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Abstract

Multiple sclerosis (MS) is a chronic inflammatory
demyelinating central nervous system disorder
with an immune-mediated demyelination.

Association of IL-6 and TNF-a with
IgA/IgG in Iraqi Patients with Multiple
Sclerosis

Worood Younis Azawi !*

! Balad Technical Institute, Middle Technical University, Salah Al-
Din, Iraq

Proinflammatory cytokines, including IL-6 and TNF-a, have
a crucial role in the induction of neuroinflammation, and im-
munoglobulin dysfunction (IgA and IgG) is evidence of hu-
moral immune reactivity. In Iraqi patients, the relationship
between these markers remains poorly recognized. The study
aims to assess the serum IL-6, TNF-q, IgA, and IgG levels in
Iraqi patients with MS and examine their interrelationships.
Clinically diagnosed patients with MS and 60 age and sex-
matched healthy controls, aged 18—60 years, were included in
the case-control study. Serum IL-6 and TNF-a levels were
measured by enzyme-linked immunosorbent assay (ELISA),
and IgA and IgG levels were measured by the method of
nephelometry. Statistical analysis was performed using t-tests
and Pearson’s correlation, with p < 0.05 considered statisti-
cally significant.

The serum levels of IL-6 and TNF-a were significantly higher
for patients with MS (15.87 £ 4.62 pg/mL; 24.65 + 6.73
pg/mL) than for controls (7.94 + 2.18 pg/mL; 12.18 + 3.54
pg/mL, respectively; p < 0.001). Levels of IgG (14.52 +£2.96
g/L) and IgA (3.01 £ 0.78 g/L) were also significantly ele-
vated in patients than in controls (11.84 = 2.41 g/L and 2.35
+ 0.65 g/L, p < 0.01). A significant positive correlation be-
tween IL-6 and IgG (r=0.418, p<0.001) and also TNF-a and
IgA (r=10.496, p < 0.001) was found.

A strong association exists between cytokines and immuno-
globulins, and concurrent elevations of IL-6, TNF-a, IgA, and
IgG are observed in Iraqi MS patients. The strong correlation
between TNF-a and IgA might be the result of distinct genetic
or environmental factors, highlighting the necessity of region-
specific biomarker research and customized monitoring
plans.

Keywords: Multiple sclerosis, cytokines, IL-6,
TNF-a, IgA, IgG, Iraqi population.
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Introduction

Multiple sclerosis (MS) is a chronic immune-
mediated disease of the central nervous system
(CNS) featuring inflammatory demyelination,
axonal pathology, and gliosis (1,2). Etiology of
MS is multifactorial and includes genetic sus-
ceptibility, the environment, and disruption of
both innate and adaptive immune pathways (3).
From an immunopathological perspective, MS
lesions are characterized by the presence of ac-
tivated T lymphocytes, macrophages, and B
cells, which result in myelin injury and neuronal
loss (4).

Among the proinflammatory mediators associ-
ated with MS, interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-a) are prominent cy-
tokines that mediate immune cell activation and
sustain CNS inflammation. IL-6 is a pleiotropic
cytokine synthesized by monocytes, astrocytes,
microglia, and B cells; it is involved in B-cell
maturation into plasma cells and in the synthesis
of immunoglobulins, in particular IgG and IgA
(5). Increased IL-6 titers are detected in serum
and cerebrospinal fluid (CSF) in MS and are
linked to disease activity, relapses, and disabil-
ity progression (6,7).

TNF-a, primarily secreted by activated macro-
phages, microglia, and T cells, plays a dual role
in MS by acting as a pro-inflammatory cytokine
by upregulating adhesion molecules and pro-
moting leukocyte migration to the CNS, and as
a neuroprotective cytokine through TNF recep-
tor 2-mediated pathways (8). Increased TNF-a
has been associated with exacerbations of MS
and MRI lesion activity (9). Nevertheless, clini-
cal trials involving treatment with TNF-a inhib-
itors have exacerbated MS, highlighting its in-
tricate function in disease development (10).

Immunoglobulins serve as a signature of hu-
moral immune activation in MS. IgG is the most
abundant immunoglobulin in the CSF-derived
oligoclonal bands, present in over 90% of indi-
viduals with MS and representing a major diag-
nostic biomarker (11). IgA, less commonly in-
vestigated in the MS setting, is primarily associ-
ated with mucosal immune function, with a pos-
sible reflection of gut—-CNS immune crosstalk,
an emerging field in neuroimmunology (12). IL-
6 promotes both IgA and IgG production, and
TNF-a indirectly affects antibody production by
inducing inflammation (13). Significant immu-
nogenetic and environmental differences require
population-specific research, even though the
roles of IL-6, TNF-a, and immunoglobulins in
MS pathophysiology have been described in
Western and East Asian populations (14,15).
Due to their high prevalence of vitamin D defi-
ciency, different genetic backgrounds in HLA
and cytokine-related alleles, and endemic expo-
sures to particular mucosal pathogens, the Iraqi
population offers a unique context (14,16).
These elements may cause a different immuno-
pathological profile in MS and are known to sig-
nificantly alter systemic immune responses
(17,18). Thus, this study is a critical examina-
tion of a unique immunophenotype rather than
just a replication. It is the first thorough exami-
nation of how these important proinflammatory
cytokines and immunoglobulins interact with
one another in Iraqi MS patients. Clarifying this
profile is crucial because it could identify path-
ogenic drivers unique to a population, like an in-
creased gut-brain axis interaction, and it is a re-
quirement for creating pertinent diagnostic and
treatment plans that are adapted to the disease's
local context.
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Objectives

1. To estimate the levels of serum IL-6, TNF-
a, IgA, and IgG in Iraqi multiple sclerosis
(MS) patients in comparison to those in a
control group.

2. The relationships of IL-6 and TNF-a levels
with serum Ig concentrations (IgA, IgG)
were also determined.

3. To evaluate relationships of the immuno-
logic markers with clinical features (such as
type of MS, duration of disease, and the Ex-
panded Disability Status Scale “EDSS
scores”).

Materials &Methods
Study Design

This case—control study was conducted at the
Department of Neurology, Middle East Hospi-
tal, Baghdad, Iraq, during the period January to
May 2025. The study was approved by the In-
tervention Ethics Committee of the Middle
Technical University, Iraq. Participants all
signed informed consent for study enrollment.
A total of 120 individuals were recruited, in-
cluding 60 patients diagnosed with multiple
sclerosis according to the 2017 revised McDon-
ald criteria (10), aged 1860 years, with 38
males and 22 females. The control group con-
sisted of 60 age- and sex-matched healthy indi-
viduals, comprising 42 males and 18 females,
selected from healthy blood donors and hospital
staff at Middle East Hospital, Baghdad, Iraq.

Sample Size Justification

The sample size was calculated from pilot data
for a similar cytokine and isotypes study in MS
patients showing moderate to large responses in
serum IL-6 and TNF-a distinction between MS
patients and healthy subjects (effect sizes be-
tween 0.6 to 0.9; Cohen’s d). By means of

G*Power 3.1 software, a two-tailed independent
samples t-test with o = 0.05 and power (1 — ) =
0.90, a minimum of 52 subjects for each group
was necessary to detect a medium effect size (d
= 0.65). For possible dropouts and variance of
the patients, we increased the sample size to 60
patients and 60 controls with the corresponding
power to find clinically significant differences
in cytokine and immunoglobulin levels >90%.

Inclusion Criteria

MS group:

e Confirmed diagnosis of MS based on clini-
cal findings by a neurologist at the Depart-
ment of Neurology, Middle East Hospital,
Baghdad, Iraq

e Age 18-60 years.

e Disease duration > 6 months.

e No recurrence within 4 weeks before blood
sampling.

Control group:

e Age-matched healthy controls.
e No previous neurologic or autoimmune dis-
ease.

Exclusion Criteria

e Recent infection (acute or vaccination dur-
ing the last 1 month).

e Treatment with systemic corticosteroid or
immunosuppressants within 4 weeks before
sampling.

e Autoimmune, chronic inflammatory, or ma-
lignant diseases.

Control for Potential Confounders

While subjects with recent infections, autoim-
mune diseases, or receiving recent immunosup-
pressive therapy were excluded, other con-
founders, such as vitamin D levels, nutritional
habits, or history of latent infections, were not
directly assessed in our study. These are recog-
nized to affect the systemic level of cytokines
The inclusion and

and immunoglobulins.
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exclusion criteria were intended to limit major
inflammatory influences, but we cannot exclude
residual confounding. Laboratory measurement
of vitamin D and latent infection (e.g., EBV,
CMV) status, and dietary assessment, should be
performed in future studies, in order to adjust
statistically for these factors.

Clinical Evaluation

In MS subjects, demographic and clinical infor-
mation were collected, including disease sub-
type (Relapsing-Remitting RRMS, Secondary
Progressive SPMS, or Primary Progressive
PPMS), disease duration, and ongoing treat-
ment. Disability was assessed by using EDSS in
the Department of Neurology, Middle East Hos-
pital, Baghdad.

Sample Collection and Processing

Venous blood (5 ml) was drawn from each sub-
ject between 8 and 10 am, following an over-
night fast. Blood samples were obtained from
fresh, in serum separator tubes, and then stored
at room temperature, clotted, and centrifuged at
3,000rpm for 10 minutes. Serum samples were
aliquoted and stored at —80 °C until analysis.

Cytokines Measurement (IL-6 and TNF-a)

Serum IL-6 and TNF-a levels were measured by
commercial ELISA kits (e.g., R&D Systems,
MN, USA) following the manufacturer’s in-
structions. Absorbance at 450 nm was measured
with a microplate reader (BioTek Instruments),
and the values were converted to concentrations
using standard curves.

Immunoglobulins (IgA and IgG) measure-
ment

Serum levels of IgA and IgG were determined
by nephelometry (Siemens BN™ II System,

Siemens Healthcare Diagnostics, Marburg, Ger-
many). Values were presented in g/L, and all ex-
periments were conducted in duplicates.

Statistical Analysis

Statistical analysis was conducted using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA).
Normal distribution of the data was evaluated by
the Shapiro—Wilk test. Continuous variables
were indicated with mean £ SD or median (in-
terquartile range), and categorical variables us-
ing numbers and percentages. Between-group
comparisons were made by an independent-
samples t-test or Mann—Whitney U test when
applicable. Categorical variables were com-
pared with the chi-square test. Pearson’s or
Spearman’s correlation coefficients were ap-
plied to examine relationships among cytokines,
immunoglobulins, and EDSS scores. P < 0.05
was considered to be statistically significant.

Results:

A summary of the 120 subjects recruited is pre-
sented in Table 1, consisting of 60 MS patients
(38 males, 22 females) and 60 healthy controls
(42 males, 18 females). There was no statistical
difference between the mean age of both groups
(p=0.472). Regarding MS patients (73.3%) had
RRMS, (16,7%) SPMS, and (10.0%) PPMS.
Mean disease duration was 8.21 + 4.17 years,
mean EDSS score was 3.42 + 1.28.

Table 2 showed that the mean serum levels of
IL-6 of MS subjects were significantly higher
than those of controls (p <0.001). Mean TNF-a
levels were also higher in the MS group than in
the control group (p < 0.001). The cytokine dif-
ferences showed very large effect sizes (Cohen's
d > 1.9), suggesting a significant biological ef-
fect that went beyond statistical significance.
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Table 1: The study participants' clinical and demographic details.

Variable MS patients (n=60) Controls (n=60) p-value
Age (years), mean = SD 37.85+£10.12 36.72 £ 9.86 0.472
Gender (M/F) 38/22 42 /18 0.439
Disease duration (years) 821+4.17 — —
EDSS score, mean = SD 342+1.28 — —
RRMS / SPMS / PPMS 44/10/6 — —

Relapsing-Remitting RRMS, Secondary Pro-aggressive SPMS, or Primary Progressive PPMS,

"Values of p<0.05 were considered to be significant."

Table 2: Serum cytokine levels in healthy controls and MS patients.

Cytokine MS patients Controls  p-value Effect Size
(mean + SD) (mean = SD) (Cohen's d) (95% CI)
IL-6 (pg/mL) 15.87+4.62 7.94+2.18 <0.001 1.98 (1.48 t0 2.47)
TNF-a (pg/mL) 24.65+6.73 12.18+3.54 <0.001 2.06 (1.55 to0 2.56)

"Values of p<0.05 were considered to be significant."

Table 3. Serum immunoglobulin levels in healthy controls and MS patients.

Immunoglobulin MS patients Controls  p-value Effect Size
(mean + SD) (mean = SD) (Cohen's d) (95% CI)
IgA (g/L) 3.01+0.78 235+0.65 <0.001 0.83 (0.43 to 1.23)
IgG (g/L) 14.52+296 11.84+241 0.002 0.87 (0.46 to 1.27)

"Values of p<0.05 were considered to be significant.”

Table 4 shows the correlation coefficients for immunoglobulins, cytokines,
and EDSS in MS patients.

Variable  IgA (r, p) IgG (r, p) EDSS (r,p) (95% CI) for
r with IgA
IL-6 0.542,<0.001 0.418,0.001 0.451,<0.001 0.33 to0 0.70
TNF-a 0.496,<0.001 0.387,0.002 0.428,0.001 0.28 to 0.66

"Values of p<0.05 were considered to be significant.

Table 3 revealed that serum IgA and IgG levels
were markedly increased in MS patients when
compared with the control group. The differ-
ences for both immunoglobulins were statisti-
cally significant (p < 0.001 for IgA; p = 0.002
for IgG).

The immunoglobulin differences showed very
large effect sizes (Cohen's d > 0.8), suggesting a

significant biological effect that went beyond
statistical significance.

Table 4 showed that in patients with MS, IL-6
levels significantly correlated with IgA (r =
0.542,p <0.001) and IgG (r=0.418, p=0.001).
TNF-a was also positively associated with [gA
(r=10.496, p <0.001) and IgG (r = 0.387, p =
0.002).
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Additionally, there were significant moderate
positive correlations between IL-6 and TNF-a
and EDSS scores (r = 0.451, p <0.001, and r =
0.428, p =0.001, respectively). TNF-a and IgA
had a strong correlation (r = 0.496, 95% CI [0.28
to 0.66], p <0.001), suggesting a significant and
dependable association.

According to the previous results, serum levels
of IL-6, TNF-a, IgA, and IgG were significantly
higher in MS patients compared to healthy con-
trols. The significant associations between cyto-
kines and immunoglobulins, as well as between
cytokines and EDSS scores, are visually indi-
cated in Figures 1, 2. This suggests that both IL-
6 and TNF-a may contribute to the humoral im-
mune response and disease severity in Iraqi MS
patients.

Multiple linear regression analyses were further
conducted to explain the independent associa-
tion of the immunological markers with clinical
determinants (Tables 5 and 6). After correction
for age, sex, disease duration, and MS subtype
in a stepwise multiple regression analysis, serum
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IL-6 levels were independently driven by dis-
ease duration (p=0.008), IgG levels (p=0.015),
and degree of disability (EDSS score; p =
0.038), with a total variance accounted for of
36% for IL-6 (p < 0.001).

In contrast, higher IgA (p < 0.001), longer dis-
ease duration (p = 0.006), and a progressive dis-
ease course (p = 0.042) were independent pre-
dictors of increased TNF-a, which explained
42% of the variance (p < 0.001). Last, an EDSS
clinical disability regression model showed that
increased EDSS was independently associated
with increased IL-6 (p = 0.004), increased TNF-
alpha (p <0.012), and longer disease duration (p
=0.021), with 38% of the variance in disability
explained (p < 0.001). These analyses show that
the correlations found are strong and highlight
these cytokines and immunoglobulins as mutu-
ally predictive of disability independent of im-
portant demographic and clinical covariates.
Moreover, IgA level was the strongest inde-
pendent predictor, according to the TNF-a re-
gression model (95% CI [0.20 to 0.62], p <
0.001), with the CI not crossing zero, suggesting
a strong positive association

E ]

Zl

&
THF-n {pgimL)

Figure 1. Scatterplots of correlation with regression lines and 95%
confidence intervals for IL-6 vs. IgG and TNF-a vs. IgA.
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Figure 2 illustrates the positive correlations between EDSS scores
and serum IL-6 and TNF-a concentrations.

When compared based on clinical subtype, se-
rum [L-6 and TNF-a levels were the highest in
SPMS patients , followed by PPMS and RRMS.
A trend similar to that found for the cytokine
levels was evident for IgA and IgG, which were
also highest in SPMS subjects. Univariate anal-
ysis of one-way ANOVA further showed that
there were significant differences among the
subtypes for IL-6 (p = 0.038) and TNF-a (p =
0.042); IgA and IgG were not found to do so, as
shown in Table 7.

The duration of the disease was divided into 10
years. High levels of both IL-6 and TNF-a were

associated with higher disease duration (more
than 10 years in both high vs. <5 years low, IL-
6: p=0.022; TNF-a: p=10.018). By contrast, the
longer the duration of disease, the higher the IgA
levels (p = 0.041); there was no such correlation
for IgG (p = 0.089).

Based on previous results, as shown in Figure 3,
and consistent with the pattern of increasing dis-
ease severity, the concentrations of TNF-a and
IL-6 were lowest in RRMS, intermediate in
PPMS, and highest in SPMS

Table 5: Multiple Linear Regression Analysis for Serum IL-6 and TNF-a Level Predictors

Dependent Variable Independent Variable B Coefficient 95% Confidence Interval p-value
Disease Duration 0.32 0.09 to 0.55 0.008
IgG (g/L) 0.28 0.06 to 0.50 0.015
IL-6 (pg/mL) EDSS Score 0.24 0.02 to 0.46 0.038
Model Summary Adj. R*=0.36 <0.001
IgA (g/L) 0.41 0.20 to 0.62 <0.001
Disease Duration 0.29 0.09 to 0.49 0.006
TNF-a (pg/mL) MS Subtype (Progressive) 0.22 0.01 t0 0.43 0.042
Model Summary Adj. R*=0.42 <0.001

p: Standardized beta coefficient.

"Values of p<0.05 were considered to be significant."
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Table 6: EDSS Score Predictors of Clinical Disability Using Multiple Linear Regression Analysis

Dependent Varia- Independent Varia- P Coefficient 95% Confidence Inter- p-

ble ble val value
EDSS Score
IL-6 (pg/mL) 0.31 0.11to 0.51 0.004
TNF-a (pg/mL) 0.27 0.06 to 0.48 0.012
Disease Duration 0.25 0.04 to 0.46 0.021
Model Summary Adj. R?= <0.001
0.38

"Values of p<0.05 were considered to be significant.”

Table 7. Cytokine and immunoglobulin serum levels depending on MS subtype and duration of dis-

€asc
Variable RRMS SPMS PPMS p-value <5 years 5-10 years >10years p-value
(n=44) (n=10) (n=6) (Sub- (n=20) (n=25) (n=15) (Dura-
Mean = Mean + Mean % type) Mean * Mean = SD Mean £+ SD tion)
SD SD SD SD
IL-6 1521+ 17.45+ 16.88 £ 0.038 14.92 £ 16.08 £ 17.69 £ 0.022
(pg/mL) 4.57 4.18 4.26 4.12 4.55 4.23
TNF-a 23.98 £ 26.92 + 2534+ 0.042 2311+ 2487+ 27.01 + 0.018
(pg/mL) 6.41 5.11 5.64 6.05 6.34 5.78
IgA (g/L) 2.97+0.76 3.15+ 3.09+ 0218 2.85+£0.70 3.02+0.79 3.21+0.81 0.041
0.82 0.79
IgG (g/L) 14.41 + 14.88 £ 14.67 + 0.463 14.26 £ 14.49 £ 1491 + 0.089
2.94 3.02 291 2.85 2.98 3.04

"Values of p<0.05 were considered to be significant.”

251

[N
Q

Cytokine Level (pgirmL)
[
w

=
[=]
T

S5PMS
MS Subtype

Figure 3. Showing comparison of IL-6 and TNF-a lev-
els across RRMS, SPMS, and PPMS.
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Discussion

In this study, the serum levels of Iraqi MS pa-
tients have concurrently elevated levels of im-
munoglobulins (IgA, IgG) and proinflammatory
cytokines (IL-6, TNF-a), with significant posi-
tive correlations found between these immune
markers and clinical disability as assessed by the
EDSS. The strength and pattern of these associ-
ations, especially the strong TNF-o/IgA axis and
the highest levels in progressive subtypes
(SPMS/PPMS), suggest a potentially unique im-
munopathological signature in the Iraqi popula-
tion that merits mechanistic interpretation, even
though these findings are consistent with the
mainstream paradigm of MS as a disease of
combined innate and adaptive immune dysregu-
lation.

This study offers the first description of a simul-
taneous increase in immunoglobulins (IgA, IgG)
and proinflammatory cytokines (IL-6, TNF-a)
in the serum of [raqi MS patients, demonstrating
strong associations between the two and with
clinical disability. These findings are novel and
significant because they show a potentially dis-
tinct immunopathological signature within this
particular population, going beyond the valida-
tion of a general inflammatory state. These ob-
servations are in line with the worldwide view
that MS is a disease of both innate and adaptive
immunity (18,19), but the strength and profile of
these associations, and particularly the strong
correlation between TNF-a and IgA, may reflect
genetic and environmental factors that could
bias the immune response in unique ways.
Multivariate regression analyses, which ac-
counted for potential confounders such as age,
gender, duration of disease, and MS subtype,
further confirmed the strong positive correla-
tions between IL-6, TNF-a, immunoglobulins,

and disability. According to these analyses,
TNF-a levels were independently linked to IgA
levels and a progressive disease phenotype,
whereas IL-6 levels were independently pre-
dicted by IgG levels and disability (EDSS
score). Importantly, in addition to disease dura-
tion, both cytokines were found to be independ-
ent predictors of neurological disability (EDSS).
The conclusion that the observed associations
are not just epiphenomena of broader disease ac-
tivity or duration is supported by these regres-
sion models. Rather, they imply that these par-
ticular immune mediators have a more direct,
possibly contributing role in the humoral re-
sponse and the development of the disease in
Iragi MS patients. The hypothesis of a unique
immunopathological axis in this population is
supported by the strength of the independent as-
sociation between TNF-a and IgA (B=0.41,p <
0.001), which i1s likely shaped by the particular
genetic and environmental context of Iraq, such
as endemic mucosal pathogens or specific HLA
alleles influencing cytokine production.

Additionally, the discovery that both cytokines
independently contribute to the EDSS score
highlights their function as potential causes of
cumulative neurological damage in addition to
being indicators of inflammation. This strength-
ens the case for their study as therapeutic targets,
especially for progressive forms of the illness
where there are few available treatments.

To our knowledge, this is the first study that
characterizes the combined serum cytokine-im-
munoglobulin profile in Iraqi MS patients. Alt-
hough the high levels of these markers have
been reported in other populations, the magni-
tude and the pattern of the changes reported

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

Page | 22



R

Association of IL-6 and TNF-o with ,-';l.- = .ﬁ" AIMC]J. (2026),3; (1):14-28
IgA/IgG in Iragi Patients with Multiple \ edical / https://doi.org/10.58564/AIMCJ3.1.2026.242
Sclerosis EYrES)

here, especially for the rise in the levels of both
IgA/IgG, along with proinflammatory cyto-
kines, might be attributed to the synergistic ef-
fect that may arise between the specific environ-
mental and genetic factors that are specific for
that region. The high prevalence of vitamin D
deficiency, unique infectious exposures, and po-
tential genetic susceptibilities in HLA and cyto-
kine-related alleles in Iraq may differentially in-
fluence immune activation compared to West-
ern or East Asian populations. The increased as-
sociation we found between TNF-a and IgA in
this cohort when compared with previous stud-
ies may indicate a greater influence of the mu-
cosal and systemic immune compartment in this
population that can be related to endemic micro-
bial exposures and gut-CNS immune interac-
tions. These observations not only address the
existing gap in Middle Eastern MS immunology
but also highlight the importance of population-
specific biomarker studies for guiding personal-
ized monitoring and therapeutic interventions.
Firstly, the circulating levels of IL-6 and TNF-a
were higher in patients with MS compared to
their healthy counterparts, as shown in Table 2.
This observation suggests a state of increased
systemic inflammation in MS, aligning with the
known pathophysiology characterized by
chronic immune-mediated demyelination and
neurodegeneration (20). Similar increased lev-
els of IL-6 and TNF-a in MS cases were also
identified in previous studies (14)(22). There-
fore, these findings underscore the involvement
of proinflammatory cytokines in the induction
and maintenance of CNS inflammation.

Several factors may influence the observed cy-

tokine elevation in our study:

e QGenetic susceptibility: Some of the HLA al-
leles, which are more frequent in Middle
Eastern populations, and polymorphisms of

cytokine genes could raise basal cytokine
production (16).

e Environmental factors: Viral infections, ur-
ban pollution, and vitamin D deficiency as
an endemic characteristic in Iraq may induce
upregulation of systemic inflammatory me-
diators (14,22).

e Stage of disease: Patients had not been
treated with immunosuppression shortly be-
fore the study; however, the confounding
suppression of cytokine levels is minimized.

Taken together, these mechanisms may contrib-
ute to the noted increase in IL-6 and TNF-a, but
also suggest them as candidate biomarkers of
immune activation in MS.

In addition to the cytokine findings, as shown in
Table 3, the study showed significantly higher
levels of IgG and IgA in MS than in controls (p
< 0.01). In short, the findings indicate an aug-
mented humoral immune response, likely sec-
ondary to cytokine-mediated B-cell activation.

Specifically, IL-6 is reported to facilitate B-cell
differentiation into plasma cells and to enhance
antibody production (23). Accordingly, the pos-
itive relationships between IL-6/TNF-a to
IgA/IgG reported in this study lend support to
such relationships as shown in Table 4 (p <
0.01), indicating that systemic inflammation
leads directly to humoral immune activation in
MS.

Therefore, the positive association of IL-6 and
IgG (r=0.418, p=0.001) is not merely an asso-
ciative finding but is indicative of a direct path-
ophysiological driver in MS; IL-6 is the most
central factor to drive B cells to differentiate into
antibody-producing plasma cells (23). It sug-
gests the presence of an active IL-6-mediated
humoral immunity. Increases in serum IgG,
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though smaller than in the CSF, denote systemic
B cell stimulation that may parallel and contrib-
ute to the well-established intrathecal produc-
tion of IgG observed in MS; this observation
highlights the therapeutic potential of IL-6 sig-
naling pathway-targeted therapies, such as anti-
IL-6R antibodies (e.g., tocilizumab) to suppress
pathogenic B cell responses in MS supported by
recent experimental and early clinical trial work
(24).

These observations are in line with the study of
Wang, Q., et al., which found a mild IgG serum
increase in RRMS patients. Interestingly,
changes in IgA are less consistently described
(25). Increased levels of IgA might also be re-
lated to the mucosal immune system activity,
and/or endemically encountered pathogens, as
previously mentioned, which applies to the Iraqi
population, especially (26).

Serum levels of TNF-a and IL-6 were signifi-
cantly higher in patients with SPMS and PPMS
than in those with RRMS, according to our strat-
ified analysis (p < 0.05), as shown in Table 7.
The idea that progressive multiple sclerosis is
defined by a change from acute, relapse-driven
inflammation to a more chronic, smoldering,
and compartmentalized inflammatory process
within the central nervous system is consistent
with this gradation.

There are multiple ways to explain why these
cytokines are consistently elevated in progres-
sive disease. Resident-activated microglia and
astrocytes in the central nervous system (CNS)
are a continuous source of IL-6 and TNF-a,
causing oxidative stress, low-grade neuroin-
flammation, and remyelination failure (1). Both
cytokines' associations with higher EDSS scores
(IL-6: =0.451; TNF-a: r=0.428) further sub-
stantiate their roles as contributors to cumulative
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neurological damage and disability. Further-
more, the observation that IgA levels rose with
longer disease duration (p = 0.041) implies that
the humoral immune response, which may be in-
fluenced by the chronic cytokine milieu, solidi-
fies over time. This is in line with more recent
research that highlights how B cells and plasma
cells help form lymphoid-like structures in the
meninges of patients with progressive multiple
sclerosis. These structures act as local factories
for the production of cytokines and antibodies
(25). Our findings imply that there is a systemic
correlate to this intrathecal process, with serum
levels representing the burden of persistent, non-
resolving inflammation.

Overall, our IL-6 and TNF-a levels are con-
sistent with what has been reported in previous
studies from Eastern and Western populations, a
fact that suggests that MS pathobiology may be
largely preserved across ethnic groups (15,21).

While Immunoglobulins (IgG) in cerebrospinal
fluid (CSF) and oligoclonal bands persist as the
classic markers, the slightly elevated serum IgG
levels that have been described in individuals
with MS, albeit modest, and the associated B-
cell and plasma cell activation provide addi-
tional systemic confirmation of MS presence
(25). This IgA elevation appears to be more pro-
nounced in regions with high microbial expo-
sure and is therefore associated with both envi-
ronmental and immunological conditions (26).

Increased levels of both cytokines and immuno-
globulins in this group suggest a synergistic
model in which the proinflammatory cytokines
crosstalk to promote B-cell activity, resulting in
elevated immunoglobulins and subsequently
disease exacerbation.

However, the most interesting discovery in our
study, as shown in Table 4, was the high
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correlation between TNF-a and IgA (r = 0.496,
p <0.001), which is higher than commonly ob-
served in Western cohorts. We speculate that lo-
cal environmental conditions could modulate
this particular immunological signature. The en-
demicity of some mucosal pathogens in Iraq
may cause a status of chronic mucosal immune
activation (24), in which TNF-a-induced in-
flammatory and barrier defense could, in turn,
continuously drive the production of IgA. This
is particularly relevant given that the gut-brain
axis is increasingly being recognized as a crucial
pathway in multiple sclerosis (MS) (17). Nota-
bly, new research has shown that MS patients'
gut-derived IgA+ B cells can migrate to the cen-
tral nervous system (CNS) (27). Thus, this pre-
existing, systemically available pool of TNF-a
and pathogen-experienced IgA+ B cells may di-
rectly cause or worsen neuroinflammation in
people with a genetic predisposition to MS.
Given the known global disparities in MS (28),
this possible synergy between endemic mucosal
challenge and central autoimmune disease mer-
its additional research through focused serolog-
ical and microbiome studies.

Clinical and Research Implications

Collectively, these findings indicate that IL-6
and TNF-a, as well as serum IgA and IgG, may
be simple biomarkers for the systemic activity in
the immune system of MS patients, and they un-
derscore the need for population-based studies
due to genetic and environmental factors that af-
fect these immunological features. Further stud-
ies are needed to assess the variation of these
markers over time and their association with dis-
ease activity, relapse frequency, and response to
treatment.

In summary, this study shows that Iraqi MS pa-
tients' serum levels of immunoglobulins (IgA,

IgG) and pro-inflammatory cytokines (IL-6,
TNF-a) are elevated simultaneously, and there
are notable correlations between these bi-
omarkers and clinical disability scores. A key
component of MS immunopathology, the strong
correlation between IL-6 and IgG highlights the
cytokine's critical function in promoting B-cell
differentiation and antibody production (23,25).
More significantly, a possible population-spe-
cific immunopathological axis is suggested by
the exceptionally strong correlation between
TNF-a and IgA, as well as the fact that patients
with progressive disease phenotypes have the
highest levels of these markers. We propose that
by priming systemic and possibly CNS-
compartmentalized humoral immunity through
the gut-brain axis, endemic environmental fac-
tors like prolonged exposure to mucosal patho-
gens may be the cause of this (27,28). Although
these inflammatory pathways are known to oc-
cur in multiple sclerosis worldwide (16,21), the
unique pattern seen here highlights the crucial
role that regional and genetic factors play in dis-
ease mechanisms. Thus, in addition to confirm-
ing the role of these important immune media-
tors in MS, our results suggest that IL-6, TNF-
a, and immunoglobulins are readily available bi-
omarkers of disease activity and progression in
the Iraqi population, underscoring the need for
regionally specific biomarker studies.

Limitations and Future Directions

Although our study does provide important in-
formation on the immune profile of Iraqi multi-
ple sclerosis patients, there are several limita-
tions. The absence of correlation between bi-
omarker levels and recent clinical disease activ-
ity (such as relapse rate or time since last re-
lapse) is a significant limitation. As a result, we
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are unable to identify whether the elevated lev-
els of TNF-a, IgA, IgG, and IL-6 are specifically
associated with acute inflammatory attacks or
reflect a chronic state of immune dysregulation.
To determine whether these markers change
with relapse activity and could be used as pre-
dictive tools, future prospective studies with fre-
quent sampling are required. Secondly, although
the sample size for statistical analysis was ac-
ceptable, larger multicenter populations may aid
in generalizing the current results over different
Iraqi regions and ethnic groups. Third, only
blood-based biomarkers were evaluated, and the
addition of cerebrospinal fluid (CSF) measures
could provide a more direct representation of
CNS immune activity. Fourth, confounders,
such as subclinical infections, diet, and Vitamin
D status, were not well adjusted, which may
have affected the levels of immunoglobulins, es-
pecially IgA. Lastly, genetic and environmental
risk factor analysis should be combined with se-
rial serum and CSF immunological profiling in
future studies. This would assist in determining
the predictive value of TNF-a, IgA, IgG, and IL-
6 for aggressive disease courses. By showing a
quantifiable improvement in the course of the
disease, intervention trials that target these cyto-
kines may eventually define their clinical utility.

Conclusion

This study confirms the universal role of TNF-a
and IL-6 in MS immunopathology. It identifies
a unique immunophenotype in Iraqi patients,
characterized by a strong TNF-o/IgA axis and
co-elevation of immunoglobulins. This suggests
that, in addition to common global mechanisms,
the disease's immune signature is strongly influ-
enced by region-specific factors that may act via
the gut-brain axis. To monitor disease activity
and progression in Iraqi and similar Middle

Eastern populations, these easily measurable bi-
omarkers (IL-6, TNF-a, IgA, and IgG) may be
especially useful. This highlights the need for
regionally specific biomarker research and treat-
ment approaches.
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