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Abstract
Background: Several of the molecular constituent factors in the pathophysiology of Multiple Sclerosis
(MS). Neuropilins are transmembrane glycoproteins which have to be receptors for the vascular
endothelial growth factor (VEGF) family of angiogenesis factors. The role of angiogenesis factors of
Neuropilin-1 and 2 in the pathology of MS is unknown.

Methods: We aimed to investigate levels of serum Neuropilin-1 and 2 in Relapsing-Remitting Multiple
Sclerosis (RRMS), and Clinically Isolated Syndrome Patients (CIS) and to investigate a correlation with,
age, sex, Expanded Disability Status Scale (EDSS) and relationship with immunomodulatory therapy.
Serum Neuropilin-1 and 2 concentrations of 46 RRMS patients and 28 CIS patients and 45 healthy control
group were analyzed. Clinical status was evaulated using the Expanded Disability Status Scale (EDSS).

Results: Neuropilin-1 and 2 concentrations matched for immumodulatuar treatment, age and sex at a
group level.Neuropilin levels were found to be signi�cantly higher in the CIS and RRMS patient’s groups
compared with the control group (p 0,001).  No statistically signi�cant difference was found between
groups; age, immunmodulatuar treatment, EDSS and gender.

Conclusions: Neuropilin-1 and 2 levels have been shown to increase in RRMS and CIS patients.
Neuropilins, one of the factors of angiogenesis, may be effective in pathophysiology since the �rst period
of the disease.

Background
Multiple Scleorosis (MS) is a chronic in�ammatory disease of characterized by demyelination of the
central nervous system (CNS). Clinically isolated syndrome (CIS) refers to a single clinical attack of CNS
in�ammatory demyelinating symptoms that are lead to MS. One of the most prominent clinical features
of MS is relapsing remitting RRMS. Several factors play an important role in the MS pathophysiology [1].
Abnormalities in blood vessels have been observed along with impaired barrier function seen in MS
lesions [2]. Blood–brain barrier (BBB) de�ciency has also been documented as an altered expression of
endothelial tight junction proteins, changes of vascular basement membrane molecules and pericytes in
MS types [3–6].

The increased BBB permeability driven by the release of Vascular Endothelial Growth Factor (VEGF), that
is also regulates vessel chemotactic and growth for lymphocytes and monocytes, promoting
neuroin�ammation [7]. The studies suggested that angiogenesis, the formation of new vessels, is
detrimental to MS pathogenesis [8, 9]. Angiogenesis is found in MS demyelinating lesions following
VEGF release and the production of several other angiogenic molecules. The Neuropilins are a family of
essential cell surface receptors involved in multiple main cellular signaling cascades. They are expressed
on many cells of the immune system, including dendritic cells, macrophages, mast cells, and basophils
[10]. Neuropiline (NRP) 2 is known as the homolog of neuropiline-1. Neuropiline (NRP) 1 and Neuropiline
(NRP) -2, which play a role in neuronal guidance and angiogenesis, function as both class 3 semaphorins
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(SEMA) and VEGF coreceptors. NRP molecules have been classi�ed as regulators in nervous system
development due to their ability to act as coreceptors with plexin, a specially secreted member of the
semaphorin family that has neuronal guidance functions [11–14]. The potential involvement of NRP-1 in
the pathogenesis of neurological diseases had been indicated by evidence showing that NRP1 protein
levels are induced in the experimental cerebral ischemic neurons models [15]. Also, NRP-1 has been
implicated to play a role in the immunological synapse and the pathogenesis of experimental
autoimmune encephalomyelitis (EAE) [16].

In light of the literature, NRP-1 levels were increased in microvascular endoytelial cells in multiple
sclerosis lesions and in human neuro in�anmatory diseases [17]. The serum values   of neuropilins and
the relationship between CIS and RRMS are unknown. We �rst evaluated this relationship in the literature.

Methods
This study was conducted in the Neurology Department of Dicle University, Diyarbakir, Turkey. A 46
patients with de�nite clinical RRMS, 28 CIS patients and 45 healthy control subjects were enrolled [18].
Our study included RRMS and CIS patients coming to the neurology outpatient clinic of Dicle University
School of Medicine. Disability was evaluated using the Expanded Disability Status Scale (EDSS) [19]. Our
study was conducted after the approval of Dicle University Clinical Research Ethics Committee
(2014/233). Informed consent forms were signed by the individuals in both the patient and control
groups.

In this study, only patients receiving interferon 1a and interferon 1b treatment were included in the RRMS
group. Serum samples were collected before patients in the Cis group received immunotherapy. In the
RRMS group disease duration was de�ned as the time in years between diagnosis and blood sampling.
Hypertension, clinical infection, cancer, pregnancy, diabetes mellitus, individuals under 18 years of age,
in�ammatory diseases were determined as exclusion criteria in our study.

Biochemical analysis of Serum Neuropilin-1 and Neuropilin-2

Blood was collected from RRMS, CIS and control group. The collected blood was centrifuged for 10
minutes at 3000 rpm in accordance with the manufacturer's protocol after 15 minutes of waiting for the
laboratory. The received serums waited in the freezer at -80 centigtrat degrees until the working day.
Serum Neuropilin-1 and Neuropilin-2 kits measured using commercially available enzyme-linked
immunosorbent assay (ELISA) kits (eastbiopharm, Kit LTD, China). Neuropilin-1 and Neuropilin-2 serum
samples were measured at 450 nm and recorded by Absorbance Microtiter Plate Reader (ELx800TM, BIO-
TEK instruments, USA).

Statistical analysis

The mean, standard deviation, Minimum and maximum values are expressed, while the descriptive
statistics for continuous variables are expressed as numbers and percentages for categorical variables.
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In comparison with the Kruskal-Wallis test, a bonferroni correction was made to determine which group
the statistical difference was due to, and a 2-point comparison was made with the Mann-Whitney U test.
Spearmankorelation analysis was used to determine the relationship between the data. The statistical
signi�cance level of the calculations was taken as 5% and the calculations were made with SPSS
(Statistical Packagee for social sciences) version 18.0.

Results
The results of this study are summarized in Tables 1, 2 and 3. The mean age of the RRMS patients (31
females and 15 males), CIS patients (15 females and 13 males), and the control group (30 females and
15 males) was 30.3 ± 9.25 and 30.28 ± 9.13 years, respectively. The mean duration of disease and EDSS
was 4.79 ± 4.0 years and 1.97 ± 2,00 respectively.

Neuropilin 1 serum levels were signi�cantly increased in the CIS group (2,51 pg/mL (1,63 − 29,86) and
RRMS (2,40 pg/mL (1,27–32,30) group compared to healthy controls (1,35 pg/mL (0,10–13,85)
(p 0,001).

Neuropilin 2 serum levels were signi�cantly increased in the CIS group (3,13 pg/mL (1,21–33,2) and
RRMS (3,28 pg/mL (0,98 − 30,74)) group compared to healthy controls (1,15 pg/mL (0,42 − 3,2) (p 0,001).

Serum Neuropilin-1 and 2 levels were found to be higher in both RRMS patients and CIS patients when
compared with controls. This difference was statistically signi�cant compared with the control group
(p 0,001).

A 25 of the RRMS patients were using interferon β 1α and 21 patients were using beta 1β. There is no
difference between patient and treatment groups. Table-2.

There were no signi�cant Neuropilin 1 and 2 levels differences between duration of disease and EDSS.
Table-3.

Table 1
Neuropilin-1 and Neuropilin-2 levels in Multiple Sclerosis (MS) patients, CIS patients and healthy

controls

    Control group [n = 45] Cis patients[n = 28] RRMs patients [n = 46]  

Gender Female 30 15 31 p

Male 15 13 15

Neuropilin-1

[pg/mL]

1,35

[0,10–13,85]

2,51**

[1,63 − 29,86]

2,40**

[1,27–32,30]

0,001

Neuropilin-2

[pg/mL]

1,15

[0,42 − 3,2]

3,13**

[1,21–33,2]

3,28**

[0,98 − 30,74]

0,001
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Notes: Data areexpressed as median[Min-Max]
p < 0.001, comparison withcontrolgroup; **the degree of signi�cance of comparison between CIS group
and MS groups.

Table 2
Neuropilin-1 and Neuropilin-2 levels in Multiple Sclerosis [MS] patients, n CIS

patients and healthy controls

    Control group

[n = 45]

interferon1α

[n = 21]

İnterferon1β

[n = 25]

 

Gender Female 30 14 14 p

Male 15 7 11

Neuropilin-1

[pg/mL]

1,35

[0,10–13,85]

2,41**

[1,68 − 32,30]

2,40**

[1,27 − 19,90]

0,001

Neuropilin-2

[pg/mL]

1,15

[0,42 − 3,2]

3,78**

[0,98 − 30,74]

3,13**

[ 1,65 − 13,86]

0,001

Notes: Data are expressed as median[Min-Max]

< 0.001, comparison with Control group; **thedegree of signi�cance of comparison between CIS group
and MS groups.

Table 3
Correlation coe�cients between parameters in MS group

    Year Disease duration EDSS Neuropilin-1 Neuropilin-2

Year r 1.000        

p        

Diseasae duration r ,371 1.000      

p ,011      

EDSS r ,208 ,243 1.000    

p ,165 ,104    

Neuropilin-1 r ,049 ,016 ,149 1.000  

p ,598 ,916 ,324  

Neuropilin-2 r ,047 -,119 ,267 ,535** 1.000

p ,614 ,431 ,073 ,000

*:p < 0.05; **:p < 0. 01
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Discussion
In the present study, we showed Neuropilin-1 and 2 are elevated in serum from CIS and RRMS compared
with healthy controls. We report no correlation between age, EDSS, disease duration and treatments
group at RRMS patients. This is the �rst study to evaluate of relationship between CIS, RRMS and serum
Neuropilin 1 and 2.

Clinically Isolated Syndrome is often the �rst manifestation of MS. The majority of patients with CIS will
go on to develop MS. Studies evaluating the effect of angiogenesis in these patients are limited.
Boroujerdi et al.stated that this increase in pre-symphomatic increase in angiogenesis supports
pathogenic relay in the pathogenesis of MS [20]. In our study, high levels in CIS patients support this view.
These results may indicate that angiogenesis may occur even in the early stages of the disease.

RRMS is the most common form of MS disease, and the disease progresses over time. Multiple sclerosis
patient serum and CNS paranchyma proin�ammatory cytokines were elevated, as well as the progression
of MS and proin�ammatory cytokines were reported in Korea. Ribatti et al. demonstrated that angiogenic
activity Cerebrospinal �uid samples from MS patients and con�rm the importance of angiogenesis as a
key event in MS pathogenesis and progression [21]. RRMS patients had signi�cantly higher neuropiline
levels, but we could not �nd a correlation with disease duration. MacMillan et al. showed that
pharmacological inhibition of angiogenesis with various compounds suggests that it is bene�cial for
disease outcome in the EAE model [22]. Interestingly, Neuropiline values were similiar between RRMS and
CIS group. Also, no correlations between RRMS and EDSS. This may be related to drug therapy. On the
other hand, there was no difference between the interferon groups. Drugs with this similar mechanism of
MS pathogenesis show that they may affects angiogenesis similarly.

In summary, we �rst showed that Neuropilins serum levels are increased in RRMS and CIS patients. We
suggest that Neuropilins may play a role in MS pathogenesis especially from the beginning of the
disease. Further studies should be undertaken to further test the possible role of Neuropilins in MS
pathogenesis.
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