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Abstract

The central nervous system is affected by Multiple Sclerosis (MS), a progressive, autoimmune, and
inflammatory disease. Many physicians believe that MS is a terminal disease because it can only be
treated by reducing the number of relapses and slowing the rate of physical and mental decline. About 4
million people are living with MS today, and the disease results from an acute inflammatory response
to the breakdown of the barrier between the blood and the brain.

The research was carried out in a specialized unit in Baghdad, at Dr. Saad Al-Watri Hospital for
Neurosciences/ Baghdad (Neurological Diseases Unit) and in private clinics located in Baghdad
Governorate during the period from 11/15/2024 to 4/15/2025, with an age range of participants
between (30 years and 60 years); there were (30) samples from patients with multiple sclerosis, (20)
male patients and (10) female patients; (30) samples will be taken from the control group (healthy) at
the same range of ages; there will be (25) healthy males and (5) healthy females that have been free of
all diseases. The blood samples were obtained by venipuncture (blood drawn through your arm) after
disinfecting the area with a needle; each sample drawn will be a 5cc syringe. The syringe is
(disposable) and will be discarded (immediately after use). Blood from each animal was collected in
tubes containing a gelatinous material to allow both the clotted and serum portion of the blood to
separate after being centrifuged at (3500 x G) for ten minutes. After centrifugation, the serum was
removed and placed in dry plastic vials before being stored at 4°C until needed for the measurements
carried out as part of the research bioassay (CCI2, CXCL10, PAF, P-Selectin, IL-6, and IL-12). When
the separate male and female groups were compared, males exhibited statistically significant
differences from females via a probability level of p<0.05.
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Introduction

Multiple Sclerosis (MS) is an inflammatory disease of the Central Nervous System (CNS)
resulting from chronic inflammation that impairs the autoimmune system [, The hallmark
symptoms of MS are inflammation and neurodegeneration, which occur together throughout
the disease course . Multiple sclerosis is characterized by demyelinating white matter
lesions and neurodegeneration, and the disease usually presents with periods of clinical
stability interspersed with acute relapses such as autoimmune encephalomyelitis. The ability
to reduce clinical symptoms of brain lesions is a crucial factor influencing the course of the
disease [¥I. Multiple sclerosis is considered an incurable disease, and its treatment depends
primarily on reducing relapses and slowing the process of motor and mental deterioration I,
The incidence of multiple sclerosis may be somewhat hereditary, as immediate family
members are more susceptible to this disease. Polymorphisms in the genes of some cytokines
have been identified in the incidence of this disease, such as some types of interleukins IL-2,
IL-6, and IL-13, as distinctive signs of multiple sclerosis [ 1. In addition, the role played by
B cells in the pathophysiology of multiple sclerosis has led to a shift from treatments that
focus on T cells only, as well as the introduction of antibodies in the treatment of multiple
sclerosis /1. Biomarkers that reflect different aspects of the pathophysiology of the disease
may be more accurate in characterizing individuals who develop this disease, because factors
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promoting  chronic  inflammation in MS are
compartmentalized by the central nervous system within
active lesions and are present diffusely within the meninges,
choroid plexus, and follicles of the ectopic lymph nodes &,
Inflammatory  cytokines play a key role in the
pathophysiology of MS by promoting blood-brain barrier
(BBB) damage, activating the neuroinflammatory cascade in
the CNS, and migration of innate and adaptive immune cells
1 Peripheral and CNS-resident immune cells release
cytokines, which interact with a large number of receptors
expressed by various cell types, such as infiltrating
lymphocytes, microglia, astrocytes, as well as neurons 1% 1,
The organization of the complex functions of these
molecules under these physiological conditions is regulated
by basic regulatory principles, as these molecules form
complex networks that work on the same cytokine, and they
can perform multiple activities that depend on the state of
the inflammatory environment [*21,

Immune cells are activated by pro-inflammatory cytokines
in the central nervous system, leading to demyelination,
glial scarring, and axonal lesions of the affected parts.
because the regulation of the immune response is done by
the infiltration of cells into the central nervous system,
which is done through chemokines and their receptors,
which play an effective role between the natural internal
balance, autoimmunity and inflammation, because
chemokines and their receptors are effective therapeutic
targets for multiple sclerosis 1221,

Chemokines play an important role in inflammation, cell
development and migration during immune surveillance,
which are secreted by activated T lymphocytes and regulate
the accumulation and migration of monocytes to damaged
areas of the nervous system and promote their
differentiation, thus maintaining the immune response
process in the body [+ 151, CCL2 is a potent chemokine for
the recruitment of macrophages, monocytes, and T
lymphocytes to the CNS and is produced by endothelial
cells, macrophages, and microglia 1. Furthermore, CCL2
influx is mediated by ABC transporters of astrocytes, thus
promoting the migration of immune cells across brain
endothelial  cells, which are involved in the
neuroinflammatory process 1. CXCL10 is one of the
chemokines that has been used in flow cytometry to
determine the immune phenotype of multiple sclerosis
cases. CXCL10 is secreted from a variety of cells, such as
leukocytes, activated neutrophils, eosinophils, epithelial
cells, endothelial cells, and stromal cells €1,

Platelet activating factor (PAF) is a lipid molecule secreted
by a number of cells including immune and endothelial
cells. It is also a potent pro-inflammatory mediator and
mediates a variety of chronic diseases, including some types
of cancer, cerebrovascular disorders, and diseases of the
central nervous system 1% 20, Platelet-activating factor has
the ability to exert physiological pathological actions at low
concentrations of up to 10-12 times, because it acts as a
primary messenger between cells 211, Through the increased
concentration of chemokines and interleukins, the research
aimed to investigate the role of adhesion molecules and
chemokines as factors accompanying immune and chemical
changes in Iraqi multiple sclerosis patients.

https://www.chemistryjournals.net

Collection of specimens

A total of thirty samples were collected from individuals
suffering from multiple sclerosis. This sample consisted of
twenty males and ten females. Thirty additional samples
were also collected from a control group of healthy
individuals within the same age bracket as those suffering
from multiple sclerosis. The healthy sample consisted of
twenty-five males and five females who have been
determined to be free from any disease.

A sample of whole blood was collected from a peripheral
vein. The site of collection was sterilized prior to collecting
the blood. Blood was collected into a disposable 5ml syringe
(the syringes were immediately disposed of after use). The
collected blood was placed in a tube containing a gelatinous
substance so that, when subjected to centrifugation for 10
minutes at a speed of 3500 RCF, the serum could be
separated from the coagulated portion of the blood. Serum
was then removed from the tubes and transferred to sterile,
dry plastic tubes for storage until later analysis (4°C). The
bioassays performed on the blood samples analyzed in this
study were: CCL2, CXCL10, PAF, P-Selectin, IL-6, and IL-
12. The results were statistically different for males and
females in both groups (p<0.05).
Estimation of chemokines and interleukins in the
samples under study

The immune parameters (CCI2, CXCI10, PAF, P-Selectin,
IL-6, IL-12) were measured in patients and healthy controls
using the enzyme-linked immunosorbent assay (ELISA)
according to the manufacturers' recommendations. The
assay was performed with a 96-well adsorption plate coated
with antibodies to (CCI2, CXCI10, PAF, P-Selectin, IL-6,
and IL-12). Antigens from the serum of patients and healthy
controls were captured onto the wells by the presence of the
captured antibodies and the enzyme conjugated to the
detecting antibodies. This creates a noncompetative
complex between the antigens and antibodies (a "sandwich"
type complex). During the incubation period, an immune-
complex aggregation occurs in the titration tubes due to the
high-affinity binding of the biotionylated antibody to
streptavidin. After equilibrium and binding have occurred,
the separated antibody fragments are washed free from
unbound antigens. The enzyme activity in the bound
antibody fragments is proportional to the concentration of
the antigens as the enzyme activity is facilitated by
horseradish peroxidase (HRP). Following addition, the wells
will turn blue, then after adding the stopping solution, they
will turn yellow. The OD will be measured at (450) nm.
Each sample will be run in replicate, as an additional means
of ensuring that there is accurate results.

Statistical Evaluation

The results of the study were evaluated using the Statistical
Package for the Social Sciences (SPSS) statistical analysis
program and using a completely randomized desigh (CRD)
method. The t-test was used to analyze the variance between
the study groups at a probability level of (p<0.05).

Results

e Estimation of the concentration of chemokines,
interleukins, and biochemical variables of the samples
under examination
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Table 1: Shows the mean = standard deviation of the chemokines, interleukins, and biochemical variables of the samples under examination

Mean + SD
Groups \ Parameter Control No=30 MS No=30 P-Value
CCI2 (pg/ml) 1.36+£0.97 10. 66 + 12.02 P<0.05
CXCI10 (pg/ml) 8.36 +4.12 60.16 £92.11 P<0.05
PAF (ng/ml) 15.16 £13.01 15.41 £35.16 P<0.05
P-Selectin (ng/ml) 4.58 + 2.62 16.13+5.11 P<0.05
I1L-6 (pg/ml) 5.01+0.24 14.07 £ 0.43 P<0.05
1L-12 (pg/ml) 167.04 +29.85 476.02 + 66.18 P<0.05

Table 1 showed a significant increase in the level of CCI2
concentration in the blood serum of the group of patients
with multiple sclerosis (10.66+12.02) pg/ml compared to the
control group (1.36+0.97) pg/ml, at a probability level of
p<0.05, as in the following figures:
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Mean of CCI2 pg/ml

Control
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Fig 1: CCI2 concentration in the two groups under study

Table (1) showed a significant increase in the level of
CXCI10 concentration in the blood serum of the group of
patients with multiple sclerosis (60.16#92.11) pg/ml
compared to the control group (8.36#4.12) pg/ml, at a
probability level of p<0.05, as in the following figures:
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Fig 2: CXCI10 concentration in the two groups under study

Table (1) showed a significant increase in the level of PAF
concentration in the blood serum of the group of patients
with multiple sclerosis (35.16#15.41) ng/ml compared to the
control group (15.16#13.01) ng/ml, at a probability level of
p<0.05, as in the following figures:

~10~

Mean of PAF ng/ml

Control

Fig 3: PAF concentration in the two groups under study

Table (1) showed a significant increase in the level of P-
Selectin concentration in the blood serum of the group of
patients with multiple sclerosis (16.13+£5.11) ng/ml
compared to the control group (4.58+2.62) ng/ml, at a
probability level of P<0.05, as in the following figures:

Mean of PAF ng/ml

Fig 4: P-Selectin concentration in the two groups under study

Table (1) showed a significant increase in the level of IL-6
concentration in the blood serum of the group of patients
with multiple sclerosis (14.07+0.43) pg/ml compared to the
control group (5.01+0.24) pg/ml, at a probability level of
p<0.05, as in the following figures:
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Fig 5: IL-6 concentration in the two groups under study

Table 1 showed a significant increase in the level of IL-12
concentration in the blood serum of the group of patients
with multiple sclerosis (476.02+66.18) pg/ml compared to
the control group (167.04+29.85) pg/ml, at a probability
level of P<0.05, as in the following figures:
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Figure 6. IL-12 concentration in the two groups under study
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ROC curve calculation -

The ROC curve was calculated for chemokines and other
biochemical variables for patients with multiple sclerosis, as
shown in Table 2.

Table 2: Shows the area under the curve, specificity, and
sensitivity values for chemokines and biochemical variables for the

samples
Cut |Sensitivity | Specificit P-
ParametersAUC off % ty|Sp % yAccuracy value
CCL2 [1.000f >2.9 | 100.00 100.00 1.000 |<0.001
CXCI10 [1.000 >2.9 | 100.00 100.00 1.000 [<0.001
PAF  [1.000>16.56] 100.00 100.00 1.000 [<0.001
P-Selectin [1.000/ >7.45| 100.00 100.00 1.000 |<0.001
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The results of chemokine (CCL2) showed that the value of
the area under the curve (AUC) was (1), the (Cut off) was
(>2.9), the sensitivity ratio was (100), while the specificity
ratio was (100), and the accuracy reached (1) at a
probability level of (<0.001), as in Figure (7).
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Fig 7: ROC CCL2 concentration in the two groups under study

The results of the chemokine (CXCI10) showed that the area
under the curve (AUC) value was (1), the (Cut off) was
(>2.9), the sensitivity ratio was (100), while the specificity
ratio was (100), and the accuracy reached (1) at a
probability level of (<0.001), as in Figure (8).
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Fig 8: ROC CXCL10 concentration in the two groups under study

The results of (PAF) showed that the value of the area under
the curve (AUC) was (1), the (Cut off) was (>16.56), the
sensitivity ratio was (100), while the specificity ratio was
(100), and the accuracy reached (1) at a probability level of
(<0.001), as in Figure (9).
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Fig 9: ROC PAF concentration in the two groups under study

The results of (P-Selectin) showed that the value of the area
under the curve (AUC) was (1), (Cut off) was (>7.45), the
sensitivity ratio was (100), while the specificity ratio was
(100), and the accuracy reached (1) at a probability level of
(<0.001), as in Figure (10).
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Fig 10: ROC P-Selectin concentration in the two groups under
study

Discussion

The mechanism of development of multiple sclerosis is still
unclear and not well understood, as this disease is linked to
several factors, including viral infections, genetic and
environmental factors, as well as autoimmune inflammation,
which plays a distinct and effective role in the development
of this neurological disease ?2. Through the results we
obtained, a close relationship between chemokines and
multiple sclerosis was demonstrated, The result of increased
CCI2 in the serum of patients with multiple sclerosis was
consistent with the result of (Kurtuncu et al.) 3 as well as
the result of CXCI10 compatibility, which was consistent
with the result of (Comini-Frota et al.) 4. The reason for
the increased level of chemokines is likely due to the
infiltration of lymphocytes, monocytes, and macrophages in
the lesions and plaques affected by multiple sclerosis 231,
When the levels of chemokines (CCI2 and CXCI10) are
high, they are able to infiltrate and continuously cross into

immune cells, in order to attract white blood cells to sites of
infection and inflammation via precise selective receptors
because these chemokines are produced in various tissues of
the body 2627,

Chemokines can play an important and effective role in
activating and stimulating leukocyte adhesion molecules,
which in turn leads to a gradient of chemical concentration
across endothelial cells. They can also increase -cell
adhesion and target migration across the blood-brain barrier
by interacting with leukocytes, which promotes them in the
central nervous system 28 29, Such as autoreactive T cells
that target myelin components, which are considered
triggers of multiple sclerosis, and this step is vital for the
transfer of inflammatory cells to the central nervous system
of multiple sclerosis patients . CCL2 can mediate its
activity by binding to the chemokine receptor CCR2, this
association is essential to elicit the clinical and
histopathological characteristics of autoimmune
encephalomyelitis in patients with multiple sclerosis,
through the infiltration of immune cells through the
activation  of glial  cells during autoimmune
encephalomyelitis [3- 32 331,

The result of the increase in platelet-activating factor (PAF)
was consistent with the result of (Angela Midgley et al.) 34
and the result of (Leonardo et al.) %, while the adhesion
molecule (P-Selectin) was consistent with the result of
(Diego et al.) 8, The results of the increase in both PAF
and P-Selectin Hyperactivity of platelets in MS patients,
regardless of their EDSS score, is indicated because
elevated platelet levels are a developmental risk factor in
MS patients, due to the ability of these platelets to cross the
blood-brain barrier via damaged vascular basal lamina 37 381,
Another role of platelets is the use of P-selectin molecules;
It has been proven that its levels increase in patients with
multiple sclerosis, and these molecules are able to bind to
lymphocytes, which leads to increased attachment of
lymphocytes to the inner lining of the affected tissues [3% 49,
Blood-brain  barrier  disruption and  microvascular
endothelial activation in MS result either, in an unclear way,
from the effects of inflammatory cytokines on astrocytes
and immune cells associated with the neurovascular unit, Or
clearly for the cytokines secreted by myelin-stimulating T
cells, as leaks in the blood-brain barrier lead to increased
infiltration of immune cells 421, In the end, it became clear
to us that the influencing factors are still using different
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immune cell groups under study and research. Although
some junctional proteins have been shown to remodel and
influence migration pathways, often favoring either cell-to-
cell transport or transcellular migration 3 441,

The essential role of platelets in multiple sclerosis is
important and promising, as this role includes the
continuous appearance of platelet abnormalities and the
release of their products in multiple sclerosis patients, in
addition to the presence of those platelet products in post-
mortem multiple lesions. Evidence for this idea comes from
the increased risk of cardiovascular events, including
myocardial infarction, ischemic stroke, and thrombosis in
MS patients, which is intrinsically linked to an abnormal
coagulation cascade because premature platelet infiltration
into CNS tissues causes neurodegeneration, Finally,
targeting platelets to diagnose and treat patients with
multiple sclerosis holds great promise and deserves further
research and study on this topic 15 1,

The result of the increased level of interleukins, which
included IL-6, was consistent with the result of (Omar et al.)
(473 while the result of (IL-12) was consistent with the result
of (Losy J et al.) 8 and (Matusevicius et al.) 9. It is likely
that the reason for the increased level of interleukin-6 is due
to the activation of T cells in the group of patients, which is
directly related to the increased binding of IL-6. because
elevated IL-6 is involved in antibody-mediated
demyelination pathways, it is well known to enhance the
humoral immune response 5%,

Furthermore, IL-6 plays an active role in immune
modulation and demyelinating disorders because it is
considered a pro-inflammatory activity . 1L-6 is the most
important mediator of the immune response in the acute
phase, as it is able to cross the blood-brain barrier and
initiate the synthesis of prostaglandin E2 in the
hypothalamus, which is secreted by T cells to stimulate the
immune response to tissue damage, leading to chronic
inflammation 2, The reason for the increased concentration
of IL-12 is due to the enhancement of the differentiation of
T cells, because IL-12 enhances the migration of these cells
to the central nervous system by increasing the regulation of
adhesion molecules present in it 5%, Studies have shown
that preventing the migration of T cells to the central
nervous system is an effective and successful strategy to

improve demyelination in patients with multiple sclerosis [
55, 56]

Conclusions

Several inflammatory illnesses are closely associated with
problems involving the immune system; these issues can
frequently lead to either the death of adult stem cells, the
myelin formation around axons within the nervous system,
or other levels of damage to neurons. The central nervous
system protects immune cells from damage with several
types of pro-inflammatory cytokines. As a result, damage
occurs through demyelination of axons, scar tissue
formation by glial cells and damage to the axons
themselves. Furthermore, chemokines and their respective
receptors are highly significant in all aspects of
autoimmunity, inflammation and many different biological
processes, including the internal homeostasis that regulates

lymphoid  tissue growth, cellular trafficking, and

importantly, multiple sclerosis.
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