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Background: Ginsenoside Rg3 is a steroidal saponin extracted from Panax ginseng with various anti-tumor
effects. While very few studies have focused on exploring the cytotoxic effects of Ginsenoside Rg3 in lung
cancer treatment via Notch/hairy and enhancer of split 1 (HES1) pathway. We examined the underlying
mechanism of action and the anti-tumor effects of Ginsenoside Rg3 in lung cancer cells and attempted to
develop it as a systemic treatment strategy for non-small cell lung cancer INSCLC).

Methods: NCI-H1650, H520 and H1963 cells were used for experiment. MTT assay was used to detect
cell proliferation. Annexin V/PI assay was used to detect cell apoptosis. Western blotting was used to detect
the level of Notchl, Notch2, HESI, p38 MAPK, Caspase-3 and Caspase-9 expressions.

Results: Ginsenoside Rg3 inhibited the proliferation of NCI-H1650, H520 and H1963 cells in a time
and dose-dependent manner. Furthermore, Ginsenoside Rg3 induced significant cell apoptosis. The level
of Notchl, Notch2 and HES1 expressions decreased but the level of p38 MAPK, Caspase-3 and Caspase-9
expressions increased with Ginsenoside Rg3 treatment.

Conclusions: Ginsenoside Rg3 could target the Notch/HES1 pathway to cause apoptosis leading to
inhibit the proliferation of lung cancer cells and the results suggested a therapeutic potential of Ginsenoside

Rg3 in clinical use for lung cancer treatment.

Keywords: Ginsenosides; lung neoplasms; apoptosis, Notch

Submitted May 13, 2016. Accepted for publication Jun 27, 2016.
doi: 10.21037/tcr.2016.07.17
View this article at: http://dx.doi.org/10.21037/tcr.2016.07.17

Introduction usually are diagnosed in the late stages of the disease and

S . . can then receive only chemotherapy because surgery is not
Lung cancer, which is aggressive and malignant, has one of Y by gery

the highest mortality rates in the world. Lung cancer has two an option and the prognosis is especially poor. The efficacy

major classes according to its biology, prognosis and therapy: of chemotherapy has often been limited to the severe

small cell lung cancer (SCLC) and non-small cell lung cancer chemotherapy-related side effects. Hence, new agents which

(NSCLC). NSCLC which accounts for about 85% cases
of lung cancer includes two major types: non squamous
carcinoma (including adenocarcinoma, large cell carcinoma,
other cell types) and squamous cell carcinoma. These cases
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could be effectively administered without severe adverse
effect are urgently needed. Previous studies have reported
that natural products such as steroidal saponin are suitable

alternatives for developing antitumor drugs (1-6).
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Ginsenoside Rg3 is a steroidal saponin extracted from
Panax ginseng which is an herbal medicine and is used
widespread. It is reported to have various pharmacological
effects such as anti-tumor, anti-oxidant, anti-inflammation
properties, and angiogenesis (7-11). Numerous cases have
been reported that Ginsenosides possessed anti-tumor
effects against cancers, such as hepatocellular carcinoma,
glioblastoma, esophageal cancer, gastric cancer, pancreatic
cancer, ovarian cancer and so on (12-18).

Rg3 has specific effects on tumor growth suppression,
including metastasis and angiogenesis inhibition, enhancing
the chemosensitivity and radiosensitivity, reversing multidrug
resistance, which could be regarded as a novel antitumor
agent (19-21). Rg3 has potential antitumor effects based
on its inhinition of invasion, metastasis and growth of
neovascularization, but the exact mechanism is still unclear.

In attempting to further elucidate the antitumor
mechanisms by which Ginsenoside Rg3 works in lung
cancer, the cell proliferation, apoptosis and Notch pathway
in lung cancer cell lines were evaluated.

Methods
Chemicals

Ginsenoside Rg3 (C,,H;,0,;) was purchased from the
Zhejiang Institute for Food and Drug Control (batch No.
110804, Hangzhou, China) and was dissolved in dimethyl
sulfoxide (DMSO), then diluted in RPMI 1640 to achieve
the final concentration. RPMI 1640 and fetal calf serum
was obtained from Hyclone Co. (Logan, UT, USA). FITC
Annexin V Apoptosis Detection kit was obtained from
BD Biosciences (N]J, USA). Antibodies: Notchl (C37C7)
Rabbit mAb #3439, Notch2 (8A1) Rabbit mAb #2420,
hairy and enhancer of split 1 (HES1) (D6P2U) Rabbit
mAb #11988, p38 MAPK (D13E1) Rabbit mAb #8690,
Caspase-3 (8G10) Rabbit mAb #9665, Caspase-9 (C9)
Mouse mAb #9508 at 1:1,000 dilution(Cell Signaling
Technology, Danvers, MA, USA).

Cell lines and culture

The human lung cancer cell lines NCI-H1650
(adenocarcinoma; non-small cell), H520 (squamous cell
carcinoma; non-small cell) and H1963 (SCLC) were obtained
from American Type Culture Collection (ATCC) (Manassas,
VA, USA), and were cultured in RPMI 1640 with 10% fetal
bovine serum at 37 °C in a 5% CO, humidified atmosphere.
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Cell proliferative inhibition assay

The cell proliferative inhibition of Ginsenoside Rg3 in lung
cancer cell lines was detected by MT'T assay. NCI-H1650,
H520 and H1963 cell lines were seeded respectively. The
control group with no treatment was established and each
group had triplicate treatments. Then cells were exposed to
Ginsenoside Rg3 at various concentrations (1, 5, 10, 20, 40,
80, 160 pumol/L) for 24, 48, and 72 h, with dose- and time-
dependent curves generated respectively.

Apoptosis analysis

Annexin-V/PI assay was used to examine cell apoptosis
rates. NCI-H1650, H520 and H1963 cell lines were
seeded respectively and then treated with Ginsenoside
Rg3 (20 pmol/L) and incubation for 24 and 48 h. Cells
were collected and examined by using an Annexin V-FITC
Apoptosis Detection kit. Cells were stained by Annexin
V-FITC and PI, then analyzed by FACSCalibur flow
cytometry (BD Biosciences).

Western blot analysis

Following incubation with Ginsenoside Rg3 (20 umol/L)
for 48 h, NCI-H1650, H520 and H1963 cell lines were
collected. After cell lysing, equal amounts of protein were
electrophoresed and then transferred to polyvinylidene
fluoride membranes (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Then primary antibodies [Notchl,
Notch2, HES1, p38 MAPK, Caspase-3, Caspase-9
and GAPDH antibody (1:1,000)] were incubated with
membranes, and then the HRP conjugated secondary
antibody (1:10,000). The membranes were visualized
using an enhanced chemiluminescence system (Santa Cruz
Biotechnology Inc.).

Statistical analysis

Data were presented as means = S.D. and statistically
analysed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
Groups were compared by one-way ANOVA test and
SNK-q test considering P<0.05 as a significance level.

Results
Effect of Ginsenoside Rg3 on cytotoxicity in lung cancer cells
Ginsenoside Rg3 inhibited the growth of NCI-H1650, H520
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Figure 1 Ginsenoside Rg3 inhibited the growth of NCI-H1650 (A), H520 (B) and H1963 (C) cells following exposure at different

concentrations. Inhibition rates were significantly increased in the Ginsenoside Rg3 treatment group compared with those in the control

group at the same time-point (P<0.01) and exhibited a dose-dependent manner.
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Figure 2 Cells apoptosis induced by Ginsenoside Rg3. Percentage of apoptotic cells by Ginsenoside Rg3 treatment of NCI-H1650 (4),
H520 (B) and H1963 (C) cells. *, statistically significant difference (P<0.01) between the treated group and the control group.

and H1963 cell lines in a time and dose-dependent manner
for 24, 48 and 72 h (Ginsenoside Rg3 concentrations from 1
to 160 ug/mL) in Figure 14,B,C.

Effect of Ginsenoside Rg3 on apoptosis in lung cancer cells

Annexin-V/PI method was used to explore the ability of
Ginsenoside Rg3 to induce apoptosis in lung cancer cell
lines. Ginsenoside Rg3 induced a significant apoptosis
in NCI-H1650, H520 and H1963 cell lines for 24 and
48 h. The apoptosis rates were 2.36%=0.47% in the
control group, 18.15%+2.58% in the Ginsenoside Rg3
group for 24 h, and 4.77%=0.22% in the control group,
26.8%+3.43% in the Ginsenoside Rg3 group for 48 h in
NCI-H1650 cell ine (Figure 2A4). The apoptosis rates were
3.27%+0.51% in the control group, 21.44%=1.36% in
the Ginsenoside Rg3 group for 24 h, and 6.53%=+0.82%
in the control group, 29.56%+2.89% in the Ginsenoside
Rg3 group for 48 h in NCI-H520 cell ine (Figure 2B). The
apoptosis rates were 2.68%=0.32% in the control group,
27.74%+1.85% in the Ginsenoside Rg3 group for 24 h,
and 4.77%+0.45% in the control group, 34.83%+3.38%
in the Ginsenoside Rg3 group for 48 h in NCI-H1963 cell
ine (Figure 2C).
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Effect of Ginsenoside Rg3 on Notch/HES1 and apoptosis
pathway in lung cancer cells

The protein expression levels of Notch/HES1 and apoptosis
pathway were evaluated by western blotting analysis. The
level of Notchl, Notch2 and HESI1 protein expressions
decreased, while the level of p38 MAPK, Caspase-3 and
Caspase-9 protein expressions increased after Ginsenoside
Rg3 treatment (Figure 3A4,B,C). Above result suggested
decreased Notchl, Notch2, HES1 expressions and
increased p38 MAPK, Caspase-3, Caspase-9 expressions
contributed to lung cancer cell proliferative inhibition and
apoptosis inducing by Ginsenoside Rg3.

Discussion

The Notch signaling pathway is critical for cell fate
specification, and it is a signal transduction network that
evolutionally conserved. Notch signaling is frequently
deregulated in solid tumors including NSCLC, and plays
an important role in cell proliferation and apoptosis. Myc,
p21, HES and so on are the target genes of Notch. NSCLC
patients who carried activated Notchl were associated
with poor survival (22). Overexpression of Notch or HESI
is associated many cancers, such as ovarian cancer, breast
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Figure 3 Effect of Ginsenoside Rg3 treatment on levels of Notchl, Notch2, HESI, P38MAPK, Caspase-3, Caspase-9 protein expression in
NCI-H1650 (A), H520 (B) and H1963 (C) cells. Western blot analysis was used to detect protein levels expression.

cancer, cervical cancer, prostate cancer, colon cancer and
NSCLC (23,24). The downstream target of the Notch
signaling pathway is HES1. Notch-independent HES1
expression can also result from Hedgehog and c-Jun
N-terminal kinase (JNK) signaling as well as from RAS/
MAPK signaling (25,26). P38 MAPK and caspase family
are critical in the process of cell apoptosis, proliferation and
differentiation.

Several studies have reported that a high percentage of
lung cancer lines express Notch receptors and their target
genes, such as Jaggedl, HES1 and Heyl. The inhibition of
Notch signaling can reduce tumor cell proliferation (27).
Notch signaling is altered in many lung cancers, and the
deregulation of the Notch pathway may be a frequent event
in NSCLC (22). The upregulation of Notch signaling can
increase survivin expression and contribute to lung cancer
clonogenic capacity in vitro (28,29). Furthermore, the
downregulation of Notch signaling inhibits the growth,
migration, and invasiveness of cancer cells and induces cell
apoptosis (30). Blocking the Notch pathway can inhibit the
growth of lung cancer cells, induce apoptosis and sensitize
to chemotherapy (31).

Numerous studies showed that Rg3 had anticancer
effects against various types of cancer, and the mechanism
was related to inhibiting HIF-1a and VEGF expression,
inhibiting the activation of PI3K/Akt and ERK1/2
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pathways (32), inducing apoptosis through caspase-3,
caspase-8, and caspase-9 activation and regulating Bcl-
2 and Bax expression (17), and downregulating of
VE-cadherin/EphA2/MMP9/MMP2 expression (15).
Previous studies have shown that Rg3 has cytotoxic or
cytostatic effects in lung cancer cells and in mice bearing
lung cancer cells (33-35). In our present study, we extend
our study to analyze the comprehensive molecular
alterations of Notch signaling pathway in lung cancer cells
by Ginsenoside Rg3 .Here, we showed that Ginsenoside
Rg3 inhibited the growth of NCI-H1650, H520 and
H1963 cells in a time and dose-dependent manner with
different concentrations. Ginsenoside Rg3 induced a
significant apoptosis in NCI-H1650, H520 and H1963
cells for 24 and 48 h compared to the control group.
We found in the present study that the level of Notchl,
Notch2 and HES1 expression decreased while the level of
p38 MAPK, Caspase-3 and Caspase-9 expression increased
after Ginsenoside Rg3 treatment. Hence, Ginsenoside Rg3
could target Notch/HESI to induce the apoptotic pathway
in lung cancer cell lines.

In conclusion, Ginsenoside Rg3 could target the
Notch/HES1 pathway to cause apoptosis to inhibit the
proliferation of lung cancer cells and the results suggested a
therapeutic potential of Ginsenoside Rg3 in clinical use for
lung cancer treatment.
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