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ABSTRACT
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Introduction: Multiple sclerosis (MS) is the most common,
chronic, inflammatory, demyelinating disease of the central
nervous system. We aimed to evaluate the levels of some
neurobiochemical markers in order to evaluate their predictive
role in MS.

Methods: Fifty-one patients with a diagnosis of MS and 37
healthy subjects were included in the study. The patients
with MS were diagnosed by a skilled neurologist based on
the medical history and physical examination according to
revised McDonald criteria. Neuron-specific enolase (NSE) and
S100B levels were measured by electrochemiluminescence
immunoassay. Glial fibrillary acidic protein (GFAP) and myelin
basic protein (MBP) were measured by quantitive sandwich
enzyme immunoassay technique with a commercially available
ELISA kit.

Results: There was a significant difference in NSE levels
between the patient and the control groups. No significant
difference was determined between the patient and the control
groups in terms of S100B, MBP, and GFAP levels. S100B levels
were positively correlated with Expanded Disability Status scale
scores.

Conclusion: Our findings indicated that NSE levels are
significantly lower in MS patients. However, NSE levels should
not be used alone at discriminating the disease. Multifactorial
evaluation should be done during the diagnosis and follow-up
of MS.
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Amag: Multiple skleroz (MS), merkezi sinir sisteminin en sik
gortlen, kronik, enflamatuvar ve demiyelinizan hastaligidir. Bu
calismada MS'deki prediktif rollerini degerlendirmek icin bazi
norobiyokimyasal belirteclerin seviyelerinin degerlendirilmesi
amaclanmistir.

Yontemler: Calismaya MS tanisi olan 51 hasta ve 37 saglikli
birey dahil edilmistir. MS tanisi, hastalara tibbi oyki ve revize
edilmis McDonald kriterlerine gore yapilan fizik muayene
temelinde uzman bir norolog tarafindan konmustur. Noron
spesifik enolaz ve S100B duzeyleri elektrokemiliminesan
immiinoassay ile olculmustur. Glial fibriller asidik protein
(GFAP) ve miyelin bazik protein (MBP), ticari olarak temin
edilebilen ELISA kiti ile sandvi¢c enzim immin yontem ile
olcilmustir.

Bulgular: Hasta ve kontrol grubu arasinda NSE diizeylerinde
anlamli bir fark bulunmustur. Hasta ve kontrol grubu
arasinda S100B, MBP ve GFAP duzeyleri acgisindan anlamli
fark saptanmamistir. S100B seviyeleri Genisletilmis Oziirluiliik
Durum olcegi skorlari ile pozitif olarak koreleydi.

Sonug: Bulgularimiz NSE diizeylerinin MS hastalarinda anlamli
derecede distk oldugunu gostermistir. Ancak, NSE dizeyleri
hastaligin ayirici tanisinda tek basina kullanilmamalidir. MS'nin
tanisi ve takibinde multifaktoriyel degerlendirme yapilmalidir.

Anahtar Kelimeler: Multiple skleroz, GFAP, MBP, NSE, S100B

Introduction

Multiple sclerosis (MS) is the most common, chronic, inflammatory,
demyelinating disease of the central nervous system (CNS) that usually
appears in young adults (1,2). Autoimmune response to self-antigens
destroys the axons and myelin sheath and causes the formation of
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characteristic plaques of MS in the white matter of CNS (3). Clinical
appearance changes according to the localization of inflammation,
demyelination, axonal, and neuronal loss (2,4). Three major forms for
MS were described: relapsing-remitting MS (RRMS) that there is a period
of recovery after the symptoms, secondary progressive MS (SPMS) that

Received/Gelis Tarihi: 17.06.2019
Accepted/Kabul Tarihi: 21.11.2019

% Phone: +90 537 967 80 85 E-mail: dr_esrafirat@hotmail.com ORCID ID: orcid.org/0000-0002-8147-5379
Cite this article as/Atif: Firat 0guz E, Mungan S, Yilmaz FM, Ercan M, Uysal S. The Predictive Role of

Neurobiochemical Markers in Multiple Sclerosis. istanbul Med ] 2020; 21(1): 23-7.

©Copyright 2020 by the Istanbul Training and Research Hospital/Istanbul Medical Journal published by Galenos Publishing House.
©Telif Hakki 2020 Istanbul Egitim ve Arastirma Hastanesi/Istanbul Tip Dergisi, Galenos Yayinevi tarafindan basilmistir.

23


https://orcid.org/0000-0002-8147-5379
https://orcid.org/0000-0002-6469-5185
https://orcid.org/0000-0002-8252-6975
https://orcid.org/0000-0002-9291-4197
https://orcid.org/0000-0003-2079-3119

istanbul Med | 2020; 21(1): 23-7

irreversible and progressive destruction occurs after the remission, and
primary progressive MS (PPMS) that progressive disability is presented from
disease onset. Also, patients usually present initially with clinically isolated
syndrome (CIS) defined as a first neurological episode and followed by
subacute clinical events, and the symptoms spontaneously remit (2,5).

The destruction of the neuronal tissue of CNS in MS according to the
demyelination and axonal degeneration causes the release of proteins
such as the calcium-binding protein S100B, neuron-specific enolase
(NSE), myelin basic protein (MBP) and glial fibrillary acidic protein (GFAP).
S100B is one of the calcium-binding proteins, usually exists in astroglial
cells. Elevated levels in both serum and cerebrospinal fluid (CSF) can be
detected according to the CNS damage (6). NSE is a glycolytic enzyme,
found in neuron cytoplasms and neuroendocrine cells. It is released by
damaged neurons, and increased levels are found in both serum and
CSF (7). MBP is one of the major proteins of the myelin sheath, and
demyelination causes elevated levels of MBP in serum and CSF (8). GFAP
exists in the glial cells of the CNS and composes the major protein of the
astrocytic cytoskeleton (9).

In the current study, we aimed to evaluate the levels of some
neurobiochemical markers in order to evaluate their predictive role in MS.

Methods

Patients

Fifty-one patients who admitted to Neurology Department of Ankara
Numune Training and Research Hospital with a diagnosis of MS and
37 healthy subjects were included in the study. Informed consent was
obtained from all participants included in the study. The patients with
MS were diagnosed by a skilled neurologist based on the medical history
and physical examination according to revised McDonald criteria (10).
The patients were divided into four groups according to their clinical
presentation as CIS (n=4), RRMS (n=36), SPMS (n=8) and PPMS (n=3).
The disability status was assessed using the Expanded Disability Status
scale (EDSS) score (11). The magnetic resonance imaging (MRI) scans
of patients were recorded, and the lesions were categorized into four
groups according to their location as periventricular, supratentorial,
infratentorial, and spinal.

All study procedures were approved by the Ethics Committee of Ankara
Numune Training and Research Hospital (decision no: 2012/498).

Blood Samples and Measurement

Venous blood samples were collected in vacutainer tubes and centrifuged
at 1300 g for 10 minutes. The sera were separated and stored at -80 °C
until analysis.

NSE and S100B levels were measured by electrochemiluminescence
immunoassay technique in Cobas E601 analyzer (Roche Diagnostics,
Germany). Detection range of NSE assay was 0.050-370 ng/mL. Detection
range of S100B assay was 0.005-39 ng/mL. Intermediate precision of
S100B assay was 2.8%, 2.0% and 2.4% in concentrations of 0.08 ng/mL,
0.24 ng/mL and 2.13 ng/mL respectively. Intermediate precision of NSE
assay was 4.4%, 3.9% and 4.4% in concentrations of 2.58 ng/mL, 9.32 ng/
mL and 88.0 ng/mL.

GFAP was measured by a quantitive sandwich enzyme immunoassay
technique with a commercially available ELISA kit (Uscn Life Science Inc,
PRC). The detection range of the assay was 0.312-20 ng/mL. Intra and
inter-assay precision were <10% and <12% respectively.

MBP was measured by a commercially available ELISA kit (Uscn Life
Science Inc, PRC) using a quantitive sandwich enzyme immunoassay
technique. The detection range of the assay was 15.6-1000 pg/mL. Intra
and inter-assay precision were <10% and <12% respectively.

Statistical Analysis

The findings of this study were analyzed with “Statistical Package for
Social Sciences for Windows” (SPSS version 18) software. The conformity
of continuous variables to normal distribution was tested with the
Kolmogorov-Smirnov test. The descriptive statistics of continuous
variables were expressed as mean + standard deviation with normal
distribution and median (minimum-maximum) with non-normal
distribution. The presence of a statistically significant difference
between the groups in terms of continuous variables was examined
with Student’s t-test for parametric and Mann-Whitney U test for
non-parametric variables. The presence of a correlation between the
groups was searched with Spearman’s rho tests. Chi-square test was
used for comparison of qualitative data. The area under curve (AUQ)
was calculated with a receiver operating characteristic (ROC) analysis for
statistically significant parameters. P<0.05 was considered the threshold
of statistical significance for all tests.

Result

Fifty-one MS patients (38 males, 13 females) and 37 control subjects (25
males, 12 females) were included in the study. The mean age of the
patient group was 36.39149.8 years, and the mean age of the control
group was 40.45212.37 years. No significant difference was found in
terms of age between the patient and the control groups. There was a
significant difference in NSE levels between the patient and the control
groups (p=0.039). No significant difference was determined between
the patient and the control groups in terms of S100B, MBP, and GFAP
levels (p>0.05) (Table 1).

Table 1. Comparison of neuron-specific enolase, S100B, glial fibrillary acidic protein and myelin basic protein levels of patient and control

groups

Patient group (n=51)
NSE (ng/mL) 10.21 (1.29-106.60)
1008 (ng/mL) 0.036 (0.01-0.21)
GFAP (ng/mL) 4.50£3.47
MBP (pg/mL) 0.27 (0.16-0.50)

NSE: neuron-specific enolase, GFAP: glial fibrillary acidic protein, MBP: myelin basic protein
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Control group (n=37) p

11.26 (7.75-34.62) 0.039
0.037 (0.02-0.23) 0.477
5.4842.81 0.862
0.27(0.19-0.37) 0.162



There was a statistically significant correlation between NSE levels and
S100B levels (r=0.316; p=0.003). No significant correlation was found
between NSE levels and age, GFAP, and MBP levels (Table 2).

The patients were divided into four subgroups according to their clinical
phenotype. Seven point eight percent of 51 patients had CIS, 70.6% had
RRMS, 15.6% had SPMS, and 3.9% had progressive relapsing MS.

The disability status was evaluated according to EDSS. The patients
were divided into two groups according to their EDSS scores. Group 1
with EDSS scores of 1 to 4.5 referred to patients who can walk without
any aid and Group 2 with EDSS scores of 5 to 9.5 were defined by the
impairment to walking, based on measures of impairment in eight
functional systems. S100B levels were positively correlated with EDSS
scores (r=0.282, p=0.045).

The lesions of MS patients were categorized into four groups
according to their MRI scans and localization. Forty-seven patients
had periventricular lesions, 46 patients had supratentorial lesions, 28
had infratentorial lesions, and 24 had spinal lesions. MBP levels were
statistically different in patients with supratentorial lesions and without
supratentorial lesions (p=0.007).

ROC analysis was performed for serum NSE levels in MS patients (Figure
1). AUC value for NSE was 0.63 (Figure 1). Classifying the accuracy of
a diagnostic test was evaluated according to the point system: 0.90-1:
excellent, 0.80-0.90: good, 0.70-0.80: fair, 0.60-0.70: poor, 0.50-0.60:
fail. NSE was “poor” at distinguishing MS patients from healthy subjects.

Table 2. Correlation between neuron-specific enolase levels and
age, S100B, glial fibrillary acidic protein, myelin basic protein

NSE (ng/mL) r p

Age -0.003 0.978
S100B (ng/mL) 0316 0.003
GFAP (ng/mL) 0.151 0.160
MBP (pg/mL) 0.171 0.112

NSE: neuron-specific enolase, GFAP: glial fibrillary acidic protein, MBP: myelin basic
protein
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Figure 1. Receiver operating characteristic curve analysis evaluating serum
neuron-specific enolase levels in multiple sclerosis patients

ROC: receiver operating characteristic, AUC: area under curve
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Discussion

In the current study, we evaluated the levels of NSE and S100B, GFAP,
and MBP levels in patients with MS. Serum NSE levels were statistically
significantly lower in the MS group. Serum S100B, GFAP, and MBP levels
were not different between the groups. ROC curve analysis showed that
serum NSE levels might be a discriminative factor in MS.

In this study, we found similar results with Hein Nee Maier et al. (12)
in terms of significantly lower plasma NSE levels of the patients than
the healthy control group. In previous studies, NSE levels were higher
in patients after traumatic brain injury, stroke, and intracerebral
hemorrhage according to the neuronal cell damage (13). We also
expected NSE levels to be higher in the patient group as it is known that
neuronal loss is one of the reasons for neurological impairment in MS
(14). In our study, the patients were in a steady-state of chronic disease,
and neuronal loss is usually seen in the early phases of the disease. So,
we believe that lower concentrations of NSE levels were associated with
a decrease in neuronal loss. Koch et al. (15) also studied NSE levels in
MS patients and found lower NSE levels in MS patients, especially in
the progressive disease course. They indicated that lower levels of NSE
might be related to reduced neuronal activity. Jongen et al. (16) also
studied NSE levels in RRMS and SPMS patients and reported that tissue
damage was more evident between relapses than in progressive phase,
and thus NSE levels were higher in patients with RRMS diagnosis. It is
unclear that lower plasma NSE levels in MS patients are associated with
a reduced neuronal activity or neuronal loss.

S100B is a marker of glial damage, and increased levels were associated
with cerebral damage and/or disruption of the blood-brain barrier
(BBB). In previous studies, ST00B levels were increased in patients
with traumatic brain injury, global hypoxia and cerebral ischemia,
stroke (7,17-19). In patients with cerebral ischemia, it was supported
that S100B is released during the acute phase of the event (20). The
short half-life of S100B and this hypothesis can explain the similar
concentrations of ST00B levels in patients and the control subjects as
none of the patients were in the acute phase of the disease. However,
we found a positive correlation between S100B levels and the disability
status of the patients. The patients with higher disability scores had
higher S1008B levels.

We found a positive correlation between NSE and S100B levels. A
limitation of our study was the fact of the release of ST00B and NSE can
be originated from non-neuronal tissues: ST00B can be released from
fat tissue, and NSE can be found in neuroendocrine cells. Also, both of
the markers can be released after trauma and inflammation. We tried to
minimize these effects by including the patients in clinically steady-state
and the control group without any acute or chronic illnesses.

GFAP is one of the major intermediate filament proteins of astrocytes
(21). These filaments form astrogliosis and the major dominant protein
in chronic MS lesions (22). In previous studies, GFAP levels were shown
to be increased in acute damages of brain cells like traumatic brain
injury and hydrocephalus (7,23). In studies with MS patients, GFAP levels
were found to be significantly elevated in comparison with the control
subjects, and GFAP was offered to be a potential biomarker of disease
severity of MS (9,24). In contrast with these studies, we did not find
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any difference between patient and control groups in terms of GFAP
levels. GFAP is rapidly and remarkably released from brain cells after
severe acute brain injury, ischemia, and slowly and mildly elevation of
GFAP can be seen in chronic neurological diseases (25,26). GFAP passes
through systemic circulation via disrupted BBB. As we studied GFAP
levels from the sera of patients, it can be the reason that we did not find
elevated levels of GFAP in stable MS patients.

MBP is the major component of the myelin sheath and is essential
to the demyelination process. CNS inflammation, BBB breakdown,
and the resulting demyelination and neuronal damage and loss are
characteristics of MS (27). We did not find any difference between patient
and control groups. However, patients with supratentorial lesions had
statistically higher MBP levels. In contrast with our study, several studies
found elevated MBP levels in patients with MS suggesting a biochemical
marker of MS disease activity (8,28). MBP levels increase in CSF following
the injury and pass through systemic circulation after the break down
of the BBB. The dilution effect can cause lower MBP concentrations
according to the larger blood volume. This hypothesis may explain our
MBP results.

One of the limitations of our study was that we did not study CSF
samples of subjects in terms of biochemical markers. Also, our patients
were in the steady-state of the disease; patients in acute or subacute
state were not evaluated.

Conclusion

Evaluating several neurobiochemical marker levels can suggest the state
or prognosis of the disease. Our findings indicated that NSE levels were
significantly lower in MS patients. However, NSE levels should not be
used alone for distinguishing the disease. It should be combined with
symptoms, physical and neurological examination, MRI scans, and other
markers.
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