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ABSTRACT

Aim of the study. To evaluate serum anti-aquaporin antibodies profile, to measure serum levels of cell-cell adhesion molecules
as potential markers of blood-brain barrier (BBB) permeability, and to assess their relationship in neuromyelitis optica spectrum
disorders (NMOsd) and multiple sclerosis (MS).

Clinical rationale for the study. Serum levels of cell-cell adhesion molecules could provide information about BBB disruption
in demyelinating diseases of the central nervous system. Improved knowledge about differences in their profile in NMOsd and
MS patients, as well as about their relationship with antibody serostatus, would facilitate early and accurate diagnosis.

Material and methods. Sera from 20 NMOsd and 59 MS patients were collected and assessed for anti-aquaporin 4 antibodies
(AQP4-1gG) and antibodies against myelin oligodendrocyte glycoprotein (MOG-Ab) using an indirectimmunofluorescence test
(IIFT). Anti-aquaporin 1 antibodies (AQP1-Ab), vascular endothelial growth factor (VEGF), and vascular endothelial cadherin
(VE-Cadherin) levels were assessed using commercial enzyme-linked immunosorbent assay (ELISA) kits. For occludin (OCLN)
and claudin-5 (CLDN5) serum levels, we employed home-made ELISAs elaborated in the Department of Neurochemistry and
Neuropathology, Poznan University of Medical Sciences, Poland.

Results. AQP4-lgG appeared only in 6/20 NMOsd patients who were all originally AQP4-IgG seropositive. All MS and NMOsd
patients were seronegative for MOG-Ab. Patients with MS had higher AQP1-Ab levels than those with NMOsd (median 782.32
vs.203.16 pg/mL; p < 0.001). CLNDS levels were significantly higher in MS than in NMOsd patients (median 1.65 vs. 1.00 ng/mL;
p = 0.004). No statistically significant differences between MS and NMOsd were found for OCLN, VEGF and VE-Cadherin serum
levels. In MS, AQ1-Ab levels were significantly lower in MS patients treated with immunomodulatory drugs vs. the treatment-
-naive (median 712.46 pg/mL vs. 942.73 pg/mL, respectively). There was a positive correlation between CLDN5 and OCLN in
both the MS and the NMOsd groups.

Conclusions and clinical implications. There is a different BBB disruption profile in MS and NMOsd, reflected by significantly
higher CLDN5 and AQP1-Ab levels in MS samples. AQP1-Ab can be considered as a promising indicator of BBB disruption po-
ssibly associated with astrocytopathy.
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Introduction

Multiple sclerosis (MS) and neuromyelitis optica spec-
trum disorders (NMOsd) are autoimmune diseases of the
central nervous system (CNS) which lead to demyelination
in the brain and in the spinal cord [1, 2]. Early and accurate
distinction between these diseases is essential due to different
prognosis and treatment strategies, but still remains challeng-
ing, despite typical clinical features, laboratory and magnetic
resonance imaging (MRI) findings [2, 3]. Until now, no specific
marker for MS has been found [4]. Although the presence
of oligoclonal bands in the cerebrospinal fluid (CSF) is very
typical for MS, it is unspecific, because they can also be found
in other diseases with white matter lesions, including NMOsd
(15-30% of cases) [5]. In turn, antibodies against aquaporin
4 (AQP4-IgQ) are regarded as a specific marker for NMOsd,
an essential element of the disease pathogenesis and a predic-
tive factor [2, 6, 7]. Nevertheless, 10-25% of NMOsd patients
are AQP4-IgG seronegative, and recent studies have shown
that they could be seropositive for antibodies against myelin
oligodendrocyte glycoprotein (MOG-AD) [5, 8, 9].

Aquaporin 1 (AQP1) is a water channel expressed in the
CNS epithelial cells of the choroid plexus, in the pia and the
ependyma as well as in the microvascular endothelium outside
the CNS but not in the cerebral endothelium [10, 11]. Both
AQP1 and AQP4 may be selectively lost around active NMO
lesions [12]. Serum anti-aquaporin 1 antibodies (AQP1-Ab)
were found in AQP4-IgG seronegative and seropositive
NMOsd but also in MS patients with spinal cord lesions (at low
titres) [8]. Tzartos et al. [8] observed that AQP1-Ab in NMOsd
belonged to the complement-activating IgG1 subclass and
joined AQP1 extracellular domain, pointing to the conclusion
that AQP1-Ab could be a new biomarker of NMOsd and play
a role in disease pathogenesis. Nevertheless, this hypothesis
has been challenged by further studies [8, 12, 13].

Antibodies against myelin oligodendrocyte glycoprotein
(MOG-Ab) could be present in patients with AQP4-IgG se-
ronegative NMOsd as well as other CNS disorders, including
recurrent optic neuritis (ON), transverse myelitis (TM), pae-
diatric acute disseminated encephalomyelitis (ADEM), and
atypical MS (at low titres) [9, 14, 15]. The function of myelin
oligodendrocyte glycoprotein (MOG), which is expressed
on the outer layer of myelin sheaths and oligodendrocytes’
processes, remains unclear, as well as whether MOG-Ab are
pathogenic or secondary to a previous inflammation [14].
Nevertheless, MOG-Ab has become an important biomarker
in demyelinating CNS diseases and an increasing number of
cases seropositive for MOG-Ab indicates that another disorder
probably exists. This has been named MOG antibody-associ-
ated disease (MOG-AD) [16].

Although NMOsd and MS are disorders with different im-
munopathogeneses, a common and fundamental event is early
blood-brain barrier (BBB) disruption [17, 18]. The junctions
between endothelial cells are responsible for cell-cell adhesion,

the maintenance of endothelial integrity, and providing a pro-
tective barrier which limits the exchange of molecules between
the CNS and blood. Endothelial cells are connected through
adherens and tight junctions (AJs and TJs) [19]. Because of
that, BBB disruption can be explored by the measurement of
serum levels of molecules that participate in the formation of
the above-mentioned connections [20].

Cadherins, which can be found in AJs at the basolateral
cell surface, are essential for formation and maintenance of
intercellular junctions as well as for cell recognition, migration
and communication [19, 21, 22]. Vascular-endothelial cadher-
in (VE-Cadherin), found in endothelial cells, has a function
in intercellular adhesion, vascular integrity and permeability
[23, 24]. Importantly, cadherins play a role in the pathogen-
esis of various diseases, including cancers and inflammatory
processes (particularly VE-Cadherin) [23, 25].

Claudin and occludin are transmembrane proteins pres-
ent in TJs, which are located at the apical regions of the cells
[19, 26]. Claudins are responsible for regulation of epithelial
permeability for ions and small molecules and interact with
occludin, which plays a role in stabilisation and optimal bar-
rier function of TJs [26, 27]. Claudin-5 (CLDN5) is present
in endothelial cells in many tissues with different expression,
but is particularly high in CNS vessels [28]. The expression
of CLDNG5 is regulated by various factors/events, e.g. vascular
endothelial growth factor (VEGF) (decreased expression),
matrix metalloproteinase (MMP) (degradation) as well as
VE-Cadherin or glucocorticoids (increased expression) [28].
Dysregulation of TJs has been observed in many diseases,
e.g. cancer, stroke, and inflammation [26]. It has been shown
that inflammation led to increased internalisation of claudin
and higher BBB permeability [29]. In turn, downregulation of
occludin due to various factors, e.g. VEGF-induced occludin
phosphorylation and ubiquitination, results in increased en-
dothelial permeability [30]. Moreover, it has been shown that
CLDN5 mediates leukocyte transendothelial migration in mice
with experimental autoimmune encephalomyelitis (EAE) [31].

Vascular endothelial growth factor is a stimulator of
angiogenesis, endothelial proliferation and permeability of
microvessels [32]. It has been shown that VEGF led to lower
expression of VE-cadherin and occludin in intercellular
endothelial junctions and increased BBB permeability [32].
In patients with MS relapse, higher serum VEGF levels than
healthy controls were observed [33]. Shimizu et al. [34] in
turn found that the sera from AQP4-seropositive NMOsd pa-
tients reduced claudin-5 in TJs in human brain microvascular
endothelial cells, which resulted in BBB disruption and was
reversed after anti-VEGF antibody administration.

Clinical rationale for the study

In our study we have assessed AQP4-IgG, AQP1-Ab, cell-cell
adhesion molecules, including claudin-5, occludin and VE-Cad-
herin, and VEGF in the sera of NMOsd and MS patients. We
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further explored the relationship between the anti-aquaporin
antibodies’ profile and BBB permeability measured by serum
levels of the molecules that participate in intercellular junction
formation in NMOsd and MS patients. We speculated that the
potential differences between the results in the evaluated groups
could provide new information about pathogenesis, and could
be helpful in differential diagnosis between these diseases.

Material and methods

Patients

A total of 79 patients were recruited at the Department of
Neurology, Heliodor Swiecicki University Hospital in Poznan,
between June 2014 and August 2017. Twenty patients with
NMOsd diagnosed according to the International Consen-
sus Diagnostic Criteria for NMOsd [35] were incorporated
into the study from those hospitalised in the Department of
Neurology or screened for AQP4-IgG in the Department of
Neurochemistry and Neuropathology by Poznan University of
Medical Sciences. All NMOsd patients were initially seropos-
itive for AQP4-IgG. Fifty-nine patients with RRMS diagnosed
according to the 2010 McDonald criteria [36] were recruited
when evaluated or treated in the Department of Neurology or
at the MS clinic. On study inclusion, all patients were clinically
stable. Ten NMOsd patients were treated with oral steroids
and/or azathioprine: one with glatiramer acetate (GA), and
nine were untreated (Supplementary Tab. 1). Most RRMS
patients received platform injectable therapies, namely inter-
feron-beta (IFN-B) or GA (33 and three patients, respectively),
but 23 patients were not under immunomodulatory treatment
at the moment of the evaluation (Supplementary Tab. 1).

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

Laboratory analyses

Serum samples were obtained from the study subjects and
then kept frozen at -80°C until further analysis. Screening for
AQP4-IgG and MOG-Ab was performed using commercially
available cell-based assays (CBA) according to the manufac-
turer’s instructions (IIFT: NMOSD Screen 1, EUROIMMUN
Medizinische Labordiagnostika AG, Germany). Serum levels
of AQP1-Ab, VEGF and VE-Cadherin were determined with
the use of ELISA kits, according to the manufacturer’s instruc-
tions [Human AQP1 (Aquaporin-1) ELISA Kit, MyBioSource
Inc., USA, BioVendor Laboratory Medicine Inc. Czech Repub-
lic and R&D Systems Inc. Minneapolis, MN, USA]. The levels
of AQP1-Ab and VE-Cadherin were expressed in picograms
per millilitre (pg/mL) and VEGF in nanograms per millilitre
(ng/mL).

To measure occludin (OCLN) and claudin (CLDN5) serum
levels, we employed home-made ELISA tests elaborated at
the Department of Neurochemistry and Neuropathology at
Poznan University of Medical Sciences in Poland.

For OCLN ELISA testing, 96-well microplates (Immuno
MaxiSorp Microplate, Thermo Scientific” Nunc™) were coated
with mouse anti-occludin antibodies at a concentration of
1.0 ug/mL (Invitrogen, USA). After overnight incubation at
+4°C, the plates were washed three times with phosphate-buff-
ered salt (PBS) with 0.05% Tween20. Nonspecific binding sites
were blocked with 3% bovine serum albumin (BSA) solution
in PBS, and the plates were incubated for one hour and washed
three times with PBS-0.05% Tween20. Then, serial dilutions of
the OCLN standard (Abnova) were prepared in the range from
2.75 to 0.043 ng/mL. The OCLN standard and patients’ sera
were added to the particular holes. The plates were incubated
for two hours and washed four times with PBS-0.05% Tween20.
Rabbit anti-occludin antibodies (concentration: 0.5 ug/mL)
(Invitrogen, USA) were added and the plates were incubated
for two hours and washed four times with PBS-0.05% Tween20.
Goat anti-rabbit IgG conjugated with peroxidase (66.7 ng/mL)
(Invitrogen, USA) was added and the plates were incubated for
two hours and washed four times with PBS-0.05% Tween20.
Substrate Reagents R&D were mixed in the ratio of 1:1 and
added to the plates for colour reaction. After incubation in the
darkness for 30 minutes, 2N sulfuric acid was used as an inhibi-
tor. After 5 minutes, absorbance was measured at wavelengths
450 nm and 540 nm using an ELx800 reader (BioTek, USA).
The OCLN concentrations were read from the calibration
curve (4-PL), which was determined with KC-Junior software
(BioTek, USA). The concentrations of OCLN were expressed
in nanograms per millilitre (ng/mL).

For CLDN5 ELISA testing, 96-well microplates (Immuno
MaxiSorp Microplate, Thermo Scientific™ Nunc™) were coated
with mouse anti-claudin antibodies at concentration 0.5 mg/
/mL (Invitrogen, USA). After overnight incubation at +4°C
and washing three times with washing buffer (PBS, EDTA and
0.05% Tween20), a 2% solution of milk in PBS was added for
blocking nonspecific binding sites. The plates were incubated
for one hour and washed with washing buffer three times. Se-
rial dilutions of the CLDN5 standard (Abnova) were prepared
in the range from 16.0 to 0.25 ng/mL. CLDN5 standard and
examined patients sera were added to the plate’s holes with suc-
cessive incubation for two hours and washed four times. Rabbit
anti-human claudin antibodies (0.25 ug/mL) (Invitrogen, USA)
were added and the plates were incubated for two hours and
washed with washing buffer four times. Goat anti-rabbit IgG
with peroxidase (66.7 ng/mL) (Invitrogen, USA) was added and
the plates were incubated for two hours and washed four times
with washing buffer. Substrate Reagents R&D were added to
the plates for colour reaction. This was followed by incubation
in the darkness for 30 minutes and the use of 2N sulfuric acid
as an inhibitor. After 5 minutes, absorbance was measured
at wavelengths 450 nm and 540 nm with an ELx800 reader
(BioTek, USA). The concentrations of CLDN5 were read from
the calibration curve (4-PL), which was created with KC-Junior
software (BioTek, USA). The concentrations of CLDN5 were
expressed in nanograms per millilitre (ng/mL).
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Statistical analyses

Statistical analyses were performed with the use of R
4.0.3 [R Core Team (2020). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org].

Mann-Whitney test was used to compare quantitative
variables between the two groups. Relationship between two
quantitative varjables was assessed with Spearman’s coefficient
of correlation. Significance level for all statistical tests was
set at 0.05.

Results

Baseline

Seventy-nine patients were included in our study: 20 with
NMOsd (19 women, one man) and 59 with MS (46 women,
13 men). Females formed the large majority in both groups
(77.97% in MS and 95% in NMOsd; p = 0.102). The evaluated
groups differed in basic clinical characteristics, as NMOsd
patients compared to those with MS were older (median age
42.5 vs. 35 years), had a greater disease duration (median 8 vs.
3 years), and a higher EDSS score (median 3.75 vs. 1.0) (Fig.
1A-C, Tab. 1).

Antibodies, VEGF and intercellular adhesion
molecules in NMOsd and MS groups

Patients with MS had higher AQP1-Ab and CLDNG5 levels
than those with NMOsd (median 782.32 vs. 203.16 pg/mL;
p < 0.001, for AQP1-Ab and 1.65 vs. 1.00 ng/mL; p = 0.004,
for CLDN5) (Fig. 1D-E). AQP4-IgG appeared only in NMOsd
subjects (6/20; 30%). AQP1-Ab levels were higher in NMOsd
cases seropositive than seronegative for AQP4-IgG, but the dif-
ference was statistically insignificant (315.27 vs. 163.82 pg/mL,
respectively) (Supplementary Tab. 2, Supplementary Figure 1).
Al MS and NMOsd patients were seronegative for MOG-Ab.

No statistically significant differences between MS and
NMOsd groups were found for VEGF (median 250.08 vs.
248.78 ng/mL; p = 0.918, respectively), VE-Cadherin (median
5,090.19 vs. 4,490.1 pg/mL; p = 0.08, respectively) or OCLN
(median 0.58 vs. 0.42 ng/mL; p = 0.1, respectively) (Fig. 1G-F).

AQ1-AD levels differed within the MS group, as the median
was 712.46 pg/mL in patients who received immunomodulato-
ry treatment versus 942.73 pg/mL in those who were untreated
(p = 0.044). There were no statistically significant differences
between the treated and untreated NMOsd patients as well as
for other parameters within MS group.

The above results are set out in Table 1.

Correlations
Sex and age were not associated with the evaluated param-
eters’ levels in the cohort.
Disease duration correlated positively with CLDN5, but
no other molecules’ levels, in NMOsd patients (r = 0.513;
p=0.021) (Fig. 2A). In the MS group, the relationship between

disease duration and the evaluated molecules did not reach
statistical significance.

In MS, EDSS score correlated positively with VE-Cadherin
(r = 0.464; p = 0.009) and AQP1-Ab (r = 0.328; p = 0.019)
and negatively with OCLN (r = -0.298; p = 0.042), while in
NMOsd, correlations between EDSS and the tested molecules
levels were not significant (Fig. 2B-D).

CLDNS5 and OCLN were positively correlated in the MS
(r=10.599; p < 0.001) and the NMOsd (r = 0.74; p < 0.001)
groups (Supplementary Figures 2-3). There was a positive, but
statistically insignificant, correlation between AQP1-Ab and
CLDNS5 in MS patients (r = 0.234; p = 0.098).

The correlation results are set out in Table 2.

Discussion

The most surprising finding of our study was that MS
patients had significantly higher AQP1-Ab levels compared
to those with NMOsd.

Moreover, AQP1-Ab levels showed a trend for being higher
in AQP4-IgG seropositive than in AQP4-IgG seronegative
NMOsd subjects. Previous studies showed that AQP1-Ab was
present mainly in the sera of NMOsd patients (seropositive
as well as seronegative for AQP4-IgG), but also in some MS
patients [8, 37, 38]. Garcia-Miranda et al. [39] evaluated the
sera of patients with NMOsd, MS, idiopathic ON or myelitis,
clinically isolated brainstem syndrome, other diseases and
healthy controls using a CBA and ELISA. They observed a lack
of AQP1-Ab as well as MOG-IgG (except for one patient with
idiopathic myelitis) in the whole cohort, and the presence of
AQP4-IgG only in NMOsd patients’ sera. Schanda et al. [13]
also reported the absence of AQP1-Ab in the sera of all NMOsd
and MS subjects, as assessed by a CBA. The inconsistent re-
sults of various studies indicate that there is a need for further
exploration of the AQP1-Ab in patients with demyelinating
diseases. Interestingly, higher AQP1-Ab levels were found
in immunopathological pattern IIT of demyelination, which
suggests a relation to astrocytic damage [40]. Thus, AQP1-Ab
may be associated with disruption at the level of BBB rather
than with primary immunological response. The correlation
of AQP1-Ab with CLDN-5 that we observed in the MS group
may lend support to such speculation.

All MS and NMOsd patients participating in the study
were seronegative for MOG-Ab. This is in accordance with
previous studies, which showed that MOG-Ab could be
present in NMOsd patients seronegative for AQP4-IgG and
with atypical MS [14].

AQP4-IgG were present in only 6/20 NMOsd patients,
although originally all of them were seropositive. Nevertheless,
it is known that AQP4-IgG serum titres can change depending
on disease activity (higher in relapse than in remission) or
treatment (decrease after/under steroids, azathioprine, cyclo-
phosphamide or rituximab) [41]. This may explain seroneg-
ativity for AQP4-IgG in some NMOsd cases, as 6/14 patients
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Figure 1. Comparison of evaluated parameters in MS and NMOsd groups: age (A), disease duration (B), EDSS (C), AQP1-Ab (D), CLDN5 (E),
OCLN (F), VEGF (G), VE-Cadherin (H); EDSS — Kurtzke Expanded Disability Status Scale; MS — multiple sclerosis; NMOsd — neuromyelitis

optica spectrum disorders
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Table 1. Clinical characteristics of evaluated groups and results of
laboratory parameters

Diagnosis

NMOsd
(n=20)

Parameter MS
(n=59)

Mean+SD  344+872 4375+1427 001*
Age Median 35 45
[years]
Quartiles 27.75-41 34.25-49.5
DI Mean+SD  3.67+4.22 9+6.18 <0.001*
Isease
duration Median 3 8
[years] Quartiles  0-6 55-105
Mean+SD  1.24+123 438+224 <0.001*
EDSS Median 1 375
Quartiles 0-2 3-6.5
333.33 276.17
Mean£3D | 8147 +174.07 Ik
VEGF Median 250.08 248.78
[ng/mL]
Quartiles 128.05- 182.31-
466.72 359.47
6,850.89 4,7745
e Mean£SD 45003 +143060 08
Cadherin  Median 5,090.19 4,490.1
[pg/mL] Quartiles 4,061.07- 3,856.06-
7,432.23 5,558.16
907.69 382.15 .
Mean£3D . 60282 +525.24 <0001
GO Median 782.32 203.16
[pg/mL]
) 440.8-
Quartiles 1132.33 84.62-358.91
Mean+SD  0.74+0.61 0.61+0.89 0.1
QLY Median 0.58 042
[ng/mL]
Quartiles 0.32-0.96 0.09-0.73
Mean+SD  1.74+0.85 132+148 0.004*
CLDN5 .
[ng/mL] Median 1.65 1
Quartiles 1.17-2.36 0.7-1.39
S Female 46(77.97%)  19(95.00%)  0.102
ex
Male 13(22.03%)  1(5.00%)
AQP4- Absent 59(100.00%)  14(70.00%)  <0.001*
-l9G Present 0 (0.00%) 6(30.00%)

AQP1-Ab — anti-aquaporin 1 antibodies; AQP4-IgG — anti-aquaporin 4 antibodies; CLDN5 —
claudin-5; EDSS — Kurtzke Expanded Disability Status Scale; MS — multiple sclerosis; NMOsd

— neuromyelitis optica spectrum disorders; OCLN — occludin; SD — standard deviation; VEGF —
vascular endothelial growth factor; p — Mann-Whitney test for quantitative variables, chi-squared
or Fisher's exact test for qualitative variables; *statistically significant (p < 0.05)

with the change in serostatus received steroids and/or other
immunosuppression during the study. However, 8/14 AQP4-
IgG seronegative subjects were untreated and 5/6 patients who
maintained AQP4-IgG seropositivity were under therapy, so in
this subgroup other variables, e.g. subclinical disease activity,
probably existed. Further studies in a larger NMOsd group are
needed to evaluate factors influencing the change in AQP4-IgG

serostatus. Whether the same paradigm applies to AQP1-Ab
remains to be established. CLDN5 levels were significantly
higher in NMOsd patients seronegative than seropositive for
AQP4-IgG, but because of a small sample size, this observation
should be interpreted with caution and assessed in a larger
population. The absence of AQP4-IgG in MS patients’ sera
confirmed the generally understood high specificity (91%)
of AQP4-IgG for NMOsd [42].

In our study, CLND5 levels were significantly higher in
the MS than in the NMOsd group. OCLN levels were also
higher in MS, but the difference did not reach statistical
significance. Mandel at al. showed that in MS patients dur-
ing relapse claudin-1 and claudin-5 levels were increased in
peripheral blood leukocytes (PBLs), which could facilitate
leukocytes extravasation into the CNS. The claudins levels
in PBLs decreased after glucocorticosteroids treatment, and
pre-treatment claudin-5 mRNA levels were lower in patients
with a good response to IFN- [43]. Interestingly, claudin-5 is
localised more externally in TJs at BBB than occludin, and thus
it can be released more easily to the circulation [27]. This led to
the conclusion that claudin-5 could be a candidate biomarker
of disease activity in MS.

Importantly, we observed a positive correlation between
CLDNS5 and OCLN in both the MS and the NMOsd groups.
This could be explained by the fact that there is an interaction
between claudin and occludin within T7s [44]. Moreover, in the
disease several abnormalities in the expression of T]s proteins
have been reported, e.g. in MS the loss of CLDN5 and occludin
resulted in impaired BBB function [45].

Our study also revealed a negative correlation between
EDSS and OCLN in the MS group. Assuming that TJs’ protein
serum levels reflect the BBB disruption in inflammation, this
could be explained by the fact that EDSS increases with disease
duration and the intensity of inflammatory response differs in
particular stages of demyelinating diseases. Specifically, in MS,
inflammation dominates at the early, and neurodegeneration
at the late, stages of the disease [46]. On the other hand, in
NMOsd, where EDSS increases relatively early within the
disease course, we observed that disease duration correlated
positively with CLDN5 but not with occludin. Further studies
on a larger cohort are necessary to verify whether these find-
ings would be replicated.

We found that immunomodulatory treatment was as-
sociated with lower levels of AQP1-Ab in MS patients. We
assume that AQP1-Ab could be a marker of BBB disruption.
In turn, BBB permeability increases in inflammation, as
mentioned before. It is known that IFN-f and GA treatment
moderate the inflammatory response [47]. IFN-p exerts var-
ious anti-inflammatory and immunomodulatory effects, e.g.
suppression of T-lymphocytes activation and proliferation,
or reduction of proinflammatory cytokines’ concentrations
[48]. Furthermore, there is evidence for the stabilising effect
of IEN-B on BBB [47]. We speculate that inflammation de-
crease due to treatment led to improvement of BBB properties

6 www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Michalina Jasiak-Zatonska, Blood-brain permeability and antibodies against aquaporins in NMOsd and MS

CLDNS [ng/mL]

AQP1-Ab [pg/mL]

3000

2500 |

2000

1500

500

T T
0 5

T
10

T
15

T
20

T T
25 30

Disease duration [years]

B 25000

20000

[ng/mL]

15000

In

10000

VE-Cadher

5000

OCLN [ng/mL]

Figure 2. Correlations between: CLDN5 and disease duration in NMOsd group (A), VE-Cadherin and EDSS in MS group (B), AQP1-Ab and
EDSS in MS group (C), OCLN and EDSS in MS group (D); EDSS — Kurtzke Expanded Disability Status Scale; MS — multiple sclerosis; NMOsd
— neuromyelitis optica spectrum disorders

Table 2. Correlations between assessed parameters in MS and NMOsd groups

Ms
VEGF VE-Cadherin AQP1-Ab OCLN CLDN5
VEGF o r=-0.021, r=0.172, r=0.099, r=0.154,
p=0.903 p=0315 p=0595 p=0.409
. r=-0021, r=-0.039, r=-0289, r=0.002,
Vet leil p=0903 - p=0822 p=0115 p=0991
r=0172, r=-0.039, r=0.108, r=0.234,
O p=0315 p=0822 - p=0.447 p=0.098
OcIN r=0.099, r=-0289, r=0.108, . r=0.599,
p=0595 p=0.115 p=0.447 p <0.001*
r=0.154, r=0.002, r=0.234, r=0.599,
QLB p = 0.409 p=0.991 p=0.098 p<0.001* -
VEGF VE-Cadherin AQP1-Ab OCLN CLDN5
VEGF . r=-0.03, r=0.107, r=-0.167, r=-0.185,
p =0.905 p=0.663 p=0.496 p=0.448
. r=-0.03, r=-0278, r=0.055, r=0.123,
Ve Gzl p =0.905 - p=0249 p=0.824 p=0616
r=0.107, r=-0278, r=-0365, r=-0.108,
BRI p=0.663 p=0.249 - p=0.113 p=0651
OCLN r=-0.167, r=0.055, r=-0365, _ r=074,
p = 0.496 p=0824 p=0.113 p<0.001*
r=-0.185, r=0.123, r=-0.108, r=074,
Qi p=0.448 p=0616 p=0651 p<0.001* -

AQP1-Ab — anti-aquaporin 1 antibodies; AQP4-IgG — anti-aquaporin 4 antibodies; CLDN5 — claudin-5; MS — multiple sclerosis; NMOsd — neuromyelitis optica spectrum disorders; OCLN — occludin; r —
Spearman’s correlation coefficient; VEGF — vascular endothelial growth factor; *statistically significant (p < 0.05)

~
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and reduction of serum levels of molecules, which could be
markers of its breakdown.

Our study has several limitations. Firstly, the number of
NMOsd patients was relatively small to establish the exact
profile of antibodies and molecules of intercellular junctions.
Nevertheless, it should be noted that this was a single centre
study and that NMOsd is a rare disease, particularly in Cau-
casians (in USA and Europe the prevalence is 0.5-10/100,000,
and the MS to NMOsd ratio around 50-100) [2, 49]. Given
the rarity of NMOsd, with only few new cases diagnosed each
year, and a three-year recruitment timeline, this limitation
could not be overcome. Possibly due to the sample size, we
were unable to identify the relationship between evaluated
antibodies or molecules and various factors, e.g. disease
activity (remission vs. relapse), EDSS score, MRI findings,
concomitant diseases and treatment status. Furthermore, in
our cohort there were untreated patients as well as patients
on various therapies. As we recruited patients consecutively at
the Department of Neurology, in some cases there was a lack
of blood samples collected before treatment initiation, so we
were unable to assess its potential influence on the evaluated
parameters.

In the future, it would be interesting to compare anti-
bodies’ titres and intercellular junction molecules’ levels in
larger cohorts of MS and NMOsd patients receiving particular
therapies. Moreover, we were not able to perform the CSF ex-
amination due to ethical reasons, as in most cases the lumbar
puncture had already been done, and an additional lumbar
puncture could cause potential side effects. Nonetheless, in the
future it would be valuable to assess the relationship between
cell-cell adhesion molecules, VEGE, AQP1-Ab, AQP4-IgG and
the CSF parameters.

Conclusions and future directions

Based on the results of our study, we draw the following
conclusions:

1. AQPI-Ab are not a specific marker for NMOsd, as in our
cohort AQP1-Ab titres were even higher in the sera of MS
than NMOsd patients;

2. there is a different BBB disruption profile in MS and
NMOsd;

3. among the cell-cell adhesion molecules that we evaluated,
claudin-5 serum level reflected these differences best, as
it was significantly higher in MS than NMOsd patients;

4. AQPI-Ab can be considered as a promising indicator of
BBB disruption possibly associated with astrocytopathy.
Further studies on a larger sample size are necessary

to evaluate the exact profile of BBB disruption in NMOsd
and MS patients expressed by increased serum levels of
intercellular junctions’ molecules and their dependence on
antibodies serostatus or titres, as well as other factors includ-
ing disease activity, MRI findings, concomitant diseases and
treatment.
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