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a b s t r a c t

Brain derived neurotrophic factor (BDNF) has been related to neuroprotection in a series of central nervous
system diseases, although its role in multiple sclerosis (MS) was only partially investigated. In this work,
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we aimed to evaluate the plasma levels of BDNF from 29 MS patients and 24 control subjects. MS patients
had decreased levels of BDNF in comparison with healthy controls. BDNF levels increased significantly
after MS relapse. Our results provide some evidence for the involvement of BDNF in the pathogenesis of
MS and suggest a role for this neurotrophin during the recovery of acute demyelinating inflammatory
lesion.
rain derived neurotrophic factor
ultiple sclerosis
europrotection

ultiple sclerosis (MS) is the most common inflammatory disease
f the central nervous system (CNS). Demyelination and axonal
amage caused by inflammatory lesions determine a wide spec-
rum of clinical symptoms [7]. In general MS begins at third
r fourth decade of life and affects more women than men
15]. MS patients may present different forms of clinical evolu-
ion. Relapsing-remitting MS (RR-MS) is the form presented by
pproximately 80% of patients at disease onset. RR-MS patients
volve with relapses marked by acute demyelinating lesions and
elated clinical symptoms followed by a variable period of remis-
ion, in which symptoms are not present or are stable [12]. MS
tiopathogenesis is unknown, but strong evidence points to poly-
enic susceptibility and multiple environmental triggering factors
17].
Although the complex pathogenesis of this disease is not under-
tood, an immune reaction against myelin sheath is suggested
o be the primer event. Auto-reactive T lymphocytes are acti-
ated at lymph nodes and entry into the CNS triggering a series
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of mechanisms responsible for myelin damage. CD4+ and CD8+ T
cells, macrophages, antibodies and complement, pro-inflammatory
cytokines such as interferon gamma (IFN-�) and tumor necrosis
factor alpha (TNF-�) are definitely involved in the mechanism of
myelin disruption, oligodendrocyte damage and axonal degenera-
tion [3,8,13].

Nevertheless, the immune system is not always detrimental for
the CNS, and it seems to play a role in the clinical improvement dur-
ing resolution of inflammation [4]. Anti-inflammatory cytokines
such as interleukin 10 (IL-10), transforming growth factor beta
(TGF-�), regulatory T cells and B cells could contribute to decrease
or to control the inflammatory process [3,12,13].

Neurotrophins are a group of proteins expressed in the CNS and
peripheral nervous system of vertebrates that play an essential
role in the development, maintenance and repair of nervous sys-
tem [18]. They include brain derived neurotrophic factor (BDNF),
neuronal growth factor (NGF), Neurotrophins (NT) 3 and 4. BDNF
is a homodimeric protein released in the synapses and presents a
widespread distribution in the CNS. One class of BDNF receptors is
the tropo-myosin related kinases (TRK) family, and their interaction

is essential in a series of cognitive functions, such as learning and
memory, and seems to play a role in the synaptic plasticity [9,17].
Neurons are the major source of BDNF. Immune cells can also pro-
duce BDNF, but its role in autoimmune diseases has just begun to
be understood [10].

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
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Fig. 2. BDNF levels before and after relapsing from MS patients. Plasma from 12 MS
E.R.C. Frota et al. / Neurosci

The aim of the present study was to measure plasma BDNF levels
f RR-MS patients and healthy controls, investigating their correla-
ion with relapses and clinical parameters.

Twenty-nine patients (M/F, 7/22; mean ± SD age years, 33 ± 10,
edian 33, range 19–54) with definitely RR-MS, according to the
cDonald criteria [14], were recruited for this study. These patients
ere followed for 1 year and blood samples were collected at the

eginning and at the end of the study. Patients who relapsed in
his 1-year period had more blood samples collected at the onset of
elapse and 2 weeks later. Relapses were defined as an acute new
ymptom or worsening of old symptom topographically related to
white matter lesion in the CNS that lasted over 24 h [14]. Kurtzke
xpanded Disability Status Scale (EDSS) was used to assess neu-
ological compromise. EDSS ranges from 0, normal neurological
xamination, to 10, death due to MS [11].

For comparison, 24 healthy subjects matched for age (M/F, 9/15;
ean ± SD age years, 33 ± 9, median 33, range 18–52) were also

nvited to participate.
All blood samples were collected in the morning, and the plasma

as separated and frozen at −70◦ until BDNF assessment. BDNF was
easured by sandwich ELISA according to the protocol provided

y the manufacturer (R&D Systems, USA). Non-parametric analy-
is was performed using the Mann–Whitney test or the Wilcoxon
est for comparison of unpaired and paired data, respectively. The
value was set at 0.05.

All MS patients had less than 10 years of disease (mean ± SD dis-
ase duration years, 5 ± 3, median 5, range 0.2–10). The mean ± SD
DSS was 1.8 3 ± 0.7, median 1.5, range 1–3.5.

BDNF levels were decreased in MS patients (median [range]
g/ml, 1160 [352.6–2640]) in comparison with control subjects
median [range] pg/ml, 1640 [632.4–4268]; p = 0.03) (Fig. 1).

omen tended to have higher BDNF levels than men, but this dif-
erence did not reach statistical significance (p = 0.06 for patients
nd 0.08 for controls).

There was no correlation between BDNF levels and age (p = 0.13),
ge of onset (p = 0.09), length of disease (p = 0.50) and EDSS scores
p = 0.1816).

Twelve patients had relapses during the study. BDNF was sig-
ificantly increased in MS patients after relapse (median [range]
g/ml, 2392 [1093–3122]) when compared with levels in the begin-
ing of the experiment (median [range] pg/ml, 1399 [591.3–2028];
= 0.0086) (Fig. 2).

Our results showed lower BDNF levels in MS patients and

ncreased levels of this neurotrophin after MS relapse. This result is
n line with previous studies that demonstrated lower serum levels
f BDNF in MS patients in comparison with healthy subjects [2,5].

ndeed there is a growing body of evidence implicating a role for

ig. 1. Initial BNDF levels from healthy controls and MS patients. Plasma from con-
rol subjects (n = 24) and MS patients (n = 28) was collected and BDNF levels were

easured by ELISA. Bars represent median values. MS patients had a significant
ecrease in BDNF levels (median [range] pg/ml, 1160 [352.6–2640]) when compared
o healthy controls (1640 [632.4–4268]; p = 0.03) (Mann–Whitney, p < 0.05).
patients was collected at study entry (median [range] pg/ml, 1399 [591.3–2028])
and just after the relapse and BDNF levels were measured by ELISA. BDNF lev-
els were increased in MS patients (2392 [1093–3122]) after the relapsing episode
(Mann–Whitney, p < 0.01).

BDNF in MS. For instance, BDNF was found to be present in immune
and CNS cells of demyelinating lesions. TRK B, one of the recep-
tors of BDNF, was expressed in neurons around active lesions of
MS [21]. Interestingly, supernatants of peripheral blood mononu-
clear cell cultures presented higher levels of BDNF during relapse
in RR-MS patients when compared to remission [1]. This is in accor-
dance with our result of higher circulating levels of BDNF after
MS relapse. Moreover, Weinstock-Guttman et al. [22] found that
BDNF was positively correlated with higher inflammatory activ-
ity in the white matter of MS patients. Together these results may
indicate a role for BDNF in stimulating CNS recovery after an acute
inflammatory lesion. Further studies are warranted to confirm this
hypothesis.

We did not find any association between BDNF levels and clinical
parameters. By contrast, Sarchielli et al. found an inverse corre-
lation between BDNF circulating level and EDSS scores [19]. This
discrepant result may be due to the small size of our cohort and the
small range of EDSS scores in 1 year. Despite being the most used
scale to measure disability in MS, the EDSS score correlates poorly
with clinical impairment determined by multiple subtle signs and
symptoms. Moreover, EDSS does not always correlate with lesions
on magnetic resonance imaging [6]. Thus, disease progression may
be misjudged by the EDSS.

Current MS therapies have been also correlated with BDNF pro-
duction [20,16]. For instance, mononuclear cells of MS patients in
use of glatiramer acetate (GA) presented higher levels of BDNF
than the cells from patients treated with other immunomodulatory
drugs [20]. Among our patients, 17 were treated with interferon
beta, 5 started GA during follow-up. However, we did not find any
correlation between BDNF levels and drug treatment in the present
study.

In conclusion, we presented data showing an association of
BDNF and MS, which supports data from previous works. Further-
more, we found an association between BDNF levels and clinical
recovery from relapsing, which could point to a neuroprotective
role for BDNF in MS.
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