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Plantamajoside modulates the proliferation, stemness, and
apoptosis of lung carcinoma via restraining p38MAPK and AKT
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Background: Plantamajoside (PMS), an active anti-inflammatory component and antioxidant derived
from Herba Plantaginis, has been reported to exert a suppressive effect in liver cancer i vivo. In this study, we
tested the effects of PMS on the metastatic 95D cell line.

Methods: 95D cells were characterized as most sensitive to PMS across several lung cancer cell lines. Cell
viability within 24 h was tested with CCK-8. Different concentrations of PMS (0, 50, 100, and 200 pg/mL)
and 5 pg/mL of cisplatin were established for later 24 h treatment. Relative mRNA and protein expression
were assessed with PCR and Western blotting. Cell proliferation and stemness were indicated with colony
and sphere formation. Cell metastasis was evaluated with wound healing and Transwell. Apoptotic cells and
mitochondrial membrane potential were investigated with flow cytometry.

Results: CCK-8 assay showed PMS to inhibit the viability of 95D cells in a dose-dependent manner. PMS
decreased colony formation and inhibited stemness in 95D cells. Invasion and migration were also inhibited.
Moreover, PMS induced cell apoptosis, and decreased mitochondrial membrane potential. All of these effects
were dose dependent. Interestingly, PMS treatment reduced the protein expression of p-p38 MAPK and
p-AKT but not that of p38 MAPK and AKT.

Conclusions: PMS inhibited proliferation, stemness, and migration, and initiated apoptosis in 95D cells,
possibly through p38 MAPK and AKT dephosphorylation and mitochondria dysfunction. These findings
support the promise of PMS as a prodrug in lung cancer treatment.
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Introduction and 15% of all incidence, respectively (1). At the time of

Lung cancer is the leading global cause of cancer-related diagnosis, most patients are already at a late stage of the

mortality, with non-small cell lung cancer (NSCLC) and disease, resulting in a high rate of mortality. Nowadays,
small cell lung cancer (SCLC) accounting for roughly 85% new therapeutics like EGFR (epidermal growth factor
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Figure 1 PMS decreased the cell viability of 95D cells. (A) Chemical structure of Plantamajoside (PMS). (B) Cell viability of 95D cells
treated with increasing concentrations of PMS. The cells were treated with 0, 1, 2.5, 5, 10, 25, 50, 100, 200, 300, 400, 500, 600, and
800 pg/mL of PMS for 24 h and (C) cell viability was analyzed using Cell Counting Kit 8. The * indicates significant difference (P<0.05
compared with other cell lines or untreated 95D cells) by one-way ANOVA or #-test.

receptor) inhibitors and immunotherapy offer benefit for
lung cancer patients; nevertheless, the 5-year survival rate
for patients is less than 20% (2,3). Some signal transduction
pathways have been involved in the development of new
lung cancer drugs, among which the VEGE, p38 MAPK,
and PI3K signaling pathways have proved most attractive.
The pathology of NSCLC is usually more closely related
to p38 MAPK signaling, while the pathology of SCLC
is more closely related to PI3K (4). The need for proper
subclassification-based administration is becoming more
urgent, and more targeted therapies desperately need to be
developed (5).

Plantamajoside (PMS, shown in Figure 1A) is the main
active ingredient in Herba Plantaginis, a conventional
TCM. Recently, PMS was shown to be effective against
breast cancer in mouse models, exerting an antitumor
effect via NF-«B inhibition (6). Later studies revealed
the involvement of PI3K/AKT signaling in the activation
of NF-«B (7,8). PMS inhibition of PI3K/AKT and NF-
kB was also observed in other disease models including
lipopolysaccharide (LPS)-induced lung injury, human
airway epithelial cell inflammation, and human gingival
fibroblasts inflammation (8-10). Meanwhile, other studies
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have shown PMS-induced NF-«B inhibition to be related
to MAPK. As well as being shown to have potential anti-
cancer effects through molecular docking with matrix
metalloproteinase 2 (MMP-2)/MMP-9 and in mouse
models, PMS was also observed in later studies to suppress
MMP-1 in a MAPK and NF-«xB-dependent way (6,11).
In other studies, PMS was shown to inhibit MAPK and
NF-«B signaling to prevent LPS-induced lung injury and
human umbilical vein endothelial cell dysfunction induced
by advanced glycation end-products (9,12). These findings
indicated that the mechanism by which PMS inhibits breast
cancer could be complex. PMS may also help with the
treatment of other tumors based on the widespread pivotal
role of p38 MAPK and PI3K/AKT signaling in tumors.
Lung tumors are highly heterogeneous (13), which
presents a challenge, not only for diagnosis but also effective
treatment. MAPK signaling, which is downstream of several
tumor-related pathways, appears to have stimuli-dependent
effects. MAPK activation is part of the inflammation
and stress signaling involved in tumor progression, and
proliferation and senescence (14,15). In general, the
inhibition of p38 MAPK, which functions by prohibiting
p38 MAPK-induced tumor angiogenesis, is beneficial
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for both NSCLC and SCLC patients, with inhibitors of
EGFR signaling, in particular, demonstrating widespread
clinical benefits (16). SCLC, on the other hand, is often
characterized by the loss or mutation of tumor suppressor
genes and activation of oncogenes, especially activated PI3K
signaling. PI3K activation is mainly thought to promote cell
cycle and tumor survival, mainly via AKT activation. PI3K/
AKTT signaling is also a target of EGFR inhibitors and often
induces its drug resistance (17). The limited effectiveness
of present drugs, inadequate kinds of therapies referring
to lung cancer classification, and the need for personalized
therapeutics all call for the discovery and optimization of
more targeted anti-cancer drugs.

To objectively assess the antitumor effects of PMS,
elementary tasks were performed on the high-metastatic
human lung cancer cell line 95D. Cell viability, stemness,
apoptosis, oxidative stress, and MAPK and AKT
phosphorylation were tested. This study aims to provide
new insight into our understanding of the mechanism of
the tumor inhibitive effect of PMS, regardless of MMP
inhibition.

Methods
Agents

Plantamajoside (PMS) was purchased from CHENGDU
MUST BIOTECHNOL CO., LTD (Sichuan, China),
purity >298%. A549, 95D, SPC-A1, H460 and H292 cells
were obtained from the American Type Culture Collection
(ATCC; Manassas, VA, USA). RPMI-1640 medium was
purchased from HyClone Company (Cat#SH30809.01;
Logan, UT, USA). Fetal bovine serum (ATCC 30-2020)
was purchased from Thermo Fisher Scientific (MA, USA).
Dimethyl sulfoxide (DMSO), 1-bromo-3-chloropropane,
Isopropanol, ethanol, cisplatin (DDP) and other solvents
were obtained from Sigma (St. Louis MO, USA). Cell
Counting Kit-8 (CCK-8), 0.25% trypsin, 0.01 M PBS
(powder, pH7.2-7.4), 1% Paraformaldehyde, Mitochondrial
Membrane Potential Assay Kit with JC-1, and 100x
Penicillin-Streptomycin Solution were bought from Beijing
Solarbio Science & Technology Co., Ltd. (Beijing, China).
B27, epidermal growth factor (EGF) and basic fibroblast
growth factor (bFGF) were purchased from Invitrogen
(CA, USA). Primary antibodies, including anti-Caspas-3
(Cat#ab13847), anti-Caspas-9 (Cat#ab32539), anti-
SOX2 (Cat#ab93689), anti-CD44 (Cat#ab216647), anti-

© Translational Cancer Research. All rights reserved.

OCT4 (Cat#ab19857), anti-Bax (Cat#ab32503), anti-Bcl-2
(Cat#ab32124), anti-MAPK (Cat#ab32062), anti-p-MAPK
(Cat#ab247405), anti-AKT (Cat#ab32505) and anti-p-AKT
(Cat#ab81283) were purchased from Abcam (Cambridge,
MA, USA). Anti-GAPDH (Cat#60004-1-1g) and all
secondary antibodies were bought from PTG Company
(Rosemont, IL, USA). Trizol, BeyoRT™ III First Strand
cDNA Synthesis Kit with gDNA EZeraser, PCR Kit with
Taq, Total Superoxide Dismutase Assay Kit with WST-8,
Lipid Peroxidation MDA Assay Kit, Annexin V-FITC/PI
apoptosis kit, Crystal Violet Staining Solution, and others
were purchased from Beyotime Biotechnology (Shanghai,
China).

Cell culture and viability

Cells were cultured in RPMI-1640 medium with 10% FBS
and 1% Penicillin-Streptomycin solution at 37 °C with 5%
CO,, before being digested with 0.25% trypsin and stored
at =80 °C in FBS with 10% DMSO. A549, 95D, SPC-Al,
H460, and H292 cells were treated with 500 pg/mL PMS
before viability were tested. The viability of 95D cells
under treatment of different concentrations of PMS, was
further explored. Cells with 80% confluence were digested
and seeded into 96-well plates at a density of 1x10* cells/
well in 100 pL medium. Different concentrations of PMS
were obtained by mixing medium and an 800 mg/mL PMS
stock solution, which was prepared with PMS dissolved
in culture medium (1 mg:1.25 mL). Solutions of certain
concentrations in 100 pL. medium were added to the wells
24 h after seeding. Three replicates were made for each
concentration. The solutions were left for 24 h incubation.
An hour before the OD,;, value was read, 20 pL. of CCK-8

was added to each well.

Colony formation assay

Properly re-suspended cells were randomly plated into
6-well plates at a density of 1x10* cells/well in 1 mL culture
medium. Then, medium with 0, 50, 100, or 200 pg/mL
PMS was added. Triplicated wells were used for each
group. To avoid PMS hydrolysis, the culture mediums
with different concentrations of PMS were refreshed every
24 h. Cell debris and unattached cells were washed away,
and fresh medium without PMS was added after 36 h,
followed by incubation for 10 days. The attached cells were
then stained with 0.1% (W/V) crystal violet.
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Table 1 Primers used in PCR

3831

Gene Forward primer 5’-3’ Reverse primer 5’-3’

Ki67 GCCCCTAAAGTAGAACCCGT GGGTTCGGATGATTTGCCTC

PCNA CGGATACCTTGGCGCTAGTA CACTCCGTCTTTTGCACAGG

Survivin GTCCCTGGCTCCTCTACTG GACGCTTCCTATCACTCTATTC
GAPDH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG

mRNA extraction and cDNA preparation

Each group of cells (approximately 1x10° cells) was
incubated in a 6-cm plate for 24 h, then cultured with
medium containing 0, 50, 100, or 200 pg/mL PMS for a
further 24 h. After thorough washing with cold PBS, 1 mL
of Trizol was added to wash out the plate and the solution
was collected. The solution was then added with 200 pL
of 1-bromo-3-chloropropane, vortexed, and incubated for
5 min at room temperature. The supernatant was collected
after centrifugation under 13,000 rpm for 15 min at 4 °C.
Next, isopropanol (500 pL) was added and incubated for
5 min at room temperature, the mixture was centrifuged
under 13,000 rpm for 10 min at 4 °C and the RNA pellets
were collected. Then, the pellets were incubated with
1 mL of 70% ethanol and centrifuged at 7,500 rpm for
10 min at 4 °C. The liquid was subsequently discarded, and
the pellets were air dried. The RNA pellets were dissolved
with DNase/RNase-free water, and the RNA concentration
was tested. Finally, first-strand ¢cDNA was synthesized
according to the manufacturer’s instructions.

Polymerase chain reaction (PCR)

The synthesized cDNA (2 pL), 10x PCR Buffer (with Mg®*
2 pL), dNTP (2.5 mM each, 1.6 pL), primer mix (10 pM
each, 1.6 pL), Tag DNA Polymerase (5 U/pL, 0.1 pL), and
pure water (12.7 pL) were mixed and incubated at 94 °C for
3 min. Then, 30 cycles of incubation were applied at 94 °C
for 30 sec, 55 °C for 30 sec, and 72 °C 60 sec. At the end of
the cycle, the mixture was kept at 72 °C for an additional
10 min. DNA agarose gel electrophoresis was then
performed to show the relative expression of specific genes.
The primers used are listed in Table 1.

Sphere formation assay

To analyze sphere formation, 95D cells were seeded in
ultra-low attachment 24-well culture plates at 2x10° cells
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per well, and incubated under serum-free conditions in
RPMI 1640 containing 20 pL/mL of B27, 20 ng/mL of
EGE, 20 ng/mL of bFGEF, and 1% penicillin-streptomycin.
After 10 days of incubation at 37 °C with 5% CO,, pictures
were taken under a microscope and the number of spheres
was counted in 3 separate 40x fields.

Western blotting

For Western blotting analysis, 95D cells were seeded
at a density of 2x10° cells/well in 6-well plates. When
confluence was acceptable, the cells were washed and
medium with 0, 50, 100 or 200 pg/mL PMS was randomly
added to each well. After 24 h of incubation, the cells were
washed out with cold PBS, lysed, and checked by Bradford
assay. In SDS-PAGE, about 40 pg of protein was used for
each sample. The primary and secondary antibodies were
incubated according to the protocols of the manufacturers.
The proteins of interest were visualized by enhanced
chemiluminescence reagents with ChemiDoc XRS.

Wound bealing

Wound-healing assay was performed to evaluate the
migration of 95D cells. Briefly, Cells were seeded in 6-well
plates to reach 90% confluence. Then, straight scratches
were created with a sterile pipette tip. The destroyed cells
were gently rinsed off with PBS 3 times and cultured in
medium. Then, wound healing was imaged at 0 and 24 h
with a digital camera (Leica DFC300FX) equipped inverted

microscope.

Transwell

Transwell invasion was tested with chambers with Matrigel
(1 mg/mL) (Becton-Dickinson, New Jersey, USA) according
to the manufacturer’s instructions. Briefly, 200 pL serum-
free medium containing 1x10° cells/well was added into the
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upper chamber, and the lower chamber contained 0.6 mL
medium containing 20% FBS. After 24 h, the cells on the
upper chamber were removed. The lower chamber cells
were fixed and stained with crystal violet.

Flow cytometry

To study apoptosis, flow cytometry was performed
according to the manufacturer’s protocol. In brief, 95D
cells treated with different doses of PMS were fixed with
4% paraformaldehyde for 30 min at 4 °C, collected, and
re-suspended in PBS. Then, the cells were incubated with
Annexin V-FITC for 15 min and with PI for 10 min. The
cells were analyzed with a FACScan flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA).

For analysis of mitochondrial potential, cells were
digested, centrifuged, and then re-suspended with JC-1
working solution. The cells were then incubated at 37 °C
with 5% CO, for 15 min, and centrifuged and re-suspended
once more in PBS. Finally, analysis was carried out with
FACScan.

SOD and MDA activity tests

Cells were washed twice with ice cold PBS, scratched, and
collected in cold PBS. Next, the cells were homogenized
and centrifuged under 600 g for 15 min at 4 °C, and the
supernatants were collected. Protein concentrations were
then tested by Bradford assay, with about 50 pg of proteins
used for each sample. The samples, Wst-8/enzyme working
solution, reaction initiating solution, and PBS were added
according to protocol, and incubated at 37 °C for 30 min.
Optical density was then tested under 450 nm.

For MDA activity assay, cell lysates were harvested and
tested using BCA KIT as in Western blotting. According to
the protocol, MDA testing working solution was prepared,
optical density under 532 nm was tested, and MDA
concentration was corrected using curve of the standard.

Statistical analysis

Statistical analyses were performed with Graphpad Prism
6.0 (GraphPad Software, Inc., La Jola, CA, USA). Data
were analyzed by one-way ANOVA or Student’s #-test,
and were expressed as mean = standard deviation (SD).
Statistical significance was represented by P<0.05.
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Results

PMS dose-dependently suppressed the survival of 95D lung

cancer cells

To observe the influence of PMS on lung cancer cells
and to establish proper treatment doses for subsequent
experiments, cell viability was tested by CCK-8 assay.
Among a series of lung cancer cell lines, 95D cells seemed
most sensitive to 500 pg/mL PMS treatment and was
used in later experiments (Figure 1B). Under treatment of
PMS for 24 h, cell viability decreased in a dose-dependent
manner (Figure 1C). Cells treated with 100 pg/mL of
PMS began to exhibit significantly lower viability than the
control group. To test the mechanism of action by which
PMS hindered lung carcinoma, treatments with 0, 50, 100,
and 200 pg/mL of PMS were established and 5 pg/mL of
DDP was introduced as positive control in the following
experiments.

PMS suppressed proliferation of 95D lung cancer cells
To further validate the effect of PMS on 95D cell

proliferation, crystal violet staining was carried out to
count the number of colonies. As shown in Figure 2A,B,
when compared with the control group, treatment with
100 and 200 pg/mL of PMS significantly inhibited colony
formation in 95D cells. Colony formation was very
significantly inhibited by 200 pg/mL of PMS, possibly
because of toxicity-related cell death. Subsequently, the
mRNA expressions of proliferation marker Ki67, PCNA,
and survivin were detected by reverse transcription PCR
and were all clearly decreased with 100 or 200 pg/mL of
PMS. These results showed dose-dependent suppression of
proliferation of 95D cells by PMS.

Anti-stem cell activity of PMS in 95D lung cancer cell
culture

Spheroid formation assay was then applied. As shown in
Figure 34,B,C, 100 and 200 pg/mL of PMS significantly
reduced the spheres in both diameter and number compared
with the control group. Further testing was performed
for stem cell markers SOX-2, CD44, and OTC. With the
increase of PMS concentration, SOX-2, CD44. and OTC
were all reduced in a dose-dependent manner, as shown in

Figure 3D,E. These results showed that PMS reduced the
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Figure 2 Dose-dependent reduction of 95D cell proliferation by PMS. (A and B) Reduced colony formation rate by PMS of 0, 50, 100, and
200 pg/mL for 2 weeks. (C) Relative mRNA expression of proliferative markers Ki67, PCNA, and survivin. 95D cells were treated with 0,
50, 100, and 200 pg/mL of PMS for 24 h. Data are shown as mean + SEM from at least three replicates, *P<0.05 compared with the control

group.

stemness of 95D cells dose dependently.

PMS inbibited invasion and metastasis of 95D lung cancer
cells (Figure 4)

The invasion and metastasis of 95D cells were then
evaluated. Treatment with 100 pg/mL of PMS significantly
suppressed wound enclosure (Figure 44,C). Invasive cells
tested with Transwell were also reduced with 100 and
200 pg/mL of PMS (Figure 4B,D). The results indicated
that PMS inhibited the invasion and metastasis of 95D cells.

PMS promeoted apoptosis of 95D lung cancer cells

Cell apoptosis was then assessed using the Annexin
V-FICT/PI apoptosis detection kit. PMS dose-dependently
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induced 95D cell apoptosis (Figure 5A), with significant
apoptosis seen at 100 pg/mL. The number of apoptotic
cells was further elevated at 200 pg/mL of PMS. The
protein expressions of caspase-3 and caspase-9 were tested
by Western blotting (Figure 5B). Both cleaved caspase-3
expression and cleaved caspase-9 expression increased in
a dose-dependent manner relative to the control group.
Treatment with 100 pg/mL of PMS was enough to induce
effective apoptosis, and this was more significant with
200 pg/mL of PMS. These results showed that PMS
treatment induces apoptosis in 95D cells.

PMS reduced lung cancer cell 95D mitochondrial
membrane potential

Mitochondrial membrane potential is the direct energy
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source of ATP synthase. Reduced mitochondrial
membrane potential, accompanied by oxidative stress,
is usually seen and tested in apoptotic tumor cells (18).
Here, mitochondrial membrane potential was measured
using JC-1. Under normal conditions, mitochondrial
membrane potential is high, JC-1 accumulates in the
mitochondria matrix, and red fluorescence is observed,

© Translational Cancer Research. All rights reserved.

when the mitochondrial membrane potential turns low,
JC-1 disperses, and green fluorescence is observed. Flow
cytometry showed a dose-dependent increase in JC-1 green
fluorescence, which indicated decreased mitochondrial
membrane potential (Figure 6A4).

Bax and Bcl-2 are, respectively, important positive
and negative regulators of mitochondrial membrane
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Figure 5 PMS induced apoptosis in 95D cells. (A) Apoptosis in PMS (0, 50, 100, and 200 pg/mL)-treated 95D cells for 24 h. (B) Relative

protein expression of cleaved caspase 3 and cleaved caspase 9 to caspase 3 and caspase 9, respectively. Data are shown as mean + SEM from

at least three replicates, *P<0.05 compared with the control group.

permeability. The Bax/Bcl-2 ratio is an important adaptor
of apoptosis (19). As the PMS concentration increased, the
protein expression of Bax rose and that of Bel-2 decreased
(Figure 6B). Under 50 pg/mL of PMS treatment, the Bax/
Bcl-2 ratio was significantly increased compared with the
control group. Moreover, a more dramatic increase of Bax/
Bcl-2 was observed in cells treated with 100 and 200 pg/mL
of PMS.

Mitochondria was then isolated and SOD and MDA
were measured (Figure 6C,D) to assess the impact of PMS
on 95D cell oxidative stress. Under treatment of 100 and
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200 pg/mL of PMS, SOD was significantly decreased vs. the
control group, and MDA was significantly increased.

Taken together, these results indicated the involvement
of mitochondria in PMS-induced apoptosis, possibly
through decreased mitochondrial membrane potency and
increased oxidative stress.

Phosphorylation of p38 MAPK and AKT is suppressed in
PMS treated 95D lung cancer cell

The mechanism by which PMS suppressed survival
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Figure 6 PMS reduced mitochondrial membrane potential in 95D cells. (A) PMS (0, 50, 100, and 200 pg/mL) treatment for 24 h reduced
95D cell mitochondrial membrane potential characterized by JC-1 labeled flow cytometry. (B) Relative expression of apoptosis proteins Bax
to Bel-2, and reduced expression of SOD (C) and increased amount of MDA (D) were tested. Data are shown as mean = SEM from at least

three replicates, *P<0.05 compared with the control group.
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Figure 7 Suppressed phosphorylation of p38 MAPK and AKT in PMS-treated 95D cells. PMS (0, 50, 100, and 200 pg/mL) treatment for
24 h. Relative protein expression of p38 MAPK, p-p38 MAPK, AKT, and p-AKT was tested. Data are shown as mean + SEM from at least

three replicates, *P<0.05 compared with the control group.

and proliferation, and promoted apoptosis in 95D cells
was further explored. AKT and p38 MAPK and their
phosphorylated forms were detected (Figure 7). There was
no significant change in p38 MAPK or AKT; however, less
phosphorylated p38 MAPK and AKT were seen. These
results implied that the antitumor effects of PMS involve
the inhibition of AKT and p38 MAPK.

Discussion

Traditional Chinese medicines are excellent sources
of innovative antitumor drugs. Many formulas, herbal
extracts, and monomers are attributed with antitumor
properties or can provide effective adjuvant therapy in
cancer treatment (20,21). The characterization and
optimization of natural compounds have always been
important steps in the discovery anti-cancer drugs. PMS
possesses antiviral, diuretic, antioxidant, and immune
enhancement potential (22). Several years ago Pei er al.
showed the anti-cancer effect of PMS in MDA-MB-231
human breast cancer cells and in 4T1 cell allograft mice (6).
Li et al. showed that PMS suppressed LPS-induced NF-
kB and IL-6 in esophageal squamous cell carcinoma cells
(ESCC), thus inhibiting epithelial-mesenchymal transition
(EMT) in ESCC (7). However, in vivo, the structure of
PMS is far from stable. According to a pharmacokinetics
study of PMS in rats, PMS was absorbed soon after
administration but was completely eliminated within
6 h (23). When its numerous hydroxyls and esters are

© Translational Cancer Research. All rights reserved.

considered, this is structurally understandable (Figure 14),
and the distribution of this highly water-soluble structure
into tumor targets could not be expected to occur easily.
Taking this into account, it was remarkable that PMS
achieved a significant difference in mice . Here, we
showed that PMS exerted a dose-dependent inhibitory
effect on 95D cell viability. Little influence was observed
with PMS concentrations of less than 50 pg/mL, which
can possibly be explained by the strong hydrolysis of PMS.
PMS activity in 95D cells is not as strong as that in MDA-
MB-231 or ESCC (6,7), possibly because curing lung
cancer presents a bigger challenge. These studies strongly
supported PMS as a promising prodrug.

Both inhibited proliferation and stemness are important
indicators of antitumor activity; however, no previous
studies had explored this in relation to PMS before. In
the present study, we showed that PMS treatment dose-
dependently inhibited the proliferation and stemness of
95D cells in vitro. This indicated that PMS may exert its
antitumor effect through other undiscovered mechanism of
actions beyond MMP and NF-«B inhibition.

Mitochondria plays a pivotal role in cancer, especially
in the supply of energy and biosynthetic precursors, ROS
production, and apoptosis. Mitochondria-related apoptosis
is the most common downstream mechanism of antitumor
agents, the process of which has been shown to decrease
mitochondrial membrane potency, increase homodimers
of Bax, and accumulate ROS, leading to caspase cleavage
and apoptosis-related cell death (18,19). In this study,
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we showed that PMS treatment resulted in decreased
mitochondrial membrane potency, accumulated ROS
and Bax, and increased cleaved caspase 3/9 in 95D cells
(Figures 4 and 5). These results strongly suggested that
PMS treatment induces mitochondria-related cell apoptosis
in lung carcinoma.

PI3K/AKT and p38 MAPK are two important pathways
in the regulation of tumorigenesis, cell cycle, metastasis,
drug resistance, and survival in lung cancer, and represent
two main tumor targets (24-26). AKT phosphorylation
is an important way in which PI3K is activated, resulting
in cell cycle progression and the inhibition of apoptotic
signaling (17). Meanwhile, P38 MAPK can be activated
or inactivated upon treatment with different antitumor
agents, and usually leads to stimuli-dependent effects (15).
The inactivation of p38 MAPK has been evidenced to
induce apoptosis, which is part of the mechanism of action
of VEGFR inhibitors (25). Our results showed that under
treatment of PMS, AKT expression remained the same,
while AK'T phosphorylation decreased remarkably. At the
same time, PMS reduced p-p38 MAPK but not p38 MAPK
expression. These results indicated the involvement of
PI3K/AKT and p38 MAPK signaling in PMS-induced
apoptosis in 95D cells.

AKT and p38 MAPK-induced apoptosis has usually
been observed in antitumor therapeutics. Flupentixol, for
instance, could be specifically docked to PI3K to inhibit the
PI3K/AKT pathway and survival of lung cancer cells (27).
Meanwhile, torilis japonica extract induced apoptosis by
reducing the mitochondrial membrane potential via the
regulation of the AMPK-p38 MAPK signaling pathway (28),
and Paris Saponin I enhanced apoptosis by influencing
the p38 MAPK, ERK, and Akt pathways in lung cancer
cells (4). Both Akt and p38 MAPK are involved in a large
number of antitumor activities, and sometimes, both are
involved. Some authors have suggested that co-inhibition
of AKT and MAPK might prove effective in avoiding drug
resistance (29), while others believe MAPK inhibition
weakens the outcome of anticarcinogens (24). In any
case, it is clear that these two signaling pathways promote
apoptosis. Considering the fact that PMS is easily
hydrolyzed but performed well in the present study, proper
structural modifications could achieve unexpected effects.

In conclusion, in a dose-dependent manner, PMS
treatment inhibited cell viability and proliferation,
limited stemness, decreased mitochondrial potential,
increased oxidative stress, and activated apoptosis in

95D cells, possibly by inhibiting AKT and p38 MAPK

© Translational Cancer Research. All rights reserved.
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phosphorylation.
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