
5101

Abstract. – OBJECTIVE: Ovarian cancer 
ranks 5th leading cause of cancer-related death 
in females worldwide. Physcion 8-O-β-glucopy-
ranoside (PG) is an anthraquinone compound 
isolated from Rumex japonicus Houtt. This 
study aimed at investigating the effect of PG on 
ovarian cancer cells.

PATIENTS AND METHODS: Cell viability was 
detected by CCK-8 assay. Colony formation as-
say evaluated whether PG could affect anchor-
age-independent growth. Whether PG affected 
cell cycle progression was examined by flow cy-
tometry. The morphological changes caused by 
PG were visualized by microscopy. Apoptosis 
was quantitatively analyzed by flow cytometry. 
The effect of PG on cell migration and invasion 
was assessed by wound healing and transwell, 
respectively. The effect of PG on the expression 
of molecular markers was determined by West-
ern blot. Microarray assay was performed to 
identify the potential target of PG.

RESULTS: Results from the present study 
showed that PG decreased ovarian cancer cells 
viability. Colony formation assay also showed 
that PG suppressed the anchorage-indepen-
dent growth of SKOV3 and OVCAR-3 cells. PG 
triggered cell cycle arrest at G1/G0 phase. The 
pro-apoptotic activity of PG was confirmed by 
flow cytometry, activation of caspase-3 and 
PARP, upregulation of Bax and downregulation 
of Bcl-2. The ability of PG to inhibit migration 
and invasion was evidenced by a decrease in 
wound healing and invasive cell number, as well 
as downregulation of MMP-2 and upregulation 
of TIMP-3. Microarray and qRT-PCR showed that 
miR-25 expression was downregulated by PG 
treatment. Moreover, our results indicated that 
the anti-cancer activities of PG were augmented 
by miR-25 knockdown and attenuated by ectopic 
miR-25 expression. 

CONCLUSIONS: PG exhibited anti-cancer activ-
ity in ovarian cancer by downregulating miR-25.
Key Words:

Ovarian cancer, Physcion 8-O-β-glucopyranoside, 
miR-25.

Introduction

As a common malignancy of the female repro-
ductive system, ovarian cancer ranks 5th among 
the leading causes of cancer-related death in 
females worldwide1. Due to the lack of warning 
signs and specific symptoms, patients are mostly 
diagnosed at a late stage when metastasis has 
already occurred2. At present, the standard treat-
ment for ovarian cancer patients is still cytoreduc-
tive surgery after chemotherapy3. However, the 
prognosis of the patient is still poor4. Therefore, 
it is pivotal to develop new therapeutic agents 
for the treatment of ovarian cancer. MicroRNAs 
(miRNAs), a class of endogenous non-coding 
RNAs consisting of 20-22 nucleotides, are in-
volved in the pathogenesis of a variety of human 
conditions5. With regards to human malignancies, 
mounting studies6 have showed that miRNAs are 
involved in the regulation of tumorigenesis, pro-
gression, and metastasis in cancer. Interestingly, 
many miRNAs have been found to promote or 
suppress the tumor growth or metastasis of ovar-
ian cancer. For instance, Suo et al7 reported that 
miR-200a promotes cell invasion and migration 
of ovarian carcinoma by targeting PTEN. Zhang 
et al8 also identified miR-630 as an oncogene, 
which can promote the proliferation and invasion 
of epithelial ovarian cancer by targeting KLF6. 
These results suggested that miRNA can be 
considered as a promising therapeutic target for 
ovarian cancer.

Rumex japonicus Houtt, a perennial herbal 
plant in the East part of Asian countries includ-
ing China, has been utilized as a folk remedy in 
treating a variety of common human conditions, 
such as constipation, uterine hemorrhage and 
dermatitis9. The identified active ingredients in 
Rumex japonicus Houtt include anthraquinones, 
oxanthrones and flavones10. Particularly, the an-
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ti-neoplastic activities of PG have been studied 
in various human cancers10-15. However, whether 
PG exhibited anti-cancer activities in ovarian 
cancer remains unclear. Our data have indicated 
that PG suppressed cell proliferation and inva-
sion by suppressing miR-25 in ovarian cancer 
cells.

Patients and Methods

Patients Information and 
Specimen Collection

37 cases of esophageal patients who received 
treatment in our hospital between January 2013 
and December 2013 were recruited in this study. 
The Ethics Committee of the First Affiliated 
Hospital of Nanjing Medical University given 
its official approval and all patients signed writ-
ten consent form. Ovarian cancer tissues and 
matched normal tissues were collected and stored 
at -80°C until use. 

Cell Lines and Cell Culture
SKOV3 and OVCAR-3 cells, the ovarian can-

cer cell lines, were provided by the Type Culture 
Collection of the Chinese Academy of Scienc-
es. Human normal ovarian epithelial cell line 
(HOSE) was provided by ATCC (Shanghai, Chi-
na). All of the cells were cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM) (HyClone, 
South-Logan, UT, USA) supplemented with 10% 
FEB (HyClone, South-Logan, UT, USA) in a hu-
midified incubator at 37°C with 5% CO2.

 
CCK-8 Assay

The cell viability was examined via CCK-8 
kit (Beyotime, Shanghai, China) following PG 
treatment. Spectrophotometer (Tecan Group Ltd, 
Männedorf, Switzerland) was applied to detect 
the absorbance at 450 nm. 

Colony Formation Assay
Following PG treatment, cells at a concen-

tration of 3×104 cells/ml were inoculated into 
6-well plates and cultured for two weeks without 
feeding. Colonies with a diameter > 0.1 mm were 
photographed using a Nikon Eclipse TE2000-U 
microscope (Tokyo, Japan) for counting.

Cell Cycle Analysis
1x105 cells/well concentration of cells were 

plated out in a 6-well plate and exposed to differ-
ent concentration of PG for 48 h. After washing 

the cells, ice-cold 70% ethanol was utilized to fix 
the cells for 2 h at 4°C. FACScan DNA analysis 
was performed according to the standard proto-
col.

Flow Cytometry Assay
Apoptosis was assessed using an apoptosis kit 

(BD Pharmingen, Franklin Lakes, NJ, USA) in 
accordance with the manufacturer’s instructions. 
Flow cytometer (Beckman Coulter Inc., Brea, 
CA, USA) was utilized to quantify the apoptotic 
cell population.

 
Quantitative Real-Time PCR (qRT-PCR)

Total miRNAs were isolated from cultured 
cells or tissues using miRcute miRNA isolation 
kit (DP501) (Tiangen Biotech, Beijing, China). 
Extracted miRNAs were reversely transcribed to 
cDNA using High Capacity cDNA Archive Kit 
(Applied Biosystems, Foster City, CA, USA) and 
qRT-PCR was conducted using TaqMan PCR kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
The primers were as the following: forward, 
5’-ACACTCCAGCTGGGAGGCGGAGACTTG-
GGCAA-3’; reverse, 5’-TGTCGTGGAGTCGG-
CAATTC-3’. GADPH served as internal control. 
The comparative ΔCt method (ABPrism soft-
ware, Applied Biosystems, Foster City, CA, USA) 
was used to quantify PCR data.

Microassay for Expression of miRNAs
500 ng of total RNA was extracted from 

1.0-1.5 mL blood sample and was used for mi-
croarray detection, which was marked by bio-
tin-labeled DNA molecule and hybridized, and 
then washed on the GeneChip Fluidics Station 
450 platform. The signal intensity of each chip 
varies from one another due to different essen-
tial backgrounds of chips; thus, for eliminating 
the calculation error of miRNA expression, raw 
data were normalized using Robust Multichip 
Average (RMA), which is an algorithm used for 
creating an expression matrix from Affymetrix 
data. To be exact, the raw values of signal in-
tensity were background corrected, log2 trans-
formed, and subsequently quantile normalized 
using RMA method. Thereafter, the normalized 
data were calculated using a linear model. In 
the microarray assay, differentiated expressed 
miRNAs were compared using R package lim-
ma. Benjamini and Hochberg procedure was 
performed to adjust the p-values; Volcano map 
and heat map analysis were used to distinguish 
information between the two groups.
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Western Blotting
Briefly, proteins in cell lysates were firstly re-

solved by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE), then transferred 
to polyvinylidene difluoride (PVDF), and subse-
quently incubated with the primary antibodies at 
4°C overnight. The secondary antibodies used 
were goat anti-rabbit IgG-HRP and anti-mouse 
IgG-HRP (Beyotime, Shanghai, China). Positive 
bands were detected using chemiluminescent 
substrate (KPL, Guildford, UK), and BandScan 
software (Glyko, Novato, CA, USA) was utilized 
to quantify the band densities.

miR-25 Knockdown or Overexpression
The lentiviral construct miR-25 mimic, miR-

25 inhibitor and miR-con purchased from Qiagen 
(Gene Copoeia, Rockville, MD, USA) were used 
to transfect SKOV3 and OVCAR-3 cells for 48 h 
using Lipofectamine 3000. qRT-PCR was applied 
to detect the transfection efficiency.

Wound Scratch Assay
When the cells cultured in the 6-well plate 

reached 90% confluence, sterile 200 μL pipette 
tip was utilized to scratch cell monolayer. The 
scratched wound was imaged in three random 
fields under 100x magnification after 24 hours. 
The open area at 0 hours and decreased open area 
after 24 hours were measured to determine cell 
migration.

 
Transwell Invasion Assay

Matrigel (8-μm pore size; BD Bioscienc-
es, Franklin Lakes, NJ, USA) was utilized to 
pre-coated Transwell plates. Cells (2 × 105 cells/
ml) were resuspended in serum-free medium and 
then 500 μl were inoculated into the upper cham-
ber. The lower chamber of Transwell was filled 
with MEM containing 10% fetal bovine serum 
(FBS). After 24 hours of incubation, the remain-
ing cells in the upper chamber were cleaned up, 
invasive cells attached to the lower surface of 
the membrane were stained with hematoxylin 
staining solution and photographed at 200× mag-
nification.

Statistical Analysis
Data are presented as means ±SD. Statistical 

comparisons were made using one-way analy-
sis of variance (ANOVA) followed by Dunnett’s 
t-test using GraphPad Prism software (GraphPad 
Software Inc., La Jolla, CA, USA). *p<0.05 was 
considered as statistically significant.

Results

PG Exhibits Anti-Proliferative Activities 
in Ovarian Cancer Cells

The chemical structure of PG was presented 
in Figure 1A. Whether PG affected the viability 
of SKOV3 and OVCAR-3 cells were assessed by 
CCK-8 assay. Following a 24 hours’ treatment, 
the viability of SKOV3 cells was concentra-
tion-dependently reduced by PG. The percent-
age of viable OVCAR-3 cells was decreased 
to about 82% and 66% by PG at dosages of 5 
and 10 μM, respectively. Following a 48 hours’ 
treatment, the percentage of viable SKOV3 cells 
was decreased to about 70% and 50% by PG at 
dosages of 5 and 10 μM, respectively. OVCAR-3 
cells presented with higher sensitivity to PG 
treatment (Figure 1B). Following a 24 hours’ 
treatment, the percentage of viable OVCAR-3 
cells was decreased to about 70% and 50% by 
PG at dosages of 5 and 10 μM, respectively. Fol-
lowing a 48 hours’ treatment, the percentage of 
OVCAR-3 cells was decreased to about 50% and 
40% by PG at dosages of 5 and 10 μM, respec-
tively. Whether PG affected the capability of 
colony formation was also examined. As shown 
in Figure 1C, the number of formed colonies of 
SKOV3 cells was decreased to about 60% and 
50% relative to control by PG at dosages of 5 
and 10 μM, respectively. As for OVCAR-3 cells, 
the number of formed colonies was decreased 
to about 45% and 25% relative to control by PG 
at dosages of 5 and 10 μM, respectively. Next, 
whether PG affected the cell cycle progression 
was determined. Following a 48 hours’ treat-
ment, the SKOV3 cells in G0/G1 phase were in-
creased from about 50% to about 60% and 70% 
by PG at dosages of 5 and 10 μM, respectively 
(Figure 1D). The OVCAR-3 cell population in 
G0/G1 phase was also dose-dependently by PG 
treatment (Figure 1D). 

PG Promotes Apoptosis in 
Ovarian Cancer Cells

Whether PG was able to cause morphological 
changes in ovarian cancer cells were exam-
ined under microscopy. Treatment with PG for 
48 hours significantly affected the shape and 
reduced adhesive force of both SKOV3 and 
OVCAR-3 cells (Figure 2A). Next, whether PG 
affected the apoptotic process of ovarian cancer 
cells was examined utilizing flow cytometry. 
Results from flow cytometry showed that PG 
at dosages of 5 and 10 μM increased the apop-
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totic cell percentage in SKOV3 cells from less 
than 5% to around 15% and 20%, respectively 
(Figure 2B). As regards to OVCAR-3 cells, PG 
treatment at dosages of 5 and 10 μM increased 
the apoptotic cell population to almost 20% and 
30%, respectively (Figure 2B). Following 48 
hours’ treatment with PG, the levels of activated 
caspase-3 and PARP were remarkably elevat-
ed in SKOV3 and OVCAR-3 cells. Meanwhile, 
whether PG treatment could affect the expres-
sion levels of Bax and Bcl-2 was also examined. 
Our results indicated that PG treatment down-
regulated the expression level of anti-apoptotic 
molecules Bcl-2. In contrast, the expression 
level of pro-apoptotic molecules Bax was also 
upregulated by PG treatment (Figure 2C). Al-
together, this evidence showed that PG could 
promote ovarian cancer cell apoptosis.

PG Suppresses the Migratory and 
Invasive Abilities of Ovarian Cancer Cells

Whether PG was able to affect the migratory 
abilities of ovarian cancer cells was evaluated by 
performing wounding healing experiments. As 
shown in Figure 3A, PG exhibited dose-depen-
dent suppressing activities on the migration of 
both ovarian cancer cell lines. Whether PG was 
able to affect the invasive ability was evaluated 
by Transwell assay. Following 24 hours’ treat-
ment with PG, the invasive cell number presented 
a concentration-dependent reduction in SKOV3 
and OVCAR-3 cells (Figure 3B). MMP-2 is a 
key enzyme playing a promoting role in the pro-
cess of migration and invasion while TIMP-3 is 
an anti-metastatic molecule. Hence, whether PG 
affected the expression levels of these two mole-
cules was also determined. As shown in Figure 

Figure 1. PG promotes cell death and suppresses colony formation in SKOV3 and OVCAR-3 cells. A, The chemical structure 
of PG was presented. B, The cell viability was assessed by CCK-8 assay. C, The effect of PG on colony formation was assessed. 
D, The effect of PG on cell cycle distribution was assessed. *p<0.05, **p<0.01.
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3C, PG was able to dose-dependently downreg-
ulate MMP-2 while upregulating TIMP-3 in both 
ovarian cancer cells, supporting that PG could 
suppress the metastasis of ovarian cancer cells.

PG Represses miR-25 Expression in 
Ovarian Cancer Cells

A number of studies16 have proposed that nat-
urally occurring compounds could exhibit an-
ti-cancer activities by upregulating or downregu-
lating miRNAs. In our present study, microarray 
assay was performed to examine whether PG 
was able to exert anti-cancer activities by mod-
ulating miRNAs. As shown in Figure 4A, our 

findings showed that PG was remarkably upreg-
ulated and downregulated a number of miRNAs. 
Among these miRNAs, we focused on miR-25, 
whose expression level was profoundly reduced 
following PG treatment. To further examine the 
effect of PG on miR-25 expression, cells were 
treated with PG for 48 hours and the expression 
of miR-25 was detected by qRT-PCR. Our re-
sults from qRT-PCR revealed that PG was able 
to downregulate miR-25 expression (Figure 4B). 
On the other hand, miR-25 level was significantly 
higher in ovarian cancer tissues than in matched 
non-cancerous tissues. Moreover, our findings 
indicated that the level of miR-25 expression in 

Figure 2. PG promotes apoptosis in SKOV3 and OVCAR-3 cells. Cells were treated with PG at 5 and 10 μM for 48 hours. A, 
The morphological change was examined with optical microcopy. B, Cells were treated with Annexin V-FITC and apoptotic 
cell death was detected with flow cytometry. C, The cleavage of caspase-3 and PARP, the expression of Bcl-2 and Bax were 
detected with Western blot. ** p<0.01.
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ovarian cancer cells was significantly higher than 
in HOSE normal cells (Figure 4D). These com-
bined results demonstrated that miR-25 was an 
oncogene in ovarian cancer and PG might exert 
anti-cancer activities by downregulating miR-25.

Forced miR-25 Expression in Ovarian 
Cancer Cells Compromises the
Anti-Cancer Activities of PG

Given that PG can affect miR-25 expression, 
ovarian cancer cells were subsequently trans-
fected with miR-25 mimic to introduce ectopic 
expression of miR-25. The expression level of 
miR-25 in SKOV3 and OVCAR-3 cells increased 
more than 2-fold after transfection (Figure 5A). 

Then whether ectopic miR-25 expression affected 
the pro-apoptotic activities of PG was examined. 
As shown in Figure 5B, the apoptotic cell popu-
lation was reduced to about 10% in both SKOV3 
and OVCAR-3 cells by ectopic miR-25 expres-
sion. Furthermore, the activation of caspase-3 
and PARP was markedly attenuated by ectopic 
miR-25 expression. PG-induced downregulation 
of Bcl-2 was significantly dampened in SKOV3 
and OVCAR-3 cells with miR-25 overexpression 
(Figure 5B). Meanwhile, the upregulation caused 
by PG treatment was also attenuated by ectopic 
miR-25 expression (Figure 5C). The effect of 
ectopic miR-25 expression on cell migration and 
invasion was also evaluated. As shown in Figure 

Figure 3. PG suppresses migration and invasion of SKOV3 and OVCAR-3 cells. Cells were treated with PG at 5 and 10 μM for 
24 hours. A, The migration was assessed by performing wound-healing assay. B, The cell invasion was assessed by performing 
transwell assay. C, The expression of MMP-2 and TIMP-3 was detected by Western blot. ** p<0.01.
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5C, the wound closure inhibition of ovarian can-
cer cells was significantly compromised by ecto-
pic miR-25 expression. Meanwhile, the invasive 
cell number was also increased in SKOV3 and 
OVCAR-3 cells with miR-25 overexpression (Fig-
ure 5E). The effect of PG on MMP-2 and TIMP-3 
expression in both ovarian cancer cells was also 
markedly reversed by ectopic miR-25 expression 
(Figure 5F). Taken together, our results indicated 
that ectopic miR-25 expression could attenuate 
the anti-cancer activities of PG against ovarian 
cancer.

Silencing miR-25 Expression in Ovarian 
Cancer Cells Augments the Anti-Cancer 
Activities of PG

After transfection of cells with miR-25 inhibi-
tor, the level of miR-25 expression was decreased 
by about a half (Figure 6A). Then whether miR-
25 knockdown affected the pro-apoptotic activi-

ties of PG was examined. Our results indicated 
that apoptotic cell population was respectively in-
creased to about 30% and 35% by miR-25 knock-
down in SKOV3 and OVCAR-3 cells (Figure 
6B). The expression levels of apoptotic markers 
were also examined. The activation of caspase-3 
and PARP was markedly enhanced by miR-25 
knockdown. PG-induced downregulation of Bcl-
2 was significantly augmented in SKOV3 and 
OVCAR-3 cells with miR-25 knockdown (Figure 
6C). Meanwhile, the upregulation caused by PG 
treatment was also enhanced by miR-25 knock-
down (Figure 6D). The effect of miR-25 knock-
down on cell migration and invasion was also 
evaluated. As shown in Figure 6C, the wound clo-
sure inhibition of ovarian cancer cells was signifi-
cantly enhanced by miR-25 knockdown. Mean-
while, miR-25 knockdown significantly reduced 
the number of invasive cells (Figure 6E). The 
effect of PG on MMP-2 and TIMP-3 expression 

Figure 4. PG downregulates miR-25 in ovarian cancer cells. A, Microarray indicated that PG treatment led to downregulation 
of miR-25. B, miR-25 expression was dose-dependently suppressed by PG treatment. C, miR-25 was abnormally highly 
expressed in cancer tissues compared with normal tissues. D, miR-25 was aberrantly high expressed in ovarian cancer cells 
compared with normal cells. **p<0.01.
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Figure 5. Forced miR-25 expression compromises the anti-cancer activities of PG. Transfection of SKOV3 and OVCAR-3 
cells with miR-25 mimic followed by treatment of cells with 10 μM PG. A, qRT-PCR assessed the expression level of miR-25. 
B, Apoptosis was determined by flow cytometry. C, The expression levels of cleaved caspase-3, cleaved PARP, Bax and Bcl-
2 were assessed by Western blot. D, Cell migration was assessed by wound healing assay. E, Cell invasion was assessed by 
transwell assay. F, The expression levels of MMP-2 and TIMP-3 were assessed by Western blot. **p<0.01.
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Figure 6. Silencing miR-25 expression augments the anti-cancer activities of PG. Transfection of SKOV3 and OVCAR-3 cells 
with miR-25 inhibitor followed by treatment of cells with 10 μM PG. A, qRT-PCR assessed the expression level of miR-25. B, 
Apoptosis was detected by flow cytometry. C, The expression levels of cleaved caspase-3, cleaved PARP, Bax and Bcl-2 were 
assessed by Western blot. D, Cell migration was assessed by wound healing assay. E, Cell invasion was assessed by transwell 
assay. F, The expression levels of MMP-2 and TIMP-3 were assessed by Western blot. ** p<0.01.
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in both ovarian cancer cells was also markedly 
augmented by miR-25 knockdown (Figure 6F). 
Taken together, our results indicated that miR-25 
knockdown enhances the anti-cancer activities of 
PG against ovarian cancer.

Discussion

Accumulating evidence has indicated that a 
variety of natural compounds could exhibit po-
tent anti-cancer activities against human malig-
nancies. More importantly, natural compounds 
are generally well tolerated compared with con-
ventional chemotherapeutic agents10. As early as 
2014, PG has been found to promote apoptosis 
and block cell cycle in lung cancer cells17. A re-
cent study by Du et al10 showed that the anti-can-
cer activities of PG against lung cancer were 
attributed to its modulation of PPARγ signaling. 
The effect of PG on apoptosis induction has also 
been reported by different research groups18-20. 
In oral squamous cell carcinoma, surviving has 
been reported to be the primary target of PG18. 
Interestingly, miR-27 and miR-124 have been 
identified as the molecular target mediating the 
anti-cancer activities of PG in osteosarcoma and 
melanoma cells, respectively19,20. This evidence 
suggested the ability of PG to modulate the ex-
pression of miRNAs. We indicated that PG was 
able to exhibit anti-growth activities and cause 
cell cycle blockade. In addition, our findings 
indicated that PG suppressed the metastasis of 
ovarian cancer cells via inhibiting cell migration 
and invasion. Microarray results showed that PG 
exhibited anti-cancer activities by modulating 
miR-25 in ovarian cancer cells. Altogether, these 
findings showed that PG might be able to exhibit 
anti-cancer activities by regulating the expression 
of onco-miRNAs.

Located in intron 13 of the MCM7 oncogene 
on chromosome 7q22.1c, miR-25 belongs to the 
same family with other two miRNAs, miR-106b 
and miR-9321. The involvement of miR-25 in 
human malignancies has been confirmed in var-
ious studies22,23. However, the role of miR-25 in 
the development and progression is differentiated 
depending on cancers derived from a different 
origin. In melanoma, miR-25 has been found to 
play a role as oncogene by targeting RNA binding 
motif protein 4724. In non-small cell lung cancer, 
miR-25 has been reported to enhance migratory 
and invasive capability by targeting KLF425. Be-
sides, the mediating role of miR-25 in chemoresis-

tance has also been evidenced in gastric cancer26. 
On the contrary, in Chen et al27 study, miR-25 has 
been found to exhibit anti-proliferative and an-
ti-metastatic activities in osteosarcoma. A recent 
study has also found that miR-25 could suppress 
the metastatic potential of cisplatin-resistance 
cervical cancer cells28. In terms of ovarian can-
cer, the pro-survival role of miR-25 was firstly 
reported in 201229. The prognosis of miR-25 has 
been analyzed in 86 patients, showing that aber-
rantly high expression of miR-25 correlates with 
shorter overall survival30. Large tumor suppressor 
2 (LATS2) was identified as a target of miR-25 
and responsible for its pro-proliferative effect on 
ovarian cancer cells31. Downregulation of miR-25 
has also been found to suppress cell proliferation 
and invasion in ovarian cancer cells32. These 
combined results showed that miR-25 functioned 
as oncogene in ovarian cancer and can be consid-
ered as a therapeutic target. Our results indicated 
that the anti-cancer activities of PG against ovar-
ian cancer cells were associated with downregu-
lation of miR-25. Ectopic miR-25 expression was 
able to significantly compromise the anti-cancer 
activities of PG while miR-25 knockdown could 
enhance the anti-cancer activities of PG. There-
fore, our results offered experimental evidenced 
that miR-25 was a key therapeutic target of PG 
and further supported the role of miR-25 as on-
cogene in ovarian cancer.

Conclusions

We indicated that PG could exhibit anti-can-
cer activities in ovarian cancer in vitro and its 
anti-cancer activities were mediated by its down-
regulation of miR-25.
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