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Abstract 

Neuroprotection is considered a major therapeutic target in Multiple Sclerosis (MS), a chronic 

inflammatory demyelinating disease of the central nervous system (CNS). Accordingly, current 

disease modifying drugs (DMDs) for MS have been revaluated for their ability to stimulate 

production of neurotrophic factors that may provide support to neural cells against 

neurodegeneration. Brain-derived neurotrophic factor (BDNF) is considered the best candidate for 

such neuroprotective effects in MS. In the present study, we explored a potential effects of 

Glatiramer Acetate (GA), and Interferon-beta (IFN-b), the first two available treatments of MS, on 

circulating levels of BDNF considering the different BDNF forms. Using ELISA assays, we 

quantified mature and total BDNF in the serum of 20 relapsing-remitting MS (RR-MS) patients 

treated with GA and 31 with INF-beta compared with 20 age-matched RR-MS patients without 

any DMD. Mature BDNF but not total BDNF was significantly increased by treatment with IFN-

b in female patients only, while GA had no effect. These results support a gender-specific role of 

BDNF in the treatment of RR-MS with INF-b. Of note, the present study was carried out with 

standardized ELISA assays which are commercially available and, prospectively, might be 

routinely used in the common clinical practice to monitor the individual response to the therapy 

with IFN-b. 
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Introduction  

Multiple Sclerosis (MS) is a chronic 

inflammatory demyelinating disease of the 

central nervous system (CNS) with a high 

prevalence in young adults [1]. Even if MS 

etiology and pathogenesis are still incompletely 

understood, it is well known that inflammation 

with infiltration in the CNS by cellular and 

soluble mediators of the immune system plays 

a predominant role [2-4]. Accordingly, current 

therapeutic approaches are focused on trying to 

reduce the inflammatory processes by treatment 

with disease modifying drugs (DMDs) and the 

first available treatments to target inflammation 

were interferon-beta (IFN-b) and glatiramer 

acetate (GA). In the last years the increasing 

availability of both oral and injectable new 

medications has changed the clinical approach 

towards a personalized MS therapy [5]. 

However, the long-term efficacy of these 

immunomodulatory treatments is still debated 

and therefore, research has been recently 

oriented to neuroprotection as an alternative or 

complementary strategy for MS treatment [6]. 

Accordingly, new therapeutic strategies to 

provide neuroprotection of injured neurons are 

actively sought.  

A potential therapeutic target is represented by 

the neurotrophin brain-derived neurotrophic 

factor (BDNF) which is one of the most potent 

neurotrophic factors supporting neuronal 

survival, and regulating neurotransmitters 

release and neuronal growth [7]. BDNF is 

released by neurons and activated astrocytes 

and in vivo application of BDNF prevents 

neuronal degeneration after experimental 

axotomy and other forms of neuronal injury [8-

11]. Not only neurons can produce BDNF but 

also immune cells like T cells, B cells and 

monocytes, especially after activation 

[7,12,13]. Indeed, enhanced BDNF levels were 

found in Th2 and Th1 cells following 

stimulation by GA [14,15] and in T cells from 

patients treated with IFN-b or the antibody 

alemtuzumab [16,17]. Considering that the 

receptor of BDNF, TrkB was found to be highly 

expressed in neurons and astrocytes within MS 

brain lesions [18], these findings fit very well 

into the concept of neuroprotective 

autoimmunity. This theory postulates that 

infiltration of CNS antigen-specific T cells or 

other immune cells can reduce neuronal 

degeneration especially because T cells 

secretion of BDNF and anti-inflammatory 

cytokines is enhanced by GA treatment 

[12,19,20]. However, more recent studies using 

experimental autoimmune encephalomyelitis 

(EAE) in conditional BDNF knockout mice, 

showed that, when BDNF is selectively ablated 

in astrocytes or in the whole CNS, animals 

showed a more severe course of the disease and 

increased axonal damage. Conversely, when 

BDNF was deleted in T cells or cells of the 

myeloid lineage alone no worsening of the 

course of EAE could be observed [21,22]. 

Given these contrasting results, it remains to be 

determined if the best neuroprotectant effect 

can be achieved by increasing expression of 

BDNF in neuronal or in immune cells. 

In a previous study, we investigated the 

different BDNF forms produced in MS. BDNF 

is synthesized as a precursor protein of 32 KDa 

(proBDNF) which is cleaved by SKI-1 protease 

generating a large proteolytic product of 27 

KDa called truncated BDNF, or by convertases 
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such as furin or MMP-7 producing a smaller 

protein of 14KDa, the mature BDNF. Notably, 

proBDNF and mature BDNF have opposite 

biological effects, while the biological function 

of truncated BDNF is still unknown [23]. In the 

serum of drug-naïve MS patients, we found a 

reduction in the serum levels of pro-apoptotic 

proBDNF and pro-survival mature BDNF 

while truncated BDNF was increased and thus, 

resulted to be the most abundant BDNF form in 

MS sera [24]. The increase in serum levels of 

truncated BDNF in MS patients appears to be 

specific because in sera from patients affected 

by schizophrenia we found a significant 

decrease of this BDNF proteolytic form [25]. 

In conclusion, therapeutic strategies to obtain 

neuroprotection by enhancing endogenous 

BDNF production in neurons, astrocytes or T-

cells require a better understanding of the 

BDNF forms produced in the various phases of 

the disease and in response to MS disease-

modifying drugs. First of all, because pro and 

mature BDNF have, respectively, pro- or anti-

apoptotic effects and therefore, can affect 

neurons and immune cells in opposite ways. 

Secondly, because the functional role of 

truncated BDNF and its modulation during the 

course of MS are still unknown. 

On the basis of the above mentioned issues, we 

have undertaken a study to determine how GA 

or IFN-b, the more common treatments for MS, 

affect the synthesis of total and mature BDNF. 

To this aim, we used two ELISA kits that in a 

previous study [26] we demonstrated to have 

the best performance above six commercial 

assays in measuring specifically total BDNF or 

mature BDNF in human serum. Information on 

this issue, will be instrumental for a better 

understanding of the effects of these treatments 

and for the design of future screening 

campaigns to identify drugs able to stimulate 

selective production of BDNF variants. 

 

 

 

Results 
 

Patient’s characteristics 

 

Clinical and paraclinical characteristics of the 

enrolled patients are reported in Table 1. All the 

considered variables were well-balanced in the 

groups; in particular, there were no significant 

differences of disease duration, annual relapse 

rate (ARR), type of disease onset, CSF profile 

between the groups (Chi-square test or Kruskal-

Wallis test). A high percentage of patients both 

in the G1 and the G2 group underwent previous 

treatment before the current one; the reasons of 

the switch were the evidence of lack of efficacy, 

presence of neutralizing antibodies (NAbs), or 

adverse events (e.g. flu-like syndrome). We 

observed, as expected, a clear reduction in 

terms of ARR after last treatment onset, 

compared with the previous disease history in 

both G1 and G2 groups. 

 

Total and Mature BDNF serum level 

measurements 

 

Serum BDNF is considered a potential 

prognostic marker in monitoring the outcome of 

different therapies in RR-MS patients. Using 

western-blot technique, we previously showed 

that RR-MS patients are characterized by an 

altered balance between proteolytic forms of 

BDNF in the serum [24]. However, in a typical 

clinical setting, it is necessary to use simpler 

and more standardized techniques with respect 

to western-blot. Therefore, we used two 

commercial ELISA kits that we previously 

demonstrated [26] to be able to reliably 

measure total BDNF (Biosensis) and mature 

BDNF (Aviscera) in human serum. Since no 

commercial kit is available for truncated 

BDNF, this proteolytic form of BDNF was not 

measured in this study. We first measured 

circulating levels of total BDNF in the serum of 

RR-MS patients treated with interferon (G1) or 

glatiramer acetate (G2) with respect to aged-

matched untreated RR-MS subjects (G3). We 
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observed no differences in total BDNF levels 

between all RR-MS patients groups, 

irrespectively of the administered therapy 

(Median G1=37.79 ng/ml, Q1-Q3=29.42-

43.18, Median G2=36.76 ng/ml, Q1-Q3=30.79-

43.80, Median G3=42.88 ng/ml, Q1-Q3= 

35.02-52.26; p=0.22; see Figure 1A).  

Table 1: Clinical and paraclinical characteristics of the enrolled patients. Mean ± standard deviation or 

median (range); * Chi-square test or Kruskal-Wallis test, where appropriate. ARR: annual relapse rate; 

EDSS: Expanded Disability Status Scale; DMD: disease modifying drug; OCBs: oligoclonal bands; na: not 

available; ns: not significant. 

Patient’s characteristic 
G1 Interferon 

(n=31) 

G2 GA 

(n=20) 

G3 no therapy 

(n=20) 
p* 

Gender M 9 (29%) 8 (40%) 3 (15%) 0.211 

Gender F 22 (71%) 12 (60%) 17 (85%)  

Age (years) 41.8±9.7 40.5±11.6 44.3±10.2 0.753 

Disease duration (months) 95 (23-346) 137 (5-305) 131 (6-353) 0.776 

Total number of relapses 2 (1-12) 2 (1-28) 2 (1-12) 0.920 

Annual Relapse Rates (ARR) 0.3 (0-1.3) 0.3 (0.0-2.4) 0.3 (0.1-3.4) 0.920 

Expanded Disability Status Scale (EDSS) 1 (0-3) 1 (0-5.5) 1.3 (0-3.5) 0.828 

Family history of MS 2 (6.5%) 3 (15%) 2 (10%) 0.606 

No Family history of MS 29 (93.5%) 17 (85%) 18 (90%)  

Family history of autoimmune diseases 4 (12.9%) 5 (25%) 1 (5%) 0.186 

No Family history of autoimmune diseases 27 (87.1%) 15 (75%) 19 (85%)  

Symptom at onset     

Optic pathways 7 (22.6%) 3 (15%) 5 (25%) 0.715 

Supratentorial 6 (19.4%) 2 (10%) 2 (10%) 0.532 

Brainstem/cerebellum 10 (32.2%) 6 (30%) 4 (20%) 0.622 

Spinal cord 7 (22.6%) 8 (40%) 8 (40%) 0.298 

Polyregional 1 (3.2%) 1 (5%) 1 (5%) 0.934 

Complete Recovery from 1st relapse 27 (87.1%) 16 (80%) 17 (85%) 0.789 

Incomplete Recovery from 1st relapse 4 (12.9%) 4 (20%) 3 (15%)  

CSF OCBs 17 (54.8%) 11 (55%) 13 (65%) 0.741 

Absent CSF OCBs 5 (16.1%) 6 (30%) 2 (10%) 0.241 

Not available CSF OCBs 9 (29%) 3 (15%) 5 (25%) 0.514 

Time to 2nd relapse (months) 22 (1-162) 36 (2-157) 24 (2-278) 0.966 

Time from last relapse (months) 51 (1-329) 42 (5-271) 24 (2-251) 0.264 

Number of steroid treatment 1 (0-8) 1 (0-27) 1 (0-20) 0.831 

Time from last steroid treatment (months) 45.5 (1-29) 45 (5-203) 27 (2-231) 0.630 

Previous DMD 7 (22.6%) 8 (40%) 10 (50%) 0.117 

No Previous DMD 24 (77.4%) 12 (60%) 10 (50%)  

Numbers of previous DMD 1 (1-2) 1 (1-3) 1 (1-3) 0.571 

Duration of previous DMD (months) 34±31.2 58.5±33.7 77.3±36.9 0.056 

Time from last DMD (months) na na 31.5 (9-51) 0.062 

Current DMD duration 46 (9-175) 34 (2-146) na 0.120 

Number of relapses before last (ongoing) 

treatment 
2 (1-10) 2 (1-26) 

na 
0.785 

ARR before last (ongoing) treatment 0.9 (0.1-9.0) 0.5 (0.1-4.1) na 0.359 
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Number of relapses during ongoing 

treatment 
0 (0-3) 0 (0-2) 

na 
0.210 

ARR during ongoing treatment 0.0 (0.0-1.2) 0.0 (0.0-0.3) na 0.103 

ARR worsening during ongoing treatment 2 (6.5%) 0 (0%) na 0.247 

EDSS before last (ongoing) treatment 1.5 (0-3) 1.5 (0-6) na 0.364 

EDSS worsening (≥1) during ongoing 

treatment 
3 (9.7%) 3 (15%) 

na 
0.565 

EDSS or ARR worsening during ongoing 

treatment 
5 (16.1%) 3 (15%) 

na 
0.914 

EDSS improving (≥1) during ongoing 

treatment 
2 (6.5%) 3 (15%) 

na 
0.139 

In a second set of experiments, we measured 

serum levels of mature BDNF. We previously 

demonstrated that RR-MS patients differ from 

healthy subjects for an imbalance in BDNF 

processing, leading to increased truncated 

BDNF and reduced mature BDNF serum levels 

[24]. Since mature BDNF is the form which 

promotes neuroprotection, we evaluated if 

treatment with interferon or glatiramer acetate 

may improve circulating mature BDNF levels 

as compared to untreated patients. Circulating 

mature BDNF was measured in all RR-MS 

patient groups using an ELISA kit (Aviscera) 

which predominantly measures this form [26]. 

We found that none of the therapies was able to 

increase the serum levels of mature BDNF 

(Median G1=12.14 ng/ml, Q1-Q3= 9.52-16.40, 

Median G2=13.82 ng/ml, Q1-Q3= 10.37-18.58, 

Median G3=13.35 ng/ml, Q1-Q3= 11.50-15.48; 

p=0.66; see Figure 1B).  

 

 

Figure 1: Total BDNF serum level measured by ELISA assay.  
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Box plot of total BDNF serum concentration 

(ng/ml) in healthy controls and RR-MS patients 

with different therapy: Group 1 (G1) interferon, 

Group 2 (G2) glatiramer acetate and Group 3 

(G3) no-therapy groups. The upper line of the 

box marks the75th percentile, the middle line is 

the median value and the lower line specifies 

the 25th percentile. Whiskers above and below 

the box indicate the 90th and 10th percentiles, 

respectively. Dots indicate the outlier values 

within each group. B) Box plot of mature 

BDNF serum concentration (ng/ml), as 

described in panel A. n = number of patients in 

each group. Statistical analysis was done with 

Kruskal-Wallis One Way Analysis of Variance 

on Ranks test followed by correction for 

multiple comparison using the Dunn's method. 

 

Total and mature BDNF serum level 

measurements in female subgroups. 

 
Autoimmune diseases are known to show 

higher prevalence among females. To 

investigate the possible gender effect, we 

analysed circulating levels of total and mature 

BDNF in male and female patient sera, 

separately. While we found no statistical 

difference between groups in male patients, we 

observed a statistical difference in female 

patients of the interferon group with respect to 

the glatiramer acetate and no-therapy groups 

(P<0.05; G1 vs G2 and g1 vs G3; see figure 

2A). In particular, we found a significant 

increase in circulating levels of total BDNF in 

female subjects treated with interferon (Median 

G1=38.28 ng/ml, Q1-Q3=29.13-43.63, Median 

G2=17.73 ng/ml, Q1-Q3=14.36-22.98, Median 

G3=21.32 ng/ml, Q1-Q3= 17.72-24.41; 

P<0.05). Despite that, irrespectively of the 

administered therapy, in all RR-MS female 

subgroups, we observed no difference in mature 

BDNF levels (Median G1=12.95 ng/ml, Q1-

Q3=8.98-16.80, Median G2=13.50 ng/ml, Q1-

Q3=9.77-19.21, Median G3=12.78 ng/ml, Q1-

Q3= 10.39-14.55; see Figure 2B).  

 

 

Figure 2: Genders-specific BDNF serum levels measured by ELISA assay in female patients.  
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A) Box plot of total BDNF serum concentration 

(ng/ml) in healthy controls and RR-MS female 

patients with different therapy: Group 1 (G1) 

interferon, Group 2 (G2) glatiramer acetate and 

Group 3 (G3) no-therapy groups. Box plot are 

defined as in figure 1. * = P<0.05 G1 vs G3 and 

G1 vs G2 (Kruskal-Wallis One Way Analysis 

of Variance on Ranks test followed by 

correction for multiple comparison using the 

Dunn's method). B) Box plot of mature BDNF 

serum concentration (ng/ml) in female patients 

as described in panel A.  

 

Discussion 

In this study, we provide evidence that chronic 

treatment with interferon-beta significantly 

increases the levels of circulating BDNF in 

relapsing-remitting female patients, as 

compared to a population of RR-MS patients 

who refused any treatment. This effect was seen 

for total BDNF but not for mature-BDNF and 

was not detected in male patients or when the 

entire population of RR-MS patients was 

analysed (males + females). In addition, we 

found no effect of glatiramer acetate chronic 

treatment on serum BDNF levels, irrespective 

of the BDNF form or the sample population 

considered. The possibility to include a 

subgroup (G3) of rare RR-MS patients who 

refused any treatment for at least 6 months, 

although forcedly reduced the size of the study 

groups, made this study one the very few in the 

field of Multiple Sclerosis who investigated 

BDNF in these patients. An added value of the 

present study is that results were obtained with 

well standardized ELISA kits which are 

commercially available. In perspective these 

BDNF assays, might be used in a common 

clinical practice to monitor the efficacy of 

therapies and, in particular, the individual 

response to interferon-beta. 

 

A major finding of this study is that INF-beta, 

but not GA, can restore the normal levels of 

BDNF in female RR-MS patients. This finding 

imposes three types of considerations, first 

regarding the significance of the increased 

levels of total BDNF in response to INF-beta, 

second regarding the controversial literature on 

the effects of GA on BDNF, and lastly on the 

observed gender effect.  

Our results are in agreement with a recent study 

showing that INF-beta can increase serum 

BDNF levels [27] and with a previous study 

demonstrating an increased production of 

BDNF by peripheral blood mononuclear cells 

following stimulation with INF-beta [28]. 

Serum levels of BDNF varies during to the 

different phases of RR-MS. Together with 

some pro-inflammatory cytokines, such as 

TNF-alpha and INF-gamma, BDNF is 

considerably increased in the acute phase and in 

case of complete or partial recovery from new 

symptoms [29,30] or after relapse [31]. In 

contrast, lower BDNF values were found in 

supernatants of peripheral blood mononuclear 

and in the CSF of patients with secondary-

progressive (SP) MS in comparison with 

controls [29] while other studies found no 

difference in plasma BDNF levels between 

naïve MS patients and healthy controls [32,33]. 

However, other laboratories including ours 

have found that serum BDNF levels are reduced 

in RR-MS patients during remission in 

comparison to control patients [24,34]. It is 

worth to mention also the current debate 

regarding the significance of serum BDNF 

levels in terms of biomarker of disease 

progression. Mehrpour et al. [27], proposed 

serum BDNF with levels above a cut-off of 190 

pg/ml as a biomarker of disease severity, while 

in another study, serum BDNF levels did not 

seem to correlate with the extent of 

neurodegeneration [33]. Besides the current 

difficulties in dissecting out the exact 

correlation between BDNF levels and phase or 

severity of the disease, our findings are in 

support of a possible neurotrophic effect of 

INF-beta in SM. 
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A second aspect of complexity is given by the 

controversial data on the effects of GA on 

BDNF levels. Although initial studies reported 

increased serum levels [34,35], more recent 

ones conducted on MS patients in different 

countries have consistently reported no effect of 

GA on serum levels of BDNF even after one 

year of treatment [36,37]. Such discrepancies 

might be due, as explained above to the 

fluctuating serum levels of BDNF in the 

different phases of MS. In addition, as we 

recently demonstrated, the use of different 

ELISA kits to detect serum BDNF may produce 

inconsistencies among studies due to different 

ability to detect BDNF or inter-assay variability 

of the kit used [26] (see discussion on the 

technical issue, below). On the other hand, 

various studies reported that when stimulated 

with GA, peripheral blood monocytes show 

increased release of BDNF in vitro, but only in 

a subpopulation of GA-responding cells and 

patients [38-41].  

Third, in our hands INF-beta induces 

upregulation of serum BDNF in females, but 

not in males. The gender bias is particularly 

relevant in autoimmune diseases and MS is 

known to be more prevalent in females that in 

males. Of note, gender represents also an 

important factor with respect to the progression 

and aggressiveness of MS and is postulated to 

play a role also in remyelination and neuronal 

damage [42,43]. Interestingly, in experimental 

autoimmune encephalomyelitis (EAE) a gender 

difference in expression of molecules 

potentially related to myelin damage and repair 

has been described [44]. Besides these 

considerations, we are the first to observe a 

gender specific effect of INF-beta on serum 

BDNF levels. Additional studies are necessary 

to determine the mechanism of such gender 

difference in drug responsiveness. 

The data on serum BDNF in MS however, 

impose caution regarding their interpretation, 

also in consideration of the biological 

complexity of BDNF. Indeed, as already 

mentioned in the introduction, BDNF is 

produced as a pro-BDNF precursor, which 

undergoes proteolytic processing to generate 

the truncated or the mature BDNF forms. Pro 

and mature BDNF forms have antagonistic pro-

apoptotic and anti-apoptotic effects, 

respectively; while the biological function of 

truncated BDNF is unknown [24,23]. We 

previously showed that in drug naïve MS 

patients, truncated BDNF was increased and 

therefore resulted to be the predominant form, 

because pro- and mature BDNF were 

significantly reduced with respect to the sera of 

healthy controls, thus leading to an altered 

balance between serum BDNF forms [24]. In 

this study, we found that INF-beta promotes an 

increase in serum BDNF levels in female MS 

patients, and that pro-BDNF, or truncated 

BDNF variants, or both contributes to this 

increase, because mature BDNF was not 

affected. Information regarding the capacity of 

conventional immunomodulatory drugs to 

restore the balance of BDNF forms observed in 

the serum of MS patients, is considered useful 

to understand the potential for neuroprotective 

effects of the different BDNF forms. The 

concept that neuroprotective autoimmunity 

induced by T-cells and other immune cells is 

partially mediated by BDNF has obvious 

implications for the therapy of MS and is the 

underlying theoretical framework of this study. 

Activated human T cells, B cells, and 

monocytes secrete BDNF in vitro. In T helper 

(Th)1- and Th2-type CD4(+) T cell lines 

specific for myelin autoantigens such as myelin 

basic protein or myelin oligodendrocyte 

glycoprotein, BDNF production is increased 

upon antigen stimulation [7,38-41]. However, 

there is no information on the type of BDNF 

variant secreted by immune cells. Pro and 

mature BDNF can exert opposite effects on cell 

survival by activating p75 or TrkB receptors, 

respectively. The BDNF receptor TrkB has 

been found to be upregulated in T cells from 

MS patients with respect to healthy controls 

suggesting that BDNF may promote also 

increased survival and proliferation of the 

http://www.raftpubs.com/
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autoreactive T cells and hence further promote 

the disease [45]. The p75 receptor has been 

detected in B cells which are involved in forms 

of MS with GM involvement. Mice deficient 

for p75 receptor display a more severe EAE 

with reduced infiltrated B-cells, monocytes, 

macrophages and polymorphonucleate cells 

and almost doubled infiltrated T-cells [46].  

There is an important technical issue with 

BDNF measurement that should be considered 

here. In a previous study, we investigated the 

type of BDNF produced in MS using a western-

blot analysis with antibodies that allow to 

visualize all three BDNF forms, namely pro-

BDNF, truncated BDNF and mature BDNF 

[24]. However, semi-quantitative western-blot 

analysis is a technique which is prone to some 

artefacts, due to poor sensitivity and the 

intrinsic variability in each experimental 

passage such as PAGE-electrophoresis, blot 

transfer, immune-detection and quantification. 

For these reasons, in the present study we aimed 

at quantifying BDNF forms using high-

sensitive and well standardized methods 

consisting in two ELISA assays, one for total 

BDNF (Biosensis) and one for mature BDNF 

(Aviscera). We recently characterized these 

ELISA assays by comparing their performance 

amongst a pool of six different commercial 

assays and they resulted to be the most reliable 

ones in terms of sensitivity and inter-assay 

variations [26]. In addition, we showed that the 

Biosensis kit recognizes both pro- and mature 

BDNF, while the Aviscera kit is specific for 

mature BDNF only [26]. We inferred that 

Biosensis assay should also recognize the 

truncated BDNF form, and therefore it is 

suitable to measure total BDNF. Since INF-b 

induced an increase in total but not mature 

BDNF, the increase observed here is most 

likely accounted by pro-BDNF or truncated 

BDNF, or both in agreement with our previous 

study in untreated SM patients in which 

truncated and pro-BDNF forms showed the 

highest levels. These results indicate the 

absolute need of standardized new ELISA 

assays able to discriminate the different BDNF 

forms. 

This study presents some limitations, regarding 

the sample population, methodology and 

possible interpretation of the results. First, 

given the relatively small population 

investigated, a replica in a larger sample would 

be desirable. Second, as stated above, the 

ELISA assays available at the moment do not 

allow to quantify truncated BDNF and since we 

showed that this is the predominantly affected 

BDNF form in MS, it would important to 

determine if drugs have an effect on its serum 

levels. Third, although it is known that most 

circulating BDNF is stored in platelets and is 

fully released after blood clotting [47], the 

source and biological relevance of circulating 

BDNF forms is still unclear. 

Conclusions 
 

This study was aimed at determining how GA 

and IFN-b, the two principle available 

treatments for MS, affect the synthesis of 

BDNF proteolytic forms. These two treatments 

are only partially functional in blocking MS 

inflammatory activity; therefore, in order to 

slow the disease progression, new therapeutical 

approaches towards a neuroprotective strategy 

are required. Finally, given the fact that GA and 

IFN-b mechanism of action is still not entirely 

understood, we propose that the strong relations 

that their pharmacological pathways share with 

neurotrophins production and regulation may 

possibly represent an important key factor to 

understand and possibly overcome their 

strength-limited efficacy. The results of this 

study highlights the modulation of BDNF forms 

in response to current MS treatments and 

suggest that this modulation can be easily 

detected using commercial ELISA kits. 
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Methods 

 
Subject inclusion/exclusion criteria and 

sample collection 

 

Blood samples have been routinely collected 

and stored during the every-day clinical 

practice in the Neurology Clinic of the Trieste 

University Hospital. All patients signed written 

informed consent to store the blood and 

participate to the study, and the project was 

conducted according to the Ethic Guidelines of 

the institute and the recommendations of the 

declaration of Helsinki and the Italian DL n° 

675 of the 31-12-1996. We analysed the sera of 

seventy-one Caucasian RR-MS patients who 

accessed our clinic between April 2013 and 

February 2015. We grouped the patients as 

follows: thirty-one on interferon-beta treatment 

(G1), twenty on glatiramer acetate (G2), and 

twenty without any disease modifying drug 

(DMD) treatment (G3). The latter represents a 

subgroup of RR-MS patients who suspended (at 

least 6 months before blood collection) and/or 

refused all available treatment options, despite 

medical recommendation. Inclusion criteria 

were: diagnosis of RR-MS [48,49], DMD 

treatment for at least 2 months (for G1 and G2) 

and DMD-free condition for at least 6 months 

(for G3). For all groups, exclusion criteria were: 

relapse and/or corticosteroid therapy in the last 

month, concomitant treatment with 

antidepressants and/or mood stabilizers, 

antibiotics, antihypertensives, and 

gastroprotective agents. We retrospectively 

collected all the demographic, clinical 

(including EDSS score [49]), and paraclinical 

data of the patients, with particular attention to 

the therapeutic details. 

 

Serum samples were prepared as previously 

described [26]. In brief, blood samples were 

collected from all subjects between 9:00 to 

12:30 in fasting condition, and allowed to clot 

for 1 hour at room temperature, followed by 1 

hour at 4°C. Serum was then separated by 

centrifugation at Relative Centrifugal Force 

(RCF) 2000 g for 10 minutes at 4°C, aliquoted 

and stored at -80°C until use in 0.2 ml tubes 

strips (Sarstedt, Multiply® μStripPro). 

 

BDNF measurements 

 

Serum levels of total BDNF were measured by 

using BDNF RapidTM ELISA Kit (Human, 

Mouse, Rat, 2 Plates; Cat #: BEK-2211-2P, 

Biosensis Pty Ltd., SA, Australia) ELISA kit, 

while mature BDNF serum levels were 

measured by human BDNF ELISA Kit (Cat #: 

SK00752-01, Aviscera-Bioscience, Santa 

Clara, CA, USA). All samples were assayed in 

duplicate. Protocols were performed according 

to the manufacturer’s instructions. The optical 

density of each well was measured using an 

automated microplate reader (GloMax®-Multi 

Microplate Reader, Promega). 

 

Statistical analysis 

 

Clinical characteristics of the enrolled patients 

were analysed by chi-square test or Kruskal–

Wallis test, where appropriate. BDNF values 

were not normally distributed and data are 

presented as median, 25th-75th percentile and 

range (see figures). Accordingly, differences in 

BDNF concentration among groups were 

assessed using Kruskal-Wallis One Way 

Analysis of Variance on Ranks test followed by 

correction for multiple comparison using the 

Dunn's method. Values of p<0.05 were 

considered statistically significant. All 

statistical analysis and graphs were performed 

using SigmaPlot 11.0 (Systat Sofware, Inc.). 
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