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Abstract

Background Major psychotic disorders (MPD), including schizophrenia (SCZ) and schizoaffective disorder (SAD),
are severe neuropsychiatric conditions with unclear causes. Understanding their pathophysiology is essential for
better diagnosis, treatment, and prognosis. Recent research highlights the role of inflammation and the immune
system, particularly the Interleukin 17 (IL-17) family, in these disorders. Elevated IL-17 levels have been found in MPD,
and human IL-17 A antibodies are available. Changes in chemokine levels, such as CCL20, are also noted in SCZ. This
study investigates the relationship between serum levels of IL.-17 A and CCL20 in MPD patients and their clinical
characteristics.

Method We conducted a case-control study at the Ibn Sina Psychiatric Hospital (Mashhad, Iran) in 2023. The study
involved 101 participants, of which 71 were MPD patients and 30 were healthy controls (HC). The Positive and
Negative Symptom Scale (PANSS) was utilized to assess the symptoms of MPD patients. Serum levels of CCL20 and
IL-17 A were measured using Enzyme-Linked Immunosorbent Assay (ELISA) kits. We also gathered data on lipid
profiles and Fasting Blood Glucose (FBS).

Results The mean age of patients was 41.04+9.93 years. The median serum levels of CCL20 and IL-17 A were
significantly elevated in MPD patients compared to HC (5.8 (4.1-15.3) pg/mL and 4.2 (3-5) pg/mlL, respectively;

p <0.001). Furthermore, CCL20 and IL-17 A levels showed a positive correlation with the severity of MPD. MPD patients
also had significantly higher FBS, cholesterol, and Low-Density Lipoprotein (LDL) levels, and lower High-Density
Lipoprotein (HDL) levels compared to HC. No significant relationship was found between PANSS components and
blood levels of IL17 and CCL20.

Conclusion The current study revealed that the serum levels of IL.-17 A and CCL20 in schizophrenia patients are
higher than those in the control group. Metabolic factors such as FBS, cholesterol, HDL, and LDL also showed
significant differences between MPD and HC. In conclusion, the findings suggest that these two inflammatory factors
could serve as potential therapeutic targets and prognostic biomarkers for schizophrenia.
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Background

Major Psychotic Disorders (MPD) are a group of chronic
and severe mental disorders, such as schizophrenia (SCZ)
and schizoaffective disorder (SCA), in which patients are
at high risk of premature death. Comorbidities of MPD
are a significant public health challenge affecting more
than 20 million people worldwide and require ongo-
ing research, education, and treatment [1]. The global
prevalence of schizophrenia is 1% of the population [2]
and the prevalence of psychotic disorders in the Iranian
population is 0.89% [3].The issue of the involvement of
inflammatory and autoimmune processes in the patho-
genesis of schizophrenia has become an important issue
in recent years and is still not fully understood [4]. One
theory suggests that there may be a link between neu-
roinflammation and the development of this disorder.
The lack of a clear understanding of the mechanisms
that underlie MPD has made it challenging to develop
effective treatments for this disorder. However, recent
advances in neuroscience research, including studies of
brain structure and function, neurotransmitter systems,
and inflammatory processes, are providing new insights
into the complex nature of MPD [5, 6] There is increas-
ing evidence that immune system dysfunction may play
a role in the development and progression of MPD [7].
Several studies have shown that individuals with MPD
exhibit elevated levels of inflammatory markers [8, 9].
Recent studies have shown cytokine changes in both
early SCZ patients with MPD and those at very high risk
[10]. Research showed that increased circulating cytokine
concentration is associated with positive regulation of
Th17 cells in patients with MPD. Th17-related upregu-
lation factors were significantly higher in MPD deficits
than in healthy controls [11].Another study also identi-
fied Th17-related regulated factors as strong predictors
of health-related quality of life and disability [12].In addi-
tion, a study reported a significant decrease in regulatory
T cells and a significant increase in Thl, Th2, and Th17
levels in paranoid SCZ with cognitive impairment, sug-
gesting a potential role of inflammatory factors in the
development of MPD [4]. Th17 leads to the production
of IL-17 [13].The interleukin 17 (IL-17) family is the new-
est subclass of cytokines. To date, six ligands of the IL-17
family [IL-17 A, IL-17B, IL-17 C, IL-17D, IL-17E (IL-
25), and IL-17 F] and five receptors (IL-17RA, IL-17RB/
IL-25R, IL-17RC, IL-17RD/SEF, and IL-17RE) have been
identified [14, 15].IL-17 was originally thought to be pro-
duced exclusively by T cells, but is now known to be pro-
duced by a variety of innate cells including macrophages,
dendritic cells (DC), natural killer, natural killer T, and
tissue inducers. Lymphocytes secrete it [16, 17].IL-17

mediates its immunoregulatory function mainly by pro-
moting the production of proinflammatory cytokines and
chemokines that lead to the recruitment of neutrophils
and macrophages to the site of inflammation [18].IL-17
is a proinflammatory cytokine that has been reported to
be involved in tissue damage in the central nervous system
[19]. Drugs such as Secukinumab, Ixekizumab, and Bro-
dalumab show anti-IL17 activity [20, 21]. Several studies
have reported high levels of IL-17 in psychiatric disorders
[22, 23].

Inflammatory cytokines and their regulatory factors
are relatively large molecules that cannot freely cross the
blood-brain barrier under normal physiological condi-
tions [24]. Chemokines attract peripheral leukocytes to
the site of chronic inflammation. CCL20 is abundant in
the choroid plexus and subarachnoid space and creates a
link between the environment and the brain, and CCL20
probably easily enters the brain from the systemic circu-
lation [25].

IL-17 A leads to the upregulation of several chemo-
kines, including CCL20 [18]. It should also be mentioned
that CCL20 is also one of the most important absorbers
of TH17 lymphocytes [26]. Research shows that IL-17 A
is involved in stimulating the expression of CCL20. Nota-
bly, the CCL20 receptor (CCR®6) is selectively expressed
by TH17 cells, creating a cycle that promotes IL-17 and
directs IL-17-producing cells, such as TH-17, to inflam-
matory sites [24, 27, 28].

Inflammatory cytokines and their regulatory factors
are relatively large molecules that cannot freely cross the
blood-brain barrier under normal physiological condi-
tions [29].Chemokines attract peripheral leukocytes to
the site of chronic inflammation. CCL20 is a chemokine
involved in chemotaxis and inflammatory response and
has been implicated in several inflammation-related
diseases such as rheumatoid arthritis. Inflammatory
mediators can induce CCL20 production in microglia
and can alter T cell behavior, suggesting a potential role
for CCL20 in neuroinflammation and neuroprogressive
processes in psychiatric disorders [30]. CCL20 is over-
expressed in the choroid plexus and subarachnoid space,
providing a link between the environment and the brain,
and CCL20 likely enters the brain easily from the sys-
temic circulation. In inflammatory conditions, CCL20 is
upregulated, and under experimental conditions, various
cytokines have been found to induce CCL20 expression
[25]. The finding that opposing cell subsets (TH17 and
Treg cells) express and respond to CCL20 points to a
potential regulatory role between immune activation and
suppression [30].
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On the other hand, the complex interplay between
metabolic factors and chemokines has attracted consid-
erable attention in recent years due to its implications for
metabolic homeostasis and immune system regulation.
Metabolic factors, including fasting blood glucose (FBS)
and lipid profile components, serve as vital indicators of
the physiological state of an individual’s energy metabo-
lism [2].The prevalence of metabolic syndrome in Iranian
patients with schizophrenia was reported as 23.9%. In
other words, about one fourth of Iranian patients with
schizophrenia suffered from metabolic syndrome [31].

Prevalence rates varied widely among studies. This
probably reflects the epidemiological diversity of the
patient groups studied, and factors such as age, sex, eth-
nicity, medication status, smoking, disease duration,
and country of origin affect the final result [32].The low-
est reported prevalence rate was 3.9%, derived from an
Indian population with chronic schizophrenia [33].The
highest prevalence was reported, 68%, from a New Zea-
land rehabilitation setting [34].

Given the current focus on cytokines in the field of
study and the need to better understand the pathophysi-
ology and identify new therapeutic methods to improve
care and prognosis, we compared serum levels of CCL20
and IL17A in patients with schizophrenia to those in
controls.

Materials and methods

Study design

This control-study was conducted in 2023 at Ibn Sina
Psychiatric Hospital in Mashhad-Iran. The patients from
the hospital and the control group were invited to the
study through posters and social media from all over the
city. The purpose of this study was fully explained to all
participants, both patients and control group volunteers.
After understanding the objectives of the research, writ-
ten and informed consent was obtained from all partici-
pants. The inclusion and exclusion criteria were checked,
and out of 83 primary patients with MPD and 34 volun-
teers of the control group, we finally included 71 patients
and 30 healthy controls (HC).

Both MPD and control groups were investigated by a
psychiatrist and diagnosis was based on DSM-V criteria.
Both groups were matched in age, sex, and BML

Inclusion and exclusion criteria were examined with
an structural interview with participants in the study and
their companions. People who met the entry criteria and
did not have any exclusion criteria were included in this
study [35].

Inclusion criteria for the study were as follows:

1. The age range of 18 years and older.
2. Diagnosis of schizophrenia for patients and lack of
major psychiatric disorder based on DSM-5 criteria.
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3. Providing consent to participate in the study.
Exclusion criteria subjects:

1. Disruptive behavior by participants at each stage of
the study.

2. The presence of autoimmune and inflammatory
diseases (such as rheumatism).

3. Use of corticosteroids, stimulants, or
immunosuppressive drugs at the time of the study.

4. Pregnancy or lactation at the time of the study.

5. The presence of active infection at the time of
conducting the study.

The scale of positive and negative symptoms (PANSS)
was used to evaluate the symptoms of MPD patients.
This questionnaire contains 30 questions that the sub-
ject answers each question on a 5-choice scale (not at all,
sometimes, average, high, and very high). A study by the
creators of the questionnaire reported a Cronbach’s alpha
of 83% for the questionnaire, and the correlation of this
scale was obtained with the positive and negative signals
of Andreasen at 58%. Its validity is also reported using an
acceptable factor analysis [36—38].

Data collection and assessments

Demographic data were collected via a questionnaire.
Participants abstained from caffeine and exercise for
30 min before blood collection. Blood samples (3 ml)
were collected and the serum was separated and stored
at -80 °C. Serum concentrations of CCL20 and IL-17 A
were measured using Enzyme-linked immunosorbent
assay (ELISA) (kits: CCL20 catalog number: 441404 from
Biolegend company and IL-17 A catalog number:3520
from Mabtech company). Levels of metabolic factors
(Cholesterol, high-density lipoprotein (HDL), low-den-
sity lipoprotein (LDL), triglycerides, and fasting blood
sugar (FBS) were measured by Automatic biochemistry
analyzer.

Continuous variables were presented as Mean+ Stan-
dard Deviation (SD) or Median (inter-quartile range),
and categorical variables were expressed as frequency
(percent). The comparison of each risk factor between
the two groups was assessed by applying the nonpara-
metric Mann-Whitney U test for continuous variables
without normal distribution. Correlation between cyto-
kines and metabolic factors in MPD patients was also
examined. Data were analyzed using SPSS v24. The sig-
nificance level was set at 0.05 («x=0.05).

Results

Clinical characteristics of all study participants

The clinical characteristics of all study participants
are shown in Table 1. A total of 101 participants were
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Table 1 Demographic, clinical, and behavioral characteristics of
MPD patients

Yes No
Academic education 8(11.3%) 63 (88.7%)
ECT 41 (57.7%) 0 (42.3%)
Status of Job (40 8%) (59 2%)
Smoking 3 (46.5%) 8 (53.5%)
Opium usage 7 (38.0%) 44 (62.0%)
Hospitalization history ( 7%) 13 (18.3%)
Thoughts of suicide 6 (8.5%) 65 (91.5%)
Obesity and Overweight (BMI > 25) 25 (35.21%) 46 (64.79%)

Abbreviations ECT: electroconvulsive therapy

included in the analysis, comprising 71 patients with
MPD and 30 healthy individuals. Patients received anti-
psychotic drugs, whereas the control group did not. The
MPD group consisted of 52 (73.2%) male and 19 (26.8%)
female subjects with a mean age of 41.041+9.93 (20-65)
years and the mean BMI was 24.58+4.78 kg/m2. There
was no significant difference between men and women
in the cytokine factors. However, a significant difference
was found between men and women in the lipid markers,
such as cholesterol (P-value=0.04), LDL (P-value=0.04),
and HDL (P-value=0.004).

Inflammatory and metabolic alterations between MPD and
HC groups
The circulating levels of CCL20 and IL-17 A analytes
were found to be significantly different between patients
with Major Psychotic Disorders (MPD) and Healthy
Controls (HC), as shown in Fig. 1(A) and 1(B). Addition-
ally, significant differences were observed in the levels
of Fasting Blood Sugar (EBS), cholesterol, High-Density
Lipoprotein (HDL), and Low-Density Lipoprotein (LDL)
between MPD and HC. The detailed results are presented
in Table 2.

These findings suggest a potential role of these inflam-
matory markers and metabolic factors in the pathophysi-
ology of Major Psychotic Disorders.

Association of IL-17 A and CCL20 with metabolic factors in
MPD patients

The mean circulating levels of CCL20 and IL-17 A among
patients were found to be 18.31%+32.24 and 4.18+2.02,
respectively. Despite the observed variation in these lev-
els among patients, this variation was not statistically sig-
nificant (P-value=0.254). This suggests that while there is
a difference in the levels of these inflammatory markers
among patients, this difference is not enough to be con-
sidered statistically significant.The results of the exami-
nation of the relationship between these inflammatory
factors (CCL20 and IL-17 A) and metabolic factors are
detailed in Table 3.
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The effect of the duration of the disease and the number of
hospitalizations on blood levels of inflammatory factors

58 (81.7%) MPD patients have a history of hospitaliza-
tion, among which 35 people have a history of hospital-
ization more than 5 times (=5). The duration of MPD
disease in 50 (70.42%) was more than ten years (=10).
Also, the serum level of CCL20 in MPD patients who
have been diagnosed for more than 10 years is higher
than the serum level of CCL20 in patients with a disease
duration of less than 10 years. However, this increase
did not determine a significant relationship between the
serum levels of this chemokine and the duration of MPD.
In MPD patients who have been diagnosed for more than
10 years (=10), the serum level of IL-17 was 4.4 (5.1-
2.25), and the serum level of IL-17 in patients with a dis-
ease duration of less than 10 years was 4.4 (3.7-5). It was
reported that the relationship between these two groups
was not significant (p-value=0.363). Also, the serum level
of CCL20 in MPD patients who have been diagnosed for
more than 10 years (=10) was 6 (4.05-17.87), which is
higher than the serum level of CCL20 in patients with a
duration of illness of less than 10 years, but this increase
in serum level was not reported (p-value=0.42).

The serum level of IL-17 in the group of MPD patients
who had been hospitalized more than 5 times (=5) was
4 (2.8-4.4) and 4.8 (3.4-5.55) among patients with a
history of less than 5 times, which has a significant cor-
relation between these two groups. It was reported
(p-value=0.03). Also, the serum level of CCL20 in the
group of MPD patients who had been hospitalized more
than 5 times (=5) was 5.5 (3.8-15.1) and among patients
with a history of less than 5 times it was 6.95 (16.2—
4.12). No significant correlation was found in the study
(p-value=0.516) (Fig. 1C-F).

All patients had used antipsychotics during the treat-
ment period, but the other drug categories used were not
the same.

In this study, a subgroup analysis of metabolic fac-
tors was performed based on the severity and duration
of Major Psychotic Disorders (MPD) in patients with
Schizophrenia (SCZ). The findings revealed that cho-
lesterol and Low-Density Lipoprotein (LDL) levels were
significantly higher in patients with severe SCZ com-
pared to those with moderate SCZ (P=0.03 and P=0.01,
respectively). Furthermore, Fasting Blood Sugar (FBS)
levels were significantly higher in patients who had MPD
for more than 10 years compared to those with a shorter
duration of MPD (P=0.035). These results suggest that
MPD may have a negative impact on metabolic health in
patients with SCZ, indicating a potential area for further
research and intervention.
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Fig. 1 CCL20 (A) and IL-17 (B) concentrations between patients with MPD (Major psychotic disorders) and Control, CCL20 (C) and IL-17 (D) concentra-
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Association of PANSS with interleukin 17 and ccl20

The Positive and Negative Syndrome Scale (PANSS) items
were divided into five domains: positive factor, negative
factor, disordered factor, excited factor, and depressed
factor [39] The relationship between these PANSS com-
ponents and blood levels of Interleukin 17 (IL-17) and
Chemokine Ligand 20 (CCL20) was investigated using

Spearman’s non-parametric correlation coefficient. The
results showed very weak relationships, and no signifi-
cant relationship was found (as detailed in Table 4).

This suggests that while IL-17 and CCL20 levels may be
elevated in patients with Major Psychotic Disorders, they
may not directly correlate with the severity of symptoms
as measured by the PANSS.
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Table 2 Blood parameters variations between patients with

MPD and HC
Variables MPD Control P-value
Median Median
(inter-quartile) (inter-quartile)
CCL20 5.8 (4.1-15.3) 24(1.8-43) <0.001
IL-17 A 4.2 (3.0-5.0) 2.1(1-3.1) <0.001
FBS 103 (93-112) 80.5 (71.8-91.00) <0.001
TG 113 (76-150) 104.5 (73.8-143.8) 0.792
Chol 172 (149-197) 151 (134.5-176) 0.009
LDL 96 (85-107) 82 (72.8-92.3) <0.001
HDL 43 (35-49) 35(30-38.3) <0.001

Abbreviations MPD, major psychotic disorders; CCL20, chemokine ligand 20;
IL-, interleukin-; EBI3, FBS, fasting blood sugar; FBS, fasting blood sugar; TG,
triglyceride; Chol, cholesterol; LDL, low density lipoprotein; HDL, high density
lipoprotein

Table 3 Correlation between cytokines and metabolic factors in
MPD patients

Metabolic factors Mean+SD CccL20 IL-17A
FBS 115.65+50.89 0.699 0.080
Triglycerides 12842+73.90 0.091 0311
Cholesterol 1754444152 0.404 0.028*
LDL 98.22+21.43 0.119 0.003*
HDL 43.46+9.78 0.304 0.192
*P<0.05

CCL20, chemokine ligand 20; IL-17 A, interleukin-17 A; FBS, fasting blood sugar;
TG, triglyceride; Chol, cholesterol; LDL, low density lipoprotein; HDL, high
density lipoprotein

Table 4 Correlation between cytokines and PANSS in MPD

patients
CCL20 IL17
Spear-  NPANSS Correlation Coefficient 0066 ~ —0.096
man's Sig. (2-tailed) 0582 0428
rho N 71 71
PPANSS Correlation Coefficient  —0.034 0.010
Sig. (2-tailed) 0775 0934
N 71 71
DISORGANIZED  Correlation Coefficient  —0.133  —-0.110
Sig. (2-tailed) 0.268 0.360
N 71 71
EPANSS Correlation Coefficient  0.024  —0.075
Sig. (2-tailed) 0.845 0.532
N 71 71
DPANSS Correlation Coefficient  —0.057 —0.041
Sig. (2-tailed) 0.636 0.735
N 71 71
CCL20 Correlation Coefficient ~ 1.000  0.098
Sig. (2-tailed) . 0416
N 71 71
L7 Correlation Coefficient ~ 0.098 1.000
Sig. (2-tailed) 0416
N 71 71
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Discussion

Our results showed that patients with Major Psychotic
Disorders (MPD) had higher levels of IL-17 A and
CCL20 in their blood than Healthy Controls (HC), and
these cytokines were even higher in patients with severe
MPD. We also found significant differences in metabolic
factors, such as Fasting Blood Sugar (FBS), cholesterol,
High-Density Lipoprotein (HDL), and Low-Density Lipo-
protein (LDL), between MPD and HC groups. The rela-
tionship between these PANSS components and blood
levels of Interleukin 17 (IL-17) and Chemokine Ligand 20
(CCL20) was investigated. The results showed very weak
relationships, and no significant relationship was found.
This suggests that while IL-17 and CCL20 levels may be
elevated in patients with Major Psychotic Disorders, they
may not directly correlate with the severity of symptoms
as measured by the PANSS.

These findings suggest that MPD is associated with
both immune and metabolic dysregulation. Previous
studies have reported that MPD is linked to altered cyto-
kine profiles and immune cell functions [40]. It has been
proposed by previous investigators that an altered state
of neurotransmitters like dopamine and y-aminobutyric
acid (GABA) can stimulate the secretion of proinflamma-
tory cytokines like IL-17, which in turn causes structural
and functional neuronal changes in schizophrenia [41,
42].

A genome-wide association study of MPD identified
the MHC1 locus, which contains many immune genes,
as a potential risk factor for the disorder [4]. Moreover,
evidence from clinical and basic research indicates that
the brain’s immune system interacts with the peripheral
immune system and influences behavior [43].A meta-
analysis of cytokine changes in MPD patients with acute
relapse or first-episode psychosis revealed that MPD
exacerbations are related to immune imbalance, indepen-
dently of antipsychotic treatment [40].

Therefore, our results support the hypothesis that
MPD involves chronic inflammation and metabolic dis-
turbances, which may contribute to the pathophysiology
and clinical manifestations of the disorder.

Correlation of IL17A with MPD

Patients with schizophrenia had a significant decrease
in central memory T-regulator levels, and an increase
in Th1l and Th2 subsets, «double-positive» and «classic»
Th17, Tfth2, «classic» Tth17, and Tth17.1 [44]. Th17 cells
are a subset of CD4+T lymphocytes that secrete cyto-
kines such as IL-17 A, IL-17 F, IL-22, IL-26, and CCL20
in humans [45, 46]. They play a key role in defending
against pathogens such as bacteria and fungi [46-48].
However, they can also cause tissue damage during
inflammation, implying their contribution to chronic
inflammatory diseases. The IL-23/IL-17 axis is essential
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for the development and persistence of such diseases
[49].The IL-17 cytokine family has a vital role in the
inflammatory response of the immune system and its
members have been implicated in various diseases [50,
51].Targeting the IL-17 A pathway is a promising thera-
peutic strategy for many chronic inflammatory diseases,
and further research in this field may lead to more effec-
tive treatments for these disorders [52].

In 2023, a study showed that first-episode psycho-
sis (FEP) patients have a higher proportion of the pro-
inflammatory Th1/Th17 subset [53]. Saeki et al. found
that an excessive amount of Raftlin increases the Th17-
mediated response by causing excessive IL-17 produc-
tion [54]. In 2022, a study showed increased NOX1 and
Raftlin serum levels in patients with chronic schizophre-
nia compared to the control group. In addition, a sig-
nificant positive relationship between NOX1 and Raftlin
levels was identified regarding the clinical symptoms of
patients based on PANSS [55]. Ding et al. showed a posi-
tive correlation between plasma levels of IL-17 and Th17
cells and the severity of all clinical symptoms in patients
with SCZ [56].

Mazrakhondi et al. (2022) measured circulating
IL-17 A levels in SCZ patients and healthy controls
before and after treatment. They found no significant
changes in IL-17 A levels in patients with MPD before or
after treatment [57]A meta-analysis conducted in 2021
that included three studies with 130 patients showed a
significant effect size of 0.72 (95% CI 0.07-1.37) for IL-17
levels in FEP patients. They also reported that medicated
FEP patients had significantly higher IL-17 levels, indi-
cating an altered inflammatory response in patients with
early stages of psychosis [58].

In 2023, a study compared the levels of immune mark-
ers in acute and transient psychotic disorders (ATPDs)
with healthy subjects and patients with schizophrenia
in the recovery period. In the follow-up, re-evaluation
of the levels of immune markers in the ATPD group was
done after ensuring the recovery status. Patients with
ATPDs had elevated levels of the pro-inflammatory cyto-
kines IL-6 and IL-17 and low levels of IL-8 in the acute
phase and low levels of IL-6 and elevated levels of IL-8
during the remission phase. Compared to patients with
SZ in remission, patients with ATPD in remission had
low levels of all the three pro-inflammatory cytokines
(with significantly low IL-6 levels and non-significant,
yet low levels of IL-8 and IL-17) and had significantly low
and high levels of IL-6 and IL-8 respectively than healthy
controls [59].

Ouyang et al. (2021) investigated the possible associa-
tions between cytokines and the risk of transition from
high-risk individuals to clinical cases. They observed that
IL-17 levels were significantly higher in the group of very
high-risk individuals who later transitioned to MPD than
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in those who did not transition [10].These findings, along
with ours, suggest that IL-17 could serve as a predictive
biomarker for identifying high-risk individuals who may
transition to MPD in the future.

CCL20 was an immune-related factor for MPD

The chemokine family consists of a large number of
ligands and receptors that can participate in the develop-
ment of the immune system and inflammatory responses
[60]. Previous studies have shown that chemokines are
involved in psychiatric disorders [61]. Akkouh et al.
(2020) investigated the inflammatory changes in SCZ
patients using human induced pluripotent stem cell
(iPSC)-derived astrocytes from SCZ subjects. They found
significant differences in CCL20 gene expression [62].
CCL20 interacts with its chemokine receptor CCR6 and
the CCL20-CCR6 axis can regulate T-B cell immunobiol-
ogy [63]. Duan et al. (2023) reported significantly higher
levels of CCL20 during the remission phase compared
to the acute episode in MPD and bipolar patients, sug-
gesting the potential role of CCL20 as a therapeutic tar-
get in psychosis [64] Furthermore, another study showed
that MPD patients had significantly higher levels of both
CCL20 and high-sensitivity C-reactive protein (hsCRP)
than healthy controls. Network analysis of several inflam-
matory factors also revealed independent and strong
associations between MPD and CCL20 and hsCRP [65].
There seems to be a correlation between cytokine levels
and both disease duration and symptom severity. Patients
with higher cytokine levels had longer disease duration
and hospital stays [66—68]. Consistent with these find-
ings, we observed higher levels of CCL20 in patients with
chronic MPD (more than 10 years) than in patients with
shorter disease duration, although the results were not
statistically significant.

Inflammatory and metabolic factors in patients with MPD

It is noteworthy that metabolic disorders increase as
the duration of MPD progresses [69, 70]. Studies have
shown that second-generation antipsychotics can cause
abdominal obesity, weight gain, dyslipidemia, abnormal
glucose metabolism, and insulin resistance [71]. Recent
research suggests that metabolic changes occur in MPD
patients even without medication or sustained behav-
ioral changes, indicating that the disorder itself may be
a factor. It has been demonstrated that glucose homeo-
stasis is impaired from the onset of MPD, even without
the use of antipsychotic medication [72]. In line with
these findings, we observed that the lipid profile (except
for triglycerides) and FBS were significantly different
between the MPD and HC groups. Moreover, FBS lev-
els were significantly higher in patients with more than
10 years of MPD than in those with less than 10 years of
MPD. Furthermore, our results showed that FBS, LDL,
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and HDL levels were significantly different between
the severe MPD and HC groups. Various mechanisms
have been proposed to explain these outcomes, such as
the effect of pro-inflammatory cytokines like TNF-a on
adipokine levels, reduced insulin receptor activity [73],
increased liver lipolysis [74], and enhanced adiponectin
secretion [75]. Additionally, antipsychotic drugs and the
patient’s unhealthy lifestyle, characterized by low physi-
cal activity, overeating, and smoking, may also play a role
[74-76]. A review in 2024 showed that early identifica-
tion and management of metabolic syndrome are cru-
cial to mitigate the long-term cardio-metabolic toll in
patients with Psychosis-spectrum disorders. Interven-
tions should focus on a healthy lifestyle and appropriate
pharmacological and behavioral interventions [75]. Also,
in the same year, another study stated that persons with
severe mental illness experience high rates of obesity
associated with cardio-metabolic disorders and reduced
life expectancy. The lifestyle intervention program was
effective and there was a significant improvement in cho-
lesterol, LDL, FBS, weight, and BMI. The exploration of
the facilitators and barriers in following a healthy lifestyle
in persons with schizophrenia and their caregivers identi-
fied that a greater contribution is needed from family and
friends, mental health [77]. The specific contribution of
these mechanisms to our results is unclear, but they can
be explored in future studies.

Levels of inflammatory factors compared to PANSS

To date in literature, there is a paucity of data about
IL-17 levels with an increase in PANSS score in schizo-
phrenia patients. In the present study, the relationship
between PANSS components and blood levels of IL17
and blood levels of CCL20 was investigated, and the rela-
tionships were shown to be very weak. In a 2020 study
by Chenniappan et al., in line with our results, there was
no relationship with negative symptoms, but they found
a significant relationship with other components [78] At
the same time, Borovcanin et al. showed that there was
no correlation between IL-17 serum levels and PANSS
[79]. Contrary to our results, Dimitrov et al. correlated
IL-17 levels with PANSS (85). Interestingly, in the study
showing decreased IL-17 levels in SCZ patients, a posi-
tive correlation was reported between PANSS scores and
cytokines representing the IL-17 pathway [21].

Limitations

This study has several limitations that should be consid-
ered in future research. The first limitation is the small
sample size, which was limited by the time frame of the
study. This may affect the generalizability of the findings.
The second limitation is the lack of information about the
specific antipsychotic drugs used by the MPD patients.
This makes it difficult to assess the potential impact of
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the medication on the inflammatory and metabolic out-
comes. The third limitation is the uncertainty about the
effect of the number and duration of SCZ episodes on the
factors measured in this study.

Conclusion

The current study revealed that the serum levels of
IL-17 A and CCL20 in schizophrenia patients are higher
than those in the control group. Metabolic factors such
as Fasting Blood Sugar (FBS), cholesterol, High-Density
Lipoprotein (HDL), and Low-Density Lipoprotein (LDL)
also showed significant differences between Major Psy-
chotic Disorders (MPD) and Healthy Controls (HC). In
conclusion, the findings suggest that these two inflamma-
tory factors could serve as potential therapeutic targets
and prognostic biomarkers for schizophrenia. Together
with our results, this suggests that IL-17 has the poten-
tial to serve as a predictive biomarker to identify indi-
viduals at risk for schizophrenia. It should be noted that
the relationships observed in several studies between
IL-17 and psychological diseases such as schizophrenia
can be a strong point for the development of new treat-
ments for this disease. This is not the first time that treat-
ments affecting interleukin 17 have been proposed in
diseases. Drugs such as secukinumab, ixekizumab, and
brodalumab, which show anti-IL17 activities, have been
introduced for the treatment of psoriasis and provide
valuable insights for formulating similar therapies [80,
81]. Taken together with our results and other studies, it
appears that IL-17 has the potential to serve as a predic-
tive biomarker to identify individuals at risk for develop-
ing schizophrenia. Overall, targeting the IL-17 pathway
is a promising therapeutic strategy for many chronic
inflammatory diseases, including psychiatric disorders,
and continued research in this area is likely to lead to the
development of more effective treatments for these dis-
orders [80, 81].

According to the results of this study and other studies,
the triangle of T-helper 17 (TH-17), CCL20, and IL-17 A
seems to have a potential role in the pathophysiology of
psychiatric diseases such as MPD.
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