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Abstract

Although interferon (IFN) beta is a widely used disease-modifying therapy in multiple sclerosis (MS), the mechanisms responsible for its
effects are not fully understood. Some studies demonstrated that IFNbeta induces nerve growth factor (NGF) secretion by astrocytes and by
brain endothelial cells. In this study, we determined the production of various neurotrophins (brain-derived neurotrophic factor, BDNF; NGF;
glial cell line-derived neurotrophic factor; neurotrophin 3; neurotrophin 4) by peripheral blood mononuclear cells (PBMCs) in relapsing—
remitting (RR) and secondary progressive (SP) MS patients during IFNbeta treatment. There were no main variations in neurotrophin production
either among all MS patients globally considered or in the group of SPMS subjects. Instead, in the group of RRMS patients who did not present
clinical exacerbation of disease up to the end of the study, we found a significant increase in BDNF production as from 6 months after starting
therapy.
© 2005 Elsevier Inc. All rights reserved.
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Introduction

Multiple sclerosis (MS) is a human chronic inflammatory
disease of the central nervous system and the most common
disabling neurological disease in young adulthood. Interferon
(IFN) beta is a widely used disease-modifying therapy in MS. It
has been shown to significantly reduce relapse rate and the
appearance of new lesions on magnetic resonance imaging
(MRI) [1]. Moreover, recent studies demonstrated that [FN beta
therapy also reduces atrophy rate, mainly in the early phases of
disease [2,3]. The mechanisms underlying IFNbeta therapeutic
effect seem to be mainly related to a reduction of the influx of T
cells in the central nervous system (CNS) and to a shift towards
a Th2-type response [4]. Non-immune mechanisms may also be
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responsible for its effects. In fact, some studies demonstrated
that IFNbeta is a potent inducer of nerve growth factor (NGF)
production by astrocyte cultures [5]. Furthermore, NGF produc-
tion by human brain microvascular endothelial cells is triggered
by interaction with T Iymphocytes derived from MS patients,
and it was potentiated by pre-treating lymphocytes with IFN beta
in vitro and by using lymphocytes derived from MS patients
treated with IFN beta in vivo [6].

The increased production of neuronal trophic factors may
represent an indirect action of IFNbeta on remyelination and
can help account for some of the efficacy of this treatment in
MS, but to date, there are no data about neurotrophin pro-
duction during IFNbeta therapy.

In this study, we determined neurotrophin (brain-derived
neurotrophic factor, BDNF; NGF; glial cell line-derived
neurotrophic factor, GDNF; neurotrophin 3, NT3; neurotrophin
4, NT4) production by peripheral blood mononuclear cells
(PBMCs) in relapsing—remitting (RR) and secondary progres-
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sive (SP) MS patients during the first year of treatment with
IFNbeta, and we correlated neurotrophin production with
clinical outcome of patients.

Materials and methods
Patients

We serially studied 39 consecutive patients with definite
MS (28 females and 11 males) [7]; 25 subjects presented a
relapsing—remitting course of disease (19 females and 6
males) and 14 a secondary progressive one (9 females and 5
males). Their mean age was 37.7 = 12.3 years (31.2 + 10 as
to RRMS patients and 49.4 £ 5 as to SP ones), and mean
disease duration was 9.4 + 9.1 years (5.8 £ 7 for RRMS
patients and 15.9 + 9 for SP ones). None of our patients had
ever been treated with any immunomodulatory drugs except
corticosteroids. RRMS patients were treated with IFNbeta-1a,
10 with 30 pg given once weekly intramuscularly, 10 with 22
ug given three times a week subcutancously and 5 with 44 pg
given three times a week subcutancously. All SPMS subjects
underwent [FNbeta-1b therapy 8 MIU administered subcuta-
neously every other day. Clinical data and blood samples
were obtained at baseline and after 3, 6 and 12 months of
treatment. In patients treated with intravenous methilpredni-
solone (20 mg/kg/die for 5 days) for relapses, blood was not
drawn until 30 days after the corticosteroid treatment, in order
to avoid corticosteroid-induced variations in neurotrophin
production [8]. The Expanded Disability Status Scale (EDSS)
was used to score degree of disability. At the end of the
follow-up, patients were divided into two groups based on the
occurrence of clinical relapses or progression in disability
(increase of EDSS score >1). The study was approved by the
Ethical Committee of our Institution.

Separation of PBMCs and cell culture

PBMCs were isolated from venous blood by density gradient
centrifugation (2500 rpm, 30 min) over a Ficoll-Hypaque
density gradient (Pharmacia, Uppsala, Sweden). PBMCs were
then harvested by pipetting cells from the Ficoll/serum interface
and washed twice. Cells were cultured for 24 h in 24-well plates
ata density of 5 x 10®/mlin RPMI 1640 (EuroClone, West York,
United Kingdom) containing 2 nM L-glutamine and 5% fetal
calf serum. At the end of incubation, cell-free supernatants were
harvested and stored at —80°C until assayed.

Measurement of neurotrophin production by PBMCs

Spontaneous neurotrophin (BDNF, NGF, GDNF, NT3, NT4)
production was measured by enzyme-linked immunoabsorbent
assay (ELISA) using commercial kits (R&D Systems, Minnea-
polis, USA) and following manufacturer’s instructions. All
assays were performed on F-bottom 96-well plates (Nunc,
Wiesbaden, Germany). Tertiary antibodies were conjugated to
horseradish peroxidase. Wells were developed with tetramethyl-
benzidine and measured at 450/570 nm.

Neurotrophin concentrations were determined from the
regression line for a standard curve generated by using highly
purified recombinant human neurotrophin at various concentra-
tions, performed contemporaneously with each assay. The
standard curve also served as an internal control over the sen-
sitivity and range of each assay. All samples were assayed in
duplicate and quality control pools at low, normal and high
concentrations were present in each assay. Data were expressed
as pg/ml.

There was no cross-reactivity or interference between rela-
ted neurotrophins (BDNF, NGF, GDNF, NT3, NT4).

Magnetic resonance imaging (MRI)

All patients underwent MRI before and at the end of the
follow-up period and at relapse time. MRI data were acquired
on high resolution 1.5 T system with 5-mm slice thickness.
Scanning sessions included proton density (echo time [TE] 20/
repetition time [TR] 2500), T2-weighted (TE 80/TR 2500) and
T1-weighted (TE 17/TR 600) images. The T1-weighted images
were acquired before and 10 min after IV injection of gado-
linium-diethylenetriaminepentaacetic acid (0.1mmol/kg).

Statistical analysis

Variations of neurotrophic factor (BDNF, NGF, GDNF, NT3,
NT4) production by PBMCs throughout interferon treatment
were assessed by two-way analysis of variance (ANOVA) with
clinical outcome (occurrence or non-occurrence of relapses for
RRMS patients; progression or non-progression in disability for
SP ones) and time points (baseline, 3, 6 and 12 months after
starting therapy) as independent variables. When significant
differences were obtained, post hoc comparisons were per-
formed using Fisher’s PLSD test.

A P value < 0.05 was considered significant.

Results

Neurotrophin production by unstimulated PBMCs in MS
patients under [FNbeta treatment

During [FNbeta treatment, there were no main variations in
NGF, GDNF, NT3, NT4 production among all 39 MS patients. A
trend towards an increase of BDNF production was observed
after 1 year of treatment versus baseline values (months 0—12:
P =0.09).

Levels of BDNF, NGF, GDNF, NT3 and NT4 in the super-
natants of unstimulated PBMCs were comparable between
RRMS and SPMS patients at baseline.

Neurotrophin production by unstimulated PBMCs in RR
patients under IFNbeta treatment

During the study, there were no main variations of NGF,
GDNF, NT3, NT4 production among all 25 RRMS patients,
while a trend towards an increase of BDNF production was
found after 1 year of treatment (months 0—12: P =0.1) (Fig. 1).
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