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Introduction: Neuropilin-1 (NRP1) binds to many ligands and co-receptors and affects cell 
survival and migration, which is essential for tumor progression. However, there are still 
largely unknowns about how NRP1 affects the epithelial–mesenchymal transition (EMT)- 
related malignant progression in gastric cancer.
Methods: We used TCGA to analyze the expression of NRP1 in gastric cancer and its 
impact on patient survival. In in vitro experiments, transwell, wound healing and colony 
formation assays were used to evaluate the effects of NRP1 and ginsenoside Rg3 on the 
invasion, migration and proliferation of gastric cancer cells. In in vivo experiments, we 
evaluated the overexpression and knockdown of NRP1 and the effect of ginsenoside Rg3 on 
tumor growth.
Results: We found that NRP1 is highly expressed in advanced gastric cancer and associated 
with poor prognosis. Knockdown of NRP1 expression can inhibit the proliferation and 
metastasis of gastric cancer cells. Mechanically. NRP1 interacts with fibronectin-1 (FN1) 
to promote the malignant progression of gastric cancer cells through ECM remodeling. In 
addition, we found that ginsenoside Rg3 can block the interaction of NRP1 and FN1 and 
inhibit the progression of gastric cancer.
Conclusion: Our study suggested that the interaction of NRP1 and FN1 is crucial for the 
malignant progression of gastric cancer. This may provide a new perspective and potential 
treatment methods for the treatment of gastric cancer.
Keywords: gastric cancer, neuropilin-1, fibronectin-1, epithelial–mesenchymal transition, 
ginsenoside Rg3

Introduction
Gastric cancer is one of the malignant tumors with the highest diagnosed and 
mortality in the world.1 It is characterized by a high recurrence and metastasis 
rate.2 Chemotherapy, surgery and targeted therapy are available for patients with 
early gastric cancer, among which surgical treatment is more effective.3 Meanwhile, 
the treatment of helicobacter pylori in recent years has indeed reduced the risk of 
gastric cancer. However, metastasis is still a major barrier to the successful treat
ment of gastric cancer that patients with primary advance gastric cancer or metas
tases occurrence are usually less effective in treatment.4

Epithelial–mesenchymal transition (EMT) is crucial for wound healing, embry
ogenesis and tumor progression.5 During EMT, loss of E-cadherin expression leads 
to decreased cell adhesion. While the expression of mesenchymal-related markers is 
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up-regulated, notably N-cadherin, vimentin and fibronec
tin. Then cells acquire greater mobility and 
invasiveness.6,7 Extracellular matrix (ECM) remodeling 
is a necessary biological process during EMT to facilitate 
the dissemination of tumor cells. Fibronectin 1 (FN1) is 
distributed on the cell surface and ECM in the form of 
dimers or multimers, which is involved in cell adhesion 
and migration processes during tumor metastasis.8,9 

Although the role of FN1 in tumor malignant progression 
and EMT is very clear, the molecular mechanism of how 
tumor cells participate in FN1-related extracellular matrix 
remodeling is still not very clear.

The transmembrane protein neuropilin-1 (NRP1) has 
been described to be involved in a wide range of patholo
gical processes, including neuronal guidance, angiogenesis 
and tumor metastasis. NRP1 as a ligand can bind to extra
cellular components, such as VEGFA and SEMA3A. Here 
we found that NRP1 can bind to FN1 and promote EMT- 
related malignant progression of gastric cancer cells both 
in vitro and in vivo. In addition, we revealed that ginseno
side Rg3 can block the binding of NRP1 and FN1 to 
inhibit the malignant progression of gastric cancer cells.

Materials and Methods
Cell Lines
Gastric cancer cell lines MGC-803, MKN-45, MKN-28, 
Hs-746T, AGS, SNU-601, SNU-5 were obtained from the 
cell resource center of institute of basic medicine, Chinese 
Academy of Medical Sciences and cell resource center of 
shanghai institutes for biological sciences, Chinese 
Academy of Sciences. AGS, MKN-45 and MKN-28 cells 
were maintained in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS) at 37 °C with 5% 
CO2. SNU-5, Hs-746T, MGC-803 cells were maintained 
in DMEM medium supplemented with 10% fetal bovine 
serum (FBS) at 37 °C with 5% CO2. NRP1 overexpression 
or sh-NRP1 plasmids were transfected into cells using 
Lipofectamine 3000 reagent (Invitrogen, USA) according 
to the manufacturer’s instructions.

Clinical Specimens
Ten pairs of fresh tumor tissues and adjacent normal 
tissues were collected after surgery from patients in the 
First Affiliated Hospital, Chongqing Medical University. 
A written informed consent was obtained from each 
patient. Ethical approval from the First Affiliated 
Hospital, Chongqing Medical University was received 

before experiments and studies were performed in accor
dance with the Declaration of Helsinki.

Regents and Plasmids
Ginsenoside Rg3 was purchased from Aladdin china. NRP1 
overexpression plasmid was obtained from Sino Biological 
(HG10011-NF, Sino Biological, China) with DNA sequen
cing confirmation. For NRP1 shRNA plasmid, the synthe
sized shRNA single-stranded nucleic acid (Genewiz, China) 
is annealed and cloned into pENTR/U6 vector. shRNA 
sequences were as followed: Top Strand,5ʹ- 
CACCGCTACGACCGGCTA GAAATCTCGAAAG 
ATTTCTAGCCGGTCGTAGC −3ʹ, Bottom Strand, 5ʹ- 
AAAA GCTACGACCGGCTAGAAATCTTTCGAG 
ATTTCTAGCCGGTCGTAGC −3ʹ

TCGA Analysis
The clinical stage and pathological grade information of 
gastric cancer obtained from the TCGA database were 
used to analyze the survival and expression of NRP1. 
Survival curves were calculated with the Kaplan–Meier 
method. The samples were divided into different clinical 
stages and pathological grades to analyze the expression 
and clinical value of NRP1.

Western Blot
Total proteins were isolated from cells and tissues using cell 
Extraction Reagent (Cat: P0013, Beyotime, China) with 
proteinase inhibitors. After quantified by Bicinchoninic 
Acid (BCA) method and separated in 10% SDS PAGE gel, 
proteins were transferred to polyvinylidene difluoride 
(PVDF) membrane. Then the membranes were blocked 
with 5% BSA for 2 h and subsequently incubated the fol
lowing primary antibodies overnight at 4°C: NRP1 (1:500, 
DF7877, Affinity, China), E-Cadherin (1:1000, 14472, CST, 
USA), Vimentin, N-Cadherin (1:1000, 14215, CST, USA), 
and GAPDH (1:2000, 2118, CST, USA). After incubation 
with secondary antibody horseradish peroxidase-conjugated 
(HRP)-conjugated goat anti-rabbit antibody at room tem
perature for 2h. Bands were visualized using an enhanced 
chemiluminescence system (ECL, Millipore, USA) sub
strates according to the manufacturers’ instructions. Each 
experiment was performed in triplicate.

Colony Formation Assay
Cells were seeded into 6 well plate and transfected with 
NRP1 expression and shRNA plasmids. After 48 hours, 
the medium was removed, and the cells were digested into 
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single cells. Then, the cells were seeded into a 6-well plate 
at a density of 1000 cells per well and cultured in an 
environment of 5% CO2 and 37°C for 2 weeks. Then the 
cells washed with PBS were fixed with absolute ethanol 
and stained with 1% crystal violet for 10 minutes. Finally, 
remove the background color and take a photo to record 
the number of clones. Each experiment was performed in 
triplicate.

Wound-Healing Assay
For cell migration analysis, transfected gastric cancer cells 
were seeded in 24-well plates to reach 90% confluence. 
Scrape the wound area with a sterile pipette tip, then wash 
with 1XPBS and continue to incubate in an environment 
of 5% CO2 and 37°C for 24 hours. The cells migration 
into the wound distance was imaged at 24 hours later. 
Each experiment was performed in triplicate.

Molecular Docking
NRP1 and FN1 protein crystal structures were downloaded 
from the PDB database (http://www.rcsb.org). Molecular 
docking was performed by using HEX software. The bind
ing force was analyzed based on protein surface potential 
and surface structure. According to the docking results, we 
use protein interaction interface as an active pocket for 
high-throughput screening of the TCM database.

Invasion Assay
Transwell assay was performed to analyze cell invasion. 
A total of 105 cells were inoculated into the upper chamber 
coated with Matrigel and cultured in serum-free medium. 
Complete medium containing 10% FBS was added to the 
lower chamber and culture in an environment of 5% CO2 
and 37°C. After 16 hours, cells on the bottom surface of 
the membrane were fixed with 4% formaldehyde and were 
stained with 1% crystal. After photographed, each group 
selects at least 6 fields of view to evaluate cell invasion 
ability. Each experiment was performed in triplicate.

Xenograft Model
In order to evaluate the role of NRP1 in tumor growth 
in vivo, we transfected NRP1 expression plasmid and 
shRNA plasmid into cells such as MKN-28 and MGC- 
803, respectively. Then use hygromycin or blasticidin to 
screen to obtain stable cell lines. Twenty-four 5-week-old 
Balb/c nude mice were randomly divided into 4 groups. 
These cells were inoculated subcutaneously at 
a concentration of 5X106 cells per mouse. To evaluate 

the effects of ginsenosides on tumor growth and metasta
sis, we inoculated MGC-803 subcutaneously or injected 
luciferase-labeled MGC-803 cells into the tail vein to 
make tumor growth or metastasis models. Ten days after 
inoculation, we evaluated the anti-tumor effect of ginseno
side Rg3 at concentrations of 5 mg/kg and 10 mg/kg. The 
tumor volume and animal survival status are monitored 
every three days. Thirty days after injection, animals were 
euthanized by intravenous injection of barbiturate at a final 
concentration of 100 mg/kg. Then, the solid tumors were 
harvested from the mice by surgery. Tumor volume was 
calculated as follows: V(volume) = (length × width2)/2. 
The ethical approval was obtained from The First 
Affiliated Hospital of Chongqing Medical University 
prior to the commencement of the study. All animal 
experiments were performed in accordance with the ethi
cal standards of the Institutional Animal Care and Use 
Committee (IACUC) at The First Affiliated Hospital of 
Chongqing Medical University.

Immunohistochemistry
Formalin-fixed and paraffin-embedded tissue sections 
were blocked with 3% hydrogen peroxide for 10 min. 
Nonspecific binding was blocked by incubating the sec
tions with 1% BSA in a humid chamber for 60 min. 
Incubation with the primary antibodies was subsequently 
performed overnight at 4°C using antibodies for 
E-cadherin (1:200, 14472, CST, USA) and vimentin 
(1:200, 14215, CST, USA), washed with phosphate- 
buffered saline (PBS) and then incubated with a biotin- 
conjugated secondary antibody for 25 min at 37 °C and 
visualized using diaminobenzidine (DAB). Staining inten
sity was scored as follows: 0 (no staining), 1(weak stain
ing), 2 (moderate staining), 3 (strong staining). The extent 
of reactivity was scored as follows: 0 for negative cells, 
1=1%-25%, 2=25%-50%, 3=50%-75%, 4=75%-100%. 
Each experiment was performed in triplicate.

Statistical Analysis
All statistical analyses were performed using SPSS 19.0 
(SPSS, Chicago, IL, USA). Results of cell proliferation, 
migration and invasion were expressed as the mean ± 
standard deviation (SD). Significant differences among 
two groups were compared using Student’s t test. 
Comparisons among three or more groups were conducted 
using ANOVA with Dunnett’s post-test. P<0.05 was 
regarded as statistically significant and labeled with*.
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Results
NRP1 is High Expression in Gastric 
Cancer and is Associated with Poor 
Prognosis
We obtained clinical information of gastric cancer sam
ples from the TCGA database. All samples were 
divided into high and low groups based on the expres
sion level of NRP1 for survival analysis. It was found 
that patients with high NRP1 expression often pre
dicted a poor prognosis (Figure 1A and B). We also 
analyzed the expression of NRP1 in gastric cancer 
patients and control samples in TCGA database and 
found that NRP1 was highly expressed in gastric can
cer patients (Figure 1C). Then we divided the samples 
according to different clinical stages, pathological 
grades and metastases to analyze the differences of 
NRP1 expression. The results showed that the expres
sion of NRP1 was higher in gastric cancer patients 
with metastatic (Figure 1D), advanced high pathologi
cal grade (Figure 1E) and clinical stage (Figure 1F). In 
addition, we have detected the protein levels of NRP1 
in 10 pairs of fresh tumor tissues and adjacent normal 
tissues by Western blot. Results showed that expression 
of NRP1 was higher in tumor (Figure 1G). Clinical 
information of the 10 patients was shown in Table 
S1. This shows that NRP1 is likely to promote the 
progression of gastric cancer.

NRP1 Expression is Associated with 
EMT-Related Proteins in Gastric Cancer
To further validate the function of NRP1in gastric cancer, 
we used GO and GSEA analysis to find that NRP1 con
tributes mainly to EMT-related ECM organization, tumor 
invasion and stemness (Figure 2A and B). These results 
suggest that NRP1 may be crucial for EMT-related gastric 
cancer progression. Analysis of the relationship between 
NRP1 and EMT-related factors in cervical cancer showed 
that NRP1 positively correlated with the expression of 
CA125, vimentin, MMPs. These results confirm the rela
tionship between NRP1 and EMT and gastric cancer pro
gression (Figure 2C-G).

NRP1 Overexpression Promotes Gastric 
Cancer Cell Proliferation and Invasion
In order to verify the role of NRP1 in gastric cancer, 
we tested the protein expression of NRP1 in 7 gastric 

cancer cells, and selected MGC-803 with the highest 
expression and MKN-28 with the lowest expression for 
subsequent experiments (Figure 3A). We knocked 
down or overexpressed NRP1 in MGC-803 and 
MKN-28 cells, respectively (Figure 3B). Then we 
used would healing, transwell and colony formation 
to verify the effect of NRP1 expression on cell migra
tion, invasion and proliferation. The results showed 
that knocking down NRP1 could inhibit the migration 
(Figure 3C), invasion (Figure 3D) and proliferation 
(Figure 3E) of MGC-803, while overexpression of 
NRP1 in MKN-28 cells showed the opposite effect. 
GSEA, correlation analysis and cell function tests sug
gest that NRP1 is likely to be related to the evolution 
of EMT-related gastric cancer. Therefore, we detect the 
expression of EMT-related markers. The results showed 
that NRP1 can increase the expression of N-cadherin 
and Vimentin, but it inhibits the expression of 
E-cadherin (Figure 3F).

NRP1 Knockdown Inhibits the Growth in 
Xenograft Models
To confirm the effect of NRP1 on the growth of tumors 
in vivo, we established mouse xenograft models using 
MGC-803/NC, MGC-803/shNRP1, MKN-28/vector and 
MKN-28/NRP1 cells by subcutaneous injection. The 
results showed that NRP1 knockdown could signifi
cantly inhibit the growth of tumors, compared with 
the control group, while ectopic expression of NRP1 
could promote tumor growth (Figure 4A and B). The 
expression of NRP1 in solid tumor was detected by 
Western blot (Figure 4C). The immunohistochemical 
staining results of the xenografted tumor tissues 
showed that NRP1 knockdown increased the expres
sion of E-cadherin and decreased the expression of 
Vimentin (Figure 4D and E). Therefore, NRP1 knock
down could inhibit tumor growth of gastric cancer 
in vivo.

Ginsenoside Rg3 Blocks NRP1 and FN1 
Interaction and Inhibits Gastric Cancer 
Cell Progression
The above results show that the promotion of NRP1 on the 
progression of gastric cancer cells may be dependent on the 
EMT process. Since NRP1 is a membrane protein, we spec
ulate that NRP1 may interact with extracellular matrix or 
cell motility-related proteins. By using Fpclass (http://dcv. 
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uhnres.utoronto.ca/FPCLASS/) prediction, we obtained 80 
proteins that potentially interacted with NRP1. Among these 
proteins, FN1 is an important component of extracellular 
matrix and is closely related to EMT. Next, we used 

molecular docking to simulate the interaction of NRP1 and 
FN1 and got the highest-scoring inhibitor, ginsenoside Rg3. 
The Co-IP test also confirmed the interaction of NRP1 and 
FN1 and the inhibitory effect of ginsenoside Rg3 on the 

Figure 1 NRP1 highly expressed in gastric cancer and predicts poor prognosis. (A–B) Survival curve of high NRP1 expression in patients with gastric cancer. (C) According 
to the TCGA database, high expression of NRP1 in gastric cancer tissues compared with normal tissues. (D) The high expression of NRP1 in metastatic gastric cancer. (E) 
Expression of NRP1 in gastric cancer patients with different pathological grade. (F) Expression of NRP1 in gastric cancer patients of different clinical stage. (G) Protein levels 
of NRP1 in ten pairs of fresh tumor tissues and adjacent normal tissues. Differences were considered significant at P < 0.05 and labeled with *.
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interaction of the NRP1 (Figure 5A). Then we treated MGC- 
803 cells with 20uM and 40uM ginsenoside Rg3 to evaluate 
the effect of blocking NRP1 and FN1 interaction on the 
cells. The results showed that ginsenoside Rg3 can inhibit 
cell invasion (Figure 5B), metastasis (Figure 5C) and pro
liferation (Figure 5D). This revealed that blocking the inter
action of NRP1 and FN1 can also achieve the inhibitory 

effect on the progression of gastric cancer cells caused by 
knocking down NRP1.

Ginsenoside Rg3 Inhibits Tumor Growth 
and Metastasis in vivo
In order to confirm whether ginsenoside Rg3 inhibits the 
proliferation and metastasis of gastric cancer by blocking 

Figure 2 (A) NRP1 enrichment gene and its correlated with EMT makers analysis. Go analysis enriched up-regulated gene function (B) Enrichment analysis of related 
pathway in NRP1 high expression samples in TCGA. (C–G) A Correlation analysis between NRP1 and EMT markers in gastric cancer.
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the interaction of NRP1 with FN1, we inoculated MGC- 
803 cells subcutaneously or luciferase labeled cells into 
Balb/c nude mice tail vein at a concentration of 5x106 cells 
per mice. Nine days after the injection, mice were treated 
with 5mg/kg and 10mg/kg ginsenoside Rg3. Thirty days 
after the injection, the mice were euthanized by carbon 
dioxide asphyxiation. The results show that ginsenoside 
Rg3 could indeed inhibit tumor growth (Figure 6A and B) 
and metastasis (Figure 6C). The above experiments 
showed that NRP1 could promote the malignant progres
sion of EMT-dependent gastric cancer progression through 
interacting with FN1, and ginsenoside Rg3 can inhibit 
gastric cancer cells by blocking the interaction between 
NRP1 and FN1 (Figure 6D).

Discussion
Accumulating evidence indicates that EMT promotes cancer 
progression by conferring a mesenchymal phenotype asso
ciated with highly aggressive tumor cells. In the process of 
tumor malignant progression, tumor microenvironment and 
EMT-inducible transcription factors contribute to the occur
rence of EMT. While, the expression and roles of different 
EMT inducers are diverse in different types of tumors. For 
example, Twist1 are essential for hepatocellular and breast 
cancer metastasis, but is dispensable in the process of pancrea
tic cancer metastasis.10−12 Similarly, ZEB2 has the effect of 
promoting the metastasis of glioma, gastric and colorectal 
cancer, but in melanoma, it activates melanocyte differentia
tion by regulating MITF levels to reduce the aggressiveness of 

Figure 3 Establishment of NRP1 overexpression and knockdown cell lines (A) Analysis of NRP1 expression in different cell lines using Western blot. (B) Detection of 
protein levels of NRP1 in gastric cancer cell lines after NRP1 overexpression of knockdown. (C) Wound healing was used to detect cell migration after ectopic alteration of 
NRP1 expression. (D) Transwell was performed to detect cell invasion after ectopic alteration of NRP1 expression. (E) Cell proliferation was analyzed by colony formation. 
(F) Protein levels of E-cadherin, N-cadherin and Vimentin were detected by Western blot. Differences were considered significant at P < 0.05 and labeled with *.
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melanoma.13–16 Although the EMT process in different tumors 
is triggered by different EMT-inducing factors, the similar is 
cell migration and invasion of carcinoma cells must pass 
through the basement membrane and extracellular matrix dur
ing EMT programs. Fibronectin is a ubiquitous ECM macro
molecular protein involved in many physiological processes, 
including embryonic development, wound healing, and cell 
migration. During EMT progress, the interaction between FN 
and other ECM components participates in ECM remodeling, 
which is particularly important in the progression of tumors. 
For example, FN1 is very important for the polymerization 
collagen, which is a major component of ECM and is crucial 
for EMT-related tumor metastasis.17 In addition, the fusion of 
FN1 and FGF has an important biological effect on the promo
tion of mesenchymal tumors.18 In melanoma, FN1 inhibits cell 
apoptosis and promotes EMT process to promote tumor cell 
proliferation and metastasis.19 Study also showed that Cancer- 
associated fibroblasts mediated FN assemble is an important 
marker of prostate cancer and pancreatic cancer metastasis.20 

In addition, FN1-mediated EMT process in tumors is also 
regulated by transcription factors and miRNAs.21,22

In the present study, we found that FN1 interacts with 
transmembrane proteins NRP1 and promotes the prolifera
tion, migration and metastasis of gastric cancer cells 

mediated by EMT. And this combination can be blocked 
by ginsenoside Rg3, which was found to have anti-tumor 
effects both in vivo and in vitro experiments. It indicates 
that during the malignant progression of gastric cancer, 
transmembrane proteins are involved in ECM remodeling. 
Previous studies have shown that NRP1 is involved in the 
regulation of multiple tumor metastasis-related signal 
pathways. NRP1 was found to promote Met/β1-integrin 
internalization and activates the FAK/p130Cas pathway, 
thereby promoting colorectal cancer cell migration and 
metastasis.23 In lung cancer cells, NRP1-positive cells 
showed increased expression of OCT-4, Bmi-1 and 
NANOG, as well as higher cell migration and self- 
renewal capabilities.24 NRP1 was also found to promote 
radiation-induced lung adenocarcinoma cell EMT through 
TGF-β1/Smad signaling to enhance the invasion and 
migration of lung adenocarcinoma cells.25 However, in 
renal cell carcinoma, high expression of NRP1 often pre
dicts improved survival.26 In gastric cancer, NRP1 is 
usually highly expressed and promotes tumor cell prolif
eration and metastasis.27–29 Similarly, here we also found 
high expression of NRP1 in gastric cancer and its associa
tion with poor prognosis. Interestingly, we found that the 
interaction of NRP1 and FN1 promotes EMT of gastric 

Figure 4 NRP1 promotes tumor growth in vivo. (A) Pictures of tumor-bearing animals after euthanasia. (B) Tumor volumes of each group. (C) Expression of NRP1 in solid 
tumors. (D–E) IHC was performed to detect the expression of E-cadherin and Vimentin. Differences were considered significant at P < 0.05 and labeled with *.
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cancer cells. This may explain that NRP1’s promotion of 
tumor EMT process is based on the ECM remodeling. 
Results of knocking down NRP1 or using ginsenosides 
to block the interaction of NRP1 and FN1 further con
firmed that the lack of NRP1 and the loss of interaction 
with FN1 can inhibit the proliferation and metastasis of 
gastric cancer cells.

Overall, after confirming that NRP1 is highly 
expressed in gastric cancer and is associated with gastric 

cancer metastasis and poor patient prognosis, we found 
that the promotion of NRP1 on the EMT process of gastric 
cancer cells depends on FN1 interaction. In addition, we 
found that ginsenosides can break the interaction between 
NRP1 and FN1 and thereby inhibit the proliferation and 
metastasis of gastric cancer cells. This may provide a new 
perspective on the mechanism of gastric cancer metastasis 
and potential therapeutic targets and drugs for the treat
ment of gastric cancer.

Figure 5 Ginsenoside Rg3 blocks the interaction of NRP1 and FN1. (A) Molecular docking and Co-IP conforming that Ginsenoside Rg3 blocks the interaction of NRP1 and 
FN1. (B) Transwell was performed to detect cell invasion after Ginsenoside Rg3 treatment. (C) Wound healing was used to detect cell migration after Ginsenoside Rg3 
treatment. (D) Cell proliferation was analyzed by colony formation ability. Differences were considered significant at P < 0.05 and labeled with *.
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