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ABSTRACT

Aim of the study. To assess differences in BBB damage profiles by measuring serum levels of soluble vascular cell adhesion mo-
lecule-1 (sVCAM-1), soluble platelet endothelial cell adhesion molecule-1 (sSPECAM-1), soluble intercellular adhesion molecule-1
(SICAM-1), and S100 calcium-binding protein B (S100B) in relapsing-remitting multiple sclerosis (RRMS), neuromyelitis optica
spectrum disorders (NMOsd), and neuropsychiatric systemic lupus erythematosus (NPSLE) patients.

Clinical rationale for the study. Blood-brain-barrier (BBB) disruption is one of the key pathological processes involved in va-
rious demyelinating diseases of the central nervous system (CNS) and is associated with shedding of cell adhesion molecules
and S100B into the serum compartment. Therefore, making an assessment of serum levels of the above-mentioned molecules
could provide information about disease pathogenesis, severity of BBB disruption, and disease activity.

Material and methods. We recruited 42 RRMS, 19 NMOsd and 35 NPSLE patients. Subjects were treated with beta-interferons
or glatiramer acetate (RRMS), oral steroids and/or azathioprine (NMOsd, NPSLE), other immunosuppressants (NPSLE), or antima-
larials (NPSLE). The clinical condition of the patients was assessed using the Kurtzke Expanded Disability Status Scale for MS and
NMOsd, and the Systemic Lupus Erythematosus Disease Activity Index for NPSLE. Serum levels of sVCAM-1, sSPECAM-1, sICAM-1
and S100B were determined using enzyme-linked immunosorbent assay (ELISA).

Results. We found the lowest levels of SPECAM-1, sICAM-1 and S100B in sera from NMOsd patients. The highest levels of sPE-
CAM-1 and sICAM-1 were observed in NPSLE, and in NPSLE and MS, respectively. There were no statistically significant differen-
ces in sVCAM-1 levels between the examined groups. In MS and NMOsd, there was a negative correlation between the EDSS
score and the following molecules: SPECAM-1, sICAM-1 and S100B.

Conclusions and clinical implications. We conclude that there is a different profile of blood-brain-barrier disruption reflected
by cell adhesion molecules shedding in the spectrum of autoimmune CNS disorders with disseminated white matter lesions.
These molecules could become new biomarkers to be used in CNS demyelinating diseases differential diagnoses and monito-
ring disease activity, but further studies on larger groups of patients are necessary.
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Introduction

The spectrum of demyelinating disorders of the central
nervous system (CNS) covers a large group of disorders
where myelin destruction is a key pathological finding, with
different pathomechanisms leading to it. The main diseases
to consider in an adult patient with a neurological syndrome
and disseminated white matter lesions are: multiple sclerosis
(MS), neuromyelitis optica spectrum disorders (NMOsd), and
neuropsychiatric systemic lupus erythematosus (NPSLE). The
differential diagnosis between the above-mentioned diseases
is based on clinical, laboratory and neuroimaging findings.
In MS, no biomarker has been identified to date, and the
diagnosis is made according to the revised 2017 McDonald
criteria [1]. Although a biomarker for NMOsd has been found,
namely anti-aquaporin 4 antibodies (AQP4-IgG) [2], the diag-
nostic process remains challenging, especially in seronegative
cases, in which seropositivity for antibodies against myelin
oligodendrocyte glycoprotein (MOG-IgG) could occur [3].
Additionally, antibodies against aquaporin 1 (AQP1-Ab) have
been found in NMOsd, but also in MS patients, in whom even
higher serum levels were observed in a single study by our
group [4]. As for systemic lupus erythematosus (SLE), which
is a prototypic disease driven by serum antinuclear autoanti-
bodies (ANA), in patients with neuropsychiatric involvement
anti-double-stranded DNA (anti-dsDNA) antibodies are not
always present [5]. Moreover, ANA are found in 2.5-81% of
MS patients [6] and in approximately half of NMOsd patients
[7]. Finally, oligoclonal bands, although typical for MS, can
also be found in up to 60% of NPSLE [8,9] and in 15-30% of
NMOsd patients [10,11].

Therefore, there remains a need for additional markers
differentiating these three conditions. One area worth explo-
ring in this context is blood-brain-barrier (BBB) disruption,
which is a common and essential step in the development
of CNS autoimmune diseases. BBB permeability can be
classically assessed using albumin CSF/serum ratio, which
provides information about the extent of BBB dysfunction
and is significantly higher in NMOsd than in MS, but it is not
specific for one particular CNS disorder [12, 13]. Because BBB
breakdown results in the shedding of cell adhesion molecules
(CAMs) and S100B into the serum compartment, assessing
their levels might be useful in clinical practice. Several studies
have been published on adhesion molecules in serum and in
the cerebrospinal fluid (CSF) in demyelinating CNS disorders,
and their correlations with disease activity, magnetic resonance
imaging (MRI), and treatment [14-17].

CAMs participate in various biological processes, primari-
ly allowing cell-cell and cell-extracellular matrix interactions as
well as forming an ‘adhesion cascade, and they play an essential
role in the inflammatory response [18, 19]. The importance of
immunoglobulin superfamily CAMs in inflammation, particu-
larly in leukocytes recruitment to the CNS, has been highlight-
ed [19]. Vascular cell adhesion molecule-1 (VCAM-1), which

is present on the surface of activated endothelial cells, interacts
with very late antigen (VLA) on leukocytes and mediates
leukocyte-endothelial cell adhesion [18, 20]. Intercellular
adhesion molecule-1 (ICAM-1), expressed on endothelial cells,
binds leukocytes through lymphocyte function-associated
antigen 1 (LFA-1), and mediates their adhesion to epithelial
cells and facilitates trans-endothelial migration [18, 21]. Plate-
let endothelial cell adhesion molecule-1 (PECAM-1), found
on platelets (in large amounts), most subtypes of leukocytes,
and in endothelial cell intercellular junctions, plays a role in
trans-endothelial migration of leukocytes [18, 22, 23].

$100 calcium-binding protein B (S100B) is present
mainly in astrocytes and other glial cells. It participates in
cell proliferation, migration, differentiation and apoptosis.
[24, 25]. S100B is thought to be a biological marker of some
disorders, as it can be detected in blood, CSF or other bio-
logical fluids in various pathological conditions, including
MS, NMOsd, NPSLE and other neurological and non-
-neurological diseases [25, 26]. In neurological disorders,
elevated serum S100B can be the result of BBB disruption
as well as of brain damage [27].

Clinical rationale for the study

We assessed serum levels of sVCAM-1, SICAM-1, sPE-
CAM-1 and S100B in patients with MS, NMOsd and NPSLE
as well as in healthy controls (HC). Because BBB breakdown
results in shedding of cell adhesion molecules and S100B
into the serum compartment, we hypothesised that assessing
their serum levels could provide more information about
demyelinating diseases’ pathogeneses and could be helpful in
making differential diagnoses, evaluating the severity of BBB
disruption, and monitoring disease activity.

Material and methods

Study design

Patients were recruited in the Department of Neurology
and the Department of Rheumatology, Rehabilitation and
Internal Medicine at Poznan University of Medical Sciences,
Poland and in Poznan private rheumatological practice be-
tween April 2014 and August 2017. Nineteen patients with
diagnosed NMOsd according to the International Consensus
Diagnostic Criteria for NMOsd [28] and seropositive for
AQP4-IgG were recruited for the study from those hospitalised
in the Department of Neurology or evaluated for AQP4-IgG
in the Division of Neurochemistry and Neuropathology at
Poznan University of Medical Sciences. A total of 42 patients
with relapsing-remitting MS (RRMS) hospitalised in the De-
partment of Neurology, who met the revised 2010 McDonald
criteria [29], were incorporated into the study. Forty-nine
patients with SLE, who fulfilled the American College of
Rheumatology (ACR) criteria [30], were referred from the
two Rheumatology Clinics in Poznan, of whom 35 with CNS
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Table 1. Adhesion molecules and S100B in patients with NMOsd, MS, NPSLE and HC

sVCAM1 (ng/mL) sPECAM1 (ng/mL)

HC MS NMOsd NPSLE HC MS NMOsd NPSLE
Maximum 9,774.2 4,586.9 4,462.6 4,037.5 157.9 186.2 110.8 186.2
Median 1,359.2 11213 1,024.3 1,130.6 93.9 102.2 84.3 123.7
Minimum 376.6 289.9 469.8 5374 62.9 51.1 70.2 50.2

HC MS NMOsd NPSLE HC MS NMOsd NPSLE
Maximum 7254 7320 574.8 794.1 56.3 8229 0.0 106.8
Median 402.8 462.3 319.2 466.6 0.0 0.0 0.0 0.0
Minimum 109.4 250.8 191.7 287.9 0.0 0.0 0.0 0.0

HC — healthy controls; NMOsd — neuromyelitis optica spectrum disorders; MS — multiple sclerosis; NPSLE — neuropsychiatric systemic lupus erythematosus; sVCAM-1 — soluble vascular cell adhesion

molecule-1; sSPECAM-1 — soluble platelet endothelial cell adhesion molecule-1; sICAM-1 — soluble intercellular adhesion molecule-1; S100B — S100 calcium-binding protein B

involvement were included in the final analysis. Thirty-nine
HC without any known acute or chronic diseases were recruit-
ed on a random basis.

Inclusion criteria were: age > 18 years, NMOsd with sero-
positivity for AQP4-IgG, relapsing-remitting type of MS, SLE
with neurological manifestations, ability to walk without/with
assistance or to move in a wheelchair. Active inflammation was
an exclusion criterion for participating in the study.

Patient clinical evaluations using the Kurtzke Expanded
Disability Status Scale (EDSS) for MS and NMOsd, and the
Systemic Lupus Erythematosus Disease Activity Index (SLE-
DAI) for NPSLE was performed to assess the clinical severity
of the disease. Blood samples were collected for laboratory
analyses, and the results were assessed using statistical me-
thods as described below.

The study protocol was approved by the Internal Review
Ethics Board at the Poznan University of Medical Sciences. All
subjects gave written consent to study participation.

Laboratory analyses

Serum samples were obtained from the study subjects and
then frozen at -80°C. Serum soluble VCAM-1 (sVCAM-1),
soluble PECAM-1 (SPECAM-1), soluble ICAM-1 (sICAM-1)
and S100B levels were determined using commercially
available enzyme-linked immunosorbent assay (ELISA) kits
according to the manufacturer’s instructions (BioVendor
Laboratory Medicine Inc., Czech Republic and R&D Systems
Inc., Minneapolis, MN, USA). The levels of sVCAMI, sPE-
CAM1, and sICAM1 were calculated from standard curves
in nanograms per millilitre (ng/mL). The concentration
of S100B was expressed in picograms per millilitre (pg/mL).

Statistical analysis
Statistical analyses were performed with the use of StatSoft
STATISTICA version 13 (TIBCO Software Inc. 2017), Statistica
(data analysis software system) version 13 (http://statistica.
i0), MedCalc for Windows version 15.8 (MedCalc software,
Ostend, Belgium, https://www. medcalc.org), and JASP version
0.14.1 (JASP Team 2020, https://jasp-stats.org).

The values are reported as either means or medians with
95% confidence intervals. A p value < 0.05 was considered
statistically significant.

Firstly, a D’Agostino-Pearson test was used to determine
distribution of the measurements within each group and,
depending on distribution, either a Levene’s or a Brown-For-
sythe test to assess the homogenicity of variances. Due to
confirmation of non-normally distributed variables or un-
even variances, intergroup differences were examined with
a Kruskal-Wallis test, with a Dunn’s multiple comparisons
post-hoc test for results with p < 0.05. For correlations, a Ken-
dall rank correlation coefficient was employed.

Results

Patient characteristics

A total of 135 patients were incorporated into the study:
39 healthy individuals (27 women, 12 men), 19 patients with
NMOsd (18 women, one man), 42 with MS (38 women, four
men), and 35 with NPSLE (34 women, one man). A higher
EDSS score was observed in the NMOsd than in the MS
group (median 4.0 vs. 1.0, respectively) (Fig. 1C) and higher
scores were observed in older patients. The median SLEDAI
score in the NPSLE group was 17 in the baseline, and 6 in the
follow-up examination after one year. Clinical characteristics
of the patients’ groups are set out in Supplementary Table 1
and Figures 1A-1C.

All MS patients were treated with standard immunomod-
ulation (beta-interferons or glatiramer acetate). Eleven of the
19 NMOsd patients were on low doses of oral steroids or/
/and azathioprine and the other eight were untreated. NPSLE
patients received oral or pulse steroid therapy, alone or with
immunosuppressants (azathioprine, cyclophosphamide, my-
cophenolate mofetil or methotrexate), and/or with antimala-
rials (chloroquine or hydroxychloroquine). The doses of oral
steroids ranged from 2.5 mg to 30.0 mg in the NMOsd group,
and from 2.5 mg to 15.0 mg in the NPSLE group (prednisone
equivalent doses). Treatments of the study participants are set
out in Supplementary Table 2.
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Figure 1. Clinical parameters, including age (A), disease duration (B), EDSS score (C), and levels of sVCAM-1 (D), SPECAM-1 (E), sICAM-1
(F) and S100B (G) in healthy controls (HC) group and in patients with neuromyelitis optica spectrum disorders (NMOsd), multiple sclerosis
(MS), and neuropsychiatric systemic lupus erythematosus (NPSLE)

Adhesion molecules and S100B There were no statistically significant differences of sV-

in evaluated groups CAM-1 levels between all the examined groups. The highest

Significant differences between the groups were found levels were found in HC (median 1,359.2 ng/mL) and the
for all the assessed molecules, except for sVCAM-1 (Tab. 1). lowest in NMOsd (median 1,024.3 ng/mL). The levels of
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Table 2. Correlations between adhesion molecules, S100B and clinical
parameters

Kendall’s Tau Correlations Kendall’s tau B P-value
Age Duration 0.201 * 0.018
bt EDSS 0360 %+ <0001

SVCAM1 (ng/mL) 0.075 0211
SPECAM1 (ng/mL) -0.003 0.962
SICAM (ng/mL) -0.060 0314
S100B (pg/mL) -0.005 0.940
Duration EDSS 0.129 0.220
) SVCAMT (ng/mL) 0013 0.876
SPECAM1 (ng/mL) -0.069 0.406
sICAM (ng/mL) -0.089 0.283
S100B (pg/mL) -0.061 0.512
EDSS sVCAM1 (ng/mL) -0.024 0.809
SPECAM1 (ng/mL) -0.204 * 0.044
sICAM (ng/mL) -0.296 ** 0.003
S100B (pg/mL) -0.418 *** <0.001
SVCAM1 SPECAM1 (ng/mL) -0.040 0.496
(ng/ml) SICAM (ng/mL) ~0.015 0797
S100B (pg/mL) -0.152* 0.022
SPECAM1 sICAM (ng/ml) 0.280 *** <0.001
gyl $1008 (pg/mL) 0272 %+ <0.001
SICAM S100B (pg/mL) 0346 *** <0.001
(ng/mL)

*p < 0.05; **p < 0.01; ***p < 0.001; EDSS — Kurtzke Expanded Disability Status Scale; SVCAM-1 —
soluble vascular cell adhesion molecule-1; sSPECAM-1 — soluble platelet endothelial cell
adhesion molecule-1; sICAM-1 — soluble intercellular adhesion molecule-1; ST00B

— 5100 calcium-binding protein B

sVCAM-1 were comparable in MS and NPSLE (medians
1,121.3 ng/mL and 1,130.6 ng/mL, respectively) (Fig. 1D).

For sPECAM-1, concentrations were the highest in NPSLE
(median 123.7 ng/mL) and in MS (median 102.2 ng/mL),
followed by HC (median 93.9 ng/mL), and were the lowest
in NMOsd (median 84.3 ng/mL). Moreover, statistically sig-
nificant differences were observed between NPSLE and both
HCand NMOsd, as well as between NMOsd and both NPSLE
and MS (Fig. 1E).

The lowest values of SICAM-1 occurred again in NMOsd
(median 319.2 ng/mL), while both MS (median 462.3 ng/mL)
and NPSLE (median 466.6 ng/mL) had significantly higher
concentrations. A trend for higher values was also present in
HC (median 402.8 ng/mL) (Fig. 1F). Importantly, the only
significant differences occurred between NMOsd and MS, as
well as between NMOsd and NPSLE.

S100B levels were the highest in MS (mean 40.8 pg/mL),
and results greater than 0.0 pg/mL were found in 20 of
42 (47.6%) patients. The odds ratio for S100B concentrations
greater than 0.0 pg/mL equalled 3.52 (95% CI: 1.32 to 9.44;
p = 0.0122) for MS compared to HC. This was extremely high

compared to NMOsd (OR = 35.53, 95% CI: 2.01 to 626.86;
p = 0.0148), and reached the borderline of significance
when compared to NPSLE (OR = 2.62; 95% CI: 0.99 to 6.93;
p =0.0511). In the NPSLE group, S100B levels reached mean
16.5 pg/mL and values greater than 0.0 pg/mL were found in
nine of 35 (25.7%) patients. In HC, S100B levels were the lowest
(mean 9.6 pg/mL), and values greater than 0.0 were found only
in a few subjects (8/39; 20.5%). None of the NMOsd patients
had a S100B concentration greater than 0.0 pg/mL (Fig. 2G).
The only significant difference existed between NMOsd and MS.

Correlations between adhesion molecules,
S100B and clinical parameters

In all the examined patients, disease duration corre-
lated positively with age, but not with the evaluated mole-
cules’ levels. Positive correlations were observed between
SICAM-1 and sSPECAM-1, as well as between S100B and both
SPECAM-1 and sICAM-1. Moreover, there was a negative
correlation between S100B and sVCAM-1.

In HC, sPECAM-1 positively correlated with sSICAM-1 and
S100B. There was also a correlation between SICAM-1 and
S100B. In the NMOsd group, there was a fairly strong corre-
lation between sVCAM-1 and patient age. In the MS group,
sPECAM-1 positively correlated with sSICAM-1 and S100B.
Additionally, there was a correlation between sSICAM-1 and
S100B. In the NPSLE group, there was a positive correlation
between sICAM-1 and sSPECAM-1. Furthermore, S100B posi-
tively correlated with SICAM-1 and negatively with sVCAM-1.

In MS and NMOsd, we observed a negative correlation
between the EDSS score and the following molecules: sPE-
CAM-1, sSICAM-1 and S100B. The higher EDSS was found in
older patients (Fig. 2A-D).

In NPSLE, we did not find a correlation between the
SLEDAI score (in both the baseline and the follow-up exa-
mination) and serum levels of adhesion molecules or S100B.
Nevertheless, we found a negative correlation between sV-
CAM-1 serum levels and the SLEDAI score change from
baseline to follow-up (i.e. the higher the level of sVCAM-1,
the greater the improvement in the SLEDAI score over time)
(Suppl. Fig. 1).

The correlations between evaluated molecules and clinical
parameters are set out in Table 2.

Summary of results

We found that the levels of sSPECAM-1, sSICAM-1 and
S100B were the lowest in the sera of patients with NMOsd. The
highest levels of SPECAM-1 were observed in NPSLE, and the
highest levels of sSICAM-1 were found in NPSLE and MS. In
turn, there were no statistically significant differences in sV-
CAM-1 levels between all the examined groups. Interestingly,
in MS and NMOsd there was a negative correlation between
the EDSS score and the following molecules: sSPECAM-1,
sICAM-1 and S100B.
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Figure 2. Correlations between age (A), levels of SPECAM-1 (B), sICAM-1 (C) or S100B (D) and Kurtzke Expanded Disability Status Scale

(EDSS) score

Discussion

In our study, we observed that serum sPECAM-1 con-
centrations were significantly lower in patients with NMOsd
than with MS and in the HC. This was in accordance with the
findings published by Chang et al. [31]. However, our results
differed for sSsICAM-1 and sVCAM-1, in that they found higher
concentrations of VCAM-1 in NMOsd than in MS and HC,
and higher ICAM-1 levels in NMOsd than in HC (but not in
MS) [31]. Uzawa et al. showed that SICAM-1 serum levels were
elevated in patients with NMO compared to MS [32]. We in
turn found that levels of SICAM-1 were lower in the NMOsd
than in the SLE, MS and HC groups. In fact, we noted that
SICAM-1 was higher in the MS than in the HC group (just asin
the Uzawa et al. study [32]), but the difference was statistically
insignificant. Moreover, in our cohort there were no statistical
differences in sVCAM-1 serum levels, which were the highest
in HC, followed by SLE and MS, and the lowest in NMOsd.
These results are different to those from the above-mentioned
studies [31, 32].

Such differences could be due to various factors. First-
ly, we tested MS patients treated with beta-interferons or
glatiramer acetate (which were, at the time, the most com-
mon first-line treatments in Polish MS patients [33]), oral
steroids and/or azathioprine (NMOsd and NPSLE), and/
or other immunosuppressants (NPSLE), while Chang et al.
evaluated patients before therapy with steroids, immuno-
globulins or plasmapheresis [31]. The impact of treatment
on adhesion molecules levels was analysed in previous
studies which showed that sVCAM-1 serum levels decrease
in patients with RRMS after intravenous methylopredniso-
lone or that sVCAM-1 serum levels increase in MS patients
treated with beta-interferon, which in turn correlated with
a decrease in MRI activity [34, 35]. Secondly, our patients
were in remission, while Chang et al. evaluated patients
within two weeks of symptoms onset or acute relapse [31].
Levels of adhesion molecules might depend on disease
activity, as in MS patients serum levels of SICAM-1, sV-
CAM-10r PECAM-1 correlate with the presence of gadolinium-
-enhancing lesions on MRI [15, 35-39].
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Our results suggest that the BBB damage is more severe
in NPSLE than in MS and NMOsd, as we noted significantly
higher serum concentrations of S’SECAM-1 in NPSLE than in
the other groups. This resembles the observation by Santos et
al. that serum levels of PECAM-1 were higher in SLE than in
HC [40]. However, contrary to the above-mentioned research,
we found higher sVCAM-1 levels in HC than in NPSLE (but
without statistical significance) [40]. The differences in sV-
CAM-1 levels in our study as opposed to other studies could
be attributable to several factors, e.g. disease activity and
treatment. It has been noted that sVCAM-1 concentrations
correlate with disease activity, as they are higher in the sera
of SLE patients during relapse and become lower during re-
mission [41]. Nonetheless, serum levels of SsSCAM-1, although
elevated in SLE patients, do not reflect disease activity [41].
Treatment could influence the levels of adhesion molecules, as
adecrease of [CAM-1 and an increase of E-selectin concentra-
tions have been observed on mycophenolate mofetil therapy
[40]. On the other hand, there was no significant influence of
steroids (prednisolone), immunosuppressives or antimalarials
on serum levels of VCAM-1, ICAM-1, PECAM-1, E-selectin
and P-selectin [40].

Interestingly, we found that in MS and NMOsd there
was a negative correlation between the EDSS score and
the following molecules: sSPECAM-1, sICAM-1 and S100B.
Chang et al. also observed a negative correlation between
serum levels of PECAM-1 and the EDSS score in NMOsd
patients [31]. Santos et al. noted an association between
serum concentration of PECAM-1 and the SLEDAI score
in SLE patients [40]. Based on the literature and on clinical
observations, it is known that the EDSS score increases with
disease duration. This negative correlation could be the result
of immunopathogenesis of the CNS demyelinating disorders
and the intensity of inflammatory response in different dis-
ease stages. For example, in MS the inflammatory response
is particularly expressed in the first few years of the disease
and then gradually decreases, as neurodegeneration starts to
play an increasing role [42].

Another important factor to consider is disease activity,
as during disease relapse BBB permeability increases, which is
connected with the appearance of new gadolinium-enhancing
lesions in the CNS [43]. Moreover, it was noted in a Polish MS
cohort of older patients that EDSS tends to be higher (as in
our study) but the presence of gadolinium-enhancing lesions
is lower, so BBB permeability could change with age [44].
It is worth underlining that our patients with NMOsd had
higher EDSS scores than those with MS (medians 4.0 and 1.0,
respectively). In comparison, in a recently described Polish MS
population, the median EDSS score was 1.5 for the first-line
and 3.0 for the second-line DMT [33]. We must stress that
the profile of adhesion molecules and S100B serum levels
presented in our research applied to low disability MS, and
in the future the above-mentioned parameters should also be
assessed in a severely disabled MS cohort.

We found that S100B protein levels were the highest in
the sera of MS, followed by NPSLE patients, and that the risk
for S100B release was the highest in the MS group. Several
studies have revealed elevated concentrations of S100B in
the CSF and serum during MS relapse [45, 46]. Missler et
al. observed that in MS serum levels of S100B were signif-
icantly increased during disease deterioration, and lower
in remission [46]. Bartosik-Psujek et al. found that S100B
concentrations were elevated in both the CSF and serum of
MS patients, and decreased significantly after mitoxantrone
therapy [47]. Increased concentrations of S100B have also been
observed in sera and in the CSF of NPSLE patients [48, 49].
It is thought-provoking that we did not detect S100B in any
of the subjects with NMOsd, which could be the result of the
low activity of the disease (remission) or treatment. Fujii et al.
showed elevated CSF and serum levels of S100B during relapse
in NMOsd and observed higher values in sera of AQP4-IgG
positive compared to seronegative patients [50]. On the other
hand, some healthy individuals participating in our study had
detectable S100B levels in their sera. Nevertheless, elevated
serum levels of S100B were in fact observed in physiological
conditions including physical (e.g. running, swimming) or
mental activity or stress [25]. Due to the variable results of
S100B, its measurements should be interpreted with caution,
and further studies are necessary.

Our study has several limitations. Firstly, the number
of patients in each evaluated group was relatively small to
establish an exact profile of BBB disruption in MS, NMOsd
and NPSLE. Nevertheless, NMOsd is an orphan disease,
particularly rare in Caucasians, and our study reflects a sin-
gle centre experience. Because of the limited sample size in
our cohort, we were unable to provide satisfactory statistical
analyses to assess the relation between the molecules levels and
other factors including: disease activity (relapse or remission,
Annualised Relapse Rate), treatment status, and/or type of
therapy and concomitant disorders. Besides, because of the
lack of blood samples collected before treatment, we had no
opportunity to evaluate the potential impact of treatment
on the investigated parameters. Also, it would definitely be
valuable to correlate our laboratory results with MRI activity,
especially the presence of gadolinium-enhancing lesions.
Unfortunately, our study design did not include contrast
administration as patients with NPSLE were often burdened
with nephropathy and consequently, as this was a voluntary
scientific study, additional risk was unacceptable.

In future studies, especially with the participation of pa-
tients diagnosed de novo where a full diagnostic work up is
necessary, contrast administration would be justified. More-
over, analysis of the CSF levels of the investigated parameters
would provide interesting and important insights into the
relationship between adhesion molecules and S100B levels and
BBB disruption. Nevertheless, as our patients were typically
already diagnosed at the time of study inclusion, there was
no medical necessity to repeat CSF sampling, which would
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necessitate hospitalisation and add the traumatic aspect of
a lumbar puncture and a risk of adverse events. We also did
not analyse the previous CSF results in the context of adhesion
molecules serum levels, because it would not reflect a true
relationship due to the various (and sometimes long) time
among taking the CSF and blood samples.

Conclusions and future directions

The results of our study point to the following conclusions:
1. There is a distinct BBB disruption profile in patients with

MS, NMOsd and NPSLE;

2. Serum levels of adhesion molecules reflect these differences;
3. BBB damage is more severe in NPSLE than in MS and

NMOsd.

We believe that the above-mentioned particles could be-
come new biomarkers used in association with other known
markers such as AQP4-IgG or MOG-IgG and ANA in differ-
ential diagnoses between demyelinating diseases of the CNS.

Nevertheless, further studies on larger cohorts and with
broader study protocols, including CSF sampling and gadolin-
ium administration on MRI, are necessary. This would allow
detailed assessment of the relationship between adhesion
molecules, S100B and clinical factors. Obviously, evaluation
of the molecules at treatment initiation and during therapy is
warranted. Future research on BBB disruption markers in MS,
NMOsd and NPSLE will broaden our knowledge about the
immunopathogenesis of demyelinating diseases of the CNS,
and potentially allow us to use these molecules in diagnostic
procedures, to monitor disease activity and response to treat-
ment, as well as to find new therapeutic options.
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