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ABSTRACT

Background: Parkinson’s disease (PD) is increasingly recognized *Corresponding author:

as a condition driven by both central and peripheral inflammatory Mehammad Mandi Eftekharian,
responses, largely mediated by cytokine activity.
Objective: To assess IL-35 (P35 and Ebi3 subunits) and IL-37 gene
expression, along with the serum levels of IL-35 protein in patients
with PD compared to healthy controls.
Methods: Cytokine gene expression was measured using the qRT-
PCR technique, while IL-35 serum levels were measured using the
ELISA method. The data obtained were analyzed using a Bayesian
regression model in the R software.
Results: The results revealed that the expression of P35 gene,
of the two subunits of IL-35, did not differ significantly between
the two groups. However, Ebi3 and IL-37 transcript levels were
significantly lower in patients compared to healthy individuals
(p<0.001). In contrast, IL-35 serum level in patients showed a
significant increase compared to the control group (p=0.016).
Notably, IL-37 expression showed a negative correlation with age
(p=0.004). We also observed positive and significant correlations
between the gene expression of P35 and Ebi3 (p=0.02, r=0.4), P35
and IL-37 (p=0.008, r=0.45), and Ebi3 and IL-37 (p=0.016, r=0.41).
Conclusion: In conclusion, our study revealed a higher serum
protein level of IL-35 in PD patients compared to the healthy control
group. Meanwhile, gene expression levels of IL-37 and Ebi-3 were
significantly reduced. These alterations in the expression of these
cytokines are suggested to be partly responsible for the immune
system dysregulation in this disease.
Keywords: Interleukin-35, Interleukin-37, Inflammation, Parkinson’s
disease
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Expression of IL-35 and IL-37 in Parkinson's Disease

INTRODUCTION

Parkinson’s disease (PD) is the second most
common neurodegenerative disorder after
Alzheimer’s disease (AD). PD incidence
increases from the sixth to the ninth decade
of life (1). This disease is caused by the
accumulation of Lewy bodies and destruction
of dopaminergic neurons in the substantia
nigra of the midbrain, leading to significant
movement disorders (2).
Whileagingremainsaprimaryrisk factorfor
PD development, both genetic predisposition
and environmental exposures also contribute
significantly to disease pathogenesis (3).
Historically classified as a movement disorder
due to of its characteristic motor symptoms
such as tremors and bradykinesia, PD is
now recognized as a multi-system disease
involving immune dysregulation and
neuroinflammation (4). Growing evidence
demonstrates that both central and peripheral
inflammatory processes play crucial roles
in the pathogenesis of PD (5). Central
inflammation PD arises from dysregulated
microglial activity of, astrogliosis and CNS-
infiltrating activated T cells, driving excessive
production of pro-inflammatory cytokines.
Concurrently,peripheral inflammation is
evidenced by the elevated serum levels of pro-
inflammatory cytokines such as IL-6, TNF-a
and IL-2 in PD patients (5). Notably, clinical
studies demonstrate a direct correlation
between increased inflammatory markers
in the blood and cerebrospinal fluid (CSF)
with progressive worsening of motor and non-
motor symptoms PD patients (6).
Interleukin 35 (IL-35) is an emerging
cytokine that plays an anti-inflammatory
role and has not yet been investigated in the
context of PD. This cytokine belongs to the
IL-12 family and consists of two subunits,
P35 and Ebi3 (Epstein-Barr Virus-induced
gene 3), exerting its biological effects through
STATI1 and STAT4 signaling pathways (7).
IL-35 subunits are shared with other 1L-12
family cytokines, such as the P35 subunit
combining with P40 to form IL-12, and
Ebi3 combining with P28 to form IL-27 (8).
IL-35 is expressed in a variety of tissues
including blood, bone marrow, thymus,
and liver (9). In addition to stimulating the
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production of IL-10, this cytokine can inhibit
T cell polarization towards T helper 2 (Th2)
cells. It also inhibits the secretion of Th2-
related cytokines, including IL-4, IL-5 and
IL-13 (10). Of note, IL-35 reduces Th17 cell
activity by modulating the [L-23/IL-27 ratio,
as well (11). Studies have shown that IL-35
can protect against the development of some
autoimmune inflammatory diseases such as
encephalomyelitis and multiple sclerosis by
expanding regulatory B (Breg) cells (12).

Another emerging immunomodulatory
cytokine is IL-37,a member of the IL-1 family,
plays a role in regulating and inhibiting
inflammation. It exerts anti-inflammatory
effects by suppressing NF-«xB and MAPK
signaling pathway while simultaneously
activating the Mer-PTEN-DOK axis (13). IL-
37 has five isoforms, including IL-37a, IL-37b,
IL-37c, IL-37d and IL-37e that are synthesized
as inactive precursors and require caspase-1-
mediated cleavage for biological activation
(14). This cytokine is produced at low levels
in human peripheral blood mononuclear cells
(PBMCs) and can be induced by inflammatory
stimuli and cytokines such as IL-1, IL-18,
TNF-a, interferons (IFNs), and transforming
growth factor-beta (TGF-p) (15). It has been
observed that IL-37 expression is increased
in PBMC:s of patients with multiple sclerosis
particularly during disease exacerbation (16).
This cytokine suppresses innate immune
responses through the inhibition of the
NOD family of receptors like the NLRP3
component of the inflammasome complex
(17). It can also induce tolerance in dendritic
cells, thus inhibiting acquired immunity (18).

In this current study, we aimed to evaluate
the gene expression of IL-35 (P35 and Ebi3
subunits) and IL-37, as well as serum levels
of IL-35 protein in PD patients compared to
healthy controls

MATERIALS AND METHODS

Study Groups

A total of 68 individuals participated in
this study, including 34 patients with PD and
34 healthy individuals who were matched in
terms of age and sex. The definitive diagnosis
of the disease and the classification of patients
into three categories -mild, moderate, and
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severe - based on the criteria of “Adams
and Victor’s Principles of Neurology”, were
performed by a neurologist. Inclusion criteria
for patients were being between the ages of
50 and 80, suffering from PD and receiving
L-dopa + Carbidopa as an anti-PD treatment.
Exclusion criteria included suffering from
any metabolic, autoimmune, immunological
or neurological disorder other than PD. In
the case of the healthy group, meeting the
selection criteria included not having any
neurological, immunological, or autoimmune
diseases and being between the ages of 50
and 80 years old. The study followed the
ethical standards set by the Institutional and/
or National Research Committee (INRC)
and adhering to the principles of the 1964
Helsinki Declaration and its subsequent
amendments. Approval was granted by the
Ethics Committee of Hamadan University
of Medical Sciences with the ethics code
IR.UMSHA.REC.1402.625. All participants
completed and signed the informed consent
form.

RNA Extraction and cDNA Synthesis

In the present study, whole blood samples
were collected from all participants, including
patients with PD and a healthy control
group, and stored in tubes containing the
anticoagulant ethylenediaminetetraacetic
acid (EDTA). White blood cells (WBC) were
then separated from the samples and used
for total RNA extraction. RNA extraction
was performed using RNA-X Plus extraction
solution (Sinaclon Company, Tehran)
according to the manufacturer’s protocol. To
quantitatively and qualitatively evaluate the
extracted RNA, a Nanodrop device (Thermo
Fisher Company, USA) and agarose gel
electrophoresis were used, respectively. These

evaluations were conducted to verifythe
integrity and purity of the extracted RNA
and optimize the conditions for the synthesis
of complementary DNA (cDNA). In the next
step, 2 to 6 micrograms of the extracted total
RNA were used for cDNA synthesis using
a cDNA synthesis kit (Parstous Company,
Tehran, Iran).

Quantitative Real-time PCR (qRT-PCR)

In this study, Ampligon™ 2X Real-
Time PCR Master Mix Green without ROX
(AMPLIQON, Odense, Denmark) was used
to evaluate the expression of P35, Ebi3
(for IL-35) and IL-37 genes. The qRT-PCR
temperature program was set as follows: one
pre-incubation cycle at 95 °C for 15 minutes,
then three amplification steps including
40 cycles of 95 °C for 15 seconds, 57 °C
(P35), 62 °C (Ebi3), 51 °C (IL-37) and 54
°C (GAPDH) for 30 seconds and finally
72°C for 30 seconds. All reactions were
performed using Light Cycler 96 (Roche,
Germany), and normalization of data was
done using GAPDH gene as a control gene
(housekeeping gene). The gene expression
level was calculated using the Efficiency*<"
formula. In Table 1, the specifications of all
primers (TAG Copenhagen, Denmark) are
presented.
Enzyme-linked  Immunosorbent  Assay
(ELISA)

Peripheral blood from the participants
was collected using gel tubes and after
centrifugation, serum was separated. The
sera were stored at -70 °C until use. IL-35
levels were measured using the Human high-
sensitive Interleukin 35 (hsIL-35) ELISA kit
(Zellbio GmbH, Germany), which utilizes a
biotin double antibody sandwich technology.

Table 1. Specifications of the primers used in this study.

Gene Primer sequence Primer length Product size Accession number
P R CAATAGTCACTGCCCGAAT i b NM_O0L3979921
ms FIGIMOOOGOICNC 0 s
sy ISICACTGIONAOGIANG B gy s
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In summary, 40 puL of serum sample, 10 pL
of biotinylated anti-hsIL-35, and 50 pL of
streptavidin-HRP were added to plate wells
pre-coated with anti-hsIL-35 monoclonal
antibodies. After 60 minutes of incubation
at 37 °C, the wells were washed 5 times with
diluted washing solution. Next, 100 pL of
chromogen solution was added to each well,
followed by a 10-minute incubation at 37 °C
for color development. Finally, 50 uL of stop
solution was added to stop the reaction, and OD
values were immediately read at 450 nm. IL-
35 concentrations of samples were calculated
(in pg/mL) based on the standard curve drawn
according to standards’ concentrations and
the corresponding OD values.

Statistical Analysis

In this study, IL-35 serum levels were found
to have a normal data distribution. However,
due to the non-normal data distribution of f
P35, Ebi3, and IL-37 genes expression, the
logarithm (Ln) of the data was taken (19). A
Bayesian regression model was employed to
compare gene expression levels and IL-35
serum concentration between the two groups,
in gender subgroups, and to identify potential
correlations between different variables. The
Bayesian regression approach allows for the
integration of prior knowledge into statistical
modeling by incorporating prior distributions,
which then generate full posterior
distributions for the parameters of interest.
This method is particularly advantageous
when dealing with small sample sizes, as it
leverages strength from prior distribution

to produce more accurate estimates. In
this study, Monte Carlo chains with 6000
iterations and 1000 warm-up steps were used
to evaluate Bayesian regression parameters,
enabling the computation of p-values and
95% credible intervals (95% Crl). Unlike
traditional frequentist methods, Bayesian
inference offers probabilistic interpretations
of parameter estimates, enhancing statistical
robustness and predictive reliability. ROC
curves were plotted to predict the disease state
and determine the index for differentiating
between the case and control groups.

RESULTS

Demographic Characteristics of Participants

In this study, a total of 34 patients and 34
healthy individuals, matched for age and sex,
were included. The mean ages for the patient
and control groups were 67.21+£6.74 and
66.91+8.5 years, respectively. The demographic
information of the participants were shown in
Table 2. Additionally, the clinical symptoms
of PD patients are outlined in Table 3.

Gene Expression Analysis and ELISA

In this study, the levels of IL-37 and Ebi3
gene expression were found to be significantly
higher in the control group compared to
the patients group. The results of Bayesian
regression analysis (Table 4) revealed that
the control group had 1.16 units higher Ebi3
expression and 1.06 units higher IL-37 levels
compared to patients (p<0.001 for both).

Table 2. Demographic data of the studied groups presented as number or mean+*SD

Variables Patients lHez;lthy P-value
subjects
Female/male (no. 0 o 6 (17.6%)/ @
s 6 (17.6%)/28 (82.4%) 28 (82.4%) 0.999
Age range (year) 50-80 49-80 0.95®
Total Mild Moderate Severe
0.875(Total patient vs.
+
Age(meaniSD,  0r) 674 6667450 6925476 6650477  66.9148.5 HC)
year) 0.631(Patients
subgroups)
Disease duration 1-21 483436 844467  9.36+5.9 - 0.108
range (year)
AgeatDiagnosis ) o3 (1e3151 6081469 5714473 : 0.176

range (year)

Chi-square Test; "Independent t-test
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Table 3. Clinical Characteristics of the Patient Group presented as number and percentage

Patients (n=34)

Number Percentage
Tremor 28 82%
Bradykinesia 21 61%
Muscle rigidity 18 53%
Foot dragging 21 61%
Retropulsion 13 38%
Trunk flexion 21 61%
Urinary frequency 14 41%
Gastrointestinal disorder 17 50%
Depression 16 47%
Sleep disturbances 18 53%
Hallucinations and delusion 9 26%
Paraesthesia 9 26%
Dysphagia 12 35%
Sialorrhea 5 14%
Soft speech 20 58%

Specifically, a significant increase in Ebi3
expression was exclusively detected in men
(posterior Beta=1.32; p<0.001), whereas
a significant increase in IL-37 expression
was observed in both genders (p<0.001 for
men and p=0.047 for women). Furthermore,
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age was inversely associated with IL-37
expression, with levels decreasing by 0.04
units per additional year of age (p=0.004).
This association was particularly pronounced
in men (posterior Beta=1.13; p=0.001) (Table 4
and Fig. 1).

IL35 (ELISA)

Fig. 1. Comparison of the relative expression of P35, Ebi3 and IL-37 genes, as well as serum levels of
IL-35 in PD patients and healthy controls based on gender using independent t-tests. (*p=0.01-0.05, **
p=0.01-0.001, *** p<0.001). Box plots was used to display the data distribution, with the box representing
the interquartile range (IQR), the line inside indicating the median, and the whiskers extending to the

most extreme data points within 1.5 times the IQR.
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Fig. 2. ROC curve analysis for P35, Ebi3 and IL-37 transcripts as well as serum levels of IL-35 based
on the results of the Bayesian regression model (Z=Z-Score, Sp=Specificity, Se=Sensitivity, AUC=Area

under curve, Cl=Confidence interval)

Based on ELISA results, PD patients were
found to have higher serum levels of IL-35
compared to the healthy control group (62+16
vs. 52«16 pg/ul). The mean IL35 in the control
groups was 9.78 units lower than in patients
(p=0.016). Stratified by gender, IL-35 serum
concentrations were significantly higher in
male patients (posterior Beta=-7.69, p=0.039),
whereas no such difference was observed in
female patients versus female controls (Table
4 and Fig. 1).

ROC Curves

ROC curve analysis identified optimal
cutoff values of -0.15 for P35, -0.68 for Ebi3,
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-0.51 for IL-37, and 4.17 for IL-35 (ELISA).

Comparative evaluation of diagnostic
performance revealed that that Ebi3
(AUC=80.1%, specificity=73.53% and
sensitivity=79.41%) and IL-37 (AUC=82.7%,
specificity=73.53% and sensitivity=76.47%)
showed particularly strong potential as
biomarkers for PD diagnostic panels (Fig. 2).
However, further validation with larger
sample sizes is required to confirm these
findings.

Correlation Analysis

Pairwise correlation analysis revealed
significant positive correlations between

Iran J Immunol Vol. 22, No. 2, June 2025
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Fig. 3. Correlations between the expression levels of P35, Ebi3 and IL-37 genes, serum levels of IL-
35 and age with each other based on the results of the Bayesian regression model. The correlation
coefficients between the indices range from -1 to 0, signifying a negative correlation, and from 0 to +1,
signifying a positive correlation. ,p=0.01-0.05, ,,p=0.01-0.001, ...p<0.001

gene expression of P35 and Ebi3 (p=0.02,
r=0.4), P35 and IL-37 (p=0.008, r=0.45), and
Ebi3 with IL-37 (p=0.016, r=0.41) (Fig. 3).
Additionally, we found a significant negative
correlation between age and IL-37 gene
expression (p=0.022, r=-0.39, Fig. 3).

DISCUSSION

In the present study, a significant decrease
in IL-37 gene expression was observed in
PD patients compared to the healthy control
group. IL-37, as a key regulator of the
immune system, has garnered the attention
of researchers as a potential therapeutic agent
for reducing inflammation. In this regard,
Lonnemann and his colleagues demonstrated
in 2022 that in hIL-37 transgenic mice (mice
expressing human IL-37) crossed with an
animal model of Alzheimer’s disease, 1L-
37 was able to decrease the production of
inflammatory cytokines and the activation
of microglia. As a result, it improved the
behavioral disorders in these mice (20). The
anti-inflammatory effects of IL-37 have been
well-documented in human studies. Treating
human microglia obtained from the brains of

Iran J Immunol Vol. 22, No. 2, June 2025

healthy individuals with recombinant human
IL-37 resulted in the suppression of IL-13
and CXCLS8 gene expression stimulated by
neurotensin (21). The mechanisms underlying
the anti-inflammatory effects of [L-37 appear
multifaceted. One of these mechanisms
involves limiting cytokine production and
inflammatory pathways. For example, since
IL-18 levels are increased in PD patients
compared to healthy individuals (22), IL-
37 is believed to inhibit IL-18 activity and
prevent inflammation by binding to IL-18Ra
(23, 24). Moreover, induction of tolerogenic
dendritic cells can be considered as another
anti-inflammatory mechanism of IL-37 (25).
Given the essential role of dendritic cells in
PD, especially in presenting alpha-synuclein
epitopes to T cells, IL-37 can slow down
disease progression (26). In fact, IL-37 is a
key regulator of the immune system with
anti-inflammatory properties, and decreased
expression of this cytokine could indicate a
defect in the body’s natural mechanisms to
control inflammation. This reduction can be
seen as one of the predisposing factors for the
exacerbation of inflammatory processes and
nerve damage.
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IL-35, another anti-inflammatory cytokine
from the IL-12 family, is a heterodimer
composed of p35 and EBI3 subunits (27).
IL-35 is mainly produced by regulatory T
cells (Tregs) and regulatory B cells (Bregs)
and suppresses the activity of effector T cells,
while promoting the activity of Tregs and
inhibiting the production of inflammatory
cytokines (28). In our study, we specifically
examined P35 and Ebi3 gene expression
using qRT-PCR technique. Since these
subunits are shared with other cytokines
(P35 with IL-12 and Ebi3 with IL-27), we
complemented our gene expression analysis
with direct IL-35 serum quantification by
ELISA to confirm the qRT-PCR results. Our
findings demonstrated that gene expression
of Ebi3 was significantly reduced in PD
patients compared to the control group,
while no significant difference was observed
in P35 gene expression between the two
groups. Interestingly, despite the decreased
Ebi3 expression, we observed elevated IL-
35 serum level in PD patients. This apparent
discrepancy may be partially explained by the
reported reduction of IL-27 (which shares the
Ebi3 subunit) in PD patients. Kouchaki and
coworkers found that decreased IL-27 serum
level in PD patients significantly correlated
with the disease progression (29). Several
reasons could account for the observed
inconsistency in IL-35 gene expression and
serum protein levels. It should be noted that
gene expression alterations do not always
correlate with changes in the corresponding
protein levels. There is a lengthy process
from mRNA transcription to the formation
of a mature and functionally active protein,
where post-transcriptional modifications
and translation regulators play crucial
roles. Additionally, there are instances in
which mRNA expression is decreased while
protein stability is increased, as seen in the
study conducted by Li and colleagues. These
researchers found that despite the increase
in stability of the alpha-synuclein protein
in mature neurons, its mRNA expression
decreased (30). This suggests that a similar
mechanism may have led to increased
stability of IL-35 and consequently higher
protein levels in the sera of PD patients while
gene expression decreased. An important
consideration is that our gene expression
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analysis was limited to peripheral blood
leukocytes. Elevated serum IL-35 levels
observed in PD patients may originate from
alternative cellular sources. Notably, Dzamko
et al. demonstrated that neuronal and glial
cells represent major contributors to cytokine
production in PD (31). This suggests that
central nervous system-derived cells could
be primarily responsible for the increased
serum level of IL-35 in our study.

All enrolled PD patients were receiving
levodopa. Levodopa is the primary treatment
for PD, as it is converted to dopamine by the
enzyme aromatic L-amino acid decarboxylase.
Increasing dopamine levels in the brain
alleviate symptoms of PD such as tremors,
muscle stiffness, and reduced movement
(32). However, It has been shown that long-
term use of levodopa can cause side effects
such as neurotoxicity and pro-inflammatory
responses in patients with PD (33). However,
recent findings by Chen et al. demonstrate
that levodopa injection in animal models
of PD could improve behavioral disorders
by inhibiting the activation of the NLRP3
inflammasome and reducing the inflammatory
cytokines IL-1f and IL-18 (34). On the other
hand, IL-18 and IL-18 are inflammatory
triggers that lead to the production of IL-
37 (35). Considering the role of levodopa
in reducing these cytokines, one potential
explanation for the decreased expression of IL-
37 could be linked to patients’ consumption of
levodopa. Therefore, the duration of levodopa
consumption, a key variable in our research,
may have influenced the inflammatory
response dynamics. This variable could be
seen as a potential factor contributing to the
lack of significant differences in P35gene
expression between the study groups.

Our revealed gender-specific patterns as
decreased expression of Ebi3 and increased
IL-35 serum levels observed exclusively
in male PD patients. In contrast, 1L-37
reduction in PD patients occurred in both
genders, indicating gender-independent
expression. Additionally, we identified an
age-associated decline in IL-37 expression
among patients. The observed gender- and
age-dependent expression patterns may reflect
hormonal influences and aging-associated
epigenetic modifications on immune gene
regulations. Sex-specific expression likely
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stems from distinct hormonal environments
-testosterone’s immunosuppressive and
regulatory functions in males, versus
estrogen’s immune-enhancing properties
in females (36, 37). IL-37 gene expression
showed a significant negative correlation
with age, supporting epigenetic involvement
in age-related immune changes. These
epigenetic alterations, such as chromatin
remodeling, DNA methylation shifts, histone
modifications, and deregulation of microRNA
expression, are well-documented hallmarks
of the aging process (38, 39). Therefore,
decreased 1L-37 expression in older
individuals may contribute to inflammaging,
the chronic low-grade inflammation linked
age-related diseases. Additionally, borderline
significant correlations (for example, p=0.087
for serum IL-35 in females) may reflect limited
sample size, warranting larger studies for
definitive conclusions. While not statistically
significant, higher serum IL-35 in female PD
patients in comparison to female controls
(Table 4) may relate to levodopa treatment,
consistent with our IL-37 discussion. Notably,
levodopa appears to upregulate IL-35 more
prominently in males likely due to sex-
specific hormonal influences.

Correlation analysis revealed significant
positive associations between P35-Ebi3, P35-
IL-37,and Ebi3-I1L-37. The P35-Ebi3 correlation
is expected as these subunits together form IL-
35, though, their participation in the structure
of other cytokines (like P35 in IL-12 and IL-
27) must be considered. According to ROC
analysis, Ebi3 and IL-37 genes expression,
demonstrating high sensitivity and specificity,
may serve as potential diagnostic biomarkers
for Parkinson’s disease.

This study has limitations, including small
sample size, particularly in gender subgroups
and the use of peripheral samples rather than
CNS-derived tissues which would provide
a more accurate representation of regional
immune activity and gene expression
alterations. However, key challenges limit
CNS sample collection in PD research:
brain specimens from PD patients are
only accessible post-mortem due to ethical
barriers. On the other hand, the collection of
cerebrospinal fluid (CSF) samples via lumbar
puncture can cause discomfort, infection
risks, and neurological complications. A third
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limitation is that IL-37 expression was only
measured at the mRNA level. Future studies
should analyze protein expression in larger
CNS samples to clarify the pathophysiological
significance of IL-35 and IL-37 in PD

CONCLUSION

In conclusion, our study showed a higher
serum protein level of IL-35 in PD patients
compared to healthy control group while
the gene expression levels of IL-37 and IL-
35 subunit Ebi-3 were significantly reduced.
Alterations in the expression of these
cytokines are suggested to partly contribute
to the immune dysregulation in this disease.
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