
Send Orders for Reprints to reprints@benthamscience.net 
254 Current Pharmaceutical Biotechnology, 2019, 20, 254-260  

RESEARCH ARTICLE 

 1389-2010/19 $58.00+.00 © 2019 Bentham Science Publishers  

Expression of NRP-1 and NRP-2 in Endometrial Cancer 

Marcin Oplawski1*, Konrad Dziobek1, Beniamin Grabarek2, Nikola Zmarzły2, Dariusz Dąbruś3, 
Piotr Januszyk3, Ryszard Brus4, Barbara Tomala3 and Dariusz Boroń3,5,6	
  

1Department of Gynecology and Obstetrics with Gynecologic Oncology, Ludwik Rydygier Memorial Specialized Hospi-
tal, Kraków, Poland; 2Department of Molecular Biology, School of Pharmacy with the Division of Laboratory Medicine 
in Sosnowiec, Medical University of Silesia in Katowice, Katowice, Poland; 3Faculty of Health Science, Public Higher 
Medical Professional School in Opole, Opole, Poland; 4Department of Nurse, High School of Strategic Planning, 
Kościelna 6, 41-303, Dąbrowa Górnicza, Poland; 5Department of Histology and Cell Pathology, School of Medicine 
with the Division of Dentistry in Zabrze, Medical University of Silesia in Katowice, Katowice, Poland; 6Katowice School 
of Technology, The University of Science and Art, Katowice, Poland 

 

A R T I C L E  H I S T O R Y 

 
 
Received: September 11, 2018 
Revised: October 25, 2018 
Accepted: February 10, 2019 
 
 
DOI:  
10.2174/1389201020666190219121602 

Abstract: Background: Neuropilins (NRPs) participate in many processes related to cancer develop-
ment such as angiogenesis, lymphangiogenesis and metastasis. Although endometrial cancer is one of 
the most common gynecological cancers, it has not been studied in terms of NRPs expression. 

Objective: The aim of this study was to investigate the potential utility of NRPs as important factors in 
the diagnosis and treatment of endometrial cancer.  

Method: Our study consisted of 45 women diagnosed with endometrial cancer at the following degrees of 
histological differentiation: G1, 17; G2, 15; G3, 13 cases. The control group included 15 women without 
neoplastic changes. The immunohistochemical reactions were evaluated using light microscopy. 

Results: We did not detect the expression of NRP-1 and NRP-2 in the control group. NRP-1 expres-
sion was found exclusively in cancer cells. It was higher in G2 and G3 and reached about 190% of G1. 
NRP-2 expression was observed in the endothelium and was similar across all three cancer grades. In 
cancer cells, NRP-2 expression increased with the degree of histological differentiation. 

Conclusion: NRP1 and NRP2 are candidates for complementary diagnostic molecular markers and 
promising new targets for molecular, personalized anticancer therapies. 
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1. INTRODUCTION 

 Neuropilins (NRPs) have been identified as class 3 
semaphorin co-receptors responsible for axon guidance and 
the development of the nervous system [1-4]. In neurons and 
other cell types, they form a complex with specific plexins 
[5,6]. Studies have shown that NRPs are also co-receptors of 
vascular endothelial growth factor (VEGF) [7, 8]. NRP-1 
interacts with VEGF-A and its receptor VEGFR-2. NRP-2 is 
a co-receptor for VEGF-C and D and interacts with VEGFR-
3 [9, 10]. 
 NRPs play a major role in signal transduction due to their 
ability to interact with multiple tyrosine-kinase-associated 
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receptors and integrins. It has been shown that NRPs interact 
with transforming growth factor beta (TGF-β) [11], hepato-
cyte growth factor (HGF) [12], and platelet-derived growth 
factor (PDGF) [13, 14]. NRP expression has been demon-
strated in many tumors such as ovarian, pancreatic, and pros-
tate cancer, as well as in astrocytoma and many other malig-
nancies [4, 10, 15-17], which can be primarily associated 
with increased angiogenesis and tumor cell survival [8]. It 
has been shown that elevated expression of NRP-1 correlates 
with increased invasiveness and shortened patient survival, 
whereas NRP-2 expression correlates with decreased apopto-
sis and faster tumor growth [15]. Expression of NRPs in tu-
mors is not only associated with the presence of these pro-
teins on the surface of endothelial cells but also on the sur-
face and in the cytoplasm of tumor cells [18, 19]. VEGF and 
therefore NRPs affect the function of immune cells present 
in the tumor microenvironment, which in turn affects the 
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host’s response to cancer [20]. VEGF receptors also regulate 
tumor fibroblasts activity in the tumor stroma [21]. 
 New techniques used in cancer treatment are based on 
inactivation or blocking of tumor-specific proteins of endo-
thelial tumors or tumor cells [22]. With the help of these 
approaches, the side effects of cancer treatment can be sig-
nificantly reduced, therefore attention should be paid to the 
identification of tumor-specific proteins. 
 Although endometrial cancer is one of the most com-
monly diagnosed cancers of the female reproductive system, 
occurring predominantly in postmenopausal women [23, 24], 
it has not been studied in terms of NRPs expression. In our 
previous work, based on gene expression profiling, we have 
suggested NRP-2 to be an important factor in the diagnosis 
and treatment of endometrial cancer [25]. In this study, we 
aim to confirm this hypothesis at the protein level. 

2. MATERIALS AND METHODS 

 The study material consisted of endometrial tissue sam-
ples taken from patients who underwent a hysterectomy. 45 
women diagnosed with endometrioid endometrial cancer 
constituted a study group. Pathomorphological inclusion 
criteria included endometrium in the proliferative phase and 
endometrioid endometrial adenocarcinoma at different de-
grees of cellular differentiation (G1-G3). Exclusion criteria 
from the study group were as follows: non-endometrioid 
endometrial cancer, endometriosis or adenomyosis, adeno-
carcinoma with squamous elements, coexisting cervical car-
cinoma, the use of hormone therapy 24 months before sur-
gery and extreme obesity (BMI> 40). After the histopa-
thological assessment, the study group was divided accord-
ing to the degree of histological differentiation: G1, 17; G2, 
15; and G3, 13. The control group included 15 women with 
proliferative endometrium, who were not diagnosed with 
neoplastic changes during routine gynecological examina-
tions. The study included women who underwent a hysterec-
tomy due to diagnosed endometrial cancer. Before immuno-
histochemical analysis, HE staining was performed. 
 This study was approved by the Bioethical Committee of 
the Medical University of Silesia, no. KNW/0022/ 
KB/237/16. 

2.1. Immunohistochemistry 

 The paraffin blocks provided by the Laboratory of 
Pathomorphology of Beskid Center of Oncology in Bielsko-
Biała were used to prepare the tissue sections for immuno-
histochemical staining with mouse anti-NRP-1 monoclonal 
antibody and rabbit anti-NRP-2 polyclonal antibody (Novus 
Biological). Sections (5 µm) were mounted on silane-coated 
slides, dewaxed in xylene and rehydrated in graded alcohols. 
To retrieve the antigens, the slides were incubated in citrate 
buffer (10 mM, pH 6.0) at 95°C for 30 min in water bath and 
then cooled for 30 min. Non-specific antibody binding sites 
were blocked with 1% BSA in PBS for 30 min at room tem-
perature. After removing the solution containing BSA, a 
primary antibody (NRP-1, 30µg/ml or NRP-2, 0.5µg/ml) 
was applied on the slides and was incubated for 20h at 4°C. 
After washing in PBS-Tween 20, biotinylated secondary 
antibodies were applied followed by avidin-biotinylated per-

oxidase complex (Vectastain Elite ABC Kit, Vector Labora-
tories). To visualize the bound antibodies, diaminobenzidine 
(DAB) was used according to the manufacturer’s recom-
mendation. The slides were then stained with Gill's hema-
toxylin, dehydrated and sealed. Sections in which the pri-
mary antibody was replaced by rabbit or mouse IgG at the 
same concentration constituted the negative controls. 
 The immunohistochemical reaction was assessed with 
Nikon Eclipse E200 light microscope with Nikon DS-Fi1 
digital camera. Three slides were prepared from each paraf-
fin block and five pictures under 200x magnification were 
taken for each of them. The intensity of staining was meas-
ured as the optical density of the reaction product using the 
image analysis program NISAR (Nikon). The average opti-
cal density was also calculated. 

2.2. Statistical Analysis 

 Kolmogorov–Smirnov test was used to confirm the nor-
mality of data distribution. The one-way ANOVA was per-
formed to evaluate the statistical significance of the differ-
ences between mean variables (p<0.05). The values are pre-
sented as means ± standard deviation. Statistical analysis was 
conducted using the Statistica 12 PL software (StatSoft, 
Tulsa, Oklahoma, USA). 

3. RESULTS 

3.1. HE Staining 

 The Fig. (1) shows the results of HE staining before per-
forming the immunohistochemical staining to better explain 
the histopathological changes of expression NRP-1 and 
NRP-2 in endometrial cancer depending on its grade and in 
control cells (Fig. 1). 

3.2. NRP-1 

 The expression of NRP-1 was not detected in the control 
group consisting of healthy endometrium. The reaction was 
localized only in the cytoplasm of the cancer cells (Fig. 2). 
The level of this expression was low in G1 grade (Table 1). 
NRP-1 expression was higher in G2 and G3 that in G1 grade 
and reached about 190% of G1 (Table 1). 

3.3. NRP-2	
  
 Similar to NRP-1, NRP-2 expression was not observed in 
the control (Fig. 3). In the material collected from tumors, it 
was found that the reaction was localized in the vascular 
endothelium and tumor cells. 

3.3.1. Vascular Endothelium 

 The expression of NRP-2 in G1 and G2 was at the same 
level. In G3, the expression was higher but not statistically 
significant (Table 1). 

3.3.2. Cancer Cells 

 NRP-2 expression in G1 cancer cells was low and consti-
tuted approximately 50% of the expression observed in en-
dothelial cells (Table 1). The reaction was localized only in 
the cytoplasm (Fig. 2). In G2 cells, it was found that NRP-2 
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Fig. (1). The results of HE staining before the immunochemical staining in endometrial cancer depending on its grade and in control cells.  
G, grade; C, control. 200x magnification. 
 

 
 

Fig. (2). Immunohistochemical localization of neuropilin 1 in endometrial cancer depending on its grade and in control cells. G, grade;  
C, control. Brown color indicates a positive reaction. 200x magnification. 
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Fig. (3). Immunohistochemical localization of neuropilin 2 in endometrial cancer depending on its grade and in control cells. G, grade;  
C, control. Brown color indicates a positive reaction. 200x magnification. 
 
Table 1. Optical density of the reaction product for neuropilins (NRPs) depending on endometrial cancer grade. 

Protein	
   Localization	
   G1	
   G2	
   G3	
  

NRP-1	
   Tumor cells	
   91.22 ± 6.57	
   173.51 ± 14.10 a	
   162.5 ± 15.73 b	
  

Endothelium	
   178.32 ± 11.47	
   171.67 ± 16.67	
   197.32 ± 17.74	
  
NRP-2	
  

Tumor cells	
   95.72 ± 7.72	
   110.83 ± 9.23 a	
   135.35 ± 12.78 b,c	
  

Letters indicates statistically significant changes at p < 0.05 between: 
a = G1 and G2. 
b = G1 and G3. 
c = G2 and G3. 
 
expression was higher than in G1 and reached about 120% of 
the value noted in G1 (Table 1). Some cell populations 
showed a cytoplasmic reaction and strong membrane reac-
tion. 
 The expression of NRP-2 in G3 was found to be the 
highest among the studied groups (Table 1). The change was 
statistically significant both in relation to G1 and G2. The cy-
toplasmic reaction was detected in cancer cells. The cells with 
very strong membrane reactions were found and their amount 
was much higher than that in G2 cancer cells (Fig. 3). 

4. DISCUSSION	
  
 Endometrial cancer is one of the most commonly diag-
nosed gynecological cancers worldwide. Incidence rate and 
high mortality force a continuous search for new therapies 

characterized by greater efficacy and reduced side effects, 
which prolong survival and improve patient's comfort. At the 
same time, there is a great interest in constant search for 
markers that allow early detection of malignancies. 

 Detection of NRPs expression on the surface of endothe-
lial cells, but especially on cancer cells, indicates that they 
play a particularly important role in tumor biology. These 
multifunctional, transmembrane glycoproteins, enable rapid 
growth of tumors. Binding to various proteins such as 
VEGF, TGF-β, semaphorins [4], as well as integrins [26] not 
only helps in the development of blood and lymphatic ves-
sels, but also helps in the anti-apoptotic effects, influences 
the activity of Treg lymphocytes and prevents host defense. 
Participation in epithelial-mesenchymal transition (EMT) 
provides migration and metastasis of the tumor [10]. 
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 Expression or overexpression of NRPs, primarily NRP-2, 
has been associated with increased vascularity and poor sur-
vival [27, 28], as well as node metastases [29]. Many studies 
have been focused on NRPs expression in cancer, however, 
little is available regarding the expression of NRP in endo-
metrial cancer.  
 In our previous study, we have shown that among genes 
that may affect the angiogenesis in endometrial cancer, sig-
nificant changes in mRNA expression can be attributed to 
NRP-2 (G1 vs. C, FC = +1.8542), indicating its potentially 
important role as a pharmacological target in the treatment of 
this cancer [25]. It is determined that the direction of changes 
of NRP-1 and NRP-2 on both mRNA and protein levels was 
the same. In previous work and in this study overexpression 
of NRP-1 and NRP-2 can be observed in all of 3 grades of 
endometrial cancer (Table 2).  
 The combination of molecular analysis methods at the 
transcriptome [25] and proteome levels allows us to fully 
observe the changes in the expression of the analyzed genes 
and their protein products. The same direction of changes in 
the expression profile of NRPs analyzed by microarray tech-
nique and immunohistochemical staining seems to indicate 
that protein expression can be predicted based on the tran-
scriptional activity of the gene. Regarding NRP-1 and NRP-
2, our observations indicate that analysis of both mRNA and 
protein levels would fit into the model of modern diagnostics 
using complementary molecular markers, allowing early 
detection of changes and determining the degree of their 
invasiveness. 
 In the control material, no expression of studied proteins 
was observed, whereas in the tumor tissue they were detect-
able. Thus, the detection of discussed proteins collected in 
tissue samples would be synonymous with the diagnosis of 
the neoplastic process, which would be a valuable comple-
ment to the histopathological examination. This analysis 
would also allow to determine and strengthen the certainty 
that the neoplastic change has been removed with a sufficient 
margin (no expression of NRP1 and NRP2 in the control 
material). In our study, we observed that the expression of 
both proteins increased with cancer grade. NRP-1 expression 
was found exclusively in tumor cells, whereas the expression 
of NRP-2 was demonstrated in both vascular endothelium 
and tumor cells. It is important to emphasize that increasing 
cell membrane expression of NRP-2 was observed in G1–G3 
cancer cells. Elevated expression of both proteins creates 
ideal environment for tumor development. NRP-2 expression 
on the surface of endothelial cells helps in the development 
of vessels, especially lymphatic vessels. There are evidences 
confirming that NRPs are also mediators of angiogenesis, for 
example, in cancer [30]. It was also found that they interact 

and modulate the function of VEGFR1 and VEGFR2 [31]. 
Studies suggest that VEGF promotes angiogenesis by acting 
through NRP-2, while at the same time SEMA3F acts as an 
inhibitor of angiogenesis. By regulating integrins, VEGF/ 
NRP signaling affects the degree of differentiation of the 
tumor [26]. We are particularly interested in the emerging 
concepts of VEGF/NRP signaling in cancer cells, which 
promotes tumor aggressiveness and that NRP may partially 
act as a mediator of such action to modulate the function of 
integrins [32]. Some of the studies have suggested that NRPs 
mediate the proangiogenic effect by binding to VEGF and 
antiangiogenic effect through interactions with class 3 sema-
phorins, which are believed to compete for VEGF binding 
[33-36]. It has been demonstrated that NRP-2 expression in 
breast and prostate cancer is correlated with aggressive dis-
ease [29]. The observation made by Okon et al. indicates that 
the expression of NRP-1 correlates with metastatic potential 
of endometrial cancer. In addition, these researchers found 
the connection between level of NRP-1 and VEGFR2, HGF 
and C-GSF [37]. In our study, the expression of NRP-1 in-
creased with endometrial cancer grade (G1-G3). It suggests 
that NRP-1 might be used as diagnostic and therapeutic tar-
gets. However, the analysis of NRP-1 expression in ovarian 
cancer made by Bednarek et al. suggest no association be-
tween NRP-1 and histological, clinical features of this type 
of cancer [38]. Taking into account these observations, it 
seems that the possibility of using NRP-1 as a molecular 
marker depends on the type of tumor.  
 As previously mentioned, NRP-2 is involved in many 
processes related to the development of cancer, and therefore 
its detection can constitute a diagnostic and prognostic tool 
in many tumors, including endometrial cancer. Literature 
data indicate that NRPs expression in malignant tumor cells 
with poor expression in healthy tissues provides the opportu-
nity to use NRP-2 and NRP-1 as targets for new therapies of 
endometrial cancer that inhibits or slows the development of 
tumors. In this context, the results of our study suggest that 
NRP-1 and especially NRP-2 may be interesting targets for 
further pharmacological evaluation [29, 31-34]. 

CONCLUSION 

 Our research shows that the expression of NRP-1 and 
NRP-2 increases with the endometrial cancer grade. It 
seems, therefore, that the increase in expression of NRPs 
harmonizes with the decrease in the differentiation of tumor 
cells, and thus its more aggressive nature. The maintenance 
of overexpression both at the transcript and protein levels 
indicates an important role of molecular research in modern 
diagnostics. In addition, molecular biology techniques can 
complement each other to provide full information about the 

Table 2. The fold change in transcriptional activity of NRP-1 and NRP-2 in endometrial cancer depending on its grade compared 
to control. 

mRNA G1 G2 G3 

NRP-1 +1.3699117 +1.1085562 +1.0383615 

NRP-2 +1.8524802 +1.2890337 +1.2254428 
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expression of the factor of interest and allow a holistic view 
of the patient.  

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE 

 Approval of the Bioethical Committee of the Medical 
University of Silesia, no. KNW/0022/KB/237/16 has been 
obtained for this study. Informed consent was obtained from 
all of the patients recruited. 

HUMAN AND ANIMAL RIGHTS 

 All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards. 

CONSENT FOR PUBLICATION 

 Informed consent was obtained from all of the patients 
recruited. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 

 All authors were responsible for the concept and design 
of the study, collection and collation of data, analysis and 
interpretation of data, writing of the article, reviewing, and 
final reviewing of this article and graphics performance. 

REFERENCES 
[1] Kolodkin, A.L.; Levengood, D.V.; Rowe, E.G.; Tai, Y.T.; Giger, 

R.J.; Ginty, D.D. Neuropilin is a semaphorin III receptor. Cell, 
1997, 90(4), 753-762.	
  

[2] Chen, H.; Chédotal, A.; He, Z.; Goodman, C.S.; Tessier-Lavigne, 
M. Neuropilin-2, a novel member of the neuropilin family, is a high 
affinity receptor for the semaphorins Sema E and Sema IV but not 
Sema III. Neuron, 1997, 19(3), 547-559.	
  

[3] Gaur, P.; Bielenberg, D.R.; Samuel, S.; Bose, D.; Zhou, Y.; Gray, 
M.J.; Dallas, N.A.; Fan, F.; Xia, L.; Lu, J.; Ellis, L.M. Role of class 
3 semaphorins and their receptors in tumor growth and angiogene-
sis. Clin. Cancer Res., 2009, 15(22), 6763-6770.	
  

[4] Grandclement, C.; Borg, C. Neuropilins: a new target for cancer 
therapy. Cancers (Basel)., 2011, 3(2), 1899-1928.	
  

[5] Winberg, M.L.; Noordermeer, J.N.; Tamagnone, L.; Comoglio, 
P.M.; Spriggs, M.K.; Tessier-Lavigne, M.; Goodman, C.S. Plexin 
A is a neuronal semaphorin receptor that controls axon guidance. 
Cell, 1998, 95(7), 903-916.	
  

[6] Takahashi, T.; Fournier, A.; Nakamura, F.; Wang, L.H.; Murakami, 
Y.; Kalb, R.G.; Fujisawa, H.; Strittmatter, S.M. Plexin-neuropilin-1 
complexes form functional semaphorin-3A receptors. Cell, 1999, 
99(1), 59-69.	
  

[7] He, Z.; Tessier-Lavigne, M. Neuropilin is a receptor for the axonal 
chemorepellent Semaphorin III. Cell, 1997, 90(4), 739-751.	
  

[8] Staton, C.A.; Kumar, I.; Reed, M.W.; Brown, N.J. Neuropilins in 
physiological and pathological angiogenesis. J. Pathol., 2007, 
212(3), 237-248.	
  

[9] Kärpänen, T.; Heckman, C.A.; Keskitalo, S.; Jeltsch, M.; Ollila, H.; 
Neufeld, G.; Tamagnone, L.; Alitalo, K. Functional interaction of 
VEGF-C and VEGF-D with neuropilin receptors. FASEB J., 2006, 
20(9), 1462-1472.	
  

[10] Goel, H.L.; Mercurio, A.M. VEGF targets the tumour cell. Nat. 
Rev. Cancer, 2013, 13(12), 871-882.	
  

[11] Glinka, Y.; Stoilova, S.; Mohammed, N.; Prud'homme, G.J. Neu-
ropilin-1 exerts co-receptor function for TGF-beta-1 on the mem-
brane of cancer cells and enhances responses to both latent and ac-
tive TGF-beta. Carcinogenesis, 2011, 32(4), 613-621.	
  

[12] Nasarre, P.; Gemmill, R.M.; Potiron, V.A.; Roche, J.; Lu, X.; 
Barón, A.E.; Korch, C.; Garrett-Mayer, E.; Lagana, A.; Howe, 
P.H.; Drabkin, H.A. Neuropilin-2 Is upregulated in lung cancer 
cells during TGF-β1-induced epithelial-mesenchymal transition. 
Cancer Res., 2013, 73(23), 7111-7121.	
  

[13] Evans, I.M.; Yamaji, M.; Britton, G.; Pellet-Many, C.; Lockie, C.; 
Zachary, I.C.; Frankel, P. Neuropilin-1 signaling through p130Cas 
tyrosine phosphorylation is essential for growth factor-dependent 
migration of glioma and endothelial cells. Mol. Cell Biol., 2011, 
31(6), 1174-1185.	
  

[14] Banerjee, S.; Sengupta, K.; Dhar, K.; Mehta, S.; D'Amore, P.A.; 
Dhar, G.; Banerjee, S.K. Breast cancer cells secreted platelet-
derived growth factor-induced motility of vascular smooth muscle 
cells is mediated through neuropilin-1. Mol. Carcinog., 2006, 
45(11), 871-880.	
  

[15] Stępka, K.; Wierzbowska A. Neuropilins - structure, function, role 
in cancerogenesis. Acta Haematol Pol., 2015, 46(5), 339-346.	
  

[16] Ellis, L.M. The role of neuropilins in cancer. Mol. Cancer Ther., 
2006, 5(5), 1099-1107. 

[17] Yamagata, M.; Herman, J.P.; Sanes, J.R. Lamina-specific expres-
sion of adhesion molecules in developing chick optic tectum. J. 
Neurosci., 1995, 15(6), 4556-4571. 

[18] Jubb, A.M.; Strickland, L.A.; Liu, S.D.; Mak, J.; Schmidt, M.; 
Koeppen, H. Neuropilin-1 expression in cancer and development. 
J. Pathol., 2012, 226(1), 50-60. 

[19] Jubb, A.M.; Sa, S.M.; Ratti, N.; Strickland, L.A.; Schmidt, M.; 
Callahan, C.A.; Koeppen, H. Neuropilin-2 expression in cancer. 
Histopathology, 2012, 61(3), 340-349. 

[20] Hansen, W.; Hutzler, M.; Abel, S.; Alter, C.; Stockmann, C.; Kli-
che, S.; Albert, J.; Sparwasser, T.; Sakaguchi, S.; Westendorf, 
A.M.; Schadendorf, D.; Buer, J.; Helfrich, I. Neuropilin 1 defi-
ciency on CD4+Foxp3+ regulatory T cells impairs mouse mela-
noma growth. J. Exp. Med., 2012, 209(11), 2001-2016. 

[21] Yaqoob, U.; Cao, S.; Shergill, U.; Jagavelu, K.; Geng, Z.; Yin, M.; 
de Assuncao, T.M.; Cao, Y.; Szabolcs, A.; Thorgeirsson, S.; 
Schwartz, M.; Yang, J.D.; Ehman, R.; Roberts, L.; Mukhopadhyay, 
D.; Shah, V.H. Neuropilin-1 stimulates tumor growth by increasing 
fibronectin fibril assembly in the tumor microenvironment. Cancer 
Res., 2012, 72(16), 4047-4059. 

[22] Kim, W.H.; Lee, S.H.; Jung, M.H.; Seo, J.H.; Kim, J.; Kim, M.A.; 
Lee, Y.M. Neuropilin2 expressed in gastric cancer endothelial cells 
increases the proliferation and migration of endothelial cells in re-
sponse to VEGF. Exp. Cell Res., 2009, 315(13), 2154-2164. 

[23] Kölbl, A.C.; Birk, A.E.; Kuhn, C.; Jeschke, U.; Andergassen U. 
Influence of VEGFR and LHCGR on endometrial adenocarcinoma. 
Oncol Lett., 2016, 12(3), 2092-2098. 

[24] Trimble, C.L.; Method, M.; Leitao, M.; Lu, K.; Ioffe, O.; Hampton, 
M.; Higgins, R.; Zaino, R.; Mutter, G.L. Management of endo-
metrial precancers. Obstet. Gynecol., 2012, 120(5), 1160-1175. 

[25] Opławski, M.; Michalski, M.; Witek, A.; Michalski, B.; Zmarzły, 
N.; Jęda-Golonka, A.; Styblińska, M.; Gola, J.; Kasprzyk-
Żyszczyńska, M.; Mazurek, U.; Plewka, A. Identification of a gene 
expression profile associated with the regulation of angiogenesis in 
endometrial cancer. Mol. Med. Rep., 2017, 16(3), 2547-2555. 

[26] Goel, H.L.; Mercurio, A.M. Enhancing integrin function by VEGF/ 
neuropilin signaling: Implications for tumor biology. Cell Adh 
Migr., 2012, 6(6), 554-560.  

[27] Handa, A.; Tokunaga, T.; Tsuchida, T.; Lee, Y.H.; Kijima, H.; 
Yamazaki, H.; Ueyama, Y.; Fukuda, H.; Nakamura, M. Neuropilin-
2 expression affects the increased vascularization and is a prognos-
tic factor in osteosarcoma. Int. J. Oncol., 2000, 17(2), 291-295. 

[28] Kawakami, T.; Tokunaga, T.; Hatanaka, H.; Kijima, H.; Yamazaki, 
H.; Abe, Y.; Osamura, Y.; Inoue, H.; Ueyama, Y.; Nakamura, M. 
Neuropilin 1 and neuropilin 2 co-expression is significantly corre-
lated with increased vascularity and poor prognosis in nonsmall 
cell lung carcinoma. Cancer, 2002, 95(10), 2196-2201. 

[29] Yasuoka, H.; Kodama, R.; Tsujimoto, M.; Yoshidome, K.; Aka-
matsu, H.; Nakahara, M.; Inagaki, M.; Sanke, T.; Nakamura, Y. 
Neuropilin-2 expression in breast cancer: Correlation with lymph 



260    Current Pharmaceutical Biotechnology, 2019, Vol. 20, No. 3 Oplawski et al. 

node metastasis, poor prognosis, and regulation of CXCR4 expres-
sion. BMC Cancer, 2009, 9, 220. 

[30] Miao, H.Q.; Klagsbrun, M. Neuropilin is a mediator of angiogene-
sis. Cancer Metastasis Rev., 2000, 19(1-2), 29-37. 

[31] Neufeld, G.; Kessler, O.; Herzog, Y. The interaction of Neuropilin-
1 and Neuropilin-2 with tyrosine-kinase receptors for VEGF. Adv. 
Exp. Med. Biol., 2002, 515, 81-90. 

[32] Takagi, S.; Hirata, T.; Agata, K.; Mochii, M.; Eguchi, G.; Fujisawa, 
H. The A5 antigen, a candidate for the neuronal recognition mole-
cule, has homologies to complement components and coagulation 
factors. Neuron, 1991, 7(2), 295-307. 

[33] Gluzman-Poltorak, Z.; Cohen, T.; Herzog, Y.; Neufeld, G. Neu-
ropilin-2 and neuropilin-1 are receptors for VEGF165 and PLGF-2, 
but only neuropilin-2 functions as a receptor for VEGF145. J. Biol. 
Chem., 2000, 275, 18040-18045. 

[34] Goel, H.L.; Chang, C.; Pursell, B.; Leav, I.; Lyle, S.; Xi, H.S.; 
Hsieh, C.C.; Adisetiyo, H.; Roy-Burman, P.; Coleman, I.M.; Nel-
son, P.S.; Vessella, R.L.; Davis, R.J.; Plymate, S.R.; Mercurio, 
A.M. VEGF/neuropilin-2 regulation of Bmi-1 and consequent re-

pression of IGF-IR define a novel mechanism of aggressive pros-
tate cancer. Cancer Discov., 2012, 2(10), 906-921. 

[35] Nguyen H.; Ivanova V.S.; Kavandi L.; Rodriguez G.C.; Maxwell 
G.L.; Syed V. Progesterone and 1,25-dihydroxyvitamin D3 inhibit 
endometrial cancer cell growth by upregulating semaphorin 3B and 
semaphorin 3F. Mol. Cancer Res., 2011, 9(11), 1479-1492.  

[36] Straume O.; Akslen L.A. Increased expression of VEGF-receptors 
(FLT-1, KDR, NRP-1) and thrombospondin-1 is associated with 
glomeruloid microvascular proliferation, an aggressive angiogenic 
phenotype, in malignant melanoma. Angiogenesis, 2003, 6(4), 295-
301. 

[37] Okon I.S.; Ding Y.; Coughlan K.A.; Wang O.; Song P.; Benbrook 
D.M.; Zou, M. Aberrant NRP-1 expression serves as predicator of 
metastatic endometrial and lung cancers Logo of oncotarget Onco-
target, 2016, 7(7), 7970-7978. 

[38] Bednarek W.; Mazurek-Kociubowska M.; Sobstyl M.; Wertel I.; 
Czekierdowski A. Expression of lymphangiogenesis marker neu-
ropilin-1 in different types of ovarian cancer. Ginekol. Pol., 2010, 
81(3), 176-182. 

 
 
 

	
  

 
 
 
DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the author. The Edito-
rial Department reserves the right to make minor modifications for further improvement of the manuscript. 

 

DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by 
the author. The Editorial Department reserves the right to make minor modifications for further improvement of the 
manuscript. 


