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Background: Paris saponins have been studied for their anticancer effects in various cancer types, but the mechanisms un-
derlying the cytotoxic effects, especially in EGFR-TKI-resistant cells, are still unclear. We explored the potential
mechanism of the antitumor effects of PSI, II, VI, VIl in EGFR-TKI-resistant cells and attempted to develop PSI,
II, VI, VIl as a systemic treatment strategy for EGFR-TKI-resistant lung cancer.

Material/Methods: Growth inhibition was detected by MTT assay. The apoptosis assay was detected using annexin-V/Pl and Hoechst
staining. The level of PI3K, pAKT, Bax, Bcl-2, caspase-3, and caspase-9 protein expression were detected using
Western blot analysis.

Results: The results revealed that PSI, Il, VI, VIl inhibited the proliferation of PC-9-ZD cells. Furthermore, PSI, II, VI, VII
induced significant cell apoptosis. The levels of PI3K, pAKT, Bcl-2 protein decreased, while the Bax, caspase-3,
and caspase-9 protein was increased by PSI, II, PSVI, PSVII treatment and resulted in increased sensitivity to
gefitinib in PC-9-ZD cells.

Conclusions: The underlying mechanism of Paris saponins may be related to targeting the PI3K/AKT pathways to cause
apoptosis. Our results suggest a therapeutic potential of Paris saponins in clinical settings for gefitinib-resis-
tant NSCLC.
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Background

Lung cancer has become a leading cause of mortality due to
malignant tumors around the world. Widespread use of small-
molecule tyrosine kinase inhibitors (TKIs) presented a new op-
tion for treatment for metastatic non-small cell lung cancer
(NSCLC). However, despite dramatic responses of EGFR TKls
in NSCLC patients with EGFR mutation was accompanied by
emergence of acquired resistance to TKls [1]. Salvage chemo-
therapy showed less efficacy and severe chemotherapy-related
adverse effects [2]. Hence, developing new therapeutic agents
that could be effectively administered and used in the control
of TKl-resistant NSCLC is urgently needed. Natural products
are suitable alternatives for development of anticancer drugs.

In recent years, steroidal saponins have attracted scientific at-
tention for their structural diversity and significant bioactivi-
ties, including their antitumor, hemostatic, immunotropic, and
analgesic properties. Therefore, further pharmacological analy-
ses of the steroidal saponins from Paris polychylia are required
to investigate their activity to create a foundation for the mo-
lecular design and development of new antitumor medicines.
Rhizoma paridis is the root of Paris polychylia Smith var. chi-
nensis (French) Hara. Steroidal saponins, which are glycosides
with steroid or triterpenoid attached via C3 and ether, are the
main constituents in rhizoma paridis [3-7]. Numerous studies
have been conducted to explore the anticancer effects of these
steroid saponins [8-12]. In recent decades, the potential anti-
tumor effects of Paris saponins (PSs) have been evaluated by
many researchers [13-18]. Among them, Paris saponin | (PSI)
has been widely studied for its antitumor action in various can-
cer types [19-24]. PSI possesses various pharmacological activ-
ities and cytotoxic activity related to the malignancies by reg-
ulating the expression of proteins such as Bax, cytochrome c,
caspases, Bcl-2, and the activity of cleaving poly polymerase
and extracellular signal-regulated kinase-1/2 [19-24]. PSl is an
effective antitumor agent and a good radiosensitizer of TKI-
resistant NSCLC cells [25-26]. Recently, Paris saponin Il (PSII),
Paris saponin VI (PSVI), and Paris saponin VII (PSVII) have re-
ceived increasing attention due to their potential antitumor ef-
fects [27-31]. In attempting to further indicate the antitumor ef-
fects and mechanisms of PSI, II, VI, and VIl in TKl-resistant lung
cancer, we evaluated their effects on cell proliferation, apop-
tosis, and PI3K/AKT pathway in gefitinib-resistant cell lines.

Material and Methods

Drugs and reagents

Paris saponin I, Il, VI, and VII were purchased from the
Zheliang Institute for Food and Drug Control (batch no.
111590,111591,111592,111593, Hangzhou, China). Gefitinib
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was obtained from Tocris Bioscience (Cat. No.3000, Avonmouth,
Bristol, United Kingdom) The purity was greater than 99% and
dissolved in dimethyl sulfoxide (DMSO) then stored at -20°C. The
drugs were diluted in Dulbecco’s modified Eagle’s minimum es-
sential medium (DMEM) to achieve the final concentration used
for the following experiment. We used DMEM and fetal calf se-
rum (Hyclone Co., Logan, UT, USA); FITC Annexin-V Apoptosis
Detection kit (BD Biosciences, NJ, USA); as well as Hoechst
(Sigma-Aldrich, St. Louis, MO, USA); rabbit anti-rat PI3 Kinase
p1100, AKT antibody, Phospho-Akt Antibody, Bcl-2 Antibody, Bax
Antibody, Caspase-3 at 1: 1000 dilution (Cell Signaling Technology,
Danvers, MA, USA); and a monoclonal mouse anti-rat caspase-9
at 1:1000 dilution (Cell Signaling Technology, Danvers, MA, USA).

Cell lines and culture

Gefitinib-resistant cell line ‘PC-9-ZD’ obtained from the
Laboratory of Biochemistry and Molecular Biology (Tongji
University, Shanghai, China) were grown in DMEM (Hyclone,
Logan, Utah, USA) with 10% fetal bovine serum, 100 pg/ml
penicillin, and 100 pg/ml streptomycin at 37°C in a 5% CO,
humidified atmosphere. PC-9-ZD cells were more resistant to
gefitinib than their parental PC-9 cells [30].

Growth inhibition assay

The antiproliferative effects of PSI, Il, VI, and VIl were assessed
using MTT assay. PC-9-ZD cells (100 pl/well, 1x10* cells/ml)
were seeded and each group had triplicate treatments. A non-
treated group was established as the control, and then treat-
ed with different concentrations of PSs (0.5, 1, 2, 3, 4, 5, and
6 pg/ml) for 24, 48, and 72 h. Dose-dependent curves were
generated and 50% inhibiting concentration (IC50) was used
to evaluate the cytotoxic effects of PSs.

Flow cytometry analysis and Hoechst staining for
apoptosis

Annexin-V/Pl method and Hoechst staining were used to an-
alyze apoptosis with an Annexin-V FITC apoptosis detection
kit and Hoechst 33528. Cells were treated with PSs and gefi-
tinib, then harvested at 48 h and stained following the kit in-
structions. Cells were incubated with the mixture of Annexin-V
FITC and Pl in the dark. Apoptosis levels were detected by flow
cytometry (Beckman Coulter, Inc., Brea, CA, USA). Cells were
collected and stained with Hoechst 33528 (5 pg/ml in PBS),
then observed under a fluorescence microscope (Olympus BX-
60, Olympus Optical Co., Ltd., Tokyo, Japan).

Western blot analysis

Following treatment, cells were lysed with lysis buffer and equal
amounts of protein were electrophoresed using 10% sodium
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Figure 1. Paris saponins-induced growth inhibition of a gefitinib-resistant non-small cell lung cancer cell line following exposure at
different concentrations. Inhibition rates were significantly increased in the PSI (A), PSII (B), PSVI (C), and PSVII (D) treatment
group compared with those in the control group at the same time-point (P<0.01) and was dose dependent.

dodecyl sulfate-polyacrylamide gel, then transferred to poly-
vinylidene fluoride membranes (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The membranes were incubated with the
following primary antibodies: Rabbit anti-rat PI3 Kinase p110a,
AKT antibody, Phospho-Akt Antibody, Bcl-2 Antibody, Bax
Antibody, Caspase-3, and mouse anti-rat GAPDH monoclonal
antibody (1: 1,000). We then incubated them with the HRP con-
jugated goat anti-rabbit IgG secondary antibody (1: 10000). The
membranes were visualized using an enhanced chemilumines-
cence system and X-ray films (Santa Cruz Biotechnology Inc.).

Statistical analyses
Data were statistically analyzed using SPSS 17.0 (SPSS, Inc.,
Chicago, IL, USA) and presented as means +S.D. Groups were

compared by one-way ANOVA test and SNK-q test, with P<0.05
as the significance level.

Results

PSI, 11, VI, and VIl inhibited cell growth in PC-9-ZD cells. PSI, II, VI,
and VIl inhibited the proliferation of PC-9-ZD cells in a time- and
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Table 1. The IC50 (ug/ml) of PSs in PC-9-ZD cells.

24 h 48 h 72 h

PS | 2.51 2.07 1.53
"""" P 312 265 229
”””” PV 421 3es  2;2
”””” sVl 357 241 185

dose-dependent manner, respectively (Figure 1A-1D). The I1C50
of PSI, I, VI, and VIl for 24, 48, and 72 h is shown in Table 1.

PSI, II, VI, VIl induced apoptosis in PC-9-ZD cells. Apoptosis in-
duced by PSI, Il, VI, and VIl in PC-9-ZD cells was assessed using
Annexin-V/Pl method and Hoechst staining. PSI, Il, VI, and VII
(3 pg/ml each) induced a significant apoptosis in PC-9-ZD cells
(Figure 2A). The apoptosis rates were 2.1% in the control group,
and 29.2%, 23.6%, 19.3%, and 28.1% in the PSI, II, VI, and VII
treated groups, respectively, after 48 h (Figure 2B), showing
that the control cells were normal in morphology, with regu-
larly shaped nuclei. However, morphological changes such as
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Figure 2. Cells apoptosis induced by Paris saponins. (A) Flow cytometric analysis of apoptosis in the Paris saponins-treated and control
groups. (B) Percentage of apoptotic cells at different Paris saponins. * Statistically significant difference (P<0.01) between the
treated groups and the control group. (C) Hoechst staining showing features of apoptosis, including nuclear shrinkage, DNA
condensation, and chromatin fragmentation in the Paris saponins-treated groups compared with the control group.

nuclear shrinkage and chromatin fragmentation were observed
in apoptotic cells in the PSI, Il, VI, and VII groups (Figure 2C).

PSI, I, VI, VIl inhibited the proliferation and induced apopto-
sis through the PI3K/AKT pathway in PC-9-ZD cells. The PC-
9-ZD cells displayed resistance to gefitinib-induced inhibition
of cell growth. We treated cells with PSI, Il, VI, and VII (1 pg/ml
each) and gefitinib (500 nmol/L) for 48 h. The PC-9-ZD cells
were more sensitive to the combined treatment, with inhibi-
tion rates of 74.7%, 69.3%, 62.6%, and 70.9% than to that
of gefitinib-only treatment, with an inhibition rate of 16.5%
(Figure 3A). PSI, 11, VI, and VII (1 pg/ml each) with gefitinib (500
nmol/L) induced a significant apoptosis in PC-9-ZD cells with
apoptosis rates of 48.4%, 43.7%, 39.9%, and 45.2%, respec-
tively, compare to the gefitinib-only treatment of 9.1% after
48 h (Figure 3B). We then examined a series of protein levels

of the PI3K/AKT pathway by Western blot analysis. The lev-
el of PI3K, pAKT, and Bcl-2 protein decreased more in PSI, II,
VI, and VII combined gefitinib treatment than in gefitinib-on-
ly treatment, and the level of Bax, Caspase-3, and Caspase-9
protein increased more in PSI, II, VI, and VIl combined gefi-
tinib treatment than in gefitinib-only treatment (Figure 3C).

Discussion

Among all NSCLC patients, about 25% are estimated to harbor
“activating mutations” in sequences encoding the epidermal
growth factor receptor (EGFR), which causes a constitutive ac-
tivation of the EGFR signaling pathway. In order to target this
abnormal hyperactivation, selective agents such as EGFR ty-
rosine kinase inhibitors (TKIs) have been developed, including
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Figure 3. (A) Cell death rate after 48 h of gefitinib treatment combined with or without PSI, II, VI, and VIl in PC-9-ZD cells. (B)
Percentage of apoptotic cells in different groups. * Statistically significant difference (P<0.01) between the gefitinib combined
with PSI, Il, VI, and VII groups and the gefitinib group. (C) Effect of gefitinib treatment combined with or without PSI, II, VI,
and VIl on levels of PI3K, AKT, pAKT, Bcl-2, Bax, caspase-3, and caspase-9 protein expression in PC-9-ZD cells. Protein levels

were detected using Western blot analysis.

gefitinib and erlotinib. Gefitinib has shown measurable effi-
cacy at early stages of treatment, but patients become insen-
sitive to this drug after 6 to 9 months, which finally leads to
treatment failure. Some studies have shown that a second-
ary mutation in EGFR (T790M) is important for acquiring resis-
tance to gefitinib. T790M mutation can alter the conformation-
al space and form a stereo-specific blockade of stable binding
between gefitinib and EGFR, resulting in the continued activa-
tion of the PI3K/AKT signaling pathway [33-35]. Amplification
of the protooncogene Met is also an important mechanism of

acquired resistance to gefitinib. MET overexpression drives
ErBb3, rather than EGFR, which activates the PI3K/AKT sig-
naling pathway [36,37]. Moreover, the results of these stud-
ies suggest that PI3K/AKT inhibitors may block these events,
and thereby overcome acquired TKI resistance. The PI3K/Akt
pathway has been shown to be a good therapeutic target in
tumors. The activation of PI3K also increases the expression
of NK-xB and Bcl2, and down-regulates the activity of fork-
head transcription factors, caspase 9, MDM2, and Bax, which
together influence cell apoptosis [38].
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It was demonstrated by numerous studies that Paris saponins
possess potential to inhibit malignant tumor cell proliferation
and migration, and induce cell apoptosis [19-31]. PSI had defi-
nite anticancer effects on various cancer cells [19-26]. PSII, VI,
and VIl and PSI have similar chemical structural. Further stud-
ies needed to explore the efficacy and mechanisms of these in
lung cancer treatment, especially in EGFR-TKI-resistant cells.

In the present study, we explored the anticancer effects and
underlying mechanism of PSI, II, VI, and VIl in EGFR-TKI resis-
tance lung cancer cells and attempted to develop PSI, II, VI,
and VIl as a systemic treatment strategy for EGFR-TKI-resistant
lung cancer. Here, we showed that PSI, II, VI, VIl inhibited the
proliferation of PC-9-ZD cells in a time- and dose-dependent
manner and increased the apoptosis rate in PC-9-ZD cells. The
apoptosis rates were 2.1% in the control group, and 29.2%,
23.6%, 19.3%, and 28.1% in the PSI, Il, VI, and VIl (3 pg/ml
each) treated groups, respectively, after 48 h. This was further
verified by Hoechst staining, which showed apoptotic changes
in morphology. Furthermore, we found that the PC-9-ZD cells
were more sensitive to the Paris saponins (1 pg/ml each) and
gefitinib (500 nmol/L) combined treatment with inhibition
rates of 74.7%,69.3%,62.6%, and 70.9% than to that of gefi-
tinib-only treatment with inhibition rate of 16.5%. Also, Paris
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Conclusions

The underlying mechanism of Paris saponins may be related
to targeting the PI3K/AKT pathways to cause apoptosis in PC-
9-ZD cells with acquired resistance to gefitinib. These results
suggest the therapeutic potential of Paris saponins in clinical
settings for gefitinib-resistant NSCLC.
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