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OBJECTIVE: Multiple sclerosis (MS) is a chronic disease of the central nervous
system (CNS) characterized by coexisting processes of inflammation, demyelination, axonal neurodegeneration and gliosis. Autoimmune processes play a pivotal
role in the disease. The immune system may be modulated by neurotrophins and
neurotrophin factors. Aim of the study was to assess plasma levels of brain-derived
neurotrophic factor (BDNF), activity-dependent neurotrophin protein (ADNP)
and vasoactive intestinal peptide (VIP) in treatment-naïve humans with newly
diagnosed multiple sclerosis. We also elucidated the potential influence of selected
inflammatory agents on peripheral concentration of BDNF and ADNP.
MATERIAL AND METHODS: The study population comprised of 31 untreated
patients with MS and 36 controls from a single hospital centre. Assessment of
BDNF and ADNP was performed with use of ELISA methods. VIP was measured
with RIA. Selected cytokine levels (IL 6, IL 10, and TNF α) were evaluated with
ELISA tests. Statistical analyses were performed.
RESULTS: We failed to find any significant differences between ADNP, BDNF,
VIP, CRP levels and concentration of cytokines between individuals with MS and
the controls. No correlation was observed between ADNP, BDNF and VIP as the
first parameter and CRP, IL 6, IL 10, TNFα levels and the Expanded Disability
Status Scale score in MS.
CONCLUSIONS: Newly diagnosed, treatment-naïve patients with MS have comparable levels of plasma BDNF, ADNP and VIP to those of healthy controls.
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Abbreviations:
ADNP
- activity–dependent neuroprotective protein
BDNF
- brain-derived neurotrophic factor
CNS
- central nervous system
CRP
-C-reactive protein
CSF
- cerebrospinal fluid
CV
- coefficient of variation
EAE
- experimental autoimmune encephalomyelitis
EDSS
- Expanded Disability Status Scale
IL10
- interleukin 10
IL6
- interleukin 6
MS
- multiple sclerosis
NAP
- NAPVSIPQ neuroprotective peptide
PACAP
- pituitary adenylate cyclase activating polypeptide
SD
- standard deviation
TNFα
- tumor necrosis factor α
VIP
- vasoactive intestinal peptide

INTRODUCTION
Multiple sclerosis (MS) is a chronic disease of the central nervous system (CNS) characterized by coexisting processes of inflammation, demyelination, axonal
neurodegeneration and gliosis (Kamm et al. 2014).
Although up to date the pathogenesis of MS is not
clearly explained, some evidence are accumulated that
autoimmune processes play a pivotal role in the disease
(McFarland & Martin 2007; Rostami & Ciric 2013) The
immune system may be modulated, amongst others, by
neurotrophins and neurotrophin factors (Luhder et al.
2013).
Brain-derived neurotrophic factor (BDNF) was discovered in 1982 by Barde and co-workers (Barde et al.
1982). BDNF is translated from a pro-form into mature
protein that may play a protective role in the neuronal
survival, differentiation and synaptic plasticity (Calabrese et al. 2014; Noble et al. 2011). BDNF binds to the
tyrosine receptor kinase B with specific high affinity
while it binds to the p75 neurotrophin receptor which
belongs to the tumor necrosis factor superfamily, with
low affinity (Numakawa et al. 2013). The main sources
of BDNF in the brain are neurons. Moreover, BDNF
may be also secreted by activated astrocytes under
inflammatory conditions (Linker et al. 2010). Furthermore, activated immune cells including T-cell, B-cells
and monocytes are able to produce BDNF (Kerschensteiner et al. 1999; Stadelmann et al. 2002). Interestingly,
in cases of MS BDNF has been found in inflammatory
lesions, neurons, glial cells and immune cell infiltrating
the CNS (Kerschensteiner et al. 2003). Data from literature suggest the neuroprotective role of BDNF under
neuroinflammatory and demyeliting conditions in the
animal model (Luhder et al. 2013). However, studies
concerning neuroprotective activity of BDNF in humans
with neurodegenerative disease have not yet confirmed
these findings unambiguously (Luhder et al. 2013).
Activity-dependent neurotrophin protein (ADNP)
was discovered by Gozes and co-workers (Gozes et
al. 1999). The expression of human ADNP has been

reported in the spleen, peripheral blood leukocytes,
macrophages, the central nervous system (cerebellum, hippocampus, and cerebral cortex) and astrocytes
(Braitch et al. 2010). As neuroprotective and immunomodulatory properties of ADNP were confirmed
(Gozes 2012), the role of ADNP in neurodegenerative
disease has been studied. Braitch and co-researchers
reported a reduced expression of ADNP in peripheral
blood cells of MS patients. These authors suggested the
possibility of an additional deficit of immunoregulation
in the inflammatory demyelinating disease (Braitch et
al. 2010). It has been revealed that ADNP gene expression in astrocytes is regulated by two members of secretin-glucagon family members, vasoactive intestinal
peptide (VIP) and pituitary adenylate cyclase activating
polypeptide (PACAP) as well as vasoactive intestinal
peptide receptor type 2 (Zusev & Gozes 2004). However, ADNP activity may also be influenced by other
than VIP and PACAP mechanisms (Gozes 2012).
Several studies have demonstrated immunomodulatory and neuroprotective activity of VIP (Waschek
2013). Undoubtedly, results of research conducted on
inflammatory disease models, including the MS model,
confirmed the modulatory, immune-dependent influence of VIP and additionally PACAP on the course of
diseases characterised by inflammatory origin (Abad &
Waschek 2011). Study on humans suffering from MS
revealed altered expression of VIP receptors in T lymphocytes and aberrant Th1 immunity (Sun et al. 2006).
Tan and Waschek indicated that VIP and PACAP may
modulate symptoms of experimental autoimmune
encephalomyelitis (EAE), model of MS, on the central
level as well as on the periphery (Tan & Waschek 2011).
However, Abad and colleagues reported interesting
findings that VIP KO mice were highly resistant to EAE
but pretreatment with VIP reversed their susceptibility
to encephalomyelitis (Abad et al. 2010).
To broaden the knowledge about the role of BDNF
and ADNP in pathogenesis of MS we aimed to assess
plasma levels of these peptides in treatment-naïve
patients with newly diagnosed disease. In addition,
we also decide to elucidate the potential influence of
VIP and selected inflammatory agents on peripheral
concentration of BDNF and ADNP in this group of
patients.

MATERIAL AND METHODS
Subjects
The study population comprised of 31 untreated previously patients with newly diagnosed MS and 36 individual of control group suffering with different type
of headaches in whom MS was excluded. Consecutive
study participants were recruited on the volunteer
basis from a single hospital centre at Bielanski Hospital (Department of Neurology, Medical University
of Warsaw, Warsaw, Poland). The age range varied
between 19 and 53 years in MS subset, and from 18 to
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51 in the controls, respectively. The diagnosis of MS was
established according to the Diagnostic criteria for MS
(2010), revision to the McDonald criteria (Polman et
al. 2010). The diagnosis was confirmed by an MRI scan
with gadolinium contrast of the brain and the presence
of oligoclonal bands in cerebrospinal fluid (CSF). The
evaluation of neurological status was performed with
the Expanded Disability Status Scale (EDSS). Exclusion criteria were also established. All the subjects with
cardiac, hepatic or renal failure, neoplasms, psychiatric
diseases, acute inflammatory processes or history of the
systemic glucocorticoid treatment within 8 weeks prior
to the study date were excluded from the study.
The study protocol was approved by the Ethical
Commission of the Medical Centre of Postgraduate
Education in Warsaw. Signed consent was obtained
from all participants.
Analytical methods
After overnight fast blood was collected to the tubes
containing EDTA and aprotinin (protease inhibitor)
and immediately centrifuged at 4 °C. Plasma samples
were isolated and stored at –70 °C for further analytical
procedures.
BDNF concentrations were evaluated with use of
ELISA kit (Ray-Biotech, Inc., Norcross, GA, USA). The
detection limit was less than 80 pg/ml. The intra - assay
coefficient of variation (CV) was 10% and inter-assay
CV was less than 12%.
ADNP levels in plasma were detected with ELISA
method (USCN Life Science Inc., Wuhan, China). The
sensitivity of this assay was 0.055 ng/ml. The intraassay and inter-assay precision were less than 10% and
12%, respectively.
VIP concentrations were measured in extracted
plasma using a commercially available radioimmunoassay kits (Phoenix Pharmaceuticals Inc., Burlingame,
CA, USA) according to the manufacturer’s instructions.
The sensitivity of VIP evaluation was <1.25 pg/ml. Intra
and inter-assay coefficients were less than10%.
Interleukin 6 (IL 6), interleukin 10 (IL 10) and tumor
necrosis factor α (TNF α) levels were determined by
ELISA methods (Pierce Biotechnology Inc., Rockford,
IL, USA). The sensitivities for IL 6, IL 10 and TNF α
were < 1 pg/ml, < 3 pg/ml and < 2 pg/ml, respectively.
The intra-assay and inter-assay coefficients for IL 6 and
IL 10 were 10%, and 10%, respectively and for TNF α
were 5.9%, and 7.1%, respectively.
C-reactive protein (CRP) was established with standard laboratory procedures.
Statistical analysis
Statistical analyses were performed using STATISTICA
10 (Stat Soft Inc. Tulsa, OK, USA). Data are presented
as the mean ± standard deviation (SD). Nonparametric data were compared between groups using the
Mann-Whitney U test. Significance of correlations was
determined with use of the Spearman rank correlation
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coefficient. All values of less than 0.05 were accepted as
statistically significant.

RESULTS
All clinical data and results of analytical analyses were
presented in Table 1.
We failed to find any significant differences between
ADNP, BDNF, VIP, CRP levels and concentration of
selected cytokines when we compared the results of the
patients with MS and the controls (Table 1).
We did not observe any significant correlations
between concentration of ADNP, BDNF and VIP as
the first parameter and CRP, IL 6, IL 10, TNFα levels
and EDSS score as the second parameter in the group
of individuals with MS (data not shown).

DISCUSSION
Previously published MS studies, including those
involving clinical as well as experimental protocol,
suggested neuroprotective and regenerative activity of
BDNF as well as its supporting role in remyelination
(Hohlfeld 2008; Kerschensteiner et al. 2003). Interestingly, it has been established that immune cells
express BDNF mostly in actively demyelinating areas
of MS lesions in contrast to the areas of the CNS without ongoing myelin breakdown (Stadelmann et al.
2002). Moreover, the presence of neurotrophins has
been shown at the actively demyelinating edge of the
lesion early in its development (Kerschensteiner et
al. 2003). Therefore, we found it reasonable to assess

Tab. 1. Clinical and biochemical data of the patients with multiple
sclerosis and the controls.
Multiple sclerosis Control group
p-value
n=31
n=36
Women/Men

20/11

31/5

–

Hypertension

4 (13%)

4 (11%)

–

0

1 (3%)

–

Age

35.35±7.57

32.78±8.04

ns

CRP (mg/l)

1.23±1.12

1.43±1.29

ns

IL 6 (pg/ml)

1.69±0.9

1.87±0.84

ns

TNFα (pg/ml)

4.58±3.34

5.07±4.8

ns

IL 10 (pg/ml)

3.0±2.64

2.48±1.54

ns

ADNP (ng/ml)

4.02±1.82

4.0±1.72

ns

BDNF (ng/ml)

2.21±1.19

2.06±1.18

ns

VIP (pg/ml)

9.58±8.15

8.76±4.45

ns

EDSS

1.69±0.86

0

–

Diabetes type 2

CRP - C-reactive protein; IL 6 - interleukin 6; TNFα - tumor necrosis
factor alpha; IL 10 - interleukin 10; ADNP - activity–dependent
neuroprotective protein; BDNF - brain-derived neurotrophic factor;
VIP - vasoactive intestinal peptide; EDSS - Expanded Disability
Status Scale; ns - non-significant
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BDNF peripheral concentration in newly diagnosed
and untreated patients suffering from MS. Regrettably, we failed to find any significant differences in the
plasma levels of BDNF between MS individuals and
the healthy controls. Our results are in agreement with
recently published findings of Damasceno and coworkers (Damasceno et al. 2015). These authors revealed no
changes in serum BDNF concentration in MS patients
treated with interferon beta when compared to their
healthy counterparts. Moreover, similarly to our study,
there was no correlation between BDNF levels and
EDSS score (Damasceno et al. 2015). Our findings are
also in concordance with data published by Lalive and
co-authors (Lalive et al. 2008). These results indicated
that serum BDNF concentrations of MS both interferon
beta treated and untreated patients and the controls
were on the similar level (Lalive et al. 2008). However,
the results from other studies concerning the levels of
BDNF in serum or plasma of MS individuals are equivocal. The group of Azoulay found lower levels of BDNF
in serum and in the CSF (Azoulay et al. 2005). Frota et
al. also indicated a decrease in plasma levels of BDNF
in MS patients in comparison with their healthy counterparts. Moreover they observed that plasma BDNF
concentration increased significantly after MS relapse
(Frota et al. 2009). Consequently, Comini-Frota and
co-workers reported a reduction in serum BDNF concentration in MS patients as compared to the healthy
controls (Comini-Frota et al. 2012). Investigators from
the group of Tongiorgi analyzed BDNF isoforms in
sera of treatment-naïve patients with SM. Interestingly,
these authors demonstrated that total serum BDNF
concentration was lower in MS subjects than in the
controls. Furthermore, there was statistically significant
difference in BDNF isoforms percentage between MS
patients and the healthy subjects. In details, the ratio of
serum level of mature BDNF and pro-BDNF concentration to total serum level of BDNF was significantly
decreased, while truncated BDNF concentration was
increased. Moreover, it has been established that no
correlations between BDNF isoform percentage and
clinical or demographic features were present (Tongiorgi et al. 2012). On the other hand, data from the
study conducted by Yoshimura and co-workers indicated higher serum levels of BDNF in MS subjects.
Moreover, these authors found that MS individuals
with increased BDNF concentration were younger and
showed fewer relapse numbers than patients with lower
levels of BDNF (Yoshimura et al. 2010).
To our knowledge there is a lack of data concerning
plasma levels of ADNP or its important neuroprotective
active site, a short eight amino acid peptide (NAPVSIPQ) termed NAP in MS patients. Thus we report, for
the first time, an absence of differences between ADNP
plasma levels of MS naïve to treatment patients and
the controls. However, Braitch and coworkers (2010)
revealed a reduced ADNP mRNA levels in peripheral
blood mononuclear cells of MS patients in compari-

son to the controls. These authors suggested decreased
immunoregulatory capacity via ADNP in MS patients
(Braitch et al. 2010).
Several studies conducted on animal model of MS
indicated the role of VIP in modulating the course of
multiple sclerosis. However, data concerning VIP levels
in plasma of MS human subjects are very limited. To
our best knowledge the only study report evaluating
assessment of VIP concentrations in plasma and CSF
in naïve to treatment MS patients was published by our
team (Baranowska-Bik et al. 2013). Briefly, no differences between VIP levels measured in plasma of MS
participants and those of the controls were observed.
On the contrary, in the previous project we revealed a
non-significant tendency towards lower levels of VIP
in the CSF of MS individuals when compared with the
controls. Thus, the present study in which we failed to
find any significant differences in peripheral VIP concentrations between individuals with and without MS
confirmed our previous findings.
We conclude that in our material newly diagnosed,
treatment-naïve patients with MS had comparable
levels of plasma BDNF, ADNP and VIP to those of
healthy controls.

ACKNOWLEDGEMENT
The study was supported with the Centre of Postgraduate Medical Education grants: 501-1-31-22-13 and
501-1-31-22-14.

REFERENCES
1 Abad C, Tan YV, Lopez R, Nobuta H, Dong H, Phan P, et al. (2010).
Vasoactive intestinal peptide loss leads to impaired CNS parenchymal T-cell infiltration and resistance to experimental autoimmune encephalomyelitis. Proc Natl Acad Sci USA 107(45):
19555–19560.
2 Abad C, Waschek JA (2011). Immunomodulatory roles of VIP and
PACAP in models of multiple sclerosis. Curr Pharm Des 17(10):
1025–1035.
3 Azoulay D, Vachapova V, Shihman B, Miler A, Karni A (2005).
Lower brain-derived neurotrophic factor in serum of relapsing
remitting MS: reversal by glatiramer acetate. J Neuroimmunol
167(1–2): 215–218.
4 Baranowska-Bik A, Kochanowski J, Uchman D, Wolinska-Witort E,
Kalisz M, Martynska L, et al. (2013). Vasoactive intestinal peptide
(VIP) and pituitary adenylate cyclase activating polypeptide
(PACAP) in humans with multiple sclerosis. J Neuroimmunol
263(1–2): 159–161.
5 Barde YA, Edgar D, Thoenen H (1982). Purification of a new neurotrophic factor from mammalian brain. EMBO J 1(5): 549–553.
6 Braitch M, Kawabe K, Nyirenda M, Gilles LJ, Robins RA, Gran B,
et al. (2010). Expression of activity-dependent neuroprotective
protein in the immune system: possible functions and relevance
to multiple sclerosis. Neuroimmunomodulation. 17(2): 120–125.
7 Calabrese F, Rossetti AC, Racagni G, Gass P, Riva MA, Molteni R
(2014). Brain-derived neurotrophic factor: a bridge between
inflammation and neuroplasticity. Front Cell Neurosci 8: 430.

Neuroendocrinology Letters Vol. 36 No. 2 2015 • Article available online: http://node.nel.edu

151

Jan Kochanowski, et al.
8 Comini-Frota ER, Rodrigues DH, Miranda EC, Brum DG, KaimenMaciel DR, Donadi EA, et al. (2012). Serum levels of brain-derived
neurotrophic factor correlate with the number of T2 MRI lesions
in multiple sclerosis. Braz J Med Biol Res 45(1): 68–71.
9 Damasceno A, Damasceno BP, Cendes F, Moraes AS, Farias A,
Santos LM (2015). Serum BDNF levels are not reliable correlates
of neurodegeneration in MS patients. Mult Scler Relat Disord
4(1): 65–66.
10 Frota ER, Rodrigues DH, Donadi EA, Brum DG, Maciel DR, Teixeira
AL (2009). Increased plasma levels of brain derived neurotrophic
factor (BDNF) after multiple sclerosis relapse. Neurosci Lett
460(2): 130–132.
11 Gozes I (2012). Neuropeptide GPCRs in neuroendocrinology:
the case of activity-dependent neuroprotective protein (ADNP).
Front Endocrinol (Lausanne) 3: 134.
12 Gozes I, Bassan M, Zamostiano R, Pinhasov A, Davidson A, Giladi
E, et al. (1999). A novel signaling molecule for neuropeptide
action: activity-dependent neuroprotective protein. Ann N Y
Acad Sci 897: 125–135.
13 Hohlfeld R (2008). Neurotrophic cross-talk between the nervous
and immune systems: relevance for repair strategies in multiple
sclerosis? J Neurol Sci 265(1–2): 93–96.
14 Kamm CP, Uitdehaag BM, Polman CH (2014). Multiple Sclerosis:
Current Knowledge and Future Outlook. Eur Neurol 72(3–4):
132–141.
15 Kerschensteiner M, Gallmeier E, Behrens L, Leal VV, Misgeld T,
Klinkert WE, et al. (1999). Activated human T cells, B cells, and
monocytes produce brain-derived neurotrophic factor in vitro
and in inflammatory brain lesions: a neuroprotective role of
inflammation? J Exp Med 189(5): 865–870.
16 Kerschensteiner M, Stadelmann C, Dechant G, Wekerle H, Hohlfeld R (2003). Neurotrophic cross-talk between the nervous and
immune systems: implications for neurological diseases. Ann
Neurol 53(3): 292–304.
17 Lalive PH, Kantengwa S, Benkhoucha M, Juillard C, Chofflon M
(2008). Interferon-beta induces brain-derived neurotrophic
factor in peripheral blood mononuclear cells of multiple sclerosis patients. J Neuroimmunol 197(2): 147–151.
18 Linker RA, Lee DH, Demir S, Wiese S, Kruse N, Siglienti I, et al.
(2010). Functional role of brain-derived neurotrophic factor in
neuroprotective autoimmunity: therapeutic implications in a
model of multiple sclerosis. Brain. 133(Pt 8): 2248–2263.

152

19 Luhder F, Gold R, Flugel A, Linker RA (2013). Brain-derived neurotrophic factor in neuroimmunology: lessons learned from multiple sclerosis patients and experimental autoimmune encephalomyelitis models. Arch Immunol Ther Exp (Warsz) 61(2): 95–105.
20 McFarland HF, Martin R (2007). Multiple sclerosis: a complicated
picture of autoimmunity. Nat Immunol. 8(9): 913–919.
21 Noble EE, Billington CJ, Kotz CM, Wang C (2011). The lighter
side of BDNF. Am J Physiol Regul Integr Comp Physiol. 300(5):
R1053–1069.
22 Numakawa T, Adachi N, Richards M, Chiba S, Kunugi H (2013).
Brain-derived neurotrophic factor and glucocorticoids: reciprocal influence on the central nervous system. Neuroscience 239:
157–172.
23 Rostami A, Ciric B (2013). Role of Th17 cells in the pathogenesis of CNS inflammatory demyelination. J Neurol Sci 333(1–2):
76–87.
24 Stadelmann C, Kerschensteiner M, Misgeld T, Bruck W, Hohlfeld
R, Lassmann H (2002). BDNF and gp145trkB in multiple sclerosis
brain lesions: neuroprotective interactions between immune
and neuronal cells? Brain 125(Pt 1): 75–85.
25 Sun W, Hong J, Zang YC, Liu X, Zhang JZ (2006). Altered expression of vasoactive intestinal peptide receptors in T lymphocytes
and aberrant Th1 immunity in multiple sclerosis. Int Immunol
18(12): 1691–1700.
26 Tan YV, Waschek JA (2011). Targeting VIP and PACAP receptor
signalling: new therapeutic strategies in multiple sclerosis. ASN
Neuro 3(4). doi: 10.1042/AN20110024.
27 Tongiorgi E, Sartori A, Baj G, Bratina A, Di Cola F, Zorzon M, et
al. (2012). Altered serum content of brain-derived neurotrophic
factor isoforms in multiple sclerosis. J Neurol Sci 320(1–2):
161–165.
28 Waschek JA (2013). VIP and PACAP: neuropeptide modulators
of CNS inflammation, injury, and repair. Br J Pharmacol 169(3):
512–523.
29 Yoshimura S, Ochi H, Isobe N, Matsushita T, Motomura K, Matsuoka T, et al. (2010). Altered production of brain-derived neurotrophic factor by peripheral blood immune cells in multiple
sclerosis. Mult Scler 16(10): 1178–1188.
30 Zusev M, Gozes I (2004). Differential regulation of activitydependent neuroprotective protein in rat astrocytes by VIP and
PACAP. Regul Pept 123(1–3): 33–41.

Copyright © 2015 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

