
Abstract. Background/Aim: The aim of the present study was
to investigate the efficacy of a traditional Chinese medicine
(TCM), VEGFR-3 antibody-conjugated ginsenoside Rg3
nanoemulsion (VRIN), targeting lymphangiogenesis, on the
inhibition of tumor growth and metastasis in an orthotopic
mouse model of human gastric cancer. Materials and Methods:
An orthotopic nude-mouse model of gastric cancer was
established with the red fluorescent protein (RFP)-expressing
human gastric cancer cell line NUGC-4-RFP. The tumor-
bearing mice were treated with vehicle (0.2 ml normal saline
every other day, iv), 5-FU (20 mg/kg once a week, i.p.) and
VRIN (1 mg/kg every other day, i.v.). Real-time fluorescence
imaging was performed to assess tumor inhibition in each group.
Metastasis was evaluated by open fluorescence imaging at
autopsy. The expression of lymphangiogenesis-related factors
VEGF-C, VEDF-D and VEGFR-3 in the tumors were analyzed

by immunohistochemistry and real-time RCP. Results: VRIN and
5-FU significantly inhibited primary tumor growth as compared
to vehicle control (p<0.05). However, significant inhibition of
lymph-node metastasis was only found in the VRIN-treated
group (p<0.05). The expression of VEGF-C, VEGF-D and
VEGFR-3 in the tumor was suppressed by VRIN treatment
(p<0.05). Expression of VEGF-D and VEGFR-3 in the 5-FU-
treated group was not significantly increased (p>0.05). No
obvious toxicity was found in VRIN- and 5-FU-treated groups.
Conclusion: Lymphangiogenesis-targeted ginsenoside Rg3
immune-nanoemulsion inhibited tumor growth and reduced
lymphatic metastasis by suppressing expression of VEGF-C,
VEGF-D and VEGFR-3 in an orthotopic mouse model of human
gastric cancer. Our study demonstrates the potential of TCM as
an effective targeted treatment for metastatic gastric cancer.

Gastric cancer (GC) is the most frequently occurring cancer in
Southeast Asian countries (1, 2). Postoperative recurrence of GC
is high in patients with advanced or metastatic disease (3, 4). 

Lymph-node metastasis is an important prognostic factors
for patients with GC (5-7). Vascular endothelial growth factor
receptor (VEGFR)-3 is involved in lymphogeneous metastasis
along with vascular endothelial growth factor C (VEGF-C)
and D (VEGF-D) (8-10). VEGF-C and -D promote
lymphangiogenesis and lymph-node metastasis in GC (11, 12).

Ginsenoside Rg3 is derived from the Chinese herb ginseng
with a molecular formula of C42H72O13 and has been
demonstrated to have anti-cancer activity (13-16). Ginsenoside
Rg3 can inhibit cancer-cell proliferation and induces apoptosis
(17). However, due to its poor aqueous solubility and low oral
bioavailability, in vivo use of ginsenoside Rg3 has been limited. 
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Nanoemulsions have shown benefits for drug delivery and
availability (18-22). In the present study, we investigated the
efficacy of a lymphangiogenesis-targeted ginsenoside Rg3
nanoemulsion (VRIN) in an orthotopic nude-mouse model
of human gastric cancer.

Materials and Methods

Cell culture. The NUGC-4 human gastric cancer cell line expressing
red fluorescent protein (RFP) was obtained from AntiCancer, Inc.
(San Diego, CA, USA). The cell line was cultured in DMEM
supplemented with 10% fetal bovine serum (Hyclone, Logan, UT,
USA) and penicilin/streptomycin (Gibco Life Technologies, Grand
Island, NY, USA) at 37˚C and 5% CO2 atmosphere.

Animal care. BALB/C female nude mice (21), aged 4-6 weeks and
weighing 20-25g, were purchased from the Yang Zhou University
Laboratory Animal Center (SCXK, Su. 20120004). All mice were
maintained in a HEPA-filtered environment at 24-25˚C and humidity
was maintained at 50-60%. All animals were fed with autoclaved
laboratory rodent diet. Animal experiments were approved by the
Animal Committee of Nanjing Origin Biosciences, China (OB1211).

Orthotopic mouse model of gastric cancer. The NUGC-4-RFP
human gastric-cancer cells were harvested at 80% confluence by
digestion with 0.25% trypsin solution. Stock tumor was established
by subcutaneously injecting NUGC-4-RFP cells (5×106) into the
flank of nude in mice.

Tumors grown in nude mice were harvested at the exponential
growth phase and resected under aseptic conditions. Strong RFP
expression of the NUGC-4-RFP tumor tissue was confirmed by
fluorescence microscopy. Necrotic tissues were removed and viable
tissues were cut with scissors and minced into 1 mm3 pieces. The
surgical orthotopic implantation (SOI) method followed published
procedures (23). Animals were anesthetized by injection of 0.02 ml
of solution of 50% ketamine, 38% xylazine, and 12% acepromazine
maleate. All surgical procedures and animal manipulations were
conducted under aseptic conditions in a HEPA-filtered laminar-flow
hood under a surgical microscope (Model YZ20P5, Shanghai
Precision Instruments, Shanghai, China).

Treatment. VEGFR-3 antibody conjugated ginsenoside Rg3 immune-
nanoemulsion (VRIN) was synthesized by the Laboratory of Natural
Product Drugs, Yang Zhou University, China using a polyethylene
glycol (PEG) method according to a published protocol (18).
Nanoemulsions were prepared using a two-step emulsification process:
a first step to form the primary emulsions and a second step to form
multiple nanoemulsions. The viscosity of VRIN was 1.09±0.03 mPa·s.
The mean Zeta electric potential was -11.8 mV. The mean particle
diameter was 137.9 nm.

Treatments were initiated 9 days after SOI. The mice were
randomly divided into three groups of eight. Group 1 (vehicle control)
received intravenous saline injection every other day at 0.2 ml/mouse
for three weeks. Group 2 received intraperitoneal 5-FU once a week
at 20 mg/kg/dose for three weeks. Group 3 received intravenous
VRIN injection every other day at 1 mg/kg for three weeks. Tumor
growth was measured by whole-body fluorescence imaging (24) with
a fluorescence stereo microscope (MZ650; Nanjing Optical
Instruments Inc., Nanjing, China) equipped with bandpass HQ600/50

emission and HQ540/40 excitation filters (Chroma Technology,
Brattleboro, VT, USA). Animal body weights and clinical signs were
recorded over the course of the experiments. All animals were
sacrificed 31 days after tumor implantation. At autopsy open
fluorescence imaging was performed to examine metastases and then
the tumor was removed and weighed. Images were processed and
analyzed with the use of IMAGE PRO Plus 6.0 software (Media
Cybernetics, Silver Spring, MD, USA).

Quantitative real-time polymerase chain reaction (RT-PCR). TRIzol
Reagent (Invitrogen, USA) was used to extract the total RNA after
tissues were homogenized using a homogenizer (PRO, PRO Scientific
Inc., USA). Total RNA (1 μg) was reverse-transcribed to cDNA with
olig(dT) primer using the reverse transcription system (Promega,
Madison, WI, USA). The following primers were used to amplify most
of the coding region of VEGF-C (sense, 5’-TCCTCGGATGCTGGAGA
TGAC-3’, and antisense, 5’-TTGGCTGGGAAGAGTTTGTT-3’);
VEGF-D (sense, 5’-GGACTCTCGCTCAGCATCCCATC-3’, and
antisense, 5’-CCACCTCCACGCACGTTTCTCTA-3’); VEGFR-3
(sense, 5’-CAGGAGGTGGTGTGGGATGAC-3’, and antisense, 5’-
CAGGAAGGGGTTGGAAAGGAAGT-3’) and GAPDH (sense, 5’-
GCACCGTCAAGGCTGAGAAC-3’, and antisense, 5’-TGGTGAAGA
CGCCAGTGGA-3’)

Quantitative RT-PCR was performed on an ABI PRISM 7000
sequence-detection system (Applied Biosystems, USA). RT-PCR
was carried out in a total volume of 30 μl, and the reaction-induced
1X buffer, 200 μM dNTPs (Invitrogen, Carlsbad, CA, USA), 0.3
μM sense and anti-sense primer, 1U Takara ExTaq Hotstart taq
(TaKaRa Biotechnology, Co., Ltd, Dalian, Liaoning Province,
China) and 2 μl cDNA. PCR started at 95˚C for 2 minutes, followed
by 40 cycles of amplification: denaturation at 94˚C for 30 seconds,
annealing at 58˚C (for detection of GAPDH) or 55˚C (for detection
of VEGF-C) for 30 seconds and prolongation at 72˚C for 1 minute.
Gene expression was calculated using the 2−ΔΔCt method.

Immunohistochemistry. Formalin-fixed, paraffin-embedded tumor
tissues were sectioned at 4 μm thickness. Sections were
deparaffinized using 100% xylene, and dehydrated with an ethanol
gradient. Antigen retrieval was performed with autoclave treatment
(120˚C for 2 min in 1 mmol/L EDTA, pH 8.0). Incubation with a
polyclonal antibody raised against VEGF-C, VEDF-D and
VEGFR-3 (Abgent, San Diego, CA, USA) at a dilution 1:200, was
performed overnight at pH 7.4 and 4˚C. After washing with
phosphate-buffered saline (PBS), sections were then incubated
with secondary antibody (Dako REAL EnVision Detection
System, Dako, Ely, Cambridgeshire, UK) for 30 min at room
temperature. Color development was performed with 3, 3’-
diaminobenzidine (DAB). Nuclei were lightly counter-stained with
hematoxylin. The slides were viewed at ×400 magnification and
positive cells were recognized by the appearance of brown stain.
The expression level was quantified by the average optical density
(AOD) of the positive cells in five fields per sample with
ImagePro Plus 6.0 software (Media Cybernetics).

Statistics. Data are expressed as mean ± standard deviation. All
statistical analyses were performed using SPSS16.0 software (SPSS
inc., Chicago, Illinois, USA). Data comparisons between two groups
were performed using the Student’s t-test. Fisher’s exact test was
used to compare the difference in the incidence of metastasis. A
value of p≤0.05 was regarded as statistically significant.
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Figure 1. Efficacy of VRIN treatment on tumor growth in the NUGC-4-RFP gastric-cancer orthotopic mouse model. Tumor growth was monitored
and quantified by real-time whole-body fluorescence imaging. (A) Sequential in vivo whole-body fluorescence imaging of tumors on day 12, 17 and
31 after tumor implantation in mice treated with vehicle, 5-FU or VRIN. (B) Tumor growth curves for mice treated with vehicle, 5-FU or VRIN.
*p=0.036; **p=0.031. (C) Final tumor weights at the end of the study in treated mice. Tumors were resected and final tumor weight was determined
at autopsy. *p=0.004; **p=0.03, compared to vehicle control.



Results 

VRIN inhibits tumor growth. Treatments were initiated 9 days
after surgical orthotopic implantation of the GC nude-mouse
model. Efficacy of VRIN treatment on tumor growth was
evaluated by whole-body fluorescence imaging in NUGC-4-
RFP gastric-cancer orthotopic mouse models. Tumor size was
imaged on day 9, 12, 17, 24 and 31 following tumor
implantation. Representative fluorescence images and mean
tumor volumes are shown in Figure 1A and B, respectively.
The tumor volumes were significantly reduced in the 5-FU and
VRIN groups compared to the untreated control group from
day 15 following treatment initiation (p<0.05). As shown in
Figure 1C, final tumor weights in the VRIN- and 5-FU-treated
groups were also significantly reduced compared to the control
group (p<0.05).

VRIN reduced lymphatic metastasis. At the end of the study all
animals were sacrificed and metastasis was examined by open
fluorescence imaging. Representative open fluorescence
images and metastasis rates are shown in Figure 2 and Table I,
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Figure 2. Efficacy of VRIN treatment on metastasis in the NUGC-4-RFP gastric-cancer orthotopic mouse model. Metastasis was identified by open
fluorescence imaging at autopsy. Panel depicts representative images in mice treated with vehicle, 5-FU or VRIN. White arrows indicate gastric-
cancer primary tumor. Blue arrow indicates lymph node metastasis. 

Figure 3. Efficacy of VRIN treatment on mRNA expression of tumor
lymphangiogenesis-related factors. mRNA expression of VEGF-C,
VEGF-D and VEGFR-3 in mice treated with vehicle, 5-FU or VRIN was
detected by real-time quantitative PCR. *p<0.01 and **p<0.05,
compared to vehicle control.



respectively. The VRIN-treated group showed significantly less
lymph-node metastasis (1/8, 12.5%) than the vehicle control
(7/8, 87.5%) or 5-FU-treated (4/8, 50%) group (p<0.05). 

VRIN suppress expression of VEGF-C, VEGF-D and VEGFR-
3. mRNA expression of VEGF-C, VEGF-D and VEGFR-3 in
the tumor was detected using real-time PCR. As shown in
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Figure 4. Efficacy of VRIN treatment on protein expression of tumor lymphangiogenesis-related factors. (A) Representative immunohistochemical
images for protein expression of VEGF-C, VEGF-D and VEGFR-3 in mice treated with vehicle, 5-FU or VRIN (400× magnification). (B)
Quantitation of the expression of VEGF-C, VEGF-D and VEGFR-3 by average optical density (AOD). *p<0.05, when compared to vehicle control. 



Figure 3, the expression of VEGF-C mRNA in the tumor
treated with 5-FU or VRIN was significantly down-regulated
compared with the vehicle control (p<0.01). Significantly
lower VEGF-D and VEGFR-3 mRNA expression was found
in the VRIN-treated group compared with the control group
(p<0.05). In contrast, the 5-FU-treated group showed no
significant differences for VEGF-D and VEGFR-3 mRNA
expression as compared with control group (p>0.05).

Immunohistochemical staining of tumor tissue was performed
to assess the effect of VRIN on protein expression of VEGF-C,
VEGF-D and VEGFR-3. As shown in Figure 4, positive protein
expression of VEGF-C, VEGF-D and VEGFR-3 was present in
control tumors. Tumors in the VRIN-treated group showed
significantly decreased VEGF-C, VEGF-D and VEGFR-3
protein expression compared with the control group (p<0.05).
In contrast, no significant reduction of VEGF-C, VEGF-D and
VEGFR-3 protein expression was found in the 5-FU-treated
group as compared with the untreated control (p>0.05).

Body weight and toxicity. Clinical observation and body
weight measurement of animals during the study were
performed to assess the toxicity of VRIN treatment. No
physical or behavioral signs that indicated adverse effects due
to the treatments were observed in the VRIN- or 5-FU-treated
groups. As shown in Figure 5, stable body weight in VRIN-
and 5-FU-treated groups indicated no obvious toxicity. 

Discussion

Ginsenoside Rg3 has been reported to be a relatively safe
drug and previously exhibited significant anticancer activity
in vitro and in vivo in several types of tumors (25, 26).
However, its poor aqueous solubility and low oral
bioavailability limit its potential clinical use. Yang et al. (27)
prepared nano-size ginsenoside Rg3 particle-loaded magnetic
human serum albumin nanosheres (Rg3/HSAMNP) to
improve its aqueous solubility and bioavailability.
Rg3/HSAMNP combined with magnetic hyperthermia
therapy inhibited cell growth and induced apoptosis in HeLa
cells in vitro. In the present study we used a new form of

ginsenoside Rg3 nanoemulsion, to investigate its efficacy in
an orthotopic nude-mouse model of human gastric cancer.
Our results indicate that this ginsenoside Rg3 nanoemulsion
significantly inhibited tumor growth. 

In the present study, we used an anti-VEGFR-3 antibody-
conjugated ginsenoside Rg3 nanoemulsion to target
lymphangiogenesis in the orthotopic gastric-cancer model
which has a high frequency of lymph-node metastasis.
Consequently, this treatment showed more significant inhibition
of lymph-node metastasis than standard chemotherapy with 5-
FU. Anti-VEGFR-3 antibody can block activation of the
corresponding cellular receptor by sequestering the ligand,
VEGF-C or VEGF-D. Our study showed that expression of
VEGF-C, VEGF-D and VEGFR-3 in the tumor was suppressed
by VRIN treatment, while expression of VEGF-D and VEGFR-
3 in the 5-FU-treated group was not significantly affected. This
result indicates the effectiveness of anti-VEGFR-3 antibody on
targeting lymphangiogenesis in the orthotopic mouse model of
human gastric cancer. 

In conclusion, this study shows that the treatment with
ginsenoside Rg3-conjugated VEGFR-3 antibody nanoemulsion
inhibited tumor growth and reduced lymphatic metastasis
(Table I) possibly by suppressing expression of VEGF-C,
VEGF-D and VEGFR-3 in an orthotopic mouse model of
human gastric cancer. Our study demonstrates the potential of
traditional Chinese medicine as an effective targeted treatment
for human cancer and the power of orthotopic mouse models
for identifying such efficacy (28-34).
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Figure 5. Effect of VRIN treatment on mouse body weight in the NUGC-
4-RFP gastric-cancer orthotopic nude-mouse model. No significant
body weight loss was observed in 5-FU- and VRIN-treated mice.

Table I. Efficacy of VRIN and 5-FU treatment on metastasis in the
NUGC-4-RFP gastric-cancer orthotopic nude-mouse model.

Group                   No. of animals       LN MI         LN MR        p-Value
                                 per group                  

Vehicle control                8                        7               87.5%                
5-FU                                8                        4                 50%            >0.05*
VRIN                               8                        1               12.5%          <0.05*

LN, Lymph node; MI, metastatic incidence; MR, metastatic rate.
*Compared to vehicle control.
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