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Neurofilament protein in cerebrospinal fluid: a
potential marker of activity in multiple sclerosis

J N Lycke, J-E Karlsson, O Andersen, L E Rosengren

Abstract
The neurofilament protein is a major
structural protein of neurons and a
marker for axonal damage. The concen-
trations of the light subunit of the neuro-
filament triplet protein (NFL) in CSF
were significantly increased in patients
with relapsing-remitting multiple sclero-
sis compared with healthy controls
(p<0.001). Seventy eight per cent of pa-
tients with multiple sclerosis showed in-
creased NFL concentrations. Significant
correlations between the NFL concentra-
tion in CSF and clinical indices were
discerned for disability, exacerbation rate,
and time from the start of the previous
exacerbation to the time of the lumbar
puncture. The results suggest that axonal
damage occurs during relapsing-
remitting multiple sclerosis and that the
damage contributes to disability and the
appearance of clinical exacerbations. The
concentration of NFL in CSF is a potential
marker of disease activity in multiple
sclerosis and might be useful in future
clinical trials of multiple sclerosis.

(J Neurol Neurosurg Psychiatry 1998;64:402–404)
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The neurofilament is a major structural protein
of neurons that maintains neuronal size, shape,
and axonal calibre.1 The light subunit of the
neurofilament protein (NFL) has been used
experimentally as a marker for neuronal
degeneration in animal brain.2 3 Increased con-
centrations of NFL in CSF from patients with
neurodegenarative disorders such as Alzheim-
er’s disease and amyotrophic lateral sclerosis
have recently been reported.4

Multiple sclerosis is a chronic inflammatory
disease of the CNS with unknown aetiopatho-
genesis. In general, descriptions of the pathol-
ogy of multiple sclerosis emphasise the demy-
elinating aspects of the disease process with
essentially a preservation of axons in the lesion
area.5 During the evolution of multiple sclero-
sis a state with clinical and pathological
similarities to neurodegenerative diseases usu-
ally develops which includes slow progression

of neurological deficiency, augmented astro-
gliosis, and axonal loss.6 However, there are
indications of axonal loss also in early multiple
sclerosis with a relapsing-remitting course,7

and in recent years investigations with mag-
netic resonance spectroscopy (MRS)8 and
magnetisation transfer ratio9 suggest that neu-
ral damage occurs, not only in chronic multiple
sclerosis lesions, but also in acute lesions. In
this study we determined the concentration of
NFL in CSF from patients with relapsing-
remitting multiple sclerosis and investigated if
the concentration was influenced by clinical
signs of disease activity.

Materials and methods
Sixty patients (19-45, median 33 years) with
relapsing-remitting clinically definite multiple
sclerosis,10 with a mean duration of multiple
sclerosis of 5.8 years (0.4-28 years) and at least
two exacerbations within the previous two year
period and a neurological deficit score<4 on
the expanded disability status scale (EDSS),11

were treated in a two year, double blind clinical
trial with oral acyclovir, (800 mg×3), or
placebo to test the hypothesis of a possible
involvement of herpesviruses in the aetiopatho-
genesis of multiple sclerosis.12 No immu-
nomodulatory treatment was given before or
during the trial.
Patients were in remission without exacerba-

tions for a period of at least one month before
the start of the trial. The exacerbation rate and
the disability, scored with EDSS, served as pri-
mary and secondary objectives for the acyclovir
trial. Thirty nine patients had a duration of
disease of at least two years before the
trial—that is, they possessed a prestudy exacer-
bation rate baseline. Eleven healthy subjects
(28-64, median 33 years) without history of
neurological disorder and with a normal
neurological examination served as controls in
the present study. The study was approved by
the ethics committee of the University of
Göteborg, Sweden, and patients and controls
signed an informed consent form.
Samples of CSF were obtained by lumbar

puncture and fractions of CSF were stored in
0.5 ml aliquots at −80°C. Analysis of NFL in
CSF was performed according to a previously
described sandwich enzyme linked immuno-
sorbent assay (ELISA).4 The standard curve
ranged from 125 to 16 000 ng/l. The sensitivity
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of the assay was 125 ng/l. The CSF sampling
was performed in patients at inclusion and two
years later at termination of the acyclovir or
placebo treatment, and once in controls. In one
patient the pretreatment CSF sample was
missing and in five patients the CSF sample at
treatment termination was missing. In total 59
pretreatment and 55 post-treatment CSF sam-
ples constituted 54 pairs and six single CSF
samples from the multiple sclerosis population.
The influence of exacerbations on the NFL
concentration was determined only in patients
with a relapsing-remitting course—patients
who turned into a progressive course (n=4)
during the trial were excluded from these
analyses.
The Mann-Whitney U test, corrected for

ties, was used to compare NFL concentrations
between groups and the Wilcoxon signed rank
test, corrected for ties, was used to compare
changes of NFL concentrations over time
within groups. Spearman’s rank correlation
coeYcient, corrected for ties, was used to
discern relations beween the NFL concentra-
tion and diVerent clinical and demographic
variables.

Results
The median pretreatment NFL concentration
in patients with multiple sclerosis was 265 ng/l
and was below the limit of detection for the
NFL assay (125 ng/l)4 in all controls
(p<0.001). Increased NFL concentrations
(>125 ng/l) were detected at least once in 47
(78%) patients with multiple sclerosis. Two
years of acyclovir treatment did not influence
the NFL concentration in the CSF. Individual
diVerences between pretreatment and post-
treatment NFL concentrations showed equal
distributions between the acyclovir and pla-
cebo group. Four patients (three acyclovir and
one placebo treatment) turned into a progres-
sive course during the trial. Although the

EDSS score increased by a median of 2 (range
0.5-3.0) during progression in these patients,
an obvious increase of the NFL concentration
was found in only one of them.
There was a moderate relation between the

NFL concentration and the EDSS score before
treatment (rs=0.27, p<0.05) as well as two
years later at treatment termination (rs=0.34,
p<0.01). A relation was also disclosed between
the NFL concentration at treatment termina-
tion and the exacerbation rate during the two
year trial (rs=0.38, p<0.01). This relation was
stronger in the corresponding analysis for the
two year pre-treatment period (rs=0.56,
p<0.001) including only patients with a two
year exacerbation rate baseline.
The NFL concentration was higher in CSF

samples obtained during the first two to three
months after the start of the previous exacerba-
tion and dropped gradually thereafter to a low
level (figure). In patients with a relapsing-
remitting course throughout the trial the NFL
concentration at treatment termination corre-
lated with the length of time from the start of
the previous exacerbation to the time of the
lumbar puncture (rs=−0.48, p<0.001). A simi-
lar relation was also shown for the pretreatment
period (rs=−0.34, p<0.01). The NFL concen-
tration showed no relation with age, sex, or
duration of multiple sclerosis. Moreover, there
was no correlation between the NFL concen-
tration in CSF and the blood-brain barrier
permeability, monitored by the CSF:serum
albumin ratio (rs=-0.05, p=0.6). Hence, al-
though changes in the blood-brain barrier
might influence the NFL concentration in CSF
the degree of influence seemed to be negligible.

Discussion
NFL is the light subunit of the neurofilament
triplet protein. It is a major structural element
of neurons. It constitutes only a minor part of
the cytoskeletal constituents in the neuronal
cell body and dendrites relative to axons.1

Hence, increased concentrations of NFL in
CSF mainly reflects damage to the axonal
compartment. The present study shows that
NFL is significantly increased in the CSF of
patients with relapsing-remitting multiple scle-
rosis. High NFL concentrations were related to
clinical exacerbations, the exacerbation fre-
quency, and the degree of disability.
During recent years supplementary markers

for multiple sclerosis disease activity have been
developed. Biological markers in serum and
CSF have mainly been focused on the
immunological activity of multiple sclerosis.13 14

However, the results from these studies have
been contradictory and none of these markers
have yet been established as a disease activity
marker. Although the use of MRI of the brain
has become undisputed when new treatments
for multiple sclerosis are evaluated,MRI tell us
little about the neuropathological diVerentia-
tion of multiple sclerosis lesions. Magnetic
resonance spectroscopy may add information
about this issue,8 but the access to MRS is lim-
ited. Hence, disease activity markers in serum
and CSF which add information about the
neuropathological changes in multiple sclerosis

Mean NFL concentrations (ng/l) in CSF related to the length of time (days) from the start
of the previous clinical exacerbation to the time of the lumbar puncture. Sampling of CSF
was performed once (n=10) or twice (n=50) from 60 patients with multiple sclerosis. Bars
indicate ±1 SEM.
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are of value. We have previously shown that
glial fibrillary acidic protein, a marker for
astrogliosis, is increased in multiple sclerosis
and is correlated with disability.15 The present
study shows that NFL determinations in CSF
may be a marker for axonal damage during
relapsing-remitting multiple sclerosis.
The fact that active multiple sclerosis lesions

on MRI of the brain are five to 10 times more
frequent than the number of clinical exacerba-
tions has previously been explained by the
relatively low number of lesions in clinically
eloquent areas and that some clinically active
lesions are located in the spinal cord. However,
an alternative explanation could be that lesions
which cause axonal damage are more likely to
cause clinical symptoms. The present study
supports this hypothesis as high NFL concen-
trations were associated with clinical exacerba-
tions and low concentrations with clinically
stable periods. Recent studies with MRS8 and
magnetisation transfer ratio9 also indicate that
axonal damage occurs in acute multiple sclero-
sis lesions.
In conclusion, NFL determination in CSF is

a potential CSF marker of disease activity in
relapsing-remitting multiple sclerosis. Our re-
sults suggest that axonal damage occurs during
relapsing-remitting multiple sclerosis and that
the damage contributes to disability and the
appearance of clinical exacerbations. Further
investigations are needed to discernif determi-
nations of CSF in NFL are useful as an
outcome measure in multiple sclerosis trials.
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