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Abstract

Background: Matrix metalloproteinase-9 (MMP-9) is a marker of blood-brain barrier destruction, that is elevated during clinical
relapses in multiple sclerosis (MS). In between relapses, MMP-9 levels decline but remain higher than the normal population.
This study aimed to investigate the relation between serum MMP-9 level and disease activity in MS during relapse-free periods.
Methods: This was a retrospective study conducted on adult patients with relapsing-remitting MS (RRMS) whose last relapse
was>1 month ago. Serum MMP-9 was withdrawn at the time of recruitment and correlated with parameters of disease activity.
Results: Of the 40 patients recruited, 75% were women. The mean age was 36.2 + 8.4 years, and the mean disease duration was
7 years. Patients’ median Expanded Disability Status Scale (EDSS) was 3.5 (IQR: 2.5-5.25), the median duration since the last
relapse was 3 months, and the median duration since last corticosteroid administration was 6 months. On multivariate regression
analysis, there was a significant association between serum MMP-9 levels and duration since the last relapse (B: -0.004, 95% Cl:
-0.007--0.002, P=0.001) as well as duration since the last corticosteroid intake (B: -0.003, 95% Cl: -0.006- -0.001, P=0.005).
Conclusion: Serum MMP-9 levels correlated with the duration since last relapse and duration since last corticosteroids

administration during relapse-free periods.
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Introduction
Maintaining or switching between disease-modifying
therapies (DMTs) in relapsing-remitting multiple
sclerosis (RRMS) is based largely on breakthrough disease
activity and drug tolerability.!” To date, breakthrough
disease activity is evaluated via assessment of clinical
relapses and evidence of disease activity on follow-up
magnetic resonance imaging (MRI).* In a non-negligible
proportion of patients, confirmation of the presence of
clinical relapses remains challenging, and differentiation
between true and pseudo-relapses may not always be
straightforward.” Radiological evidence of activity i.e.,
detection of gadolinium enhancing T1 lesions remains
the gold standard of confirmation of relapses in multiple
sclerosis (MS).* However, the high cost and hazards
associated with frequent gadolinium MRI acquisition
make it a less practical tool for activity authentication.”
Identification of a reliable peripheral biomarker of
breakthrough disease activity is a point of research
interest that would help neurologists and MS specialists
make accurate decisions during initiating and changing
DMTs for their patients. Though several laboratory
biomarkers of disease activity have been proposed, a
reliable laboratory biomarker remains elusive.®*?

Matrix metalloproteinase-9 (MMP-9) is a biomarker
of blood-brain barrier destruction.”® It is produced in
the epithelial cells of the meninges, and is expressed in
microglia, astrocytes, vascular endothelial cells, and
accumulated inflammatory cells such as T lymphocytes
and monocytes.!! MMP-9 is involved in proteolysis of
the blood-brain barrier and facilitation of leucocytic
infiltration into the central nervous system.! In animal
research, MMP-9 is upgraded in the experimental
autoimmune encephalomyelitis, a mouse model of MS."
In humans, serum levels of MMP-9 were found to be
elevated during clinical relapses of MS and decline after
relapse resolution but remain higher than the normal
population.’***

As serum MMP-9 level declines gradually after relapses
in RRMS,*** it might be an indicator, not only for current
relapses but also to previous relapses. To date, the data in
the literature are lacking about the presence of alab marker
for the past year level of activity, and only radiological
activity on MRI of the brain is used to determine the past
year disease activity.” In this research, we hypothesized
that the serum MMP-9 level could be a marker of such
activity, and we aimed to investigate whether serum
MMP-9 level was correlated with previous disease activity
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during relapse-free periods.

Patients and Methods

Study Design and Patient Selection

This was a retrospective study conducted on 40 adult
patients with RRMS during the period between April
and June 2021 in the MS unit in Alexandria University
Hospital in Egypt. The MS unit was established in
2014 and has approximately 1700 patients registered.
Inclusion criteria were adult patients>18 years old,
RRMS diagnosed based on the revised 2017 McDonald’s
criteria,'® the last relapse>1 month prior to recruitment,
having a brain MRI one year prior to recruitment, and
taking the same disease modifying therapy (i.e., interferon
betal subcutaneous injections). Patients with comorbid
disorders that could affect MMP9 levels (such as stroke,
coronary heart disease, arthritis, chronic obstructive
pulmonary disease, and metabolic syndrome) were
excluded from the study."”'® Only those who accepted to
participate in the study were included.

Data Collection

Demographic data including age and sex were recorded.
Clinical data included disease duration in years, affected
functional domains, current EDDS, the total number of
relapses, duration since the last relapse (in months), and
duration since the last corticosteroids administration (in
months).

Disease Activity Assessment

Disease activity variables were categorized into clinical
and radiological variables. Clinical variables included the
presence of clinical relapses during the past 12 months
[i.e., a dichotomous yes/no variable] and the number of
relapses during the past 12 months. A follow-up brain
MRI using Philips’s machine was performed on all patients
at the time of recruitment. Imaging was compared with
the previously available imaging [i.e., one year ago] for
evaluating radiological activity. Radiological activity was
defined as the presence of one or more new or enlarging
T2 lesions. Radiological activity variables included the
presence of disease activity findings (a dichotomous yes/
no variable) and the number of new\enlarging T2 lesions
during the past 12 months.

Serum Matrix Metalloproteinase 9 Level Measurement

Serum MMP-9 concentrations were evaluated for all
recruited patients via a human MMP-9 enzyme-linked
immunoassay (ELISA) kit (size 96T) manufactured by
Cloude-Clone Corp. (cat no: E-01013) at the time of
recruitment.’*® The collected serum was separated,
allowed to clot for 30 minutes, centrifuged at 3000 g,
and then analyzed using Sandwich-ELISA technique.”
Standards and samples were added to all Micro-ELISA
strip plates, and Horseradish peroxidase (HRP)-conjugate

reagent was added to all wells. After an hour of incubation,
successive well washing was conducted, and chromogen
solutions A and B were added. A second washing was
performed, and the ‘stop” solution was added until color
change to yellow occurred. To quantify the color intensity,
a spectrometer was used, and the color was measured
at 450 nm. A standard curve of the optical density was
produced from the samples and the calibration standards
(Figure 1) to calculate the concentrations of the MMP-9
levels. The sensitivity of this assay was estimated to be 0.1
ng/mL.*°

Statistics and Data Analysis

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY:
IBM Corp). The Kolmogorov-Smirnov test was used
to verify the normality of the distribution of variables.
Mean and standard deviation were used to summarize
parametric quantitative variables. Median and 25% to 75
interquartile range (IQR) were used to summarize non-
parametric quantitative variables. Categorial variables
were summarized as numbers and percentages. Mann-
Whitney U test was used to compare the median levels
of serum MMP-9 among patients with clinical relapses
during the past 12 months and those without clinical
relapses, and to compare serum MMP-9 levels among
patients with and without radiological progression.
Spearman coefficient was used to test the correlation
between serum MMP-9 levels and the duration since last
relapse, duration since last corticosteroid intake, number
of relapses in the past 12 months, and number of new/
enlarging T2 MRI lesions. Linear regression analysis was
used to detect the most independent/affecting factor
influencing MMP9. The significance of the obtained
results was judged at the 5% level.

Results

Forty patients with RRMS were recruited to this study.
Of the studied sample, 75% (n=30) were women. The
mean age of patients was 36.2 + 8.4 years, and the median
disease duration was 7 (IQR: 6-8) years. The patients’
EDSS ranged from 1.0 to 6.0 with a median of 3.5 (IQR:
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Figure 1. The Standard Curve Generated From the Patients and Controls.
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2.5-5.25). Table 1 details the demographic, clinical, and
radiological characteristics of the recruited patients. The
median number of total relapses the patients experienced
in their life was 5 (IQR: 4-7), and the median duration
since the last relapse was 3 (IQR: 1-10.5) months. As
not all relapses required corticosteroid treatment, the
duration since the last corticosteroids intake was longer
i.e., 6 (range: 2-32) months (Table 1).

Twenty-seven (67.5%) patients reported they had one
or more relapses during the previous 12 months, and the
median number of relapses was 1 (IQR: 0-2) relapse. As for
the radiological activity, 29 patients (72.5%) had evidence
of progression on follow-up brain MRI. The median
number of new/enlarging T2 lesions was 5 (IQR: 0-7)
lesions (Table 1). As all patients recruited had no relapses
during the past month, none of them had gadolinium-
enhancing lesions on brain MRI.

The median level of serum MMP-9 among the
recruited patients was 1.24 (IQR 0.93-1.43) ng/mL. On
comparing serum MMP-9 among patients according
to their previous year activity, no significant difference
was found in the serum MMP-9 between patients with
and without evidence of radiological activity during the
past 12 months (P=0.301). Serum MMP-9 levels were
significantly correlated with the number of relapses
during the past 12 months (r=0.206, P<0.001), the
number of new/enlarging T2 brain lesions on follow-up
brain MRI (r=0.113, P=0.011), and duration since last
relapse (r=-0.316, P<0.001), and the duration since the
last corticosteroid intake (r=-0.323, P<0.001) (Table 2).

Multivariate linear regression analysis was performed
for the parameters that might affect serum MMP9
levels (Table 3). The regression analysis showed that the
duration since the last relapse and the duration since
the last corticosteroids administration were significantly
correlated with the serum MMP-9 levels.

Discussion

Determination of annual MS disease activity is
fundamental during the journey of MS treatment.’
Clinical confirmation of relapses is often challenging,
partly due to the inappropriate interpretation of pseudo-
relapses and partly due to subclinical disease activity that
is missed by both patients and physicians.* MRI activity
has long been considered the best surrogate marker of
MS activity.”? However, its high cost, non-availability
during relapses, and gadolinium-related complications
reduce its applicability” Therefore, a peripheral lab
marker for the previous disease activity would be of help.
To date, however, no peripheral lab marker has been
identified to correlate with the past year disease activity.
In this research, a hypothesis that serum MMP-9 could
be a biomarker for MS previous activity was tested. The
hypothesis was made based on the data from literature
about the role of MMP-9 in the disruption of BBB and

Table 1. Demographic and Clinical Characteristics of Recruited Patients
(n=40)

Demographic and Clinical Characteristics Description
Age? 36.2+8.4 years
MS disease duration® 7 (6-8) years

Total number of relapses® 5 (4-7) relapse
3 (1-10.5) months

6 (2-32) months

Duration since last relapse®
Duration since last corticosteroids intake®
Number of relapses in the previous 12 months 1 (0-2) relapses

Number of new/enlarging T2 lesions during the
previous 12 months®

Serum MMP9 levels® 1.24 (0.93-1.43) ng/mL
EDSS® 3.5(2.5-5.25)

Number of Patients (%)

5(0-7)

Gender

Male 10 (25%)

Female 30 (75%)

Functional domains affected

Visual 27 (72.5%)
Brainstem 16 (40%)

Pyramidal 35 (87.5%)
Cerebellar 35 (87.55)
Sensory 40 (100%)
Bowel/bladder 28 (70%)

Ambulation 32 (80%)

piens o spteele ST 75
Last MRI findings:

Periventricular lesions 40 (100%)
<9 lesions 29 (72.5%)
>9 lesions 11 (27.5%)
Cortical/juxtacortical lesions 17 (42.5%)
Infratentorial lesions 32 (80%)

T1 black holes 26 (65%)

Radiological activity during the previous 12 29 (72.5%)

months (yes/no)

Abbreviations: EDSS, Expanded disability status scale; MMP9, matrix
metalloproteinase 9; MRI, magnetic resonance imaging; MS, multiple
sclerosis; SD, standard deviation.

*Mean = standard deviation, ®Median and interquartile range.

Table 2. Relation Between the Serum MMP9 Levels and Parameters of
Disease Activity (n=40)

Serum MMP-9

Level (g/L) PValue
Clinical relapses
Yes 1.30(0.97-1.68) <0.001*
No 1.14 (1.12-1.36)
Radiological progression
Yes 1.28 (0.97-1.65) 0.301
No 1.33(1.12-1.36)
Duration since last relapse -0.316 <0.001*
Duration since last corticosteroid intake -0.323 <0.001*
Number of relapses in the past 12 months 0.206 <0.001*
Number of new/enlarging T2 MRI lesions 0.113 0.011*

Abbreviations: MMP9, matrix metalloproteinase 9; SD, standard deviation.
*P value<0.05.
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Table 3. Linear Regression Analysis for the Parameters Affecting Serum MMP9 Levels (n=40)

B 95% Cl P B 95% CI P
Clinical relapses 0.217 0.136-0.298 <0.001* 0.133 -0.19- -0.001 0.087
MRI activity 0.038 -0.051--0.127 0.401
Duration since last CST intake -0.006 -0.007- -0.004 <0.001* -0.003 -0.006- -0.001 0.005*
Duration since last relapse -0.007 -0.009- -0.005 <0.001* -0.004 -0.007--0.002 0.001*
Past year number of relapses 0.090 0.053-0.128 <0.001* -0.052 -0.019- 0.284 0.349
Number of new lesions in MRI 0.008 0.002-0.015 <0.001* 0.006 -0.006- 0.018 0.301

Abbreviations: B, unstandardized coefficient; Cl, confidence interval; CST, corticosteroids; MRI, magnetic resonance imaging.

*P value<0.05.

induction of inflammation."" Even in-between relapses,
patients with RRMS continued to have elevated serum
MMP-9 levels in comparison to their counterparts from
a healthy population.? To test this proposed hypothesis,
we recruited patients with RRMS who had been free of
relapses for at least one month and measured their serum
MMP-9 level and correlated it with the previous clinical
ad radiological disease activity.

During patient selection, a homogenous group of
patients was targeted. All patients had been treated with
the same types of DMTs (i.e., interferon beta-la) for
approximately 2 years. To eliminate the effect of relapse
on serum MMP-9 level, all patients were recruited after
at least one month of relapses. Serum MMP-9 levels were
significantly higher among patients who had clinical
relapses during the past 12 months. Moreover, the serum
levels were negatively correlated with the duration since
last relapse and the duration since last corticosteroids
intake. As aforementioned, many patients report pseudo-
relapses as disease activity and others cannot differentiate
between a new relapse and a residual from previous
relapses. Many patients also develop subclinical relapses.
Therefore, a biomarker that correlates better with previous
activity is more reliable, as is the case in this research.
The findings from this research support the hypothesis
that serum MMP-9 can be a potential biomarker of
previous activity.

In the literature, scarce data exists about the presence
of a peripheral laboratory marker for previous year
activity. Markers such as neurofilaments light chain,
neurofilaments heavy chain, glial fibrillary acidic protein,
chitinase-3-like-1 (CHI3L1), cytokines (e.g., CXCLI,
CXCL8, CXCL10, CXCL13, CCL22, and HMGBI),
and osteopontin have been tested as biomarkers of
disease activity, but no sufficient evidence exists for
their reliability.***® For the MMP-9, patients with MS
had higher serum and cerebrospinal fluid (CSF) levels
of MMP-9 compared with their counterparts from the
general population.”* The levels during relapses were
significantly higher than in-between relapses making it a
potential marker of current disease activity.*******¢In the
literature, all the studies were concerned with measuring
serum MMP-9 during relapses,”*****¢ and few of them

monitored serum levels in-between relapses and found
that they decline following relapse remission but remain
higher than the healthy controls.”*'* In this research, we
did not aim to assess the MMP-9 as a marker for current
disease activity, as performed in most studies, but we
investigated its correlation with the presence or absence
of clinical and/or radiological activity which makes our
findings novel.

The strength of this research is that it is, to the best of
our knowledge, the first to evaluate serum MMP-9 as a
potential biomarker of previous MS disease activity. The
main limitations are the relatively small sample size and
measuring MMP-9 at one point of time. Future research
is needed to obtain data (serum MMP9 level, MRI) at
several different time points to confirm their association.

Conclusion

Serum MMP-9 level can be a potential marker of previous
disease activity. Serum MMP-9 levels were found to
be correlated with the disease activity, the duration
since last relapse and duration since last corticosteroids
administration during relapse-free periods.
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