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Abstract 

Multiple sclerosis (MS) is a chronic immune-mediated disease characterized by 

inflammation, demyelination, gliosis, and neurodegeneration in the central nervous system 

(CNS). Interleukin 40 and 41 are novel immune-modulatory cytokines associated with 

inflammatory and autoimmune diseases. The study aims to evaluate novel cytokines in MS 

patients and their role as a potential biomarker for JCV reactivation in MS patients. Five 

millilitres of blood were taken from 165 individuals (age range 18–53 years), divided into 

109 samples from MS patients (37 males and 72 females) who enrolled at Dr. Saad AlWitry 

Hospital for Neurosciences in Baghdad and 56 healthy volunteers (18 males and 38 females). 

The patients were distributed into three groups: MS patients, JCV-associated MS patients, 

and MS patients without therapy. ELISA has been used to measure the cytokine levels in the 

blood of MS patients and healthy volunteers. The serum level mean of IL-40 decreased 

significantly (p ≤ 0.001) in the three groups of patients: MS patients (20.005±1.346 ng/ml), 

JCV-associated MS patients (24.520±1.454 ng/ml), and MS patients without therapy 

(24.686±3.008 ng/ml) compared to controls (42.287±4.742 ng/ml). For IL-41, its mean level 

also decreased significantly (p ≤ 0.001) in MS patients (1.397±0.224 ng/ml), JCV-associated 

MS patients (1.545±0.175 ng/ml), and MS patients without therapy (1.161±0.276 ng/ml) 

compared to controls (3.044±0.321 ng/ml). Newly discovered cytokines (IL-40 and IL-41) 

were negatively associated with the severity of the disease and may have a role as a potential 

biomarker for MS.  

Keywords: Autoimmune disease, Interleukin 40, Interleukin 41, Multiple sclerosis, JC virus 

Introduction 

MS is a chronic autoimmune disease resulting from immune disorders in the CNS and 

is characterized by inflammation, demyelination, and axonal transection, causing a range of 

debilitating symptoms that can significantly impact a person's quality of life (Nociti & 

Romozzi, 2022). The pathophysiology of MS, a malfunctioning immune system that targets 

components of the CNS. Autoreactive peripheral T cells that are out of whack enter the brain 

across the blood-brain barrier and launch an assault on myelin and oligodendrocytes, two 

components of the CNS (Bsteh et al., 2016). On the other hand, primary degeneration of 
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oligodendrocytes and myelin is the first occurrence of MS, with oligodendrocyte mortality 

and mild myelinopathy, thus generating a secondary autoimmune response. Demyelination 

and other symptoms of MS are caused by a subsequent autoimmune onslaught (Titus et al., 

2020). Among the debilitating symptoms of MS are difficulties with movement, stiffness, 

incontinence, discomfort, impaired vision, distorted speech, and cognitive decline (Dennison 

et al., 2018).  

Cytokines are implicated in the pathogenesis of MS through CNS demyelination, 

which occurs when immune system cells (β and T) invade the CNS and produce antibodies 

and cytokines that target myelin antigens (Lassmann, 2005). The novel cytokine IL-40 

regulates immune processes and the maintenance of B cells in a stable state and thus may 

play a role in the development of autoimmune diseases (Abed et al., 2023). Likewise, the new 

cytokine IL-41 regulates the immune system. Macrophages and barrier tissues have high 

levels of IL-41 expression, which is stimulated by several cytokines such as IL-17A, IL-12, 

and IL-4, while interferon-γ and transforming growth factor-β suppress its production (Gong 

et al., 2023). 

New disease-modifying treatments (DMTs) have emerged in the last few years and 

can help MS patients live better lives by reducing relapse rates and slowing the disease's 

development (Stamatellos & Papazisis, 2023). Natalizumab, interferon beta, and fingolimod 

are the most common of the DMTs available on the market. Although these drugs have 

demonstrated encouraging outcomes in clinical trials, they come with some unwanted side 

effects (Rommer et al., 2014). Interferon beta is a popular treatment for MS because of its 

ability to affect the activity of immune cells, particularly T and B lymphocytes, which play a 

crucial role in the body's defense against infections (Severa et al., 2015). Patients taking 

immunosuppressant drugs are at higher risk of developing a John Cunningham virus (JCV) 

infection. The use of immunosuppressive medication and immune system deficiency are the 

main causes of JCV reactivation (Hussein et al., 2023). The JC virus can enter a permanent 

latent state in the kidneys, the central nervous system, and hematopoietic progenitor cells 

(Arthur & Shah, 1989; Schneider & Dörries, 1993). Immunosuppressive medications such as 

natalizumab, efalizumab, and rituximab reduce the mobilization of CD4+ and CD8+ T cells. 

As a result, the JCV can infect and kill oligodendrocytes in the brain (Wijburg et al., 2018). 

The study aims to highlight the evaluation of IL-40 and 41 levels, which may have a 

significant impact on host immune responses. 

Methods 

Blood samples were collected from 109 patients (age range: 18 to 53 years) with 

relapsing-remitting multiple sclerosis (RRMS) at Dr. Saad AlWitry Hospital for 

Neurosciences, Baghdad, Iraq, from July 2023 to the end of December 2023. RRMS was 

determined by McDonald's criteria revision in 2017, and the diagnosis was done by the 

consultant medical staff at the hospital. According to the clinical examination, magnetic 

resonance imaging (MRI) examination, hematology indicators, biochemical indicators, and 

immunological indicators, the study samples were divided into four groups: MS patients (N = 

52), JCV infection in MS patients (N = 45), MS patients without therapy (first diagnosis) (N 

= 12), and a control group (N = 56) consisting of healthy volunteers who were matched for 

gender and age with MS patients. 

Assessment of Interleukins Serum Levels  

The levels of IL-40 and IL-41 were measured in the sera of MS patients and healthy 

controls using the ELISA technique. The assessment was performed at the College of Science 

for Women, University of Baghdad, using a sandwich ELISA kit for each interleukin that was 
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produced by the Bioassay Technology Laboratory in China. These kits were designed for 

quantitative measurement of human cytokines based on the manufacturer's protocol. 

Ethical approval 

Informed consent and Ethics Committee approval were obtained from the Iraqi 

Ministry of Health and the Department of Biology, College of Science for Women, 

University of Baghdad, under number 22/4000 on 16-7-2023. 

Statistical Analysis 

Frequencies and percentages are used to present data. A significant threshold of P < 

0.05 was established. Version 14 of SPSS was used for statistical analysis. The study 

employed one-way analysis of variance (ANOVA) to assess group differences and a t-test to 

compare cytokine levels between groups. The correlation between the levels of interleukin 

was ascertained using Pearson's correlation coefficient. 

Results and Discussion 

We included 109 patients with MS: 52 (47.7%) were relapsing-remitting MS (RRMS) 

patients, 12 (11.0%) were RRMS patients without therapy (first diagnosis), and 45 (41.3%) 

were JCV infection in RRMS patients. The mean age was 32.477± 8.868 years in the patient 

group and 34.107±10.188 years in the control group. The age and gender distribution of 

patients with different groups of MS and the control group are shown in Table (1) and show 

that the prevalence of the disease is greater in females. 

The result showed that IL-40 concentrations were significantly greater (p = 0.001) in 

healthy controls (42.287±4.742 ng/ml) compared to MS patient groups (22.296± 0.960 

ng/ml). IL-41 concentrations were also significantly greater (p = 0.001) in healthy controls 

(3.044±0.321 ng/ml) compared to MS patient groups (1.406± 0.131 ng/ml), while the 

differences for IL-40 and IL-41 were not significant when comparing a patient with MS to a 

patient with JCV and first diagnosis of MS, Table (2). 

Healthy females had a slight increase in IL-40 concentration compared to males 

(43.444± 6.032 vs. 39.845± 7.654 ng/ml, respectively), while male MS patients showed a 

slightly increased mean compared to females. However, no significant gender-related 

variation was observed between females and males in patients or controls. IL-41 

concentration was lower in males than in females in all study groups, with a significant 

difference in JCV infection in MS patients (1.687± 0.196 ng/ml in females vs. 0.885± 0.308 

ng/ml in males) and MS patients (1.723± 0.312 ng/ml in females vs. 0.987± 0.306 ng/ml in 

males). While no significant difference (P > 0.05) was observed between females and males 

of MS patients without therapy and healthy controls Table (3). 

Ninety-seven MS patients were on medication and were undergoing two lines of 

therapy: first-line therapy (Interferon-beta) and second-line therapy (Gilenya or 

Natalizumab). Therefore, when serum levels of IL-40 were evaluated, no significant 

differences were found in MS patients treated with Betaferon (23.536±1.803 ng/ml) 

compared to MS patients treated with Fingolimod (22.785±2.401 ng/ml) or Tysabri 

(20.309±1.662 ng/ml). While the serum level of IL-41 demonstrated increased levels in MS 

patients treated with Tysabri (1.839±0.273 ng/ml) compared to MS patients treated with 

Betaferon and Fingolimod (1.296±0.201 ng/ml, 1.190±0.216 ng/ml, respectively). 

The correlation coefficient (rs) and two-tailed probability (p) are shown in Table (4). 

IL-40 showed a significant positive correlation with IL-41 (p = 0.001) in all study groups 
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except JCV infection in MS patients, which showed a negative correlation but no significant 

differences. 

Circulatory system infections account for the majority of CNV infections. White 

blood cells are crucial for the onset and course of inflammatory diseases like multiple 

sclerosis. MS is an autoimmune neurodegenerative disease that affects the central nervous 

system (CNS) white matter. Women are twice as likely as males to get MS. Young adults 

typically experience relapsing-remitting episodes of the disease, which cause a variety of 

neurological impairments with each episode. Between episodes, symptoms may totally 

vanish, although they frequently linger as the illness worsens (Najafi et al., 2022). The 

presence of cytokines and activated lymphocytes is a characteristic of these illnesses. After 

adhering to cerebral endothelial cells, lymphocytes go through blood vessel walls and into the 

central nervous system. A key factor in the demyelination process seen by MS patients is the 

extravasation of T cells over the blood-brain barrier. Because lymphocytes emit lytic agents 

including antibodies and inflammatory cytokines extracellularly, they are frequently linked to 

tissue destruction (Gloudina et al., 2012).  

Pro-inflammatory cytokines (such as IL-1, IL-6, and TNF-alpha) may contribute to 

the development of MS by promoting inflammation and tissue damage in the CNS. 

Conversely, other cytokines (such as IL-10 and TGF-beta) have anti-inflammatory cytokines 

and help regulate the immune response in MS, which may limit tissue damage (Navrátilová et 

al., 2023). Therefore, cytokines play diverse roles, sometimes providing signals for 

inflammation and other times providing signals for protection (Catalan-Dibene et al., 2018). 

Therefore, cytokines and their receptors are used as therapeutic targets. Medication that 

inhibits specific pro-inflammatory cytokines or enhances the activity of anti-inflammatory 

cytokines may help reduce disease activity and slow the progression of MS (Al Rubaye et al., 

2023). In addition, the immune system plays a crucial role in controlling JCV infection and 

preventing the development of PML. Cytokines produced by immune cells help regulate the 

immune response to JCV and other pathogens. In individuals with MS, immunosuppressive 

therapies cause dysregulation of cytokine production, which may contribute to impaired 

immune surveillance and an increased risk of JCV reactivation. Common MS therapies, such 

as natalizumab and rituximab, lead to a decrease in mature B cells in the periphery and 

subsequent mobilization of immature B cells from the bone marrow, which may lead to the 

disseminating of latent viruses to the brain (Branco et al., 2018).  

In this study, patients with MS showed decreased serum IL-40 and IL-41 levels, and 

we think that the decline in the IL-40 and IL-41 concentrations is under the strict influence of 

immunosuppressant drugs. IL-40 is a recently identified cytokine associated with B cells. 

This cytokine is involved in several biological processes, such as the production of IgA and 

the development of B cells in bone marrow. In addition, IL-40 has a role in a wide variety of 

inflammatory and autoimmune diseases, including rheumatoid arthritis, Sjogren's syndrome, 

ankylosing spondylitis, type 2 diabetes, and Graves' disease (Al Rubaye et al., 2023). 

Extracellular IL-40 stimulates neutrophils through pro-inflammatory effects, which helps to 

increase the immune response in multiple sclerosis. IL-40 release necessitates a particular 

pro-inflammatory milieu (Bani-Wais & Ad'hiah, 2023). When studying the contribution of 

IL-40 to the pathogenesis of MS, we observed that IL-40 is decreased in the serum of patients 

with MS and may be affected by anti-suppressive drugs. Therefore, the decrease of IL-40 in 

MS after therapy indicates its role in inflammation and tissue destruction in MS and may also 

have a role in acute disease flare-ups. A recent study showed that the expression of IL-40 was 

downregulated in a human cell model of pneumonia after treatment with anti-inflammatory 
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drugs, confirming that the concentration of IL-40 may be altered and impacted in conditions 

of inflammation and therapy (Dabbagh-Gorjani, 2024).  

The immunomodulatory IL-41 has anti-inflammatory effects and is expressed in many 

tissues and immune cells, especially activated macrophages. IL-41 has been proven to inhibit 

inflammation, improve metabolism, and regulate adipose function (Shi et al., 2024). IL-41 is 

also involved in Th1, Th2, and Th17 immune responses. The anti-inflammatory IL-41 plays a 

role in many diseases, including colitis and arthritis. However, serum IL-41 levels are 

decreased in other diseases, especially in patients with inflammation-related diseases 

(Bridgewood et al., 2019). If we assume that IL-41 is involved in MS development through 

its association with macrophage polarization, IL-41 would be produced by alternatively 

activated macrophages (M2), which inhibit inflammation. Therefore, the decrease in serum 

IL-41 in MS patients may be related to an imbalance of M1/M2. In addition, IL-41 is also 

stimulated by a variety of cytokines (such as TNF-α, IL-4, IL-12, and IL-17A) and inhibited 

by IFN-γ and TFG-β. Therefore, MS Patients who took immunosuppressive drugs showed 

decreased IL-41 concentration in serum because IL-41 production in bone marrow is 

stimulated by IL-4, IL-12, IL-17A, and TNF-α. 

Therefore, B cells are the cause of the drop in cytokines from the usual range. 

Eliminating B cells can lessen the onset or severity of autoimmune or inflammatory 

disorders, which are diseases that are heavily influenced by them. However, activated B cells, 

not plasma cells, are the target of the majority of therapy. The generation of cytokines is one 

significant effector of activated B lymphocytes. According to this perspective, B cell 

elimination decreased the production of IL-40 and IL-41, indicating that treatments aimed at 

B cells may offer relief from autoimmune diseases where IL-40 and IL-41 are involved. 

Conclusion 

 Serum levels of IL-40 and IL-41 were significantly decreased in MS patients and were 

likewise suppressed in patients with JCV-associated MS and therapeutic patients. Therefore, 

IL-40 and IL-41 are negatively associated with disease severity and may have a role as a 

potential biomarker for MS. 
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