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Abstract 
Multiple sclerosis (MS) is a chronic neurological 

disorder. It is an autoimmune disorder, meaning 

that in MS the immune system which normally 

protects us from viruses, bacteria, and other threats 

mistakenly attacks healthy cells. predominantly 

affects young adults and is characterized by 

chronic autoimmune activity.  
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This study explores the crucial role of cytokines, like 

interferon-gamma (IFN-γ) and Osteopontin which promoting 

inflammation and CNS tissue injury. The current study 

comprised fifty patients with relapse remitting MS. Blood 

was drawn from 50 MS patients and 40 healthy people who 

served as controls. The serum levels of IFN-γ and OPN were 

determined using an enzyme-linked immunosorbent assay 

(ELISA). 

Our results indicate non-significant differences in IFN-γ level 

between MS patients and controls group of the study’s sample 

(P> 0.05), whereas the level OPN cytokines was significantly 

higher in patients with RRMS compared with healthy 

individuals (P≤ 0.001**). 

The current study shown on significant differences between 

MS patients and controls in serum levels of IFN-γ. Higher 

OPN serum level in studied patients suggests that OPN 

increased in RRMS patients who were in remission phase. 
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Introduction  

Multiple sclerosis (MS) is a chronic inflammatory 

disease of the central nervous system (CNS), which 

can lead to a variety of clinical disabilities such as 

motor, sensory and cognitive symptoms (1). 

Inflammation, neurodegeneration, and gliosis are 

hallmarks of MS. Perivascular lymphocytic 

infiltrate and macrophages destroy the myelin 

sheaths that pathologically wrap neurons (2). 

 

 
Al-Iraqia Medical College Journal 

(AIMCJ)  

ISSN (Online): 3104-4565 

ISSN (Print): 3104-4557 

 

ARTICLE INFO 

Received:  22/ 09 / 2025 
Revised:  20/ 10/ 2025 

Accepted: 5/ 11/ 2025 

Publish online: 15 /12 / 2025 

 

*Corresponding Author: Wafaa J. Abady 

Email: wafaagamal650@gmail.com 
 

 

CITATION 

Wafaa J. Abady, Hayfaa M. Fahad, Rafeezul Mohamed. 

Evaluation of Interferon gamma and Osteopontin levels in 
relapsing- remitting multiple sclerosis patients. AIMCJ. 

2025;2(3):  1-8 

 
DOI: https://doi.org/10.58564/AIMCJ2.3.2025.228 
 

 

COPYRIGHT      
 

© 2025. Al-Iraqia Medical College Journal, AIMCJ. (2025). 
This is an open-access article distributed under the terms 
of the Creative Commons Attribution 4.0 International (CC 
BY 4.0). The use, distribution or reproduction in other 
forums is allowed, provided the original author(s) and the 
copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with 
accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with 
these terms.  

https://orcid.org/0009-0003-6562-9336
https://orcid.org/0000-0003-0241-770X
https://orcid.org/0000-0002-2437-4547
mailto:wafaagamal650@gmail.com


Al-Iraqia Medical College Journal, AIMCJ. (2025),2; (3):1-8 

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 2 

 

Although the etiology of MS remains unknown, 

both    genetic    and    environmental   factors   

are involved in breaking self-tolerance (3). MS 

is divided into the most frequent relapsing–

remitting form (RRMS), which may turn into a 

secondary progressive form (SPMS), and the 

conversion usually occurs 10 years after disease 

onset. In addition, the primary progressive form 

(PPMS) is distinguished. The clinical 

classification depends on the presence of 

relapses in the disease course and the formation 

of lesions in white matter (active or non-active) 

(4).  

The diagnosis of multiple sclerosis is based on 

thorough symptom analysis, neurological 

examination and additional investigations, 

which include magnetic resonance imaging 

performed accordingly to the revised McDonald 

criteria (2017) and cerebrospinal fluid 

examination of the presence of oligoclonal 

bands (5). Proinflammatory cytokines and T 

cells reactive against myelin proteins play an 

important role in the pathogenesis of multiple 

sclerosis (MS) and its experimental model, 

experimental autoimmune encephalomyelitis 

(EAE) (6). 

IFN-γ is an essential cytokine that plays an 

important role in both innate and adaptive 

immune response. Its receptor (IFN-γR) is 

ubiquitously expressed on all nucleated cells in 

the body, primarily signaling through the 

transcription factor signal transducers and 

activators of transcription (STAT)-1, to induce 

expression of multiple interferon-stimulated 

genes (ISGs). Historically, IFN-γ is thought to 

have a pro-inflammatory role in MS and EAE. 

However, several studies have paradoxically 

shown that IFN-γ can also mediate protective 

functions in EAE and MS (3).  

In MS, induction of endogenous IFN production 

in progressive-MS patients showed that some 

patients with improving symptoms had high 

levels of serum IFN-γ, while worsening clinical 

symptoms was related to low serum IFN-γ levels 

(7). 

Osteopontin is an extracellular matrix protein 

involved in bone remodeling, tissue repair and 

inflammation. Osteopontin is expressed by 

various cell types including osteoblasts, 

fibroblasts, epithelial cells and immune cells 

such as T lymphocytes and macrophages (8).  

OPN plays an important role in the pathogenesis 

of MS by modulating the T helper1 (Th1) and 

Th17 responses (9). Osteopontin is involved in 

the pathogenesis of different inflammatory and 

neurodegenerative diseases, including MS. 

Osteopontin is released by both resident and 

infiltrating immune cells, promotes the 

activation and survival of autoreactive T 

lymphocytes and the production of 

inflammatory mediators (10,11). The study aims 

to assess the concentration of IFN-γ and OPN in 

RRMS patients by using ELISA technique. 

 

Subjects and methods:  

The individuals with RRMS were all in 

remission phase, which is characterized as a 

period of recovery with no relapse episodes. A 

total of 50 MS patients (13 men and 37 women) 

were enrolled in the study after being referred to 

the complex MS clinic. Expert neurologists 

confirmed the diagnosis of MS based on valid 

diagnostic evidence such as magnetic resonance 

imaging, the presence of oligoclonal bands in 

the cerebrospinal fluid (CSF), and evoked 

potentials according to the McDonald's criteria. 

The MS patients were classified as previously 

diagnosed (treated) patients. 
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A control group of 40 healthy people, including 

18 men and 22 women, was also enlisted in the 

study. All of the people in the control group 

were in good health, with no acute or chronic 

illnesses. 

 

Cytokine measurement 

At the time of patient enrolment, blood samples 

for cytokine analysis were taken. MS patients' 

serum samples were isolated right away, divided 

into aliquots, and stored in a -80°C freezer for 

later examination. IFN-γ and OPN levels in the 

serum are measured using a sandwich enzyme-

linked immunosorbent assay. 

 

Results  

Levels of interferon gamma (IFN-γ) in MS 

patients in Comparison with healthy controls 

The results indicated non-significant differences 

between MS patients and controls group of the 

study’s sample (99.2892 ± 56.40892 and 

95.2855 ± 27.30319) respectively (P> 0.05). 

(Table 1) (Figure 1). 

Levels of osteopontin (OPN) in MS patients 

in Comparison with healthy controls 

The results indicated a significant difference in 

the mean value of osteopontin (OPN) in patients 

with MS in comparison with healthy controls 

(112.8146 ± 82.57450 vs. 34.7060 ± 12.13485) 

with significant differences of 82.6086 (t= 

5.925, df: 88, P≤ 0.001**). (Table 2) (Figure 2)

Table 1: Levels of interferon gamma (IFN-γ) in MS patients in Comaprsion with healthy controls 

 

Study’s 

groups 

Interferon gamma(IFN-γ) 

No. Mean ± SD Std. error Mean 

difference 

Significancy c 

Cases 50 99.2892± 56.40892 7.97743 4.00370 t= 0.412,  

df: 88, 

P= 0.682 Controls 40 95.2855± 27.30319 4.31701 

a: Unpaired t-Test. 
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Figure 1: Levels of interferon gamma (IFN-γ) in MS patients in Comaprsion with healthy controls 

Table 2: Levels of osteopontin (OPN) in MS patients in Comaprsion with healthy controls. 

 

Study’s 

groups 

Osteopontin value (ng/ ml) 

No. Mean ± SD Std. error Mean 

difference 

Significancy c 

Cases 50 112.8146± 82.57450 11.67780 78.10860 t= 5.925,  

df: 88,  

P≤ 0.001** 

Controls 40 34.7060± 12.13485 1.91869 

 

a: Unpaired T-Test. 
 

 

 
 

Figure 2: Levels of Osteopontin (OPN) in MS patients in Comparison with healthy controls 

 

     Discussion  

Multiple sclerosis is a complex disease with 

various interactions between genetic and 

environmental factors in patients. Different 

cytokines  may  play  a  greater  or lesser role in  

 

disease pathogenesis depending on which 

interactions are at play within an individual, and 

these roles may change over time. The aims of 

the present study to evaluate the 
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pro‑inflammatory (Interferon (IFN)‑γ, and 

OPN) cytokine serum levels in relapsing 

remitting-MS patients. Changes in a large 

number of cytokines, a soluble biomarker of 

inflammation and leukocyte activation, in serum 

were demonstrated. 

Interferon gamma is a key cytokine that 

promotes Th1 clonal expansion while 

suppressing Th 2 clonal expansion. IFN-γ is a 

major cytokine found in MS lesions, and its 

levels rise dramatically as the disease 

progresses. IFN-γ expression rises immediately 

before attacks of MS. The activation of 

mononuclear cells, induction of the 

histocompatibility complex (MHCI and 

MHCII), and differentiation and apoptosis of T 

cells are all ways in which IFN- contributes to 

inflammation and demyelinating processes. 

IFN-γ could act on astrocytes by releasing a 

novel subset of chemokines, facilitating an 

inflammatory milieu and promoting migration 

of autoreactive encephalitic T lymphocytes, 

which is a central role for IFN-γ in MS brain 

inflammation (12). 

Results of present study indicate that non-

significant differences between IFN-γ 

concentrations in multiple sclerosis patients 

who are remission phase and controls. In 

agreement with these results previous study that 

shown decrease in IFN-γ levels. As well as IFN- 

γ expression increases during disease flare-ups 

and decreases during remissions (13). In 

contrast with current results, previous studies 

reported by (14, and 15) that demonstrate 

elevated IFN-γ concentrations in patients with 

MS and high levels of IFN-γ associated with 

disease activity. Along with these findings, IFN-

γ concentrations were elevated in MS group 

compared the healthy subjects, but the 

difference was not significantly (16). Studies 

have reported an increased frequency of T cells 

producing IFN-γ in response to myelin antigen 

stimulation of peripheral blood monocytes from 

patients with RRMS versus healthy controls 

(17). In immune-mediated demyelinating 

diseases, IFN-γ promotes myelin degradation 

and oligodendrocyte mortality by increasing 

inflammation, which includes activation of 

macrophages/microglia, overexpression of 

MHC molecules, and production of 

inflammatory mediators (18).  

IFN-γ may also contribute to MS through its 

expression in T reg cells. Untreated MS patients 

have higher frequency of IFN-γ secreting 

Foxp3+ T reg cells than healthy individuals, and 

these T reg cells exhibit impaired suppressive 

efficacy in vitro compared to T reg cells that are 

not IFNγ + (19). These findings support that 

IFN-γ plays a pathogenic role in MS. 

Neuroinflammation and leukocyte infiltration 

can be influenced by the interaction between 

IFN- γ and the CNS (20). IFN-γ enhanced 

CCL2-mediated infiltration of monocytes and 

macrophages into the spinal cord in these mice 

(21). These findings show that IFN-γ may play 

both a protective and a pathogenic role in CNS 

autoimmunity differential modulation of 

chemokine production in the brain versus the 

spinal cord (22). 

Osteopontin is a proinflammatory marker 

produced by systemic immune and central 

nervous system resident cells that plays a critical 

role in inflammation and immunity to infection. 

T helper 1 responses are linked to osteopontin. 

OPN increases proinflammatory cytokines IFN-

γ and IL-12, which are implicated in MS, while 

decreasing IL-10, which play a protective role in 

MS and other inflammatory diseases. OPN 

improves the survival of myelin-reactive T cells. 

In the brains of MS patients, OPN is highly 
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upregulated. Other studies shown that OPN 

levels have also been associated with disease 

progression and recurrent relapse . In agreement 

with previous results reported by (23,24).  

In this recent study in Iraq, the findings indicate 

that serum levels of this biomarker are increased 

among MS patients in comparison with healthy 

individuals. OPN is highly expressed in 

activated T cells and can regulate cytokine 

production to influence the activation pathway 

(25). Finding higher levels of OPN in samples 

from MS patients is in agreement with the T cell 

mediated nature of the disease. OPN is highly 

expressed in activated T cells and can modulate 

the activation pathway by cytokine regulation 

Osteopontin increased in patients with RR-MS 

who were in active phase. It could be 

hypothesized that serum OPN level may be 

elevated as part of the proinflammatory cytokine 

milieu taking place in MS patients. In the 

previous study, when compared the levels of 

osteopontin in the peripheral blood and CSF 

among the subtypes of MS patients, the results 

demonstrates that lower CSF and peripheral 

blood levels of OPN in clinically isolated 

syndrome patients compared to patients with 

progressive subtypes of MS. This finding 

supports the possibility for coexist of 

neurodegeneration and neuroinflammation in 

progressive MS (26). Furthermore, previous 

analysis demonstrated that significantly higher 

levels of OPN in peripheral blood of MS 

patients compared to controls could be an 

interesting finding of the present study which 

emphasizes the clinical applicability of this 

biomarker even more. These findings suggest 

that higher levels of OPN are associated with 

more active inflammation and highlight the 

potential of OPN as a prognostic biomarker for 

patients diagnosed with MS (27).  

The levels of osteopontin in serum and CSF are 

correlate significantly with inflammation, 

disease activity and clinical severity (28). 

However, studies have showed that higher OPN 

serum level in MS patients is not associated with 

disease severity (29). These findings were 

agreement with current study. The levels of 

osteopontin in serum of MS patients are higher 

during relapse than during remission phase; 

however, no differences in OPN levels between 

patients with relapsing remitting MS and control 

group participants, as shown by (6,30). OPN 

may play a role in lymphocyte recruitment into 

the MS lesion at this site, which includes α4β1 

integrin, the target of natalizumab OPN induces 

relapses, whereas treatment with anti-OPN 

antibodies ameliorates the disease. AutoAb 

levels elevated in the RRMS patients than in the 

primary and secondary-progressive MS and 

healthy control groups, and they were highest in 

the early stages of the disease, and they 

influence MS evolution and prognosis in 

association with DMTs (31). 

 

Conclusion: 

The study's findings suggested that there is non-

significant differences in INF-γ levels between 

MS patients and controls during remission 

phase. This study confirms that increased levels 

of OPN exist in serum of MS patients compared 

to the control individuals. OPN is a highly 

promising therapeutic target for multiple 

sclerosis  due  to  its  role  in promoting 

inflammation  and    neurodegeneration 

primarily   by   modulating   its   

proinflammatory effects. IFN-γ promote 

inflammation and disease exacerbation, it also 

exhibits protective effects by inducing 

regulatory T cells and other anti-inflammatory 

mechanisms. 



Al-Iraqia Medical College Journal, AIMCJ. (2025),2; (3):1-8 

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 7 

 

Conflict of Interest: Non 

 

Funding: Nil 

References: 

1. Meyer-Arndt L, Kerkering J, Kuehl T, et al. 

Inflammatory cytokines associated with 

multiple sclerosis directly induce alterations 

of neuronal cytoarchitecture in human 

neurons. Journal of Neuroimmune 

Pharmacology. 2023 Jun;18(1):145-59. 

2. Dighriri IM, Aldalbahi AA, Albeladi F, et al. 

An overview of the history, 

pathophysiology, and pharmacological 

interventions of multiple sclerosis. Cureus. 

2023 Jan 2;15(1). 

3. Arellano G, Acuña E, Loda E, Moore L, et 

al. Therapeutic role of interferon-γ in 

experimental  autoimmune encephalo -

myelitis is mediated through a tolerogenic 

subset of splenic CD11b+ myeloid cells. 

Journal of neuroinflammation. 2024 May 

31;21(1):144. 

4. Czpakowska J, Kałuża M, Szpakowski P, 

Głąbiński A. An Overview of Multiple 

Sclerosis In Vitro Models. International 

Journal of Molecular Sciences. 2024 Jul 

16;25(14):7759. 

5. Grunwald C, Krętowska-Grunwald A, 

Adamska-Patruno E, et al. The role of 

selected interleukins in the development and 

progression of multiple sclerosis—A 

systematic review. International Journal of 

Molecular Sciences. 2024 Feb 

23;25(5):2589. 

6. Braitch M, Nunan R, Niepel G, Edwards LJ, 

Constantinescu CS. Increased osteopontin 

levels in the cerebrospinal fluid of patients 

with multiple sclerosis. Archives of 

neurology. 2008 May 1;65(5):633-5. 

7. Bever Jr CT, Panitch HS, Levy HB, et al. 

Gamma‐interferon induction in patients with 

chronic progressive MS. Neurology. 1991 

Jul;41(7):1124-. 

 

8. Stampanoni Bassi M, Buttari F, Gilio L, et 

al. Osteopontin is associated with multiple 

sclerosis relapses. Biomedicines. 2023 Jan 

11;11(1):178. 

9. Jafarinia M, Sadeghi E, Alsahebfosoul F, et 

al. Evaluation of plasma Osteopontin level 

in relapsing-remitting multiple sclerosis 

patients compared to healthy subjects in 

Isfahan Province. International Journal of 

Neuroscience. 2020 May 3;130(5):493-8. 

10. Wung JK, Perry G, Kowalski A, R Harris 

PL, et al. Increased expression of the 

remodeling-and tumorigenic-associated 

factor osteopontin in pyramidal neurons of 

the Alzheimer's disease brain. Current 

Alzheimer Research. 2007 Feb 1;4(1):67-72. 

11. Yu H, Liu X, Zhong Y. The effect of 

osteopontin on microglia. BioMed Research 

International. 2017;2017(1):1879437. 

12. Khaibullin T, Ivanova V, Martynova E, et al. 

Elevated levels of   proinflammatory   

cytokines   in  cerebrospinal fluid of multiple 

sclerosis patients. Frontiers in immunology. 

2017 May 18;8:531. 

13. Mauriz E, Vallejo D, Tuñón MJ, Rodriguez-

López JM, et al. Effects of dietary 

supplementation with lemon verbena 

extracts on serum inflammatory markers of 

multiple sclerosis patients. Nutricion 

hospitalaria. 2015;31(2):764-71. 

14. Ahn J, Feng X, Patel N, Dhawan N, Reder 

AT. Abnormal levels of interferon-gamma 

receptors in active multiple sclerosis are 

normalized by IFN-beta therapy: 

implications for control of apoptosis. Front 

Biosci. 2004 May 1;9:1547-55. 

15. Arellano G, Acuña E, Reyes LI, Ottum PA, 

et al. Th1 and Th17 cells and associated 

cytokines discriminate among clinically 

isolated syndrome and multiple sclerosis 

phenotypes. Frontiers in immunology. 2017 

Jun 30;8:753. 

 



Al-Iraqia Medical College Journal, AIMCJ. (2025),2; (3):1-8 

 

 
The journal is licensed under a Attribution 4.0 International (CC BY 4.0). 

 

Page | 8 

 

16. Uysal S, Boğdaycioğlu N, Mungan Öztürk 

S, Ak F. Increased serum levels of some 

inflammatory markers in patients with 

multiple sclerosis. Minerva medica. 2014 

Jun 1;105(3):229-35. 

17. Hedegaard CJ, Krakauer M, Bendtzen K, 

Lund H, Sellebjerg F, Nielsen CH. T helper 

cell type 1 (Th1), Th2 and Th17 responses to 

myelin basic protein and disease activity in 

multiple sclerosis. Immunology. 2008 

Oct;125(2):161-9. 

18. Stone S, Lin W. The unfolded protein 

response in multiple sclerosis. Frontiers in 

neuroscience. 2015 Jul 29;9:264. 

19. Dominguez-Villar M, Baecher-Allan CM, 

Hafler DA. Identification of T helper type 1–

like, Foxp3+ regulatory T cells in human 

autoimmune disease. Nature medicine. 2011 

Jun;17(6):673-5. 

20. Lees JR, Golumbek PT, Sim J, Dorsey D, 

Russell JH. Regional CNS responses to IFN-

γ determine lesion localization patterns 

during EAE pathogenesis. The Journal of 

experimental medicine. 2008 Oct 

27;205(11):2633-42. 

21. Stoolman JS, Duncker PC, Huber AK, Segal 

BM. Site-specific chemokine expression 

regulates central nervous system 

inflammation and determines clinical 

phenotype in autoimmune 

encephalomyelitis. The Journal of 

Immunology. 2014 Jul 15;193(2):564-70. 

22. Wagner CA, Roqué PJ, Goverman JM. 

Pathogenic T cell cytokines in multiple 

sclerosis. Journal of Experimental 

Medicine. 2019 Oct 14;217(1):e20190460. 

23. Kivisäkk P, Healy BC, Francois K, Gandhi 

R, et al. Evaluation of circulating 

osteopontin levels in an unselected cohort of 

patients with multiple sclerosis: relevance 

for biomarker development. Multiple 

Sclerosis Journal. 2014 Apr;20(4):438-44. 

24. Orsi G, Hayden Z, Cseh T, Berki T, Illes Z. 

Osteopontin levels are associated with late-

time lower regional brain volumes in 

multiple sclerosis. Scientific Reports. 2021 

Dec 8;11(1):23604. 

25. Lund SA, Giachelli CM, Scatena M. The 

role of osteopontin in inflammatory 

processes. Journal of cell communication 

and signaling. 2009 Dec;3(3):311-22. 

26. Hemmer B, Kerschensteiner M, Korn T. 

Role of the innate and adaptive immune 

responses in the course of multiple 

sclerosis.  The     Lancet      Neurology.     2015     

Apr 1;14(4):406-19. 

27. Agah, E., Zardoui, A., Saghazadeh, A., et al. 

(2018). Osteopontin (OPN) as a CSF and 

blood biomarker for multiple sclerosis: A 

systematic review and meta-analysis. PloS 

one, 13(1), e0190252.  

28. Biernacki T, Kokas Z, Sandi D, Füvesi J, et 

al. Emerging biomarkers of multiple 

sclerosis in the blood and the CSF: a focus 

on neurofilaments and therapeutic 

considerations. International journal of 

molecular sciences. 2022 Mar 

21;23(6):3383. 

29. Kaleta B. Osteopontin (OPN) Gene 

polymorphisms and autoimmune diseases. 

In  Genetic Polymorphisms 2017 Sep 6. 

IntechOpen. 

30. Vogt MH, Floris S, Killestein J, Knol DL, et 

al. Osteopontin levels and increased disease 

activity in relapsing–remitting multiple 

sclerosis patients. Journal of 

neuroimmunology. 2004 Oct 1;155(1-

2):155-60. 

31. Clemente N, Comi C, Raineri D, et al. Role 

of anti-osteopontin antibodies in multiple 

sclerosis and experimental autoimmune 

encephalomyelitis. Frontiers in 

immunology. 2017 Mar 23;8:321. 

 


