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Abstract
Background: Brain-derived neurotrophic factor (BDNF) is secreted by immune cells in response to neuroimmune
and inflammatory cascades as an act to prevent axonal and neuronal damage after various pathological insults. The
serum level of BDNF is altered in a diversity of neurological diseases. The aim of this work was to investigate the
serum level of BDNF in patients with relapsing–remitting multiple sclerosis and the relation between BDNF and
disease activity and severity.
Methods: A case–control study was conducted on 90 subjects: 60 patients with relapsing–remitting multiple
sclerosis (30 in relapse and 30 in remission) on different lines of medical treatment and 30 healthy volunteers as a
control. Clinical, functional, and radiological evaluation was done for the patients, and all the patients and controls
were subjected to assessment of the serum level of BDNF by sandwich-ELISA technique.
Results: The BDNF level was significantly higher in MS patients in relapse than in patients in remission (P value =
0.006). In the remission group, there was no significant linear correlation between different MS patients’
characteristics and BDNF level, while in the relapse group, a positive linear correlation was found between the
number of T2 infratentorial lesions and BDNF level (r = 0.402, P = 0.028). There was no statistically significant
difference between the BDNF level in patients administered different drugs for MS in both remission and relapse
groups (P value > 0.05).
Conclusion: BDNF was significantly higher in relapsing–remitting multiple sclerosis patients in the relapse phase.
Attention should be paid to the link between serum BDNF level as a neuroprotective factor and multiple sclerosis; it
can be a biomarker for MS activity in the near future.
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Introduction
Multiple sclerosis is one of the most common neurological disorders in young adults. It is a chronic disease
which is manifested by inflammation, demyelination,
and axonal loss and most probably leads to a significant
degree of disability [1].
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The chronic inflammation in multiple sclerosis pathology contradicts immune mechanisms that modulate
and confine the inflammatory cascade to limit irreversible demyelination and axonal damage [2].
Brain-derived neurotrophic factor (BDNF) was cloned
in 1989 [3]. After nerve growth factor, BDNF is the second recognized member in the neurotrophin family. It is
an activity-dependent secreted protein which is
expressed widely in the central nervous system and implicated in the differentiation, survival, and growth of
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neurons. Also, it is crucial to synaptic plasticity and
neuronal network organization in animal models and in
humans [4].
Accumulating imaging and immunohistological studies
confirm the critical role of axonal injury in determining
the magnitude of irreversible neurological deficits in MS
patients. In humans, immune cells are capable of producing BDNF which can guard against neuronal damage
and axonal injury following diverse pathological insults
[5].
The serum level of BDNF is altered in a diversity of
neurological diseases: patients with Alzheimer’s disease
[6] and patients with Parkinson’s disease [7] had lower
BDNF levels when compared to healthy controls that
correlate with the disease severity. Several studies
assessed the serum levels of BDNF in multiple sclerosis
patients with conflicting results [8]. Till now, there is no
definite cure for MS, and recent remyelination and/or
myelin repair strategies are focusing on the potential
role of the neurotrophin (BDNF) [9].
The aim of this work was to investigate the serum
levels of BDNF in relapsing–remitting multiple sclerosis
(RRMS) patients and the relation between BDNF and
disease activity and severity.

Methods
This study is a case–control study conducted on 90 subjects: sixty patients with relapsing–remitting multiple
sclerosis diagnosed according to the International Panel
on Diagnosis of Multiple Sclerosis “McDonald’s criteria
2017” [10] (30 in relapse and 30 in remission) on different lines of medical management. Relapse was defined as
a monophasic clinical episode with patient-reported
symptoms and objective findings typical for multiple
sclerosis, reflecting a focal or multifocal inflammatory
demyelinating event in the CNS, developing acutely or
subacutely, with a duration of at least 24 h, with or without recovery, and in the absence of fever or infection in
a patient who had been neurologically stable or improving for the previous 30 days [10].
And 30 healthy volunteers free of any medical disease
from the same geographical area were included. The
multiple sclerosis patients and the controls were
matched regarding age and gender. Informed written
consent was taken from all subjects included in this
study. And the study was approved by the authorized
ethical committee.
All the patients included in this study were subjected
to the following patterns of assessment: history taking—
focusing on risk factors including family history and environmental, infectious, and clinical course of previous
attacks—and thorough general and neurologic examination and the assessment of neurological impairment by
Expanded Disability Status Scale (EDSS) [11].
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The patient group also underwent magnetic resonance
imaging (MRI) for the brain and spinal cord using 1.5-T
Simens Scanner Magnetom Aera MRI, made in
Germany. The following MRI protocols were used: T1weighted images, gadolinium-enhanced T1-weighted sagittal and axial and sagittal images for patients with clinical attacks at the time of assessment, T2-weighted
images, and fluid-attenuated inversion recovery (FLAIR)
sequence.
Blood samples were taken from patients and controls
to measure the serum level of brain-derived neurotrophic factor (BDNF) (in MS patients with relapse, the
blood samples were taken within 2 days from the onset
of relapse and before the start of methylprednisolone
pulse therapy). Sat fax automated ELISA system, made
in the USA, 2010, was used. This ELISA kit used the
sandwich-ELISA technique. The microElisa strip plate
provided in the kit has been pre-coated with an antibody
specific to BDNF. Samples were added to the appropriate microElisa strip plate wells and combined to the specific antibody. Then a horseradish peroxidase (HRP)conjugated antibody specific for BDNF was added to
each microElisa strip plate well and incubated. Free
components were washed away. Only those wells that
contain BDNF and HRP-conjugated BDNF antibody appeared blue in color and then turned yellow after the
addition of the stop solution. The optical density (OD)
was measured spectrophotometrically at a wavelength of
450 nm. The OD value was proportional to the concentration of BDNF in the samples by comparing the OD of
the samples to the standard curve. Measuring range was
28–1000 pg/ml.

Statistical analysis

Data was coded and entered using Microsoft Office
Excel 2010. Statistical analysis was done using IBM
SPSS version 24 (IBM Corporation, USA, Armonk,
New York, 2016). Frequencies (number) and relative
frequencies (percent) were used to summarize qualitative variables. Quantitative variables were tested for
normality, normally distributed variables were summarized using mean and standard deviation, and comparison between groups was done using an
independent sample t test, while not normally distributed variables were summarized using median and
quartiles and comparison between groups was done
using the Mann–Whitney test and Kruskal–Wallis
test followed by Mann–Whitney test (pairwise comparison). Pearson and Spearman rho (according to the
normality of variables) correlations were used to test
for possible correlations between quantitative variables. A P value less than or equal to 0.05 was considered significant.
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Results
This study included 60 Egyptian patients with relapsing–
remitting multiple sclerosis (30 in relapse and 30 in remission) and 30 healthy volunteers free of any medical
disease from the same geographical area as a control.
The multiple sclerosis patients and the controls were
matched regarding age and gender (Table 1).
The clinical characteristics of MS patients including
the age of onset, duration of the disease, number of relapses in the last 2 years, total number of relapses, degree
of disability measured by Expanded Disability Status
Scale (EDSS), and type of disease-modifying therapy are
shown in Table 2.
Table 3 shows the results of the serum BDNF level of
30 MS patients in remission and 30 MS patients in relapse and 30 healthy controls; there was no statistically
significant difference between patients in relapse and
controls or between patients in remission and controls
(P value = 0.074 and 0.870, respectively), but the BDNF
was significantly higher in patients in relapse than in patients in remission (P value = 0.006).
Receiver operating characteristic (ROC) curve analysis
was used to assess the sensitivity and specificity of BDNF
in predicting MS activity (Fig. 1). The optimal cutoff
value of BDNF that predicted disease activity was ≥265
pg/ml, with a sensitivity of 80% and a specificity of
66.7% (the area under the curve 0.755, 95% confidence
interval 0.631 to 0.879, P value = 0.001).
Table 4 shows the correlation between different characteristics of MS patients and BDNF level; in the remission group, there was no significant linear correlation
between different MS patients’ characteristics and BDNF
level, while in the relapse group, there was a positive linear correlation between the number of T2 infratentorial
lesions and BDNF level (r = 0.402, P = 0.028).
We studied the effect of MS therapy on BDNF level.
There was no statistically significant difference between
the BDNF level in patients administered different drugs
for MS in both remission and relapse groups (P value >
0.05) (Table 5).
Discussion
The etiology of MS is still not well known, and the interaction between environmental, genetic, and other factors
that trigger an abnormal autoimmune cascade leads to
demyelination and axonal injury [12].
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BDNF is secreted by immune cells in response to inflammatory and neuroimmune cascades as a trial to
guard against neuronal and axonal damage after various
pathological insults [5]. BDNF regulates the relation between the immune and the nervous systems and plays a
crucial role in brain-related disorders [13].
The aim of the present study was to assess the association between serum BDNF level and disease activity
and severity in patients of relapsing–remitting MS.
This study was conducted on 60 MS patients: thirty
patients in relapse, thirty patients in remission, and 30
control subjects. Assessment of the serum BDNF level
was done for both MS patients and control groups. The
serum level of BDNF was significantly higher in MS patients in relapse than those in remission. Using the ROC
curve, the optimal cutoff value of BDNF that predicted
disease activity was ≥ 265 pg/ml, with a sensitivity of
80% and a specificity of 66.7%.
Similar to our findings, Sarchielli and colleagues [14]
assessed the BDNF level in their RRMS patients during
attacks and 3 months after relapse and found significantly higher BDNF levels during relapse compared to
levels detected in the remission state of the disease.
Additionally, Frota and colleagues [15] found that levels
of BDNF in MS patients increased significantly after MS
relapse. Bruck and Stadelmann [12] studied the pathology of multiple sclerosis and reported that BDNF may
promote remyelination, and this can support its increase
during relapse.
In our study, there was no statistically significant difference between patients in relapse and control or between patients in remission and control. Similar to our
findings, Sarchielli and colleagues [14] found that levels
of BDNF in the RRMS patients in a remission phase did
not differ from those of control subjects.
In contrast to our results, many studies found that
BDNF levels in MS patients were significantly lower than
those in the healthy control group [16–18]. The low
BDNF secretion from immune cells of MS patients may
be related to reduced neuroprotection [19]. As a result,
low BDNF levels are expected to diminish the potentials
for remission in MS patients and induce the progressive
phase of the disease [20].
Also, Al-Temaimi and colleagues [21] found that
BDNF levels were significantly lower in MS patients
compared to healthy controls. They concluded that

Table 1 Age and sex distribution in MS cases and controls
MS cases in remission (n = 30)

MS cases in relapse (n = 30)

Controls (n = 30)

P value

Age [mean ± SD]

31.5 ± 7.7

30.9 ± 8.4

29 ± 7.8

0.312

Sex

Females [n (%)]

18 (60%)

17 (56.7%)

16 (53.3%)

0.873

Males [n (%)]

12 (40%)

13 (43.3%)

14 (46.7%)

MS Multiple Sclerosis
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Table 2 The baseline clinical characteristics of MS patients
Clinical characteristics

MS cases in remission (n = 30)

P value

MS cases in relapse (n = 30)

Age of onset (years)

0.938

Mean ± SD

26.5 ± 7.7

26.6 ± 7.1

Range (min–max)

(15–40)

(15–44)

Duration of illness (years)

0.478

Mean ± SD

5.1 ± 4.7

4.3 ± 4.3

Range (min–max)

(1–17)

(1–18)

Mean ± SD

1.5 ± 0.7

1.6 ± 0.6

Range (min–max)

(0–3)

(1–3)

Number of relapses in the last 2 years

0.580

Total number of relapses

0.371

Mean ± SD

3.1 ± 1.9

2.1 ± 1.4

Range (min–max)

(1–8)

(1–6)

Mean ± SD

2.89 ± 1.3

2.95 ± 1.6

Range (min–max)

(1–5)

(1–7)

EDSS

0.970

Immunomodulatory therapy no. (%)

0.045*

Monthly methylprednisolone

17 (56.7%)

21 (70%)

Intramuscular interferon beta-1a

7 (23.3%)

1 (3.3%)

Subcutaneous interferon beta-1b

2 (6.7%)

6 (20%)

Subcutaneous interferon beta-1a

4 (13.3%)

2 (6.7%)

MS Multiple Sclerosis, EDSS Expanded Disability Status Scale
*P value < 0.05 (significant)

repeated relapses in MS patients lead to exhaustion of
BDNF growth promotion, sensitivity, and efficacy and at
the end resulting in the decrease in its levels.
On the other hand, Petereit and colleagues [22] and
Liguori and colleagues [23] studied the role of BDNF in
RRMS during remission and without the influence of
immunosuppressive or immunomodulatory medications.
They found higher blood levels of BDNF in MS patients
in remission compared to healthy controls.
The difference between results can be explained by the
following: some studies included MS patients of different
subtypes including relapsing–remitting, secondary progressive, and primary progressive, whereas our study included only RRMS patients, there is a difference in the
numbers of patients included and a difference in disease

severity; also, the effect of immunosuppressive or immunomodulatory medications could not be totally eliminated in all studies and this may influence BDNF level.
In our study, there was no significant correlation between different MS patients’ characteristics including the
age of patients, age of onset, disease duration, number of
relapses in the last 2 years, and total number of relapses
with BDNF level.
Similar to our findings, Liguori and colleagues [8] and
Comini-Frota and colleagues [17] found no correlation
between age of patients or disease duration with BDNF
level. Also, Pan and colleagues [24], Caggiula and colleagues [25], and Sarchielli and colleagues [26] reported
that neither gender nor age correlations were found with
BDNF level in RRMS patients.

Table 3 The BDNF level for MS patients in remission, MS patients in relapse, and control groups
MS cases in remission (n = 30)
BDNF (pg/ml)

MS cases in relapse (n = 30)

P value

Control (n = 30)

Median

Q1

Q3

Median

Q1

Q3

Median

Q1

Q3

225

200

325

310

250

950

248

220

325

BDNF brain-derived neurotrophic factor
*P value < 0.05 (significant)

0.006*
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Fig. 1 ROC curve analysis to assess the sensitivity and specificity of BDNF in predicting MS disease activity

The cumulative disability in MS has a major negative
impact on the quality of life of the patients [27]. In our
study, there was no statistically significant correlation
between the neurological disability measured by EDSS
and BDNF level.
In accordance with our findings, Liguori and colleagues [8] and Comini-Frota and colleagues [17] revealed that there was no correlation between EDSS and
BDNF level during the observational period of their
RRMS patients. On the other hand, Yoshimura and

colleagues [28] found that higher BDNF levels were associated with reduced disability in their MS cohort. The
difference between results may be attributed to the selection of patients in a stable clinical phase of the disease
(during remission) while our patients included relapse
and remission groups.
MRI is a mandatory marker for the diagnosis and assessment of disease activity and progression in patients
with MS [29]. Compared to other MRI findings, the load
of T2 lesions is considered to be the best marker of MS

Table 4 Correlation between different characteristics of MS patients and BDNF level
BDNF level (pg/ml) (remission group)

BDNF level (pg/ml) (relapse group)

(r) coefficient

P value

(r) coefficient

Age

0.032

0.767

0.076

0.689

Age of onset

− 0.017

0.898

0.123

0.519

Disease duration

− 0.144

0.273

− 0.036

0.848

Number of relapses in the last 2 years

− 0.159

0.224

− 0.137

0.721

Total number of relapses

− 0.158

0.227

− 0.099

0.601

EDSS

− 0.140

0.287

− 0.056

0.767

Number of supratentorial lesions in MRI

− 0.116

0.376

− 0.007

0.973

Number of infratentorial lesions in MRI

0.098

0.457

0.402*

0.028*

Number of spinal cord lesions in MRI

− 0.080

0.541

− 0.130

0.494

BDNF brain-derived neurotrophic factor, EDSS Expanded Disability Status Scale
*P value < 0.05 (significant)

P value
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Table 5 Comparison between patients administered different drugs for MS regarding BDNF level
Drugs

BDNF level (pg/ml) (remission group)

BDNF level (pg/ml) (relapse group)

Median

Q1

Q3

P value

Median

Q1

Q3

P value

Monthly methylprednisolone

220

175

245

0.617

325

255

950

0.792

Intramuscular Interferon beta-1a

275

205

325

250

250

250

Subcutaneous Interferon beta-1b

265

205

325

268

245

1500

Subcutaneous interferon beta-1a

223

213

2613

2608

215

5000

BDNF brain-derived neurotrophic factor

activity and in long-term follow-up; it has a good correlation with disease severity and disability [30]. Mechanisms of neuronal repair act up to a threshold above
which the repair cannot continue and this threshold correlates with the lesions load on T2 [31].
In our study, there was a positive linear correlation between the number of T2 infratentorial lesions in MS patients in relapse with BDNF level. In accordance with
our findings, Sarchielli and colleagues found a positive
correlation between the levels of BDNF and disease activity, confirmed by the presence of gadoliniumenhancing lesions in their MS patients [14].
The number of lesions in the infratentorial region is
an important factor to predict the disease severity and
the long-term disability in MS patients. The specific
structure of the infratentorial area regarding high density
of neural fibers can explain the finding that the correlation between clinical outcomes and MRI findings in the
infratentorial region is more strong than other areas of
the brain [32].
While Liguori and colleagues [8] found no significant
correlation between the baseline BDNF values and the
volume of white or gray matter in RRMS patients, on
the other hand, Comini-Frota and colleagues [17] reported a negative correlation between serum levels of
BDNF and the number of T2/FLAIR hyperintense lesions in MS patients.
The difference between results may be attributed to
the fact that it was not possible to stratify the sample
and to control the effect of immunomodulatory or immunosuppressive medications on BDNF levels. The
number of MS patients enrolled in each study was different. Also, manual counting of MRI lesions is not the
most accurate form to measure the burden of demyelinating lesions, but it is the most feasible one in clinical
practice.
The aim of the current MS treatment is to target the
inflammatory cascade, decrease the number of relapses
and inflammatory lesions on MRI, and suppress the proinflammatory cytokines in the blood [33].
Our study found no correlation between patients administered different immunomodulatory therapy for MS
either in the relapse or in the remission group and the
serum level of BDNF. Immunomodulatory therapy in

our patients included monthly IV methylprednisolone,
IM interferon beta-1a, SC interferon beta-1b, and SC
interferon beta-1a.
In accordance with our findings, Petereit and colleagues [22] revealed that interferon-beta had no effect
on in vitro BDNF secretion in MS. Also, Hamamcioglu
and Reder [33] and Liguori and colleagues [8] found that
IFN-b, in vitro or in vivo, had no additional effect on
BDNF production in MS patients.
On the other hand, other studies revealed increased
serum BDNF levels in multiple sclerosis patients during
interferon beta therapy [25, 28, 34, 35]. The difference
between results may be attributed to the different sample sizes, noncompliance of patients, half of our patients
were in relapse, and some of them received monthly
methylprednisolone.
The limitation of this study is the relatively small
number of patients due to financial issues. A separate
study should be done to evaluate the serum level of
BDNF in a primary progressive type of multiple
sclerosis.

Conclusion
The serum level of BDNF was significantly higher in
RRMS patients in relapse compared to those in remission. Attention should be paid to the link between
serum BDNF level as a neuroprotective factor and multiple sclerosis; it can be a biomarker for MS activity in
the near future.
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