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Abstract

Background/Aims: Relapsing-remitting multiple sclerosis (RRMS) is a chronic autoimmune
disorder of the central nervous system, marked by unexpected episodes of neurological
impairment and inflammation. Peripheral inflammatory indicators are becoming recognized
as noninvasive predictors of disease activity, progression, and subsequent assessment,
complementing traditional clinical and radiographic evaluations. To examine the correlations
between disease activity and peripheral inflammatory biomarkers—interleukin-6 (/L-6),
tumor necrosis factor-alpha (TNF-a), high-sensitivity C-reactive protein (hs-CRP), erythrocyte
sedimentation rate (ESR), and serum neurofilament light chain (sNfL)—in patients with
relapsing-remitting multiple sclerosis (RRMS). Methods: Prospective observational research
encompassed 250 RRMS patients from January 2024 to May 2025, who attended Tikrit
Teaching Hospital and private neurology clinics. Patients received baseline and 12-month MRI
scans, together with a clinical evaluation utilizing the Expanded Disability Status Scale (EDSS).
Inflammatory markers and sNfL were assessed in peripheral blood samples. Investigations
were conducted on the correlations among biomarkers, clinical impairment, and MRI lesion
burden. Results: The average age of the population studied was 34.6 + 8.7 years, and 64% of
patients were women. Elevation of IL-6 (4.8 + 2.0 pg/mL), TNF-a (6.1 + 2.3 pg/mL), and hs-CRP
and ESR sNfL (18.5 + 6.4 pg/mL) with a positive correlation to EDSS score and MRI lesional
load (p < 0.05) was observed. MRI showed a reduction in inflammatory lesions, whereas the
number of black T1 holes increased over 12 months (indicating ongoing neurodegeneration).
Conclusion: Soluble NfL, /L-6, and TNF-a are convenient markers of inflammation to reflect
signal relay disease activity in RRMS. Their association with the clinical and radiographic

findings may assist in personalizing the therapeutic approach. © 2023 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory, immune-mediated disorder of the
central nervous system (CNS) resulting in demyelination and neurodegeneration. The
predominant phenotype is relapsing-remitting multiple sclerosis (RRMS), typified by distinct
bouts of deteriorating neurological function succeeded by recovery or stability (Ziemssen et
al,, 2025). The pathophysiology of RRMS is characterized by a complex interaction between
peripheral immune activation and CNS pathology, which causes local inflammatory foci
observed on magnetic resonance imaging (MRI) and general neurodegeneration (Boscolo
Galazzo et al., 2022). Since the progression of disease activity in RRMS is heterogeneous
and unpredictable, finding reliable biomarkers to predict disability progression and to guide
treatment onset is still a great clinical challenge.

Peripheral inflammation has become an attractive venue of study, given the potential
to provide a window into ongoing CNS immune activity with less-invasive modalities.
Inflammatory biomarkers in circulation (such as cytokines, acute-phase reactants, and
neuroaxonal injury markers) have been examined for a relationship with clinical disability
and radiological activity in RRMS (Boldrini et al.,, 2022; Wurtz et al., 2024). For instance,
increased serum concentrations of interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a) are associated with disease activity, indicating their position as mediators of
neuroinflammation and tissue injury (Mufoz-Garcia et al,, 2021). The neurofilament light
chain (NfL) protein, a structural axonal protein that is liberated into peripheral blood after
neuronal damage, is now increasingly accepted as a sensitive marker of neurodegeneration
and disease severity in MS (Wurtz et al.,, 2024; Zivadinov et al., 2024).

Imaging techniques can complement circulating biomarkers for an overall assessment
of disease activity. Microstructural abnormalities and atrophy could be observed on
quantitative MRI measures before they are detected by the clinical assessment, and these
imaging markers are known to relate to cognitive and physical disability in RRMS (Harper
and Colleagues, 2024; Zivadinov and Colleagues, 2024). Furthermore, neuroimaging,
immunological assessments, and proteomic analysis of cerebrospinal fluid (CSF) and blood
samples enhance comprehension of the inflammatory and neuronal-damaging milieu that
propels relapses and progression (Swanberg et al., 2022; Wurtz et al., 2024). While this
is a step forward, increasing the actual translation of biomarkers into day-to-day clinical
practice needs more validation in real-life patient cohorts and association with natural
history outcome measures (Heesen et al., 2024; Etta et al.,, 2023).

The treatment environment for RRMS has advanced quickly, with numerous disease-
modifying therapies (DMTs) being effective against various aspects of immune regulation.
The effectiveness of treatment varies, and prognostication of the subset of patients at high risk
for relapses or disease progression remains crucial for patient management (Kalincik et al,,
2023; Ziemssen et al,, 2025). Peripheral immune activation biomarkers are also promising in
predicting response to treatment, monitoring disease activity, and therapy decision-making
(Haschka et al., 2020). Furthermore, the combination of peripheral biomarker profiles
with clinical and MRI-based parameters should also enhance the validity of outcome and
personalized treatment (York et al., 2022; Holtzer et al., 2024).

In the context of this setting, the main goal of the present study is to investigate the
significance of peripheral inflammatory mediators as novel markers of disease activity in
RRMS. The study aims to clarify the relationship between serum IL-6, TNF-a, hs-CRP, ESR,
and neurofilament light chain and clinical disability, as well as MRI findings. It is expected
to broaden their role in disease follow-up. These markers were also combined to provide a
clearer picture of how inflammation and neurodegeneration worsen in patients. Performed in
a “real-life” clinical hospital environment (Tikrit Teaching Hospital) and in private neurology
clinics, not from a controlled lab setting, this study responds to the pressing demand for
a viable, feasible biomarker to add to existing diagnostic equipment and optimize the
management of patients. Another important thing about our study is that it includes a group
from the Middle East. There is insufficient data regarding the disease’s behavior in other
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countries, as most of the knowledge concerning inflammatory biomarkers in MS is derived
from Western cultures. This study seeks to elucidate the unique genetic, environmental, or
healthcare-related factors that may be affecting disease activity in the Iraqi population by
focusing on their patients.

Study Objective

The research investigates how peripheral inflammatory biomarkers affect clinical
disease activity in patients with relapsing-remitting multiple sclerosis. The research evaluates
the predictive value ofserum I[L-6, TNF-a, hs-CRP, ESR, and NfL. for clinical impairment
measured by the Expanded Impairment Status Scale (EDSS) and MRI lesion burden during
the following 12 months.

Materials and Methods

Study Design and Setting

The research used prospective observational methods attwo clinical sitesduring January 2024
through May 2025 at the Neurology Department of Tikrit Teaching Hospital and the private outpatient
neurology practice of theprincipal investigator, who isa board-certified neurologist. The research
evaluated peripheral inflammation as adisease activity biomarker for relapsing-remitting multiple
sclerosis (RRMS). The study received approval from the College of Medicine, Tikrit University, local ethics
council before participants gave their informed consent to join the research.

Study Population

Two hundred fifty individuals with a confirmed diagnosis of relapsing-remitting multiple sclerosis,
according to the 2017 updated McDonald criteria, were enrolled in the research. Eligible participants were
aged 18 to 55 years and had a neurological impairment score, as determined by the Expanded Disability
Status Scale (EDSS), ranging from 0 to 6.5 at the time of recruitment. The exclusion criteria included
advanced forms of multiple sclerosis, current infections, autoimmune comorbidities, recent corticosteroid
usage (within the past 30 days), malignancies, and pregnancy. All patients were consistently monitored in
the clinic and overseen during the trial.

Clinical Assessment

All patients had a complete neurologic examination at baseline and every 3 months after initiating the
study. The assessment consisted of a detailed clinical history, comprehensive neurologic evaluation, and
disability evaluation by the EDSS. Annualized relapse rate (ARR) was noted, and relapse was considered if
patients developed new onset or worsening of neurological symptoms for longer than 24 h, not related to
infection or fever, and diagnosed by a neurologist. Data on the type and duration of the disease-modifying
therapies (DMTs) administered, if any, and use of corticosteroids or symptomatic treatments were also
recorded.

Laboratory Investigations

Our research population included an acute-phase response measure, enabling us to investigate the
correlation between an acute-phase reactant and employment status while adjusting for other possible
predictors of peripheral inflammation. A Complete Blood Count (CBC-differential) for leukocyte profiling,
high-sensitivity C-reactive protein (Hs-CRP), and Erythrocyte Sedimentation Rate (ESR) for assessing
systemic inflammatory activity, along with serum Interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a) levels (measured via ELISA using commercial kits), were also assessed. All ELISA assays were
conducted using commercially available high-sensitivity kits from BioLegend and R&D Systems, with intra-
assay and inter-assay coefficients of variation maintained below 10%. Assays were performed in duplicate
to ensure accuracy, following the manufacturer’s instructions for human serum cytokine analysis. Serum
neurofilament light chain (sNfL) was also available in a subgroup of patients as a measure of axonal damage.
Specifically, sNfL levels were assessed in 128 patients who had complete biomarker and imaging data.
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Whole blood samples were centrifuged within 2 h after collection at 3000 rpm for 10 min. Serum or
plasma was separated and stored at -80°C until analysis. All measurements were carried out at the central
laboratory of Tikrit Teaching Hospital under the supervision of the quality control system. ELISA kits were
imported from internationally recognized suppliers, and the sensitivity and specificity of the ELISA Kits
were as per the standard level of human cytokines.

Radiological Assessment

All patients who underwent baseline brain (and occasionally spinal cord) and 12-month follow-up
MRI. Imaging All images were acquired on a 1.5 Tesla MR scanner (SIEMENS MAGNETOM Avanto/Siemens
Magnetom Espree) using a standard multiple sclerosis protocol including axial and sagittal T2-weighted,
T2 FLAIR, T1 pre- and post-gadolinium enhanced sequences, and diffusion-weighted imaging (DWI). MRI
disease activity was measured by increased T2 (new or enlarging T2 lesions), enhancing, and T1-hypointense
(black hole) lesions. The preoperative MRI was reviewed by a neuroradiologist who was blinded to clinical
entry and laboratory timelines.

Materials and Equipment

All reagents and materials used in this study were of clinical diagnostic quality. Blood collection sets,
vacutainers, centrifugation tubes, and pipettes were supplied by the central laboratory of the hospital. IL-6,
TNF-a, and sNfL ELISA kits were obtained from internationally accredited manufacturers. MRI studies were
performed on the Siemens 1.5T system of the hospital. Patients were examined clinically using standardized
neurological examination instruments and EDSS scoring forms.

Statistical Analysis

The data was analyzed with SPSS version 26. Summary statistics (means, standard deviations,
percentages) were calculated for patient demographics, clinical characteristics, and biomarker levels.
Associations between peripheral inflammatory markers and clinical/radiological disease activity were
investigated with correlation analyses (Pearson, when applicable, or Spearman). Multiple linear and logistic
regression models were used to adjust for key confounding variables, including age, sex, EDSS score,
duration of disease, prior relapses, and disease-modifying therapy (DMT) usage. To control the potential
inflation of type I error due to multiple testing, the Benjamini-Hochberg correction method was applied to
all p-values derived from correlation analyses. Statistical significance was considered with a p-value < 0.05
for all the analyses.

Results

The discovery cohort included 250 patients whohad RRMS. Most participants
were female (64 %) with an average age of 34.6 years. The patients had an average disease
duration of 6.2 years, and their entry EDSS scores indicated mild to moderate disability levels.
The disease-modifying treatment usagerate among patientsreached 78 percent.The
annualized relapse rate of the sample population reached 1.4 according to Table 1.

As shown in Table 2, elevated inflammatory indices were observed in a considerable
number of patients. WBC counts were within normal limits; however, hs-CRP and ESR
indicated a low-grade systemic inflammation. The increased IL-6 and TNF-a levels, above the
normal reference range, indicated peripheral
pro-inflammatory action. The sNfL group
average level—a marker of axonal injury—
was also significantly raised, indicative of

Table 1. Demographic and Clinical Characteristics
of the Study Population (n = 250)

continued neurodegeneration in a higher Variﬁllble — Vaéue
. : Total number of patients 250
proportion (_)f pat'lents. . . . Mean age (% SD) 34.6 £ 8.7 years
On radiologic examination, a reduction  Gender (Male / Female) 90/ 160
of acute inflammatory activity occurred over  Meandisease duration (+ SD) 6.2 +3.5 years
Mean EDSS score at baseline (+ SD) 28+1.1

time w1.th areduced number of nevy/ enlarglng Receiving DMTs 78%
T2 lesions and contrast-enhancing lesions  Average number of relapses per year 1.4
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at the 12-month follow-up.
Nevertheless, T1 black holes
increased slightly, indicating
ongoing axonal loss. These
data suggest some patients
had reduced disease activity
(probably because of
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Table 2. Peripheral Inflammatory Biomarkers

Biomarker Mean + SD Normal Range
White Blood Cell Count (WBC) 7.6 +1.8x10°/L 4.0 -11.0x10°/L
hs-CRP 3.2+1.1mg/L <3 mg/L
Erythrocyte Sedimentation Rate (ESR) 18 + 7 mm/hr <20 mm/hr
Interleukin-6 (IL-6) 4.8+ 2.0 pg/mL <2.5 pg/mL
Tumor Necrosis Factor-a (TNF-a) 6.1+ 2.3 pg/mL <3 pg/mL
Serum Neurofilament Light Chain (sNfL) 18.5 + 6.4 pg/mL <10 pg/mL

treatment), but structural
damage still accrued in the
remainder, as shown in Table

Table 3. MRI Findings at Baseline and 12-Month Follow-Up

MRI Parameter Baseline 12-Month Follow-Up
3 and Flg 1 Mean * SD Mean + SD
o .. New/enlarging T2 lesions 41+24 3421
Table 4 shows a statisti- Gadolinium-enhancing lesions 1.6+1.2 1.1+1.0
cal COI'I'EIatiOl’l analysis that T1-hypointense lesions (black holes) 2.7+15 3.0+1.6
revealed significant positive
correlations of peripheral in- 45
flammatory markers with the 4
clinical and radiological ac- 35
tivity of the disease. Associa- 3
tion of sNfL with MRI lesion 2.5
load (r =0.52, p <0.001) and ?
EDSS (r = 0.49) were highest, 9
potentially identifying it as !
. . 0,5
the optimal marker for active ,
neurodegeneration. MOder- New/enlarging T2 lesions Gadolinium-enhancing T1-hypointense lesions
ate correlations of IL-6 and esions (blackotes)
TNF_a Wlth disease activity H Baseline Mean 12-Month Follow-Up Mean 12-Month Follow-Up Mean

further indicated their suit-
ability as biomarkers for
monitoring of RRMS.

As demonstrated in Fig.

Fig. 1. MRI Findings at Baseline and 12-Month Follow-Up.

Table 4. Correlation Between Inflammatory Biomarkers and Disease

. Activity

2,sNfLhadthestrongestlinks

; : BE Biomarker Correlation with EDSS (r)  Correlation with MRI Lesions (r)  P-value
with both dlsablllti/**(E.DSS, L 045 0.40 001
r = 049, p<0.001***highly  TnF« 0.41 0.36 <0.01
significant) and MRI lesion  hs-CRP 0.38 033 <0.05

. . sNfL 049 0.52 <0.001
activity (r = 0.52), making
it a clear standout among
the biomarkers- The Other Correlation of Biomarkers with EDSS and MRI Lesions
markers—IL-6, TNF-a, 06 - b esions
(p<0.01**very significant),
and hs-CRP (p < 0.05)
showed only moderate
associations, and these

Correlation (r)

were less convincing once
statistical corrections were
applied. This suggests that
sNfLL is a more dependable
signal of disease activity
and progression in MS
than general inflammation
markers.

This network figure
clearly shows how different
biomarkers relate to both clinical disability (EDSS) and MRI lesion load. Notably, sNfL has
the strongest correlations with both MRI lesions (0.52) and EDSS (0.49), reinforcing its

IL-6 TNF-a

hs-CRP sNfL

Fig. 2. Correlation of Biomarkers with Disability and MRI Lesion
Activity in Multiple Sclerosis.
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role as a sensitive indicator
of neuroaxonal damage and
disease activity. In contrast,
general inflammatory markers
like IL-6, TNF-a, and hs-CRP
show moderate correlations,
suggesting their suitability as
biomarkers for monitoring of
RRMS. Overall, the network
emphasizes that neuroaxonal
markers may provide more
clinically relevant insights o

into disease progression /°'

in multiple sclerosis, as
TNF-a
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sNfL IL-6

\

MRI Lesions

/

0gq o
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demonstrated in Fig. 3.
hs-CRP

Discussion -
Fig. 3. Network of Correlations Between Biomarkers, Disability

Regular monitoring of (EDSS), and MRI Lesions in Multiple Sclerosis.

disease activity in relapsing-

remitting multiple sclerosis (RRMS) is essential for achieving the best possible clinical
outcomes. Biomarkers hold promise in this regard, as they can offer meaningful insights into
disease activity when they accurately mirror the underlying pathological processes driving
MS (Tatomir et al.,, 2024).

A distinctive aspect of our study was utilizing data from a hospital-based observational
cohort, including private neurology clinics and Tikrit Teaching Hospital in Iraq. Our approach
more accurately reflects the diversity and complexity of “real-life” patient care compared
to research conducted in controlled laboratory settings. Clinicians routinely encounter a
wide range of symptoms and disease progressions, making the findings highly relevant. It
was observed that regional factors such as genetics, environment, and healthcare systems
significantly impact disease activity, a topic that hasn’t received much attention in multiple
sclerosis research. Unlike most prior studies in Western populations, a composite panel
of biomarkers—IL-6, TNF-a, hs CRP, ESR, and sNfL—was studied in relation to clinical
outcomes, disability scores, and MRI changes in RRMS. This approach adds balance to the
existing literature and offers insights that may be valuable both locally and for the broader
global understanding of MS. Considering these factors together, rather than in isolation,
offers a clearer and more comprehensive view of how disease activity progresses in patients
over time.

The appearance of IL-6 and TNF-a early in our cohort occurred sooner than that
demonstrated by Paul et al. (2019), suggesting population-specific or disease phenotype
heterogeneity. The elevated hs CRP and ESR provide additional evidence for low-grade
systemic inflammation, potentially involving the peripheral immune system, as a cause of
blood-brain barrier breakdown and CNS demyelination, as depicted by Haschka et al. (2020).

Notably, a positive correlation between sNfL levels and MRI lesion load (r = 0.52; p <
0.001) was found, further supporting its value as a sensitive marker of neuroaxonal injury.
This aligns with recent proteomic findings indicating that sNfL can predict long-term
outcomes—Tan etal. (2024)—and confirms results from large international cohorts showing
the clinical usefulness of sNfL for routine practice and treatment choices (Brune et al., 2022).

Over 12 months, decreases in T2 and gadolinium-enhancing lesion volumes paralleled
those of Singer et al. (2023) regarding DMT efficacy. Nevertheless, persistence of T1-
hypointense (“black hole”) lesions reflects continual chronic neurodegeneration despite
inflammatory containment and is consistent with findings of York et al. (2022), highlighting
the value of quantitative MRI in examining lesion pathology.
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Our results also add to previous evidence on cytokine-induced activation of macrophages
and neuronal health by Mufioz Garcia et al. (2021), and agreed with Kalincik et al. (2023),
who proposed combining biomarker profiling following clinical phenotypes to individualize
treatment in highly active RRMS.

Our regional Iraqi data strongly suggest that ethnicity and genetic background could
affect the progression of MS and agree with Harari et al. (2023), who correlated accelerated
disability progression with population-specific neuronal pathway alterations. This
emphasizes the essential need for area-specific investigations to decrypt regional disease
mechanisms as well as to enhance treatment options.

In agreement with Harper et al. (2024) study, our longitudinal MRI evolution is similar
to the trends observed in the MRI aspect of disease in patients with recurrent pancreatitis.,
that stressed the importance of early structural damage and lesion heterogeneity in MS—
both especially relevant in such a young, early MS population prone to experience greater
structural rather than inflammatory damage—, underlining the requirement of targeting
acute inflammation and chronic neurodegeneration hand in hand in MS management, and
the added value of combining inflammation and neuroaxonal biomarker assessment in the
real-life MS patient monitoring.

In Tatomir et al. (2024) pilot study, a combined MS disease activity (MSDA) score was
developed using six biomarkers—RGC-32, FasL, IL-21, SIRT1, p-SIRT1, and JNK1 p54—to
assess relapses and treatment response to glatiramer acetate in RRMS patients. The score
showed strong sensitivity, specificity, and correlation with disability levels, though larger
trials are still needed for confirmation. When compared with the previous abstract, both
studies agree that biomarkers are valuable tools for monitoring MS activity and guiding
therapy. However, our study focused on well-established markers of inflammation and
neurodegeneration, while Tatomir et al. (2024) proposed a new scoring system based on a
different biomarker set, making it a complementary but less validated approach.

Our study and Salah et al’s (2023) study highlight the value of blood-based biomarkers
in understanding RRMS, though they focus on slightly different aspects. The Salah et al’s
(2023) study showed that higherlevels of ICAM-1, CRP, NLR, and IgM were linked with greater
disability, especially in patients with cerebellar and brainstem involvement, pointing to their
role in capturing inflammatory activity. In contrast, our study emphasized IL-6, TNF-a, hs-
CRP, ESR, and sNfL, which not only correlated with disability and MRI lesion load but also
reflected ongoing neurodegeneration through the persistence of T1 black holes. Together,
these findings suggest that while ICAM-1 and related markers may highlight inflammation
and disability, IL-6, TNF-a, and sNfL could provide a clearer picture of long-term disease
progression.

Olsson et al., (2020) study and our study highlight the growing importance of blood-
based biomarkers in understanding and monitoring multiple sclerosis (MS) activity. Olsson
et al,, (2020) study showed that patients with active MS had significantly higher levels of
calprotectin, suggesting it may be a practical marker of innate immune activation, whereas
markers of epithelial barrier function were not strongly linked to disease activity. Similarly,
our study found that elevated IL-6, TNF-a, hs-CRP, ESR, and serum neurofilament light chain
(sNfL) correlated with disability scores and MRI lesion burden in RRMS patients, making
them useful indicators of ongoing inflammation and neurodegeneration. Taken together,
these findings suggest that while not all biomarkers are equally informative, markers like
calprotectin, sNfL, and key cytokines could play an essential role in tracking disease activity
and guiding more tailored treatment strategies.

Our findings add to the growing body of evidence that both inflammatory and
neurodegenerative processes contribute to disease activity and long-term disability in
multiple sclerosis. The observed associations between IL-6, TNF-a, hs-CRP, ESR, and sNfL
with clinical disability and MRI lesion burden highlight the clinical utility of peripheral
inflammatory biomarkers as accessible indicators of ongoing disease activity. At the same
time, research by Ciubotaru et al., (2025) on neurodegenerative markers such as GFAP,
CHI3L1, tau, kynurenines, and lipid metabolites underscores their value in capturing
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progressive axonal and glial damage that may not be fully reflected by inflammatory
markers alone. Together, these findings support the integration of both inflammatory and
neurodegenerative biomarkers into multi-marker panels, which, when combined with
advanced imaging, could improve disease monitoring, aid in early identification of patients
atrisk of rapid progression, and ultimately support more personalized therapeutic strategies
in MS.

Finally, our study is novel and notable for analyzing a comprehensive set of biomarkers
rather than focusing only on one or two. By combining MRI results with clinical assessments,
this broader approach allowed us to evaluate inflammation, acute-phase responses, and
axonal injury simultaneously. This holistic perspective may help in developing more
personalized treatment plans and improving disease activity monitoring. Additionally, our
findings suggest that monitoring RRMS activity in real-world settings could be improved by
integrating imaging, clinical assessments, and peripheral biomarkers. This research marks
a significant step toward achieving biomarker-guided care for patients; however, further
validation of these results requires additional studies involving larger and more diverse
populations.

Conclusion

This study highlights the significance of peripheral inflammatory biomarkers—
particularly IL-6, TNF-a, and serum neurofilament light chain—in assessing disease activity
in relapsing-remitting multiple sclerosis. Being well correlated with clinical disability and
MRI lesion load, they have promising applications as a valid and noninvasive marker for
the evaluation of neuroinflammation and neurodegeneration. Although DMTs effectively
suppressed the development ofacute inflammatorylesions, continuous axonal injury persists,
indicating the importance of multi-biomarker assessment in clinical routine. These results
open new horizons for individualized management strategies where peripheral markers of
inflammation are used for the optimization of personalized treatment and patient prognosis.
Future studies need to confirm and extend these findings in ethnically diverse populations to
support and improve biomarker-based strategies in MS management.
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