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Abstract: Metformin is commonly used for treating type II diabetes and has recently been reported to possess anti-
proliferative properties that can be exploited for the prevention and treatment of a variety of cancers. Ginsenosides 
are the main effective biological components of ginseng. It has been reported that ginsenoside-Rb2 inhibit the 
invasiveness of endometrial cancer cells (ECC). The aim of this study was to investigate whether protopanaxadiol 
(PPD, a metabolite of ginsenosides) and metformin could synergistically regulate the biological behavior of ECC and 
analyze its possible mechanism. We here found that either metformin or PPD treatment led to a decreased viability 
and increased apoptosis and autophagy levels in ECC lines (Ishikawa and RL95-2 cells), and combination of PPD 
and metformin could enhance these effects induced by metformin or PPD in vitro. PPD and metformin significantly 
decreased the expression of estrogen receptor alpha (ERα) in Ishikawa and RL95-2 cells. Estrogen promoted the 
viability and restricted the apoptosis and autophagy of Ishikawa and RL95-2 cells, and PPD and metformin reversed 
these effects. In vivo trials showed that combination of PPD and metformin had the strongest activity of anti-tumor 
growth compared with PPD alone and metformin alone. These data suggest that PPD and metformin can be used 
together to play a more powerful anti-EC effect. Our study provides a scientific basis for the clinical application of 
PPD and metformin in the treatment of EC, especially in estrogen-dependent patients.
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Introduction

As one of one of the most common gynecologi-
cal malignancies, the incidence of endometrial 
cancer (EC) is increasing worldwide. This incre- 
ase is attributed to the rising prevalence of nul-
liparity and obesity [1]. Although the prognosis 
of low-risk EC is generally favorable, chemo-
therapeutic options for high-risk EC patients 
are limited. Therefore, exploring novel thera-
peutic strategies is necessary to improve EC 
prognosis.

EC can be divided into two types: type I, estro-
gen-dependent EC; and type II, estrogen-inde-

pendent EC [2, 3]. The type I EC usually has 
favorable prognosis while type II EC is more 
aggressive and presented poor prognosis [4]. 
The type I EC is hormone-sensitive and approxi-
mately occupied 80% cases, and those pati- 
ents almost have risk of obesity, which is usu-
ally well-differentiated [5]. As the primary risk 
factor for development of EC, Estrogen can con-
tribute to the growth of EC [6, 7]. In addition, 
obesity and diabetes are related-risk factors for 
type I EC [8]. With the increase of obese popula-
tion, the levels of endogenous hormones are 
changed, the occurrence of EC are gradually 
increased [3, 9].
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As one of the most commonly used hypoglyce-
mic agents in the management of type II dia- 
betes, metformin, has anti-tumor effects on 
breast, prostate, ovarian, and EC cells by alter-
ations of glucose metabolism and inhibition of 
the phosphatidylinositol-3-kinase (PI3K)/pro-
tein kinase B (Akt) and insulin/insulin-like 
growth factor (IGF)-I signaling pathways [10-
12]. Metformin can prevent and inhibit ECs, 
especially patients with diabetes. It can also 
enhance the anti-tumors effects of chemother-
apy drugs, such as carboplatin [13, 14]. A 
phase II/III study is currently underway to eva- 
luate metformin vs. placebo in advanced or 
recurrent EC patients receiving paclitaxel and 
carboplatin (NCT02065687).

As a medicinal herb, ginseng is widely used in 
Asian countries and the North American. 
Ginsenosides are main components extracted 
from ginseng. Ginsenosides have been report-
ed to exert anti-tumor activities for various 
types of cancer, such as lung cancer and pros-
tate cancer [15-17]. It has reported that ginsen-
oside-Rb2 inhibits invasiveness to the base-
ment membrane possibly via down-regulation 
of MMP-2 in EC [18]. Protopanaxadiol (PPD)  
is the metabolite of ginsenoside, also exhibit 
activity against a variety of cancer cells [17,  
19, 20]. Ginsenosides structurally contain a 
steroidal backbone. They can mediate their cel-
lular activities by binding to the active sites of 
steroid receptors [21], for example, PPD sup-
presses estrogen-stimulated gene expression 
and cell proliferation in ER-positive breast can-
cer cells [22]. Besides that, PPD synergistically 
enhances cytotoxicity of tamoxifen in an ER- 
independent manner, probably by down-regu-
lating Akt activity [22]. However, it’s still unclear 
whether PPD has anti-EC effects in a synergis-
tic fashion with metformin.

Therefore, this study was performed to investi-
gate the effects of PPD and metformin on the 
viability, apoptosis and autophagy levels, and 
estrogen receptor α (ERα) expression in ECC in 
vitro and in vivo.

Materials and methods

Reagents

The anti-human Beclin-1, P62, LC3B and Actin 
antibodies (Abs) were purchased from R&D 
Systems (USA); the Annexin V/7-AAD Apoptosis 
Detection Kit was purchased from BD Bios- 

ciences (San Jose, CA, USA); the anti-human 
ERα Abs were purchased from Abcam (USA); 
the Cell Counting Kit-8 (CCK-8) were purchased 
from Dojindo (Japan), the peridininchlorophylla 
protein cyanine 5.5 (PerCP-Cy™5.5)-conjugated 
anti-human Ki-67 and allophycocyanin (APC)-
conjugated anti-human Bcl-2 Abs were pur-
chased from BD Biosciences; PE-conjugated 
Bcl-xL Abs were purchased from Cell Signaling 
Technology; APC-conjugated Fas, PE-conjugat- 
ed Fas Ligand (FasL) and fluorescein isothiocy-
anate (FITC)-conjugated anti-human Cytoker- 
atin (CK7) Abs were purchased from Biolegend 
(San Diego, CA, USA); and 17β-estrogen (E2), 
PPD and metformin were purchased from 
Sigma-Aldrich Co. LLC., (USA).

Cell culture

The human endometrial carcinoma cell lines 
Ishikawa and RL95-2 were obtained from the 
cell bank of Chinese Academy of Science 
(Shanghai, China) and grown in RPMI-1640 
medium (Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS; Hyclone, Logan, UT, 
USA), 100 U/mL penicillin and 100 mg/mL 
streptomycin. The cells were incubated under 
normoxic conditions (21% O2, 5% CO2, 74% N2) 
at 37°C in a humidified incubator (Heal Force, 
HF 100, Shanghai, China).

CCK-8 assay

The Ishikawa cells and RL95-2 cells were seed-
ed in 96-well plates (4×103 cells/well), and 
then treated with different concentration of 
PPD (0, 10, 20, 40, 80 or 160 uM), Metformin 
(0, 1, 5, 10, 20, 40 or 80 mM) or metformin (20 
mM) plus PPD (0, 2.5, 5, 10, 20 or 40 uM) for 
24 h. Subsequently, these cells were collected 
and detected the viability by the cell-counting 
Kit-8. According to the manufacturer’s protocol, 
the CCK-8 regent was added to each well 10 ul 
and 90 ul culture solution then total cells was 
incubated at 37°C for 1 h. The absorbance 
(optical density) at 450 nm was measured and 
used to represent the viability of cells. Each 
experiment was performed in eight parallel 
wells, and all experiment repeated three times. 

Annexin V/7-AAD apoptosis assay

The Ishikawa and RL95-2 cells were seeded in 
24-well flat-bottom microplates at the density 
of 1×105 cells/well, and then treated with PPD 
(40 uM), metformin (20 mM), or PPD plus met-
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Exposure with E2

Ishikawa cells and RL95-2 cells were treated 
with E2 (10-7 M), E2 plus PPD (40 uM), E2 plus 
metformin (20 mM), E2 plus PPD and metformin 
for 24 h, we collected these cells, and analyzed 
the viability, apoptosis and autophagy levels by 
CCK8, apoptosis and western blotting assays, 
respectively.

Figure 1. PPD enhances inhibitory effect of metformin on the viability of 
ECC. (A) Ishikawa and RL95-2 cells were treated with PPD at different con-
centration of 0, 10, 20, 40, 80 or 160 uM for 24 h, (B) Ishikawa and RL95-2 
cells were treated with metformin at different concentration of 0, 1, 5, 10, 
20, 40 or 80 mM for 24 h, (C) Ishikawa and RL95-2 cells were treated with 
metformin (20 mM) plus PPD (0, 2.5, 5, 10, 20 or 40 uM) for 24 h, then a 
CCK-8 assay was performed to detect the viability of Ishikawa and RL95-2 
cells. Met: metformin. The data were expressed as means ± SEM. *P<0.05, 
**P<0.01 or ***P<0.001 (one-way ANOVA). NS: no significant difference.

formin for 24 h, then these cells were digested 
by 0.25% trypsin without EDTA, then centri-
fuged at 1200 rpm for 5 min, re-suspended 
with 200 ul binding buffer, and labeled by 
Annexin V and 7-AAD according to the protocol. 
Flow cytometry assay was performed to detect 
the percentage of early apoptotic cells and to- 
tal apoptotic cells. The experiment were carried 
out triplicate, and repeated three times.

Protein extraction and west-
ern blotting

Cell were washed in phos-
phate buffered saline (PBS), 
detached with the cell scraper 
and centrifuged for 20 min at 
12000 rpm at 4°C. The pellet 
was re-suspended in high effi-
ciency cell tissue rapid lysis 
buffer (RIPA; Beyotime, Shang- 
hai, China) containing 1% ph- 
enylmethanesulfonyl fluoride 
(PMSF; Beyotime) proteinase 
and 1% phosphatase inhibi-
tors (Roche, USA). Cell lysa- 
tes were boiled for 10 min  
at 95°C and then stored at 
-80°C. Protein concentrations 
were quantified using the BCA 
protein assay kit (Beyotime). 
Total proteins (20 ug) were 
electrophoresed in SDS-PAGE 
gels (EpiZyme scientific) on  
a Miniprotein III system (Bio-
Rad, USA), and transferred in- 
to PVDF membrane (Millipore) 
at 2 h, overnight incubated 
with primary antibody against 
Beclin-1, p62, LC3b, Actin and 
ERα at 4°C, then the PVDF 
membrane washed three tim- 
es by TBST solution, and incu-
bated at room temperature for 
1 h in peroxidase-conjugated 
goat anti-rabbit IgG secondary 
antibodies (1:5000; Bioworld 
Technology, co. Ltd. USA). Af- 
ter then the membrane were 
washed three times and pro-
cessed for chemiluminesce- 
nce with Immobilon Western 
Chemiluminescent HRP Subs- 
trate Kit (Millipore).
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In vivo experiments

Nude mice of 4-5 weeks age were inoculated 
subcutaneously under the scruff on day 0 with 
200 ul of 1×107 Ishikawa cells. PPD and or  
metformin were injected 100 mg/kg by intra-
peritoneal once a day after xentransplantation. 
Tumor growth was monitored by measuring  
the tumor volume every three day. Tumor vol-
ume was determined using the formula: vo- 
lume (mm3) =1/2(L×W×W). After 19 days, mice 
were euthanized, and the tumor tissues were 
collected.

Flow cytometry

The tumor tissues of nude mice were perfused 
thoroughly with cold PBS before cell collection, 
then tissues were minced on ice and digested 
with an enzyme mix of Liberase and Dispase 
(Invitrogen). Then we collected these cells and 
evaluated the expression of Ki-67, Fas, FasL, 
Bcl-xL and Bcl-2 by flow cytometry. The samples 

were analyzed using a FACS Calibur flow cytom-
eter (Becton Dickinson, USA) and Cellquest 
software (Becton Dickinson).

Statistics

All values were shown as the means ± SEM. 
The data were analyzed with GraphPad Prism 
version 5 by t-test or one-way ANOVA. Dif- 
ferences were considered statistically signifi-
cant at P<0.05.

Results

PPD enhances inhibitory effect of metformin 
on the viability of ECC

To detect whether PPD and metformin regulate 
the viability of ECC, the CCK8 assay was per-
formed to analyze the effect of PPD and metfor-
min on the viability of ECC lines Ishikawa and 
RL95-2 cells. As shown in Figure 1, PPD signifi-
cantly decreased the viability of Ishikawa and 

Figure 2. PPD and metformin cooperate in induction of ECC’s apoptosis. A-C: Ishikawa and RL95-2 cells were 
treated with PPD (40 uM) and or metformin (20 mM) for 24 h, and then the Annexin-V/7-AAD assay was used to 
analyze the apoptosis of Ishikawa and RL95-2 cells. Early apoptotic cells: Annexin V+/7-AAD- cells; late apoptotic 
or necrotic cells: Annexin V+/7-AAD+ cells. The data were expressed as means ± SEM. **P<0.01 or ***P<0.001 
(one-way ANOVA).
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RL95-2 cells in a dose-dependent manner, 
especially at concentration higher than 40 uM 
(P<0.001) (Figure 1A). Treatment with metfor-
min also led to an obviously decreaseof the 
viability of Ishikawa and RL95-2 cells (P<0.01 
or P<0.001) (Figure 1B). When the concentra-
tion was higher than 10 mM, the inhibition effi-
ciency of metformin was the most significant 
(P<0.0001) (Figure 1B). In addition, PPD fur-
ther amplified the inhibitory effect of metformin 
on the viability of Ishikawa and RL95-2 cells 
(P<0.05, P<0.01 or P<0.001) (Figure 1C). 

PPD and metformin cooperate in induction of 
ECC’s apoptosis and autophagy 

Next, the results of apoptosis assay showed 
that both PPD and metformin promoted the 
early apoptosis (Annexin V+7-ADD-), late apopto-
sis or necrosis (Annexin V+7-ADD+) of Ishikawa 
and RL95-2 cells (P<0.01 or P<0.001) (Figure 
2A-C). Compared with PPD alone and metfor-
min alone, treatment with PPD plus metformin 
resulted in higher levels of early apoptotic, late 
apoptotic or necrotic Ishikawa and RL95-2 cells 
(P<0.01 or P<0.001) (Figure 2A-C). 

autophagy [25]. To explore the possible role of 
PPD and metformin in the autophagy of EEC, 
we analyzed the expression of autophagy-asso-
ciated proteins (Beclin-1, p62 and LC3B) [26]  
in Ishikawa and RL95-2 cells after treatment 
with PPD and or metformin. As shown, either 
PPD or metformin led to higher levels of Beclin-1 
and LC3B II/LC3B I, and low level of p62 expres-
sion in Ishikawa and RL95-2 cells compared 
with control group (Figure 3A, 3B). Inaddition, 
PPD and metformin had synergistic effects on 
the expression of these autophagy-associated 
proteins (Figure 3A, 3B). These data above indi-
cate that there is a synergistic effect between 
PPD and metformin in promoting apoptosis and 
autophagy in ECC.

PPD and metformin down-regulates the ex-
pression of ERα in ECC

To investigate whether PPD and metformin reg-
ulate ERα expression in ECC, we detected the 
expression of ERα in Ishikawa and RL95-2 cells 
after treatment with or without PPD and metfor-
min. The results of western blotting showed 
that exposure with PPD or metformin down-

Figure 3. PPD and metformin corporately trigger ECC’s autophagy. A, B: 
Ishikawa and RL95-2 cells were treated with PPD (40 uM) and or metformin 
(20 mM) for 24 h, and then the expression of autophagy-associated proteins 
Beclin-1, p62 and LC3b was analyzed by western blotting. In addition, the 
ratio of LC3b II to LC3B was counted by Quantity One analysis soft. Data 
were representative immune blots of assays.

Figure 4. PPD and metformin down-regulates the expression of ERα in ECC. 
A, B: Ishikawa and RL95-2 cells were treated with PPD (40 uM) and or met-
formin (20 mM) for 24 h, and then the expression of ERα was analyzed by 
western blotting. Data were representative immune blots of assays.

Beclin-1 is essential in the 
induction process of autopha-
gy [23], and considers as a 
“platform protein” that pro-
vides a framework for other 
autophagy-related (Atg) pro-
teins and class III phosphoin- 
ositide 3-kinase (PI3K, Vps- 
34), which initiate macroau-
tophagic activity together. The 
p62, also called sequesto-
some 1 (SQSTM1), is an auto- 
phagy adaptor protein [24]. 
The p62 protein is itself de- 
graded by autophagy and may 
serve to link ubiquitinated pro-
teins to the autophagic mac- 
hinery to enable their degra-
dation in the lysosome. There- 
fore, p62 accumulates when 
autophagy is inhibited. The 
half-life of LCB3-II is very short 
and Atg4 may cleave LC3-II  
at the phosphatidylethanol-
amine (PE) and release back 
the LC3-I form. The enhanced 
LC3B-II/LC3B-I ratio indicat- 
es more intense formation of 
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Figure 5. PPD and metformin restrict the effects of estrogen on ECC’s growth and autophagy. Ishikawa cells and RL95-2 cells were treated with E2 (10-7 M), E2 plus 
PPD (40 uM), E2 plus metformin (20 mM), E2 plus PPD and metformin for 24 h, then we collected these cells, and analyzed the viability, apoptosis and autophagy 
levels by CCK8 (A), apoptosis (B-D) and western blotting (E, F) assays, respectively. E2: 17β-estrogen. The data were expressed as means ± SEM. *P<0.05, **P<0.01 
or ***P<0.001 (one-way ANOVA).
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regulated the expression levels of ERα in Is- 
hikawa and RL95-2 cells, especially exposure 
with PPD plus metformin (Figure 4A, 4B). These 
results suggest that PPD and metformin may 
synergistically regulate the effect of estrogen 
on EEC by down-regulating the expression of 
ERα.

PPD and metformin restrict the effects of es-
trogen on ECC’s growth and autophagy

Subsequently, we found that estrogen signifi-
cantly promoted the viability of Ishikawa and 
RL95-2 cells (P<0.001) (Figure 5A), and the- 
se effects could be markedly reversed by PPD 
and or metformin (P<0.001) (Figure 5A). In con-
trast, exposure with estrogen obviously decre- 
ased the early apoptotic, late apoptotic or 
necrotic levels of Ishikawa and RL95-2 cells 
(P<0.01 or P<0.001) (Figure 5B-D), PPD and  
or metformin also suppressed these effects 
(P<0.001) (Figure 5B-D). Further analysis sh- 
owed that PPD and or metformin could inhi- 
bit the role of estrogen on the expression of 
Beclin-1 and p62 and the ratio of LC3B II to 
LC3B I in Ishikawa and RL95-2 cells (Figure 5E, 
5F), especially combination of PPD and metfor-
min. These data reveal that PPD and metformin 
remarkably antagonize the regulatory effect of 
estrogen on ECC’s growth and autophagy, and 
this effect may be dependent on inhibition of 
ERα.

PPD and metformin synergistically inhibit EC 
growth in vivo

To probe into whether PPD and metformin play 
the anti-EC activity in vivo, Ishikawa cells were 
inoculated subcutaneously under the scruff of 
nude mice, and treated with PPD and or metfor-
min. As shown, the tumor volumes of PPD and 
metformin groups were smaller than that of 
control group since 13d later (P<0.001) (Figure 
6A). In addition, the tumor volume in combina-
tion group of PPD and metformin was minimal 
compared with PPD alone or metformin alone 
(P<0.05) (Figure 6A). 

Both PPD and metformin promoted the expres-
sion of pro-apoptotic molecules Fas and FasL, 
and inhibited the expression of pro-prolifera-
tion molecule Ki-67, and anti-apoptotic mole-
cules Bcl-2 and Bcl-xL in CK7+ ECC from tumor 
tissues (P<0.01 or P<0.001) (Figure 6B). More- 
over, the effects of combined application of 

PPD and metformin on these proliferation and 
apoptosis-related molecules were most signifi-
cant (P<0.05 or P<0.001) (Figure 6B). 

Discussion

Studies of EC have shown that it’s the fourth 
common gynecological tumors in the devel-
oped countries [27]. In this study, we found that 
both PPD and metformin inhibited viability, and 
promoted apoptosis and autophagy of Ishikawa 
and RL95-2 cells. Moreover, PPD and metfor-
min synergistically inhibited the stimulatory 
effect of estrogen on viability and the inhibitory 
effect of estrogen on apoptosis and autophagy 
in Ishikawa and RL95-2 cells, and this process 
may be associated with the down-regulation of 
ERα.

As a hormone-dependent disease, type I EC  
is sensitive to endogenous and exogenous 
estrogens. Estrogen binding to their receptors 
may stimulate MAPK/ERK1/2 pathways, which 
leads to ER phosphorylation and consecutive 
nuclear translocation to regulate gene tran-
scription (e.g. cell proliferation, migration, dif-
ferentiation) [28].

The potential role of metformin in treating  
EC has been uncovered in many studies [29, 
30]. Metformin exerts its anti-tumorigenic 
effects possibly through indirect mechanisms 
by increasing insulin sensitivity, inhibiting liver 
gluconeogenesis, and reducing hyperglycemia 
and insulin levels [31], and direct mechanis- 
ms by activating AMP-activated protein kinase 
(AMPK), and further inhibiting the mammalian 
target of rapamycin (mTOR) pathway [32] and 
extracellular signal-regulated kinase (ERK) si- 
gnaling [33]. In addition, metformin inhibits 
estrogen-dependent type I EC proliferation by 
activate AMPK-FOXO1 signal pathway [34]. 
Here, we found that metformin directly down-
regulated the expression of ERα in Ishikawa 
and RL95-2 cells, and promoted the expression 
pro-apoptosis molecules Fas and FasL and 
decreased the expression of pro-proliferation 
molecule Ki-67 and anti-apoptosis molecules 
Bcl-2 and Bcl-xL. These data suggest the regu-
latory effects of metformin on these prolifera-
tion and apoptosis molecules may be associat-
ed with the inhibition of ERα and its downstream 
singling. The possible mechanism for this pro-
cess needs to further research. 
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Figure 6. PPD and metformin synergistically 
inhibit EC growth in vivo. Ishikawa cells were 
inoculated subcutaneously under the scruff 
of nude mice (8 mice/group), and then PPD 
and or metformin were injected 100 mg/kg 
by intraperitoneal once a day after xentrans-
plantation. Tumor growth was monitored by 
measuring the tumor volume every three day 
(A). After 19 days, mice were euthanized, 
and the tumor tissues were collected, and 
digested for analyzing the expression of Fas, 
FasL, Ki-67, Bcl-2 and Bcl-xL by flow cytom-
etry (B). The data were expressed as means 
± SEM. *P<0.05, **P<0.01 or ***P<0.001 
(one-way ANOVA).
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A lot of researches have reported that ginsen-
osides and its metabolites have a wide variety 
of antitumor activities [21]. PPD has anti-oxida-
tive stress (e.g. up-regulation of ROS repro- 
duction) [35, 36] anti-fatigue [37] properties. It 
also mediates mitochondrial apoptosis of tu- 
mor cell by cytochrome c/caspase-9 [38] or 
PI3K/AKT singling pathway [39, 40], stimulates 
acute lymphoblastic leukemia cells differenti-
ate [41], and inhibits matrix remodeling and cell 
metastasis (e.g. down-regulation of MMP9 and 
MMP2 expression) [42, 43]. Furthermore, PPD 
are reported to change Ca2+ and NO levels in 
endothelia cells through glucocorticoid and ER 
for prevention and treatment of vascular dis-
eases associated with endothelial cell dys- 
function [44]. Here, we found PPD significantly 
inhibited the viability, promoted the apoptosis 
and autophagy of ECC. Moreover, it can cooper-
ate with metformin to limit activities of estro-
gen on ECC’s viability, apoptosis and autopha-
gy. However, the exact mechanism for these 
processes remains to be further studied. 

Some studies have revealed that metformin 
triggers autophagy of several tumor cells 
through CEBPD [45] or AMPKα [46]. However, 
little is reported about the regulation of PPD  
in cell autophagy. A recent study has showed 
that PPD induces autophagy and apoptosis in 
human melanoma via AMPK/JNK phosphoryla-
tion [47]. Therefore, in combination with our 
findings, we hypothesize that the synergistic 
inhibition of PPD and metformin on autophagy 
of EEC may be associated with regulation of 
AMPK signaling [48].

Autophagy takes place at the basal level but is 
also regulated developmentally and/or by envi-
ronment stimuli, such as nutrient/energy avail-
ability, hypoxia and reactive oxygen species 
[48]. Our previous work also has confirmed that 
estrogen suppresses the autophagy of endo-
metrial stromal cells from endometriosis by up-
regulating CXCL12/CXCR4 signaling pathway 
[49]. In current study, both PPD and metformin 
could markedly down-regulated the expres- 
sion of ERα in Ishikawa and RL95-2 cells, and 
restricted the anti-autophagy activation of 
estrogen, suggesting the stimulation activation 
of PPD and metformin may result from the inhi-
bition of ERα and its downstream singling. 
However, we still cannot rule out the potential 
effects of PPD and metformin on autophagy by 
anti-oxidative stress. Further studies are need-
ed to confirm these possible hypotheses.

Here, in vivo experiment further proved an  
evidence for the synergistic anti-EC activity of 
PPD and metformin. Therefore, it can be con-
cluded that PPD and metformin have a syner-
gistic potential of anti-EC, especially for the 
estrogen-sensitive and diabetes patients. In 
addition, it has been reported that metformin 
overcomes progesterone resistance in EC by 
targeting autophagy [50]. Thus, PPD and met-
formin may also have the potential to assist 
progesterone in the treatment of EC by creating 
an endocrine environment with antagonist of 
estrogen. However, the clinical value for the 
combination of PPD, metformin and progester-
one in anti-EC still needs further study and 
evaluation.
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