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Introduction
Multiple sclerosis (MS) is considered an autoimmune 
disease of the central nervous system (CNS), present-
ing with unpredictable clinical relapses and remissions 
and/or by disability progression over time.1 The pathol-
ogy of MS is characterized by an inflammatory reac-
tion in close relationship with diffuse neurodegenerative 
processes.2 There is evidence suggesting that astroglial 
activation and axonal damage are both present in the 
early stages of the disease.3–6 Histopathological studies 
show that reactive astrocytes in acute lesions release 
chemokines that activate microglia and increase the 
permeability of the blood-brain barrier, which allow 
the migration of macrophages and T lymphocytes into 

the CNS parenchyma.7,8 Hence, astroglial activation 
could be an important trigger of the immune system 
cascade that ends in neuronal injury, inflammatory 
demyelination and axonal degeneration.9 On the other 
hand, in chronic lesions, damaged astrocytes partici-
pate in gliotic scar formation10; therefore astroglia, 
together with axonal damage, may be involved in neu-
rodegeneration,11 the major cause of neurological dis-
ability and clinical progression of MS.12

The aim of our study was to investigate glial and neu-
ronal biomarkers in cerebrospinal fluid (CSF) samples 
from patients with relapsing–remitting forms of MS 
(RRMS) and to test for their ability to predict conversion 
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GFAP were associated with earlier progression in the Expanded Disability Status Scale (EDSS), score 3: 
YKL-40 (HR (95% CI): 2.78 (1.48 – 5.23); p = 0.001) and GFAP (HR (95% CI): 1.83 (1.01 – 3.35); p 
= 0.04). High levels of YKL-40 were associated with earlier progression to EDSS 6 (HR (95% CI): 4.57 
(1.01 – 20.83); p = 0.05).
Conclusions: CSF levels of NFL in CIS patients are an independent prognostic marker for conversion 
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from clinically-isolated syndrome (CIS) to clinically-
definite MS (CDMS); and also, disability progression in 
MS. Therefore, we analyzed biomarkers related to 
axonal damage, such as neurofilament light protein 
(NFL)5; neuronal injury, such as the total-tau (t-tau) and 
tau phosphorylated at threonine 181(p-tau)13; glial acti-
vation markers as the human chitinase 3-like 1 protein 
(YKL-40) and monocyte chemoattractant protein (MCP-
1)4,8; astrocytic damage or astrogliosis as glial fibrillary 
acidic protein (GFAP) and S-100B protein (S100B)3,14; 
and amyloid metabolism, such as α-cleaved soluble 
amyloid-precursor protein (α-sAPP), β-cleaved soluble 
amyloid-precursor protein (β-sAPP), and the 38-, 40- 
and 42-amino acid long fragments of amyloid β (Aβ38, 
Aβ40 and Aβ42, respectively).15,16

Materials and methods
The study was approved by the ethics committee of 
Bellvitge University Hospital, L’Hospitalet de 
Llobregat, Spain and informed consent was obtained 
from all patients.

Study participants and clinical assessments
We analyzed a total of 301 samples matched with 
clinical data from patients recruited and prospectively 
followed at the MS Unit, Department of Neurology, 
Bellvitge University Hospital. All clinical data were 
entered into the European Database for Multiple 
Sclerosis (EDMUS).17 Data were sequentially updated 
at follow-up visits, by a trained neurologist. We 
included patients at the time point when their CIS or 
MS diagnosis was made. CIS was defined as the first 
neurological event suggestive of MS. Definite MS 
was diagnosed according to the Poser18 and 
McDonald19 criteria, as appropriate.18–20

All patients underwent magnetic resonance imaging 
(MRI) studies. Patients were classified as having clin-
ically-definite RRMS (n = 192) and CIS (n = 109), 
according to the disease course at the time of lumbar 
puncture (LP). Relapse was defined as having signs of 
neurological dysfunction lasting more than 24 hours.19 
For inclusion into the relapsing group, the first signs 
of relapse had to have started within 1 month of sam-
pling. Clinical manifestations at MS onset or during 
relapse were classified as long-tract disorders, brain-
stem affection, myelitis or optic neuritis, according to 
neurological signs and MRI studies. The neurological 
deficits were scored using the Expanded Disability 
Status Scale (EDSS).21 Disability endpoints were 
considered as the EDSS score that was stable for at 
least 1 year. We estimated disease duration from the 
onset of the first neurological symptoms. At the last 

clinical follow-up, patients were classified into four 
groups, according to their disease course: CIS, CIS 
converters to RRMS, RRMS and RRMS converters to 
secondary progressive multiple sclerosis (SPMS).

CSF sampling
We obtained all CSF samples from the Bellvitge 
Biomedical Research Institute (IDIBELL), CSF 
Biobank MS Unit collection in Bellvitge University 
Hospital. This biobank contains coded CSF samples 
from patients having undergone diagnostic lumbar 
punctures at the Department of Neurology, in the 
course of routine diagnostic measures. We obtained 
CSF samples from around the time of the first neuro-
logical examination at our MS Unit. CSF was col-
lected in glass tubes and immediately analyzed for 
their cell count, protein concentration and IgG oligo-
clonal bands (OCB). For banking, we stored 1-ml ali-
quot samples in polypropylene tubes at – 80ºC, until 
analysis. Our samples were collected between 1997 
and 2008, and their clinical assessment ranged from 
May 1997 to November 2011. All the samples ana-
lyzed were thawed only once. Our study samples 
were coded and analyzed by board-certified labora-
tory technicians, in a blinded fashion.

CSF analyses
We analyzed the concentrations of NFL in CSF using 
the UmanDiagnostics NFlight® assay 
(UmanDiagnostics, Umea, Sweden), as was previ-
ously described.22 The assay is a solid-phase sand-
wich enzyme-linked immunoassay (ELISA), with no 
known cross-reactivity with other brain antigens. The 
detection limit was 31 ng/L. The respective intra- and 
inter-assay coefficients of variation (CV) were < 6% 
and < 9%, respectively. GFAP was measured using a 
previously-described in-house ELISA procedure.23 
The detection limit of the GFAP assay was 32 ng/L. 
The respective intra- and inter-assay CV were 4% and 
8%. CSF levels of S100B were measured using the 
Modular system® and the S-100B reagent kit (Roche 
Diagnostics, Basel, Switzerland). Its intra- and inter-
assay CV were below 3%.

We analyzed t-tau and p-tau with INNOTEST® 
(Innogenetics, Gent, Belgium). The respective detec-
tion limits were 60 pg/mL and 15.6 pg/mL. Intra- and 
inter-assay CV were below 10%.

We analyzed YKL-40 with a Quantikine® ELISA 
(R&D Systems, Minneapolis, MN, USA). We diluted 
CSF samples 1:100 in this analysis. The detection 
limit was 8.15 pg/mL. The respective intra- and 
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inter-assay CV were 4.7% and 6.9%. We analyzed 
MCP-1, α-sAPP, β-sAPP, Aβ38, Aβ40, and Aβ42 
assays with the MSD MultiarrayTM 96-well immuno-
assay (Meso Scale Discovery, Gaithersburg, MD, 
USA). The detection limits were 4.2 pg/mL for MCP-
1, 120 pg/mL for α-sAPP, 52 pg/mL for β-sAPP, 5 pg/
mL for Aβ38, 5 pg/mL for Aβ40, and 4 pg/mL for 
Aβ42. Intra- and inter-assay CV were below 10%. 
The samples with levels below the detection limit 
were assigned the detection limit value.

Statistics
We described continuous variables by their mean and 
standard deviation (m(SD)), or median and interquar-
tile range (IQR), depending on their distribution, and 
their categorical variables by numbers and percent-
ages. Frequency distributions were examined using 
binominal and χ2 contingency tests. Differences 
between groups were analyzed with the Kruskal-
Wallis test, followed by pairwise post-hoc compari-
sons, using the Mann-Whitney U test. A p value ≤ 0.05 
was considered significant. The p values of post-hoc 
comparisons were adjusted using the Bonferroni 
(Holms) correction.

We evaluated the time to CDMS in the CIS group, and 
the time to disability endpoints in relapsing-remitting 
forms of MS groups (CIS and RRMS). We used the 
median biomarker level as a cut-off to classify patients 
into two groups: Those with high levels and those with 
low levels. We categorized by age at first symptoms, 
age at LP, disease duration and EDSS, using as cut-
offs the median of each variable. For univariate analy-
sis, we used the Kaplan-Meier estimator to assess our 
patients’ survival: Univariate analysis included gen-
der, age at first symptoms, age at LP, disease duration 
at LP, EDSS at LP, the OCB, storage time and the 12 
CSF biomarkers. We considered p values ≤ 0.1 for 
inclusion in the multivariate analysis. For the multi-
variate analysis, we used a Cox Hazard regression 
model to find the independent risk variables for time 
conversion to CDMS, and the period of time to reach 
EDSS 3 and EDSS 6. We prepared univariate and mul-
tivariate statistical analyses using Statistical Package 
for the Social Sciences 20.0 package (SPSS, Chicago, 
IL, USA).

Results
Patient demographics are shown in Table 1. Baseline 
biomarker levels are shown in Table 2. Table 3 shows 
the correlations between baseline biomarker levels 
and demographic characteristics. We included a total 
of 301 subjects (65% women). The mean age at first 

symptoms of MS was 29.7 ± 9.2 years, while the 
mean age at LP was 33.8 ± 9.3 years. On average, 
patients were followed for 11.7 ± 6.4 years: 68 patients 
reached EDSS 3 and 19 patients reached EDSS 6. The 
CIS patients presented with long tract (42.2%), brain-
stem (22.9%), myelitis (11%) and optic neuritis 
(23.9%) disorders. The mean follow-up time was 8.5 
± 3.1 years for the CIS converters, and 6.1 ± 2.6 years 
for the non-converters. At the end of the follow-up 
period, 94.5% had converted to CDMS.

Table 2 shows the OCB distribution. The prevalence 
of IgG OCB was similar between patients with high 
and low biomarker levels, except for the patients with 
high levels of YKL-40, compared with those with low 
levels of YKL-40 (p = 0.01) (Table 3).

CSF biomarker levels in MS
There were no significant differences in any bio-
marker levels between the RRMS and CIS groups 
(Table 2).

CSF biomarker levels and conversion from CIS to 
CDMS
We performed survival analyses to evaluate the asso-
ciation of CSF biomarker levels and demographic vari-
ables, with the time to conversion from CIS to CDMS. 
Univariate analysis showed that disease duration at LP, 
NFL levels and β-sAPP levels were associated with the 
time from CIS to CDMS (Table 4). A Cox hazard 
regression model showed that only CIS patients with 
increased CSF levels of NFL were associated with ear-
lier conversion to CDMS (HR (95% CI): 2.69 (1.75 – 
4.15); p < 0.0001) (Figure 1).

NFL and YKL-40 concentrations were significantly 
higher in the CIS patients whom had converted to 
CDMS in less than 1 year (NFL: 1770 ng/L (1202 – 
5152); YKL-40: 138 ng/mL (84 – 174)), than in the 
non-converters (NFL: 850 ng/L (470 – 1800); YKL-
40: 83 ng/mL (59 – 111)) (NFL: p = 0.001 and YKL-
40: p = 0.03).

CSF biomarker levels and disability progression
We also investigated CSF biomarker levels in CIS and 
RRMS patients, in relation to disability progression. 
Survival analyses were performed to evaluate the asso-
ciation of CSF biomarker levels and demographic vari-
ables with the period of time to reach EDSS 3 and EDSS 
6. Univariate analysis showed that EDSS at LP > 2.0 and 
levels of GFAP, YKL-40 and MCP-1 were associated 
with the time to reach EDSS 3 (Table 4). Independently 
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Table 1. Demographics and clinical characteristics of MS patients.

CIS RRMS Total

 n 109 192 301

Gender female, n (%) 75 (68%) 121 (63%) 196 (65%)

Age at first symptoms of MS, y mean (SD)a 31.1 (9.8) 28.8 (8.8) 29.7 (9.2)

Age at LP, y mean (SD)b 32.0 (9.8) 34.8 (8.9) 33.8 (9.3)

EDSS at LP, median (IQR)c 2 (0–2.0) 2 (1.0–2.5) 2 (1.0–2.5)

Relapse at LP, n (%)d 51 (46.8) 88 (45.8) 139 (46.1)

Disease duration at LP, y mean (SD)e 0.3 (0.5) 5.5 (6.2) 3.6 (5.5)

Total follow-up, y mean (SD)f 8.5 (3.2) 13.6 (7.1) 11.7 (6.4)

End of follow-up, n 7 284 301 (10 SPMS)g

DMD before LP, n 0 7 7

a Among CIS and RRMS patients, there were not significant differences in age at first symptoms of MS (U Mann-Whitney test: not 
significant).

b At LP, patients with CIS were younger, compared to RRMS (p = 0.001).
cLower EDSS in CIS versus RRMS (p = 0.008).
d Among CIS and RRMS patients, there were no significant differences between proportion of relapse and non-relapse cases (bino-
mial test: not significant).

eShorter disease duration at LP in CIS patients, compared to RRMS (p < 0.0001).
fLonger follow-up in RRMS patients, compared to CIS (p < 0.0001).
g At the end of follow-up: Of 109 CIS patients: 7 remained as CIS, 99 converted to RRMS and 3 converted to SPMS. Of 192 RRMS 
patients: 185 remain as RRMS and 7 converted to SPMS.

CIS: clinically-isolated syndrome; DMD: disease-modifying drugs; EDSS: Expanded Disability Status Scale; IQR: interquartile 
range; LP: lumbar puncture; MS: multiple sclerosis; n: number of cases; RRMS: relapsing–remitting multiple sclerosis; SD: standard 
deviation; SPMS: secondary progressive multiple sclerosis; y: years.

of basal EDSS > 2.0 (HR (95% CI): 3.42 (2.03 – 5.78); 
p < 0.0001), the Cox Hazard regression model showed 
that high levels of YKL-40 (2.78 (1.48 – 5.23); p = 
0.001) and GFAP (1.83 (1.01 – 3.35); p = 0.04) were 
independently associated with earlier progression to 
EDSS 3 (Figure 2(a) and Figure 2(b)). Univariate analy-
sis showed that gender, OCB, EDSS at LP > 2.0, and 
levels of GFAP, YKL-40 and MCP-1 were also associ-
ated with the time to reach EDSS 6 (Table 4). The Cox 
Hazard regression model showed that male gender 
(female gender HR (95% CI): 0.29 (0.09 – 0.99); p = 
0.04) and high levels of YKL-40 (4.57 (1.01 – 20.83); p 
= 0.05) were independent risk factors to reach EDSS 6 
(Figure 3).

CSF biomarker levels and relapses
We used the RRMS and CIS samples to search for 
differences between the relapsing and remitting 
phases of MS. Patients with acute relapses had sig-
nificantly lower GFAP, MCP-1, t-tau, p-tau, α-sAPP 
and β-sAPP levels, as compared with patients in 
remission (Table 2). Patients with acute relapses had 
significantly higher NFL levels, compared with 
patients in remission, only when the relapse period 
was extended to 3 months prior to sampling (relapse: 
1455 ng/L (677 – 2670); stable phase/remission: 830 

ng/L (520 – 1835); p = 0.009). In contrast, there were 
no differences in the levels of YKL-40 and S100B, 
between relapse and remission (Table 2); hence, the 
difference in CSF biomarker levels between the 
relapse and remission phase was large for GFAP, 
MCP-1 and NFL, while small for YKL-40.

Discussion
The strength of the present study is the head-to-head 
comparison of a broad range of glial, neuronal and 
axonal biomarkers in a large cohort of clinically rep-
resentative CIS and RRMS patients with a long fol-
low-up. We showed that high levels of NFL are 
associated with earlier conversion from CIS to 
CDMS. We also showed that high levels of the glial 
activation markers YKL-40 and GFAP are associated 
with earlier progression to EDSS 3 and that high lev-
els of YKL-40 are also associated with earlier pro-
gression to EDSS 6. Our findings of earlier conversion 
from CIS to CDMS in those patients with high levels 
of NFL are supported by Teunissen et al.,24 whom 
showed that CSF levels of NFL were increased in 
converters, compared with non-converters. We also 
observed higher levels of YKL-40 in CIS patients 
with decreased time to CDMS, which is in  
agreement with a previous study.25 Notwithstanding, 
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Table 2. CSF biomarker levels at baseline.

n OCB (%) NFL (ng/L)a GFAP (ng/L)a YKL-40 (ng/mL)a

All patients 301 75 1320 (575–2355) 300 (210–435) 100 (71–149)

CISb 109 74.8 1150 (525–2425) 270 (190–400) 90 (66–147)

RRMSb 192 75.1 1330 (615–2312) 310 (220–457) 103 (74–152)

Stablec 160 74.8 1040 (560–2300) 350 (260–470) 103 (80–147)
Relapsec 141 74.2 1440 (620–2660) 240 (150–370) 92 (65–152)

aMedian, interquartile range.
bNo significant differences in any biomarker levels between the RRMS and CIS groups: Mann-Whitney U test not significant.
c Significantly lower GFAP, MCP-1, t-tau, p-tau, α-sAPP and β-sAPP levels during relapse versus stable stages: p = 0.001 for all comparisons. Higher NFL levels 
during relapse versus stable stage: p = 0.09. YKL-40 and S100B: Mann-Whitney U test not significant. Aβ38, Aβ40 and Aβ42: Holms correction not significant.

CIS: clinically isolated syndrome; LP: lumbar puncture; OCB: IgG oligoclonal bands; RRMS: relapsing–remitting multiple sclerosis; relapse: CIS and RRMS 
patients with lumbar puncture (LP) performed during a relapse; relapse: neurological signs had to start within one month of sampling; Stable: CIS and RRMS 
patients with LP performed during stable phase of MS disease.

MCP-1 (pg/mL)a t-tau (pg/mL)a p-tau (pg/mL)a α-sAPP (ng/mL)a β-sAPP (ng/mL)a

All patients 364 (285–453) 81 (75–133) 21 (15–29) 250 (170–374)  97 (62–148)

CISb 358 (264–444) 78 (75–128) 22 (16–29) 235 (172–366)  92 (63–140)

RRMSb 370 (292–462) 83 (75–135) 21 (15–29) 264 (158–376) 100 (62–149)

Stablec 389 (323–485) 97 (75–145) 23 (17–30) 287 (197–455) 112 (77–172)
Relapsec 322 (236–417) 75 (75–116) 18 (15–26) 222 (127–327)  87 (51–134)

CIS: clinically isolated syndrome; LP: lumbar puncture; OCB: IgG oligoclonal bands; RRMS: relapsing–remitting multiple sclerosis; relapse: CIS and RRMS 
patients with LP performed during a relapse; relapse: neurological signs had to start within 1 month of sampling; stable: CIS and RRMS patients with LP per-
formed during stable phase of MS disease.
aMedian, interquartile range.
bNo significant differences in any biomarker levels between the RRMS and CIS groups: Mann-Whitney U test not significant.
c Significantly lower GFAP, MCP-1, t-tau, p-tau, α-sAPP and β-sAPP levels during relapse versus stable stages: p = 0.001 for all comparisons. Higher NFL 
levels during relapse versus stable stage: p = 0.09. YKL-40 and S100B: Mann-Whitney U test not significant. Aβ38, Aβ40 and Aβ42: Holms correction not 
significant.

S100B (μg/L)a Aβ38 (pg/mL)a Aβ40 (pg/mL)a Aβ42 (pg/mL)a

All patients 0.51 (0.32–0.67) 1052 (781–1377) 7067 (5531–9321) 655 (469–892)

CISb 0.53 (0.37–0.69) 1020 (793–1383) 6952 (5883–9401) 630 (494–892)

RRMSb 0.49 (0.29–0.65) 1056 (746–1357) 7162 (5100–9176) 672 (441-897)

Stablec 0.49 (0.31–0.67) 1113 (828–1396) 7548 (5910–9634) 710 (510-908)
Relapsec 0.53 (0.35–0.67)  987 (741–1281) 6721 (5137–8783) 583 (431–847)

aMedian, interquartile range.
bNo significant differences in any biomarker levels between the RRMS and CIS groups: Mann-Whitney U test not significant.
c Significantly lower GFAP, MCP-1, t-tau, p-tau, α-sAPP and β-sAPP levels during relapse versus stable stages: p = 0.001 for all comparisons. Higher NFL 
levels during relapse versus stable stage: p = 0.09. YKL-40 and S100B: Mann-Whitney U test not significant. Aβ38, Aβ40 and Aβ42: Holms correction not 
significant.

CIS: clinically-isolated syndrome; LP: lumbar puncture; OCB: IgG oligoclonal bands; RRMS: relapsing–remitting multiple sclerosis; relapse: CIS and RRMS 
patients with LP performed during a relapse; relapse: neurological signs had to start within 1 month of sampling; stable: CIS and RRMS patients with LP per-
formed during the stable phase of MS disease.

the prognostic value of YKL-40 was lost when the 
conversion time was extended further than 5 years. 
Moreover, we could show that high levels of YKL-40 
were associated with earlier progression of functional 
disability, in CIS and RRMS patients. This was 
shown previously, only in CIS patients.25 YKL-40 
was the best predictor of disability progression, as 
estimated by multivariate analysis. These findings 

further indicate that glial activation may be central in 
MS progression. Multivariate analysis also showed 
that EDSS at LP > 2.0 points was an independent risk 
factor to achieve EDSS 3, which is clinically 
expected.

Previous studies show a correlation between aging 
and some CSF biomarkers in healthy controls,  
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Table 3. Demographics and biomarker levels.

Biomarker levels
 

Gender, % Age at first 
symptoms of 
MS, y mean 
(SD)

Age at LP, y 
mean (SD)

Disease 
duration at 
LP, y mean 
(SD)

Storage time, 
y mean (SD)
 ♀ ♂

NFL < 1320 ng/L 33.9 16.6 30.3 (9.3) 35.1 (9.6) 4.3 (6.1) 9.6 (2.5)

> 1320 ng/L 31.2 18.3 29.1 (9.2) 32.6 (9.0) 3.0 (4.9) 10.3 (2.7)

 p = 0.47 p = 0.29 p = 0.02 p = 0.04 p = 0.04

GFAP < 300 ng/L 35.9 15.6 27.9 (7.8) 32.1 (8.8) 3.7 (5.6) 10.2 (2.8)

> 300 ng/L 29.2 19.3 31.5 (10.2) 35.6 (9.6) 3.7 (5.5) 9.7 (2.5)

 p = 0.09 p = 0.001 p = 0.001 p = 0.99 p = 0.08

YKL-40 < 100 ng/mL 35.4 14.6 28.8 (9.3) 32.9 (9.5) 3.7 (6.1) 10.1 (2.6)

> 100 ng/mL 29.6 20.4 30.4 (9.2) 34.4 (9.0) 3.5 (5.0) 9.8 (2.7)

 p = 0.05 p = 0.14 p = 0.18 p = 0.79 p = 0.44

MCP-1 < 364 pg/mL 37.2 13.0 29.2 (8.2) 33.5 (8.6) 3.8 (6.0) 9.9 (2.8)

> 364 pg/mL 27.9 21.9 30.1 (10.2) 34.2 (10.1) 3.6 (5.1) 10.0 (2.5)

 p = 0.001 p = 0.41 p = 0.51 p = 0.76 p = 0.75

t-tau < 81 pg/mL 35.7 14.7 30.1 (9.3) 34.3 (9.7) 3.7 (5.9) 9.8 (2.5)

> 81 pg/mL 29.3 20.3 29.4 (9.2) 33.5 (8.9) 3.6 (5.3) 10.1 (2.8)

 p = 0.03 p = 0.50 p = 0.45 p = 0.86 p = 0.39

p-tau < 21 pg/mL 37.1 15.1 28.0 (8.8) 32.6 (8.7) 4.0 (6.4) 9.7 (2.5)

> 21 pg/mL 27.6 20.2 31.2 (9.7) 34.7 (9.7) 3.1 (4.4) 10.2 (2.8)

 p = 0.02 p = 0.006 p = 0.06 p = 0.15 p = 0.18

α-sAPP < 250 ng/mL 36.3 13.9 28.3 (8.7) 32.6 (9.2) 3.8 (5.9) 10.1 (2.8)

> 250 ng/mL 29.2 20.7 31.0 (9.7) 35.2 (9.5) 3.7 (5.3) 9.9 (2.4)

 p = 0.01 p = 0.01 p = 0.01 p = 0.96 p = 0.44

β-sAPP < 97 ng/mL 35.6 14.6 28.4 (8.3) 32.7 (8.9) 3.7 (5.9) 9.9 (2.7)

> 97 ng/mL 29.8 20.0 30.9 (10.1) 35.2 (9.7) 3.7 (5.3) 10.1 (2.6)

 p = 0.05 p = 0.02 p = 0.02 p = 0.99 p = 0.53

S100B < 0.51 μg/L 34.9 15.3 28.1 (8.9) 32.5 (9.0) 3.9 (5.6) 10.9 (3.1)

> 0.51 μg/L 29.9 19.9 31.1 (9.4) 34.9 (9.5) 3.3 (5.7) 9.0 (1.7)

 p = 0.09 p = 0.005 p = 0.02 p = 0.41 p < 0.0001

Aβ38 < 1052 pg/mL 35.2 15.0 28.6 (8.8) 33.1 (9.2) 4.0 (6.1) 10.1 (2.7)

> 1052 pg/mL 29.9 19.9 30.7 (9.5) 34.6 (9.4) 3.4 (4.9) 9.8 (2.6)

 p = 0.06 p = 0.05 p = 0.18 p = 0.30 p = 0.37

Aβ40 < 7067 pg/mL 35.2 15.0 28.9 (8.8) 33.2 (9.1) 3.8 (5.9) 10.0 (2.6)

> 7067 pg/mL 29.9 19.9 30.5 (9.7) 34.5 (9.5) 3.6 (5.3) 9.9 (2.7)

 p = 0.06 p = 0.15 p = 0.21 p = 0.78 p = 0.89
Aβ42 < 655 pg/mL 35.2 15.3 28.6 (8.7) 32.9 (9.2) 3.7 (5.8) 9.9 (2.7)

> 655 pg/mL 29.9 19.6 30.7 (9.6) 34.8 (9.5) 3.6 (5.4) 10.1 (2.6)
 p = 0.09 p = 0.06 p = 0.07 p = 0.95 p = 0.62

The table explains the relation between biomarker levels and demographic variables. The median of CSF biomarker levels in relapsing–remitting forms of 
multiple sclerosis was established as the cut-off value and classify MS patients into two groups: low levels and high levels.
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Biomarker levels OCB, % EDSS at LP, % Relapse at LP, %

 + – < 2 > 2 yes no

NFL < 1320 ng/L 35.6 14.4 36.7 13.8 19.7 31.0

> 1320 ng/L 39.4 10.6 34.4 15.1 26.7 22.7

 p = 0.13 p = 0.82 p = 0.008

GFAP < 300 ng/L 36.6 15.1 38.1 13.4 30.3 21.3

> 300 ng/L 38.4  9.9 33.1 15.4 16 32.3

 p = 0.09 p = 0.14 p < 0.0001

YKL-40 < 100 ng/mL 34.2 15.8 38.2 11.8 24.0 26.2

> 100 ng/mL 41.0  9.0 33.7 16.3 21.1 28.7

 p = 0.01 p = 0.08 p = 0.36

MCP-1 < 364 pg/mL 39.8 10.9 35.8 14.4 29.7 20.7

> 364 pg/mL 35.2 14.1 35.1 14.7 16.7 33.0

 p = 0.17 p = 0.70 p < 0.0001

t-tau < 81 pg/mL 38.9 11.7 35.6 14.8 29.1 21.1

> 81 pg/mL 36.0 13.4 35.5 14.1 17.1 32.8

 p = 0.43 p = 0.26 p < 0.0001

p-tau < 21 pg/mL 39.5 12.4 36.2 16.1 28.4 23.6

> 21 pg/mL 35.7 12.4 35.8 11.9 16.2 31.7

 p = 0.72 p = 0.26 p = 0.001

α-sAPP < 250 ng/mL 36.6 12.2 31.1 19.2 29.3 20.7

> 250 ng/mL 38.4 12.9 39.4 10.3 16.7 33.3

 p = 0.97 p = 0.001 p < 0.0001

β-sAPP < 97 ng/mL 37.6 11.5 31.5 18.6 26.9 23.1

> 97 ng/mL 37.3 13.6 39.0 10.8 19.0 31.0

 p = 0.51 p = 0.001 p = 0.01

S100B < 0.51 μg/L 36.8 13.5 34.1 16.2 22.1 28.2

> 0.51 μg/L 38.7 10.9 38.1 11.6 23.6 26.1

 p = 0.35 p = 0.25 p = 0.55

Aβ38 < 1052 pg/mL 39.4 10.6 34.4 15.9 26.0 24.0

> 1052 pg/mL 35.6 14.4 36.8 12.9 20.3 29.7

 p = 0.13 p = 0.41 p = 0.05

Aβ40 < 7067 pg/mL 38.7 10.9 34.9 15.3 27.0 23.0

> 7067 pg/mL 36.3 14.1 36.2 13.6 19.3 30.7

 p = 0.24 p = 0.04 p = 0.01

Aβ42 < 655 pg/mL 39.4 10.2 34.5 16.0 28.0 22.3

> 655 pg/mL 35.6 14.8 36.5 13.0 18.3 31.3
 p = 0.09 p = 0.03 p = 0.001

The table explains the relationship between biomarker levels and demographic variables. The median of CSF biomarker levels in relapsing–remitting forms of 
MS was established as the cut-off value and used to classify MS patients into two groups: low levels and high levels.
Aβ38: 38 amino acid long fragment of amyloid β; Aβ40: 40 amino acid long fragment of amyloid β; Aβ42: 42 amino acid long fragment of amyloid β; α-sAPP: 
α-cleaved soluble amyloid-precursor protein; β-sAPP: β-cleaved soluble amyloid-precursor protein; CSF: cerebrospinal fluid; EDSS: Expanded Disability 
Status Scale; GFAP: glial fibrillary acidic protein; LP: lumbar puncture; MCP-1: monocyte chemoattractant protein; NFL: neurofilament light protein; p-tau: tau 
phosphorylated at threonine 181; OCB: oligoclonal bands; S100B: S-100B protein; SD: standard deviation; t-tau: total-tau; YKL-40: human chitinase 3-like 1 
protein; y: years.

Table 3. (Continued)

while different results were observed among MS 
patients.4,26–28 In the present study, only GFAP showed 
a significant correlation with age, having higher 

levels in older people, presumably because we 
focused on diagnostic CSF samples representing a 
young cohort of MS patients, in whom the influence 
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Figure 2. YKL-40 and GFAP levels and disability progression in the relapsing forms of MS.
We used a Kaplan-Meier estimator to assess the time to reach EDSS 3. The median of CSF biomarker levels (YKL-40 = 101 ng/mL 
and GFAP = 300 ng/L) in the relapsing-remitting forms of MS (CIS and RRMS) group (n = 301) was established as the cut-off value to 
classify MS patients into two groups (high or low), respectively. The mean survival time in years plus 95% CI are displayed. The time 
to reach EDSS 3 was significantly shorter in patients with high levels of (a) YKL-40 (n = 140) and (b) GFAP (n = 146), compared with 
patients with low levels of (a) YKL-40 (n = 140) and (b) GFAP (n = 155).
aBecause YKL-40 was the last biomarker to be analyzed, 21 samples did not have enough volume left for the analysis.
CIS: clinically-isolated syndrome; CSF: Cerebrospinal fluid; EDSS: Expanded Disability Status Scale; GFAP: glial fibrillary acidic 
protein; MS: multiple sclerosis; RRMS: relapsing–remitting MS; y: years; YKL-40: human chitinase 3-like 1 protein.

Figure 1. NFL levels and conversion from CIS to CDMS.
The Kaplan-Meier estimator was used to assess the time to develop CDMS. The median of CSF biomarker levels (NFL = 1150 ng/L) 
in the CIS group (n = 109) was established as the cut-off value, and used to classify CIS patients into two groups (high or low), 
respectively. The graph represents the survival distribution function in patients with high levels of NFL (n = 53) and low levels of NFL 
(n = 50). We display the median time to CDMS in years (with 95% CI).
CDMS: Clinically-definite multiple sclerosis; CIS: clinically-isolated syndrome; MS: multiple sclerosis; NFL: neurofilament light 
protein; y: year/s.
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Figure 3. YKL-40 levels and disability progression in the relapsing forms of MS.
We used a Kaplan-Meier estimator to assess the time to reach EDSS 6. The median of CSF biomarker levels (YKL-40 = 101 ng/mL) in 
relapsing-remitting forms (CIS and RRMS) group (n = 301) was established as the cut-off value to classify MS patients into two groups 
(high or low), respectively. Mean survival time in years (y) with 95%CI are displayed. The time to reach EDSS 6 was significantly 
shorter in patients with high levels of YKL-40 (n = 140), compared with patients with low levels of YKL-40 (n = 140).
aBecause YKL-40 was the last biomarker to be analyzed, 21 samples did not have enough volume left for the analysis.
CIS: clinically-isolated syndrome; CSF: Cerebrospinal fluid; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; RRMS: 
relapsing–remitting MS; y: years; YKL-40: human chitinase 3-like 1 protein.

of disease on biomarker levels could be much stronger 
than the influence of age.

Our results are in agreement with previous studies that 
show higher levels of NFL during relapse.24 We also 
confirmed previous findings that NFL decreases further 
after 60 days of relapse-free time.26 This pattern was not 
observed for other biomarkers. Conversely, MCP-1 lev-
els increased in the stable phases, indicating that it may 
reflect an anti-inflammatory effect.29 The levels of 
YKL-40 were less influenced by relapses than the other 
biomarkers. This suggested that YKL-40 is continu-
ously released in MS and that it could offer a better fea-
ture as a clinical biomarker, independent of time of LP.

About 74% of MS patients presented with IgG OCB. 
Only high levels of YKL-40 correlated with positive 
IgG OCB; however, because OCB were analyzed in 
the clinical routine close to the diagnostic time point 
and the laboratory techniques improved along the study 
period, we cannot exclude some false negative results.

Only seven RRMS patients had received disease-
modifying drugs (DMD) before LP. Therefore, it is 
not likely that biomarker levels in CSF were influ-
enced by drugs, in the current study. Following 
national recommendations during the time period of 

the present study, our CIS patients did not receive 
DMD until they converted to CDMS.

In conclusion, we showed that high levels of NFL in 
CIS patients are associated with shorter time to 
become CDMS. We also showed that high levels of 
the glial activation markers YKL-40 and GFAP are 
associated with earlier disability progression in MS.
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