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Abstract
Objective
To assess the role of CSF chitinase 3-like-1 (CHI3L1), chitinase 3-like-2 (CHI3L2), and
neurofilament light chain (NfL) in predicting the course of primary progressive MS (PPMS).

Methods
We analyzed CSF CHI3L1, CHI3L2, and NfL levels in 25 patients with PPMS with disease
duration ≤10 years and no disease-modifying therapy for ≥6 months from the prospective
Understanding Primary Progressive Multiple Sclerosis cohort study. CSF samples taken at
disease diagnosis were analyzed using commercial ELISAs and following the manufacturer’s
instructions. Data on Expanded Disability Status Scale (EDSS) scores, disability progression,
and cognitive function according to the Brief Repeatable Neuropsychological Battery were also
assessed throughout the 1-year study follow-up.

Results
Increasing CHI3L1 levels correlated with higher EDSS scores at baseline (ρ = 0.490, 95% CI
0.118–0.742, p = 0.013) and month 12 (ρ = 0.455, 95% CI 0.063–0.725, p = 0.026) and tended
to be associated with a higher risk of disability progression according to EDSS scores (OR =
1.008, 95% CI 0.999–1.017, p = 0.089). Increasing CHI3L2 levels also tended to correlate with
lower baseline EDSS scores (ρ = −0.366, 95% CI -0.676–0.054, p = 0.086). There was no
correlation with regard to NfL levels.

Conclusions
This analysis supports the association between CSF CHI3L1 levels and neurologic disability
according to EDSS scores in patients with PPMS. Other chitinase-like proteins such as CHI3L2
may also be involved.

Classification of evidence
This study provides Class II evidence that CSF CHI3L1 is associated with neurologic disability
in patients with PPMS.
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Several studies have explored CSF biomarkers reflecting in-
flammatory and neurodegenerative processes underlying MS,
suggesting the prognostic role of chitinase 3-like-1 (CHI3L1),
chitinase 3-like-2 (CHI3L2), and neurofilament light chain
(NfL) in conversion to definiteMS.1–4 Reported data have also
pointed at measuring CHI3L1 and NfL to anticipate conver-
sion to progressive disease,5 as well as supporting the biomarker
use of CHI3L1 to monitor disease activity in secondary pro-
gressive MS6 and response to interferon-beta in relapsing-
remitting patients.7 These proteins may also be involved in the
pathogenesis of the different MS forms, with a progressive in-
crease in CHI3L1 levels with disease stages from clinically
isolated syndrome (CIS), and an opposite variation of CHI3L2
expression in relapsing-remitting and progressive forms.1

However, they have not been fully characterized in patients
with primary progressive MS (PPMS), and their role as pre-
dictive biomarkers of disease course remains unknown.

Therefore, we approached the analysis of CSF CHI3L1,
CHI3L2, and NfL levels to assess their role in predicting
disease course in patients with PPMS.

Methods
Study design and participants
This pilot CSF analysis included a sample of patients with PPMS
from the prospectiveUnderstanding Primary ProgressiveMultiple
Sclerosis (UPPMS) cohort study and provides Class II evidence.

Patients were consecutively recruited from neurologic
departments at 11 Spanish hospitals between January and July
2017. Key eligibility criteria included age ≥18 years, PPMS
diagnosis according to the 2010 McDonald criteria,8 disease
duration ≤10 years from neurologic symptom onset, and no
disease-modifying therapy within the past 6 months.

Assessments
When CSF samples taken at MS diagnosis were available, an
aliquot was sent to the Laboratory of Neuroimmunology “Dr.
Francisco Coret”—Institut d’Investigació Sanitària La Fe
(Valencia, Spain). Commercially available ELISAs for
CHI3L1 (Quantikine ELISA kit, R&D Systems Inc., Minne-
apolis), CHI3L2 (Human CHI3L2 ELISA kit, Cusabio
Technology LLC, Houston), and NfL (NF-light neurofila-
ment ELISA kit, UmanDiagnostics AB, Umea, Sweden) were
used according to the manufacturer’s instructions. Mean
intra-assay variations were 6%, 8.9%, and 1.7% for CHI3L1,
CHI3L2, and NfL, respectively; all interassay variation coef-
ficients were <15%.

Data on Expanded Disability Status Scale (EDSS) scores, dis-
ability progression, and cognitive function were collected
throughout the 1-year study follow-up. Disability progression
was assessed and confirmed ≥3 months later according to the
EDSS score (≥1-point increase when the baseline score was
≤5.0 or ≥0.5-point increase when the baseline score was ≥5.5),
Timed 25-Foot Walk (T25-fw; ≥20% increase from baseline),
9-Hole Peg Test (9-HPT; ≥20% increase from baseline), and
a composite of previously mentioned variables. The Rao Brief
Repeatable Neuropsychological Battery was used to assess
cognitive function.9

Statistical analyses
CHI3L1, CHI3L2, and NfL levels were correlated with EDSS
scores at enrollment (baseline) and month 12 using Spear-
man rank correlations. Associations of these levels with 12-
month disability progression and cognitive assessments were
analyzed using Spearman rank correlations and logistic
regressions. Indeterminate/missing data were not considered
in the analyses, which were performed by Dynamic Science
S.L. (Madrid, Spain) with the Statistical Package for the Social
Sciences (SPSS) version 22.0 (SPSS Inc, Chicago) and a sig-
nificance level of 0.05.

Standard protocol approvals, registrations,
and patient consents
The study was conducted according to Good Pharmacoepi-
demiology Practices, the Declaration of Helsinki, and national
regulations. The ethics committee of Hospital Universitario
12 de Octubre approved it, and all patients gave their written
informed consent.

Data availability
All data are reported within the article and available anony-
mized by request from qualified investigators.

Results
Twenty-five of the 55 patients enrolled in the UPPMS study
had CSF samples taken at disease diagnosis (table).

Increasing CHI3L1 levels correlated with higher EDSS scores at
baseline (Spearman ρ = 0.490, 95% CI 0.118–0.742, p = 0.013)
and month 12 (Spearman ρ = 0.455, 95% CI 0.063–0.725, p =
0.026) (figure). Conversely, increasing CHI3L2 levels tended to
correlate with lower baseline EDSS scores (Spearman ρ =
−0.366, 95% CI −0.676 to 0.054, p = 0.086) (figure). There was
no significant Spearman rank correlation betweenNfL levels and
EDSS scores at baseline or month 12 (figure).

Glossary
9-HPT = 9-Hole Peg Test; CHI3L1 = chitinase 3-like-1; CHI3L2 = chitinase 3-like-2; CIS = clinically isolated syndrome;
EDSS = Expanded Disability Status Scale;NfL = neurofilament light chain; PPMS = primary progressive MS; T25-fw = Timed
25-Foot Walk; UPPMS = Understanding Primary Progressive Multiple Sclerosis.
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Three (12.0%) patients experienced disability progression
according to EDSS scores at month 12, 1 (4.0%) according to
T25-fw, none according to 9-HPT, and 4 (16.0%) according
to a composite of EDSS scores, T25-fw, or 9-HPT. Higher
CHI3L1 levels tended to be associated with a higher risk of
disability progression according to this composite (OR =
1.008, 95% CI 0.999–1.018, p = 0.092) and EDSS scores (OR
= 1.008, 95% CI 0.999–1.017, p = 0.089), although there was
no association regarding CHI3L2 (OR = 1.014, 95% CI
0.978–1.051, p = 0.450) and NfL levels (OR = 0.996, 95% CI
0.988–1.004, p = 0.327). There was no association with other
disability progression measurements or cognitive assessments
(data not shown).

Discussion
This pilot CSF analysis showed that CHI3L1 levels at PPMS
diagnosis were related to EDSS scores at study follow-up.
Higher CHI3L1 levels also tended to be associated with
a higher risk of disability progression according to EDSS
scores, although the relatively short study follow-up and the
reduced sample size limited its power to detect significant
differences. These results are in line with a previous report
showing that CSF CHI3L1 correlated with EDSS scores
through years 1–4 after the CIS episode.4 In addition,

increasing CSF CHI3L1 expression was associated with
a higher and earlier risk of developing a sustained EDSS score
≥3 within 5 years after CIS.3 The CHI3L1 is a member of the
glycoside hydrolase 18 chitinase family, whose increase
throughout MS stages seems to derive from the extension of
diffuse brain inflammation associated with neurologic im-
pairment rather than acute inflammation during relapses1 and
the detrimental role of astrocyte activation in disease
pathogenesis.3

In addition, there was a trend toward finding lower CHI3L2
levels at disease diagnosis to be related with higher EDSS
scores at study baseline and vice versa, suggesting a potential
predictive role in PPMS that deserves further confirmation.
CHI3L2 is another member of the glycoside hydrolase 18
chitinase family that was reported to predict MS development
in patients with CIS.10 Contrasting to CH3L1, CHI3L2 levels
are lower in progressive vs relapsing MS, which might result
from their distinct temporal pattern of expression.1 However,
we found no evidence on its role in predicting EDSS scores
either in this patient population or in patients with PPMS.

Furthermore, our analyses provide no evidence to suggest the
predictive value of NfL in patients with PPMS. As NfL is
a cytoskeletal polypeptide of the axon whose release denotes
axonal impairment, the lacking association may result from
the underlying progressive neurodegenerative process rather
than axonal damage outbreaks.5

We acknowledge that the analysis has limitations that may
affect its statistical power, including the limited study follow-
up, sample size, and patients with disability progression.
However, we identified significant differences and tendencies
deserving confirmation. Despite the absence of significant
differences or tendencies according to NfL levels, additional
data on larger sample sizes, longer follow-ups, and using
SIMOA technology, preferably in serum, are needed to con-
firm its role in patients with PPMS. In addition, the obser-
vational, prospective, and multicenter nature of the study
supports the generalizability of analysis findings to clinical
practice.

This analysis supports the association between CSF CHI3L1
levels and neurologic disability according to EDSS scores in
patients with PPMS. Other chitinase-like proteins such as
CHI3L2 may also be involved. These findings warrant further
confirmatory assessment in larger samples of patients with
PPMS.
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Table Patient characteristics (N = 25)

Characteristic Value

Age (y), median (IQR)

At MS diagnosis 52.7 (50.6–58.7)

At baseline 56.3 (53.1–61.9)

Sex, n (%)

Male 13 (52.0)

Female 12 (48.0)

EDSS score, median (IQR)

At MS diagnosis 3.5 (2.5–4.5)a

At baseline 4.0 (3.8–6.0)

At month 12 4.3 (3.6–6.0)b

CSF samples taken at MS diagnosis, median
(IQR)

CHI3L1 level (ng/mL) 199.1 (140.8–266.8)

CHI3L2 level (ng/mL) 48.0 (24.6–64.2)a

NfL level (pg/mL) 470.7 (314.5–601.8)b

Time since MS diagnosis (y), median (IQR) 3.4 (1.2–6.4)

Abbreviations: CHI3L1 = chitinase 3-like-1; CHI3L2 = chitinase 3-like-2; EDSS =
Expanded Disability Status Scale; IQR = interquartile range; NfL = neuro-
filament light chain.
a Missing data, n = 2.
b Missing data, n = 1.
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Figure Correlations between biomarker levels and Expanded Disability Status Scale scores

This figure shows the results of the Spearman rank correlations of chitinase 3-like-1 (A), chitinase 3-like-2 (B), and neurofilament light chain (C) levels with
Expanded Disability Status Scale scores.
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Álvarez-
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