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ABSTRACT

Lung cancer has become one of the leading causes of cancer-related deaths worldwide, with the most common
being non-small cell lung cancer (NSCLC). The current treatment for lung cancer is mainly chemotherapy, but
chemotherapeutic drugs generally suffer from severe side effects. Therefore, it is important to find anti-NSCLC
drugs that are safe, effective, and with few side effects. Ginsenoside compound K (CK) has not been intensively
researched for its potential as a non-toxic therapeutic medication candidate for different kinds of tumors. The
effects and functional mechanisms of CK on NSCLC are unknown. We studied the effect and involved mechanism
of CK against NSCLC in vitro and in vivo in this work. First, the MTT experiment, colony formation assay, and
cell cycle analysis all demonstrated that CK efficiently suppressed cell proliferation and induced cell cycle arrest.
Moreover, Annexin V/PI staining, JC-10 staining, ROS overproduction, western blot, immunofluorescence
staining, and TUNEL staining all showed that CK induced apoptosis. Furthermore, this study has shown that CK
inhibited the phosphorylation of EGFR, which regulates cancer cell proliferation and apoptosis by mediating
downstream PI3K/AKT/mTOR pathway. In addition, ginsenoside CK treatment dramatically suppressed tumor
growth in the xenograft nude mice model and caused no injuries. Our study established the anticancer efficacy and
mechanism of CK on NSCLC in vitro and in vivo for the first time, giving basic data supporting CK as a viable
therapy for NSCLC.

KEYWORDS: Anti-lung cancer effect, Apoptosis, EGFR signaling pathway, Ginsenoside CK, G1 phase arrest,
Xenograft model.

1. INTRODUCTION immunosuppression.”! To elude the limitations of

Lung cancer is a form of malignant tumor with a high
morbidity and death rate that threatens human life.™ The
most prevalent form of lung cancer, accounting for 80—
85% of cases, is non-small cell lung cancer (NSCLC).
Adenocarcinoma, squamous cell carcinoma (SCC), and
large-cell carcinoma are the three types of NSCLC.?
The greatest prevalent histological kind of lung cancer,
lung adenocarcinoma has a poor prognosis, low rates of
early diagnosis, surgical resection, and postoperative
survival  rates.®!  Surgery, chemotherapy, and
radiotherapy have been the most widely used methods of
therapy in clinical research. However, chemotherapy
therapies include several serious adverse effects,
including thrombosis, emesis, nausea, alopecia, and

available treatments for patients with NSCLC currently,
There is an urgent need to effectively treat this terrible
disease, hence it is essential to create novel medications
for lung cancer treatment with few adverse effects. Due
to their great efficacy and low risk in lung cancer
treatment, drugs produced from natural sources have
drawn a lot of attention.” The primary active constituent
of ginseng, ginsenoside, has demonstrated excellent
pharmacological action, including anticancer
properties.”! Previous research has shown that the
ginsenosides Rg3 and Rk3 reduce proliferation and
colony formation, cause cell cycle arrest in the G1 phase,
and induce apoptosis by blocking the PI3K/Akt/mTOR
pathway in NSCLC and human osteosarcoma.!®
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Ginsenoside Rg5 has shown anti-breast cancer via
targeting PI13K."! The primary functional component of
ginseng is believed to be the major intestine bacterial
metabolite of ginsenosides, known as ginsenoside
compound K (CK, 20-O-(-D-glucopyranosyl)-20(S)-
protopanaxadiol), and has been shown to have a variety
of pharmacological effects being a popular research area.
Ginsenoside CK has shown the potential to inhibit cell
proliferation in breast and liver cancers.'*1 However,
there was no report about the anticancer properties of
ginsenoside CK on H460 and PC9 NSCLC cells.

NSCLC presents with frequent deregulation of the
Epidermal  Growth  Factor  Receptor (EGFR)
signalling."? EGFR is a receptor located on the surface
of cells that enables extracellular signals to enter the cell.
Through tyrosine signaling, it modifies the activity of the
nucleus. The EGFR is a membrane-bound receptor
tyrosine kinase that consists of a ligand-binding
extracellular ~ domain, a  short  hydrophobic
transmembrane domain, and a cytosolic domain that
possesses tyrosine kinase activity. When proteins bind to
the receptor, unique downstream signaling cascades are
triggered, which lead to particular functions associated
with cell survival, growth, and proliferation.™® Studies
have revealed a connection between increased expression
of the EGFR and various forms of cancer in humans,
including NSCLC.™! Several studies have found that the
expression of EGFR in NSCLC is associated with
several negative outcomes, including poor response to
chemotherapy, decreased survival, and frequent lymph
node metastases.’>*®! Lung tumor formation may be
sparked by EGFR, which promotes pro-survival and anti-
apoptotic cellular responses like increased proliferation,
angiogenesis, vascular mimicry, and invasiveness.*” The
translocation of EGFR proteins to the mitochondria is
strongly linked to the development of cell death
resistance. This phenomenon occurs through the
interaction between EGFR and the pro-apoptotic protein
PUMA, primarily found within the mitochondria.*®
However, the effect of ginsenosides, most especially
ginsenoside CK, on EGFR expression in NSCLC was not
studied. This study presents novel findings regarding the
anti-NSCLC effects of ginsenoside CK in vitro and in
vivo. Additionally, the study investigates, for the first
time, the molecular mechanism through which CK
triggers G1 phase arrest and apoptosis in NSCLC by
suppressing the EGFR signaling pathway.

2. MATERIALAND METHODS

2.1 Materials and chemicals

Ginsenoside CK (Lot#: BP0651) was obtained from
Chengdu Biopurify Phytochemicals Ltd. (Sichuan,
China), Gefitinib (Cat. No: HY-50895) was obtained
from MedChemExpress USA. HyClone (LA, USA)
provided the RPMI-1640 (Lot#: SH30809.01) culture
medium. GIBCO (NY, USA) supplied the fetal bovine
serum (FBS). Xi'an Heart Biological Technology (Xi'an,
China) sold the Giemsa staining solution. The Solarbio
Science & Technology Co., Ltd. (Beijing, China) offered

the Hoechst 33342 fluorescent dye (Cat No : CA1120).
Primary antibodies against Bax (Cat No. 50599-2-1g),
Bcl-2 (Cat No. 68103-1-1g), c-caspase-3 (Cat No. 68773-
1-1g), c-caspase-9 (Cat No. 10380-1-AP), c-PARP (Cat
No. 13371-1-AP), AKT (Cat No. 60203-2-1g), p-AKT
(Cat No. 66444-1-1g), mTOR (Cat No. 66888-1-1g), p-
mTOR, (Cat No. 67778-1-1g) PTEN (Cat No. 22034-1-
AP), PI3K (Cat No. 67121-1-lg), p-PI3K (Cat No.
60225-1-1g), and beta-actin (Cat No. 66009-1-1g) were
purchased from Proteintech (Chicago, IL, USA). AMPK
(Cat.No. 2532S), p-AMPK (Cat.#2535T), MEK1/2
(Cat.No. 9122S), ERK1/2 (Cat No. 9102S), P70S6K,
RPS6, p-MEK1/2 (Cat No. 9154S), p-ERK1/2 (Cat No.
9101S), p-P70S6K (Cat No. 9205), p-RPS6 (Cat No.
5364S), and Abbkine supplied the secondary antibody
IgG. Cell Signaling Technology (Danvers, MA, USA)
provided the EGFR (Cat No. 4267S) and p-EGFR (Cat
N0.3777S). Longyuan Chemical (Zhengzhou, China)
supplied the polyethylene glycol (PEG-400), while
Aladdin Biotechnology (Shanghai, China) supplied the
dimethyl sulfoxide (DMSO) and methyl thiazolyl
diphenyl tetrazolium bromide, MTT (Lot#: ST316),
MSO (Lot#: STO038) and RIPA lysis buffer (Lot#:
P0013B) were purchased from Beyotime Biotechnology
(Shanghai, China).. Trypsin (Lot#: T8150), penicillin/
streptomycin (Lot#: P1400), crystal violet (Lot#:
G1063), PMSF (Lot#: P0100), phosphatase inhibitor
cocktail (Lot#: P1260) and BCA protein assay reagent
kits (Lot#: PC0020) were purchased from Solarbio
Science & Technology Co., Ltd. (Beijing, China). FBS
(Lot#: 04-001-1ACS) was purchased from Biological
Industries (Kibbutz Beit Haemek, Israel). KeyGen
Biotech (Nanjing, China) provided a cell cycle analysis
kit, AG-1478 (Cat No. HY-13524, EGF (Cat No. HY-
P7092), and LY294002 (Cat No. HY-10108) were
purchased from Med Chem Express.

2.1 Cell culture

The non-small cell lung cancer cells (H460 and PC9)
were obtained from the American Type Culture
Collection (ATCC) situated in Manassas, VA, USA.
These cell lines were grown in RPMI-1640 culture
medium, supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin. Incubation of the
cells was carried out at 37 °C under a 5% CO,
environment.

2.2 Cell viability assay

Cell viability was evaluated using the MTT assay. The
H460 and PC9 cell lines were cultured in 96-well
microplates at a density of 1x10* cells per well and
allowed to incubate for 24 hours. Subsequently, the cells
were exposed to varying concentrations of CK (0, 40, 50,
60, 70, and 80 uM) for both 24 and 48 hours.
Meanwhile, the control cells were subjected to RPMI-
1640 medium supplemented with 10% FBS and 1%
penicillin/streptomycin. Following the removal of the
supernatant, a solution of PBS containing MTT (5
mg/mL) was added to the cells and allowed to incubate
for 3 hours. Afterward, DMSO (150 pL) was introduced
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to each well to dissolve the formazan crystals.
Ultimately, the absorbance at 490 nm was gauged using a
microplate reader.

2.3 The LDH release assay

The quantification of lactate dehydrogenase (LDH)
release was conducted using the lactate dehydrogenase
assay kit (Jiancheng Bioengineering, Nanjing, China) by
following the provided guidelines. The absorbance was
subsequently gauged at a wavelength of 440 nm.

2.4 Colony formation assay

PC9 and H460 cells were introduced into a 6-well plate
with a seeding density of 300 cells per well. These cells
were subsequently subjected to varying concentrations of
CK (0, 40, 50, and 60 uM). The cells were allowed to
incubate in a humidified incubator at 37 °C with a 5%
CO, atmosphere. For every 3-day interval, the culture
medium was renewed until observable colonies emerged.
Following 14 days, the cells were fixed using 4%
paraformaldehyde for 15 minutes, followed by rinsing
with PBS and staining with Giemsa for an additional 15
minutes. The quantity of colonies was assessed utilizing
ImageJ software.

2.5 Cell cycle analysis

Propidium iodide (PI) staining was employed to
investigate the impact of CK on the various phases of the
cell cycle. Initially, H460 and PC9 cells were cultured in
a petri dish and underwent four passages. Afterward,
these cells were propagated in six-well plates at a
concentration of 2x105 cellssrmL for 24 h before
exposure to CK (0, 40, 50, and 60 uM). Subsequently,
adherent and suspended cells were collected using
Trypsin-EDTA (Sigma-Aldrich) and then fixed overnight
at 4 °C in 75% ice-cold ethanol. Once fixed, the cells
were subjected to staining with 50 pg/mL PI and 100
pg/mL RNase A in the dark at 37 °C for 30 minutes.
Flow cytometry (Becton Dickinson, CA) was employed
to measure the fluorescence intensity of individual cell
nuclei, and the acquired data were analyzed using
FlowJo software.

2.6 Annexin V/PI staining assay

PC9 and H460 cells were placed into a six-well plate
with a density of 2x10° cells per well. These cells were
subjected to treatment with CK at varying concentrations
(0, 40, 50, and 60 uM) for a duration of 24 h. Subsequent
to this incubation period, the cells were harvested and
suspended in a binding buffer. A staining solution
composed of Annexin V and Pl was utilized to label the
NSCLC cells, which were then allowed to incubate in
darkness at 37 °C for 15 minutes. Ultimately, flow
cytometry was employed for the examination of the
stained cells.

2.7 Hoechst 33342 staining assay

Apoptosis was investigated through the utilization of
Hoechst 33342 staining. H460 and PC9 cells were grown
into a six-well plate with a density of 2x10° cells per

well. Following this, the cells were exposed to CK at
various concentrations (0, 40, 50, and 60 uM) for a span
of 24 h. After the treatment period, the cells underwent
two washes with chilled PBS and were then subjected to
incubation with Hoechst 33342 (10 pg/mL, Solarbio,
Beijing, China) for a duration of 15 to 20 minutes. The
cellular morphology was subsequently examined
utilizing an inverted fluorescence microscope (Nikon,
Japan) equipped with UV illumination.

2.8 Mitochondrial membrane potential assay

To assess the influence of CK on mitochondrial
membrane potential (MMP), the JC-10 Assay Kit
(Beyotime, Jiangsu, China) was employed. H460 and
PC9 cells were grown into a six-well plate with a seeding
density of 5x10° cells per well. These cells were
subjected to treatment with CK at varying concentrations
(0, 40, 50, and 60 uM) for a duration of 24 h. Subsequent
to the treatment period, the cells were collected and
exposed to JC-10 at a temperature of 37 °C for 20
minutes. The flow cytometry technique was then utilized
to gauge the decline in MMP. The ratio of red to green
fluorescence intensity served as an indicator for the
assessment of mitochondrial depolarization.

2.9 AO/EB staining assay

NSCLC cells were grown uniformly at a density of 5 x
10° cells per well in six-well plates and exposed to CK
(0, 40, 50, and 60 uM) for 24 h. Subsequently, a dual
acridine orange/ethidium bromide (AO/EB) mixture
from Solarbio, China, was used to stain the cells. The
stained cells were then incubated in a six-well plate at
room temperature and kept away from light for 10 min.
Lastly, the cells were observed under a fluorescence
microscope.

2.10Detection of intracellular ROS

To detect intracellular reactive oxygen species (ROS)
production,  2',7'-dichlorodihydrofluorescein-diacetate
(DCFH-DA) staining was performed. PC9 and H460
cells were seeded at a density of 5 x 10° cells per well in
six-well plates and exposed to CK (0, 40, 50, 60 uM) for
24 h. The cells were then washed with serum-free
medium and stained with 10 uM DCFH-DA at 37 °C for
25 min. The production of ROS was detected with an
inverted fluorescence microscope (Nikon, Japan).

2.11Western blotting

H460 and PC9 cells were grown into a six-well plate
with a density of 5 x 10° cells per well and allowed to
incubate overnight. Following this incubation period, the
cells were exposed to CK at varying concentrations (0,
40, 50, and 60 pM) for a duration of 24 h. Both cell
samples and tumor tissues underwent lysis on ice for a
span of 35 min, utilizing RIPA (Radio-Immuno
Precipitation Assay) buffer (Beyotime, Shanghai, China)
supplemented with 1% PMSF, 1% phosphorylation
inhibitors ~ (Solarbio,  China), and 1 mM
phenylmethylsulfonyl fluoride (PMSF). After lysis, the
cell lysates were centrifuged for 20 minutes at 4 °C,
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utilizing a speed of 12,000 rpm. Protein quantities within
the supernatant were measured using the BCA Assay kit
from Thermo Fisher, Shanghai, China. SDS-PAGE was
employed to segregate the proteins, with the subsequent
polyvinylidene fluoride (PVDF) membranes utilized for
this purpose. After being blocked using 5% nonfat milk
in TBST for 2 hours at room temperature, the membranes
were subjected to overnight incubation at 4 °C with the
appropriate primary antibodies. On the subsequent day,
the membranes were washed five times with 1 TBST and
then incubated with HRP-conjugated secondary
antibodies for a period of one hour at room temperature.
Protein bands were visualized using the Tanon ECL
system (Shanghai, China). The protein bands were
quantified by ImageJ software, by drawing a box around
the protein band and quantify the signal within the box.
Volume boxes were drawn around the bands of interest in
such a way that they include all of the intensity of the
band with a minimal amount of surrounding background.

2.12 NSCLC xenograft nude mouse model

To investigate the therapeutic benefits of ginsenoside CK
on non-small cell lung cancer in vivo, a tumor-bearing
nude mouse model was designed. All experimental
protocols followed the People's Republic of China's
Animal Ethics protocols and Guidelines and were
authorized by Northwest University's Animal Ethics
Committee. Hunan SJA Lab Animal Co., Ltd. provided
female nude mice aged 5 weeks. These mice were chosen
with care and housed in a sterile environment. A one-
week phase shift of the light/dark cycle was applied to
the animals, and they were provided unrestricted access
to a portion of standard food. The H460 xenograft model
was built by injecting a cell suspension containing 1x10’
cells in 200 pL of FBS-free medium into each mouse's
left axilla. When visible tumors formed, often within one
week, successful tumor implantation was proven. Based
on tumor size and body weight, the tumor-bearing mice
were randomly divided into four groups: (1) Control
group: Mice received a daily intraperitoneal (i.p)
injection of 0.9% saline solution. (2) Low-dose CK-
treated mice received an intraperitoneal injection of CK
at a dose of 30 mg/kg/d. (3) High-dose CK-treated mice
received an intraperitoneal injection of CK at a dose of
60 mg/kg/d. (4) Gefitinib-treated mice were given 50
mg/kg/d of gefitinib intragastrically (i.g). The mice were
given treatment every day for 27 days, during which time
the tumor volumes were calculated using the formula:
[1/2x a x b], where "a" represents the tumor's long
diameter and "b" represents the tumor's short diameter.
To track the progression of the mice in each group, their
body weights and tumor volumes were assessed twice a
week. After the 27" day of the treatment period, all mice
were sacrificed, and their tumor tissues were carefully
removed, weighed, and collected for further analysis.
2.13 Hemogram assay and measurement of
biochemical parameters

On the 27" day of the study, blood samples were
procured from each cohort of mice and transferred into

tubes containing  ethylenediaminetetraacetic  acid
(EDTA). These collected blood samples were then
subjected to analysis to evaluate diverse hematological
markers, which encompassed the quantification of white
blood cells, lymphocytes, and granulocytes. For this
analysis, an automated hematology analyzer (HC2200,
Meiyilinm, China) was used. Simultaneously on the 27"
day, serum samples were also collected from every group
of mice. These serum samples were used for the
assessment of various indicators of renal function,
including urea, uric acid (UA), and creatinine, in addition
to parameters of liver function such as alanine
transaminase (ALT) and aspartate transaminase (AST).
In order to obtain accurate measurements of these
parameters, commercial kits sourced from Shanghai
Enzyme Biotechnology Co., Ltd (Shanghai, China) were
utilized, following the instructions provided by the
manufacturer.

2.14Histopathology and Immunohistochemistry

The organ index was determined using the formula:
organ index = organ weight/body  weight.
Histopathological examination and
immunohistochemistry were conducted as follows.
Tumor tissues and major organs such as the heart, liver,
spleen, lung, and kidney were fixed in 4%
paraformaldehyde and subsequently embedded. Thin
sections of 5 pum were prepared and stained with
hematoxylin and eosin (H&E) to visualize tissue
morphology. Additionally, an immunohistochemistry
assay was performed to assess the expression of Ki67 in
the tumor tissues. Images of the stained sections were
captured using a microscope from Nikon (Tokyo, Japan).

2.15 Immunofluorescence assay (IF)

After adhering to the slides, H460 and PC9 were
incubated together with varying concentrations of CK for
24 h. Following fixation, the cells were blocked with 5%
bovine serum albumin, and treated with primary and
secondary antibodies. The fluorescence intensity analysis
and visualization of the sections were performed using
an Olympus fluorescence microscope from Nikon
(Japan).

2.16 TUNEL assay

To detect apoptosis in tumor tissues, the TUNEL assay
was performed as follows. Initially, the tissues were
fixed by immersion in a solution containing 4%
paraformaldehyde at 4°C for 4-24 h. Following fixation,
the tissues were cryosectioned into thin slices measuring
5 pum. The sections underwent permeabilization with
0.2% Triton X-100 and were exposed to a TUNEL
reaction mixture comprising nucleotides and terminal
deoxynucleotidyl transferase (TdT) for one hour at 37°C.
Afterward, the stained cells were washed with PBS and
examined using a Nikon fluorescence microscope.

2.17 Statistical analysis
Statistical analysis was conducted utilizing either the
GraphPad Prism 8.0 software package or the SPSS 19.0
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software package from SPSS Inc., USA. The data were
expressed as the mean + standard deviation (SD) derived
from three or more distinct samples. Statistical
significance was established for p-values less than 0.05
(P <0.05).

3. RESULTS

3.1 Ginsenoside CK suppresses the growth of
NSCLC cells

To study the inhibitory effect of ginsenoside CK on
NSCLC cells, PC9 and H460 cells were incubated with
different concentrations of CK for 24 h and 48 h, and cell
viability was detected by MTT assay. Compared with the
control, the results revealed that CK remarkably
decreased the viability of PC9 and H460 cells in a dose
and time-dependent manner (Fig. 1A and B). In addition,
the 1C50 values in PC9 and H460 cells treated with CK
for 24 h were 57.09 uM and 58.12 uM, respectively. To
further explore the cytotoxicity of ginsenoside CK on
H460 and PC9 cells, we examined the release of lactate

and PC9 cells. The leakage of lactate dehydrogenase
(LDH), an indicator of cell membrane damage and
cytotoxicity was determined by colorimetric assay.
Compared to the control, the percentage of LDH leakage
in PC9 and H460 cells was increased in a dose-
dependent manner, demonstrating the occurrence of cell
membrane damage and cytotoxicity (Fig. 1C). Moreover,
a colony formation assay was performed, which showed
that CK decreased the colony formation capacity of PC9
and H460 cells in a dose-dependent manner. The findings
of the colony formation assay have demonstrated that
PC9 and H460 cells treated with CK formed fewer and
smaller colonies in a dose-dependent manner compared
to the control (Fig. 1D and E). Furthermore, the AO/EB
double staining was performed to confirm further the
effects of ginsenoside CK on PC9 and H460 cell
viability. AO/EB staining assay revealed that the number
of cells that displayed red-orange fluorescence was
concentration-dependently greater in both treated H460
and PC9 cells (Fig. 1F). These results strongly suggested

dehydrogenase after ginsenoside CK treatment of H460 that CK inhibited PC9 and H460 cell growth.
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Fig. 1: CK suppressed NSCLC cell viability in vitro. The cell viability of (A) PC9 and (B) H460 cells. (C) Lactate
dehydrogenase release assay. (D) The colony formation assay of H460 and PC9 cells. (E) Histogram results of
colony formation assay. (F) AO/EB staining via fluorescence microscopy. Data are presented as the means + SD
of triplicate experiments, *P < 0.05, **P<0.01, ***P < 0.001 compared with the control; #P < 0.05, ##P<0.01,
###P < 0.001 compared same concentrations of CK treatment between 24 h and 48 h.
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3.2 CK suppresses effectively the growth of H460
xenograft tumors

In this experiment, H460 cells were selected to establish
NSCLC tumor xenograft model to explore the in vivo
inhibition effect of ginsenoside CK on NSCLC. After the
successful establishment of the H460-xenograft tumor-
bearing model, the intraperitoneal injection was
performed to observe the effect of ginsenoside CK on the
tumor volume of H460-xenograft tumor-bearing nude
mice and the inhibitory effects of CK on tumor
progression was studied in vivo. During the whole
experimental process, all tumor-bearing nude mice did
not die. Gefitinib was used as a positive control due to its
authorization as the primary treatment option for
advanced non-small cell lung cancer patients. After 27
days of treatment initiation, tumor growth was
significantly inhibited compared to the control group.
Tumor size reduction (shrinkage) was observed in both
treated groups as the response of the treatment in a dose-
dependent manner (Fig. 2A), and the growth of the H460
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xenograft tumors was suppressed in the CK-treated
groups and the gefitinib-treated group (Fig. 2C and E).
These findings suggest that CK has potential as a
therapeutic agent for the treatment of non-small cell lung
cancer. Furthermore, the H&E staining results have
shown that the tumor cells in the control group were
intact and tightly arranged, whereas the tumor cells
treated with CK and gefitinib notably declined, with
lighter staining, partial degeneration, and necrosis. It can
be seen from H&E staining of tumor tissues of tumor-
bearing nude mice that ginsenoside CK inhibits tumor
growth of NSCLC tumor cells in tumor tissues (Fig. 2F).
In addition, the expression of Ki67, a molecular marker
associated with cell proliferation, was assessed. The
Ki67 expression levels in the high-dose CK-treated and
the gefitinib-treated groups were significantly reduced
compared to the control group (Fig. 2G). These results
indicated that CK suppressed human non-small cell lung
cancer growth in vivo.
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Fig. 2. Ginsenoside CK significantly inhibited the proliferation of tumors in H460 subcutaneous tumor-bearing
mice. (A) Representative image of H460-xenograft tumor. (B) Body weight. (C) The tumor volume. (D) The data
of organ index. (E) Tumor weight. (F) H&E staining of tumor tissue. (G) Immunohistochemistry assays. All data
are presented as the means + SD (n=3), ***P < 0.001 compared with the control.

3.3 Toxicity evaluation of CK in the xenograft nude
mice

The toxicity of CK was assessed in xenograft nude mice
by calculating the organ index of vital organs such as the
heart, liver, lung, spleen, and kidney. Both the control
group and CK-treated groups showed no significant

differences in organ index compared to the normal
group, indicating the absence of CK toxicity (Fig. 2D).
Moreover, during the initial 6 days of treatment, the
administration of CK did not affect the body weight of
mice. Both the CK-treated mice and control mice
exhibited progressive weight gain. Notably, the body
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weight of mice in the CK-treated groups was higher than
mice in the gefitinib-treated positive control group,
indicating gefitinib toxicity. However, the CK-treated
groups did not exhibit any differences compared to the
normal group (Fig. 2B). The proportions of immune cells
in peripheral blood samples were also evaluated to
further determine CK toxicity. There were no significant
variations in the number of white blood cells (WBC),
lymphocytes (LYM), and granulocytes (GRAN) between
the normal, normal + high-dose CK, control (untreated),
low-dose CK, and high-dose CK groups. In contrast, the
number of immune cells in the gefitinib group was lower
than in the control group (Fig. 3A), indicating that
gefitinib may disturb the immune system, whereas CK
had no adverse effects on the immune system.
Additionally, the impact of CK on liver and kidney
functions was investigated. After 27 days of CK
administration, there were no significant differences in
liver function parameters (ALT and AST) or renal
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WBC content (x 10°/L)
LYM content (x 10°/L)

Urea content (mmol/L)

ALT content (U/L)
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(60 mg/kg)

1~

function parameters (urea, uric acid, and creatinine)
compared to the control group. Therefore, CK did not
have an adverse effect on the liver or kidneys (Fig. 3B
and C). In contrast, liver function parameters in mice
treated with gefitinib were significantly elevated,
indicating the side effects of gefitinib on the liver.
Furthermore, H&E staining displayed no apparent
unreasonable variations in the normal appearance of
main organs (heart, liver, spleen, lung, and kidney) in the
normal group, normal + CK (high dose) group, untreated
group, and CK-treated groups. On the other hand, the
organs in the gefitinib-treated group exhibited various
abnormalities, such as vacuolization surrounding

hepatocyte nuclei, collapsed alveolar structures, widened
alveolar septa, and disorders in the renal structure (Fig.
3D). Our findings suggest that CK does not disrupt the
normal functioning of main organs and immune cells in
nude mice.

GRAN content (x 10°/L)

CRE content (umol)

Normal

Normal + CK

Control

CK (30 mg/kg/d)

CK (60 mg/kg/d)
Gefitinib (50 mg/kg/d)

innnnn

Gefitinib

CK (30 mg/kg)  CK (60 mg/kg) (50 mglkg)

i

Fig. 3: Effect of CK on vital organs of tumor-bearing nude mice. (A) The number of white blood cells (WBC),
lymphocytes (LYM,) and granulocytes (GRAN) in the peripheral blood sample of each group. (B) The levels of
renal function parameters (urea, Uric acid, and Creatine) and (C) liver function parameters (ALT and AST) in
the serum from each group. (D) H&E staining of the main organs. All data are presented as the means + SD
(n=3), ***P < 0.001 compared with the control, Scale bar = 100 pm.
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3.4 Effect of CK on cell cycle distribution in NSCLC

To demonstrate whether the effect of CK on the
proliferation of NSCLC cells was related to cell cycle
distribution, flow cytometry, and western blotting were
used to verify the effect of CK on the cell cycle in the
PC9 and H460 cells. Flow cytometry analysis revealed
that, following 24 h of CK treatment, the proportion of
cells in the G1 phase increased, while the proportions of
cells in the S and G2 phases gradually decreased
compared to the control group. Notably, the highest
concentration of CK (60 uM) led to an increase in the
number of cells in the G1 phase and a decrease in the
number of cells in the S and G2 phases compared to the
control group. Specifically, CK treatment increased the
proportion of cells in the G1 phase from 73.38% to
93.97% in H460 cells, while decreasing the percentage
of cells in the S phase from 9.61% to 5.9% and the
percentage of cells in the G2 phase from 5.6% to 5.1%.
Similarly, in PC9 cells, the proportion of cells in the G1
increased from 56.3% to 86.84%, while the proportion of

cells in the S, and G2 phases decreased from 15.57%,
and 14.8% to 4.37%, and 12.06%, respectively (Fig. 4A
and B). Flow cytometry findings revealed that CK has
the potential to inhibit tumor growth by inducing cell
cycle arrest in non-small cell lung cancer cells. To further
investigate the ability of CK to induce G1 arrest in
NSCLC cells, the expression of proteins associated with
the cell cycle arrest at the G1 phase was examined by
western blotting assay. CK treatment of H460 and PC9
cells resulted in significant protein increases in p21 and
p53, while a significant decrease in CDK4 and cyclin D1
protein expression was observed in a dose-dependent
manner (Fig. 4C). Moreover, identical results were
obtained in tumor tissues from the low-dose CK-treated
group, the high-dose CK-treated group, and the gefitinib-
treated group in terms of G1 phase-associated protein
expression (Fig. 4D). Our findings suggest that CK
inhibits the growth of NSCLC cells and tumor tissues by
arresting the cell cycle at the G1 phase in PC9 and H460
cells and tumor tissues.
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Fig. 4: CK induces G1 phase arrest of NSCLC cells. (A) Flow cytometry analysis of cell cycle distribution in PC9
and (B) H460 cell lines. (C)The expression of the G1 phase arrest-related proteins and (D) tumor tissues. All data
are presented as the means + SD (n=3), ***P < 0.001 compared to the control.

3.5 CK induces caspase-dependent apoptosis in non-
small cell lung cancer

To investigate if the suppression of cell proliferation was
attributed to apoptosis, non-small cell lung cancer cells
were subjected to CK treatment for 24 h and
subsequently stained with Annexin V/PI. Flow cytometry
analysis was performed to examine the cells. The

findings demonstrated a substantial dose-dependent
increase in the percentage of apoptotic H460 and PC9
cells following CK treatment, confirming apoptosis
activation (Fig. 5A). Moreover, the main apoptotic
protein expressions in NSCLC cells were investigated.
Following overnight incubation of NSCLC cells,
treatment with different concentrations of ginsenoside
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CK for 24 h resulted in increased levels of Bax, cleaved
caspase-3, c-caspase-9, and c-PARP, while Bcl-2 levels
decreased in a dose-dependent manner in both H460 and
PC9 cells. These findings indicate that CK activates
apoptosis in NSCLC cells (Fig. 5B and C). Similar
results were observed in tumor tissues of non-small cell
lung cancer (Fig. 5D). To further validate the apoptotic
effect of ginsenoside CK on NSCLC cells, a pan-caspase
inhibitor called Z-VAD-FMK, which inhibits caspase
activity was used. PC9 and H460 cells were pretreated
with Z-VAD-FMK at a concentration of 60 pM for 2 h,
followed by treatment with ginsenoside CK at a
concentration of 50 pM. The MTT experiments
demonstrated that Z-VAD-FMK significantly reversed
the cell death induced by ginsenoside CK. Upon
pretreatment with the Z-VAD-FMK inhibitor, the cell
viability of PC9 and H460 cells treated with ginsenoside
CK exhibited significant increases, rising from 63.7%

and 65.7% to 74.3% and 78.2%, respectively. These
results showed noteworthy differences compared to the
cells treated with ginsenoside CK alone (Fig. 5E).
Moreover, the impact of ginsenoside CK on the
expression of apoptotic proteins in PC9 and H460 cells
following Z-VAD-FMK pretreatment is depicted in
Figure 5F. Z-VAD-FMK significantly impeded the
expression of cleaved caspase-3 and cleaved PARP
proteins in PC9 and H460 cells, as compared to NSCLC
cells treated solely with ginsenoside CK. In PC9 and
H460 cells co-treated with Z-VAD-FMK and ginsenoside
CK, the expressions of cleaved caspase-3 and cleaved
PARP proteins were significantly reduced, showing
significant differences (Fig. 5F). Taken together, these
results suggest that CK induces caspase-dependent
apoptosis in non-small cell lung cancer in both in vitro
and in vivo, with the extent of apoptosis being dependent
on the concentration of CK.
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Fig. 5: In vitro and in vivo, CK caused NSCLC cells to undergo apoptosis. (A) Analysis of flow cytometry.
Apoptosis-related proteins were identified by Western blotting in (B) H460, (C) PC9 cells and (D) tumor tissues.
(E) NSCLC cells were exposed to CK (50 M) while Z-VAD-FMK (60 M) was present. Cell viability was assessed
by the MTT test. (F) Western blot analysis was used to evaluate the expression levels of cleaved PARP and casp-
3. * P <0.05and ** P < 0.01 as compared with the control group. # P < 0.05 and ## P < 0.01 as compared with
CK-treated cells. Values are expressed as mean = SD (n = 3).
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3.6 CK induces ROS generation and apoptosis via a
mitochondrial-mediated pathway

We investigated whether CK-induced apoptosis in
NSCLC cells was mediated through the mitochondrial
apoptotic pathway. The mitochondrial membrane
potential was assessed using the fluorescent
mitochondrial probe JC-10. Flow cytometry analysis
showed a significant decrease in the red/green
fluorescence intensity ratio in H460 and PC9 cells after
CK treatment compared to the control, showing
mitochondrial depolarization (Fig. 6A). We used Hoechst
33342 fluorescence staining to confirm that the decrease
of NSCLC cell proliferation was driven by apoptosis.
The nuclei of untreated cells showed an intact pale blue
staining, indicating that the cell shape and condition were
unaffected. However, the number of cells with contracted
chromatin and fragmented fluorescent nuclei increased
dramatically in a concentration-dependent manner after
CK treatment. CK-treated cells exhibited bright
fluorescent  nuclei, indicating  apoptosis  and
demonstrating that CK reduced cell numbers and
increased the formation of apoptotic bodies (Fig. 6B).
Furthermore, to evaluate the production of reactive

oxygen species, which plays an essential role in cellular
apoptosis, we assessed the impact of CK on ROS
production using DCFH-DA staining. Flow cytometry
analysis of cells stained with the membrane-impermeable
probe DCFH-DA, which is converted into the fluorescent
derivative DCF, revealed an elevation in ROS levels. An
appropriate level of intracellular ROS promotes cellular
proliferation, while excessive ROS production can lead
to oxidative stress and cell apoptosis. CK significantly
increased the intracellular ROS level in both PC9 and
H460 cells in a concentration-dependent manner (Fig.
6C). Additionally, TUNEL staining was performed to
confirm CK-induced apoptosis in tumor tissues. The
control group exhibited very few apoptotic PC9 cells,
whereas the CK-treated groups and the gefitinib-treated
group showed a dose-dependent increase in TUNEL-
positive H460 cells (Fig. 6D). The experimental results
provided compelling evidence that CK stimulates the
production of ROS and initiates caspase-dependent
apoptosis through the activation of the mitochondrial
apoptotic pathway in non-small cell lung cancer in a
dose-dependent manner.
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Fig. 6: Ginsenoside CK induced apoptosis of NSCLC cells in vitro and in vivo. (A) Flow cytometry. (B) H460 and
PC9 cells were stained with Hoechst 33342, Scale bar = 100 pm. (C) The intracellular ROS levels, Scale bar =
100 pm. (D) TUNEL staining of tumor tissues, Scale bar = 50 pm.

www.ejpmr.com | Vol 11, Issue 7, 2024.

1SO 9001:2015 Certified Journal | 145




Daidi et al.

European Journal of Pharmaceutical and Medical Research

3.7 EGFR/AMPK signaling pathway involved in CK-
induced cell apoptosis in vitro and in vivo

The epidermal growth factor receptor (EGFR), a
transmembrane glycoprotein, is one of the tyrosine
kinase receptors in the ErbB family. Dimerization
activation causes the phosphorylation of auto-tyrosine
kinases, which activates the downstream signaling
proteins of EGFR, stimulating cell proliferation, survival,
and apoptosis.” The EGFR/MAPK pathway is an
important signaling pathway that plays a wide range of
functions in biological and pathological processes.*"
This work investigated whether or not CK induced H460
and PC9 cell apoptosis via the EGFR signaling pathway.
Western blotting was performed, and the results have
shown that CK significantly inhibited the
phosphorylation of EGFR, MEK1/2, ERK1/2, P70S6K,
and RPS6, and markedly induced the phosphorylation of

AMPK, which are the downstream kinases of the EGFR
pathway (Fig. 7A, C, and D). Moreover, similar results
were found in tumor tissues; both EGFR, MEKL/2,
ERK1/2, P70S6K, and RPS6 were detected to be
relatively constant, and the extents of their
phosphorylation were found to have decreased, but
markedly p-AMPK was found to have increased (Fig.
7B, and E). Furthermore, we also evaluated the
expression of the EGFR and p-EGFR proteins in tumor
tissues by immunofluorescence staining (IF). The results
exhibited a remarkable difference in the expression of p-
EGFR between the control group, the ginsenoside CK-
treated groups, and the gefitinib-treated group (Fig. 7F
and G), indicating that CK suppressed the expression of
p-EGFR. However, the expression EGFR was constant in
all groups.
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Fig. 7: Effects of CK on the EGFR signaling pathway in PC9 and H460 cells. The protein expression of the
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In addition, to confirm the role of EGFR in this process,
we evaluated cell viability in combination treatment of
CK and AG-1478 (an EGFR inhibitor) or EGF (an EGFR
activator). After pretreatment with AG-1478 (200 nM) or
EGF (100 ng. mL™) for 2 h and then followed by
cotreatment with CK (50 uM) for another 24 h, the MTT
results showed that EGF partially reduced the inhibitory
effects of CK on NSCLC cells. In contrast, the AG-1478
enhanced the inhibitory effect of CK on NSCLC cells
compared to the effect on NSCLC cells treated only with
CK (Fig. 8A and B). The expression levels of EGFR,
MEK1/2, ERK1/2, p-EGFR, p-MEK1/2, and p-ERK1/2

protein were then determined by western blotting. EGF
pre-treatment has affected the effect induced by CK in
NSCLC cells by increasing the expression of p-EGFR, p-
MEK1/2, and p-ERK1/2 to stimulate cell growth and
inhibit cell apoptosis (Fig. 8C). Nevertheless,
pretreatment with AG-1478 significantly enhanced the
reduction of the protein expression of p-EGFR, p-
MEK1/2, and p-ERK1/2 and had a minor effect on
EGFR, MEK1/2, and ERK1/2 compared to the effects of
50 uM CK alone (Fig. 8D). The findings from this study
suggest that CK promotes cell apoptosis in NSCLC cells
through the EGFR pathway in vitro and in vivo.
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Fig. 8: Effects of ginsenoside CK on the EGFR signaling pathway in NSCLC cells. PC9 and H460 cells were
treated with CK (50 pM) with or without AG-14780 (200 nM) or EGF (100 ng mL—-1), respectively. (A, B) Cell
viability was determined by the MTT assay. (C, D) The protein levels were determined by western blotting. All
data are presented as means + SD from at least three independent experiments. *P < 0.05, **P < 0.01, compared
with control, #P < 0.05, ##P < 0.01, compared with the CK-treated group.
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3.8 CK induces apoptosis through the PI3K/Akt
signaling pathway

The PIBK/PTEN/AKt/mTOR pathway, which acts as a
significant signaling pathway downstream of growth
factor receptor tyrosine kinases, has garnered significant
interest due to its involvement in numerous essential
cellular processes. This pathway is particularly appealing
as a therapeutic target, as it governs vital functions such
as cell growth, survival, proliferation, motility, apoptosis,
and autophagy.”? The stimulation of EGFR plays a
crucial role in enhancing the survival, metastasis, and
proliferation of glioma cells by triggering the
PI3K/Akt/mTOR pathway, specifically activating the
mammalian target of rapamycin complex 1 (mTORC1)
cascade.®® Thus, western blotting was performed to
investigate whether CK induced apoptosis in H460 and
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PC9 cells through the inhibition of the
PISK/PTEN/Akt/mTOR pathway. The study examined
the expression levels of PTEN, PI3K, Akt, and mTOR, as
well as their phosphorylated forms. The findings
indicated that CK treatment did not significantly affect
the expression of PI3K, Akt, and mTOR. However, it
noticeably increased the expression of PTEN while
decreasing the levels of phosphorylated PI3K, Akt, and
mTOR (Fig. 9A, C, and D). Similar findings have been
identified in tumor tissues (Fig. 9B, and E). Moreover,
immunofluorescence  staining  results showed a
remarkable decrease in the expression of p-PI3K in the
ginsenoside CK-treated and gefitinib-treated groups
compared to the control group (Fig. 9F), indicating that
CK suppressed the expression of p-PI3K.
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Furthermore, to investigate the role of the
PTEN/PI3K/Akt/mTOR pathway in the regulation of
NSCLC cell apoptosis, we used LY294002 (a PI3K
inhibitor). Pretreatment with LY294002 (20 uM) could
increase cytotoxicity (Fig. 10A). In addition, western
blotting results indicated that the phosphorylation of
PI3K, Akt, and mTOR was reduced, while PTEN

expression was increased (Fig. 10B). Our findings
revealed that CK induced cell apoptosis in NSCLC cells
and tumor tissues by promoting the expression of PTEN
and repressing the phosphorylation of PI3K, Akt, and
mTOR, which confirms that ginsenoside CK inhibited
the PIBK/AKT/mTOR pathway to induce apoptosis in
NSCLC.
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Fig. 10. Effects of ginsenoside CK on the EGFR signaling pathway in NSCLC cells. PC9 and H460 cells were
treated with CK (50 pM) with and without LY294002 (20 pM), respectively. (A) Cell viability was determined by
MTT. (B) The levels of PTEN, PI3K, Akt, mTOR, p-PI3K, p-Akt, and p-mTOR were analyzed. Proteins were
determined by western blotting. All data are presented as means + SD from at least three independent
experiments. *P < 0.05, **P < 0.01, compared with control, “P < 0.05, *P < 0.01, compared with the CK-treated

group.

4. DISCUSSION

Chemotherapy is currently the major strategy of
treatment for lung cancer; however, it frequently has
negative side effects that make it difficult to treat lung
cancer, especially NSCLC. Cisplatin and other platinum-
based drugs, including carboplatin, ormaplatin, and
oxaliplatin, have demonstrated successful treatment
outcomes in numerous human cancers. However, a
significant number of patients experience relapse, often
attributed to drug toxicity and/or resistance. These
adverse effects can impact multiple organs, such as the
liver, kidneys, gastrointestinal tract, cardiovascular
system, hematologic system, and nervous system.?!
Gefitinib, classified as an EGFR-TKI (epidermal growth
factor receptor tyrosine Kkinase inhibitor), has been
authorized as the primary treatment option for patients

diagnosed with advanced non-small cell lung cancer
(NSCLC).” In vivo studies have shown that gefitinib is
metabolized in the liver and characterized by its
tolerability and rapid tumor response, but it has most of
the adverse effects, including rash, dry skin, and
diarrhea, are mild to moderate in severity and are
reversible.”**1 As a result, we urgently seek new
therapeutic strategies; ginsenoside CK has demonstrated
effective anticancer properties in a variety of tumors.
Extensive mechanistic studies have shown that CK
suppressed cancer cell growth by inducing cell cycle
arrest, apoptosis, inhibiting angiogenesis, and sensitizing
colon cancer, and neuroblastoma cells and showed no
toxicity to the major organs.”®?? Nevertheless, the
specific effect of CK on NSCLC and the underlying
molecular mechanisms have not been investigated.
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Therefore, this study aimed to examine the anticancer
properties of CK in NSCLC by assessing its effects on
cell proliferation, cell cycle progression, and apoptosis in
NSCLC cells as well as in a xenotransplantation model
of non-small cell lung cancer.

The MTT, colony formation, and AO/EB experimental
findings revealed that CK suppressed the proliferation of
H460 and PC9 cells in vitro after treatment for 24 h. In
xenograft tumor-bearing mice of H460 cells, CK
significantly inhibited tumor growth. Furthermore,
ginsenoside CK demonstrated a notable decrease in the
expression of ki-67 within the tumor tissues, suggesting
its inhibitory effect on tumor growth. These findings
collectively indicate that CK exhibits anti-non-small cell
lung cancer activity both in vitro and in vivo. In
addition, in the CK treatment groups, the results obtained
from H&E staining revealed that the administration of
CK at both low and high doses did not disrupt the normal
functioning of the vital organs. Serum biochemical
parameter essay results have shown that liver function
parameters and renal function parameters in the CK-
treated groups have no significant difference compared
with the normal group. Moreover, the hemogram study
demonstrated that CK did not reduce the amount of
immune cells in all groups' peripheral blood samples,
indicating the absence of immune damage caused by CK.
Furthermore, our animal study findings indicated that
mice treated with CK had higher body weights compared
to those treated with gefitinib, indicating the absence of
toxicity associated with CK. Thus, these results strongly
indicate that CK exhibits no adverse effects in the
treatment of non-small cell lung cancer. Inducing cell
cycle arrest as a means to inhibit cancer cells has proven
to be an efficacious approach in lung cancer treatment.
The cell cycle is the time elapsed between the ending of
one division of a rapidly multiplying cell and the start of
the next division. Cancer is characterized by abnormal
cell cycle protein activity and uncontrolled tumor
proliferation. As a result, cell cycle protein regulation-
induced cell cycle arrest is seen as an appealing target for
cancer treatment. In this study, the utilization of
ginsenoside CK treatment for 24 h resulted in an
increased percentage of PC9 and H460 cells in the G1
phase, as observed through flow cytometry analysis.
Conversely, there was a decrease in the proportion of
cells in the S and G2 phases, indicating G1 phase arrest.
The progression of the cell cycle is primarily
orchestrated by a well-coordinated interplay involving
three key classes of proteins: cyclin-dependent kinases
(CDKs), cyclins (Cyclins), and cyclin kinase inhibitors
(CKls). Notably, pivotal roles within the G1/S
checkpoint of the cell cycle are fulfilled by proteins p53
and p21. Meanwhile, the seamless advancement of the
cell cycle from the G1 to the S phase hinges on the
regulatory functions of CDK4 and cyclin D1.5% Previous
research has suggested that different ginsenosides are
capable of inducing cell cycle arrest at the GO/G1 phase.
This arrest is achieved through the downregulation of
cyclin D1 and CDK4 expression, as well as the

upregulation of p21 and p53 expression. When there is
DNA damage, p53 either increases p21 levels or triggers
apoptosis to stop the cell cycle.®** Our findings
indicated that the expression of cyclin D1 and CDK4
protein levels decreased and the expression of p21 and
p53 increased in CK-treated NSCLC cells and tumor
tissues, indicating that CK induced G1 cell cycle arrest in
vivo and in vitro in a dose-dependent manner.

Promoting apoptosis is a crucial approach to induce cell
death in anticancer treatments. As a result, we noticed an
increase in apoptosis of H460 and PC9 cells after CK
treatment, as indicated by fluorescent staining and flow
cytometry analysis in this work. Specifically, the results
of Annexin V-FITC/PI double staining indicated a
notable rise in the proportion of apoptotic H460 and PC9
cells. Moreover, the findings from Hoechst 33342
staining demonstrated that CK treatment led to a
decrease in cell population and induced characteristic
changes in the nuclei, including fragmentation,
condensation, and the formation of apoptotic bodies.
Furthermore, our findings confirmed that CK induced
apoptosis and reduced MMP in NSCLC cells in a
concentration-dependent manner. Apoptosis, a regulated
form of cell death, is triggered by caspase enzymes
belonging to the cysteine protease family. It is initiated
through two principal pathways: the intrinsic pathway
involving mitochondria and the extrinsic pathway
involving death  receptors.® The mitochondrial
apoptotic pathway is principally triggered by the Bcl-2
protein family, which also contains the anti-apoptotic
protein Bcl-2 and the pro-apoptotic proteins Bax and
Bad.® Previous studies have shown that the anti-
apoptotic protein Bax plays a role in activating caspase-
9, initiating apoptosis. In contrast, the presence of Bcl-2
helps maintain cellular functionality and inhibits
apoptosis through the mitochondrial pathway. The
intrinsic pathway-induced apoptosis is facilitated by
caspase-3, a protein that can activate downstream
caspases and ultimately trigger apoptosis.** Our
findings indicated that CK-induced increased the
expression of cleaved PARP, cleaved caspase-3, cleaved
caspase-9, and Bax; decreased the level of Bcl-2,
contributing to apoptotic cell death of NSCLC cells and
tumor tissues. Therefore, these findings provide evidence
that CK promotes apoptosis in non-small cell lung cancer
cells via the intrinsic pathway.

Oxidative stress, caused by excessive oxidant generation
and decreased antioxidant defense, can lead to
inflammation, tumor progression, and drug resistance in
cancer, while moderate levels can also benefit cancer
processes.?®! ROS plays dual roles in the context of the
EGFR signaling pathway, acting both as mediators of the
pathway and as regulators of the oxidation status and
activation of the EGFR protein.®) In this study, we
assessed the effect of CK on ROS production by staining
cells with DCFH-DA. The results have shown that the
intracellular level of ROS was significantly increased in
a dose-dependent manner. Excessive production of ROS
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results in cell cycle arrest and apoptosis, and ROS can
serve as mediators of cellular signaling pathways,
including the PI3K/Akt and MAPK pathways.®®
Multiple studies have established a correlation between
elevated EGFR expression in non-small cell lung cancer
and unfavorable responses to chemotherapy, reduced
survival rates, and frequent occurrence of lymph node
metastases.® The effects of ginsenoside Rg3 in
inducing apoptosis by suppressing the expression of
EGFR in human lung adenocarcinoma have been
reported by researchers.”*! The regulation of cancer cell
proliferation, apoptosis, and metabolism is facilitated by
EGFR via the mediation of  downstream
PI3BK/AKT/mTOR and MAPK pathways.*! The
PTEN/PIBK/AKT/mTOR  pathway is a crucial
intracellular signaling pathway that regulates cell cycle
progression,  cell  proliferation,  survival, and
differentiation.*®)  The  EGFR-PI3K-AKT-mTOR
signaling pathway has become an effective target in
cancer treatment.[***! According to reports, CK inhibited
osteosarcoma cell growth and survival, caused apoptosis,
and prevented migration and invasion via the
PI3K/mTOR/p70S6K1 signaling pathway.) However,
there was no study about the effect of ginsenoside CK on
EGFR/PI3K/mTOR in NSCLC. In this study, we studied
the effect of CK on the EGFR signaling pathway in
NSCLC. The results have shown that CK significantly
inhibited the phosphorylation of EGFR expression and
its downstream proteins in NSCLC cells and tumor
tissues. The PTEN/PI3K/Akt/mTOR pathway was also
explored in this study, and it was found that CK
suppressed p-PI3K, p-Akt, and p-mTOR but induced the
expression of PTEN, leading to apoptotic cell death.
Therefore, targeting the EGFR signaling pathway has
profound effects on cell growth. Based on these
experimental findings, it can be concluded that CK has
the potential to suppress cell growth and induce cell
death both in vitro and in vivo. Our findings suggested
that CK could be a novel and valuable antitumor agent
targeting NSCLC.

In conclusion, ginsenoside CK effectively inhibited cell
proliferation by inducing G1 phase arrest and promoting
apoptosis through the EGFR/PIBK/MTOR signaling
pathway in vitro and in vivo. Additionally, CK inhibited
the growth of H460 xenograft tumors in mice without
creating any harm. These results strongly indicate that
CK has the potential to serve as a novel and valuable
therapeutic agent for targeting non-small cell lung
cancer.
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