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Abstract. Neuropilin 1 (NRP1) is a transmembrane glycopro-
tein, which interacts with vascular endothelial growth factor 
to prevent tumor cell apoptosis and to regulate angiogenesis. 
However, the precise role of NRP1 in epithelial ovarian 
carcinoma (EOC) remains to be elucidated. The present study 
aimed to determine the association between NRP1 and EOC. 
The expression of NRP1 in ovarian cancer and normal ovarian 
epithelial tissues was investigated by immunofluorescence, 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) and western blotting. The association between the 
expression of NRP1 with the development of ovarian cancer, 
clinicopathological characteristics and survival were also 
analyzed. The results from immunofluorescence, RT-qPCR 
and western blot analysis demonstrated that NRP1 exhibited 
significant upregulation in EOC compared with normal 
ovarian epithelial specimens (P<0.05). The positive expres-
sion of NRP1 was higher in cancer tissues at an advanced 
International Federation of Gynecology and Obstetrics stage, 
and in cancer tissues with lymph node metastasis and distant 
metastasis compared with that in cancer tissues without lymph 
node or distant metastasis (P<0.05). Higher NRP1 expression 
strongly predicted a shorter survival time (P<0.001). The 
present findings suggested that increased NRP1 expression 
may be associated with the development of EOC. Therefore, 
NRP1 could be used as a valuable prognostic marker as well 
as a potential molecular therapy target for ovarian cancer 
patients.

Introduction

Epithelial ovarian carcinoma (EOC) is the fifth leading cause 
of cancer-associated mortality and remains one of the most 
aggressive tumors of all types of gynecological malignancy 
in Western countries (1). According to Cancer Statistics 2012, 
there is an estimated 15,500 mortalities due to this disease in 
the United States every year (2). The majority of patients with 
EOC have advanced intraperitoneal metastases at diagnosis 
since this carcinoma frequently remains clinically silent (3). 
Since the treatment strategy consisting of maximum cytoreduc-
tive surgery followed by taxane plus platinum chemotherapy 
was established, the short-term prognosis of patients with EOC 
has largely improved (4). However, despite the comparatively 
high-level sensitivity of EOC to paclitaxel, the prognosis of 
advanced or recurrent cases remains poor as the majority of 
cases of mortality are the result of metastasis that is refractory 
to these chemotherapeutic agents. Although various additional 
molecular-targeted therapies, including anti-angiogenic agents, 
have been investigated in order to overcome paclitaxel resis-
tance, the effect of such treatment is not satisfactory (5,6). 
Currently, numerous studies have been conducted in order to 
identify new strategies and targets to treat this disease (7-9).

Recently, a growing emphasis has been placed on the asso-
ciation between the nervous system and cancer as increasing 
evidence supports the theory that there are common genetic 
mechanisms in the development of cancer and in the progres-
sion of neurodegenerative disease (10-12). The nervous system 
may potentially affect the development of cancer; environ-
mental enrichment has been demonstrated to significantly 
inhibit xenograft tumor growth, however, the underlying 
mechanism remains to be elucidated (13). The neuropilin 1 
(NRP1) and the neuropilin 2 (NRP2) receptors were charac-
terized as receptors for axon guidance factors of the class-3 
semaphorin (sema3) family (14). It was subsequently estab-
lished that neuropilins are also expressed by endothelial cells 
and by numerous types of cancer cells (15), and that they 
are involved in the transduction of pro-angiogenic signals 
induced by angiogenic factors, including vascular endothelial 
growth factor (VEGF) and hepatocyte growth factor/scatter 
factor (16-18). However, the role of NRP1 in EOC remains 
to be elucidated. Therefore, the present study focused on the 
expression of NRP1 in ovarian cancer in order to determine 
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whether the expression of NRP1 is associated with ovarian 
cancer.

Patients and methods

Patient information and tissue sampling. In total, 125 speci-
mens of EOC from patients diagnosed between 2000 and 
2010 were obtained from surgery from the Department of 
Pathology at the Affiliated Hospital of Nantong University 
(Nantong, China). None of the patients had received any form 
of tumor-specific therapy prior to surgery. Samples were 
collected from patients aged between 33 and 82 years old with 
a median age of 59 years. According to the classification 2009 
of the International Federation of Gynecology and Obstetrics 
(FIGO), there were 20 cases of Stage I, 39 cases of Stage II, 
35 cases of Stage III and 37 cases of Stage IV. The histological 
grade of the tumor was classified as GI (well differentiated) 
in 55 cases, GII (moderately differentiated) in 32 cases and 
GIII (poorly differentiated) in 38 cases. Of all the samples, 
there were 72 cases with lymph node metastases (median age 
55 years; range 39-75 years), 58 cases with pelvic metastases 
(median age 53 years; range 42-79 years) and 53 cases with 
peritoneal metastases (median age 56; range 35-68 years). The 
follow-up period ranged between 2 and 60 months with an 
average cycle period of 29.7 months and a median period of 
20 months. A total of 15 cases of normal ovarian epithelium 
specimens were obtained from preventive excision of the 
uterus and adnexa uteri. All tissues were obtained with the 
consent of the patients. The study protocol followed the guide-
lines of the Helsinki Declaration and was approved by the 
Ethics Committee (Institutional Review Board) of Nantong 
University.

Double‑labeling immunofluorescence staining and confocal 
microscopy. All specimens were embedded in optimum cutting 
temperature and frozen in 2-methylbutane cooled by liquid 
nitrogen. They were then sectioned into 20 µm thick sections 
using a cryostat. Sections were fixed with cold acetone, blocked 
with 10% bovine serum albumin (BSA) in phosphate-buffered 
saline (PBS) containing 0.2% Triton X-100 and further permea-
bilized/blocked in the blocking solution (5% BSA and 0.3% 
Triton X‑100) for 1 h at room temperature. Non‑specific binding 
was blocked with 10% BSA for 30 min. Sections were then 
probed with a rabbit monoclonal NRP1 primary antibody (1:100; 
cat. no. ab81321; Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA) overnight at 4˚C, followed by fluorescein isothiocya-
nate-conjugated rabbit anti-goat IgG (H&L) secondary antibody 
(1:100; Abnova Corporation, Tapei, Taiwan; cat. no. PAB10575) 
for 2 h in a humidified chamber with minimal exposure to light. 
4',6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, St. Louis, 
MO, USA) was used to visualize nuclei and sections were washed 
with 1X PBS. Images of the samples were captured using a 
confocal microscope (Leica Microsystems, Wetzlar, Germany). 
Sections were analyzed using a Leica SP5 high-speed spectral 
confocal laser-scanning microscope (Leica Microsystems) or a 
Zeiss LSM 710 confocal microscope (Carl Zeiss, Oberkochen, 
Germany). Immunofluorescence staining for single or double 
contractile markers was performed using randomly selected 
slides (4-5 slides) containing four sections per slide and exam-
ined under the confocal microscope. Specific fluorescence 

was captured by confocal microscopy with exposure time kept 
constant across all the images. Immunoreactivity was evaluated 
by semi‑quantitative evaluation using the immunofluorescence 
staining intensity score and distribution score.

Evaluation of immunoreactivity. Immunoreactivity was evalu-
ated by the quantification and stereological counting procedure. 
Specific fluorescence from tissue labeled in histological sections 
was captured by confocal microscopy with a constant exposure 
time across all images. From the quantification and stereological 
counting procedure, 16-bit image sections were analyzed using 
NIH Image J software (National Institutes of Health, Bethesda, 
MD, USA). Fluorescence intensity of pixel gray values in eight 
separate regions of interest per region of the normal and tumor 
tissues was calculated and averaged across each tissue region. 
This was performed separately for each label (NRP1 and DAPI). 
The fluorescence intensity for NRP1 in normal and tumor tissues 
was then compared using analysis of variance and Tukey's and 
Sidak's comparison tests.

Western blot analysis. Protein lysates were derived from the tumor 
specimens and normal ovarian epithelial specimens via lysis in 
buffer containing protease inhibitors (Promega Corporation, 
Madison, WI, USA). Equal quantities of protein were separated 
by 10% sulfate polyacrylamide gel electrophoresis and then trans-
ferred onto a polyvinylidene fluoride membrane. Membranes 
were blocked with 5% non-fat milk in Tris-buffered saline 
containing 0.1% Tween‑20 (TBST) for 2 h to avoid nonspecific 
binding. Following incubation with the primary antibodies over-
night at 4˚C (rabbit monoclonal NRP1 primary antibody; 1:200; 
Santa Cruz Biotechnology, Inc.) or rabbit polyclonal anti-β-actin 
(1:2,000; cat. no. A2668; Sigma-Aldrich), membranes were 
washed three times in TBST for 5 min and subsequently incu-
bated with horseradish peroxidase-conjugated goat polyclonal 
anti-rabbit secondary antibody (1:1,000 dilution; cat. no. A0545; 
Sigma-Aldrich) for 2 h at room temperature. Signals were 
detected using enhanced chemiluminescence (GE Healthcare, 
Piscataway, NJ, USA) followed by film development.

Expression analysis by reverse transcription quantitative 
polymerase chain reaction (RT‑qPCR). The mRNA expression 
of NRP1 was analyzed by qPCR. Total RNAs were extracted 
using TRIzol (Gibco-BRL, Carlsbad, CA, USA). qPCR was 
performed using Hot Start-IT SYBR Green qPCR Master mix 
(2X; USB Corporation, Cleveland, OH, USA). According to the 
manufacturer's instructions of the Hot Start-IT, 2 µg of RNA 
was used as a template and RT-PCR was performed with 25 µl 
Master mix. RT-PCR experiments were performed in a Light 
Cycler 480 system (Roche Applied Sciences, Indianapolis, IN, 
USA). Cycling parameters were set as follows: Hot start at 95˚C 
for 10 min, 40 cycles of amplification/quantification at 95˚C for 
10 sec, 60˚C for 30 sec and 72˚C for 30 sec. Melting curve analysis 
was performed using continuous fluorescence acquisition from 
65‑97˚C. These cycling parameters generated single amplicons 
for the two primer sets used according to the presence of a 
single melt peak. GAPDH was selected as the internal reference. 
All qPCRs were repeated three times for each gene and each 
sample was performed in triplicate. The primer sequences were 
as follows: NRP1, forward 5'-AAAACGGTGCCATCCCT-3' 
and reverse 5'-AAGAAGCAGAGTGGGTCGTT-3'. The 
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relative alterations in gene expression data were analyzed by 
the 2-ΔΔCT method. Triplicates were run for each sample in three 
independent experiments.

Clinicopathological analysis and postoperative follow up. 
Pathological analysis was performed by the Department of 
Pathology of Nantong University and validated by qualified 
experts assigned to the study. During the follow-up period, 
overall survival time was measured from diagnosis to mortality 
or to the last follow up (at 5 years). At the time of analysis, 
86 patients (68.8%) had succumbed to the disease, 37 patients 
(29.6%) were alive and 2 patients were not identified at follow 
up. The estimated median survival time for all patients was 
28 months and the calculated survival rates were 72.8% 
at 1 year, 48.0% at 2 years and 29.6% at 5 years. Following 
surgery, each patient was scheduled for a follow-up examina-
tion, including physical examination, complete blood count, 
tumor marker tests as well as an ultrasound scan of the pelvis 
every 3 months in the first year, semi‑annually in the second 
year and annually after 3 years. More frequent examinations 
were scheduled if clinically indicated. The cause of mortality 
was registered and classified as mortality due to this cancer, 
other causes or unknown causes. During the follow-up period, 
overall survival was measured from diagnosis to mortality or 
to the last follow-up (at 5 years). Patient mortality was ascer-
tained by reporting from the family and verified by a review 
of public records. For overall survival, the median follow-up 
of the surviving patients was 28 months (range 2-60 months).

Statistical analysis. Tukey's and Sidak's comparison tests 
were used to compare the fluorescence intensity. SPSS 19.0 
statistical software (SPSS, Inc., Chicago, IL, USA) was 
adopted for data analysis. The χ2 test was used for compari-
sons between groups. Survival analysis was calculated by 
means of the Kaplan‑Meier method and significant levels 
were assessed by means of the log-rank test. The results are 

expressed as the mean ± standard deviation of at least three 
independent experiments. For all statistical analyses, P<0.05 
was considered to indicate a statistically significant differ-
ence.

Results

Immunofluorescence staining shows that Nrp1 protein is 
present at a higher level in tumor tissue than in normal 
ovarian epithelium. NRP1 was detected primarily in 
the nucleus and cytoplasm of the normal ovarian epithe-
lium (Fig. 1A and C). Compared with the normal ovarian 
epithelium, the EOC specimens demonstrated a stronger 
fluorescence intensity (Fig. 1). In addition, the quantitative 
fluorescence intensity of NRP1 was higher in tumor tissue 
than in normal specimens (Fig. 2). The expression of NRP1 
was significantly upregulated in the tumor tissues compared 
with the normal tissues (P<0.001; Figs. 1 and 2).

Figure 1. (A) Expression of NRP1 in normal tissues; (B) DAPI in normal tissues; (C) combination of (A and B); (D) the expression of NRP1 in tumor tissues; 
(E) DAPI in tumor tissues; (F) combination of (D and E). The protein was differentially expressed proteins in normal ovarian epithelium and epithelial ovarian 
carcinoma, respectively. The color intensity indicates the degree of protein regulation. NRP1, neuropilin 1; DAPI, 4',6-diamidino-2-phenylindole.

Figure 2. Quantitative fluorescence intensity of normal ovarian epithelium 
and epithelial ovarian carcinoma. *P<0.05, compared with normal tissue.
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Nrp1 protein is present at a higher level in tumor tissue than 
in normal ovarian epithelium as shown by the results of the 
western blotting. The protein expression of NRP1 in ovarian 
tumor epithelium and normal ovarian epithelium was examined 
by western blot analysis. The relative quantity of NRP1 protein 
expression was normalized to β-actin. Five pairs of carcinoma 
and normal tissues were randomly selected and presented in 
Fig. 3A. The results demonstrated a band for NRP1 at 130 kDa 
(Fig. 3A). The protein expression intensities of NRP1 were 
measured by densitometry (Fig. 3B). It was identified that the 
protein expression of NRP1 was upregulated in the majority 
of the ovarian tumor samples compared with normal tissues 
(Fig. 3A), while in a small number of cases (4# in Fig. 3) the 
expression of NRP1 in the tumor tissues was similar to that 
found in the normal tissue (Fig. 3A). The average protein level 
of NRP1 in EOC was significantly higher than that in normal 
ovarian epithelial tissues (P<0.05; Fig. 3B).

NRP1 mRNA level is higher in cancerous tissue compared 
with in normal epithelium. RT-qPCR was also performed to 
detect the mRNA expression of NRP1 in EOC and normal 
ovarian epithelial tissues to determine whether there is also 
an upregulation at the mRNA level. As shown in Table I, the 
mRNA expression of NRP1 was significantly higher in ovarian 
cancerous samples (median 474 copies/µl, range between 193 
and 841 copies/µl) compared with that in normal samples 
(median 232 copies/µl, range between 102 and 314 copies/µl; 
P=0.008). Quantification of the mRNA expression of NRP1 
evaluated a 2.3-fold increase in cancerous compared with 
normal tissues (Fig. 4).

Expression of NRP1 is associated with pathological features 
of ovarian tumors. Correlations between RT-qPCR results 

of NRP1 expression in ovarian tumor tissues and various 
clinicopathological characteristics of patients were analyzed 
by χ2 test and listed in Table II. Using the quartile limits of 
mRNA expression to divide patient population into negative 
and positive producers allowed us to set the interquartile range 
(IQR) as a cut‑off and to establish a significant correlation 
between mRNA expression and clinicopathological features. 
The median expression of NRP1 in cancerous tissues was 
474 copies/µl. The samples were divided into the following 
two groups: The negative expression group of NRP1 
(≤474 copies/µl) and the positive expression group of NRP1 
(>474 copies/µl). The upregulation of NRP1 significantly 
correlated with FIGO stage, histological grade, lymphatic 

Figure 3. Protein expression of NRP1 in normal ovarian epithelium and epithelial ovarian carcinoma (n=5). (A) Representative results of NRP1 protein 
expression. (B) Relative NRP1 protein expression levels were markedly increased in tumor tissues compared with the normal specimens. NRP1, neuropilin 1; 
N, normal; T, tumor. *P<0.05, compared with normal tissue.

Figure 4. Quantitative polymerase chain reaction analysis of NRP1 expres-
sion in normal ovarian epithelium and epithelial ovarian carcinoma. The 
relative mRNA expression of NRP1 was significantly higher in tumor tissues 
compared with the normal specimens. NRP1, neuropilin 1. *P<0.05, com-
pared with normal tissue.

  A

  B



MOLECULAR MEDICINE REPORTS  12:  2114-2120,  20152118

metastasis and distant metastasis (P<0.05, respectively). 
However, no significant correlation between NRP1 expres-
sion and age, tumor size and histological type was identified 
(P>0.05; Table II).

NRP1 expression is associated with patient survival rate. 
The prognostic effect of NRP1 on the overall survival rate of 
ovarian carcinoma patients was investigated by comparing the 

5-year survival rate of patients with tumors expressing NRP1 
using Kaplan-Meier survival curves and the log-rank test. 
There were 70 cases in the positive NRP1 expression group 
(>474 copies/µl), of which 58 cases succumbed to ovarian 
carcinoma, two cases were not identified at follow up and 
the 5-year overall survival rate was 14.3%. For the negative 
NRP1 expression group (<474 copies/µl), there were 55 cases, 
of which 28 cases succumbed to the disease and the 5-year 
overall survival rate was 49.1%. It was found that the overall 
survival time of the positive NRP1 expression group was 
significantly shorter than that of the negative NRP1 expression 
group (P<0.001; Fig. 5).

Discussion

In the present study, NRP1 was found to be extensively upreg-
ulated in EOC compared with normal ovarian epithelium. 
Immunofluorescence, western blot analysis and RT-qPCR 
were used to detect the expression of NRP1 in ovarian 
cancerous surgical specimens and normal ovarian epithelial 
tissues. The mRNA and protein expression of NRP1 in ovarian 
epithelial cancer tissues was significantly higher than that in 
normal ovarian epithelial tissues. It was found that the overall 
survival time of the high NRP1 expression group was signifi-
cantly shorter than that of the low NRP1 expression group 
(P<0.05). The changes in NRP1 expression in ovarian cancer 
in the present study indicates an important role of NRP1 in 
the development of EOC. In addition, a higher expression of 
NRP1 correlated with a poor prognosis in ovarian tumors, 
demonstrating that NRP1 may act as a promoter in ovarian 
epithelial cancer.

NRP1 is a transmembrane glycoprotein that acts as a 
co-receptor for a number of extracellular ligands, including 

Table I. mRNA expression of NRP1 in normal ovarian 
epithelium and epithelial ovarian carcinoma.

 Normal  Tumor
Gene (copies/µl median) (copies/µl median) P-value

NRP1 232 (102-314) 474 (193-841) 0.008

NRP1, neuropilin 1.

Table II. Association between NRP1 expression levels in 
epithelial ovarian carcinoma and clinicopathological features.

   NRP1
  -----------------------------------------------
Characteristic No. N P P-value

Age (years)    0.102
  ≤59 63 23 40
  >59 62 18 44
Tumor size (cm)    0.105
  ≤2 45 17 28
  >2 80 24 56
FIGO stage    0.025
  I/II 59 16 43
  III/IV 72 31 41
Histological grade    0.049
  Well differentiated 55 22 33
  Poorly differentiated 70 19 51
Histotype    0.395
  Serous 58 18 40
  Endometrioid 49 15 34
  Clear cell 13   5   8
  Mucinous   3   2   1
  Undifferentiated   1   0   1
  Other   1   1   0
Lymphatic metastasis    0.006
  Negative 53 24 29
  Positive 72 17 55
Distant metastasis    0.024
  Negative 67 23 44
  Positive 58 18 40

No., number of patients; N, negative; P, positive; NRP1, neuropilin 1; 
FIGO, International Federation of Gynecology and Obstetrics staging.

Figure 5. Kaplan-Meier survival curves of cancer patients following surgical 
resection. The cancer patients were divided into negative expression and 
positive expression groups of NRP1. A positive expression of NRP1 was 
strongly associated with a poorer patient survival time. NRP1, neuropilin 1. 
Negative expression-censored, patients with NRP1 negative expression lost 
to follow-up; positive expression-censored, patients with NRP1 positive 
expression lost to follow-up.
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class III/IV semaphorins, certain isoforms of VEGF and 
transforming growth factor-β. NRP1 is expressed at high 
levels in several tumor cells, where it has been implicated in 
cell migration and survival (19,20). An exact understanding 
of the role of NRP1 in the immune system has been obscured 
by the differences in NRP1 expression observed between 
mice and humans. In mice, NRP1 is selectively expressed 
on thymus-derived T regulatory cells (Tregs) and markedly 
enhances immunosuppressive functions. In humans, NRP1 is 
expressed on plasmacytoid dendritic cells (pDCs) where it aids 
in priming immune responses and on a subset of Tregs isolated 
from secondary lymph nodes. Preliminary studies show that 
NRP1 expression on T cells confers enhanced immunosup-
pressive activity (21,22). However, the underlying mechanism 
remains to be elucidated. The expression of NRP1 has also 
been identified in activated T cells and Tregs isolated from 
inflammatory microenvironments, suggesting that NRP1 may 
be a novel T cell activation marker (23). Of clinical interest, 
NRP1 may enhance tumor infiltration of Tregs and a decrease 
in NRP1+Tregs correlates with successful chemotherapy, 
suggesting a specific role for NRP1 in cancer pathology (21). 
As a therapeutic target, NRP1 allows simultaneous targeting of 
NRP1-expressing tumor vasculature, NRP1+Tregs and pDCs. 
With the development of anti-NRP1 monoclonal antibodies and 
cell-penetrating peptides, NRP1 represents a promising new 
target for cancer therapies (24).

NRP1 has been implicated as a tumor suppressor in other 
types of cancer (25). NRP1 and NRP2 are transmembrane 
glycoproteins, which interact with VEGF to prevent tumor cell 
apoptosis and regulate angiogenesis. For example, in colorectal 
cancer, an increased expression of NRP1 and NRP2 in epithelium 
as well as an increased expression of NRP1 in vessels may be 
associated with the progression of colorectal cancer (19). A more 
recent study on miRNAs demonstrated that the downregulation 
of miR-320, which regulates NRP1, in blood vessels is inversely 
correlated with vascularity in oral squamous cell carcinoma 
(OSCC) tissues (26). By administering either miR-320 precursor 
or antagonist, miR-320 suppressed the migration, adhesion 
and tube formation of vascular endothelial cells. Knockdown 
of NRP1 reduced antagomiR-320-induced cell migration (26). 
Additionally, miR-320 expression was demonstrated to be 
regulated by hypoxia in growth factor‑deficient conditions by 
hypoxia-inducible factor-1α (27). Furthermore, a lentivirus 
carrying the miR-320 precursor suppressed the tumorigenicity 
of OSCC cells and tumor angiogenesis in vivo (28). These 
data show that miR-320 may regulate the function of vascular 
endothelial cells by targeting NRP1 and have the potential to 
be developed as an anti-angiogenic or anti-cancer drug. These 
results taken together with the results of the present study 
demonstrate that NRP1 may be associated with cancer progres-
sion in EOC.

Although the present study provided valuable results 
regarding the role of NRP1 in EOC, a limitation of the study was 
that only 15 cases of normal tissues were used. A larger number 
of cases should be used in future studies. The present study 
attempted to use double‑labeling immunofluorescence staining 
and confocal microscopy instead of immunohistochemistry. It 
was difficult to control the chromogenic time in immunohisto-
chemistry and the sensitivity of staining was lower than that of 
immunofluorescence. In addition, the immunohistochemistry 

results could be affected by numerous artificial factors (24,25). 
By contrast, fluorescence could objectively reflect the expres-
sion of the protein. The main advantages of this technology 
included its strong specificity, high sensitivity and time effi-
ciency.

In the present study, quantitative mRNA expression was 
used to analyze the association of NRP1 with the clinicopatho-
logical factors of EOC as well as the overall survival rate. 
Using the quartile limits of mRNA expression to divide the 
patient population into low and high producers, this allowed us 
to set IQR as a cut‑off and to establish a significant correlation 
between mRNA expression and clinicopathological factors as 
well as survival rate, which may more accurately reflect the 
real situation.

In conclusion, in the present study, NRP1 was found to be 
overexpressed in human EOC. A higher expression of NRP1 
was strongly associated with a poorer patient survival time. 
This may provide a novel prognostic method and a promising 
treatment strategy for EOC.
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