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Summary

Background: Multiple sclerosis (MS) is one of the most
common demyelinating diseases of the central nervous sys-
tem. We aimed to investigate serum and cerebrospinal fluid
levels of different laboratory inflammatory biomarkers in
patients with MS.

Methods: A total of 120 subjects participated in the study,
60 of whom were diagnosed with MS, 30 with the final
diagnosis of non-inflammatory diseases of the central nerv-
ous system (CNS), and 30 healthy subjects representing
the control group. Regarding the progression of radiologi-
cal findings after 2 years from the initial diagnosis, the MS
group was divided into stationary radiological findings
(n=30) and radiologically proven disease progression
(n=30). In all patients, we analyzed levels of laboratory
inflammatory biomarkers: C reactive protein (CRP),
Neutrophil-to-lymphocyte ratio (NLR), Growth differentia-
tion factor 15 (GDF15) in serum samples, and neurofila-
ments (NFs) in cerebrospinal fluid (CSF). NFs and GDF15
were analyzed initially, while CRP and NLR values were
analyzed initially and after two years.

Results: We found statistically lower GDF15 values and ini-
tial CRP values in the MS group regarding the group with
non-inflammatory diseases of the CNS (p<0.0001). On
the other side, we determined a significant elevation of lab-
oratory markers CRP and NLR, initially and after a two-year
period, in the MS subgroup with the progression of mag-
netic resonance imaging (MRI) findings (p<0.0001 and
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Kratak sadrzaj

Uvod: Multipla skleroza je jedna od naj¢escih demijelinizu-
jucih bolesti centralnog nervnog sistema. Cilj rada je bio
da se ispitaju vrednosti razli¢itih laboratorijskih inflama-
tornih biomarkera u serumu i cerebrospinalnoj te¢nosti
kod pacijenata sa multiplom sklerozom (MS).

Metode: U istraZivanju je uestvovalo ukupno 120 ispita-
nika, od kojih je 60 sa dijagnozom MS, 30 sa konaénom
dijagnozom neinflamatornih bolesti centralnog nervnog
sistema (CNS) i 30 zdravih ispitanika koji su ¢inili kontrol-
nu grupu. U pogledu progresije radioloskih nalaza nakon
2 godine od inicijalne dijagnoze, MS grupa je podeljena u
podgrupe: sa stacionarnim radioloskim nalazom (n=30) i
sa radioloski dokazanom progresijom bolesti (n=30). Kod
svih pacijenata smo analizirali vrednosti laboratorijskih
inflamatornih biomarkera: C reaktivni protein (CRP), NLR
(odnos neutrofila i limfocita), faktor diferencijacije rasta 15
(GDF15) u uzorcima seruma i neurofilamenti (NFs) iz
cerebrospinalne te¢nosti (CSF). Vrednosti NFs i GDF15 su
analizirane inicijalno, dok su vrednosti CRP i NLR analizi-
rane inicijalno i nakon dve godine.

Rezultati: Rezultati studije ukazuju na statisti¢ki nize vred-
nosti GDF15 i vrednosti CRP inicijalno merenog u grupi sa
MS u odnosu na grupu sa neinflamatornim oboljenjima
CNS (p<0.0001). Sa druge strane, utvrdili smo signifi-
kantno vise vrednosti CRP i NLR, inicijalno i nakon dvogo-
didnjeg perioda, u MS podgrupi sa progresijom MRI nalaza
(p<0.0001 i p=0,050, respektivno). Takode smo utvrdili
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p=0.050, respectively). Also, we found a positive correla-
tion between CRP and NFs (r=0.243, p=0.04), as well as
a positive correlation between CRP and GDF15 in patients
with MS (r=0.769, p<0.0001).

Conclusions: We found a significant elevation of laboratory
markers of systemic inflammation, CRP and NLR in MS
patients who developed disease progression based on MRI
findings. There is a need for further studies to validate cur-
rent parameters to be considered as useful markers of MS
activity and disability.

Keywords: multiple sclerosis, neutrophil-to-lymphocyte
ratio, C reactive protein, neurofilaments, growth differenti-
ation factor 15

Introduction

Multiple sclerosis (MS) is one of the most com-
mon demyelinating diseases of the central nervous
system (CNS). MS is a chronic, neuroinflammatory,
neurodegenerative disease characterized by focal
demyelinated lesions of the spinal cord and brain (1).
About 2.3 million people suffer from MS in the world
— the highest incidence of this disease is present in
North America (140 new cases per 100,000 inha-
bitants) and in Europe (108 new cases per 100,000
inhabitants) (2, 3), while in Serbia the incidence rate
is estimated to 65 new cases per 100.000 inhabitants
(4).

Multiple sclerosis is most often diagnosed in
relatively young people, principally in women — the
incidence is highest in the age group of 25-35 years
(5). Depending on the severity of the clinical findings
and the progression of the disease, nerve
degeneration in MS can lead to a significant degree
of disability (6) and represents a significant health
problem in the most developed countries of the world

(7).

The disease has a complex and still insufficiently
known etiopathogenesis. It is known that the onset of
MS is conditioned by an autoimmune reaction
directed against the cells of the myelin sheath of the
axon of neurons. However, genetic factors and
infections caused by certain microorganisms also
significantly initiate the disease (8, 9).

In this regard, numerous studies (10, 11) have
devoted attention to identifying new and improving
existing diagnostic tools and parameters that could
more accurately indicate the severity and prognosis of
the disease. Significant progress has been made in
MRI technology, which has become the backbone of
MS diagnostics and today enables monitoring of the
disease in its earliest stages (10). Cerebrospinal fluid
analysis still represents the gold standard in
presenting immunological and biochemical events in
the CNS during the disease. For this reason, many
studies aimed to enable the data obtained from the
cerebrospinal fluid analysis to provide the best
possible insight into the etiopathogenesis of MS and

pozitivnu korelaciju CRP i NFs (r=0,243, p=0,04), kao i
pozitivnu korelaciju CRP i GDF15 kod pacijenata sa MS
(r=0,769, p<0.0001).

Zaklju¢ak: Kod pacijenata sa dijagnozom MS kod kojih je
doslo do progresije bolesti na osnovu nalaza MRI uocava
se znacajno povecanje laboratorijskih markera sistemske
inflamacije, CRP i NLR. Postoji potreba za daljim ispitiva-
njima kako bi se navedeni parametri potvrdili korisnim
markerima aktivnosti i progresije obolelih od multiple skle-
roze.

Kljuéne reéi: multipla skleroza, odnos neutrofila i lim-
focita, C reaktivni protein, neurofilamenti, faktor diferen-
cijacije rasta 15

expand the range of relevant parameters for
diagnosing this disease.

Today, it is known that MS is an autoimmune
disease (12) that occurs in genetically predisposed
individuals, although the pathogenic pathways lead-
ing to MS are not well understood. In general, the
pathophysiological mechanisms of MS are multifacto-
rial; first of all, genetic and environmental factors play
an essential role in disease pathogenesis (8).

CNS inflammation is the main factor of MS dis-
ease pathogenesis (9). Cellular elements of innate
and adaptive immunity (macrophages, T and B lym-
phocytes) are responsible for the inflammatory
processes. One of the leading causes of inflammation
is the interaction between those cells, mainly by pro-
ducing many different inflammatory and anti-inflam-
matory cytokines, which have a potential role in
myelin sheath and axon damage processes (1). Self-
reactive T cells specific for myelin proteins are the
major mediators in this process, initiating an inflam-
matory cascade that leads to demyelination (13). In
patients with MS, activated T-cells in the peripheral
blood, together with the majority of adhesive mole-
cules, lead to blood-brain barrier damage, and they
can trigger a central immune response, which leads
to the initiation of demyelination (14).

Neutrophils have a key role in the innate
immune response through the secretion of proinflam-
matory mediators, releasing of lytic enzymes, activa-
tion of antigen-presenting and T cells, as well as
pathogen clearance by phagocytosis (15, 16).
Therefore, the increase in neutrophile count can be
related to the occurrence and severity of inflamma-
tion. The function of neutrophils that can contribute
to the development of CNS autoimmunity is still
unknown. The neutrophil-to-lymphocyte ratio (NLR)
in peripheral blood has been proposed as a potential
systemic inflammatory marker in several diseases,
given that NLR represents the balance between neu-
trophil and lymphocyte levels (17, 18).

Growth differentiation factor 15 (GDF15) is a
member of the transforming growth factor super-
family, and it is secreted by cells as a response to var-
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ious stressors. The receptors for GDF15 are
expressed in the brain, where its activation results in
a wide range of responses. Chronic aberrant immune
responses against self-antigens are characteristic of
autoimmune diseases that result in immune cells
turning against host tissues. In certain autoimmune
diseases, high values of GDF15 are observed, which
favors the induction of GDF15 in inflammatory con-
ditions. Still, MS GDF15 was only elevated in a small
subset of patients characterized by a stable course of
disease with no relapse (19).

Neurofilaments (NFs) are the main components
of the axonal cytoskeleton and today are considered
responsible for nerve structural support and velocity
conduction in myelinated fibers (20). Given that dur-
ing axon damage NFs are released into the extracel-
lular fluid, more attention is focused on measuring
the concentration of NFs in body fluids, primarily in
CSE where it can be a valuable biomarker of neuroin-
flammation. Neurofilaments consist of heavy (NF-H),
medium (NF-M), and light (NF-L) chains, and their
detection in CSF and blood samples has been the
subject of interest in several neurological diseases
(21). In patients with MS, NFs were examined for the
established diagnosis and biomarker of disease activ-
ity and response to medication.

Concerning the above and because the
etiopathogenesis of multiple sclerosis is based on low-
grade inflammation, there is a need to determine
individual parameters of inflammation on the one
hand and their joint influence on the course and
prognosis of the disease. Also, bearing in mind that
the laboratory diagnosis is insufficient in terms of the
diagnosis of this disease, it is necessary to make an
effort to obtain crucial information based on the
existing laboratory parameters.

Aim
In this study, we aimed to investigate levels of
different laboratory inflammatory biomarkers such as

CRP, NLR, and GDF15 in serum samples and levels of
NFs in CSF in patients with MS.

Materials and Methods

This retrospective study was performed at the
University Clinical Center of Vojvodina after access to
the medical documents and approvals of the Ethics
Committee of this institution.

The retrospective study included a total of 120
patients hospitalized in the period from 2019 to 2021
at the Clinic for Neurology of the University Clinical
Center of Vojvodina. The patients were divided into
three groups. The first group consisted of patients
diagnosed with MS (n=60), the second group con-
sisted of patients suffering from non-inflammatory

diseases of the CNS (n=30), and the control group
consisted of 30 healthy subjects. MS patients were
divided into two subgroups regarding the progression
of radiological findings 2 years from the initial diag-
nosis of MS, into a group of patients (h=30) with sta-
tionary findings and a group of patients (n=30) with
radiologically proven disease progression. A progres-
sion was defined as the occurrence of a new demyeli-
nating lesion detected by using MRI. The MS diagno-
sis was confirmed according to the revised 2017
McDonald criteria (22). All patients were admitted to
the hospital with the first symptoms, or the first attack
of MS. Disease severity was determined at the time of
blood collection by using the Expanded Disability
Status Scale (EDSS). All MS patients were EDSS<5.
Regarding the medications, all MS patients were on
interferon therapy protocol.

To avoid confounding factors, patients with
acute infections, active or chronic inflammatory dis-
eases, other autoimmune diseases, other neurologi-
cal diseases, and a history of malignancy are exclud-
ed from the study.

MRI

In performing brain MRI, a standard protocol
was considered and followed (23). Lesions were
defined as active if contrast enhancement was noted
on a T1-weighted sequence following an injection of
a single dose of gadolinium-based contrast material.

Laboratory parameters

Blood samples were collected after 12 hours of
fasting, and blood samples were collected from the
participants and stored at -80 °C for further analysis.
The venipuncture procedure was carried out accord-
ing to standardized protocol and references (24).

The lumbar puncture procedure was performed
in accordance with the description in the relevant lit-
erature, adhering to antisepsis measures (25).

Hematological parameters (neutrophils, lym-
phocytes, and NLR) were evaluated by drawing
venous blood samples into tubes containing dipotas-
sium EDTA as an anticoagulant. Complete blood
count was analyzed on the hematology counter
Sysmex XN100 using commercial reagents, accord-
ing to the manufacturer’s recommendations (Sysmex,
XN1000, Germany, Europe). Commercial control
materials were used for quality control protocol.

The value of NLR was calculated as the ratio
between neutrophils and lymphocytes (26, 27). The
level of CRP was determined by standard biochemical
method on a biochemical analyzer Abbott Architect ¢
8000 (Abbott Park, lllinois, USA) by immunoturbidi-
metric method. The reference range for CRP in adults
is <10 mg/L. Commercial control materials were
used for quality control protocol.
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In MS patients, CRP and NLR were determined
at the admission to the hospital as well as after 2
years of diagnosis.

The level of NFs in cerebrospinal fluid was deter-
mined by the ELISA method using the Neuro-
philament (pNf-H) ELISA test (Euroimmun, L beck,
Germany) at automated Euroimmun Analyzer [-2P
According to the manufacturer’s recommendation,
control materials were used (Control 1 and Control
2). Intra and inter-assay coefficients of variability
(CV%) were <5 and <12, respectively. The measur-
ing range was 0.6-11.5 ng/mL, with a detection limit
of 0.027 ng/mL. Expected values for CSF samples
are negative < 0.69 ng/mL, borderline <0.69 to
<1.52 ng/mL, and positive 1.52 ng/mL. Hemolytic,
lipaemic, and icteric serum samples showed no influ-
ence on the result up to a concentration of 10
mg/mL hemoglobin, 20 mg/mL triglycerides, and
0.4 mg/mL bilirubin in this ELISA assay.

The level of GDF15 in serum was determined by
ELISA method using the Quantikine Elisa Human
GDF-15 Immunoassay, research use only (Bio-
Techne, Abingdon, United Kingdom) on ELISA
Reader. Intra and inter-assay coefficients of variability
(CV%) were <3 and <6, respectively. The measuring
range was 337-1060 pg/mL, with a 2 pg/mL detec-
tion limit. This assay is designed to eliminate interfer-
ence by other factors present in biological samples.
Until all factors have been tested in Quantikine
Immunoassay, the possibility of interference cannot
be excluded.

Statistical analysis

Complete statistical analysis was done using the
Data Analysis Excel (Microsoft Corp, Redmond, WA)
statistical software and MedCalc® Statistical Software
version 20.217 (MedCalc Software Ltd, Ostend). The
Student’s t-test was used to compare the two inde-
pendent groups according to their distribution state.
To examine statistically significant differences, 2 levels
of measurement were applied — multivariate and uni-
variate analysis of variance for repeated measure-

ments (MANOVA and ANOVA). Pearson correlation
was used to determine the relationship between con-
tinuous variables. The statistical significance level was
determined as 0.05. Tables and graphs display the
results.

Results

In the current study, we examined 60 patients
with definite MS diagnoses. About 60% (n=36) of the
cases were female, and the rest, 40% (n=24), were
male, and their age ranged from 18 to 55 years with
a mean age (=SD) of 38.58 (£10.38). All patients
were further divided into two subgroups regarding the
progression of radiological findings after 2 years from
the diagnosis of MS.

All groups were age and gender-matched.

As well as in the healthy control group, CRP val-
ues in the MS group were within the reference range.
We found statistically lower CRP values in the MS
group regarding the group with non-inflammatory
diseases of the CNS (p<0.0001; Table /).

However, NLR values were significantly higher in
both MS and the non-inflammatory disease group
than in the healthy control group (p<0.0001; Table
1).

The levels of NFs in CSF were lower in the MS
group regarding the group with non-inflammatory
diseases of the CNS but without statistical signifi-
cance (p=0.83; Table I).

Results of our study indicate that the values of
GDF15 were statistically lower in the MS group
regarding the group with non-inflammatory diseases
of the CNS (p<0.0001; Table I).

As we divided the MS group into whether they
have or have not developed MRI signs of progression
of the disease during a period of two years, we exam-
ined CRP and NLR values. According to the results of
this study, initial as well as CRP values after two years
were statistically lower in the MS subgroup with sta-
tionary MRI findings in regards to the MS subgroup

Table | The level of the investigated biomarkers in serum and CSF.

MS group Group with non-inflammatory Healthy control group
(n=60) diseases of the CNS (n=30) (n=30) p-value
sCRP 0.80 (0.52-1.00) 6.90 (1.31-18.53) 1.60 (1.00-2.50) *0.000
sNLR 2.12 (1.76-2.66) 2.23 (1.57-3.62) 1.24 (0.97-1.46) 120.000
cNFs 0.13 (0.02-0.18) 0.15 (0.11-0.21) NA 0.830
sGDF15 143 (122-178)! 300 (210-368) NA 0.000

NA: not applicable; sCRP — C reactive protein in serum; sNLR — Neutrophil-to-lymphocyte ratio in serum; cNFs — Neurofilaments in
cerebrospinal fluid; GDF15- Growth differentiation factor 15 in serum; !significant MS group regard to healthy control; *significant
MS group regard to group with non-inflammatory diseases; ? significant healthy control group with regard to the group with non-

inflammatory diseases
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Table Il The level of serum CRP and serum NLR in the MS group.

MS subgroup with stationary MS subgroup with the progression
MRI findings (n=30) of MRI findings (n=30) p-value
sCRP 0.10 (0.10-0.10) 0.95 (0.57-1.95) 0.042
sCRP after 2 years 0.10 (0.10-0.10) 4.25 (3.00-6.00) 0.000
sNLR 1.71 (1.34-2.53) 2.93 (2.02-3.15) 0.021
sNLR after 2 years 1.77 (1.62-1.94) 3.86 (2.74-4.83) 0.000
sCRP - C reactive protein in serum; sNLR — Neutrophil-to-lymphocyte ratio in serum
Table Il The level of investigated biomarkers in serum and CSF in the MS group.
MS group with stationary MS group with progression
MRI findings (n=30) of MRI findings (n=30) p-value
cNFs 0.20 (0.11-1.29) 0.30 (0.27-1.42) 0.820
sGDF15 183 (25-760) 172 (46-460) 0.782

NFs — neurofilaments in cerebrospinal fluid; GDF-15 — Growth differentiation factor 15 in serum

Table IV Linear correlation analysis between baseline CRP,
neurofilaments, and GDF15 in patients with MS.

n=60 CRP
R p
NFs
0.760 0.000
GDF15 0.243 0.040

CRP — C reactive protein; NFs — neurofilaments; GDF15 —
Growth differentiation factor 15

with new radiological findings (p=0.042 and
p<0.0001, respectively; Table II). Similar results were
observed for NLR values (p=0.021 and p<0.0001,
respectively; Table I).

During two years, the CRP and NLR values did
not significantly differ in the first MS subgroup
(p<0.0001 and p=0.905, respectively). On the other
side, we determined a significant elevation of both
laboratory markers, CRP and NLR, in the MS sub-
group with the progression of MRI findings
(p<0.0001 and p=0.050, respectively).

Results of our study indicate that values of neu-
rofilaments are higher in the group of MS patients
with new radiological findings in regards to the group
with stationary MRI findings but without statistical sig-
nificance (p=0.820; Table Ill). Also, the GDF15 val-
ues were higher in the MS group of patients with sta-
tionary MRI findings than those with new radiological
findings but without statistical significance (p=0.782;
Table II1).

The results of our study indicate the presence of
a positive correlation between CRP and neurofila-
ments, as well as a positive correlation between CRP
and GDF15 in patients with MS (Table IV).

Discussion

Systemic inflammation can be the leading cause
of neurodegeneration and can play an essential role
in the pathogenesis of MS. The crucial pathophysio-
logical mechanism for disease onset is producing
proinflammatory cytokines and activating innate and
adaptive immune cells, leading to an inflammatory
response within the CNS (26).

Our study’s results indicate that CRP values in
the MS group are within the reference range. Still, the
NLR values on the first time of measuring are statisti-
cally higher in the MS group regarding healthy con-
trol. Similar results were found in other studies (26,
27). Hasselbalch’s and Demirci’s studies found
increased systemic inflammation parameters, as
measured by NLR in MS patients compared to con-
trols. Elevated NLR can indicate hematopoietic dis-
proportions toward increased myeloid innate immune
system cell production regarding the dysregulated
adaptive immune system.

For a more detailed analysis of the most fre-
quently applied laboratory parameters of systemic
inflammation (CRP and NLR), we divided the group
of patients with multiple sclerosis into two subgroups,
depending on clear signs of disease progression,
determined by MRI. CRP and NLR values were statis-
tically lower in the first subgroup of patients and did
not change significantly after two years. However, the
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values of these two parameters significantly increased
in the subgroup of patients with multiple sclerosis in
whom MRI signs of progression were detected.
Similar to our findings, higher NLR during relapse of
the disease was reported in the Naegele et al. (28)
study, which can be explained by high values of neu-
trophils in the inflammation associated with the
relapse of the disease.

Our study’s results indicate no statistical signifi-
cance in the NF values in the MS group regarding the
group with non-inflammatory diseases of the CNS.
Certain studies indicate elevated values of neurofila-
ments in various non-inflammatory neurological dis-
eases (29). Results from another study suggested that
NF levels could be elevated during all stages of MS,
suggesting that NFs are associated with various
pathological processes involved in MS, reflecting dis-
ease activity and progression (30). According to our
results, NF values were slightly higher in the MS
group with new radiological findings in the group with
patients with stationary MRI findings. In several stud-
ies, elevated values of NFs in patients with first attack
of MS were a predictor of future relapses (31, 32).
Also, some other studies suggested that NFs have
predictive value for future MRI brain atrophy (33, 34).
It is important to know that NF-L and NF-H levels do
not always correlate directly. That can be explained
due to differences in protein stability and sensitivity of
different assays. It is thought that NF-L assay is asso-
ciated with the initial inflammatory stage of MS, as it
detects early acute and correlates weaker with disabil-
ity progression.

On the other hand, the NF-H assay is consid-
ered a marker of neurodegeneration since it highly
corresponds with the axonal damage during disease
progression (35). Our study examined levels of NF-H,
and the results agree with other studies (36, 37). We
also found an increased value of NF levels in patients
with new lesions detected by MRI.

Serum GDF15 values under physiological condi-
tions are low. In states of various tissue damage, there
is an increased expression of these factors. Certain
studies have shown that elevated serum values of
GDF15 may indicate subclinical CNS tissue damage
in MS patients. Firstly, compared to the group with
non-inflammatory diseases, the GDF15 levels were
statistically lower in the MS patients. Also, in this
study, GDF15 values were statistically higher in the
MS group with stationary MRI findings versus the
group with patients with new radiological findings.
That result is following Amstad et al. study (19). In-
creased GDF15 concentrations may reflect an endo-
genous anti-inflammatory mechanism in patients with
stable disease. Also, we found a positive correlation
between CRP and GDF15 in patients with MS, which
favors the existence of the inflammatory process.

Systemic inflammation can be the leading cause
of neurodegeneration and can play an important role
in the pathogenesis of MS. The most important
pathophysiological mechanism for the onset of dis-
ease is producing proinflammatory cytokines and
activating innate and adaptive immune cells, leading
to an inflammatory response within the CNS (37).
Considering the facts above, inflammatory markers
can be used as markers of MS activity and disability.
Numerous studies have linked different laboratory
inflammatory biomarkers in serum and cerebrospinal
fluid in recent years with MS disease prognosis and
patient activity. Additionally, this will allow for larger
studies to determine and validate cut-off values of
inflammatory biomarkers and find new accurate,
accessible, validated, and minimally invasive prognos-
tic and diagnostic biomarkers to closely monitor dis-
ease activity, disability progression, and therapeutic
response. Further studies with larger cohorts are
needed to validate current and new biomarkers to
become solid enough to be incorporated into diag-
nostic criteria and become widespread enough to
become part of routine algorithms in diagnosing MS.

Limitations

The present study has some limitations, many of
which are related to the retrospective design and
small sample size. The results build on simple data
from routine laboratory tests and, therefore, may be
biased toward the availability of specific laboratory
data.

Conclusion

According to the study results, elevation of lab-
oratory markers of systemic inflammation, CRP and
NLR in MS were found in patients who developed dis-
ease progression based on MRI findings. There is a
need for additional studies to indicate current param-
eters as valuable markers of MS activity and disease
progression.
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