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Serum netrin-1 in relation to gadolinium-

enhanced magnetic resonance imaging in

early multiple sclerosis
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Abstract

Background: Netrin-1, a secreted laminin-related protein, is known to regulate not only axonal

guidance and neuronal cell migration, but also blood�brain barrier integrity and inflammation. Two

preliminary studies reported altered serum netrin-1 levels in multiple sclerosis; however, associations

with longitudinal clinical and magnetic resonance imaging activity have not been investigated.

Objectives: We aimed to assess serum netrin-1 in multiple sclerosis and controls with respect to disease

activity and its temporal dynamics.

Methods: Serum netrin-1 was assessed by enzyme-linked immunosorbent assay in 79 patients with

clinically isolated syndrome or multiple sclerosis, and 30 non-inflammatory neurological disease

controls. In patients, serum samples were collected immediately prior to gadolinium-enhanced 3 T

magnetic resonance imaging at two time points (initial contrast-enhancing gadoliniumþ n¼ 47, non-

enhancing gadolinium� n¼ 32; reference gadolinium� n¼ 70; median time-lag 1.4, interquartile range

1.0�2.3 years).

Results: Serum netrin-1 levels were similar in clinically isolated syndrome, multiple sclerosis and

controls, and gadoliniumþ and gadolinium� patients. Among gadoliniumþ patients, serum netrin-1

was decreased in clinically active (n¼ 8) vs non-active patients (n¼ 39; p¼ 0.041). Serum netrin-1

showed no temporal dynamics in multiple sclerosis and was unrelated to clinical data.

Conclusions: Serum netrin-1 levels show no multiple sclerosis specific changes and are not sensitive for

detection of subclinical disease activity. Netrin-1 changes during relapses may deserve further

examination.

Keywords: Multiple sclerosis, netrin-1, serum, disease activity, blood�brain barrier, magnetic resonance

imaging
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Introduction

Netrin-1 (NTN-1) is a secreted laminin-related pro-

tein with both attracting and repelling chemotropic

effects, which regulate cell-migration and cell-cell or

cell-substrate adhesion.1�3 In the central nervous

system (CNS), NTN-1 is known to affect various

processes required for tissue development and

repair: axonal guidance, glial cell migration, neural

growth, and the recruitment and differentiation of

oligodendroglial precursor cells.1�6 A recent experi-

mental study demonstrated, in cell culture and

experimental autoimmune encephalomyelitis (EAE)

models, that NTN-1 also acts as an important regu-

lator of blood�brain barrier (BBB) integrity and

inflammation.7 Furthermore, NTN-1 has been asso-

ciated with multiple sclerosis (MS) pathology, as this

protein has been reported to be upregulated in astro-

cytes and macrophages in human and murine demye-

linated lesions.5,6,8,9 Conversely, NTN-1 levels

appeared to be decreased in serum and cerebellum

and spinal cord tissue of EAE versus control mice.10

Recently, two independent studies reported NTN-1
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serum levels in MS in humans to be either elevated7

or decreased10 compared to controls, respectively.

Moreover, the decrease in NTN-1 serum levels

appeared to be more prominent in MS patients

undergoing a clinical relapse, and 60 days post-

relapse.10

In MS, active phases of the disease are associated

with inflammation and BBB disruption. Magnetic

resonance imaging (MRI)-based evidence of disease

activity, indicated by the occurrence of new/enlarged

T2 or T1 gadolinium (Gd)-enhancing lesions, pro-

vides a good surrogate for clinical measures like

relapse rate and disability progression.11 Gd-enhan-

cing lesions on MR images display ongoing inflam-

mation, which is related to BBB disruption and

immune cell infiltration at the site.12

The recently described results on NTN-1 in MS

are partly contradictory, and the extent to which

possible alterations of soluble NTN-1 levels may

reflect BBB disruption, or even be implicated in

pathophysiological processes of BBB breakdown in

humans, has not yet been clarified. Therefore, we

were prompted (a) to reassess possible differences

in NTN-1 levels between MS patients and controls

with non-inflammatory neurological diseases, and

between patient subgroups (i.e. clinically isolated

syndrome (CIS) and relapsing�remitting MS

(RRMS)), and (b) to study the association of

NTN-1 levels with disease activity, evidenced by

Gd-enhanced lesions seen on MRI or by a clinical

relapse. Furthermore, we wanted (c) to search for

longitudinal changes of this protein in relation

to MS.

Patients and methods

This study was approved by the ethics committee of

the Medical University of Graz, Austria. All partici-

pants provided written informed consent.

Patients and controls

According to our study objectives we searched for

patients (n¼ 79) who were seen at the MS outpatient

clinic of the Department of Neurology, Medical

University of Graz, between 2007�2015, and met

the following criteria: (a) diagnosis of clinically iso-

lated syndrome (CIS) suggestive of MS, or RRMS,

according to available criteria13,14 at time of inclu-

sion; (b) availability of an initial and optionally a

reference Gd-enhanced MRI scan as described

below, at two time-points with a minimum time

interval of six months; (c) availability of serum sam-

ples at the time of both MRI scans; (d) no

corticosteroid infusion within four weeks prior to

sampling; and (e) availability of detailed clinical

data.

Patients were considered to be in an active state of

disease at the time of either examination if Gd-

enhancement was present on MRI (i.e. subclinical

activity), or if within 30 days prior to MRI and sam-

pling a clinical attack had occurred (i.e. clinical

activity).

As controls (n¼ 30), we included individuals who

were seen at the outpatient clinic of the

Department of Neurology, Medical University of

Graz, between 2010�2012, and fulfilled the fol-

lowing criteria: (a) diagnosis of a neurological dis-

ease of non-inflammatory etiology (cranial/

peripheral palsy � non-inflammatory neurological

disease controls; headache or sensory disturbances

� symptomatic controls);15 (b) availability of a

diagnostic serum sample; (c) all routine-diagnostic

variables measured in cerebrospinal fluid (CSF)

and serum at diagnosis within normal range;15

(d) no immunomodulatory or immunosuppressive

treatment prior to sampling.

Clinical assessment

The following demographic and clinical data were

recorded at the time of, and in between, both MRI

scans in the patients: age, gender, age at disease

onset, occurrence of a relapse, and severity of dis-

ability assessed by the Expanded Disability Status

Scale (EDSS).16 A relapse was defined as the

appearance of at least one neurological symptom or

the reappearance of a previous symptom attributed to

MS with clinical worsening for at least 24 h succeed-

ing a stable or improving neurological state during at

least 30 days.14 Upon occurrence of a clinically

documented relapse, patients usually obtained

pulsed steroid therapy of either three- or five-day

1000 mg/day methylprednisolone (number of

relapses in between both MRI scans: 0 n¼ 49,

1 n¼ 17, 2 n¼ 8, 3 n¼ 3, 4 n¼ 2). The time lag

between the last corticosteroid infusion was at min-

imum four weeks prior to MRI and blood sampling

(time interval last infusion prior to scan: at initial

scan median 629 days, interquartile range (IQR)

258�1191 days; at reference scan median 679

days, IQR 379�1136 days). At the time of the initial

scan, 36 out of 79 patients received long-term dis-

ease-modifying treatment (DMT) (interferon beta

n¼ 16, glatiramer acetate n¼ 10, natalizumab

n¼ 8, fingolimod n¼ 1, teriflunomide n¼ 1). At

the time of the second MRI scan, 52 of 70 patients

received DMT (interferon beta n¼ 24, glatiramer
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acetate n¼ 7, natalizumab n¼ 16, fingolimod n¼ 3,

teriflunomide n¼ 1, dimethyl fumarate n¼ 1).

Serum sampling and analyses

Blood samples were drawn at the time of the MRI

examinations in patients or as part of the diagnostic

evaluation in controls. 8 ml of peripheral blood was

obtained from each subject; an additional CSF

sample was drawn by lumbar puncture in controls.

Samples were aliquoted and stored at �80�C imme-

diately after collection for patients, or after routine

diagnostic work-up for controls, until further ana-

lyses. Handling and storage of samples was per-

formed according to international consensus

guidelines.17 For serum and CSF sample pairs of

controls a routine diagnostic work-up was per-

formed.18 All of the control patients tested negative

for inflammatory variables in serum and CSF.

Serum NTN-1 levels were measured by using a com-

mercially available enzyme-linked immunosorbent

assay (ELISA) kit according to the manufacturer’s

instructions (CSB-E11899h, Cusabio Biotech,

Wuhan, China). For the evaluation of temporal

dynamics of serum NTN-1 the relative concentration

change from initial to the second MRI examination

was calculated.

MRI

All patients underwent MRI examinations of the brain

on a 3 Tesla Tim Trio system (Siemens Medical

Systems, Erlangen, Germany) using a 12-element

phased-array head coil. Intravenous Gd contrast

(0.1 ml Gadovist per kg body weight) was adminis-

tered subsequent to structural and T2-weighted ima-

ging and blood sampling. Structural imaging was

performed using a T2-weighted 2D fast fluid attenu-

ated inversion recovery (FLAIR) sequence (repetition

time/echo time/inversion time (TR/TE/TI)¼

9000 ms/70 ms/2500 ms, in plane resolution¼

0.9� 0.9 mm2, slice thickness¼ 3 mm). Following

Gd administration, an axial magnetization prepared

rapid acquisition gradient echo (MPRAGE) sequence

(TR/TE/TI¼ 1410 ms/2.29 ms/900 ms) matching the

resolution and angulation of the FLAIR sequence

was performed for the detection of active lesions. A

second MRI examination, including blood sampling,

was performed according to the identical protocol in

70 (88.6%) patients (time interval between both scans

median 1.4 years, IQR 1.0�2.3 years).

Image analysis focused on the determination and

counting of the number of Gd-enhancing lesions,

and was performed by an experienced neurologist.

Statistical analyses

Statistical analyses were performed using SPSS

Statistics (version 23.0, IBM Corp. Armonk, New

York, USA) and GraphPad Prism (version 5.00,

GraphPad Software, San Diego, USA).

All variables were tested for normal distribution

using the Kolmogorov-Smirnov test. Group differ-

ences were determined by either chi-square test for

categorical data or Mann�Whitney U test for con-

tinuous variables. Differences between more than

two groups were defined by applying

Kruskal�Wallis test, followed by post-hoc Dunn’s

Multiple Comparison test. Longitudinal, paired sam-

ples were compared using the Wilcoxon signed rank

test or sign test as appropriate. We performed

Spearman correlations to determine the correlation

coefficients for serum levels with demographic and

clinical data.

Significance level was set at 5% (p< 0.05).

Results

Subject description

Demographic and clinical data of patients and con-

trols included in this study are listed in Table 1.

Patients (n¼ 79) and controls (n¼ 30) were compar-

able regarding age and gender, as were patient and

control subgroups.

At the time of the initial MRI scan, 47 of all patients

showed Gd-enhancing lesions (Gdþ) (70.2% female;

age median 32.0, IQR 26.6�41.1 years; CIS n¼ 13,

RRMS n¼ 33, secondary progressive MS n¼ 1) and

32 did not (Gd�) (59.4% female; age median 33.3,

IQR 27.2�40.4 years; CIS n¼ 18, RRMS n¼ 14).

Eight of the Gdþ but none of the Gd� patients had

suffered from a clinical relapse within 30 days prior to

the examination, i.e. were in an active disease stage as

per our definition. In all patients with clinical activity

blood sampling was performed prior to corticosteroid

treatment. The control group consisted of non-inflam-

matory neurological disease controls (cranial/periph-

eral paresis n¼ 9) and symptomatic controls

(headache n¼ 8, sensory disturbances n¼ 13).

Serum NTN-1 group differences

NTN-1 levels measured in serum from MS patients

at time of the first MRI and from controls are given

in Table 2.

Serum NTN-1 levels did not significantly differ

between CIS/MS patients and controls, or between

CIS and clinically definite MS patients (Figure 1(a)).

Voortman et al.
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No significant difference of serum NTN-1 levels was

observed when comparing patients with initially

MRI-based evidence of disease activity and non-

active patients (Figure 1(b)). Within the subgroup

of Gdþ patients, those patients who experienced an

additional clinical attack within 30 days prior to

examination (clinically active Gdþ, n¼ 8) showed

significantly decreased serum NTN-1 levels com-

pared to patients who did not (clinically non-active

Gdþ, n¼ 39) (p¼ 0.041, Figure 1(c)). No differ-

ences were seen between clinically active Gdþ and

initially Gd� patients (n¼ 32). Of the clinically

active Gdþ patients, five underwent a second MRI

scan, at which they were clinically inactive and

showed no contrast enhancing lesions. At that time

point their serum NTN-1 levels were not different

from the initially Gdþ or Gd� patient groups any

more. The subgroup of clinically active Gdþ patients

did not differ from other patients (Gdþ and/or Gd-)

with regard to any clinical or demographic data at

time of either examination, or over time.

Serum NTN-1 � association with MRI data

At time of the initial scan, the Gdþ patients had a

median of two Gd-enhanced lesions (IQR 1�4 Gdþ

lesions). No associations between the number of

Gdþ lesions and the NTN-1 levels at either time

point were seen. Given the fact that serum NTN-1

Table 1. Demographic and clinical data of study subjects.

CIS/MS

n¼ 31/n¼ 48

Controls

n¼ 30

p-Value

n Female 52 (65.8) 19 (63.3) n.s.a

Age (years) 32.5 (26.7�41.0) 36.5 (28.9�46.2) n.s.b

Disease duration (years) 3.2 (1.0�8.1) N/A

Time lag first-second MRI (years) 1.4 (1.0�2.3) N/A

EDSS 1.0 (0.0�2.3) N/A

EDSS at second MRI 1.0 (0.0�2.0) N/A

n DMT 36 (45.6) N/A

n DMT at second MRI 52 (77.2) N/A

ARR 0.72 (0.42�1.35) N/A

ARR at second MRI 0.73 (0.41�1.13) N/A

Number of Gdþ lesionsc 2 (1�4) N/A

ARR: annualized relapse rate for RRMS patients; CIS: clinically isolated syndrome; DMT: disease-modifying treatment; EDSS: Expanded
Disability Status Scale; Gdþ: gadolinium positive; MRI: magnetic resonance imaging; MS: multiple sclerosis; n: number of subjects; N/A: not
applicable; n.s.: not significant; RRMS: relapsing�remitting multiple sclerosis.
Unless otherwise indicated, data are given for time at the first MRI scan. Values are given as number (%) or as median (interquartile range).
Significance (p< 0.05) was assessed between subgroups by Chi-squared testa or Mann�Whitney U test.b
cData are given for Gdþ patients only (n¼ 13/n¼ 34).

Table 2. Netrin-1 serum levels in clinically isolated syndrome (CIS)/multiple sclerosis (MS) patients and controls.

CIS

n¼ 31

MS

n¼ 48

CIS/MS

n¼ 31/n¼ 48

Controls

n¼ 30

p-Value

Gdþ CIS/MS

n¼ 13/n¼ 34

440.3 (240.9�482.7) 343.0 (267.1�537.0) 344.1 (264.5�531.8) n.s.a

Gd� CIS/MS

n¼ 18/n¼ 14

347.0 (290.4�429.8) 292.1 (269.0�467.5) 316.1 (279.4�438.5) n.s.a

All 376.0 (280.0�471.1) 335.8 (268.0�512.3) 342.4 (272.8�482.7) 404.5 (273.9�550.1) n.s.b

p-Value n.s.a n.s.a n.s.a

Gdþ: gadolinium-positive; Gd�: gadolinium-negative; n: number of subjects; n.s.: not significant.
Values are given in pg/ml as median (interquartile range). Significance (p< 0.05) was assessed between subgroups by Mann�Whitney U testa

or Kruskal�Wallis test.b
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levels did not associate with Gdþ lesions, and no

serum NTN-1 changes were found for CIS/MS com-

pared to controls, or longitudinally for both the Gdþ

and Gd� patient groups, we did not perform any

further MRI analyses.

Longitudinal changes of serum NTN-1 in MS

A second MRI was performed in 38 of the initially

Gdþ patients (CIS n¼ 10, RRMS n¼ 28) and all of

the initially Gd� patients (CIS n¼ 11, RRMS

n¼ 21), and was Gd-negative in all patients. The

time lag between the initial and second MRI scans

was comparable between initially Gdþ (median 1.8

years, IQR 1.0�2.9 years) and Gd� (median 1.2

years, IQR 1.0�2.3 years) patient subgroups.

Serum NTN-1 levels showed no temporal dynamics

in either initially Gdþ (serum NTN-1 at first MRI

median 344.1, IQR 264.5�531.8 pg/ml; at second

MRI median 318.5, IQR 252.0�389.7 pg/ml,

Figure 2(a)) or Gd- subgroup (serum NTN-1 at first

MRI median 316.1, IQR 279.4�438.5 pg/ml; at

second MRI median 370.1, IQR 296.6�485.1 pg/ml,

Figure 2(b)). Also, the ratio of the second to the initial

serum NTN-1 level did not differ significantly

between initially Gdþ (ratio second/initial NTN-1

median 0.89, IQR 0.53�1.32) and Gd� patients

(ratio second/initial NTN-1 median 1.08, IQR

0.78�1.55). When considering only patients that

showed either an increase or decrease in serum

NTN-1 levels over time, no distinct clinical or

Figure 1. Serum netrin-1 (NTN-1) levels in gadolinium-positive (Gdþ) and gadolinium-negative (Gd�)

clinically isolated syndrome (CIS)/multiple sclerosis (MS) patients and controls.

Cross-sectional comparisons of serum NTN-1 levels were not significant between CIS patients (n¼ 13), MS

patients (n¼ 34), and controls (n¼ 30) (a), and between CIS/MS patients with Gd-enhanced lesions at first

magnetic resonance imaging (MRI) (Gdþ n¼ 47) and without Gd-active lesions (Gd� n¼ 32) (b). Only

among Gdþ patients, those who were also in a clinically active state of disease (relapse within 30 days prior

to examination, n¼ 8) had significantly lower serum NTN-1 levels compared to clinically non-active Gdþ

patients (n¼ 39) (p¼ 0.041). NTN-1 levels in clinically active Gdþ were similar to NTN-1 levels in initially

Gd� patients (n¼ 32) (c). Significance (p< 0.05) was assessed by applying Kruskal�Wallis test, or

Mann�Whitney U test.

n: number of subjects.
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demographic characteristics were notable between

both groups.

Serum NTN-1 � association with demographic and

clinical data

Serum NTN-1 levels or the longitudinal change in

time (delta NTN-1) were similar for both genders.

DMT usage, type, or change over time did not alter

NTN-1 variables. Also, no correlations were found

for NTN-1 variables with age at sampling, age at

disease onset, disease duration, physical disability

as determined by EDSS at sampling, EDSS change

over time, annual relapse rate at time of either time

point of examination (for RRMS patients: at initial

scan median 0.72, IQR 0.42�1.35; at reference scan

median 0.73, IQR 0.41�1.13), and the number or

rate of relapses between both examinations. The

presence of relapses between both examinations

(n¼ 29/70) did not affect the NTN-1 serum levels.

Discussion

We aimed to investigate the role of serum NTN-1 in

early MS and its relation to BBB disruption, i.e. dis-

ease activity evidenced by contrast-enhanced MRI or

clinical relapse. We found no evidence for altered

serum NTN-1 levels in patients with CIS or MS

compared to controls, nor did NTN-1 levels differ

between Gdþ and Gd� patients. Moreover, we did

not find any temporal dynamics for NTN-1 in longi-

tudinal serum samples in relation to disease activity

assessed by Gd-enhancing lesions on MRI. Gdþ

patients with additional clinical disease activity at

the time of blood sampling had significantly lower

serum NTN-1 levels compared to clinically stable

patients in this subgroup.

NTN-1 is a protein known to have a varied and com-

plex functionality within the nervous system,1�7 and

intercellular upregulation was seen at site of lesions

in MS.5,6,8,9 The functionality of NTN-1 was asso-

ciated with inflammation,7,8,19 endothelial and in spe-

cific BBB integrity,7,20,21 and remyelination.5,6,9,22

Along these lines, two studies have also reported on

NTN-1 serum levels in MS patients with contradict-

ory results. In a primarily experimental study, a two-

fold increase was reported in MS patients (n¼ 7)

compared to controls (n¼ 9) (p� 0.05).7 NTN-1

levels of the patients in that study were up to 15

times as high as in our patient groups.

Another study analyzed serum samples from a larger

cohort of MS patients (n¼ 90) and found decreased

NTN-1 levels compared to controls (n¼ 30)

(p� 0.001). This decrease appeared to be more

prominent in patients with RRMS during and until

60 days after a clinical relapse (n¼ 10), compared to

non-active patients (p� 0.001), whereas solely CIS

patients did not differ from controls.10 Notably,

serum NTN-1 levels of MS patients in this study

were comparable to the serum levels found in both

our patients and controls. However, their control

group (mean 51.9±standard deviation (SD) 10.5

years) seemed to be considerably older than their

MS patient group (mean 42.2, range 22�76

years).10 Experimental studies have suggested that

NTN-1 expression may increase with age, because

Figure 2. Temporal dynamics of serum netrin-1 (NTN-1) in gadolinium-positive (Gdþ) and gadolinium-negative (Gd�) clinically

isolated syndrome (CIS)/multiple sclerosis (MS) patients.

Longitudinal comparisons of serum NTN-1 between first and second scan time were not significant for either initially Gdþ (time

interval magnetic resonance imaging (MRI)1�MRI2 median 1.8 (interquartile range (IQR) 1.0�2.9) years) (a) or Gd� CIS/MS

patients (time interval MRI1�MRI2 median 1.2 (IQR 1.0�2.3) years) (b). Significance (p< 0.05) was assessed by applying

Wilcoxon signed rank test.
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of a decreased NTN-1 responsiveness with older

age.23,24 Furthermore, we included only patients

with CIS and early RRMS, whereas the previous

study also investigated progressive forms of MS.10

Notably, the same ELISA kit was used in both pre-

vious and our studies.

We tested if soluble NTN-1 would be differently

regulated during active phases of the disease, but

could not find any significant differences between

Gdþ and Gd� patients. Only among patients with

MRI-based signs of disease activity, those who add-

itionally experienced a clinical attack within 30 days

prior to sampling had decreased serum NTN-1 levels

compared to those who did not. As these results are

based on a very small number of subjects, the pos-

sible association of serum NTN-1 alterations with

clinical relapses should be investigated in further

studies including a higher number of patients.

Recently, the effect of NTN-1 on BBB regulation has

been experimentally investigated in human in vitro7

and murine in vivo models.7,25 NTN-1 appeared to

regulate junctional protein levels,7,25 to reduce diffu-

sion of blood-derived plasma proteins across the

BBB, and to counteract inflammatory effects at the

BBB.7 Also, treatment with NTN-1 in EAE mice

improved disease severity and BBB breakdown.7

We did not find any associations of NTN-1 levels

with BBB dysfunction in the human situation by

correlating the serum levels with the number of

Gd-enhanced lesions or by comparing patients with

and without Gd-enhancing lesions on MRI.

Moreover, we did not find any changes in serum

NTN-1 levels when following the dynamics there-

after, in either initially Gdþ or Gd� patients.

MS lesions with only subtle breakdown of the BBB

can show delayed enhancement or enhancement at

higher doses only.26 It therefore cannot be excluded

that some patients with disease activity have been

missed. However, to obtain consistent sensitivity, a

five-minute post-injection delay was included in all

examinations, which was considered to be sufficient

to detect most of the active lesions.27

Still, the effect of BBB disruption, as evidenced by

Gd-enhanced MRI in MS patients, on serum NTN-1

might have been too small to detect here. This could

partially explain the fact that clinically active

patients did show a significant decrease in NTN-1

serum levels in comparison to solely sub-clinically

active patients. Possibly, correlations between serum

NTN-1 and MRI-based evidence for disease activity

might arise when considering patients with more

extensive or tumefactive contrast-enhancing lesions.

Apart from BBB regulation, other functions of NTN-

1 might play a role in MS as well. Multiple functions

of NTN-1 have been shown not only in the CNS, but

also in the periphery: anti- or pro-inflammation, cell

adhesion, motility, proliferation and differentiation

during development of several epithelial and endo-

thelial tissues, and apoptosis and tumor growth medi-

ation.4,28�35 We further searched for a correlation of

serum NTN-1 with demographic and clinical data,

including disease duration, physical disability, etc.

However, we found no correlations of NTN-1

levels with any clinical or demographic data.

Here, we focused on patients in early phases of the

disease with relatively short disease duration and low

grade of disability, which needs to be acknowledged

as a limitation of the study. We therefore cannot

exclude the possibility that serum NTN-1 might be

altered in more advanced phases of the disease,

including patients with a higher degree of disability,

as well as progressive MS forms. Nevertheless, with

the present study design with simultaneous collec-

tion of blood samples and MRI examinations we

can conclude that at least in the early phase of the

disease BBB breakdown as evidenced by MRI con-

trast-enhancing lesions is not reflected by altered

NTN-1 levels in the serum.

In summary, serum NTN-1 is unrelated to MS-spe-

cific changes and not sensitive to subclinical disease

activity. The possible association of serum NTN-1

changes with clinical relapses may deserve further

examination.
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