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Abstract: Lung cancer is the leading cause of cancer death in the world and classified 
into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). As tyrosine 
kinase inhibitors (TKIs), several triterpenoid saponins can target to epidermal growth 
 factor  receptor (EGFR), a widely used molecular therapeutic target, to exhibit remarkable 
anti- proliferative activities in cancer cells. As one of triterpenoid saponins, 20(S)- 
ginsenoside Rg3 [20(S)-Rg3] was confirmed to be an EGFR-TKI in this work. According 
to the quantitative real-time reverse transcription-PCR (qRT-PCR) and immunoblotting 
analysis, 20(S)-Rg3 was certified to play a key role on EGFR/Ras/Raf/MEK/ERK signal 
pathway regulation. Our data demonstrated that 20(S)-Rg3 might block the cell cycle at 
the G0/G1 phase by downregulating CDK2, Cyclin A2, and Cyclin E1. Molecular docking 
suggested that the combination of both hydrophobic and hydrogen-bonding interactions 
may help stabilizing the 20(S)-Rg3-EGFR binding. Furthermore, their binding stability 
was assessed by molecular dynamics simulation. Taken together, these data provide the 
evidence that 20(S)-Rg3 could prohibit A549 cell proliferation, probably by arresting the 
cell cycle at the G0/G1 phase via the EGFR/Ras/Raf/MEK/ERK pathway.
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Introduction

Lung cancer is the main cause of cancer death worldwide, while it is classified into two 
major groups, non-small cell lung cancer (NSCLC), and small cell lung cancer (SCLC) 
(Hsu et al., 2004). As a NSCLC cell line, A549 cell shows significantly higher expression 
of lung-resistance protein (LRP) than other lung cancer cell lines (Lin et al., 2009). As the 
current treatment modalities are inadequate, novel therapies are necessary to reduce the 
impacts of increased lung cancer incidence rate.

Epidermal growth factor receptor (EGFR) is often considered as a molecular 
 therapeutic target because of its overexpression in lung tumors (Liang et al., 2020; 
Zhang et al., 2020a). Binding of epidermal growth factor (EGF) induces EGFR 
dimerization and phosphorylation, which leads to the activation of downstream sig-
naling pathways, such as RAS/RAF/MEK/ERK, PI3K/AKT/mTOR, and JAK/STAT3 
pathways (Bansode et al., 2018). Considering the therapeutic therapy targeting EGFR, 
there are two well-identified varieties of drugs, including epidermal growth factor 
receptor-tyrosine kinase inhibitors (EGFR-TKIs) and monoclonal antibodies (mAbs) 
(Lin et al., 2014; Jing et al., 2020b). However, treatment with the synthetic EGFR-TKIs 
is associated with several side effects, such as rash and diarrhea (Hu et al., 2017; Jing 
et al., 2020a). Thus, searching for novel EGFR-TKIs with more effective and less side 
effects is urgently needed.

As one of the classical traditional Chinese medicines (TCMs), Panax ginseng  
(P. ginseng) can inhibit the proliferation of tumor cells and produce little relative  toxicity 
to  normal cells, making it an attractive candidate for cancer treatment (Zhang et al., 2018; 
Xiao et al., 2019). Ginsenosides are the main active ingredients in P. ginseng and are mainly 
derived from the root (Ren et al., 2019; Zhang et al., 2020d). The absence or  presence 
of the carboxyl group at the C-6 position can divide ginsenosides into two  categories, 
namely, protopanaxatriol (PPT)-type and protopanaxadiol (PPD)-type (Zhang et al., 
2020c). Rg3 is one of the bioactive PPD-type ginsenosides and has been developed as a 
potential natural anticancer substance in Asian countries (Zhang et al., 2019b). It exists 
as a pair of stereoisomers, 20(S)-ginsenoside Rg3 [20(S)-Rg3], and 20(R)-ginsenoside 
Rg3 [20(R)-Rg3], depending on the spatial arrangement of the hydroxyl group at C-20 
(Zhang et al., 2019c; Li et al., 2020).

It has been reported that 20(S)-Rg3 (Fig. 1A) is more water soluble and bioavailable than 
its 20(R) counterpart (Tian et al., 2016; Wang et al., 2019). Hence, this work  investigated 
the effect of 20(S)-Rg3 on the regulation of cell proliferation in A549 cells. First, 20(S)-
Rg3 was proved to be an EGFR kinase inhibitor by the homogeneous time-resolved fluo-
rescence (HTRF) method. The influence of 20(S)-Rg3 to A549 cells growth and viability 
was evaluated by MTT assay. The results also confirmed that 20(S)-Rg3 could regulate 
the expression of EGFR/MAPK pathway genes as well as the level of relative proteins in 
A549 cells. Further investigation suggested that 20(S)-Rg3 probably could block the cells 
cycle but not regulate apoptosis in A549 cells. In addition, the binding interaction between 
EGFR and 20(S)-Rg3 was investigated by molecular docking in combination with molec-
ular dynamics (MD) simulation.
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Materials and Methods

Materials

20(S)-Rg3 was purchased from Yuanye Biotech Co., Ltd. (Shanghai, China). Dulbec-
co’s modified Eagle’s medium (DMEM), phosphate-buffered saline (PBS), and trypsin- 
ethylene diamine tetraacetie acid (EDTA) solution were purchased from Biological 
Industries (Beit Haemek, Israel). Antibiotic solution containing 1 × 104 U/mL penicillin 
and 1 × 104 mg/mL streptomycin was purchased from Gibco (Paisley, UK). Fetal bovine 
serum (FBS) was purchased from HyClone (South Logan, USA). Primary antibodies 
were purchased from Abcam (Cambridge, USA). Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) antibody was purchased from Gene Tex (Irvine, CA, USA). Horseradish 
 peroxidase (HPR)-conjugated secondary antibody was purchased from Sino Biological 
Inc. (Beijing, China).

EGFR HTRF Assay

The kinase inhibition assay for the EGFR protein (Thermo Fisher Scientific, San Jose, 
USA) was performed using the HTRF kinase TK assay kit (Cisbio, Codolet, France). 
Briefly, the enzyme reaction was carried out with the addition of ATP to a mixture 
of 20(S)-Rg3, TK substrate-biotin, and EGFR protein. The EGFR enzyme reaction 
was performed at room temperature for 40 min and was terminated by the detection 
buffer containing EDTA with streptavidin and TK antibody-cryptate (Zhang et al., 
2019a). Then the 96-well low volume plate was read at 620 and 665 nm on a microplate 

Figure 1.  (A) The structure of 20(S)-Rg3. (B) The inhibition assay of 20(S)-Rg3 to EGFR kinase. The inhi-
bition curve was calculated with the ratio at 620 and 665 nm on a microplate reader. (C) The MTT assay was 
performed to determine the A549 cells cytotoxicity following 24 h exposure to different concentrations of 
20(S)-Rg3. The assays were repeated independent three times and all the data were presented as mean ± SEM. 
*P < 0.05, **P < 0.01, and ***P < 0.001 compared with the control group.

(A)

(B)

(C)
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reader (Tecan Spark® 10M, Tecan, Männedorf, Switzerland). The competition curve of 
 20(S)-Rg3 to EGFR kinase was fitted with the GraphPad Prism 5 (GraphPad Software, 
La Jolla, USA).

Cell Lines and Culture

A549 cell was purchased from Cell Bank of Chinese Academy of Sciences  (Shanghai, China). 
The A549 cells were maintained in DMEM supplemented with 100 U/mL  penicillin, 
100 mg/mL streptomycin, and 10% FBS in the humidified atmosphere with 95% air and 
5% CO

2
 at 37 °C.

Proliferation Assay

The effect of 20(S)-Rg3 on A549 cells proliferation and viability was assessed by MTT 
assay kit (Sigma-Aldrich, St. Louis, USA). A549 cells were cultured in 96-well plates at 
1 × 104 cells per well for 24 h. Then cells were treated with 20(S)-Rg3 at different con-
centrations. After 24 h treatment of 20(S)-Rg3, MTT solution (5 mg/mL) was added into 
each experiment well and cells were incubated at 37 °C. Another 4 h later, the DMEM 
medium was discarded, and 110 mL of DMSO was added to dissolve the formazan in A549 
cells. The absorbance changes at 490 nm were detected with a microplate reader (Bio-Rad 
 Laboratories, Richmond, USA).

Quantitative Real-Time PCR Assay

The distinct genes were verified by quantitative real-time reverse transcription-PCR (qRT-
PCR). The A549 cells were precultured in DMEM medium of 2.5 × 105 cells per disc for 
about 12 h. Different concentrations of 20(S)-Rg3 were added to cells for 24 h, then total 
cellular RNA of samples was extracted from the 549 cells with the Trizol reagent (Trans-
gen Biotech Ltd., Beijing, China) on the basis of manufacturer’s protocol. The cDNA was 
synthesized from the mRNA with a PrimeScript® RT reagent kit (Transgen Biotech Ltd., 
Beijing, China). On the basis of the primer sequences (Zhang et al., 2020b), the qRT-PCR 
was performed with Step One Plus® RT-PCR system (Applied Biosystems, Forster City, 
USA). GAPDH was used as an internal control. Relative expression level of the genes was 
calculated by using the DDCt method, and the values less than 0.5 or greater than 2.0 were 
considered as significantly down- or up-regulated.

Western Blotting

The cells were cultured at 5 × 106 cells per disc in 10 cm discs. After attachment, cells were 
treated with 20(S)-Rg3 for 24 h. Then cells were washed twice or three times with ice-cold 
PBS and were scraped into radio-immunoprecipitation assay (RIPA) buffer. Cell lysates 
were incubated for about 30 min on ice. After being centrifugated at 12,000 g for 5 min, the 
supernatant was taken as protein solution. The concentration of protein was detected with 
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a bicinchoninic acid (BCA) protein assay kit (Melunbio, Dalian, China). Protein samples 
were assessed by sodium dodecyl sulfate-poly acrylamide gel electrophoresis (SDS-PAGE) 
and were electroblotted onto polyvinylidene fluoride (PVDF) membranes. After blocking 
of non-specific binding, the expressions of proteins were estimated. GAPDH was used as 
an internal control. After washing with TBST buffer several times at room temperature, 
the PVDF membranes were incubated by secondary antibodies with continuous shaking. 
The proteins expressions were detected with an enhanced chemiluminescence testing kit 
(Clinx Science Instrument Co., Ltd., Shanghai, China). The gray densities of the bands 
were measured with ImageJ program (Softonic International S.A.). Relative accumulation 
of the tested proteins was calculated by using the gray density values referred to those of 
the GAPDH in the same treatments.

Computer Simulation and Analysis

Initially, the co-crystal structure of EGFR-erlotinib complex (Protein Data Bank ID 1M17) 
was collected (Stamos et al., 2002). After the validation of docking accuracy, EGFR and 
20(S)-Rg3 were submitted to AutoDockTools for 10 independent docking calculations. 
The docking pose with lowest binding energy was selected as the best pose for the MD 
simulation. Briefly, the 20(S)-Rg3-EGFR complex was located in a cubic box with the 
simple point charge water models. Then the counterion was placed at random position 
among the water molecules to obtain electrostatic neutrality. After energy minimization, 
the system was equilibrated with position restraints on both EGFR and 20(S)-Rg3. The 
position restraints were removed and then MD simulation was performed with GROMACS 
2019 for 20 ns. The root mean squared deviation (RMSD) values of 20(S)-Rg3 and EGFR 
were calculated, respectively.

Statistical Analysis

Data were reported as mean ± standard errors of the means (SEM) of the three independent 
experiments. Statistical significance analysis was performed by the student’s t-test com-
pared to the control group. The differences were considered significantly for * P < 0.05, 
**P < 0.01, and ***P < 0.001.

Results and Discussion

20(S)-Rg3 is an EGFR Kinase Inhibitor

In the HTRF assay, the fluorescence resonance energy transfer signals are generated between 
the donor and acceptor molecules in close proximities (Wang et al., 2014). The media 
interference is also obviously reduced by dual-wavelength detection. Therefore, the HTRF 
assay is widely performed in the kinase assays that mainly focus on the high-throughput 
screening. The HTRF method was arranged to evaluate the inhibitory activity of 20(S)-Rg3 
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to EGFR kinase. The inhibition curve of 20(S)-Rg3 was shown in Fig. 1B. The half maxi-
mal inhibitory concentration (IC

50
) value of 20(S)-Rg3 inhibiting wild-type EGFR kinase 

was 70.42 nM. Therefore, the HTRF assay results confirmed that 20(S)-Rg3 was an EGFR 
kinase inhibitor and might be a potential therapy in the treatment of NSCLC.

Cytotoxicity of 20(S)-Rg3 to A549 Cells

The MTT analysis was carried out to determine the A549 cells cytotoxicity following 24 h 
exposure to different concentrations of 20(S)-Rg3. The results indicated that 20(S)-Rg3 
could inhibit A549 cells viability in a dose-dependent manner and the cell viability was 
basically stable after the treatment of 20(S)-Rg3 at about 50 mM (Fig. 1C). The concentra-
tions of 24, 30, and 37 mM were selected for further cell treatments, corresponding with the 
IC

20
, IC

40
, and IC

60
 in A549 cells, respectively.

20(S)-Rg3 Regulated the EGFR/MAPK Signaling in A549 Cells

To investigate whether the EGFR/MAPK signaling is regulated by 20(S)-Rg3, both of qRT-
PCR and western blotting analysis were carried out. Obviously, the expressions of the 
EGFR/MAPK pathway genes were regulated in a concentration-dependent manner with 
the increased concentration levels of 20(S)-Rg3, except for that of ERK1 (Fig. 2A). In 
all treatments, the expression of Ras was significantly upregulated. High concentration 
(37 mM) of 20(S)-Rg3 significantly upregulated the expressions of EGFR, BRAF, MEK2, 
and ERK2. However, only the expressions of Ras, BRAF, and MEK2 were remarkably 
upregulated when treated with moderate concentration (30 mM) of 20(S)-Rg3. Interest-
ingly, the expressions of Raf1, ERK1, and ERK2 were remarkably downregulated when 
treated with low concentration (24 mM) of 20(S)-Rg3. Hence, it could be concluded 
that the high concentration of 20(S)-Rg3 promoted the expressions of genes in EGFR/

Figure 2.  Regulation of 20(S)-Rg3 to EGFR/MAPK pathway. (A) Gene expression data were achieved from 
three independent technical duplicates with three independent treatments. (B) Cells lysates were probed with 
antibodies to detect the correspondent proteins. The numbers under bands indicated the relative accumulation 
levels. The assays were repeated independent three times and all the data were presented as mean ± SEM. *P < 
0.05, **P < 0.01, and ***P < 0.001 compared with the control group.

(A) (B)
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MAPK pathway in A549 cells. The proteins levels of EGFR, ERK, phosphorylated Raf1, 
and  phosphorylated ERK were increased in a concentration-dependent manner (Fig. 2B). 
Oppositely, both of Ras and Raf1 were decreased as the concentrations of 20(S)-Rg3 
increased. However, the  levels of phosphorylated EGFR and BRAF were increased but not 
in a concentration- dependent manner. By contrast, the levels of MEK and phosphorylated 
MEK were basically unchanged with the treatment of 20(S)-Rg3 at different concentra-
tions. These results indicated that 20(S)-Rg3 could regulate the EGFR/MAPK signaling in 
A549 cells. The disaccords of transcription and protein accumulation of some tested pro-
tein (e.g., Ras and Caspase-3 described below) might be caused by the post transcription 
processing/modification of mRNAs and/or translation regulation as well as the degradation 
of the proteins.

20(S)-Rg3 Did Not Inhibit A549 Cells Apoptosis

Apoptosis is a constitutive, active, and energy-dependent process that is performed by 
a number of characteristics, such as cytoplasmic shrinkage, active membrane blebbing, 
nuclear condensation, internucleosomal DNA fragmentation, and protein cleavage (Orre-
nius et al., 2011). As shown in Fig. 3A, the expressions of the apoptosis-related genes 
(Caspase-3, STAT3, and survivin) were upregulated in a concentration-dependent manner. 
However, the expressions of PARP1, Caspase-9, and Bcl-XL reached their highest level at 
moderate concentration (30 mM) of 20(S)-Rg3. The results of the western blotting analysis 
showed that PARP1 decreased in a concentration-dependent manner, while phosphorylated 
STAT3 increased (Fig. 3B). Interestingly, the level of survivin was remarkably increased 
at high concentration (37 mM) of 20(S)-Rg3. However, the levels of STAT3, Caspase-9, 
Caspase-3, and Bcl-XL were basically unchanged with the treatment of 20(S)-Rg3 at the 
tested concentrations.

Figure 3.  Impacts of 20(S)-Rg3 to apoptosis regulators. (A) Gene expression data were achieved from three 
independent technical duplicates with three independent treatments. (B) Cells lysates were probed with 
 antibodies to detect the correspondent proteins. The numbers under bands indicated the relative accumulation 
levels. The assays were repeated independently three times and all the data were presented as mean ± SEM. 
*P < 0.05, **P < 0.01, and ***P < 0.001 compared with the control group.

(A) (B)
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As the most abundant isoform of the PARP enzyme family, PARP1 plays a key role as 
DNA damage sensor and signaling molecule by binding to both single- and double-stranded 
DNA breaks (Xu et al., 2016). The downregulation of PARP1 induced by 20(S)-Rg3 made 
A549 cells vulnerable to death. STAT proteins are potential transcription factors that medi-
ate growth factor- and cytokine-directed transcription. STAT3 is persistently activated in 
many transformed cell lines and human cancers, therefore STAT3 is considered as an onco-
gene (Darnell, 2002). The reduction of PARP1 level could increase A549 cells apoptosis, 
however the increment of phosphorylated STAT3 level could promote cancer cells prolif-
eration. In this work, the influence of the downregulation of PARP1 cancelled out that of 
the increment of phosphorylated STAT3, resulting in the constant level of other apopto-
sis-related proteins and their phosphorylation. As one of the anti-apoptosis genes, survivin 
is validated as the cancer therapeutic target. The overexpression of survivin was widely 
identified to be a negative prognostic factor in different cancer types and participated in 
the inhibition of apoptosis by anticancer agents (Altieri, 2008). At high concentrations, the 
increment of survivin level was probably affected by the phosphorylated STAT3. There-
fore, 20(S)-Rg3 might not induce A549 cell apoptosis.

20(S)-Rg3 Blocked the Cell Cycle at the G0/G1 Phase

Cell division is divided into mitosis (M) and interphase (includes G1, S, and G2 phases) 
according to the characterization of replicated DNA and segregation of replicated chro-
mosomes (Vermeulen et al., 2003). Generally speaking, most of the expressions of the 
cell cycle-related genes were significantly upregulated by moderate concentration (30 mM) 
of 20(S)-Rg3, except for that of CDK1 and Cyclin B1 (Fig. 4A). In all cases, the expres-
sions of Cdc25C, CDK2, CDK4, and p53 were all significantly upregulated. By contrary, 
RSK1 and Cyclin A2 were downregulated at high concentration (37 mM) of 20(S)-Rg3, 
while Cyclin B1 was downregulated at both 24 and 30 mM of 20(S)-Rg3. As for the pro-
tein aspect, the levels of phosphorylated proteins such as Cdc25A, Cyclin A2, Cyclin B1, 
Cyclin E1, and CDK2 were all decreased (Fig. 4B). The level of RSK1 was decreased, 
while the level of phosphorylated RSK was increased. Interestingly, the levels of both 
Cdc25C and phosphorylated Cdc25C were increased. However, the levels of Cyclin D1, 
CDK1, phosphorylated CDK1/2, and CDK4 were basically unchanged. The levels of both 
p53 and phosphorylated p53 were increased.

As cell cycle regulators, the CDK2-Cyclin E complex completes retinoblastoma protein 
phosphorylation, thereby allowing for entering into the S phase. Subsequently, the complex 
formation of CDK2-Cyclin A will cause phosphorylation of proteins in DNA replication 
(Verbon et al., 2012). The decreased proteins levels of CDK2 and Cyclin E1 inhibited the 
cell cycle transition through G1 phase to DNA synthesis S phase, therefore arrested the 
A549 cells at G0/G1 phase. Indeed, CDK2-Cyclin A also plays a key factor in the initiation 
of centrosome duplication. As one of the tumor suppressor proteins, the function of p53 
is a regulator of transcription. It is proposed that p53 could modulate both mitochondria- 
dependent and mitochondria-independent apoptotic pathways (He et al., 2011). The upreg-
ulation of p53 contributed to the DNA-damage-induced cell death (Gao et al., 2011). In this 
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study, our data demonstrated that 20(S)-Rg3 could inhibit the progression of cell cycle and 
decrease the proteins expressions including CDK2, Cyclin A2, and Cyclin E1 (Fig. 4C). 
These data suggested that cell cycle may be blocked at the G0/G1 phase.

Binding Interaction between EGFR and 20(S)-Rg3

In this work, molecular docking was first performed to investigate the binding conforma-
tion of 20(S)-Rg3 in the tyrosine kinase domain of EGFR. As shown in Fig. 5A, the sugar 
moiety consisting of two glucoses at C-3 fits into the hydrophobic region and occupies the 
ATP-binding site. However, the steroid skeleton of 20(S)-Rg3 combined with the sugar 
moiety at C-20 is too large to be accommodated within this binding pocket. The results 
of molecular docking indicate that the binding between EGFR and 20(S)-Rg3 depends 
mainly on the contribution of both hydrophobic and hydrogen-bonding interactions. The 
amino acid residues of EGFR that lie within 4 Å away from 20(S)-Rg3 can be observed 
in Fig. 5B. Among which, Val693, Leu694, Phe699, Val702, Ala719, Met742, Leu768, 
Met769, Pro770, Phe771, and Leu820 make extensive hydrophobic interactions with 

Figure 4.  Impacts of 20(S)-Rg3 to cell cycle regulators. (A) Gene expression data were achieved from three 
independent technical duplicates with three independent treatments. (B) Cells lysates were probed with antibodies 
to detect the correspondent proteins. The numbers under bands indicated the relative accumulation levels. (C) 
Schematic of the cell cycle progression. 20(S)-Rg3 could decrease the proteins expressions including CDK2, 
Cyclin A2, and Cyclin E1, as well as block the progression of cell cycle at the G0/G1 phase. The assays were 
repeated independently three times and all the data were presented as mean ± SEM. *P < 0.05, **P < 0.01, and 
***P < 0.001 compared with the control group.

(A) (B)

(C)
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20(S)-Rg3. Along with these hydrophobic interactions, multiple hydrogen-bonding inter-
actions also seem to be important in stabilizing 20(S)-Rg3-EGFR binding. As shown in 
Fig. 5B, 20(S)-Rg3 makes hydrogen-bonding interactions with Leu694, Lys721, Glu738, 
Thr766, Gln767, Met769, Thr830, and Asp831, thus helping stabilize the position of 
20(S)-Rg3 in the ATP-binding site. It is remarkable that both of Leu694 and Met769 
play a crucial role in 20(S)-Rg3 binding to EGFR, providing hydrogen bonding as well 

Figure 5.  The results of molecular docking (A and B) and molecular dynamics simulation (C) between 20(S)-
Rg3 and EGFR. Black dashed lines, hydrogen bonds.

(A)

(C)

(B)
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as hydrophobic interaction, which is consistent with previously published studies (Singh 
and Bast, 2014).

Then, the molecular dynamics simulation was performed to evaluate the binding stabil-
ity of 20(S)-Rg3 with EGFR. As shown in Fig. 5C, the backbone of EGFR basically main-
tains equilibrium throughout the whole 20 ns simulation process with an average RMSD 
value of 0.24 ± 0.05 nm. By contrast, 20(S)-Rg3 undergoes a drastic conformational change 
in the initial stage and then maintains equilibrium after approximately 0.5 ns with average 
RMSD value of 0.64 ± 0.07 nm. As shown in Fig. 5A, the steroid skeleton of 20(S)-Rg3 
combined with the sugar moiety at C-20 protrudes out of the hydrophobic region and is 
incapable of stabilizing its conformation. This binding mode may serve to explain the more 
conformation fluctuation of 20(S)-Rg3 compared with EGFR.

Basically speaking, inhibition of tyrosine kinases by TKIs does not directly affect to the 
mRNA accumulation of the corresponding tyrosine kinases but the demands of the tyrosine 
kinases in the relative biological processes might feedback to the transcription switches 
of the tyrosine kinases though various signaling pathways, thus upregulate the expression 
of the corresponding genes. Thereby, the expression variation was observed as mentioned 
above.

Conclusion

HTRF assay indicated that 20(S)-Rg3 was a potential EGFR-TKI and could inhibit the 
proliferation of A549 cells. The expressions of genes and corresponding proteins levels in 
the EGFR/MAPK pathway were regulated after the treatment of 20(S)-Rg3. Apoptosis-re-
lated genes such as PARP1, STAT3, and survivin were upregulated. On the other aspect, 
accumulation of PARP1 was decreased while the phosphorylated STAT3 and survivin were 
increased. However, the other genes and their respective proteins remained relatively con-
stant. These tendencies indicated that 20(S)-Rg3 could not induce apoptosis. As for cell 
cycle-related genes, treatment of 20(S)-Rg3 significantly upregulated the expressions of 
CDK2, Cyclin A2, and Cyclin E1, but the respective proteins CDK2, Cyclin A2, and Cyclin 
E1 decreased in a concentration-dependent manner. These tendencies suggested that cell 
cycle might be blocked at the G0/G1 phase. On this basis, the binding interaction of 20(S)-
Rg3 with EGFR was investigated by computer simulation and analysis. Molecular docking 
suggested that both hydrophobic and hydrogen-bonding interactions contribute to stabi-
lizing the 20(S)-Rg3-EGFR binding. Furthermore, their binding stability was assessed by 
determining the RMSD values of 20(S)-Rg3 and EGFR. In conclusion, 20(S)-Rg3 could 
inhibit A549 cell proliferation and probably arrest cell cycle in A549 cells via the EGFR/
Ras/Raf/MEK/ERK pathway.
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