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ABSTRACT: Background: Multiple sclerosis represents a chronic au-
toimmune pathology associated with immune-related demyelination and neu-
roinflammation in the central nervous system. Recently, interleukin-18 appears
to represent one of the major cytokines among other inflammatory mediators,
responsible for innate and adaptive itmmunity cross-talk and involvement in
disease development. Its behavior in diverse therapeutic regimes remains not
sufficiently studied. Objective: The aim of this work was to evaluate serum
interleukin-18 concentration in multiple sclerosis patients under different treat-
ments and assess its diagnostic value in terms of treatment efficacy and patho-
genesis. All the subjects involved totaled 180, including 16 untreated patients,
20 negative control groups, and patients under 60 on first 48, second 36, and
third-line therapies. Methods: Measurement of serum interleukin-18 concen-
tration was performed using the enzyme-linked immunosorbent assay method.
Cytokine levels were correlated with clinical variables, such as disability score,
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disease duration, and relapse frequency. Data analysis was done using the
software package SPSS. There were certain differences found in interleukin-18
levels in distinct groups, suggesting its biomarker role as a marker of disease

dynamics and therapy efficiency. To further explore clinical implications of
our findings, further studies are required. Results: Significant differences
in interleukin-18 levels were demonstrated among distinct groups. Untreated
patients had moderate elevations, and healthy controls had the lowest levels.
First-line therapies showed heterogeneous effects; some treatments were associ-
ated with lower cytokine levels and others with higher expression. The highest
levels of interleukin-18 were found in patients receiving second-line treatments,
followed by third-line treatments. Cytokine levels increased progressively with
escalation of therapy and longer duration of disease. Correlation analysis re-
vealed that disability scores (EDSS) was significantly associated with disease
duration, relapse frequency, and disease severity, but not with serum IL-18 lev-
els. Receiver operation characteristic analysis indicated moderate diagnostic
ability. Conclusions: In summary, interleukin-18 indicates both the inflam-
matory burden and the immune modulation induced by therapy in multiple
sclerosis.  While it is not appropriate as an independent diagnostic marker,
it may function as an adjunct biomarker for assessing disease activity and
immunological variations during treatment regimens.

University. This article
is an Open Access article
distributed under the terms
and conditions of the Creative
Commons  Attribution (CC
BY) license.
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INTRODUCTION

M ultiple sclerosis (MS) is a chronic autoimmune disorder of the central nervous system character-

ized by immune-mediated destruction of the myelin sheath surrounding neuronal axons in the
brain and spinal cord. This demyelination disrupts neuronal signal transmission, leading to progres-
sive neurological dysfunction and reduced quality of life [1]. MS is a leading cause of non-traumatic
disability in young adults, typically affecting individuals between 20 and 40 years of age, with a rising
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global incidence that increases its socioeconomic burden [2], [3]. From a clinical perspective, the
condition manifests itself heterogeneously from mild symptoms such as sensory dysfunction to serious
disabilities such as mobility impairment, visual problems, and speech impairment [4]. The progression
of the illness follows an episodic pattern, characterized by episodes of relapse followed by periods of
remission, which ultimately lead to the accumulation of disability [5]. Despite the vast range of ther-
apies used, the mechanism of action is diverse for each disease-modifying therapy (DMT) since they
target various parts of the immune system with variable effectiveness among patients [4], [6]. Among
the cytokines implicated in MS pathogenesis, Interleukin-18 (IL-18) has emerged as a key regulator of
innate and adaptive immunity, promoting T helper 1 (Th1) and T helper 17 (Th17) responses, as well
as amplifying inflammatory cascades through inflammasome activation [7], [8]. Elevated IL-18 levels
have been reported in MS patients and are associated with disease activity and progression, suggest-
ing a potential role as both a biomarker and a mediator of neuroinflammation [9]. Nevertheless, how
each therapeutic approach regulates IL-18 secretion is still not well understood. Interleukin-18 (IL-
18), one type of IL-1 cytokine that is predominantly secreted from activated macrophages, microglia,
and dendritic cells and plays an important role in immunomodulation [7]. The treatment of MS has
been revolutionized through the advent of DMTs targeting various aspects of the immune system,
including immunomodulation, sequestration, and depletion of immune cells. While these treatments
have proved to be effective in reducing relapse rates and disease progression, their effects on cy-
tokine regulation and especially on IL-18 production are not yet fully understood [10], [11]. In MS,
disease-modifying therapies are employed using different immunologic mechanisms. Interferon beta
medications, which include Rebif, Avonex, and Betaferon, are first-line treatments that have mostly
immunomodulating actions by decreasing proinflammatory reactions and modulating the functions
of immune cells [4], [6]. Second-line treatments, including Natalizumab (Tysabri) and Fingolimod
(Gilenya), decrease immune cell migration and trafficking, which results in the limited access of these
cells to the central nervous system [4], [6]. Third-line therapies that include Ocrelizumab (Ocrevus)
and Rituximab decrease immune cells via targeting CD20-positive B cells [4], [12].

Given the central role of IL-18 in linking innate immune activation to adaptive immune responses,
evaluating its expression across therapeutic modalities may provide critical insights into treatment-
specific immunological reprogramming and assess its potential as a biomarker of therapeutic response
and disease activity. Such insights may refine our understanding of MS immunopathogenesis and
inform the development of more precise, mechanism-based treatment approaches. Thus, the current
study was performed in order to assess serum levels of IL.-18 in patients with MS under different DMT,
as well as to study the association between IL-18 expression, the type of therapy, and clinical factors.
Also, the use of IL.-18 as a biomarker for disease activity and treatment efficacy was evaluated.

MATERIALS AND METHODS

Peripheral blood samples (270) were collected from patients at the MS Centre at Baghdad Teach-
ing Hospital during the period from November 2025 to February 2026, of which 160 samples met
the inclusion criteria, which included defining the age group between 19 and 46 years, and strict
exclusion criteria were also applied to reduce confounding factors for 110 patients, who were those
with associated chronic or autoimmune diseases and contagious diseases, especially the John Cun-
ningham (JC) virus, in addition to pregnancy cases, as well as individuals who have received modern
treatments or are still under their influence. The included patients were classified according to the
lines of treatments used into three main categories: first-line therapies comprising interferon beta
formulations (Betaferon, n = 20; Rebif, n = 20; and Avonex, n = 20), second-line therapies including
Natalizumab (Tysabri, n = 24) and Fingolimod (Gilenya, n = 24), and third-line B-cell-depleting
therapies consisting of Ocrelizumab (Ocrevus, n = 18) and Rituximab (n = 18). The clinical sample
was dominated by the relapsing-remitting MS disease with limited inclusion of cases of primary pro-
gressive MS in the group of patients treated with Ocrevus. Due to the limited availability of patients
who had not undergone any previous treatment. An untreated/discontinued-treatment MS group was
included, comprising 16 patients who were not receiving any DMT at the time of sample collection.
To minimize the residual effects of previous medications, participants were required to have discon-
tinued corticosteroid treatment for at least one month and immunomodulatory or immunosuppressive
therapies for at least one year before enrollment.

The blood sample was left at room temperature for 10 minutes to allow clotting to occur, then
the serum was separated using centrifugation at 2000 rpm for 15 minutes. After that, the samples
were stored in a freezer at -20 °C until used. The study protocol received ethical approval from the
ethics committee at Mustansiriyah University/college of science (Ref.: BCSMU/1025/0012B), and
the written informed consent of each participant and blood sample donor was obtained. Interleukin

Website: hitps://mjs.uomustansiriyah.edu.iq DOI: hitps://doi.org/10.23851/mjs.v373.1881


https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v37i3.1881

Volume 37, Issue 3, 2026 16

18 was evaluated using the enzyme-linked immunosorbent assay technique using a diagnostic kit
from Sunlong Biotech (China). Its level was expressed as pg/ml, with a sensitivity of 0.5 pg/ml.
Statistical analyses were performed using SPSS Statistics version 20. Continuous variables were
expressed as mean + standard deviation (SD), and statistical significance was established at a p-
value of < 0.05. To evaluate the diagnostic and prognostic performance of IL-18, receiver operating
characteristic (ROC) curve analysis was performed. The area under the ROC curve (AUC), sensitivity,
specificity, and optimal cutoff values were determined to assess the ability of IL-18 to discriminate
between healthy and disease states. The clinical assessment of disease severity and expanded disability
status scale (EDSS) was based on the specialist neurologists at the time of blood sample collection.
Correlations between immunological and clinical parameters were assessed using Spearman’s rank
correlation coefficient (r). Correlation coefficients ranged from —1 to +1, indicating the strength and
direction of the associations. The correlation matrix was visualized using heatmaps generated with
the Seaborn library.

RESULTS AND DISCUSSION

The demographic and clinical characteristics of the study participants are summarized in Table 1. The
cohort included negative and positive controls together as well as patients receiving first-, second-,
and third-line treatments. Age distribution differed across groups, with younger individuals observed
in untreated controls and the Tysabri group (second line). By contrast, high mean ages were evident
among patients receiving first-line interferon-based therapies and were most pronounced in those
undergoing third-line treatment with Ocrevus, indicating an enrichment of older individuals in more
advanced treatment strata. The observed age pattern suggests a progression from younger, untreated
individuals to relatively older patients receiving advanced lines of therapy, supporting the concept
that treatment escalation in MS is often associated with increasing patient age, cumulative disease
burden, and previous exposure to treatment [13], [14]. The age gradations usually reflect the choice
of treatment and the course of the disease; patients may continue to use older, less effective treatment
strategies or begin them due to differences in comorbidities, physician/patient preferences, or risk
tolerance, which is most important. Delayed, highly effective treatment is often initiated after a
history of inadequate disease control (previous inflammatory activity or worsening disability); this is
consistent with the practical reality of this study.

Table 1. The demographic and clinical characteristics of the studied groups

Groups Age Sex Duration EDSS Severity BMI No. of
relapses
Control Negative control (20)  31.50+0.82 M=8, 0.00£0.00 0.00£0.00 0.00£0.00 25.39+4.04 0.00+£0.00
groups F=12
Positive control (16) 25.8845.86 M=2, 2.75+4.06 1.22£1.21 3.50+0.73 23.47+2.70 0.88+0.62
F=14
First line Rebif (20) 30.4047.23 M=4, 2.20+4.44 0.6040.60 2.704+0.80 25.2843.23 1.20+1.01
treatment F=16
Avonex (20) 34.70+6.74 M=2, 4.80+4.18 0.85+0.76 2.60+0.82 28.63+3.21 1.30+0.47
F=1
Beta-feron (20) 34.30+8.75 M=8, 7.50£4.90 1.204+0.77 2.60+0.94 25.77+4.28 1.70+2.00
F=12
Second line  Tysabri (24) 25.754+5.77 M=6, 4.83+3.31 0.83+£0.70 2.63+0.86 25.364+3.48 2.00+1.10
treatment F=18
Gilenya (24) 34.9246.93 M=6, 7.33£7.14 1.2940.99 3.00+0.83 27.42+5.65 2.25+1.39
F=18
Third line Rituximab (18) 32.89+6.94 M=2, 9.11£4.32 1.1740.97 2.78+1.46 26.02+4.20 2.56+1.46
treatment F=1
Ocrevus (18) 38.78+5.06 M=8, 7.11£4.74 1.3940.99 4.22+0.81 25.13+3.70 1.56+0.86
F=10

The negative control group showed no clinical disease, whereas the positive control group exhibited
mild disability and low relapse activity. In the treated groups, first-line treatments were associated
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with a relative decrease in EDSS scores and moderate relapse rates, despite some variability in dis-
ease duration. Second-line treatments showed a trend toward increasing disease burden with higher
disability scores and relapse frequency. This pattern was most pronounced in the third-line treat-
ment groups, which showed the highest clinical severity scores and relapse rates. Body mass index
remained similar across all groups. Overall, disease severity and the relapse burden increased pro-
gressively with treatment escalation, consistent with their use in more advanced or refractory disease.
The progressive increase in EDSS from untreated and first-line groups to second- and third-line ther-
apies supports the concept that treatment escalation in MS is closely associated with accumulating
neurological disability and disease burden [15], [16].

Some may tend to interpret the low EDSS score and moderate relapse rates in the group of patients
who received first-line treatment as superior efficacy of interferon, and these patients may be suffering
from inactive, slow-progressing disease when treatment begins, and this would lead to a decrease in
the severity of the EDSS score and a reduction in relapses, even if the biological effect of interferon is
modest compared to subsequent treatments [16]. It is important to note that the noticeable increase
in the rate of relapses and disability with the escalation of treatment is due to worsening disease
activity while receiving previous treatments, which leads to the accumulation of disability driven
by underlying neurodegenerative processes. Therefore, patients in the advanced stages of treatment
have high degrees of EDSS despite varying relapse rates. This is what was found in the Ocrevus
group, where the severity of disability remains high even when the number of relapses is relatively
lower than in some other treatments. Interleukin-18 (IL-18) levels differed markedly across study
groups, as shown in Table 2, demonstrating a treatment-dependent pattern of inflammatory activity.
The lowest concentrations were observed in healthy controls (399.74 + 140.35), whereas untreated
patients (576.25 + 311.26) exhibited moderate elevations, indicating increased baseline inflammation.

Table 2. Interleukin-18 concentration in the studied groups

Groups Symbol Mean+SD Significancy
Control groups Negative control a 399.744+140.35 b,d,e,f,g,h,i
Untreated patients b 576.25+311.26 a,d,e,f,g h,i
First line treatment Rebif [¢ 473.59+149.64 d,e,f,g,h,i
Avonex d 819.944+313.88 a,b,cf,g
Beta-feron e 891.77+£185.44 a,b,cf.g

—-

1031.51£235.75  a,b,c,d,e
Gilenya g 1078.57£239.71  a,b,c,d,e

Third line treatment Rituximab h 945.90+170.23 a,b,c

962.944206.50 a,b,c

Note: a Negative control, b Untreated MS patients, ¢ Rebif, d Avonex, e Betaferon, f Tysabri, g Gilenya, h Rituximab, i Ocrevus.
Letters listed in the Significancy column indicate groups showing statistically significant differences (p<0.05) compared with the
referenced group.

Second line treatment  Tysabri

-

Ocrevus

Among first-line therapies, Rebif-treated patients (473.59 £+ 149.64) showed intermediate I11.-18
levels comparable to controls, while other interferon-based treatments (Avonex (819.94 + 313.88) and
Betaferon (891.77 £+ 185.44)) were associated with significantly higher cytokine expression. Second-
line therapies, including Tysabri (1031.51 4 235.75) and Gilenya (1078.57 + 239.71), demonstrated the
highest IL-18 concentrations, indicating pronounced immune activation. Patients receiving third-line
monoclonal antibody therapies (Rituximab (945.90 £+ 170.23) and Ocrevus (962.94 £+ 206.50)) also
exhibited elevated IL-18 levels, although these were modestly lower than those observed in second-line
groups. IL-18 gene expression was upregulated with an increase in treatment lines, showing a positive
correlation with disease progression and proving that advanced treatment is correlated with increased
inflammation.

This study demonstrated significant differences in serum IL-18 levels among MS patients receiv-
ing different disease-modifying therapies, including interferon beta-la (Rebif and Avonex), interferon
beta-1b (Betaferon), fingolimod (Gilenya), natalizumab (Tysabri), ocrelizumab (Ocrevus), and rit-
uximab. IL-18 is a key pro-inflammatory cytokine of the IL-1 family that is primarily produced
following activation of the NLRP3 inflammasome. It acts as a potent inducer of interferon-y pro-
duction and promotes Thl-mediated immune responses [8]. These pathways are strongly implicated
in MS immunopathogenesis, where both innate and adaptive immune mechanisms contribute to cen-
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tral nervous system inflammation. The elevated IL-18 levels observed in untreated patients compared
with healthy controls are consistent with enhanced inflammatory activity and further support the role
of IL-18 in MS pathogenesis [6], [7], [16]. Notably, although all treatment groups exhibited altered
1L-18 levels, significant differences from healthy controls persisted, suggesting that disease-modifying
therapies may not completely normalize IL-18 expression but rather modulate the underlying immune
response [17], [18], [19]. Furthermore, the significant differences between untreated and treated pa-
tients indicate that these therapies exert measurable immunomodulatory effects on cytokine profiles,
including IL-18 [20]. Among treatments, the relatively lower IL-18 levels observed with Rebif com-
pared to other therapies point to a distinct immunomodulatory effect, whereas the elevated levels
associated with interferon-based and higher-efficiency therapies suggest differential activation or re-
distribution of immunopathways. The lack of consistent significant differences among high-efficiency
treatm([ent]s may reflect convergent mechanisms of immune reprogramming despite distant modes of
action [21].

Collectively, these findings support the concept that IL-18 is a dynamic biomarker capturing both
inflammatory burdens and therapy-specific immune alterations in MS. Unexpectedly, interferon beta-
treated patients (Betaferon and Avonex) exhibited higher IL-18 levels than untreated individuals,
highlighting the complex and non-suppressive nature of interferon signaling in MS [18], [22]. Rather
than uniformly dampening inflammation, interferon beta may enhance antigen presentation and re-
shape cytokine networks, potentially promoting selective upregulation of inflammasome-associated
mediators such as IL-18 [18]. These findings support the emerging view that disease-modifying ther-
apies act by reprogramming the immune response rather than simply suppressing inflammatory ac-
tivity. The highest 1L-18 levels were observed in patients receiving high-efficacy therapies, including
Tysabri (natalizumab) and Gilenya (fingolimod), which primarily act by altering lymphocyte traf-
ficking. Despite their clinical effectiveness, these agents induce peripheral immune redistribution,
which may underlie the observed cytokine changes. Elevated IL-18 in this setting likely reflects com-
pensatory activation of innate immune pathways or peripheral accumulation of cytokines resulting
from restricted immune cell migration into the central nervous system, reinforcing the concept rather
than eliminating inflammatory signaling. Patients receiving B cell-depleting therapies, including Rit-
uximab and Ocrelizumab, also exhibited elevated IL-18 levels, suggesting that B-cell depletion may
disrupt regulatory cytokine networks and promote compensatory activation of innate immune path-
ways, including inflammasome signaling. This supports the concept that MS therapies induce immune
reprogramming rather than simple immunosuppression [12], [23], [24]. In contrast, lower IL-18 levels
in patients treated with Rebif indicate heterogeneity within interferon-based therapies, potentially
reflecting differences in dosing, formulation, and pharmacokinetics that shape distinct immunological
outcomes [21].

In general, these findings identify IL-18 as a dynamic biomarker that integrates disease-associated
inflammation with therapy-induced immune remodeling, capturing the balance between immune sup-
pression, redistribution, and compensatory activation, in line with emerging systems-level perspectives
on MS immunopathology. Based on Spearman’s correlation analysis in the untreated patient group,
EDSS scores showed significant positive correlations with disease activity (r = 0.66, p<0.01), disease
severity (r = 0.60, p<0.05), and the number of relapses (r = 0.54, p<0.05). These findings suggest
that increased inflammatory activity and recurrent relapses are associated with greater neurological
impairment and disease burden in patients with multiple sclerosis. In contrast, serum IL-18 levels did
not show significant correlations with EDSS scores, disease activity, disease severity, or the number
of relapses. Although I1.-18 is recognized as a pro-inflammatory cytokine involved in the activation
of Th1l immune responses and the production of interferon-v, its circulating levels may not directly
reflect clinical manifestations at a single time point. The biological activity of IL.-18 may be influenced
by several factors, including disease stage, immune regulation, temporal fluctuations in inflammatory
responses, and individual variability among patients [6], [9]. Moreover, the absence of a significant
correlation may be attributed to the relatively limited sample size and the cross-sectional design of
the study, as shown in Figure 1, which may reduce the ability to detect subtle associations. Therefore,
larger longitudinal studies are needed to further elucidate the relationship between IL-18 expression
and clinical outcomes in multiple sclerosis.
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Significance: *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 1. Correlation between IL-18 and clinical factors

ROC curve analysis was performed to evaluate the diagnostic performance of serum IL-18 levels
in distinguishing patients with MS from healthy controls, as shown in Figure 2. The analysis yielded
an AUC of 0.692 (SE = 0.091, p = 0.03), indicating a moderate discriminatory capacity of serum
IL-18 for differentiating between the two groups. Although the observed diagnostic accuracy was
statistically significant, the AUC value suggests that IL-18 alone may have limited utility as an
independent diagnostic biomarker. Nevertheless, these findings support a potential role for IL-18 as a
complementary biomarker that could contribute to diagnostic assessment when used in combination
with other clinical and laboratory parameters.

10
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Figure 2. ROC analysis of IL-18 in the untreated patients’ group

As this cytokine is a pleiotropic pro-inflammatory that is involved in the immune interaction
between innate and adaptive immunity, especially by stimulating the interferon gamma production
and amplifying helper T cell responses [25], [26]. In multiple sclerosis, interleukin 18 is associated
with the activation of inflammasome activation and neuroinflammation (however, its expression is
not specific to the disease) and overlaps with other inflammatory conditions [7], [8]. It also showed
variation in the accuracy of the estimate, as the confidence interval ranged between 0.514 and 0.78, as
shown in Table 3. The curve also showed a gradual increase above the diagonal reference line, which
confirms that the performance of this interleukin is better than chance in distinguishing between MS
patients and healthy individuals, although the distinction is not strong.
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Table 3. ROC analysis of IL-18 in the untreated patients group

Area Std. Error* Asymptotic Sig.®? Asymptotic 95% Confidence Interval

Lower Bound Upper Bound
0.692  0.091 0.050 0.514 0.870

Note: ® Under the nonparametric assumption, ? Null hypothesis: true area = 0.5

From the applied perspective, these results oppose its use as a standalone diagnostic tool, but they
support its inclusion in the group of biomarkers for this disease. It is recommended to investigate
the molecular pathways that underlie the influence of certain treatments on the cytokine levels. This
paper has several weaknesses, such as a small number of samples, the cross-sectional research design,
and different durations of treatment for the patients. These factors may affect generalizability and
causal inference of the findings.

CONCLUSION

The present study demonstrated significantly elevated serum IL-18 levels in patients with MS com-
pared with healthy controls. Furthermore, IL-18 concentrations varied according to treatment status,
with untreated patients exhibiting higher levels than those receiving disease-modifying therapies,
suggesting a potential association between IL-18 expression and inflammatory activity. Despite these
findings, no significant correlations were observed between serum IL-18 levels and clinical parame-
ters, including EDSS score, disease severity, disease duration, and relapse frequency. In addition,
ROC curve analysis indicated only moderate diagnostic performance, suggesting that IL-18 alone is
unlikely to serve as a reliable standalone diagnostic biomarker. Collectively, these results support
a potential role for I1.-18 as an immunological marker reflecting inflammatory processes in multiple
sclerosis. However, its clinical utility may be enhanced when combined with other biomarkers and
clinical indicators. Further large-scale longitudinal studies are required to clarify its role in disease
monitoring, prognosis, and therapeutic response.

SUPPLEMENTARY MATERIAL

None.

AUTHOR CONTRIBUTIONS

Zahraa Mazin: Data curation, Formal statistical analysis, Visualization, Writing — original draft. Alia
Essam Mahmood: Methodology, writing the manuscript, Project administration, Writing — review &
editing. Gheyath Abd Ali Shallal: Investigation, Supervision.

FUNDING

This research received no external funding.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the corresponding authors upon
reasonable request.

ACKNOWLEDGMENTS

The authors would like to thank the Department of Biology, College of Science, Mustansiriyah Uni-
versity, for support in the present work.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

Website: hitps://mjs.uomustansiriyah.edu.iq DOI: hitps://doi.org/10.23851/mjs.v373.1881


https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v37i3.1881

Volume 37, Issue 3, 2026 21

ETHICAL APPROVAL

The study protocol received ethical approval from the ethics committee at Mustansiriyah University/
college of Science (Ref.: BCSMU/1025/0012B), and the written informed consent of each participant
and blood sample donor was obtained.

DECLARATION OF GENERATIVE Al USE

During the preparation of this manuscript, the authors used Grammarly for grammar checking and
language polishing. After using this tool, the authors thoroughly reviewed and revised the generated
content, taking full responsibility for the accuracy and integrity of the final manuscript.

REFERENCES

[1] J. Derbyshire and G. Kamara, “Multiple sclerosis management: Therapies and future perspectives,” British Journal
of Neuroscience Nursing, vol. 21, no. Sup4, pp. S14-S19, 2025, doi: 10.12968/bjnn.2025.0056.

[2] M. P. McGinley, C. H. Goldschmidt, and A. D. Rae-Grant, “Diagnosis and treatment of multiple sclerosis: A
review,” JAMA, vol. 325, no. 8, pp. 765-779, 2021, doi: 10.1001/jama.2020.26858.

[3] J. Tan, C. H. Marck, P. Martin-Lynch, P. Skeffington, D. Walker, L. Gibbs, and Y. C. Learmonth, “Disaster
preparation for people with multiple sclerosis: A scoping review of resources,” International Journal of MS Care,
vol. 27, pp. 186-194, Jul. 2025, doi: 10.7224/1537-2073.2024-066.

[4] S. L. Hauser and B. A. Cree, “Treatment of multiple sclerosis: A review,” The American Journal of Medicine,
vol. 133, no. 12, pp. 1380-1390.e2, 2020, doi: 10.1016 /j.amjmed.2020.05.049.

[5] V. Fuh-Ngwa, J. C. Charlesworth, Y. Zhou, I. van der Mei, P. E. Melton, S. A. Broadley, A.-L. Ponsonby, S.
Simpson-Yap, J. Lechner-Scott, and B. V. Taylor, “The association between disability progression, relapses, and
treatment in early relapse onset MS: An observational, multi-centre, longitudinal cohort study,” Scientific Reports,
vol. 13, no. 1, Art no. 11584, 2023, doi: 10.1038/s41598-023-38415-z.

[6] . Torkildsen, K.-M. Myhr, and L. Bg, “Disease-modifying treatments for multiple sclerosis — a review of approved
medications,” European Journal of Neurology, vol. 23, no. S1, pp. 18-27, 2015, doi: 10.1111/ene.12883.

[7] H. Mado, A. Stasiniewicz, M. Adamczyk-Sowa, and P. Sowa, “Selected interleukins relevant to multiple sclero-
sis: New directions, potential targets and therapeutic perspectives,” International Journal of Molecular Sciences,
vol. 25, no. 20, Art no. 10931, 2024, doi: 10.3390/ijms252010931.

[8] W.Xu,Y.Huang, and R. Zhou, “NLRP3 inflammasome in neuroinflammation and central nervous system diseases,”
Cellular € Molecular Immunology, vol. 22, no. 4, pp. 341-355, 2025, doi: 10.1038/s41423-025-01275-w.

[9] D. Novick, “IL-18 and IL-18BP: A unique dyad in health and disease,” International Journal of Molecular Sciences,
vol. 25, no. 24, Art no. 13505, 2024, doi: 10.3390/ijms252413505.

[10] S. A. Ihim, S. D. Abubakar, Z. Zian, T. Sasaki, M. Saffarioun, S. Maleknia, and G. Azizi, “Interleukin-18 cytokine
in immunity, inflammation, and autoimmunity: biological role in induction, regulation, and treatment,” Frontiers

in Immunology, vol. 13, Art no. 919973, Aug. 2022, doi: 10.3389/fimmu.2022.919973.

[11] F. Alsahebfosoul, H. Jahanbani-Ardakani, M. Etemadifar, and S.-H. Abtahi, “Interleukin 18 polymorphisms and
its serum level in patients with multiple sclerosis,” Annals of Indian Academy of Neurology, vol. 22, no. 4, pp. 474—
476, 2019, doi: 10.4103/aian.aian_ 515_18.

[12] X. Jiang, H. Zhang, Y. Liu, B. Sun, and G. Mu, “Global perspectives on the contribution of B cells to multiple
sclerosis: An in-depth examination and evaluation,” Frontiers in Immunology, vol. 15, Art no. 1442694, Nov. 2024,
doi: 10.3389/fimmu.2024.1442694.

[13] G. Edan and E. Le Page, “Escalation versus induction/high-efficacy treatment strategies for relapsing multiple
sclerosis: Which is best for patients?” Drugs, vol. 83, no. 15, pp. 1351-1363, 2023, doi: 10.1007/s40265-023-01942-
0.

[14] K. Selmaj, H.-P. Hartung, M. P. Mycko, I. Selmaj, and A. H. Cross, “MS treatment de-escalation: Review and
commentary,” Journal of Neurology, vol. 271, no. 10, pp. 6426-6438, 2024, doi: 10.1007/s00415-024-12584-x.

[15] A. He, B. Merkel, J. W. L. Brown, L. Zhovits Ryerson, I. Kister, C. B. Malpas, S. Sharmin, D. Horakova, E. Kubala
Havrdova, T. Spelman, et al., “Timing of high-efficacy therapy for multiple sclerosis: A retrospective observational
cohort study,” The Lancet Neurology, vol. 19, no. 4, pp. 307-316, 2020, doi: 10.1016/s1474-4422(20)30067-3.

[16] J. Guo, T. Olsson, L. Alfredsson, and A. K. Hedstréom, “Disability progression in multiple sclerosis: A latent class
analysis of predictors,” Journal of Neurology, vol. 273, no. 2, Art no. 157, 2026, doi: 10.1007/s00415-026-13704-5.

Website: https://mjs.uomustansiriyah.edu.iq DOI: hitps://doi.org/10.23851/mjs.v373.1881


https://doi.org/10.12968/bjnn.2025.0056
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.7224/1537-2073.2024-066
https://doi.org/10.1016/j.amjmed.2020.05.049
https://doi.org/10.1038/s41598-023-38415-z
https://doi.org/10.1111/ene.12883
https://doi.org/10.3390/ijms252010931
https://doi.org/10.1038/s41423-025-01275-w
https://doi.org/10.3390/ijms252413505
https://doi.org/10.3389/fimmu.2022.919973
https://doi.org/10.4103/aian.aian_515_18
https://doi.org/10.3389/fimmu.2024.1442694
https://doi.org/10.1007/s40265-023-01942-0
https://doi.org/10.1007/s40265-023-01942-0
https://doi.org/10.1007/s00415-024-12584-x
https://doi.org/10.1016/s1474-4422(20)30067-3
https://doi.org/10.1007/s00415-026-13704-5
https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v37i3.1881

Volume 37, Issue 3, 2026 22

[17] C. A. Dendrou, L. Fugger, and M. A. Friese, “Immunopathology of multiple sclerosis,” Nature Reviews Immunology,
vol. 15, no. 9, pp. 545-558, 2015, doi: 10.1038/nri3871.

[18] C. D’Angelo, M. Reale, E. Costantini, M. Di Nicola, I. Porfilio, C. de Andrés, L. Ferndndez-Paredes, S. Sdnchez-
Ramén, and L. Pasquali, “Profiling of canonical and non-traditional cytokine levels in interferon-(-treated relapsing—
remitting-multiple sclerosis patients,” Frontiers in Immunology, vol. 9, Art no. 1240, Jun. 2018, doi: 10.3389/fimmu.2
018.01240.

[19] B. Grigorov, A. Trenova, A. Grigorova, and S. a. Stanilova, “IL-18 promoter polymorphism and IL-18 serum
levels in association with relapsing-remitting multiple sclerosis,” Journal of IMAB - Annual Proceeding (Scientific
Papers), vol. 26, no. 4, pp. 3475-3480, 2020, doi: 10.5272/jimab.2020264.3475.

[20] E. Mohsen, H. Haffez, S. Ahmed, T. S. El-Mahdy, and S. Hamed, “Association of cytokine levels with treatment
duration and patient family history in Egyptian multiple sclerosis patients,” Scientific Reports, vol. 16, no. 1, Art
no. 7951, 2026, doi: 10.1038/s41598-026-38500-z.

[21] G. P. Christophi, J. A. Christophi, R. C. Gruber, C. Mihai, L. J. Mejico, P. T. Massa, and B. Jubelt, “Quantitative
differences in the immunomodulatory effects of Rebif and Avonex in IFN-$ 1a treated multiple sclerosis patients,”
Journal of the Neurological Sciences, vol. 307, no. 1-2, pp. 41-45, 2011, doi: 10.1016/j.jns.2011.05.024.

[22] N. Madjdinasab, S. E. Mohammadiany Nejad, S. Tarahomi, F. Sadr, and M. Bahadoram, “Comparison of the effects
of Cinnovex, Rebif and Betaferon on a expanded disability status scale of patients with multiple sclerosis,” Jen-
tashapir Journal of Cellular and Molecular Biology, vol. 6, no. 3, Art no. €29201, 2015, doi: 10.5812/jjhr.6(3)2015.29201.

[23] G. Abbadessa, E. Maida, S. Bonavita, and L. Lavorgna, “First the B cells fall, then the T cells follow: Temporal
immunological shift with ocrelizumab in multiple sclerosis,” Journal of Neurology, vol. 272, no. 9, Art no. 582,
2025, doi: 10.1007/s00415-025-13297-5.

[24] B. Jevti¢, N. Momcilovic, G. Stegnjai¢, M. Lazarevié¢, S. Stanisavljevié¢, O. Tamas, N. Veselinovic, M. Budimkic, S.
Mesaros, . Miljkovié, et al., “Assessing peripheral blood biomarkers and predictive patterns in multiple sclerosis
using cytokines and immune gene expression profiles in ocrelizumab-treated patients: Tracking tumor necrosis fac-
tor,” International Journal of Molecular Sciences, vol. 26, no. 23, Art no. 11295, 2025, doi: 10.3390/ijms262311295.

[25] J. A. Gracie, S. E. Robertson, and I. B. McInnes, “Interleukin-18,” Journal of Leukocyte Biology, vol. 73, no. 2,
pp. 213224, 2003, doi: 10.1189/j1b.0602313.

[26] C. A. Dinarello, “Overview of the IL-1 family in innate inflammation and acquired immunity,” Immunological
Reviews, vol. 281, no. 1, pp. 8-27, 2017, doi: 10.1111/imr.12621.

Website: https://mjs.uomustansiriyah.edu.iq DOI: hitps://doi.org/10.23851/mjs.v373.1881


https://doi.org/10.1038/nri3871
https://doi.org/10.3389/fimmu.2018.01240
https://doi.org/10.3389/fimmu.2018.01240
https://doi.org/10.5272/jimab.2020264.3475
https://doi.org/10.1038/s41598-026-38500-z
https://doi.org/10.1016/j.jns.2011.05.024
https://doi.org/10.5812/jjhr.6(3)2015.29201
https://doi.org/10.1007/s00415-025-13297-5
https://doi.org/10.3390/ijms262311295
https://doi.org/10.1189/jlb.0602313
https://doi.org/10.1111/imr.12621
https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v37i3.1881

