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Abstract: Background: Neuropilin-2 (NRP2) is a single chain transmembrane glycoprotein that acts as a co-receptor 
of VEGF and is related to the pathogenesis of various tumors closely. However, the clinical significance of NRP2 in 
oral squamous cell carcinoma (OSCC) is unclear. Purpose: The objective of this study was to investigate the role of 
NRP2 in the pathogenesis of OSCC and explore the associated mechanisms. Materials and methods: GEPIA (gene 
expression profiling interactive analysis) was used to analyze the expression of NRP2 in OSCC. Immunohistochemis-
try and RT-qPCR were used to detect NRP2 expression in 80 OSCC samples. The clinical correlations and prognostic 
significance of NRP2 expression were evaluated. In addition, the biological functions of OSCC cells transfected with 
shNRP2 were evaluated. The expression levels of β-catenin, C-myc, cyclin D1, and MMP-2 in Wnt/β-catenin signaling 
pathway were assessed by RT-qPCR after inhibiting the expression of NRP2 in SCC-25 cell line. Results: Analysis of 
cases using GEPIA revealed that NRP2 was substantially upregulated in OSCC. NRP2 expression was also signifi-
cantly higher in our OSCC samples than in the controls. Elevated expression of NRP2 was correlated with lymph 
node metastasis (P<0.01) and distant metastasis (P<0.05) in OSCC patients, and high NRP2 levels, lymph node 
metastasis, and distant metastasis were associated with poor prognosis (Kaplan-Meier analysis; P<0.05). Univari-
ate and multivariate Cox analysis showed that lymph node metastasis, distant metastasis, and NRP2 expression 
were independent risk factors for overall survival (OS) and disease-free survival (DFS) in OSCC patients (P<0.05). 
Furthermore, the proliferation, migration, and invasion of OSCC cells were inhibited by shNRP2. Following inhibiting 
of NRP2 expression in the SCC-25 cell line, the expression levels of β-catenin, C-myc, cyclin D1, and MMP-2 were 
reduced (P<0.05). Conclusion: This study shows that NRP2 functions as a tumor promoter gene in OSCC by affect-
ing the proliferation, migration, and invasion of OSCC cells and downregulating the Wnt/β-catenin pathway. These 
results highlight the potential role for NRP2 as a clinical diagnostic marker.
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Introduction

Oral squamous cell carcinoma (OSCC) is a 
destructive and fatal malignant tumor that 
comprises a significant proportion of all head 
and neck malignant tumors and has become a 
major cause of health [1, 2]. Due to its anatomi-
cal location, OSCC affects the patients’ out-
comes seriously. Risk factors for OSCC include 
lifestyle habits, such as alcohol consumption 
and tobacco smoking, as well as irritation of  
the oral mucosa [3, 4]. Clinical treatment of 
OSCC includes surgery combined with radio-
therapy and chemotherapy; however, the prog-
nosis is still not optimal [5, 6], especially in 

patients with distant metastasis. About 50% of 
OSCC patients have cervical lymph node metas-
tasis at diagnosis, whose survival rate is only 
50% [7]. Therefore, it is necessary to elucidate 
the molecular mechanism of OSCC tumorigen-
esis and identify specific biomarkers for this 
disease.

Neuropilins (NRPS) are multifunctional non-
tyrosine kinase receptors. They were first found 
in the optic nerve fibers of Xenopus laevis and 
were named “neuropile” after the specific 
region recognized by antibody A5. The NRPS 
family includes neuropilin-1 (NRP1) and NRP2 
[8]. There are four different domains in NRP2, 
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including a FV/FVIII domain, a CUB domain, a 
MAM domain, and a domain containing a sh- 
ort cytoplasmic region and a transmembrane 
region [9].

NRP2 was mainly expressed in lymphatic and 
venous endothelial cells, and it is associated 
with the occurrence and development of sever-
al types of cancer. NRP2 may function as a 
tumor promoter, and it is upregulated in various 
malignant tumors, such as hepatocellular carci-
noma [10], gastric carcinoma [11], thyroid can-
cer [12], and prostate cancer [13]. NRP2 has 
been shown to be an independent prognostic 
factor for acinar adenocarcinoma of the pros-
tate [14] and breast cancer [15]. Therefore, it 
has become an attractive target for cancer 
therapy. Due to the involvement of NRP2 in 
tumor growth, angiogenesis, and metastasis, 
understanding the regulation of its expression 
has important clinical significance.

Wnt/β-catenin signaling directs fundamental 
processes, including metazoan development 
and tissue homeostasis, and deregulation of 
Wnt signaling causes numerous congenital  
disorders and carcinomas [16]. Wnt signaling 
also plays an essential role in regulating OSCC 
cell proliferation and migration [17]. Some stud-
ies have shown that NRP2 causes abnormal 
activation of the Wnt/β-catenin signaling path-
way and upregulates the expression of β-ca- 
tenin, which leads to aberrant expression of 
downstream proteins, including c-myc, MMP-2, 
and E-cadherin, and contributes to the malig-
nant progression of breast cancer eventually 
[18]. However, the effects of NRP2 expression 
on Wnt signaling in OSCC require further 
exploration.

In this study, the effects of NRP2 on the carci-
nogenesis and progression of OSCC were ex- 
amined. By investigating its underlying effe- 
cts on cell proliferation, migration, and inva-
sion, as well as evaluating the prognostic value 
of NRP2 in OSCC, this study showed that NRP2 
may have clinical value as a biomarker for 
OSCC. 

Materials and methods

Patients

Eighty cases of OSCC from the Department of 
Oral and Maxillofacial Surgery at the School of 

Stomatology of China Medical University 
between January 2008 and January 2012 were 
selected. Patients who met the following four 
criteria were included in the study: i) pathologi-
cal type of OSCC was confirmed by patholo-
gists, with no other tumors; ii) no previous anti-
tumor therapy; iii) no serious diseases of other 
systems; iv) well-documented clinical and fol-
low-up data. The exclusion criteria were: i) 
incomplete clinical statistics or data; ii) severe 
digestive dysfunction; iii) the co-occurrence of 
other types of malignant tumors.

Clinical data, including age, sex, primary tumor 
site, differentiation, TNM classification, and 
recurrence were obtained from pathological 
and clinical records. The ethics committee of 
the School of Stomatology of China Medical 
University approved this study, and written 
informed consent was obtained from patients 
who provided tissue specimens.

Immunohistochemistry (IHC)

IHC was used to evaluate protein expression in 
clinical OSCC tissue samples according to pre-
viously described methods [19].

Cells with brownish-yellow granules in the cyto-
plasm or nucleus were considered positive for 
NRP2. Positive cells were categorized into four 
groups and given a score based on the percent-
age of positive cells: 1 for 0-10%, 2 for 11-50%, 
3 for 51-80%, and 4 for 81-100%. Staining 
intensity was scored as follows: no staining 
(negative, 0), weak staining (1), moderate stain-
ing (2), and strong staining (3). The two scores 
were calculated to obtain the final score: a final 
score >3 was considered high expression, and 
<3 was considered low expression.

The slides were analyzed by Image-Pro Plus 
software to determine the integrated optical 
density (IOD) of the images. A single examiner 
in a blind study selected five high power fields 
(400×) from each slide randomly to carry out 
the evaluation and the results were taken as an 
average of five fields.

Reverse-transcription polymerase chain reac-
tion (RT-qPCR)

Total RNA was extracted using TRIzol (Takara, 
Dalian, China). The extracted RNA was used to 
generate cDNA using the PrimeScript RT cDNA 
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Synthesis kit (TaKaRa). RT-qPCR was conduct-
ed using the SYBR Premix Ex Taq II kit (TaKaRa), 
and each reaction contained: 10 µl of SYBR 
Premix Ex Taq II, 1 µl of cDNA, 0.5 µl of forward 
primer, 0.5 µl of reverse primer, and 8 µl of ster-
ile water. The qPCR cycling was as follows: incu-
bation at 95°C for 1 min, followed by 40 cycles 
of 94°C for 30 s, 58°C for 30 s and 72°C for 10 
s. Gene expression was normalized to GAPDH 
expression, which was used as an internal con-
trol, and the relative expression level was calcu-
lated using the 2-ΔΔCt method. Table 1 shows the 
sequences of the primer pairs.

Cell culture, shRNA transfection

SCC-9 and SCC-25 cells were obtained from 
the American Type Culture Collection (ATCC, 
Manassas, VA, USA). SCC-9 cells between pas-
sages 5 and 10 were cultured in DMEM (Gibco, 
Carlsbad, CA, USA). SCC-25 cells between pas-
sages 8 and 13 were maintained in 1640 cul-
ture medium (Gibco) supplemented with 10% 
fetal bovine serum (FBS; Clark, Beijing, China) 
and 1% penicillin-streptomycin solution. Human 
keratinocytes (HaCaT cell, ATCC, USA) between 
passages 5 and 17 were used and were main-
tained in DMEM supplemented with 10% FBS 
and 1% penicillin-streptomycin solution. All 
cells were incubated at 37°C with 5% CO2.

To knockdown NRP2, OSCC cell lines were 
transfected with shNRP2 and shCtrl using 
Lipofectamine 2000 (GenePharam, Shanghai, 
China) in the presence of 5 mg/mL polybrene 
(Sigma-Aldrich, St Louis, MO, USA), according to 
the manufacturer’s instructions. Transfection 
efficiency was assessed using RT-qPCR. The 
shNRP2 and shCtrl sequences are 5’-GGA- 
GTGGCTTCAGGTAGAT-3’ and 5’-GGACCCATAC- 
CAGAGAATT-3’, respectively.

Western blotting

Proteins were extracted and the concentrations 
were determined by the bicinchoninic acid 

method. Samples containing 50 μg of total pro-
teins were separated by SDS-PAGE on a 10% 
gel and then transferred to polyvinylidene diflu-
oride (PVDF) membranes. After blocking with 
5% non-fat milk, the membranes were probed 
with NRP2 (1:1000; ab205718) and GAPDH 
antibodies (1:5000, ab9485). Subsequently, 
the membranes were probed with secondary 
antibodies (1:5000, Santa Cruz Biotechnology 
Inc.). The proteins were visualized using Thermo 
Pierce ECL (Thermo Fisher Scientific, Waltham, 
MA, USA).

MTS assay

Cells were transfected and seeded in 96-well 
plates at a density of 2×103 cells per well and 
maintained for 24 h, 48 h, 72 h and 96 h. MTS 
solution (20 μL) was added, and the plates 
were incubated for 4 h at 37°C. Then, the cul-
ture medium was removed, and the optical den-
sity (OD) was measured at a wavelength of 570 
nm using an enzyme linked immunosorbent 
assay.

Colony formation assay

OSCC cells were transfected and seeded in 
96-well plates at a density of 1×103 cells/well 
and cultured for 7 days. The cells were fixed 
with ethanol fixation solution (1 mL) for 10 min. 
After staining with 0.5% crystal violet, the colo-
nies were counted and photographed.

Flow cytometry

OSCC cells were transfected and seeded into 
6-well plates and cultured for 48 h. To examine 
the cell cycle, the cells were harvested by tryp-
sinization, fixed with 75% ethanol, and stained 
with propidium iodide (PI) using the Cell Cycle 
kit (BD Biosciences). According to manufactur-
er’s protocol, apoptotic cells were detected  
by annexin v-fluorescein isothiocyanate/prop-
idium iodide apoptosis detection kit (Dojindo, 
Shanghai, China).

Table 1. The sequences of the primer pairs
Forward primer Reverse primer

NRP2 5’-GTGACTGGACAGACTCCAAG’-3’ 5’-CGAACACAATCTGGTACTCC-3’
β-catenin 5’-GGGCGGCACCTTCCTACTTC-3’ 5’-AGCTCCCTCGCGGTTCAT-3’
C-myc 5’-ACTGCGACGAGGAGGAG-3’ 5’-CGAAGGGAGAAGGGTGT-3’
cyclin D1 5’-TCGTGGCCTCTAAGATGAA-3’ 5’-GGATGGAGTTGTTGTCGGTGTA-3’
MMP2 5’-GATGATGCCTTTGCTCGTGC-3’ 5’-CAAAGGGGTATCCATCGCCA-3’
GAPDH 5’-ACCACAGTCCATGCCATCAC-3’ 5’-TCCACCACCCTGTTGCTGTA-3’
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Wound healing assay

OSCC cells were transfected and seeded into 
6-well plates and allowed to grow until 100% 
confluency. Then, using a sterile plastic tip,  
the cell layer was scratched through the cen- 
tral axis and loose cells were washed away.  
The width of the gap at 0, 24, and 48 h was 
measured under a microscope (Nikon Eclipse 
E200).

Transwell assay

OSCC cells were transfected and resuspended 
in serum-free medium and loaded onto the 
upper chamber (Corning Costar, Tewksbury, 
MA, USA) at a density of 5×104 cells per well. 
Medium (500 μL) containing 10% FBS was 
added in the lower chamber to act as chemoat-
tractant. For the invasion experiment, the tran-
swell chambers were coated with matrigel 
(Corning Inc.), and for the migration experiment, 
matrigel was not used. Cells in the transwell 
plates were cultured for 48 h. Adherent cells on 
the upper surface of the insert membrane were 
removed using cotton swabs. Cells on the lower 
surface of the membrane were fixed with 4% 
paraformaldehyde for 15 min, permeabilized in 
0.1% Triton X-100, and stained with 0.1% crys-
tal violet for 30 min.

Statistical analysis

All statistical calculations were performed 
using SPSS 17.0. Student’s t-test was used to 
determine the statistical differences between 
two groups. Data from multiple groups were 
evaluated by one-way analysis of variance 
(ANOVA) and Dunnett’s post hoc test. The asso-
ciation between NRP2 and clinicopathological 
factors was evaluated by Pearson’s χ2 test. 
Overall survival (OS) and disease-free survival 
(DFS) curves were plotted using the Kaplan-
Meier method. Univariate and multivariate Cox 
regression analyses were performed with the 
log-rank test, and a P value less than 0.05 indi-
cated statistical significance.

Results

NRP2 is upregulated in OSCC

Data from the GEPIA2 database were used to 
determine the association between NRP2 and 
OSCC. We found that NRP2 was higher in OSCC 

than in normal tissues (Figure 1A, 1B). OSCC 
samples and corresponding adjacent tissues 
were collected from 80 patients with OSCC. 
NRP2 expression was analyzed through IHC 
staining. The results confirmed that in OSCC tis-
sues, NRP2 was expressed, which appeared as 
brown particles and were mainly localized with-
in the cytoplasm and cytomembrane (Figure 
1C). RT-qPCR showed that NRP2 mRNA level 
was higher in OSCC tissues than that in adja-
cent control tissues (Figure 1D). For further 
analysis, OSCC tissues were divided into two 
groups: with and without lymph node metasta-
sis. Patients with metastasis had significantly 
higher levels of NRP2 mRNA than patients with-
out metastasis (Figure 1E). Western blotting 
showed that NRP2 protein expression level was 
higher in the SCC-9 and SCC-25 cell lines than 
that in HaCat cells (Figure 1F). As shown in 
Figure 1G, NRP2 mRNA expression was signifi-
cantly higher in SCC-9 and SCC-25 cell lines 
than that in HaCat cells. Taken together, these 
data indicated that NRP2 may function as a 
tumor promoter in OSCC.

NRP2 expression correlates with the clinicopa-
hological features of OSCC patients

To determine the association between NRP2 
and the clinicopathological features of OSCC, 
the expression of NRP2 was analyzed in 80 
OSCC tissues using IHC. As shown in Table 2, 
the OSCC cases were divided into two groups 
based on NRP2 expression, i.e., high and low 
expression groups. Pearson’s chi-squared test 
showed that NRP2 expression was correlated 
with lymph node metastasis and distant metas-
tasis significantly but was not associated with 
gender, age, primary tumor site, differentiation, 
recurrence, or clinical stage (Table 2).

High NRP2 expression correlates with unfavor-
able prognosis in OSCC patients

Based on NRP2 immunostaining of OSCC tis-
sues, the relationship between NRP2 and OS/
DFS in 80 OSCC patients were evaluated using 
Kaplan-Meier survival analysis. OSCC patients 
with higher NRP2 expression had shorter OS 
and DFS than patients with lower expression 
(both OS and DFS; Figure 2A, 2B). The median 
OS of NRP2-high OSCC patients was 29 months, 
which was much shorter than that of NRP2-low 
OSCC patients at 37 months. The median DFS 
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Figure 1. Expression of NRP2 in OSCC tissues and cells. A. The Expression of NRP2 in HNSCC (GEPIA, scatter 
diagram). B. The Expression of NRP2 in HNSCC (GEPIA, box plot). C. IHC staining of NRP2 expression in normal 
tissues, OSCC without metastasis and OSCC with metastasis (Scale bar is 100 µm. Magnification 400×). D. RT-
qPCR analysis of NRP2 mRNA expression in OSCC tissues and normal tissues. E. RT-qPCR analysis of NRP2 mRNA 
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of NRP2-high OSCC patients was 21 months, 
whereas the median DFS time of NRP2-low 
OSCC patients was 37 months. Moreover, lym- 
ph node metastasis and distant metastasis 
were related to OS and DFS (Figure 2C-F).

Univariate and multivariate analyses were used 
to determine the independent prognostic role 
of NRP2 in OSCC patients. Univariate analyses 
showed that cell differentiation (P=0.036 OS, 
P=0.042 DFS), tumor size (P=0.047 OS, not  
significant for DFS), lymph node metastasis 

But the results of flow cytometry showed that 
the percentage of apoptotic cells was not sig-
nificantly changed after transfection of shNRP2 
(Figure S1). These data indicate that silencing 
of NRP2 inhibited the proliferation of OSCC 
cells.

NRP2 knockdown inhibits OSCC cell migration 
and invasion in vitro

Wound healing of OSCC cells was significantly 
inhibited at 24 and 48 h after transfection  

expression in OSCC patients with and without metastasis. F. Western blotting analysis of NPR2 protein expression 
in SCC-9, SCC-25, and HaCat cells. G. RT-qPCR analysis of NRP2 mRNA expression in SCC-9, SCC-25, and HaCat 
cells. **P<0.01, *P<0.05.

Table 2. Correlation between NRP-2 expression and clinico-
pathological parameters in OSCC patients

Characteristics No (%)
NRP-2 expression

χ2, P
Low, n (%) High, n (%)

Patient included 80 (100) 30 (100) 50 (100)
Gender
    Male 65 (81.3) 22 (73.3) 43 (86.0) 1.975
    Female 15 (18.7) 8 (26.7) 7 (14.0)
Age(years)
    ≤50 23 (28.8) 8 (26.7) 15 (30.0) 0.102
    >50 57 (71.2) 22 (73.3) 35 (70.0)
Primary tumor site
    Buccal 18 (22.5) 8 (26.7) 10 (20.0) 0.780
    Tongue 34 (42.5) 12 (40.0) 22 (44.0)
    Gingival 12 (15.0) 5 (16.7) 7 (14.0)
    Other 16 (20.0) 5 (16.7) 11 (22.0)
Differentiation
    Well/moderate 40 (50.0) 14 (46.7) 26 (52.0) 0.213
    Poor 40 (50.0) 16 (53.3) 24 (48.0)
T classification
    T1/2 38 (47.5) 14 (46.7) 24 (48.0) 0.013
    T3/4 42 (52.5) 16 (53.3) 26 (52.0)
N classification
    N0 50 (62.5) 25 (83.3) 25 (50.0) 8.889 <0.01
    N1-3 30 (37.5) 5 (16.7) 25 (50.0)
M classification
    M0 45 (56.2) 22 (73.3) 23 (46.0) 5.692 <0.05
    M1 35 (43.8) 8 (26.7) 27 (54.0)
Recurrence
    Yes 29 (36.3) 13 (43.3) 16 (32.0) 1.042
    No 51 (63.7) 17 (56.7) 34 (68.0)
Clinical stage
    I-II 20 (25.0) 10 (33.3) 10 (20.0) 1.778
    III-IV 60 (75.0) 20 (66.7) 40 (80.0)

(P=0.001 OS, P=0.003 DFS), dis-
tant metastasis (P=0.011 OS, 
P=0.021 DFS), and NRP2 expres-
sion (P=0.028 OS, P=0.032 DFS) 
were prognostic factors (Table  
3). Multivariate analyses show- 
ed that tumor size (P=0.041 OS, 
not significant for DFS), lymph 
node metastasis (P=0.002 OS, 
P=0.004 DFS), distant metastasis 
(P=0.013 OS, P=0.030 DFS) and 
NRP2 expression (P=0.033 OS, 
P=0.049 DFS) were independent 
prognostic factors in OSCC patie- 
nts after surgery (Table 4). These 
results demonstrated that the 
expression of NRP2 was closely 
related to unfavorable survival 
and could be used as a new inde-
pendent prognostic biomarker for 
OSCC patients.

NRP2 knockdown inhibits OSCC 
cell proliferation in vitro

After transfection with shNRP2, 
NRP2 expression was significantly 
decreased in OSCC cells (Figure 
3A). Cell proliferation was signifi-
cantly inhibited by transfection of 
shNRP2 in OSCC cells at 24, 48 
and 72 h (Figure 3B). A colony for-
mation assay showed that knock-
down of NRP2 resulted in a signifi-
cant decrease in the number of 
colonies formed (Figure 3C). Flow 
cytometry revealed that the NRP2 
knockout caused cell cycle arrest-
ed in G0/G1 phase (Figure 3D). 
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with shNRP2 (Figure 4A). Furthermore, tran-
swell assays showed that transfection with 
shNRP2 reduced the number of migrated  
and invasive cells significantly when compar- 
ed with the control group (Figure 4B, 4C). Th- 
ese data suggested that silencing of NRP2 
inhibited the migration and invasion of OSCC 
cells.

NRP2 knockdown inhibits the activation of the 
Wnt/β-catenin pathway in OSCC

To study the molecular mechanism of NRP2 
effect in OSCC, the expression of β-Catenin, 
C-myc, cyclin D1 and MMP-2 in SCC-25 cells 
after transfection with shNRP2 were detect- 
ed. Western bloting and RT-qPCR showed that 

Figure 2. NRP2 expression (A, B), lymph node metastasis (C, D), and distant metastasis (E, F) were associated with 
OSCC patients’ prognosis.
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reducing expression of NRP2 in SCC-25 cells 
also inhibited β-Catenin, C-myc, cyclin D1 and 
MMP-2 (Figure 5A, 5B). The expression levels 
of β-catenin and cyclin D1 in OSCC and adja-
cent tissues were also analyzed by IHC, and the 
results showed that β-catenin was mainly 
expressed in the cell membrane, cyclin D1 was 
mainly expressed in the nucleus, and both were 
significantly different from those in normal 
adjacent tissues (Figure 5C). These results in- 
dicated that NRP2 regulate the malignant bio-
logical behavior of OSCC by modulating the 
expression of β-catenin, C-myc, cyclin D1, and 
MMP-2.

Discussion

Because of the limitations of current treatment 
methods for OSCC, there is low five-year sur-
vival rate [20]. Therefore, it is important to 
study the molecular mechanisms of tumor 
occurrence and development and find poten- 
tial molecular targets for the treatment to 
improve the prognosis and survival rate of 
OSCC patients.

Neuropilins are multi-functional co-receptors 
for vascular endothelial growth factor (VEGF) 
and class 3 semaphorins (SEMA) that are 
essential for both cardiovascular development 
and neuronal guidance. Two NRP homologues 
have been identified, NRP1 and NRP2, which 
are composed of 923 and 926 amino acids, 
respectively [21]. By interacting with plexins for 
specific secreted members of the semaphorin 
family, NRP2 plays an important role in the 
development of neuronal guidance functions 
[22]. NRP2 is widely distributed in adult tissues 
and plays critical roles during the development 
of various cancers [9-12]. However, to the best 
of our knowledge, no data are available on the 
relationship between NRP2 and OSCC.

This study found that NRP2 was overexpress- 
ed in OSCC, which is consistent with the results 
of studies of several other tumor types. Fur- 
thermore, NRP2 expression levels were signifi-
cantly higher in patients with metastasis than 
those in patients without metastasis. More- 
over, the expression and clinical significance of 
NRP2 in 80 patients with OSCC were evaluated 

Table 3. Univariate analyses of the correlations between clinicopathologic parameters and survival of 
OSCC patients

Prognostic variable
Overall survival (OS) Disease-free survival (DFS)

Hazard ratio (95%) P-value Hazard ratio (95%) P-value
Gender (Male VS. Female) 1.298 (0.399-2.329) 0.176 1.013 (0.312-2.322) 0.385
Age (>50 vs. ≤50 years) 2.113 (1.765-2.982) 0.087 1.981 (1.065-2.197) 0.095
Differentiation (Well/moderate vs. Poor) 3.492 (2.651-4.093) 0.036* 3.102 (2.510-3.732) 0.042*

T classification (T1/2 vs. T3/4) 3.009 (2.118-3.981) 0.047* 2.540 (1.890-2.984) 0.068
N classification (N0 vs. N1-3) 7.422 (4.001-7.984) 0.001** 6.201 (3.551-6.909) 0.003**

M classification (M0 vs. M1) 5.112 (3.991-5.832) 0.011* 4.902 (3.589-5.009) 0.021*

NRP2 expression (High vs. Low) 4.302 (3.110-4.691) 0.028* 4.110 (2.997-4.812) 0.032*

**P<0.01, *P<0.05.

Table 4. Multivariate analyses of the correlations between clinicopathologic parameters and survival 
of OSCC patients

Prognostic variable
Overall survival (OS) Disease-free survival (DFS)

Hazard ratio (95%) P-value Hazard ratio (95%) P-value
Gender (Male VS. Female) 1.201 (0.501-2.198) 0.398 1.143 (0.712-2.002) 0.486
Age (>50 vs. ≤50 years) 1.713 (1.215-2.172) 0.103 1.411 (0.631-2.077) 0.205
Differentiation (Well/moderate vs. Poor) 1.076 (0.641-2.123) 0.709 1.012 (0.545-2.773) 0.887
T classification (T1/2 vs. T3/4) 3.210 (2.014-3.991) 0.041* 2.309 (1.118-2.743) 0.078
N classification (N0 vs. N1-3) 6.011 (3.991-6.997) 0.002** 5.104 (2.446-6.121) 0.004**

M classification (M0 vs. M1) 4.801 (3.458-5.101) 0.013* 4.117 (2.331-4.909) 0.030*

NRP2 expression (High vs. Low) 3.711 (2.134-4.119) 0.033* 2.512 (1.167-3.098) 0.049*

**P<0.01, *P<0.05.
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Figure 3. Effect of NRP2 knockdown on cell proliferation in vitro. A. RT-qPCR was applied to evaluate the mRNA levels of NRP2 after the cells were transfected with 
shNRP2. B. The cell proliferation ability was determined by MTS assay. C. The cell proliferation ability was determined by colony formation. D. The cell cycle distribu-
tion was examined by flow cytometry. *P<0.05; **P<0.01.
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for the first time. The results showed that the 
expression of NRP2 was correlated with lymph 
node metastasis and distant metastasis, str- 
ongly suggesting that NRP2 could be used as 
an indicator for assessing metastasis.

The two ways of OSCC diffusion included lym-
phatic metastasis and vascular invasion, which 

have an important impact on the prognosis of 
patients. Previous studies reported that NRP2 
is involved in lymphangiogenesis [23-25]. To 
investigate the role of NRP2 in OSCC patient 
prognosis, the prognostic ability of NRP2 in 
OSCC patients was examined. The results of 
the analysis showed that cell differentiation, 
lymph node metastasis, and distant metasta-

Figure 4. Effect of NRP2 knockdown on cell migration and invasion in vitro. A. The cell migration ability was exam-
ined by wound healing assay (Scale bar is 1 mm. Magnification 40×). B. The cell migration ability was examined by 
transwell assay (Scale bar is 1 mm. Magnification 40×). C. The cell invasion ability was examined by transwell assay 
(Scale bar is 1 mm. Magnification 40×). *P<0.05; **P<0.01.
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sis were correlated with poor OS and DFS in 
OSCC patients.

Interestingly, high NRP2 expression was signifi-
cantly related to poor OSCC OS and DFS in 

OSCC patients. Several studies have found  
that the upregulation of NRP2 was correlated 
with poorer survival of patients with glioblasto-
ma [26] and cutaneous melanoma [27], which 
finding is similar to our results. Multivariate and 

Figure 5. Effect of NRP2 knockdown on Wnt/β-catenin signaling pathway. A. Western blotting was applied to evalu-
ate the β-catenin and the changes of downstream molecules effector after the cells were transfected with shNRP2. 
B. RT-qPCR was applied to evaluate the β-catenin and the changes of downstream molecules effector after the cells 
were transfected with shNRP2. C. IHC staining of β-catenin, Cyclin D1 expression between OSCC and normal tissues 
(Scale bar is 100 µm. Magnification 400×). D. Schematic representation of NRP2 effects on Wnt/β-catenin signal-
ing pathway of OSCC. *P<0.05; **P<0.01.
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univariate analyses showed that NRP2 expres-
sion, lymph node metastasis, and distant me- 
tastasis were independent prognostic factors 
in OSCC. These results suggest that the pres-
ence of NRP2 was related to poor survival 
closely, and it could be used as a new indepen-
dent prognostic biomarker for OSCC.

To further study the pathobiological role of 
NRP2 in OSCC, NRP2-specific shRNA con-
structs were transfected into OSCC cells, and 
the resulting effects on cell functions were 
examined. NRP2 plays an important role in the 
proliferation, migration and invasion of OSCC 
cells. Transfection of shNRP2 induced signifi-
cant changes in the cell cycle. This result was 
consistent with the findings of Lv et al. [28], 
which showed that upregulation of NRP2 could 
increase cell mobility and tumor metastasis.

The Wnt signaling pathway is a signal transduc-
tion pathway that transmits extracellular sig-
nals into cells via cell surface receptors. It regu-
lates and controls various cell functions, includ-
ing proliferation, differentiation, and apoptosis. 
β-catenin is the most important downstream 
effector molecule in the Wnt signaling pathway. 
Based on the important role of Wnt/β-catenin 
signaling pathway in tumorigenesis and metas-
tasis, we speculated that NRP2 may be involved 
in the malignant progression of OSCC by regu-
lating this signaling pathway. In our study, the 
expression of β-catenin in SCC-25 cells was 
decreased after tranfection of shNRP2. At the 
same time, IHC staining showed high β-catenin 
expression in OSCC tissues. Abnormal accumu-
lation of β-catenin in the nucleus activates a 
series of downstream transcription factor. 
Therefore, Western blotting and RT-qPCR were 
used to detect the differential expression of 
some important downstream genes of β-ca- 
tenin. The results showed that the expression 
levels of Cyclin D1, c-myc, and MMP-2, which 
regulate tumor growth and metastasis, were 
affected in SCC-25 cells after tranfection of 
shNRP2. These results suggested that NRP2 
targets the Wnt/β-catenin signaling pathway to 
promote the malignant progression of OSCC.

Our study has some limitations. First, the sam-
ple size in the subgroup analysis was not large 
enough; thus, the statistical power is limited. 
Second, the relevant mechanisms have not 
been identified. In our future work, we plan to 
conduct more in-depth research and analysis. 

In addition, animal experiments must be per-
formed to investigate the effects of NRP2 on 
tumor growth both in vitro and in vivo.

Conclusion

The current study confirms that NRP2 is upreg-
ulated in OSCC and is associated with progno-
sis. Downregulation of NRP2 inhibited cell pro-
liferation, migration, and invasion. NRP2 tar-
gets the Wnt/β-catenin signaling pathway to 
promote the malignant progression of OSCC. 
These findings suggest that NRP2 is a new 
prognostic biomarker and potential therapeutic 
target for the treatment for OSCC.
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Figure S1. Effect of NRP2 knockdown on cell apoptosis in vitro.


