
 

Copyright © 2024 Jafariaghdam et al. Published by Tehran University of Medical Sciences.     69 
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/ 
by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited. 

ORIGINAL ARTICLE 

Iran J Allergy Asthma Immunol 

February 2024; 23(1):69-81. 

DOI: 10.18502/ijaai.v23i1.14954 

 

Different Gene Expression Patterns of IL-1 Family Members in Parkinson's 

Disease: Results from Bayesian Regression Model 
 

Negin Jafariaghdam1, Majid Khoshmirsafa2, Alireza Zamani1, Elahe Talebi-Ghane3, Shadi Moradi1, Faezeh Shahba2, 

Mehrdokht Mazdeh4, and Mohammad Mahdi Eftekharian1,5 
 

1 Department of Immunology, School of Medicine, Hamadan University of Medical Sciences, Hamadan, Iran 
2 Department of Immunology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran 

3 Modeling of noncommunicable Diseases Research Center, Hamadan University of Medical Sciences, 

Hamadan, Iran 
4 Department of Neurology, School of Medicine, Hamadan University of Medical Sciences, Hamadan, Iran 

5 Neurophysiology Research Center, Hamadan University of Medical Sciences, Hamadan, Iran 

 

Received: 9 December 2023; Received in revised form: 9 January 2024; Accepted: 14 January 2024 

 

 

ABSTRACT 

 

Parkinson's disease, the second most prevalent neurodegenerative disorder lacking a recognized 

etiology, is influenced by oxidative stress and alterations in inflammatory cytokine levels. This study 

aimed to investigate the expression levels of Interleukin(IL)1 receptor accessory protein (IL-1RAcP), IL1β, 

IL1α, IL33, and IL36 genes in blood cells and serum IL-1β levels in Parkinson's disease patients 

compared to healthy controls (HCs).  

In this case-control study, 44 Parkinson's disease patients and 44 age- and sex-matched HCs 

were included. Gene expression levels were assessed using Quantitative Real-time PCR, and serum 

IL-1β levels were measured via enzyme-linked immunosorbent assay. Advanced statistical analyses 

using the Bayesian regression model in R software were employed.  

Parkinson's disease patients exhibited elevated expression levels of IL-1RAcP and IL1β genes  

but decreased levels of IL1α, IL33, and IL36 compared to HCs. Age-based differences were not 

significant. Regarding gender, IL33 transcript levels were significantly higher in males, and serum 

IL-1β levels were increased in patients. Subgroup analysis by gender indicated alterations in IL1β 

and IL-1RAcP expression in both genders, while IL1α, IL33, and IL36 showed reduced expression 

only in males. Remarkably, only female patients displayed significantly higher serum IL-1β levels 

than female HCs. 

These findings suggest that dysregulation of immune-related factors plays a crucial role in 

Parkinson's disease. 

 
Keywords: Interleukin-1 receptor accessory protein; Interleukin-1; Interleukin-33; Interleukin-36; 

Parkinson disease 

INTRODUCTION 

 

Parkinson's disease (PD) is a condition characterized 

by the loss of dopaminergic neurons located in the 
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substantia nigra of the midbrain, which results in 

dopamine deficiency. Dopamine is a neurotransmitter 

involved in movement, memory, motivation, and other 

functions. In terms of prevalence, PD ranks second after 

Alzheimer’s disease (AD) among neurodegenerative 

disorders of the central nervous system (CNS), with 

several motor symptoms like resting tremor, 

bradykinesia, muscle stiffness, and impaired voluntary 

movement, and non-motor symptoms including 

depression, dementia, and sleep problems. Around 1% 

of people over the age of 80 suffer from PD, and men 

are somewhat more susceptible to being affected than 

women.1 There is a long delay between the initial injury 

to dopaminergic cells and the appearance of clinical 

symptoms; underscoring the importance of finding 

reliable biomarkers for early diagnosis to provide a 

better therapeutic intervention at the disease onset and/or 

to monitor the progression of the disease.2 While the 

brain was once thought to have an immune privilege 

status, it is now recognized as an immunologically 

specialized organ with its resident immune cells. 

Inflammatory cytokines in the brain, cerebrospinal fluid 

(CSF), and plasma of PD patients reflect immune-neural 

connections, which may in turn result in the release of 

inflammatory mediators from microglial cells thereby 

contributing to chronic inflammation.3 Chronic 

neuroinflammation appears to be a contributing factor to 

disease progression rather than an initiating factor. 

Although extensive evidence supports the involvement 

of inflammation in PD, the exact trigger of PD 

development has remained to be identified.4  

The main markers of inflammation that are examined 

in various diseases and are considered the main 

indicators of inflammation usually include common 

inflammatory cytokines such as IL-1β, TNF-α, and IL-

6, and so far, the role of emerging cytokines such as IL-

33 and IL-36 has been studied much less. Among the 

cytokine families, the IL-1 family has great importance 

in the process of inflammation, but studies on the role of 

these cytokines in PD are very limited. The interleukin 

(IL)-1 family comprises of IL-1α, IL-1β, IL-18, IL-33, 

and IL-36 with pro-inflammatory activities, IL-37 with 

anti-inflammatory activity, and IL-1 receptor antagonist 

(IL-1Ra), IL-36 receptor antagonist (IL36Ra), and IL-38 

as receptor antagonists. This family transmits signals by 

forming a heterotrimeric complex comprising a ligand, 

primary receptor, and accessory receptor.5 The most 

significant co-receptor, IL-1 receptor accessory protein 

(IL-1RAcP or IL-1RAP), functions as a co-receptor for 

inflammatory cytokines within the IL-1 family, except 

for IL-18. Previous research suggests that IL-1RAcP 

plays a critical role in the progression of chronic 

inflammation and autoimmune diseases including 

psoriasis, type 1 diabetes, and AD.6 While the role of IL-

1RAP in various diseases, especially inflammatory and 

autoimmune diseases, has been discussed, studies on the 

expression of this molecule and its related cytokines 

such as IL-1α, IL-33, and IL-36 in neuroinflammatory 

diseases are very rare (except for IL-1β). In this context, 

two studies have been conducted on the relationship 

between IL-1RAP and Alzheimer’s disease, which is the 

closest disease to PD.7,8 There are also limited studies on 

the role of emerging cytokines of this family such as  

IL-339,10 and IL-3611 and their role in Alzheimer’s 

disease. Inflammatory cytokines of the IL-1 family are 

key signaling molecules in the innate and adaptive 

immune system that cause inflammation in response to 

a wide range of stimuli. The main mechanism of signal 

initiation in this family is a step-by-step process in which 

cytokines first bind to their receptor, and this cytokine-

receptor complex recruits an accessory receptor. Most 

IL-1 family cytokines, including IL-1α, IL-1β, IL-33, 

and IL-36, can be potential pro-inflammatory stimuli 

through this accessory receptor. Chronic inflammation 

following long-term signaling of IL-1α, IL-1β, IL-33, 

and IL-36 receptors is an important process in the 

pathogenesis of many inflammatory disorders, including 

autoimmune diseases, psoriasis, type 1 diabetes, and 

Alzheimer.12 Recent studies have shown that abnormal 

IL-1RAP signaling plays a key role in the pathogenesis 

of these chronic inflammatory diseases. IL-33 is an 

"alarmin" cytokine that stimulates inflammatory 

responses. This cytokine is mainly expressed through 

epithelial, endothelial, and myofibroblast cells.13 It 

seems that the effects of IL-33 can be either pro-

inflammatory or anti-inflammatory depending on the 

situation. For example, it has been reported that IL-33 

plays a role in neuroinflammatory diseases such as 

Alzheimer and multiple sclerosis through mechanisms 

such as inducing macrophage differentiation towards 

M2 phenotype or expanding and activating Treg cells to 

create a microenvironment that is anti-inflammatory 

against these diseases.14 On the other hand, it is 

expressed in various organs (such as the intestine, lung, 

and skin) and plays an important role in tissue injury and 

inflammation. Since in the future, the goal is to target the 

microbiota-gut-brain axis as a new therapeutic strategy 

for neurological diseases such as PD, studies on the role 
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of IL-33 in the microbiota-gut-brain axis are 

increasing.15 IL-36 is expressed in several tissues and by 

various subsets of immune cells such as 

monocytes/macrophages, dendritic cells, T cells, and 

also non-immune cells such as paraneoplastic cells, 

keratinocytes, Langhans cells, and mucosal epithelium. 

Human primary macrophages inherently express this 

cytokine, but its expression is significantly induced by 

TLR stimulation.16 In addition to being expressed by 

various cell types, IL-36 can stimulate a diverse set of 

cellular subsets to elicit pro-inflammatory responses. 

Like IL-1α, IL-1β, and IL-33, IL-36 exerts its pro-

inflammatory effects by binding to the receptor and 

recruiting IL-1RAP, which leads to the activation of 

downstream MAPK pathways via JNK and ERK1/2 and 

also NF-κB-dependent transcription.17 The role of IL-36 

in various inflammatory diseases such as inflammatory 

bowel disease, psoriasis, rheumatoid arthritis, Sjogren’s 

syndrome, and even kidney and lung inflammation has 

been investigated and confirmed.18 However, studies on 

the relationship of this cytokine with neuroinflammatory 

diseases are very rare and there is no report on PD. 

According to available reports, the expression of IL36 

changes in myasthenia gravis and optic neuritis.16 

According to the information aforementioned, the 

purpose of the present study was to determine the 

expression levels of IL1RAcP, IL1β, IL1α, IL33, and 

IL36 genes and serum levels of IL-1β (due to its high 

level in the serum) in PD patients compared with healthy 

controls (HCs). 

 

MATERIALS AND METHODS 

 

Patients and Healthy Controls  

In this study, 44 PD patients and 44 age- and sex-

matched HCs were included between June 2022 to 

January 2023. All of the patients, who were in stage two 

of PD based on the Hoehn and Yahr scale, showed 

symptoms including voluntary movement disorder, 

bradykinesia, resting tremor, and muscle rigidity. 

Levodopa (L-dopa + Carbidopa) was administered as an 

anti-Parkinson's drug and general treatment. The 

patients were selected under the direction of neurologists 

and based on the "Adams and Victor’s Principles of 

Neurology" guideline. Patients with neurological or 

autoimmune diseases other than PD and metabolic 

disorders were excluded from the study. Also, if a 

subject displayed any symptoms of a neurological or 

immunological disorder, she/he was excluded from the 

HCs group. The patients had been admitted to "Sina" and 

"Besat" hospitals affiliated with Hamadan University of 

Medical Sciences. All samples were taken by trained 

individuals and also blindly. In the control group, the 

presence of any disease was considered as an exclusion 

criterion. The study procedure was validated by the 

Ethics Committee of Hamadan University of Medical 

Sciences (IR.UMSHA.REC.1400.803). Moreover, 

informed consent forms were filled out and signed by all 

individuals included in the study. 

 

RNA Extraction and cDNA Synthesis 

The whole blood samples were taken from all the 

patients and HCs and collected in 5 ml EDTA tubes. 

Total RNA was extracted using RNX-PlusTM 

(SINACLONE, Tehran, Iran) according to the 

manufacturer's instructions. In the following, the Easy 

cDNA Synthesis Kit (PARSTOUS, Mashhad, Iran) was 

used to synthesize cDNA from 2 to 6 µg of total RNA. 

 

Quantitative Real-time PCR (qRT-PCR) 

To evaluate gene expression of IL1RAcP, IL1β, 

IL1α, IL33, and IL36, qRT-PCR method was carried out 

using Ampliqon™ 2X Real-Time PCR Master Mix 

Green without ROX (AMPLIQON, Odense, Denmark). 

The features of the primers (Sinaclone, Tehran, Iran) 

utilized in this study are detailed in Supplementary 

Table. Briefly, to perform qRT-PCR, a reaction mixture 

(20 μL) containing approximately  1 Μl of cDNA 

template was prepared. The temperature conditions for 

each reaction started with an initial hold at 9°C for 10 

minutes, followed by 40 cycles of 95°C for 15 seconds,  

58.5°C for 30 seconds, and 72°C for 35 seconds. All 

reactions were performed by the Rotor-gene Q thermal 

cycler (Qiagen, Germany) in duplicate. The 

housekeeping gene, GAPDH, was used as an internal 

control. 

 

Enzyme-linked Immunosorbent Assay (ELISA) 

Enzyme-linked immunosorbent assay (ELISA) kit 

for human IL-1β (FineTest, Wuhan Fine Biotech, China) 

was used to determine serum levels of IL-1β in PD 

patients and HCs according to the manufacturer’s 

protocols. Briefly, 100 µL of diluted samples were 

added to the plate wells and incubated at 37 °C for 90 

minutes. Then, 100 µL of biotin-labeled primary 

antibody solution was added, followed by incubation at 

room temperature for 60 minutes. In the next step,  

100 µL of HRP-streptavidin conjugate solution was 
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added and the plate was incubated for a further 30 

minutes at 37°C. The plate was washed after each 

incubation using the washing buffer provided by the kit. 

In the next step, 90 μL Tetramethylbenzidine (TMB) 

was added followed by incubation at 37°C in the dark 

for 10–20 minutes. Finally, a stop solution was added 

and OD values were read immediately at 450 nm. 

 

Statistical Analysis  

Relative quantification was performed using 2-ΔΔCt 

method.19 The boxplots were created to present 

differential gene expression in PD patients compared 

with HCs, based upon gender. The use of the Bayesian 

regression model provided more accurate estimations of 

the impacts of group, age, and sex, as well as the 

interconnections between them, on gene expression and 

subgroup analyses based on gender. It can also alleviate 

certain sample size-related problems. Furthermore, the 

area under the Receiver Operating Characteristic (ROC) 

curve (AUC), sensitivity (Se), and specificity (Sp) were 

calculated using the ROC regression model. 

Additionally, the correlation matrix was used to find 

possible correlations between each pair of parameters in 

both studied groups (total) and the findings are presented 

as correlation coefficients (ranging from -1 to +1) and p-

values. All analyses were conducted using R (version 

4.1.0) statistical software and P-values less than 0.05 

were considered statistically significant 

 

RESULTS 

 

Demographic Data 

In total, 44 PD patients (68.77±11.53 years) 

participated in this study. Also, the control group 

comprised 44 healthy adults who were sex- and age-

matched (66.17±8.50 years.) with the Patients. Table 1 

summarizes the demographic information of the study 

groups. 

 

Gene Expression Analysis and ELISA Results 

We found that transcription levels of IL1RAcP and 

IL1β were significantly upregulated in patients compared 

with HCs (p<0.001), and these upregulations were seen in 

both genders. On the contrary, IL1α, IL33, and IL36 gene 

expression levels were significantly lower in patients 

compared to HCs (p<0.001 for IL33 and IL36, p=0.023 

for IL1α). Subgroup analysis within gender revealed that 

these downregulations were only seen in males (p<0.05 

for all). We did not find any significant age-dependent 

differences in the gene expression levels. However, when 

considering gender, IL33 showed a significant 

upregulation in males in comparison to females (p=0.04). 

In other words, IL33 expression levels were significantly 

increased in male compared with female subjects. 

Additionally, serum levels of IL-1β were significantly 

higher in female (p=0.001) patients compared with female 

HCs (p=0.012) and did not differ significantly by either 

gender or age (Table 2 and Figure 1). 

 

ROC Curves 

The optimal prediction approach would produce a 

spot in the upper left corner of the ROC curve, reflecting 

100% sensitivity which means zero false negatives, and 

100% specificity which means zero false positives. 

After analyzing AUC (95% CI) values of transcripts, the 

following values were obtained: IL1RAcP  with AUC 

(95% CI) of 88.93 [82.28%-95.58% CI], IL1β  with AUC 

(95% CI) of  73.04 [62.29%-83.79% CI], IL1α  with AUC 

(95% CI) of 65.91 [54.1%-77.72% CI], IL33  with AUC 

(95% CI)  of 76.52 [66.53%-86.51% CI], IL36  with AUC 

(95% CI)  of 72.29 [61.67%-82.91% CI], and IL-1β with 

AUC (95% CI) of 65.13% [53.02%-77.24% CI] (Figure 

2). Comparisons of the Se, Sp and AUC values showed 

IL1RAcP could be considered as an effective tool in 

diagnostic panels of PD. 

 

Correlation Analysis  

The results of correlation analyses are depicted in 

Figure 3. According to the findings of our study, 

IL1RAcP and IL1β expression levels showed a 

significant positive correlation. Such an association was 

also found between the expression levels of IL1α with 

IL33, IL1α with IL36, and IL33 with IL36 ((r= 0.72, 0.67 

and 0.54 respectively, p<0.001 for all). Since we found 

no correlation between age and gene expression levels, 

it could be assumed that the age factor does not influence 

the results of the present study. 
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Table 1. Demographic data of the groups as number or mean ± SD 

Variables PD patients Healthy controls p 

Female/male (no. %) 11 (25%)/33 (75%) 14 (31.8%)/30 (68.2%) 0.478a 

Age (Mean ± SD, year) 68.77 ± 11.53 66.17 ± 8.50 0.232b 

Median of Age (Min-Max, year) 69 (38-89) 66.5 (41-81.5) - 

Disease duration 

(Mean ± SD, year) 
6.94 ± 5.61 - - 

Age at onset  

(Mean ± SD, year) 
61.86 ± 12.17 - - 

a  Chi-square Test, b Independent t-test 

 

 

 

 
 

Figure 1. Comparison of relative expression of Interleukin(IL)-1 receptor accessory protein (IL1RAP), Interleukin1β (IL1B), 

Interleukin1α (IL1A) Interleukin33 (IL33), and Interleukin36 (IL36) genes as well as serum levels of Interleukin-1β (IL-1B)  in 

Parkinson's disease patients and healthy controls based on gender using independent t-test.(*p 0.01-0.05, **p 0.01-0.001, 

***p<0.001) 
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Table 2. Relative expression levels of Interleukin-1 receptor accessory protein (IL1RAP), Interleukin1β (IL1B), Interleukin1α (IL1A) Interleukin33 (IL33), and Interleukin36 (IL36) genes 

as well as serum levels of Interleukin-1β (IL-1β)  in Parkinson's disease patients and healthy controls based on the results of the Bayesian regression model 

 Variable 

IL1RAP IL1B   IL-1β (Serum) 

Posterior 

Beta 
SE 95% CrI p 

Posterior 

Beta 
SE      95% CrI      p 

     Posterior 

      Beta 
SE 95%CrI p 

Total 

Group 

(Control/Case) 
-3.65 0.48 [-4.6, -2.72] <0.001 -1.51 0.39 [-2.27,-0.74] <0.001 -0.75 0.30 [-1.33,-0.16] 0.012 

Gender 

(Female/Male) 
0.33 0.52 [-0.7, 1.36] 0.523 0.30 0.44 [-0.57, 1.16] 0.478 0.31 0.33 [-0.34, 0.95] 0.338 

Age -0.02 0.02 [-0.07, 0.03] 0.415 2.60e-04 0.02 [-0.03, 0.04] 0.973 -0.03 0.01 [-0.06, 0.00] 0.061 

Male 

Group 

(Control/Case) 
-4.14 0.60 [-5.33,-2.98] <0.001 -1.38 0.45 [-2.27,-0.49] 0.003 -0.35 0.36 [-1.07, 0.34] 0.335 

Age -0.02 0.03 [-0.08,0.04] 0.564 0.02 0.02 [-0.03, 0.07] 0.417 -0.03 0.02 [-0.07, 0.01] 0.091 

Female 

Group 

(Control/Case) 
-2.40 0.82 [-4.04,-0.79] 0.006 -1.79 0.78 [-3.32,-0.21] 0.030 -1.86 0.49 [ -2.83,-0.93] 0.001 

Age -0.02 0.03 [-0.09,0.04] 0.491 -0.03 0.03 [-0.10, 0.04] 0.341 -0.01 0.02 [-0.06, 0.03] 0.539 

  IL33 IL36   IL1A  

Total 

Group 

(Control/Case) 
2.70 0.59 [1.55, 3.87] <0.001 2.52 0.64 [1.27, 3.79] <0.001 1.01 0.44 [0.14,1.88] 0.023 

Gender 

(Female/Male) 
-1.33 0.65 [-2.61,-0.06] 0.040 -1.05 0.70 [-2.41, 0.32] 0.130 -0.80 0.49 [-1.75, 0.18] 0.099 

Age -0.02 0.03 [-0.08, 0.03] 0.431 
-4.14e-

03 
0.03 [-0.07, 0.06] 0.892 -0.03 0.02 [-0.08, 0.01] 0.120 

Male 

Group 

(Control/Case) 
3.03 0.65 [1.73, 4.30] <0.001 3.11 0.79 [1.58, 4.68] <0.001 1.48 0.47 [0.55,2.41] 0.003 

Age 4.32e-03 0.03 [-0.06, 0.07] 0.894 0.03 0.04 [-0.05, 0.11] 0.484 -0.02 0.03 [-0.07, 0.03] 0.443 

Female 

Group 

(Control/Case) 
1.97 1.32 [-0.61, 4.63] 0.136 1.12 0.93 [-0.71, 2.96] 0.215 -0.20 1.05 [ -2.25, 1.87] 0.829 

Age -0.07 0.06 [-0.18, 0.05] 0.230 -0.06 0.04 [-0.14, 0.02] 0.132 -0.06 0.04 [-0.14, 0.03] 0.184 

SE=Standard error, Crl=Credible intervals, Case=Parkinson's disease patients, Control=healthy controls 

http://ijaai.tums.ac.ir/


IL-1 Family Members in Parkinson's Disease 

Vol. 23, No. 1, February 2024                                                                          Iran J Allergy Asthma Immunol/ 75 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

 
Figure 2. ROC curve analysis for Interleukin-1 receptor accessory protein (IL1RAP), Interleukin1β (IL1B), Interleukin1α 

(IL1A) Interleukin33 (IL33), and Interleukin36 (IL36) transcripts as well as serum levels of Interleukin-1β (IL-1β) based on 

the results of the Bayesian regression model  

Z=Z-Score, Sp=Specificity, Se = Sensitivity, AUC=Area under curve, CI=Confidence interval 

 

 

 

Figure 3. Correlations between the expression levels of Interleukin-1 receptor accessory protein (IL1RAP), Interleukin1β 

(IL1B), Interleukin1α (IL1A) Interleukin33 (IL33), and Interleukin36 (IL36) , serum levels of Interleukin-1β (IL-1β) , 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<0.001) 
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DISCUSSION 

 

The present study showed that IL1β and IL1RAcP 

gene expression levels were significantly higher in PD 

patients compared with HCs. Expectedly, serum levels 

of IL-1β were considerably increased in PD patients in 

comparison with HCs. However, transcript levels of 

IL1α, IL33, and IL36 were found to be significantly 

lower in PD patients compared to HCs.  

Based on the emerging data, dopaminergic neuron 

loss can be attributed to the prolonged inflammatory 

reactions and glial cell activation in both human PD and 

animal models of PD. Elevated proinflammatory 

cytokines in post-mortem PD brains strongly support 

this theory, as well.20 McGeer and colleagues provided 

the first evidence for the involvement of inflammation 

in PD in 1988.21 Indeed, neuroinflammation is described 

as a "double-edged sword" as it shows both 

neuroprotective and neurodegenerative properties.22  

Despite having low blood levels, the majority of  

IL-1 family members seem to be endogenous activators 

of inflammation. According to previous reports, the IL-

1 family members can cause cell death and 

neurodegeneration via a variety of mechanisms, such as 

inducing the expression of cell adhesion molecules and 

infiltration of immune cells into the CNS.23,24 The 

evidence under discussion indicates that IL-1 family 

members have a significant role in mediating 

neurodegeneration after stroke, brain damage, and 

chronic CNS disorders such as multiple sclerosis (MS), 

amyotrophic lateral sclerosis (ALS), AD, and PD.25,26 In 

the majority of neurodegenerative disorders, microglial 

cells exert their neuroinflammatory effects via "A1" 

astrocytes which produce proinflammatory mediators 

including IL-1α, IL-1β, and TNF-α.27 According to 

several studies, PD patients have higher levels of IL-6, 

TNF-α, IL-2, IL-1β, IL-10, interferon-gamma (IFN-γ), 

and transforming growth factor-beta 1 (TGF-β1) in 

serum, CSF, and striatum, indicating that clinical 

features of PD are associated with inflammatory 

responses.28,29 Furthermore, a significant increase in the 

expression levels of inflammatory cytokines  has also 

been documented in the ascending and descending colon 

of PD patients.30 Aside from the rise in pro-

inflammatory cytokines including IL-1β, Karpenko and 

colleagues in 2018 reported reduced serum IL-1Ra in 

PD patients compared to HCs.28 Expectedly, Menza et 

al, in 2010 showed that there is a strong relationship 

between proinflammatory cytokines and the 

development of key non-motor symptoms associated 

with PD such as depression, cognition, and sleep 

problems.31 Contrarily, Kıçık and co-workers in 2020 

showed that PD patients with mild cognitive impairment 

show much lower serum levels of NF-κB, IL-1β, and IL-

18 in comparison to PD patients with normal cognition 

and HCs.32. Furthermore, Koziorowski and colleagues in 

2012 reported an insignificant alteration of serum IL-1β 

in PD patients compared to HCs.33 Based on a study in 

2015 reporting higher serum levels of IL-1β but similar 

levels of IL-1α in PD patients compared with HCs and 

AD patients, it seems that the former cytokine plays a 

more important role in the inflammatory reactions 

observed in PD than the latter one.34  

It has recently been proposed that dysfunctional IL-

1RAcP signaling is a key player in several chronic 

inflammatory conditions caused by persistent cytokine 

receptor activation.12 Furthermore, IL-1RAcP has been 

found to influence synaptic formation and function as 

trans-synaptic cell adhesion molecules 1.35 Therefore, 

the observed higher expression levels of IL1RAcP in PD 

patients in our study is not surprising as it serves a 

crucial role in the signal transduction of 

proinflammatory cytokines of the IL-1 family, 

particularly IL-1β.36 IL-1RAcPb is unable to recruit 

IRAK4 and MYD88 and therefore possesses an 

immunomodulatory activity on the CNS neurons where 

it is exclusively produced. Thus, it has been suggested 

that IL-1RAcPb can regulate IL-1β mediated 

inflammation in the CNS.37 It is worth noting that the 

upregulation of IL1RAcP gene in PD patients does not 

necessarily act as an enhancer of inflammation. Rather, 

it is likely that the increase in the level of IL-1RAcP is a 

result of inflammation and is used as a compensatory 

agent to control the inflammatory responses. Even 

though there are some reports on IL-1RAcP in AD, as 

the most similar neurodegenerative disease to PD, our 

study is the first to assess IL1RAcP gene expression in 

PD patients.38 

Furthermore, In spite of the limited studies on IL-33 

as an emerging cytokine of IL-1 family, in 

neurodegenerative diseases (particularly in PD), 

previous studies have shown that this cytokine is highly 

expressed in the glial cells around amyloid plaques of 

AD patients,39 as well as in the serum, CSF,40 peripheral 

leukocytes and CNS41 of MS patients. Moreover, 

Kempuraj et al, in 2018 elucidated that activated mast 

cells during neuroinflammatory reactions, produce a 

variety of inflammatory mediators including IL-1β,  
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IL-33, IL-6, TNF-α, IL-8, IL-17, and IL-18.42 In another 

study by Xu and colleagues in 2022, it was found that 

IL-1β and IL-33 levels were higher in serum, striatum, 

and midbrain of PD patients in comparison with HCs.43 

In this context, it has been figured out that in several 

neurodegenerative disorders  (e.g., AD, MS, and PD), 

elevated Glia maturation factor (GMF) in the CNS 

enhances the secretion of IL-33 from mouse astrocytes 

which in turn augments GMF-mediated release of IL-1β, 

TNF-α, and CCL2 from these cells.44 On the contrary, 

IL33 gene expression and protein levels have been 

reported to be significantly lower in brains of AD 

patients compared to healthy controls.45 Consistently, Fu 

A. K.Y and his colleagues in 2016 found that AD 

patients have considerably higher levels of serum sST2, 

as a decoy receptor of IL-33, compared to healthy 

controls. They also showed that IL-33 administration 

reduces amyloid plaque deposition in transgenic mouse 

models of AD and modulates the immune response 

toward an anti-inflammatory situation along with 

reducing gene expression of proinflammatory cytokines, 

such as IL6 and IL1B.46 This finding may hold promise 

for novel therapeutic approaches for PD in the 

future. Currently, cytokine therapy is routinely used, to 

treat or alleviate symptoms in some neurological 

diseases (such as IFN-β in M.S). It was reported that IL-

33 levels were significantly higher in the early-stage PD 

patients compared with advanced PD patients.47 

However, whether IL-33 has stimulatory or inhibitory 

effects on PD development remains to be determined. 

Lopetuso L.S in 2013 found that inflammatory bowel 

disease (IBD) patients exhibit elevated levels of IL-1 

family members such as IL-1β and IL-3348 providing 

evidence that PD and IBD might be interconnected. In 

fact, IBD may mildly predispose to PD.49  

Similar to other members of the IL-1 family, IL-36 

plays a significant role in promoting both innate and 

adaptive immune responses by increasing the 

polarization and proliferation of CD4+ T cells and 

preventing their differentiation into regulatory T cells. 

This cytokine can also upregulate the expression of 

adhesion molecules and induce dendritic cells (DCs) 

maturation, and the release of inflammatory mediators 

like IL-8, IL-2, IL-12, IFN-γ, CCL2, and CCL20 due to 

its ability to promote the activation of NF-κB and AP-

1.50,51 Relatively few studies exist on the role of IL-36 

and how it is altered in the neurodegenerative disorders. 

According to the reports, patients with MS,52 AD,53 

ALS,54 and Neuromyelitis optica spectrum disorder 

(NOSD)55 exhibit higher gene expression and serum 

levels of IL-36. Based on the previous research 

conducted by our team,56 there is an increased 

expression of IL-17 in PD patients. Additionally, there 

is a relation between IL-17 and IL-36.57,58 Therefore, it 

is suggested that the IL-36/IL-17 pathway may possibly 

be involved in immune dysregulation occurred in PD. It 

seems that  taking levodopa by PD patients might have 

contributed to reduced IL1α, IL33, and IL36  expression 

levels observed in our study. In this regard, Reale and 

co-workers in 2009, after an ex vivo study on the culture 

supernatants of peripheral blood mononuclear cells 

(PBMCs) obtained from levodopa‐treated PD patients 

and HCs, found that both LPS‐induced and basal levels 

of RANTES, MCP1, CXCL8, MIP-1‐α, IL-1β, IFN-γ, 

and TNF-α were significantly higher in patients 

compared with HCs. Furthermore, the results of ELISA 

tests on sera, confirmed the mentioned ex vivo 

findings.59 Thus, it seems that IL-1α is more susceptible 

to levodopa than IL1β. It should be noted that in diseases 

where the levels of some cytokines changes compared to 

the control group, it is difficult to judge whether these 

cytokines play a role in causing - or exacerbating - the 

disease, or the disease causes their production and it has 

a compensatory role. This situation is much more 

complicated for cytokines such as IL-33 and IL-36, 

which have dual and even contradictory functions. The 

issue needs to be examined in detail. Furthermore, it 

should be noted that despite the fact that the two groups 

were accurately matched for age and sex, there may be 

differences between the two groups in other factors that 

may affect cytokine production. Such factors include 

diet, genetic differences, race, and other factors that may 

affect gene expression levels. Therefore, using a larger 

number of samples and matching the two case and 

control groups in multiple aspects is recommended.  

In another part of our study, we found no significant 

age-related difference in gene expression or serum levels 

of the studied markers [in the case of IL-1β, the p-value 

(0.061) was close to the borderline of statistical 

significance]. Although it seems that age does not have 

a considerable effect on the expression of these markers, 

study on a larger sample size and the use of CSF instead 

of blood cells, may provide different results. Based on 

the gender, transcript levels of IL33 -regardless of being 

patient or healthy- were shown to be significantly 

upregulated in male compared to female subjects. Thus, 

it seems that IL33 expression is significantly affected by 

the gender. Moreover, we found that the decrease in the 
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expression of IL1α, IL33 and IL36 genes has only 

occurred in men when comparing the patients with 

controls. This issue obviously indicates the effect of 

gender on the expression of these cytokines.   

The correlation analysis was indicative of significant 

positive correlations between IL1RAcP and IL1β genes 

expression and also between expression levels of IL1α, 

IL33 and IL36 genes. According to the results obtained 

by ROC curve analyses, IL1RAcP  gene expression has 

the potential to be included in diagnostic panels of PD 

due to its high Se and Sp values. 

Based on the results of the study, it appears that the 

immune response dysregulation observed in PD is partly 

due to changes in the expression of IL-1 family 

cytokines and IL1RAcP. Among these cytokines, 

emerging ones such as IL-33 and IL-36 may also play a 

role. Additionally, some cytokines in this family that are 

primarily considered pro-inflammatory mediators, 

might show anti-inflammatory properties in certain 

situations and could act as a “double-edged sword”. 

Furthermore, some of these cytokines including IL-1α, 

IL-33, and IL-36 show differential gene expression in 

males and females. The study recommends further 

investigations on IL-1 family members and their effects 

on various stages of PD to highlight the potential of these 

cytokines in this complex central nervous system 

disorder. 
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