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Bian et al.: Inhibition of Oesophageal Cancer via Downregulating PI3K/Akt Pathway

Although ginsenoside Rg3 has been shown to exert anticancer effects on a variety of malignancies, the 
effects and molecular mechanisms of ginsenoside Rg3 on oesophageal cancer remain unclear. Therefore, 
these factors must be explored. Here, we analyzed the effect of ginsenoside Rg3 on oesophageal cancer 
cell proliferation and migration, as well as its effect on apoptosis. Furthermore, we detected downstream 
pathways that ginsenoside Rg3 could act on. The results showed that ginsenoside Rg3 significantly inhibited 
cell proliferation and migration and promoted apoptosis. We found that ginsenoside Rg3 regulates the 
phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamycin pathway in oesophageal 
cancer development. In general, ginsenoside Rg3 inhibits the proliferation and migration of oesophageal 
cancer cells via induction of apoptosis and down regulation of the phosphatidylinositol-3-kinase/protein 
kinase B/mammalian target of rapamycin pathway. This study aimed to suggest new treatment options for 
oesophageal cancer.

Key words: Oesophageal cancer, ginsenoside Rg3, proliferation, migration, apoptosis

Oesophageal Cancer (OC) remains an important 
cause of cancer-related deaths and is one of the most 
aggressive malignancies worldwide[1]. Oesophageal 
Squamous Cell Carcinoma (OSCC) is highly prevalent 
in East Asia, eastern and southern Africa and southern 
America[2]. OC is the sixth leading cause of cancer-
related death worldwide, with a 5 y overall survival rate 
of only 20 %-40 %[3]. Chemotherapy is one of the most 
important treatments for patients with advanced OC[4]. 
Although chemotherapeutic drugs can interfere with 
the nucleic acid metabolism of tumor cells and inhibit 
their proliferation, invasion and migration, they are also 
toxic to normal cells, causing serious adverse reactions 
and even endangering the lives of patients, severely 
limiting their clinical application[5,6].

Compared with chemical and biological drugs, 
Traditional Chinese Medicine (TCM) has the unique 
advantages of being comprised of multiple components, 
having multiple targets and causing fewer adverse 
reactions when treating diseases. Ginsenoside Rg3, 

a steroidal saponin derivative, is abundant in hot-
processed ginseng extracts[7,8]. Ginsenoside Rg3 has 
powerful anticancer properties and is known to regulate 
a variety of cellular events, such as cell proliferation, 
immune response, autophagy, metastasis and 
angiogenesis[9]. Ginsenoside Rg3 inhibits angiogenesis, 
induces tumor cell apoptosis, selectively inhibits tumor 
cell metastasis, and enhances immune function[10]. 
Previous studies have shown that ginsenoside Rg3 
can inhibit the proliferation, invasion and migration 
of human tumor cells such as lung cancer[11], gastric 
cancer[12], prostate cancer[13] and colon cancer[14]. 

There is growing evidence of the role of ginsenoside 
Rg3 in cancer prevention. However, the anti-OC effect 
of ginsenoside Rg3 and its underlying mechanism 
remain unclear. Therefore, the purpose of this study was 
to investigate the antitumor effect of ginsenoside Rg3 on 
OC cell lines and to explore the molecular mechanism 
underlying its antitumor effect. In the present study, we 
identified and evaluated the potential role of ginsenoside 
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Rg3 and revealed the potential molecular mechanism of 
its role in providing information for the diagnosis and 
treatment of OC.

MATERIALS AND METHODS

Cell lines and culture:

The OSCC cell lines Esophageal Carcinoma (ECA109) 
and Terminal Equipment-1 (TE-1) were purchased 
from the Shanghai Cell Bank of the Chinese Academy 
of Sciences and cultured in Roswell Park Memorial 
Institute (RPMI) 1640 with 10 % Fetal Bovine 
Serum (FBS) (GIBCO, Carlsbad, CA, USA) and 1 % 
penicillin/streptomycin at 37° in a 5 % Carbon Dioxide 
(CO2) humidified incubator. 

Flow cytometry:

The collected cells were used for apoptosis detection. 
The cells were harvested and stained with Propidium 
Iodide (PI) in accordance with the instructions of 
the Fluorescein Isothiocyanate (FITC) Annexin V 
Apoptosis Assay Kit (BD Biosciences, USA). The cells 
were fixed in 75 % cold ethanol for 24 h for periodic 
detection.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay:

The viability of ECA109 and TE-1 cells was determined 
using the MTT assay[15]. First, cells were treated with 
6.25, 12.5, 25, 50 or 100 µg/ml of ginsenoside Rg3. 
A total of 2×103 cells/well were then inoculated in a 
96-well culture plate containing the indicated medium 
(RPMI1640 plus 10 % FBS). After 4 h of culture, the 
MTT cell viability assay kit (thermo fisher scientific, 
USA) was used according to the manufacturer’s 
protocol. The Optical Density (OD) value was 
determined at 0 h, 12 h, 24 h and 48 h using a micro 
plate reader to evaluate the absorbance at 570 nm.

Wound assay:

Cell migration was detected using a wound assay. The 
cells were inoculated on 6-well plates (1×106 cells) and 
the single cell layer was scratched with a 200 μl pipette 
tip. The cells were washed with Phosphate Buffered 
Saline (PBS) three times to remove cell fragments. 
RPMI1640 without FBS was added to each well and 
incubated at 37° and 5 % CO2 for 48 h. Wound images 
were observed using a microscope at the same scratch 
location at 0 h, 24 h and 48 h.

Hoechst 33342 nuclear staining analysis:

Hoechst 33342 staining was used to assess changes 
in nuclear morphology. Briefly, the treated cells were 

stained with Hoechst 33342 dye (5 μg/ml) for 20 min 
in the dark at room temperature. The Hoechst stained 
nuclei were observed using NiKon ECLIPSE Ci after 
washing with PBS twice. 

Western blot:

Briefly, the protein was extracted from cells using 
Radioimmuneprecipitation Assay (RIPA) lysis 
buffer (Thermo Fisher Scientific) and quantified 
using a Bicinchoninic Acid (BCA) kit (Beyotime 
Biotechnology). The proteins were separated on a 
10 % Sodium Dodecyl-Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) gel and transferred 
to polyvinylidene fluoride membranes (Millipore, 
Billerica, MA, USA). After blocking with Tris-
Buffered Saline and Tween (TBST) containing 5 % 
skimmed milk, the blots were incubated overnight at 4° 
with a primary antibody (p-Akt (1:1000; Proteintech), 
p-PI3K (1:1000; Cell Signalling Technology), p-mTOR 
(1:1000; Proteintech) and GAPDH (1:1000; Beyotime 
Biotechnology) and then incubated with an Horseradish 
Peroxidase (HRP)-conjugated secondary antibody (1:10 
000, Solarbio, Beijing, China). A chemiluminescence 
detection system (Millipore, Billerica, MA, USA) 
was used to visualise the results and the bands were 
quantified using quantity one software (Bio-Rad, 
Hercules, CA, USA).

Statistical analysis:

Data are expressed as mean±Standard Deviation 
(SD). Student’s t-test was used for between-group 
comparisons. Differences between groups were 
analyzed using one-way analysis of variance. 
Differences were considered statistically significant at 
p<0.05. All statistical analyses were performed using 
Graph Pad Prism 5 (Graph Pad Software, La Jolla, CA, 
USA).

RESULTS AND DISCUSSION

The MTT assay was performed after treatment with 
different doses of ginsenoside Rg3. The results showed 
that ECA109 and TE-1 cell viability decreased with an 
increase in Rg3 dose. Thus, we chose 50 μg/ml ginsenoside 
Rg3 for subsequent experiments (fig. 1A and fig. 1B). 
In addition, ECA109 and TE-1 cell viability decreased 
gradually over time (0 h, 12 h, 24 h, 36 h and 48 h) (fig. 
1C and fig. 1D). The ability of tumour cells to migrate is 
the key to tumour progression. From the wound assay, the 
cell migration rate in the ginsenoside Rg3 treatment group 
was lower than that in the Normal Control (NC) group, 
indicating that ginsenoside Rg3 reduced the migration of 
ECA109 and TE-1 cells (fig. 2). 
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Subsequently, we examined the effect of ginsenoside 
Rg3 on the apoptosis of ECA109 and TE-1 cells. Hoechst 
33342 staining showed weak fluorescence in the nuclei 
of normal cells. In contrast, the chromatin of cells 
treated with 50 μg/ml ginsenoside Rg3 was significantly 
condensed, with some chromatin accumulating on 
the nuclear membrane in a typical half-moon shape 
(fig. 3). In addition, flow cytometry showed that 
apoptosis of the cancer cells treated with ginsenoside 
Rg3 was significantly higher than that in the control 
group (fig. 4). These results indicate that ginsenoside 
Rg3 promoted apoptosis. The Phosphatidylinositol-
3-Kinase/protein kinase B/mammalian Target of 

Rapamycin (PI3K/Akt/mTOR) signalling pathway is 
involved in the proliferation, invasion and migration of 
cancer cells and its abnormal activation can lead to high 
proliferation, invasion and migration of cancer cells. 
Western blot analysis showed that the levels of PI3K-
Akt and mTOR expression in ECA109 and TE-1 cells 
were significantly lower following ginsenoside Rg3 
treatment than those in the control group (fig. 5). The 
results indicated that ginsenoside Rg3 could effectively 
inhibit the expression of PI3K-Akt and mTOR.

Ginsenoside Rg3 is one of the main active ingredients 
extracted from ginseng. Studies have shown that 
ginsenoside Rg3 has an inhibitory effect on a variety 
of cancers[16]. Ginsenoside Rg3 can improve the 
sensitivity of chemotherapy, reduce adverse reactions 
and enhance the immunity of tumour-bearing models. 
In addition, ginsenoside Rg3 is a beneficial adjuvant 
for traditional cancer treatment. The results of this 
study indicated that ginsenoside Rg3 could affect the 
proliferation, migration and survival of OC cells. The 
results of proliferation and wound assays showed that 
50 μg/ml ginsenoside Rg3 promoted the apoptosis of 
OC cells and significantly inhibited the migration and 
invasion of tumour cells. Therefore, ginsenoside Rg3 is 
a potential antimetastatic agent for OC.

Fig. 1: Ginsenoside Rg3 exhibited dose and time dependent in-
hibition of ECA109 and TE-1 cells  
Note: (A and B) The ECA109 and TE-1 cells were treated with 
6.25, 12.5, 25, 50 and 100 µg/ml ginsenoside Rg3 and the cell 
viability was evaluated by MTT assay after incubation. (C and 
D) The ECA109 and TE-1 cells were treated with 50 µg/ml gin-
senoside Rg3 at 0 h, 12 h, 24 h and 48 h. *p<0.05

Fig. 2: Ginsenoside Rg3 inhibited cell migration 
Note: (A and B) the cell migration ability was determined by 
wound assay after 48 incubation with RPMI-1640 at 37° and 
5 % CO2. Control: non-treated group; Ginsenoside Rg3: Cells 
treated with 25 μg/ml, 50 μg/ml and 100 μg/ml ginsenoside Rg3. 
*p<0.05, (    ) Control; (    ) 50 μg/ml; (    ) 25 μg/ml; (    ) 100 
μg/ml;

Fig. 3: Hoechst 33342 staining of ECA109 and TE-1 cells cul-
tured in ginsenoside Rg3
Note: Microscope images at 400× showing the control and cells 
with 50 μg/ml ginsenoside Rg3. *p<0.05; (     ) Control;  (     ) 
50 μg/ml

Fig. 4: The effect of ginsenoside Rg3 on apoptosis was moni-
tored using flow cytometry Note: Control: non-treated group; 
Cells: cells treated with 50 μg/ml ginsenoside Rg3. *p<0.05, (    ) 
Control; (    ) 50 μg/ml 
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The PI3K/Akt signalling pathway plays an important 
role in the regulation of various tumours[17]. Research 
has shown that the PI3K/Akt pathway plays a role in 
the occurrence, development, invasion and metastasis 
of oesophageal cancer[18]. PI3K acts on a variety of 
downstream molecules to promote cell migration, 
inhibit cell apoptosis, accelerate cell cycle processes 
and promote cell proliferation[14]. 

In the present study, ginsenoside Rg3 treatment increased 
the expression of phosphorylated PI3K and Akt in 
Enterochromaffin (EC) cells. It has been suggested that 
ginsenoside Rg3 regulates EC progression by inhibiting 
the PI3K/Akt pathway. 

The PI3K/Akt signalling pathway plays an important 
role in the regulation of various tumours[17]. Research 
has shown that the PI3K/Akt pathway plays a role in 
the occurrence, development, invasion and metastasis 
of oesophageal cancer[18]. PI3K acts on a variety of 
downstream molecules to promote cell migration, 
inhibit cell apoptosis, accelerate cell cycle processes 
and promote cell proliferation[14]. 

In the present study, ginsenoside Rg3 treatment increased 
the expression of phosphorylated PI3K and Akt in 
Enterochromaffin (EC) cells. It has been suggested that 
ginsenoside Rg3 regulates EC progression by inhibiting 
the PI3K/Akt pathway.

In this study, we found that ginsenoside Rg3 inhibited 
EC cell proliferation. Tumour growth, development 
and metastasis are closely related to cell proliferation. 
Studies have shown that mTOR is the centre of the 
autophagy-regulated cascade and it is directly related 
to the PI3K/Akt pathway[19]. Moreover, previous 
studies have shown that ginsenoside Rg3 can inhibit 
the proliferation of human osteosarcoma by regulating 
PI3K/Akt/mTOR[20]. However, there is no report on 
whether ginsenoside Rg3 can attenuate OC via the 
PI3K/Akt/mTOR signalling pathway. 

In the current study, ginsenoside Rg3 reduced the 
phosphorylation of mTOR, suggesting that ginsenoside 
Rg3 inhibited the PI3K/Akt pathway in EC cells. In 
addition, ginsenoside Rg3 may inhibit the proliferation, 
migration and apoptosis of OC cells by inhibiting the 
PI3K/Akt/mTOR pathway. Collectively, these results 

suggest that ginsenoside Rg3 can trigger apoptosis and 
inhibit proliferation and slow migration in EC cells by 
regulating the PI3K/Akt/mTOR pathway.

However, due to the limitation of time and resources, 
there are some deficiencies in our experimental design. 
The ginsenoside Rg3 has multiple targets in cancer and 
many of these targets may have the same or opposite 
effect on cancer. In our study, Rg3-targeted non-coding 
Ribonucleic Acids (ncRNAs) were not analysed to 
explore how it regulates OC cell capacity and apoptosis. 
In addition, in vivo experiments of Rg3 for OC were 
lacking. Therefore, these will be further explored in 
future studies.

In conclusion, this study for the first time found that 
ginsenoside Rg3 had a significant inhibitory effect on 
OC cell proliferation. 50 μg/ml ginsenoside Rg3 could 
inhibit OC cell metastasis and promote cell apoptosis. In 
addition, this study also demonstrated that ginsenoside 
Rg3 mitigated the carcinogenic behaviour of OC cells by 
inhibiting the PI3K/Akt signalling pathway. This study 
laid a theoretical foundation for the further promotion 
and application of ginsenoside Rg3 and provided a new 
idea for the treatment of OC.
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