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Abstract. Lung cancer is one of the most common types of 
cancer with one of the highest incidence and mortality rates. 
Gefitinib is widely used for the treatment of non‑small cell lung 
cancer (NSCLC). However, issues regarding drug resistance, 
toxicity and limited applicability have been associated with 
gefitinib. The aim of the present study was to investigate 
whether ginsenoside Rg3 enhances the anticancer activity 
of gefitinib in NSCLC cells. MTT assay demonstrated that 
ginsenoside Rg3 increased the cytotoxic effect of gefitinib in 
NSCLC cell lines in a dose‑ and time‑dependent manner. In 
addition, flow cytometric analysis revealed that the combined 
treatment with gefitinib and ginsenoside Rg3 significantly 
increased apoptosis in NSCLC cell lines. Transwell migration 
assays demonstrated that the combined treatment with 
gefitinib and ginsenoside Rg3 significantly decreased NSCLC 
cell migration compared with gefitinib or ginsenoside Rg3 
treatment alone. Furthermore, western blot analysis revealed 
that in NSCLC cell lines, the combined treatment with gefitinib 
and ginsenoside Rg3 increased protein expression levels of 
pro‑apoptotic proteins Bax and cleaved‑caspase‑3, whilst the 
expression level of anti‑apoptotic protein Bcl‑2 decreased. In 
addition, western blot analysis revealed that, in NSCLC cell 
lines, the combined treatment with gefitinib and ginsenoside 
Rg3 decreased the protein expression levels of pro‑migration 
factors SNAIL and SLUG, whilst the expression level of 
anti‑migration protein E‑cadherin increased. In conclusion, 
ginsenoside Rg3 may be able to enhance the anticancer activity 
of gefitinib, making NSCLC cells more sensitive to gefitinib.

Introduction

Lung cancer is one of the most common types of cancer 
with high incidence and mortality rates  (1). Lung cancer 
accounts for 1.6 million mortalities each year and is one of 
the most common causes of cancer‑associated mortality 
worldwide (2,3). Lung cancer is the fourth leading cause of 
mortality in China (2,3). Non‑small cell lung cancer (NSCLC) 
is a subtype of lung cancer, which accounts for approximately 
85% of all lung cancer cases (4). NSCLC can be classified into 
several subtypes which include, squamous cell carcinoma, 
adenocarcinoma, large‑cell carcinoma and bronchioloalveolar 
carcinoma (5). The main treatment options for patients with 
NSCLC include surgery, radiotherapy and chemotherapy (4). 
Surgery is regarded as the most efficient treatment, however 
clinical application is limited to patients with advanced 
NSCLC, which account for 70% of all new lung cancer 
cases (6). The development of new therapeutic strategies based 
on chemotherapeutic agents is required to potentially improve 
clinical outcomes.

Targeted therapies for NSCLC have made promising 
progress (7,8). Gefitinib is a well‑known targeted drug for the 
treatment with NSCLC, which acts as an epidermal growth 
factor receptor (EGFR)‑tyrosine kinase inhibitor (TKI) (9). 
Gefitinib competitively inhibits ATP binding at the ATP intra-
cellular domain of EGFR, to prevent the autophosphorylation 
and activation of downstream signaling pathways, leading 
to the inhibition of tumor cell proliferation, metastasis, and 
angiogenesis (10). Gefitinib is widely used as the standard 
first‑line treatment for patients with advanced NSCLC with 
active EGFR mutations (11,12). Although gefitinib can improve 
the progression‑free survival and overall survival of patients 
with NSCLC, issues regarding drug resistance, toxicity and 
limited applicability need to be addressed (13).

Natural products, which include Chinese herbal medicine 
extracts, have gained increasing attention in tumor therapy 
due to high efficacy and low toxicity. Combined with chemo-
therapeutic agents or targeted therapies, natural products may 
enhance the antitumor efficacy whilst reducing side effects 
associated with traditional therapeutic strategies  (14‑16). 
Ginsenoside Rg3 is a steroidal saponin isolated from a tradi-
tional Chinese herbal medicine, Panax ginseng, with anticancer 
activity (17). Several studies revealed that ginsenoside Rg3 
could enhance lung cancer sensitivity to chemotherapy (18,19). 
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The aim of the current study was to investigate whether ginsen-
oside Rg3 enhances gefitinib efficiency in altering NSCLC cell 
proliferation, apoptosis, and migration by using two NSCLC 
cell lines with different sensitivities to gefitinib.

Materials and methods

Cell culture and reagents. NSCLC cell lines A549 and H1299 
were purchased from Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in RPMI‑1640 medium (HyClone; 
GE Healthcare Life Sciences, Logan, UT, USA) supplemented 
with 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin 
and 100 µg/ml streptomycin and maintained at 37˚C in a 
5% CO2‑humidified incubator. Gefitinib was purchased from 
Selleck Chemicals (cat. no. S1025; Houston, TX, USA) and 
dissolved in DMSO (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) at a concentration of 100 mM. Ginsenoside Rg3 was 
purchased from Biopurify Phytochemicals Ltd. (Chengdu, 
China) and dissolved in DMSO at a concentration of 50 mg/ml.

Cell proliferation assay. Cell viability was measured using MTT 
assay (cat. no. C0009; Beyotime Institute of Biotechnology, 
Haimen, China). A549 or H1299 cells were seeded in 96‑well 
plates at a density of 1x104 cells/well and cultured overnight. 
Following incubation, cells were treated with 0, 5, 10 or 20 µM 
gefitinib with or without ginsenoside Rg3 (12.5 or 25 µg/ml) at 
37˚C for 24, 48 or 72 h. After washing twice with PBS, MTT 
solution was added to each well to a final concentration of 
0.5 mg/ml and further incubated for 4 h. The MTT solution 
was removed and 100 µl DMSO was added to each well to 
dissolve the formazan crystals. Cell viability was determined 
by measuring the absorbance at a wavelength of 570 nm using 
a microplate reader (Thermo Fisher Scientific, Inc.). The cell 
viability rates were normalized to the DMSO‑treated control 
group.

Flow cytometric analysis of apoptosis. A549 or H1299 cells 
were seeded in six‑well plates at a density of 5x105 cells/well 

and cultured overnight. Following incubation, cells were 
treated with 10  µM gefitinib with or without 12.5  µg/ml 
ginsenoside Rg3 at 37˚C for 48 h. Following a 48‑h incubation, 
cells were harvested, washed twice with PBS and subsequently 
stained using the Annexin  V‑fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) Double Staining kit (Nanjing 
KeyGen Biotech Co., Ltd., Nanjing, China), according to 
the manufacturer's protocol. Apoptotic cells were measured 
using a flow cytometer (BD Biosciences, Franklin Lakes, 
CA, USA) and the data were analyzed using FlowJo software 
(version 7.6.1; FlowJo LLC, Ashland, OR, USA).

Transwell migration assay. Cells were pre‑treated with 10 µM 
gefitinib with or without 12.5 µg/ml ginsenoside Rg3 at 37˚C 
for 24 h, cells were collected and re‑suspended in culture 
medium without FBS at a density of 5x105 cells/ml. Using 
Transwell chambers with a pore size of 8 µm (Costar; Corning 
Inc., Corning, NY, USA), a total of 1x105 A549 or H1299 
cells in RPMI‑1640 medium without FBS were plated in the 
upper chamber, and 600 µl RPMI‑1640 medium supplemented 
with 20% FBS was plated in the lower chamber. Following 

incubation for 24 h, the migratory cells were fixed with 4% 
paraformaldehyde at room temperature for 15 min, washed 
twice with PBS and stained with 0.05% crystal violet at room 
temperature for 10 min. The unmigrated cells were removed 
with cotton swabs and the stained migrated cells were counted 
using a light microscope (magnification, x100).

Western blot analysis. A549 or H1299 cells in 2  ml 
RPMI‑1640 medium were seeded in six‑well plates at a density 
of 5x105 cells/well and cultured overnight. Subsequently, cells 
were treated with 10 µM gefitinib with or without 12.5 µg/ml 
ginsenoside Rg3 at 37˚C for 48 h. Following treatment for 48 h, 
total protein was extracted from cells using radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology). 
Total protein was quantified using bicinchoninic acid assay 
(Beyotime Institute of Biotechnology) and 40 µg protein/lane 
was separated via SDS‑PAGE on a 10% gel. The separated 
proteins were transferred onto 0.45 mm Immobilon‑P poly-
vinylidene difluoride membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked in 5% fat‑free milk 
for 1 h at room temperature and incubated overnight at 4˚C 
with primary antibodies against cleaved‑caspase‑3 (1:1,000; 
cat. no. 9661; CST Biological Reagents Co., Ltd., Shanghai, 
China), snail family transcriptional repressor 1 (SNAIL; 1:500; 
cat. no. sc‑393172), snail family transcriptional repressor 2 
(SLUG; 1:500; cat. no. sc‑166476), Bcl‑2‑associated X (Bax; 
1:200; cat.  no.  sc‑49; all Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), E‑cadherin (1:1,000; cat.  no.  ab15148), 
B‑cell lymphoma 2 (Bcl‑2; 1:1,000; cat. no. ab194583), and 
GAPDH (1:5,000; cat. no. ab181602: All Abcam, Cambridge, 
UK). Following the primary incubation, membranes were 
incubated with horseradish peroxidase‑labelled secondary 
antibodies, including Peroxidase AffiniPrue Goat Anti‑Rabbit 
IgG (1:3,000; cat. no. 111‑035‑003) and Peroxidase AffiniPrue 
Goat Anti‑Mouse IgG (1:3,000; cat. no. 115‑035‑003; both 
Jackson ImmunoResearch Europe, Ltd., Newmarket, UK) for 
1 h at room temperature. Protein bands were visualized using 
the enhanced chemiluminescence detection reagents (Pierce™ 
ECL Western Blotting Substrate; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol, and blots 
were analyzed using ChemiDocTM XRS+ System (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA, USA).

Statistical analysis. Data are presented as the mean ± standard 
deviation. All statistical analyses were performed using 
GraphPad Prism software (version 5.0; Graphpad Software, 
Inc., La Jolla, CA, USA). Statistical analyses were performed 
using one‑way analysis of variance followed by Bonferroni 
correction. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Effect of ginsenoside Rg3 on the cytotoxic activity of gefitinib 
in NSCLC cell lines. MTT assay was used to examine 
cell proliferation in A549 and H1299 cells treated with 
0, 5, 10 or 20 µM gefitinib with or without 12.5 or 25 µg/ml 
ginsenoside Rg3 for 48 h. The current study demonstrated 
that in both NSCLC cell lines, gefitinib and ginsenoside 
Rg3 inhibited cell proliferation in a dose‑dependent manner. 
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The combined treatment with gefitinib and ginsenoside 
Rg3 further increased the cytotoxic effect compared with 
gefitinib or ginsenoside Rg3 treatment alone (Fig. 1A and B). 
In addition, A549 and H1299 cell viability was examined 
following treatment with 10 µM gefitinib with or without 
12.5 µg/ml ginsenoside Rg3 for 24, 48 and 72 h. The current 
study demonstrated the combined treatment with gefitinib and 
ginsenoside Rg3 increased the cytotoxic effect compared with 
gefitinib or ginsenoside Rg3 treatment alone, and the difference 
was statistically significant at 48 and 72 h (Fig. 1C and D).

Effect of ginsenoside Rg3 on gefitinib‑induced apoptosis in 
NSCLC cancer cell lines. Flow cytometric analysis using 
Annexin V and PI double staining was used to examine cell 
apoptosis in A549 and H1299 cells treated with 10 µM gefitinib 
with or without 12.5 mg/ml ginsenoside Rg3 for 48 h. The 
current study demonstrated that gefitinib and Rg3 treatment 
significantly increased A549 cell apoptosis compared with the 
control group. In addition, the combined treatment with gefi-
tinib + Rg3 significantly enhanced gefitinib‑induced apoptosis 
in A549 cells (Fig. 2A). Similarly, gefitinib or ginsenoside Rg3 
treatment alone increased H1299 cell apoptosis. The combined 
treatment with gefitinib + Rg3 significantly enhanced cell 
apoptosis compared with the control and gefitinib groups in 
H1299 cells (Fig. 2B).

Ginsenoside Rg3 enhances the inhibitory effect of gefitinib 
on NSCLC cell migration. Cell migration assays were used to 
examine migration in A549 and H1299 cells treated with 10 µM 
gefitinib with or without 12.5 µg/ml ginsenoside Rg3 for 24 h. 
Cell migration assays were performed after a relatively short 
treatment time (24 h) to exclude the influence of drug‑induced 
cell death. The results from the migration assays demonstrated 
that gefitinib, ginsenoside Rg3 and gefitinib + Rg3 treatment 
significantly decreased A549 cell migration compared with 
the control group. (Fig. 3A). Similarly, the migration assays 
demonstrated that gefitinib or ginsenoside Rg3 treatment alone 
significantly decreased H1299 cell migration compared with 
the control group. In addition, the combined treatment with 
gefitinib + Rg3 significantly increased H1299 cell migra-
tion compared with the control and gefitinib‑treated group 
(Fig. 3B).

Ginsenoside Rg3 enhances the effects of gefitinib on the 
expression of migration‑ and apoptosis‑associated proteins 
in NSCLC cell lines. To investigate the effects of treat-
ment with gefitinib and ginsenoside Rg3 on apoptosis‑ and 
migration‑associated pathways, the protein expression levels 
of apoptosis‑associated proteins (Bax, cleaved‑caspase‑3 
and Bcl‑2) and migration‑associated proteins (E‑cadherin, 
SNAIL and SLUG) were determined by western blot analysis 

Figure 1. Lung cancer cell viability following treatment with gefitinib with or without ginsenoside Rg3. MTT assay was used to examine the cell viability of 
(A) A549 and (B) H1299 cells treated with gefitinib (0, 5, 10 or 20 µM) with or without Rg3 (12.5 or 25 µg/ml) for 48 h. (C) Cell viability of A549 cells treated 
with 10 µM gefitinib and 12.5 µg/ml Rg3 for 24, 48 and 72 h. (D) Viability of H1299 cells treated with 10 µM gefitinib and 12.5 µg/ml Rg3 for 24, 48 and 72 h. 
Data are presented as the mean ± standard deviation. *P<0.05 vs. the gefitinib group and #P<0.05 vs. the Rg3 group. Rg3, ginsenoside Rg3; H1299 and A549, 
non‑small cell lung cancer cell lines.
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in A549 and H1299 cells treated with 10 µM gefitinib with 
or without 12.5 µg/ml ginsenoside Rg3 for 24 h. Cell death 
causes the degradation of cellular proteins, including 
pro‑apoptotic proteins (20). Therefore, protein expression 
was examined after a relatively short treatment time (24 h) 
to exclude the influence of drug‑induced cell death. The 
current study demonstrated that in both NSCLC cell lines, 
the combined treatment with gefitinib  +  Rg3 increased 

protein expression levels of pro‑apoptotic proteins Bax and 
cleaved caspase‑3, whilst the protein expression level of the 
anti‑apoptotic protein Bcl‑2 was decreased compared with 
the control group. Furthermore, the combined treatment 
with gefitinib and Rg3 increased the protein expression level 
of anti‑migration protein E‑cadherin, whilst the protein 
expression levels of two pro‑migration factors SNAIL and 
SLUG were decreased compared with the control group 

Figure 3. Lung cancer cell migration following treatment with gefitinib with or without Rg3. Transwell migration assay was used to examine cell migration in 
(A) A549 and (B) H1299 cells treated with gefitinib (10 µM) with or without Rg3 (12.5 µg/ml) for 24 h. magnification, x100. *P<0.05 vs. the control group and 
#P<0.05 vs. the gefitinib group. Rg3, ginsenoside Rg3; H1299 and A549, non‑small cell lung cancer cell lines. 

Figure 2. Lung cancer cell apoptosis following treatment with gefitinib with or without Rg3. Flow cytometry was used to examine apoptosis in (A) A549 and 
(B) H1299 cells treated with gefitinib (10 µM) with or without Rg3 (12.5 µg/ml) for 48 h. *P<0.05 vs. the control group and #P<0.05 vs. the gefitinib group. Rg3, 
ginsenoside Rg3; H1299 and A549, non‑small cell lung cancer cell lines; Annexin V, Annexin V‑fluorescein isothiocyanate; PI, propidium iodide.
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(Fig. 4A and B). These results suggest that ginsenoside Rg3 
may enhance gefitinib‑induced apoptosis and inhibition of 
migration in NSCLC cell lines.

Discussion

The current study demonstrated that ginsenoside Rg3 
enhances gefitinib‑induced tumor cytotoxicity and apop-
tosis, as well as the inhibitory effect of gefitinib on cell 
migration, thereby sensitizing NSCLC cells to gefitinib. The 
5‑year survival rate for patients with NSCLC is approxi-
mately 15% (21,22). The discovery and use of EGFR‑TKIs, 
including gefitinib, has improved prognosis in patients 
with advanced EGFR mutation‑positive NSCLC (6,23,24). 
However, the majority of patients with NSCLC develop 
acquired gefitinib resistance within 9‑16 months, as a result 
of secondary EGFR mutations (25,26). Second‑generation 
EGFR‑TKIs, including afatinib, were developed to over-
come acquired resistance to first‑generation inhibitors (27). 
Third‑generation EGFR‑TKIs can target the constitutive 
activation of EGFR mutations as well as resistant muta-
tions (28,29). Issues regarding high cost, side effects and 
limited applicability of second‑ and third‑generation 
EGFR‑TKIs have prevented the widespread clinical appli-
cation of these drugs (27,30). To overcome the limitations 
associated with EGFR‑TKIs in the treatment with NSCLC, 
more efficient therapeutic strategies with fewer side effects 
are required. The current study demonstrated that ginsen-
oside Rg3 increased the cytotoxic activity of gefitinib in 
NSCLC cell. These results suggest that the combined treat-
ment with gefitinib and ginsenoside Rg3 may be used for 
non‑EGFR mutant cancer at a lower dose, whilst reducing 
any potential side effects associated with EGFR‑TKIs.

Gefitinib is an effective treatment option for patients with 
advanced EGFR mutation‑positive NSCLC  (9). However 
numerous patients with NSCLC do not have gefitinib‑sensitive 
mutations and therefore do not respond to treatment with gefi-
tinib (13). In the present study, two NSCLC cell lines (H1299 
and A549) with wild‑type EGFR (31) and different sensitivities 
to gefitinib were selected and used to investigate the enhanced 
efficacy and sensitivity of gefitinib with ginsenoside Rg3. The 
current study demonstrated that both NSCLC cell lines could 
be re‑sensitized to treatment with gefitinib when combined 
with ginsenoside Rg3. Furthermore, the different p53 states of 
A549 (p53‑wildtype) and H1299 (p53‑null) cells (31), suggests 
that p53 is unlikely to be involved in the potential underlying 
process.

Ginsenoside Rg3 is a natural product extracted from a 
traditional Chinese medicine, Panax ginseng  (17). Several 
studies have suggested that ginsenoside Rg3 may serve roles 
in the complex process of tumor development, which includes 
proliferation, apoptosis, migration, angiogenesis and tumor 
immunogenicity (18,19,32‑36). Unlike targeted drugs, ginsen-
oside Rg3 has multiple targets and exhibits anticancer activity 
through a number of mechanisms, which include targeting 
multiple tumor‑associated signaling pathways as well as 
regulating intracellular reactive oxygen species (34‑36). The 
potential mechanism of action of ginsenoside Rg3 is not 
dependent on EGFR mutations (37), which suggests that an 
enhanced therapeutic efficiency may be achieved through the 
combined treatment with gefitinib. Consistent with previous 
studies (34,35), the current study demonstrated that ginsen-
oside Rg3 inhibited cell proliferation, induced cell apoptosis 
and decreased NSCLC cell migration.

The current study demonstrated that ginsenoside Rg3 
enhanced gefitinib‑induced tumor cytotoxicity in NSCLC 

Figure 4. Expression of migration and apoptosis‑associated proteins in lung cancer cell lines following treatment with gefitinib with or without Rg3. Protein 
expression levels of caspase‑3, Bax, Bcl‑2, E‑cadherin, SLUG, SNAIL and GAPDH were determined using western blot analysis in (A) A549 and (B) H1299 
cells treated with gefitinib (10 µM) with or without Rg3 (12.5 µg/ml) for 24 h. Rg3, ginsenoside Rg3; H1299 and A549, non‑small cell lung cancer cell lines. 
Bax, Bcl‑2‑associated X; Bcl‑2, B‑cell lymphoma 2; SLUG, snail family transcriptional repressor 2; SNAIL, snail family transcriptional repressor 1.
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cells and the inhibitory effect of gefitinib on NSCLC cell 
migration. Western blot analysis demonstrated that the 
combined treatment with gefitinib and ginsenoside Rg3 
enhanced protein expression levels of cell migration‑ and 
apoptosis‑associated markers in NSCLC cell lines which 
suggests that ginsenoside Rg3 may enhance gefitinib efficacy 
in NSCLC. Several studies revealed that ginsenoside Rg3 
reversed resistance to cisplatin in lung cancer  (18,19,36). 
In the current study, ginsenoside Rg3 enhanced gefitinib 
efficiency in NSCLC cell proliferation, apoptosis, and migra-
tion. The mechanisms of action of ginsenoside Rg3 may be 
distinct from gefitinib (17), exerting a synchronous inhibitory 
effect on EGFR. However, under different dose combina-
tions, gefitinib and ginsenoside Rg3 may exert a potential 
synergistic anticancer effect.

The current study has several limitations. Two NSCLC cell 
lines were used to investigate the antitumor effects of ginsen-
oside Rg3 and gefitinib, therefore NSCLC cell lines with 
different EGFR status should be used for further investigation. 
In addition, the underlying mechanism of ginsenoside Rg3 and 
gefitinib in NSCLC remains unknown and should be further 
investigated.

In conclusion, ginsenoside Rg3 may be able to enhance 
the anticancer activity of gefitinib. Ginsenoside Rg3 enhanced 
gefitinib‑induced cytotoxicity, apoptosis and migration inhibi-
tion, making NSCLC cells more sensitive to gefitinib. These 
results indicated the potential clinical application of the 
combined treatment with gefitinib and ginsenoside Rg3 for 
patients with NSCLC.
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