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Introduction: Semaphorin 3A (Sema 3A) is a secreted protein, which plays an integral 
part in developing the nervous system. It has collapse activity on the growth cone of dorsal 
root ganglia. After the development of the nervous system, Sema 3A expression decreases. 
Neuropilin 1 is a membrane receptor of Sema 3A. When semaphorin binds to neuropilin 1, the 
recruitment of oligodendrocyte precursor cells to the demyelinated site decreases. In Multiple 
Sclerosis (MS), Sema 3A expression increases and inhibits oligodendrocyte precursor cell 
differentiation. Therefore, the remyelination of axons gets impaired. We hypothesized that the 
function of Sema 3A could be inhibited by neutralizing its binding to membrane NRP1. 

Methods: we cloned a soluble form of mouse Neuropilin 1 (msNRP1) in a lentiviral vector and 
expressed the recombinant protein in HEK293T cells. Then, the conditioned medium of the 
transduced cells was used to evaluate the effects of the msNRP1 on the inhibition of Sema 3A-induced 
growth cone collapse activity. Dorsal root ganglion explants of timed pregnant (E13) mice were 
prepared. Then, the growth cone collapse activity of Sema 3A was assessed in the presence and 
absence of msNRP1-containing conditioned media of transduced and non-transduced HEK293T 
cells. Comparisons between groups were performed by 1-way ANOVA and post hoc Tukey tests.

Results: msNRP1 was successfully cloned and transduced in HEK293T cells. The supernatant 
of transduced cells was concentrated and evaluated for the production of msNRP1. ELISA 
results indicated that transduced cells secreted msNRP1. Growth cone collapse assay showed 
that Sema 3A activity was significantly reduced in the presence of the conditioned medium of 
msNRP1-transduced HEK293T cells. Conversely, a conditioned medium of non-transduced 
HEK293T cells could not effectively prevent Sema 3A growth cone collapse activity.

Conclusion: Our results indicated that msNRP1 was successfully produced in HEK293T cells. 
The secreted msNRP1 effectively prevented Sema 3A collapse activity. Therefore, msNRP1 can 
increase remyelination in MS lesions, although more studies using animal models are required.
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1. Introduction

lass 3 semaphorins (Sema 3s) are secreted 
proteins in vertebrates. There are seven 
members of semaphorins (Sema 3A to 
Sema 3G), which have pivotal roles in ner-
vous system development (Montolio et al., 

2009). Semaphorin 3A (Sema 3A) is the prototype of this 
class. It was isolated from the chicken brain for the first 
time and named collapsin 1, since it had collapse activ-
ity on Dorsal Root Ganglion (DRG) growth cones (Luo, 
Raible, & Raper, 1993). Neurons of both the Peripheral 
Nervous System (PNS) and the Central Nervous System 
(CNS) express Sema 3A during the nervous system de-
velopment. Sema 3A becomes less abundant and more 
confined to particular regions of adults CNS. However, 
its expression increases in CNS conditions (De Winter et 
al., 2002; Good et al., 2004; Joyal Et Al., 2011; Körner et 
al., 2016) such as Multiple Sclerosis (MS) (Costa et al., 
2015; Williams et al., 2007) as it was shown in animal 
models and human samples.

MS is an inflammatory demyelinating disease of the 
CNS. To remyelinate axons in MS, Oligodendrocyte 
Precursor Cells (OPCs) must survive, proliferate, mi-
grate to lesions and differentiate into mature oligoden-
drocytes that produce myelin (Reviewed by Franklin, 
2008). Remyelination defects might exist at any step in 

this process. Sema 3A amount increases in grey matter 
neurons, astrocytes, and microglial cells that surround or 
reside in active inflammatory lesions in MS patients and 
experimental models of demyelination (Williams et al., 
2007). Research studies have demonstrated that Sema 
3A inhibits the recruitment of oligodendrocyte precur-
sor cells to the demyelinated site (Piaton et al., 2011). It 
also prevents the differentiation of OPCs to myelinating 
oligodendrocyte cells (Syed et al., 2011).

On the other hand, Sema 3A disrupts the interaction 
of PP2A serine/threonine phosphatase and VE-cadherin 
in endothelial cells. This disruption can weaken tight 
junctions and increase vascular and Bood-Brain Barrier 
(BBB) permeability (Le Guelte et al., 2012). Increased 
permeability of BBB facilitates the access of immune 
system components to CNS. This, in turn, results in dis-
ease severity and progression. Therefore, Sema 3A acts 
as a Vascular Endothelial Growth Factor (VEGF) in MS 
pathology. Sema 3A signaling is mediated by two impor-
tant molecules: (i) neuropilin-1 as binding receptor and 
(ii) plexins as signal-transducing receptors.

Neuropilin-1 (NRP1) is a type-1 membrane glyco-
protein. It also has four soluble forms in human (Cack-
owski, Xu, Hu, & Cheng, 2004; Rossignol, Gagnon, & 
Klagsbrun, 2000). The membrane form has a short cy-
toplasmic domain and an extracellular component. The 

Highlights 

● A soluble form of mouse Neuropilin1 (msNRP1) was cloned in a lentiviral vector.

● msNRP1 was successfully secreted by the transduced HEK293T in the supernatant.

● msNRP1-containing supernatant inhibited growth cone collapse activity of semaphorins 3A.

Plain Language Summary 

Multiple Sclerosis (MS) is an inflammatory disease of the central nervous system. In MS, axons of neuronal cells 
become demyelinated, and the remyelination process is also defective. Oligodendrocyte precursor cells must survive, 
proliferate, and migrate towards demyelinated neurons and differentiate into mature oligodendrocytes to produce my-
elin and repair the neurons. Semaphorin 3A (Sema 3A) is a molecule that reduces the remyelination by preventing 
oligodendrocyte precursor cells from proliferating, migrating towards lesions, and differentiating into mature oligo-
dendrocytes. We successfully produced mouse soluble Neuropilin 1 (msNRP1) that can bind Sema 3A and inhibit its 
activity. In other words, the msNRP1 was used to inhibit the activity of Sema 3A. Neural cells of dorsal root ganglia 
were cultured in the presence of Sema 3A with and without msNRP1. We observed that when msNRP1 was added to 
the neuronal cells culture, the growth cones could form. On the other hand, the growth cones collapsed when msNRP1 
was not added to the cultures. This finding is promising in outcome of MS treatment. Remyelination is defective in MS 
patients, and axons are progressively demyelinated. Finding a molecule that can prevent demyelination and enhance 
remyelination will be of great importance for MS treatment and improvement of their condition.
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former has no apparent signaling motif. The latter con-
sists of a1/a2, b1/b2, and c domains. The a1/a2 domain 
bind to Sema 3, and the b1/b2 domains bind to Sema 3 
and VEGF (Miao et al., 1999). In transgenic mice, NRP1 
overexpression results in embryonic lethality, neuronal 
guidance defects, and vascular formation (Kitsukawa, 
Shimono, Kawakami, Kondoh, & Fujisawa, 1995). 
NRP1 disruption in mice is also embryonic lethal due 
to defective neuronal patterning and inadequate vascu-
larization (Kitsukawa et al., 1997). The soluble isoforms 
have conserved extracellular domains. These domains 
are ligand-binding domains. However, c-domain, trans-
membrane, and intracellular domains are lacking. Pani-
grahy et al. cloned a mouse hepatic sNRP1 isoform. 
Their experiments showed that this endogenous inhibi-
tor of angiogenesis might regulate VEGF or hepatocyte 
growth factor bioavailability during normal growth and 
development (Panigrahy et al., 2014). Besides, Gagnon 
et al. studied human soluble s11NRP1. They showed that 
s11NRP1 antagonized VEGF binding and consequently 
induced apoptosis in tumor cells. Their data suggested 
that soluble NRP1 and membrane-bound NRP1 have op-
posite functions (Gagnon et al., 2000).

Gene therapy is one of the leading areas of MS research. 
A suitable protein for MS gene therapy should have two 
characteristics: (i) it should induce axons remyelination 
by OPCs recruitment/differentiation (ii) it should reduce 
BBB permeability to restrict immune system access to 
the CNS. Therefore, in the present study, we investigated 
the inhibition of semaphorin 3A growth cone collapse 
activity by mouse soluble neuropilin-1 in vitro.

2. Methods

2.1. Lentiviral vector construction

A murine soluble Neuropilin 1 (msNRP1)-expressing 
lentiviral vector (Lv-SFFV-msNRP1) was constructed 
based on the LeGO-iG2 plasmid (Weber, Bartsch, Stock-
ing, & Fehse, 2008) from Addgene. The msNRP1-coding 
sequence fragment was reverse transcribed from total 
RNA extracted from C57BL/6 mouse liver tissue. Sub-
sequently, specific forward (F:5′ GCTGAATTCATG-
GAGAGGGGGCTGCCGTT 3′) and reverse primers 
(R:5′ AGCAGGCCTCAGATAAGTATGTGAGCCCTT-
GTGC 3′) containing the restriction site for EcoR I and 
Stu I enzymes were used to amplify the fragment. The 
amplified DNA fragments were purified from agarose gel 
and cloned into a pLeGO-iG2, downstream of the Spleen 
Focus Forming Virus (SFFV) promoter. The recombinant 
plasmid was verified using PCR-Sanger sequencing as 
well as restriction digestion analysis. 

For lentiviral vector packaging, HEK293T cells were 
transfected with pLeGO-SFFV/msNRP1-IRES-EGFP or 
pLeGO-SFFV/IRES-EGFP (the control vector), psPAX2, 
and pMID2.G plasmids in the presence of Lipofectamine 
2000 (Thermo Fischer Scientific, USA). Forty-eight h 
after transfection, culture medium containing lentiviral 
particles (Lv-SFFV-msNRP1 and Lv-SFFV-eGFP) were 
collected, passed through a 0.45 μm, and concentrated by 
ultracentrifugation at 82000 g for 2 hours. 

2.2. Production of sNRP1 by HEK293T cells

To produce sNRP1 from the sNRP1-lentiviral vectors, 
HEK293T cells were plated on T75 flasks and cultured 
at 104 cell/cm2 density in complete Dulbecco’s Modi-
fied Eagle Medium (DMEM) (INOCLON, Iran) con-
taining 10% FBS (Gibco, Thermo Fischer Scientific, 
USA), 1x Pen-Strep (INOCLON, Iran), and 25 mM 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) (INOCLON, Iran). At 50% to 60% confluence, 
the culture medium was replaced with fresh DMEM 
containing 5 μL/mL of concentrated Lv-SFFV-msNRP1 
particles, 5% FBS, 8 μg/mL polybrene (Sigma-Aldrich, 
USA), and 25 mM HEPES (INOCLON, Iran). In con-
trol flasks, the medium was supplemented with the Lv-
SFFV-eGFP particles. Twenty-four hours after incubat-
ing the cells, the old medium was replaced with fresh 
DMEM containing 5% Fetal Bovine Serum (FBS) and 
25 mM HEPES.

Every 24 h, the supernatant of the transduced and non-
transduced cells were collected for 72 h and pooled after 
centrifugation at 800×g for 5 minutes. The molecular 
mass of the murine sNRP1 is estimated as 50-90 kDa 
(Mamluk, Klagsbrun, Detmar, & Bielenberg, 2005). 
Therefore, supernatant samples were first concentrated 
on 50 kDa MWCO Amicon Ultra-15 devices (Merck 
Millipore, Germany) through 15 minutes of centrifuga-
tion at 5000×g. Concentrated samples were then subject-
ed to a second concentration step on a 100 kDa MWCO 
Amicon Ultra-4 device (Merck Millipore, Germany) 
and centrifuged for 10 minutes at 5000×g. The total con-
centration factor was estimated at 20 times. The flow-
through was aliquoted and kept at -20℃. 

The levels of concentrated and non-concentrated 
sNRP1 secreted from HEK293T cells were measured 
using Mouse neuropilin-1 PicoKine™ ELISA Kit 
(Boster Biological Technology, China) according to the 
manufacturer’s instructions. The differential absorbance 
reads of 450-570 nm on an automated Microplate Read-
er (BioTek Instruments, USA) analyzed with the Gen5 
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software (BioTek Instruments, USA) was used to mea-
sure sNRP1 concentration. 

2.3. Dorsal root ganglion explants culture 

Dorsal Root Ganglion (DRG) explants were isolated 
and cultured according to the protocol described by 
Wang and Marquardt (Wang & Marquardt, 2012) with 
slight modifications. Briefly, DRGs were isolated from 
timed pregnant (E13) mice under the sterile condition 
and plated on pre-coated coverslips with poly L-lysine 
(Sigma-Aldrich, USA) (1 mg/mL) and laminin (Sigma-
Aldrich, USA) (100 μg/mL). The explants were grown 
for 20 h in a Defined Medium (DM), consisting of neu-
robasal medium (Gibco, Thermo Fischer Scientific, 
USA) supplemented with 2 mM L-glutamine (INOC-
LON, Iran), 2x B-27 (Gibco, Thermo Fischer Scientific, 
USA), 1x Pen-Strep, and 10 ng/mL Nerve Growth Fac-
tor (NGF) (R&D Systems, USA).

2.4. Growth cone collapse assay 

To assess semaphorin 3A (Sema 3A) inhibition by 
sNRP1, we defined five study groups in which Dorsal 
Root Ganglia (DRG) explants were exposed to Condi-
tioned Media (CM) supplemented or not with 100 ng/
mL Sema 3A (R&D System, USA). Conditioned media 
was the concentrated cell culture supernatant (DMEM 
containing 5% FBS and 25 mM HEPES) of transduced 
HEK293T, as previously mentioned, supplemented with 
2 mM L-glutamine, 2x B-27, and 1x Pen-Strep. 

To do so, DRG explants were first washed with pre-
warmed Phosphate-buffered saline (PBS) (INOCLON, 
Iran) and then incubated with a pre-warmed CM sup-
plemented or not with 100 ng/mL Sema 3A for 30 min 
at 37°C. Incubation of DRG explants with the Defined 
Media (DM) (without NGF) contained or not 100 ng/
mL Sema 3A (controls). Before adding to cultured DRG 
explants, CMs and DMs were incubated for 30 min at 
37°C to facilitate binding Sema 3A to sNRP1. DRG ex-
plants were then stained with Alexa Fluor 488 phalloidin 
(Thermo Fischer Scientific, USA) for 4 h at room tem-
perature following fixation, permeabilization, and block-
ing according to the previously described method (Wang 
& Marquardt, 2012). Coverslips containing DRG were 
mounted using ProLong Gold antifade reagent (Thermo 
Fischer Scientific, USA).

2.5. Imaging and quantification

Fluorescent images were captured on an upright BX51 
fluorescent microscope (Olympus, Japan) equipped with 

cell^A Imaging software (Olympus, Japan). For the 
quantification of collapsed growth cones, 10 DRG ex-
plants from each experimental group (in which at least 
40 single identifiable growth cone per DRG had been 
analyzed) were scored as collapsed (growth cones with-
out lamellipodia or with <2 filopodia or bullet-shaped) 
and non-collapsed (growth cones with the presence of 
lamellipodia and or ≥2 filopodia) as described by Kap-
fhammer, Xu, and Raper (2007). Data are presented as 
the percentage of the collapsed growth cones to the total 
number of scored growth cones per DRG.

2.6. Statistical analysis

Values were expressed as Mean±SE, and comparisons 
were performed by 1-way ANOVA and post hoc Tukey 
tests. P<0.05 were considered significant. All analyses 
were performed using the SPSS V. 22.

3. Results

3.1. Secretion of Murine sNRP1 from Lv-SFFV-
msNRP1 tansduced HEK293 cells

Lentiviral vectors were used to engineer HEK293T 
cells for the continuous production of msNRP1. To 
transduce the cultured HEK293T, two recombinant 
lentiviral vectors expressing Green fluorescent protein 
(GFP) (Lv-SFFV-eGFP) or GFP and murine sNRP1 
(Lv-SFFV-msNRP1) were used (Figure 1A). Forty-eight 
h post-transduction, the transduced cells were monitored 
under a fluorescent microscope for the expression of 
GFP. As shown in Figure 1B, approximately 70% of the 
transduced cells seemed to express GFP, compared to 
non-transduced cells. Transduction does not seem to af-
fect the cell’s morphology when examined under phase-
contrast microscopy (Figure 1B). In parallel, the amount 
of msNRP1 in the supernatant of the transduced and 
non-transduced HEK293T cells was measured. Unlike 
the non-transduced and Lv-SFFV-1eGFP-transduced 
cells in which no msNRP1 signal was detected, almost 
100 ng/mL msNRP1 has been seen in the supernatant of 
Lv-SFFV-msNRP1-transduced HEK293Ts (Figure 1C). 
These data indicate that constructed Lv-SFFV-msNRP1 
vectors successfully transduced HEK293T cells for the 
effective expression and secretion of murine sNRP1.

3.2. sNRP1 ability to inhibit sema 3A-induced 
growth cone collapse activity

To investigate sNRP1 capability of inhibiting the Sema 
3A-induced growth cone collapse, Dorsal Root Ganglion 
(DRG) explants from E13 mouse embryos were cultured 
and treated with Seam 3A in the presence or absence of 
sNRP1. The study groups included DRGs treated with con-
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Figure 1. Secretion of Murine sNRP1 from Lv-SFFV-msNRP1 transduced HEK293 cells

A: Lentiviral vectors used in this study. LeGO/msNRP1 (left) is the recombinant vector containing msNRP1 and GFP coding 
sequences; sNRP1 and GFP are connected by IRES sequence. Both coding sequences are under the control of a single SFFV promoter. 
LeGO/EGFP (right) is the control vector, which contains only GFP coding sequence; B: HEK293T cells after transfection. HEK293T 
cells transduced with LeGO/msNRP1 (left), LeGO/EGFP (middle), and non-transduced cells (right). GFP expression (green) indicates 
that HEK293T cells were successfully transduced with the lentiviral vectors (left and middle). Non-transduced cells do not show GFP 
expression (right); C: msNRP1 concentration in the supernatant of transduced and non-transduced cells. ELISA results indicated that 
the supernatant of non-transduced cells and Lv-SFFV-1eGFP-transduced cells had no detectable msNRP1. The supernatant of Lv-
SFFV-msNRP1-transduced cells contained nearly 100 ng/mL of msNRP1; ***P<0.001.
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Figure 2. Growth cone collapse activity assay

A and E: DRGs treated with DM without Sema 3A and CM + Sema 3A, respectively. Growth cones are not collapsed since Sema 3A 
was not added to DRGs (A), or msNRP1-containing CM inhibited Sema 3A binding to membrane NRP on DRGS. Arrowheads show 
the growth cones. B -D: DRGs treated with either Sema 3A-containing DM, Sema 3A-containing non-transduced cells’ CM, or Sema 3A-
containing GFP-transduced cells’ CM, respectively. The number of collapsed growth cones in B-D is significantly higher than that of A 
and B since there was no msNRP1 in the media to inhibit Sema 3A activity. Arrows show the collapsed growth cones.
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ditioned media from non-transduced and lentivirus vectors 
transduced HEK293T cells and defined media (with and 
without Sema 3A). Figure 2 shows fluorescent images of 
DRGs explants stained with Alexa Fluor 488 conjugated 
phalloidin to detect collapsed growth cones. The treat-
ment of DRG with Sema 3A-supplemented supernatant 
of non-transduced and Lv-SFFV-eGFP vector-transduced 
HEK293T cells caused a large number of growth cones to 
be collapsed. On the other hand, the incubation of DRG 
with CM from Lv-SFFV-msNRP1 vector-transduced 
HEK293T led to the collapse of few numbers of growth 
cones compared to the above-mentioned groups (Figure 2). 

Quantification of collapsed growth cones revealed that 
the treatment of DRGs with Sema 3A in DM or with 
Sema 3A-free DM collapsed the growth cones up to 79% 
and 12%, respectively (Figure 3, P<0.001, compared to 
Sema 3A supplemented DM). Treatment of DRGs with 
Sema 3A-supplemented CM of non-transduced and 
Lv-SFFV-eGFP vector transduced HEK293T cells and 

has led to a collapse of approximately 47% and 43% of 
growth cones, respectively, with no significant differ-
ence between these two groups, as expected (Figure 3, 
P˃0.05). However, when cultured DRGs were treated 
with CM containing Sema 3A and msNRP1, 27.7% of 
growth cones were collapsed. There were significant 
differences between groups treated with CM of non-
transduced (P<0.01) or Lv-SFFV-eGFP vector trans-
duced cells (P<0.05) (Figure 3). On the other hand, the 
difference in the collapse of growth cones between Lv-
SFFV-msNRP1 vector transduced HEK293T CM, and 
Sema 3A-free DM groups were not significant (P=0.07). 
As a result, the present study suggests that endogenous 
sNRP1 protein in mice can inhibit the collapse activity 
of Sema 3A in vitro.

Figure 3. Quantification of collapsed growth cones in the groups

Growth cone collapse was 12% in DRGs treated with DM without Sema 3A, while 79% collapsed growth cones were observed when 
DRGs were treated with Sema 3A-containing DM (DM S3A). Treatment of the DRGs with the CM of non-transduced cells, LeGO/
EGFP-transduced cells, and LeGO/sNRP1-transduced cells resulted in 47%, 43%, and 27.7% growth cone collapse, respectively. 
***P<0.001, **P<0.01, *P< 0.05.
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4. Discussion 

We cloned a soluble form of Neuropilin 1 (sNRP1) 
containing a1/a1-b1/b2 domains. HEK293T cells were 
transduced with the lentivirus containing sNRP1. ELI-
SA results showed that the sNRP1 was expressed in 
HEK293T cells. A conditioned medium of transduced 
HEK293T cells was used to investigate if it can bind 
with Sema 3A and inhibit Sema3A-induced growth cone 
collapse. The results showed that the conditioned me-
dium containing sNRP1 could reduce the growth cone 
collapse of Sema 3A.

Neuropilins are important receptors that participate in 
several signaling pathways, including class 3 semapho-
rins and VEGF pathways (Chen, Chedotal, He, Good-
man, & Tessier-Lavigne, 1997; Gluzman-Poltorak, Co-
hen, Herzog, & Neufeld, 2000; Kolodkin et al., 1997; 
Mamluk et al., 2002). NRPs are transmembrane ligand-
binding receptors. When NRPs are bound with their 
ligand, they bind to their co-receptors responsible for 
signal transduction. One of these co-receptors is Plexin 
(PLXN), recruited to NRPs when the ligand is Sema 3A 
(Soker, Miao, Nomi, Takashima, & Klagsbrun, 2002). 
Overall, NRPs play a part in various biological processes 
such as angiogenesis, tumor development, and neuronal 
guidance during nervous system development or regen-
eration (cited in Pasterkamp & Giger, 2009). 

Researchers have previously cloned and produced 
recombinant NRP or NRP inhibitors to prevent trans-
membrane NRP signal transduction. In 1999, Renzi et 
al. showed that antibodies against NRP1 could inhibit 
NRP1 downstream signaling (Renzi, Feiner, Koppel, & 
Raper,1999). Regarding VEGF-NRP interaction, various 
studies have shown that natural soluble forms of NRP 
act as ligand-scavengers and antagonized VEGF in vivo 
(Gagnon et al., 2000; Rossignol et al., 2000). We used a 
simple yet functional approach to prevent Sema 3A in-
hibitory effects on growth cones. We cloned only the a1/
a2-b1/b2 fragment, an alternatively spliced natural form 
of NRP. Then, HEK293T cells were transduced, and the 
conditioned medium was concentrated. ELISA results on 
the conditioned medium confirmed the successful expres-
sion of the cloned fragment of NRP1 (soluble NRP1). 

Other researchers have explored non-NRP compounds 
to inhibit Sema 3A-NRP1 interaction. Montolio et al. 
showed that SICHI peptoid could inhibit Sema 3A bind-
ing to NRP1 (Montolio et al., 2009). Cackowski et al. 
also found two soluble forms of NRP1 (sIIINRP1 and 
sIVNRP1). They showed that these sNRP1s could an-

tagonize Sema 3A- and VEGF-165-dependent cellular 
activities (Cackowski et al., 2004).

Studies show that membrane NRP1 is a receptor for 
Sema 3A. NRP1+ cells migrate in response to locally 
secreted Sema 3A. Dejda et al. showed that genetic ab-
lation of NRP1 and therapeutics that trap NRP1 could 
reduce immune cell recruitment to lesion site and neo-
vascularization in retinopathies (Dejda et al., 2014). In 
MS lesions, the level of Sema 3A increases, recruits, and 
activates NRP1+ cells to the lesion site, resulting in MS 
complications (Williams et al., 2007). We hypothesized 
that the collapse activity of Sema 3A could be inhibited 
by neutralizing its binding to membrane NRP1. Thus, 
we used a soluble form of NRP1, which competitively 
binds to Sema 3A and prevents it from binding to cell 
surface NRP1. We demonstrated that NRP1-containing 
conditioned media could effectively bind Sema 3A and 
prevent growth cone collapse of DRGs. 

The results suggest that soluble NRP1 can bind Sema 
3A and inhibit Sema 3A-dependent NRP1 signaling. 
Therefore, sNRP1 is probably effective in neuronal re-
myelination in MS lesions. However, mouse models of 
MS are needed to evaluate the effects of sNRP1 systemic 
administration.
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