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Polyphyllin VII induces mitochondrial apoptosis by regulating
the PP2A/AKT/DRP1 signaling axis in human ovarian cancer
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Abstract. Ovarian cancer is a gynecological malignancy
with high mortality. Adjuvant therapy such as chemoradiotherapy inevitably leads to side effects and drug resistance.
In recent years, traditional Chinese medicine has been widely
studied for its safety, effectiveness, and unique pharmacological effects. Polyphyllin VII is an important component
of Rhizoma paridis saponins, and has cytotoxic effects on
many types of cancer cells. The aim of the present study
was to evaluate the anti‑tumor activity of polyphyllin VII
in human ovarian cancer cells. Recent studies found that
polyphyllin VII induces mitochondrial pathway apoptosis
by increasing mitochondrial division, but the specific
mechanism was unclear. The results of this study revealed
that polyphyllin VII could effectively induce mitochondrial
dysfunction, including increased mitochondrial division and
reactive oxygen species (ROS) production. Notably, the mitochondrial location of dynamin‑related protein 1 (DRP1) plays
an important role in its function. In addition, polyphyllin VII
enhanced the mitochondrial localization of DRP1 which
is mediated by increased protein phosphatase 2A (PP2A)
activity, and decreased AKT activity. A specific PP2A
inhibitor, LB100, attenuated mitochondrial division and
apoptosis in cells caused by polyphyllin VII, confirming the
function of the PP2A/AKT pathway in polyphyllin VII treatment. Additionally, xenotransplantation experiments have also
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confirmed the anti‑tumor effect of polyphyllin VII in vivo.
Therefore, interference of the mitochondrial translocation of
DRP1 through PP2A/AKT pathway may be an attractive and
effective therapeutic approach by polyphyllin VII in ovarian
cancer. This may provide new strategies for polyphyllin VII in
the clinical treatment of ovarian cancer.
Introduction
The majority of patients with ovarian cancer may suffer a
relapse, and the development of platinum resistance results in
great challenges to clinical treatment; thus, much effort has
been placed into developing new drugs. Due to polyphyllin VII
having pharmacological effects, such as anti‑inflammatory (1),
hemostatic and analgesic (2), immune regulation (3), and
minor side effects, it has been widely used in clinical
applications. In recent years, findings have shown that polyphyllin VII has obvious anti‑cancer activity against ovarian
cancer cells (4) prostate (5), gastric (6), nasopharyngeal (7),
and colon cancer (8). Yang et al found that polyphyllin VII can
regulate the expression of Bcl‑2 and Bax, cause a decrease in
mitochondrial membrane potential (MMP), and induce apoptosis in human erythroleukemia cell line K562 (9). Liu et al
found in the study of the hepatocellular carcinoma HepaRG
that polyphyllin VII can increase intracellular ROS production, decrease MMP, and accompany activation of the caspase
pathway and the release of cytochrome c from the cytoplasm
to induce mitochondrial apoptosis (10). It is suggested that
polyphyllin VII may cause mitochondrial dysfunction of
tumor cells and induce apoptosis, although the specific
mechanism of regulating mitochondrial function is not clear.
Therefore, investigating the specific regulation mechanism of
polyphyllin VII on mitochondrial function may provide some
targeted evidence for the clinical treatment of ovarian cancer.
Mitochondria are not only the key organelles for intracellular energy production, but also the basic platform for
cell signal transduction, playing a crucial role in cell signal
transduction, cell proliferation, differentiation, autophagy
and cellular immunity (11‑13). Mitochondria are dynamic
organelles, whose imbalance in division and fusion often
leads to changes in mitochondrial structure and dysfunction (14). Although mitochondrial division often occurs in
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apoptosis, some scholars believe that division is an essential
step in the process of apoptosis, although the specific regulatory mechanism of mitochondrial division and apoptosis
is unclear. Mitochondrial fission is a multi‑step process in
which the recruitment of GTPase DRP1 on mitochondria
plays a key role (15). During the process of cell apoptosis,
BAX activation co‑locates BAX and DRP1 at mitochondrial
sites where division occurs (16), and DRP1 stably binds to the
mitochondrial outer membrane, leading to mitochondrial fragmentation (17‑19). Hasnat et al found that triptolide can mediate
Drp1 translocation to the outer mitochondrial membrane,
leading to increased mitochondrial division, accompanied
by the release of cytochrome c and activation of caspase‑3,
inducing L02 cell death in human liver cells (20). Li et al found
that erucin could dephosphorylate DRP1 (Ser637) to mediate
DRP1 mitochondrial translocation and induce mitochondrial
division and apoptosis in human MDA‑MB‑231 and MCF‑7
breast cancer cells (21). Therefore, the localization of DRP1
on mitochondria may mediate mitochondrial dynamics and
mitochondrial pathway apoptosis, and this process is regulated
by its phosphorylation level.
Protein phosphatase 2A (PP2A) is an important and ubiquitous serine threonine phosphatase and a tumor suppressor (22).
PP2A is a critical negative regulator of tumorigenesis, and
affects protein synthesis, cell proliferation, cell survival, cell
migration, and invasiveness (23). PP2A is inactivated in a
variety of malignancies, including breast (24), ovarian (25),
cervical (26), and lung (27) cancer. Reactivating PP2A is
an effective way to fight cancer (28). Zhang et al found that
polyphyllin VII can inhibit the proliferation and invasion
of cisplatin‑resistant SGC7901/DDP cells by regulating the
PP2A/AKT signaling axis (29). Kim et al found that Drp1 may
be a direct substrate of AKT, whose activity is regulated by
AKT, and their interaction induces phosphorylation of Drp1,
leading to mitochondrial division (30). Therefore, we hypothesized that polyphyllin VII could regulate the phosphorylation
of DRP1 and its mitochondrial localization by PP2A/AKT
signaling axis.
In the present study, different concentrations of polyphyllin VII were used to treat human ovarian cancer cells
to explore the association between changes in the mitochondrial localization of DRP1 and apoptosis through changes
in DRP1 phosphorylation levels. The results showed that
polyphyllin VII can significantly promote the translocation
of DRP1 from the cytoplasm to mitochondria and increase
the binding of pro‑apoptotic proteins of the BCL‑2 family to
mitochondria, promoting the release of cytochrome c into the
cytoplasm. In addition, polyphyllin VII‑induced changes in
DRP1 localization are regulated by the dephosphorylation of
DRP1 by PP2A/AKT. In summary, polyphyllin VII regulates
mitochondrial division through the PP2A/AKT/DRP1 axis,
and then promotes apoptosis, which provides a new idea for
the clinical treatment of ovarian cancer with polyphyllin VII.
Materials and methods
Cell culture and reagents. Ovarian cancer cell lines A2780
and SKOV3 were purchased from the Chinese Academy of
Medical Sciences and Peking Union Medical College (Peking,
China) and cultured under the recommended conditions.

Polyphyllin VII with a purity of 98% or more was purchased
from Sichuan Weikeqi Biotechnology Co., Ltd. The drug
was dissolved in methyl sulfoxide (DMSO) (Sigma-Aldrich;
Merck KGaA) and stored at ‑20˚C. The negative control group
was the low concentration DMSO group. The final concentration of DMSO for all treatments was consistently less
than 0.1%. LB‑100 was obtained from Apexbio.
MTT cell viability assay. Cells were seeded in 96‑well plates
and treated with different concentrations (0, 1, 2, 3 µM) of polyphyllin VII for 24 h. The original medium was then removed
and 0.5 mg/ml MTT was added for 4 h at 37˚C. Formazan
crystals were dissolved in 150 µl DMSO and absorbance was
measured at a wavelength of 490 nm.
Apoptosis analysis by flow cytometry. According to the manufacturer's instructions, A2780 and SKOV3 cells were stained
with an Annexin V‑FITC apoptosis kit (BD Bioscience) and
analyzed using an Accuri C6 flow cytometer (BD Biosciences).
Assessment of mitochondrial depolarization. According to the
manufacturer's instructions, pre‑treated A2780 and SKOV3
cells were suspended in 1 ml of complete medium containing
10 µg/ml of JC‑1 (Beyotime) at 37˚C for 30 min. The cells were
analyzed on an Accuri C6 flow cytometer (BD Biosciences).
Intracellular ROS measurements. To detect intracellular
hydrogen peroxide levels, 2,7‑dichlorodihydrofluorescein
diacetate (DCFH‑DA; Sigma-Aldrich; Merck KGaA) was used
to measure intracellular ROS levels. Cell fluorescence was
measured using an Accuri C6 flow cytometer (BD Biosciences).
Mitochondrial isolation. A Mitochondria Isolation Kit (Invent
Biotechnologies) was used to extract mitochondria as directed
by the manufacturer's protocol.
Western blot analysis. The A2780 and SKOV3 cells were
lysed with 120 µl of RIPA buffer (Beyotime). Cell lysates were
sonicated for 30 sec under ice and lysed at 4˚C for 45 min. The
cells were lysed by centrifugation at 3,000 x g for 15 min, and
the supernatant was used to determine the protein concentration using Bio‑Rad kit (Pierce Biotechnology Inc.) and the
samples were boiled for 5 min. The cell lysates (10‑20 µg)
were resolved on 12% SDS‑polyacrylamide gels and transferred to polyvinylidene fluoride (PVDF) membranes. The
membranes were blocked with 5% skim milk for 1 h, and incubated with primary antibodies overnight at 4˚C. The following
day, membranes were washed with PBST and incubated with
horseradish peroxidase‑conjugated secondary antibodies at
1:2,000 dilution for 1 h at room temperature. After washing
the membranes with PBST, immunodetection was performed
using ECL reagent (Thermo Fisher Scientific) and visualized
using a Syngene Bio Imaging (Synoptics). The primary antibodies used were anti‑β‑actin (1:1,000 dilution), anti‑cleaved
caspase‑3 (1:1,000 dilution), anti‑Bax (1:1,000 dilution),
anti‑Bcl‑2 (1:1,000 dilution), anti‑Tom20 (1:1,000 dilution),
anti‑Drp1 (1:1,000 dilution), anti‑cytochrome c (1:1,000
dilution) (Cell Signaling Technology), anti‑phospho‑DRP1
(Ser637) (1:1,000 dilution), anti‑Phospho‑AKT (Ser473)
(1:2,000 dilution) (Proteintech Group, Inc.).
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Mitochondrial fragmentation. Cells were cultured on slides
and exposed to different treatments. The original complete
medium was replaced with serum‑free medium containing
MitoTracker Red, and the cells were incubated at 37˚C for
30 min and washed three times with PBS. Cells were then
examined under an Echo‑lab Revolve microscope.
PP2A phosphatase activity assays. PP2A phosphatase activity
was measured with a PP2A Immunoprecipitation Phosphatase
Assay Kit (Millipore). Treated cells were collected and added
to RIPA lysis buffer, and malachite green was used to detect
the free phosphate released by PP2A.
Immunofluorescence. Cells were cultured on slides and
exposed to different treatments. Immunofluorescence analysis
was performed following the addition of MitoTracker Red and
DRP1 antibodies. Cells were then examined under an Echo‑lab
Revolve microscope.
Xenograft models. Twelve female BALB/c nude mice aged
6‑8 weeks (Beijing Vital River Laboratory Animal Technology,
Beijing, China) were placed in a standard microisolator in
non‑pathogenic conditions. Raised under the conditions of
controlled temperature (20‑25˚C) and light (12‑h light/dark
cycle), mice had free access to food and tap water, cages were
ventilated, and wood chips were used as bedding, which was
replaced every 3 days. The protocol was approved by the
ethics committee of Jilin University National Health Research
Institute in accordance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals. The
mice were injected subcutaneously into the left flank with
5x107 SKOV3 cells. When the average tumor volume of the
animals was 30 mm3, they were randomly divided into four
groups (n=3 per group) as follows: Control group, 1, 2 and
3 mg/kg groups. Tumor volume was measured every two days
and calculated using the formula: 0.5 x length x width2. After
29 days of treatment, the mice were euthanized by cervical
dislocation and tumors were excised for western blot analysis.
Statistical analysis. Data are expressed as mean ± SD.
Comparisons between groups were performed using one‑way
analysis of variance and Tukey's post hoc test. All the experiments were repeated three times. The data were analyzed by
Chi‑square and Spearman's rank correlation. All statistical
analyses were performed using SPSS19.0 statistical software
(SPSS Inc.). P<0.05 was considered statistically significant.
Results
Polyphyllin VII affects cell viability and induces apoptosis
in A2780 and SKOV3 cells. Fig. 1A shows the chemical
structure of polyphyllin VII. To investigate the effect of
polyphyllin VII on cell viability, we cultured cells with
different concentrations (0, 1, 2, 3 µM) for 24 h and tested cell
proliferation capacity with MTT. As shown in Fig. 1B and C,
polyphyllin VII inhibited cell activity in a dose‑dependent
manner. Polyphyllin VII (3 µM) significantly decreased the
viability of A2780 and SKOV3 cells. These results suggested
that polyphyllin VII can suppress the viability of different
human ovarian cell lines. To further investigate the effect
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of polyphyllin VII on cell survival, we assessed apoptosis
in ovarian cancer cell lines. A2780 and SKOV3 cells were
cultured for 24 h with 0, 1, 2 or 3 µM Polyphyllin VII and flow
cytometry analysis was performed with Annexin V‑FITC/PI
double staining. We found that Polyphyllin VII promoted the
early and late apoptosis of A2780 and SKOV3 cells in a
dose‑dependent manner (Fig. 1D). Moreover, the expression
of cleaved caspase‑3 was significantly increased in the two
cells (Fig. 1E). These results suggest that polyphyllin VII can
induce apoptosis of human ovarian cancer cells.
Polyphyllin VII promotes mitochondrial dysfunction in A2780
and SKOV3 cells. A2780 and SKOV3 cells were stained
with the ROS indicator DCFH‑DA to evaluate the impact
of polyphyllin VII on ROS production. The results showed
that the ROS production in the two cell lines was increased
in a dose‑dependent manner after treatment with polyphyllin VII (Fig. 2A). In addition, polyphyllin VII decreased
the mitochondrial membrane potential (Δψm), which was
confirmed by JC‑1 probe application (Fig. 2B). With the
increase in polyphyllin VII concentration, the intensity of
green fluorescence increased gradually. As shown in Fig. 2C,
we observed that compared with the control group, mitochondrial BAX expression in the polyphyllin VII‑treated group
was significantly upregulated, while mitochondrial BCL‑2
expression was significantly reduced.
Polyphyllin VII intensifies DRP1‑dependent mitochon‑
drial fission. We used fluorescence microscopy to observe
Mito‑tracker red‑stained mitochondrial morphology to
evaluate changes in mitochondrial dynamics in A2780 and
SKOV3 cells. As shown in Fig. 3A, after polyphyllin VII
treatment at concentrations of 1, 2, and 3 µM, the proportion of mitochondrial fragmentation gradually increased
compared with the control group. After treatment with
3 µM polyphyllin VII, approximately 50% of the A2780
and SKOV3 cells were fragmented from the original
grid‑like mitochondrial structure. Additionally, we extracted
mitochondria to detect protein expression by western blot
analysis. DRP1 translocation to mitochondria was increased
following polyphyllin VII treatment, and this phenomenon
was most obvious at a concentration of 3 µM (Fig. 3B‑E).
Mitochondrial localization of DRP1 is regulated by phosphorylation of DRP1 at Ser637. We found that the expression
of phosphorylated DRP1 decreased with the increase in
polyphyllin VII concentration. Studies have shown that
DRP1 is a direct downstream molecule of AKT, and AKT
can continuously regulate the activity of DRP1 (31,32).
AKT‑DRP1 interactions induce phosphorylation of DRP1,
leading to mitochondrial division (Fig. 3F‑H).
It has been shown that polyphyllin VII can inhibit tumor
cell vitality via the PP2A/AKT pathway (29). We found that
polyphyllin VII can downregulate phosphorylated AKT, and
we hypothesized that polyphyllin VII can further regulate
DRP1 through the regulation of AKT by PP2A. Therefore, to
further examine the activation of PP2A upstream of AKT, we
applied the PP2A immunoprecipitation phosphatase assay kit
to detect the activity of PP2A, and found that the activity of
PP2A was increased with increased polyphyllin VII concentration (Fig. 3I).
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Figure 1. Polyphyllin VII affects A2780 and SKOV3 cells in a dose‑dependent manner. (A) Chemical structure of polyphyllin VII. (B and C) A2780 and
SKOV3 cells were treated with various concentrations of polyphyllin VII for 24 h. The viability of A2780 and SKOV3 cells was measured by MTT assay.
(D) Detection of A2780 and SKOV3 cell apoptotic fractions using Annexin V/propidium iodide staining. (E) Western blot analysis of cleaved caspase‑3
(c‑caspase‑3) in A2780 and SKOV3 cells after polyphyllin VII treatment. Results are shown as mean ± SD from three independent experiments performed in
triplicate. *P<0.05, **P<0.01, ***P<0.001, compared with the control (0 µM).

Polyphyllin VII regulates the PP2A/AKT/DRP1 signaling axis
in A2780 and SKOV3 cells. To further confirm the role of the
PP2A pathway in mediating the inhibition of polyphyllin VII
on the proliferation of ovarian cancer cells, we introduced
LB‑100, a specific inhibitor of PP2A, to examine the changes
of other molecules in the pathway. The results showed
that LB‑100 could reverse the increasing effect of DRP1

mitochondrial localization in the LB‑100 group pretreated
with polyphyllin VII (Fig. 4A and B), which was also
confirmed by immunofluorescence (Fig. 4C). Cytochrome c
was significantly released in the cytoplasm after treatment with polyphyllin VII, which was inhibited by LB‑100
(Fig. 4A and B). In addition, p‑AKT and p‑DRP1 expression decreased after polyphyllin VII treatment, which was
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Figure 2. Polyphyllin VII promotes mitochondrial dysfunction in A2780 and SKOV3 cells. (A) DCFH‑DA was used to evaluate ROS in A2780 and SKOV3
cells after polyphyllin VII treatment. (B) JC‑1 was used to evaluate Dym in A2780 and SKOV3 cells after polyphyllin VII treatment. (C) Western blot analysis
of BCL‑2 and BAX in A2780 and SKOV3 cells after polyphyllin VII treatment. Results are shown as mean ± SD from three independent experiments
performed in triplicate. *P<0.05, **P<0.01, #P<0.001, compared with the control (0 µM).

largely changed by LB‑100 pretreatment (Fig. 4D). As shown
in Fig. 4E, LB‑100 can significantly inhibit PP2A activity
effectively, and it can reverse the increase of PP2A activity
induced by polyphyllin VII. Based on the above results, we
concluded that polyphyllin VII changes DRP1 localization in
mitochondrial by regulating the PP2A/AKT/DRP1 signaling
axis, thereby promoting mitochondrial division.

Polyphyllin VII inhibits tumor growth in vivo. To study the
effects of polyphyllin VII treatment in vivo, we constructed
a xenograft tumor model in nude mice (Fig. 5A and B).
Compared with the control, the tumor growth was significantly inhibited, and the weight of nude mice was significantly
decreased (Fig. 5C and D). The ratio of BAX/BCL‑2 was
upregulated and the expression of cleaved caspase‑3 was
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Figure 3. Polyphyllin VII intensifies DRP1‑dependent mitochondrial fission. (A) A2780 and SKOV3 cells were treated with various concentrations of polyphyllin VII for 24 h. Mito‑tracker red fluorescence was used to evaluate mitochondrial fission, indicating the mitochondria in terms of the percentage of debris.
Scale bar, 70 µm. (B and D) Polyphyllin VII treatment reduced DRP1 translocation to the mitochondria. Mitochondria were extracted for western blot analysis.
(C and E) Quantification of Fig. 3B and D. (F) Western blot analysis of p‑DRP1 and p‑AKT in A2780 and SKOV3 cells after polyphyllin VII treatment.
Polyphyllin VII treatment increased DRP1 and AKT phosphorylation. (G and H) Quantification of Fig. 3F. (I) After A2780 and SKOV3 were treated with
polyphyllin VII at different concentrations for 24 h, PP2A activity assay was performed. Results are shown as mean ± SD from three independent experiments
performed in triplicate. *P<0.05, **P<0.01, ***P<0.001, compared with the control (0 µM).

significantly increased (Fig. 5C). These results further suggest
that polyphyllin VII is a potential treatment for ovarian cancer.
Discussion
Although the anti‑tumor effect of polyphyllin VII on
various tumors including ovarian cancer has been widely
studied (5,6,29), the changes in mitochondrial function and

dynamics are still poorly understood. To the best of our
knowledge, this study is the first to report that regulation of
the PP2A/AKT/DRP1 axis promotes mitochondrial division
and inhibits the proliferation of human ovarian cancer cells.
We selected the most commonly used ovarian cancer cell lines
A2780 and SKOV3 to study the anticancer effects of polyphyllin VII. Although A2780 and SKOV3 we used may not
represent the most common type of high‑grade serous ovarian
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Figure 4. Polyphyllin VII regulates the PP2A/AKT/DRP1 signaling axis in A2780 and SKOV3 cells. (A and B) A2780 and SKOV3 cells were pretreated with
LB‑100 for 1 h, followed by treatment with polyphyllin VII (3 µM) for 24 h. Mitochondria were extracted for western blot analysis. Western blot analysis
of DRP1 and cytochrome c in A2780 and SKOV3 cells after polyphyllin VII treatment. (C) A2780 cells were pretreated with LB‑100 for 1 h, followed by
treatment with polyphyllin VII (3 µM) for 24 h. Co‑localization (orange) of mitochondria (red) with DRP1 (green) was examined by Echo‑lab Revolve
microscopy (scale bar, 70 µm). (D) A2780 and SKOV3 cells were pretreated with LB‑100 for 1 h, followed by treatment with polyphyllin VII (3 µM) for
24 h. Western blot analysis of p‑DRP1 and p‑AKT in A2780 and SKOV3 cells. (E) PP2A phosphatase activity detection after treatment. *P<0.05, **P<0.01,
***
P<0.001 vs. untreated control; #P<0.05 vs. polyphyllin VII (3 µM) group.

cancer (HGSOC), our findings may have therapeutic value in
patients with ovarian cancer.

Mitochondria are the energy stations of the cell and the
main agents of cell death. They have multiple mechanisms that

520

Zhao et al: POLYPHYLLIN VII INDUCES MITOCHONDRIAL APOPTOSIS IN OVARIAN CANCER

Figure 5. Polyphyllin VII inhibits tumor growth in vivo. SKOV3 cells were subcutaneously implanted into nude mice. Each treatment group consisted of three
mice treated with polyphyllin VII (1 mg/kg body weight) for 31 days. (A) Tumor growth curves were constructed based on tumor size, which was measured
every 2 days for each treatment condition. (B) Wet weights of tumors were determined at autopsy. Columns represent mean of three tumors. *P<0.05 compared
with the control group; **P<0.01 compared with control group. (C) Representative image of tumor from each group. (D and E) Western blot analysis of
c‑caspase‑3, BCL‑2, and BAX expression after treatments.

control their homeostasis, among which constant fission and
fusion are important dynamics (33). Imbalances in mitochondrial division and fusion often lead to changes in mitochondrial
structure and dysfunction. Our study found that ovarian cells
generated substantial amounts of ROS, which was accompanied
by Dym collapse after polyphyllin VII treatment. Therefore, we
aimed to determine whether this mitochondrial dysfunction was
related to increased mitochondrial division, and whether it was
a good point from which to start exploring new ways to combat
cancer. DRP1 mediates mitochondrial division, and can translocate from the cytoplasm to the mitochondria and contract the
mitochondria so that mitochondrial division results in two independent organelles. Dysfunctional mitochondria may lose their
ability to fuse by activating the mitochondrial division mechanism, preventing the damaged mitochondria from re‑entering
the healthy mitochondrial network (34). There is increasing
evidence that post‑translational modification of DRP1 is an
important mechanism for regulating its function (14). Under the
stimulation of apoptosis, the mitochondrial network collapses
into a small spherical structure, and the BCL‑2 family has an
important role in regulating mitochondrial morphology (35).
During the process of cell apoptosis, BAX activation co‑locates
BAX and DRP1 at mitochondrial sites where division
occurs (16), and DRP1 stably binds to the mitochondrial outer
membrane, leading to mitochondrial fragmentation (17‑19). It
has been shown that DRP1 activates and oligomerizes BAX
by promoting the formation of an intermediate, creating a
pore and leading to permeability of the mitochondrial outer
membrane (MOM) (36). Mitochondrial division is accompanied by MOM permeability, mitochondrial crest disorder, and
the release of cytochrome c (37,38). Our results showed that

polyphyllin VII treatment could increase DRP1 localization in
mitochondria, upregulate the mitochondrial BAX/BCL‑2 ratio,
and increase the release of cytochrome c. Phosphorylated DRP1
(Ser637) can regulate DRP1 localization in mitochondria and
induce mitochondrial division. Our study showed that polyphyllin VII can dephosphorylate DRP1, thus recruiting DRP1 to
mitochondria. The process of mitochondrial fission runs through
cell proliferation and is affected by various kinases. AKT, which
directly regulates DRP1, is a serine/threonine kinase that has a
significant role in cell proliferation and survival (30,32).
Protein phosphatase A (PP2A) can regulate multiple cellular
processes by dephosphorylating many critical cellular molecules
such as PKC, AKT, β‑catenin, and c‑Myc, and plays an important
role as a tumor suppressor. PP2A has been shown to regulate
various biological processes in humans, such as cell DNA
replication, transcription, translation, cell cycle, cell proliferation, apoptosis, and migration, and has also been shown
to regulate cell transformation and cancer (39‑42). PP2A is
deactivated in various malignancies, including breast (43),
ovarian (44), cervical (45), and lung carcinoma (46). Partial
loss of PP2A phosphatase activity may lead to unrestricted
carcinogenic kinase activity, triggering carcinogenic signals.
Reactivation of PP2A is an effective way to antagonize cancer,
and our study showed that polyphyllin VII can activate PP2A
and inactivate AKT and DRP1. The application of PP2A
inhibitors further confirmed that the mechanism of action of
polyphyllin VII is through the PP2A/AKT/DRP1 axis.
To summarize, the aim of this study was to explore
new drugs that promote cancer cell apoptosis by regulating
mitochondrial dynamics and to identify new therapies to
prevent and treat cancer progression. Our results showed that
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polyphyllin VII can increase Drp1 localization in mitochondria, thus exacerbating mitochondrial division and leading to
apoptosis. We also found that the above changes are due to the
regulation of the PP2A/AKT/DRP1 signaling axis. However,
further studies are required to verify these results.
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