
score and the subscales (all P>0.05). Stepwise regres-
sion analysis revealed that IL-4 (beta=0.297, t=2.714,
P=0.008, Fig. 3A) and education (beta=0.288, t=2.626,
P=0.011) were independently correlated with language.
IL-13 (beta=0.371, t=3.455, P=0.001, Fig. 3B) and edu-
cation (beta=0.257, t=2.397, P=0.019), as well as MCP-1
(beta=0.280, t=2.539, P=0.013, Fig. 3C) and education
(beta=0.290, t=2.626, P=0.011), were independently
associated with language. After controlling for potential
confounding factors including antipsychotic medication,
BMI, smoking, and education, partial correlation analyses
revealed that IL-4 (r=0.307, P=0.011), IL-13 (r=0.376,
P=0.002), and MCP-1 (r=0.293, P=0.015) maintained
significant positive associations with language scores.
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Fig.2 Comparison of IL-4 (A), IL-13 (B), MCP-1 (C), and IL-10 (D) levels between schizophrenia patients and healthy controls (HC)
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Fig. 3 Correlation of IL-4, IL-13, and MCP-1 with clinical symptoms and cognitive functions in schizophrenia patients. Positive correlations of serum IL-4,

IL.-13, and MCP-1 levels with language (A, B, C, respectively)

Independent variables predicting susceptibility to chronic

schizophrenia

Because there was a strong correlation between IL-4
and IL-13 with MCP-1 (r=0.690, P<0.001; r=0.619,
P<0.001), we constructed IL-4*MCP-1 and IL-13*MCP-1
interaction terms included in the logistic regression
model. In the logistic regression model, we divided all
participants into the high group (code 1) or low group
(code 0) concerning the levels of IL-4, IL-10, IL-12p40,
IL-13, and MCP-1 based on univariate regression analy-
sis according to the median. All these parameters, except
IL-12p40, were individually included in the binary
logistic regression model adjusted for age, education,

BMI, and smoking. Positive associations with the risk
of chronic schizophrenia were evident for increased
levels of IL-4 (B=0.690, P=0.044, OR=1.994, 95% CL:
1.017-3.908), IL-13 (B=0.809, P=0.019, OR=2.245, 95%
CIL: 1.141-4.416), and IL-4* MCP-1 (B=0.693, P=0.043,
OR=2.000, 95% CI: 1.020-3.920). Decreased levels of
IL-10 (B=1.053, P=0.003, OR=0.2.867, 95% CI: 1.444—
5.693) were positively associated with the risk of chronic
schizophrenia. However, no significant correlations were
evident between IL-12p40, MCP-1 and IL-13*MCP-1
levels and the risk of chronic schizophrenia (all P>0.05).
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Discussion

There were four primary findings of this study. First,
serum IL-4, IL-13, and MCP-1 levels were significantly
elevated, while IL-10 levels were significantly decreased
in male patients with chronic schizophrenia. Second,
IL-4 levels showed a negative association with PANSS
positive symptoms. However, this association was no lon-
ger statistically significant after controlling for potential
confounding factors, including antipsychotic medication,
BM]I, and smoking. Third, IL-4, IL-13, and MCP-1 were
significantly positively correlated with language. Fourth,
increased levels of IL-4, IL-13, as well as IL-4*MCP-1
interaction were positively associated with the risk of
chronic schizophrenia, whereas lower IL-10 levels were
positively associated with the risk.

We observed elevated serum levels of IL-4, IL-13, and
MCP-1, and decreased levels of IL-10 in male patients
with chronic schizophrenia, suggesting that chronic
schizophrenia may be associated with changes in spe-
cific patterns of immune responses. Increased levels
of IL-4 and IL-13 generally indicate an increased Th2-
type immune response [35]. Abnormalities in Th2-type
immune responses may be associated with the onset and
progression of schizophrenia [36, 37], consistent with our
findings. Previous clinical studies have shown elevated
levels of IL-4 and IL-13 in patients with schizophrenia
[17, 20, 38]. However, there were some differences in the
results between several studies [20, 39], which may be
related to factors, such as sample size and stage of the
disease. In addition, MCP-1, a chemokine and adaptive
immune factor, can also observed be elevated in patients
with chronic schizophrenia, suggesting a possible chronic
inflammatory state in such patients. Mendelian data have
suggested an association between MCP-1 and schizo-
phrenia [16], and a meta-analysis reported that MCP-1
was elevated in different stages of schizophrenia [19], fur-
ther supporting the hypothesized role for chronic inflam-
mation in schizophrenia.

Serum IL-10 levels have been inconsistent in studies of
different stages of schizophrenia; increased or no change
in IL-10 levels have been described in patients with
acute-phase schizophrenia [18, 40, 41]. As an important
anti-inflammatory and immunomodulatory factor, IL-10
performs a key role in suppressing excessive immune
responses [42]. Concerning chronic inflammation, the
imbalance of the immune response as well as self-regula-
tion of the immune system may suffer from disturbances
that do not effectively increase IL-10 production to sup-
press inflammation [43, 44]. Our observation of reduced
serum IL-10 levels in patients with chronic schizophre-
nia suggested that adaptive modifications of the immune
system in response to the persistent inflammatory state
may have contributed to the previously described exacer-
bation and persistence of the inflammatory response [42,
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45], further highlighting the involvement of inflamma-
tion in the pathophysiological process of schizophrenia.
In addition, the potential effects of antipsychotic medi-
cations administered to patients with long-term chronic
schizophrenia on IL-4, IL-10, IL-13, and MCP-1 levels
warrants further study.

Our findings revealed a significant negative correla-
tion between serum IL-4 levels and positive symptoms
in patients with chronic schizophrenia, although this
association became non-significant after controlling for
potential confounding factors. This observation presents
a nuanced perspective that diverges from the traditional
view that increased inflammatory factors are usually
associated with worsening symptoms [34, 46—48]. How-
ever, IL-4, a major adaptive regulatory and anti-inflam-
matory cytokine, normally exerts an anti-inflammatory
role in the immune system [49]. Thus, elevated IL-4
levels may reflect the initiation of self-regulation within
the individual to reduce or resist the inflammatory state
of psychiatric disorders by increasing anti-inflamma-
tory factors [49-51]. Although the results of the present
study may imply a protective effect of IL-4 on psycho-
logical symptoms in chronic schizophrenia, the results
do not mean that IL-4 is the primary cause of symptom
reduction. Rather, it is more likely that there was a regu-
latory response of IL-4 to chronic inflammation. Pos-
sible reasons also included more complex feedback of the
immune network, stage or duration of the disease, and
the intervention of other variables such as medication,
age, and sex, which may explain the interesting result.

Our findings that elevated serum IL-4 and IL-13 lev-
els were positively associated with cognitive deficits are
consistent with previous studies [24, 52]. Other previous
studies have indicated that IL-4 and IL-13 may exert neu-
roprotective effects by inhibiting microglia and astrocyte
activation, and reducing the release of inflammatory fac-
tors [53, 54]. IL-4 and IL-13 affect learning and memory
by influencing neuroplasticity, neurogenesis in the hip-
pocampus, and modulation of the neurovascular unit
[55]. However, elevated levels of IL-4 and IL-13 may lead
to an immune system imbalance [56]. IL-4 directly medi-
ates its effects through IL-4Ra expressed on gamma-ami-
nobutyric acidergic neurons, and astrocytes respond to
IL-4 to produce brain-derived neurotrophic factor, which
is critical for learning and memory [57]. Elevated IL-4
acts on epithelial cells to produce C-C motif chemokine
11 that is associated with cognitive decline during aging
[57-59]. An animal model study revealed that mice with
severe immune deficiency exhibit amnesia [60], which
can be reversed by supplementing with T cells. However,
this reversal was reportedly not achieved with T cells
from IL-4 knockout mice. The elimination of IL-4Ra in
inhibitory neurons impairs context fear memory, and fur-
ther single nucleus RNA-sequencing analyses from these
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mice have shown that IL-4 plays a crucial role in regu-
lating synaptic function to promote memory formation.
Another study demonstrated that hippocampal injections
of exogenous IL-13 improve cognitive dysfunction in
mice [54, 61].

The role of IL-4 in chronic schizophrenia patients
appears to be multifaceted. On one hand, it may fluctu-
ate in response to the exacerbation or amelioration of
psychopathological symptoms [62]; on the other hand,
alterations in IL-4 might potentially influence psycho-
pathological symptoms or cognitive functions [63, 64].
Additionally, the relatively low PANSS positive symptom
scores in our patient samples may also have made the
positive correlation between IL-4 and cognitive func-
tions more prominent. These complex mechanisms and
interactions may help explain the observed differential
associations of IL-4 with positive symptoms and cogni-
tive domains.

In the present study, serum MCP-1 levels were posi-
tively correlated with cognitive deficits in patients with
chronic schizophrenia. MCP-1 is an important regula-
tor and chemokine that plays key roles in inflamma-
tory response and immunomodulation. MCP-1 recruits
inflammatory cells, such as monocytes and macrophages,
which infiltrate and cause inflammation and neuronal
damage, which in turn leads to cognitive dysfunction [65,
66]. Animal studies have revealed a correlation between
Y-maze manifestations and serum MCP-1 levels [67], and
the strong association between MCP-1 levels in cerebro-
spinal fluid and Alzheimer’s disease [68]. However, clini-
cal findings have been inconsistent; a study that included
20 patients with schizophrenia found that elevated
plasma MCP-1 levels were associated with worse cogni-
tive flexibility [69]. A supervised machine learning study
did not find MCP-1 involvement in cognitive deficits in
deficit schizophrenia [70]. The differences in outcomes
may be related to the duration of illness, severity of clini-
cal symptoms, medications administered, gender, hetero-
geneity of schizophrenia, and varying degrees of cognitive
deficits in different subtypes of patients. Nonetheless,
at the clinical level, our findings establish an association
between IL-4, IL-13, and MCP-1 levels and cognitive
deficits. Although the mechanisms remain incompletely
clear and may involve multiple aspects of inflammation-
mediated neurological damage, the findings increase the
understanding about the role of chronic inflammation in
schizophrenia, including cognitive function.

Further analysis revealed that increased levels of
IL-4 and IL-13 were associated with the risk of chronic
schizophrenia, suggesting the involvements of inflamma-
tory regulators and enhanced Th2 immune responses in
the pathophysiology of chronic schizophrenia. The pre-
vious finding in patients with first-episode drug-naive
schizophrenia that the compensatory immune-regulatory
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system, including Th1l and Th2, was activated after ris-
peridone treatment and associated with recovery from
acute-phase schizophrenia [71] supports our findings
from another perspective. We initially found an associa-
tion of the interaction between IL-4 and MCP-1 and the
risk of chronic schizophrenia. MCP-1. As a small mol-
ecule chemokine, MCP-1 regulates the inflammatory
response by recruiting monocytes to the site of inflam-
mation. The enhanced interaction between IL-4 and
MCP-1 indicates that the recruitment and activation of
inflammatory cells may be enhanced in the pathological
setting of schizophrenia. This, in turn further promotes
the establishment of an inflammatory environment,
thereby increasing the risk of chronic schizophrenia.

IL-10 is usually a cytokine with strong anti-inflamma-
tory effects, which inhibits the production of inflamma-
tory cytokines. The positive correlation between reduced
IL-10 levels and the risk of chronic schizophrenia sus-
ceptibility observed in the present study may suggest
that impaired anti-inflammatory response may be a key
factor in the chronic development of the disease. How-
ever, it is worth noting that there were still some incon-
sistent findings. For example, Facal et al. found that IL-6
polygenic score was associated with schizophrenia chro-
nicity, explaining 1.51% of the variance, whereas IL-4
was not [72]. Laskaris et al. did not find an association
between IL-4 and IL-13 and frontal thickness in patients
with chronic schizophrenia, but did find an association
in patients with first-episode schizophrenia between IL-4
and IL- 13 were associated with frontal thickness [73].
A systematic review and network meta-analysis demon-
strated that IL-4 and IL-10 were decreased in chronic
schizophrenia and that IL-4 was associated with age,
smoking, BMI, medications, duration of illness, sever-
ity of psychopathic symptoms, and subtype [18]. Thus,
the present study provided a preliminary result that IL-4,
IL-10, IL-13, and IL-4 and MCP-1 interactions were cor-
related with the risk of chronic susceptibility to schizo-
phrenia. Further investigation is warranted.

Furthermore, variations in regulatory cytokines may
complement or interact with changes in pro-inflamma-
tory cytokines such as IL-6, TNF-a, and these alterations
may be important in schizophrenia pathology [34, 46].
Previous study has found that the trait marker IFN-vy is
closely associated with multidimensional manifestations
of psychosis, state markers (IL-6 and IL-1P) fluctuate
across the psychosis spectrum, and lower levels of regu-
latory cytokines may lead to an uncontrolled inflamma-
tory system [74]. Future studies need to further explore
the dynamic balance between these regulatory and pro-
inflammatory factors and their effects on schizophrenia.
It is important to emphasize that the role of inflamma-
tory factors in schizophrenia is complex, and their dif-
ferent forms and degrees of inflammatory response may
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play different roles in different stages or subtypes of the
illness.

The present study had several limitations. First, the
cross-sectional design limited our ability to establish
causal relationships between variables, making it difficult
to determine whether immune alterations precede or fol-
low cognitive changes in schizophrenia. Second, as the
study focused on chronic schizophrenia patients with rel-
atively stable symptoms, our findings may not generalize
to patients at different illness stages, particularly those
in acute phases or early onset. Third, the inclusion of
only male participants limited the generalizability of our
results to female patients, which is particularly important
given the known sex differences in both immune function
and schizophrenia presentation. Fourth, the measure-
ment of regulatory cytokines alone, while providing valu-
able insights, offered only a partial view of the immune
system status in schizophrenia, as other immune markers
might also play important roles in cognitive function and
symptom presentation.

In conclusion, this study focused on the serum lev-
els of immune modulatory factors and their association
with disease characteristics in male patients with chronic
schizophrenia. The levels of IL-4, IL-13, and MCP-1 were
significantly elevated, whereas IL-10 was significantly
reduced. IL-4, IL-13, and MCP-1 showed positive asso-
ciations with cognitive functions, particularly language
abilities. The findings suggested that these immune fac-
tors may play roles in the cognitive deficits and symptom
manifestations of schizophrenia. Moreover, increased
levels of IL-4 and IL-13. as well as the interaction
between IL-4 and MCP-1 were associated with a higher
risk of chronic schizophrenia, while reduced IL-10 levels
were also positively related to disease risk. These find-
ings further supported the involvement of the inflamma-
tory hypothesis in the pathophysiology of schizophrenia,
offering potential biomarkers and intervention points for
future treatment strategies.
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