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Abstract: Corilagin is a member of the tannin family and has been isolated from traditional 

Chinese medicinal plants, such as Phyllanthus spp. Corilagin has anti-inflammatory, antioxi-

dative, antiatherogenic, and antihypertensive effects in various experimental models. In this 

research, we aimed to investigate for the first time whether corilagin had apoptotic and genomic 

effects in ovarian cancer treatment in the same study. The potential apoptotic of corilagin was 

investigated using a WST1 cell proliferation test, caspase 3, and mitochondrial membrane 

potential JC1 assays in a time- and dose-dependent manner. Genomic changes in expression 

levels against corilagin treatment were measured using an Illumina human HT-12V4 BeadChip 

microarray. Bioinformatic data analyses were performed using GenomeStudio and Ingenuity 

Pathway Analysis software. The data of our study demonstrated that there were statistically 

significant time- and dose-dependent increases in caspase 3 enzymatic activity and loss of mito-

chondrial membrane potential in line with decreases in cancer cell proliferation. According to 

gene-ontology analysis, we found that adherens junctions, antigen processing and presentation, 

and the phosphatidylinositol signaling system were the most statistically significant networks 

in response to corilagin treatment on SKOV3 cells, in a time- and dose-dependent manner. The 

apoptotic and genome-wide effects of corilagin on ovarian cancer cells were examined in detail 

for the first time in the literature. The results of our study suggest that corilagin might have the 

potential to be used as a new treatment option for epithelial ovarian cancer.
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Introduction
Ovarian cancer is one of the leading causes of cancer-related deaths in women around 

the world.1,2 Epithelial ovarian cancer accounts for ~90% of ovarian cancer cases, with 

four major subtypes: endometrioid, clear, mucinous, and serous cell.3,4 According to 

recent Globocan (2012) statistical data, 238,700 people were diagnosed as having 

epithelial ovarian cancer and there were 151,900 deaths worldwide.5 Despite various 

current surgical and therapeutic methods, the 5-year survival ratio of ovarian cancer 

is nearly 30%–40%, because of the absence of significant symptoms at earlier stages 

and late diagnosis at advanced or metastatic stages.6–10 In order to improve the overall 

survival ratio of patients with ovarian cancer, recent studies have targeted the find-

ing of novel, effective, and nontoxic treatment strategies, as well as nutraceuticals, 

which are physiologically bioavailable and also cost-effective.11

Corilagin belongs to the tannin family, which is extracted from different 

medicinal plants, including Phyllanthus amarus, P. urinaria, Geranium thunbergii, 

G. carolinianum, and Dimocarpus longan.12–15 Recent studies have reported that corilagin 

has beneficial properties in cardiovascular diseases with its antihypertensive, throm-

bolytic, and antiatherogenic features.16–18 It has also been demonstrated that corilagin can 
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serve as a hepatoprotective radical scavenger for superoxide 

anions and peroxyls.19 In addition, recent studies have shown 

that corilagin has antiproliferative, antitumoral, and anti-

inflammatory effects.20–23 Although the potential therapeutic 

use of corilagin has already been identified, the underlying 

molecular mechanism of corilagin remains unclear.

To the best of our knowledge, there are no data about the 

genomic effects of corilagin in epithelial ovarian carcinoma. 

In this study, we aimed to investigate antiproliferative and 

apoptotic effects of corilagin on epithelial ovarian carcinoma 

using cell culture methods.

Materials and methods
Cell culture and treatment
SKOV3 cells line (HTB77) commercially purchased from the 

American Type Culture Collection were cultured in McCoy’s 

5A modified medium supplemented with fetal bovine serum 

(heat-inactivated, 10%) and penicillin–streptomycin (1%) 

at 37°C in 5% CO
2
. SKOV3 cells were treated with vehicle 

1% dimethyl sulfoxide (DMSO) alone or 5, 10, 25, 50, and 

100 µM of corilagin dissolved in 1% DMSO.

Chemicals and reagents
McCoy’s 5A medium, heat-inactivated fetal bovine serum, 

and penicillin–streptomycin were purchased from Thermo 

Fisher Scientific (Waltham, MA, USA). Corilagin was 

obtained from Sigma-Aldrich (St Louis, MO, USA). The 

WST1 cell proliferation assay was obtained from Hoffman-La 

Roche (Basel, Switzerland). The caspase 3 assay was pur-

chased from BioVision (Milpitas, CA, USA). The JC1 mito-

chondrial membrane potential (MMP) detection assay was 

obtained from Cayman Chemical (Ann Arbor, MI, USA).

Cell viability assay
The cell viability effect of corilagin was determined using 

the WST1 assay. SKOV3 cells were seeded at a density of 

104 cells/well in 96-well plates. After 24 hours’ incubation, 

cells were treated with 5, 10, 25, 50, and 100 µM corilagin 

or vehicle (1%, 10 µL DMSO) alone as a control for dif-

ferent time periods (24–72 hours). WST1 colorimetric cell 

proliferation assays were performed after each incubation 

period. WST1 solution (10 μL) was added to each well and 

incubated for 4 hours at 37°C. Color development was mea-

sured at 450 nm using a microplate reader (Thermo Fisher 

Scientific). Cell viability was determined as a percentage of 

proliferation versus untreated cells (control, 100%).

Caspase 3 enzymatic activity assay
Determination of changes in caspase 3 enzymatic activity 

is known to be one of the important indicators of apoptosis. 

We used a caspase 3 colorimetric assay to examine apoptotic 

changes against corilagin treatment. SKOV3 cells were 

seeded at a density of 5×105 cells/well in 96-well plates. After 

a 24-hour incubation period, cells were treated with 50 and 

100 µM corilagin or vehicle (1% DMSO) alone as a control 

for different time periods (48–72 hours). After each incuba-

tion period, the cells were lysed by adding 50 μL chilled cell 

lysis buffer and incubated on ice for 10 minutes before cen-

trifugation. Supernatant samples were then mixed by adding 

50 μL reaction buffer, 50 μL sample, and 5 μL DEVD-pNA 

substrate, and incubated for 2 hours. The reactions were read 

at 405 nm as described in the previous section.

MMP assay
We used a JC1 assay kit to investigate the loss of MMP in 

response to corilagin treatment (50 and 100 µM) or vehicle 

(1% DMSO) for 48–72 hours in SKOV3 cells (Cayman 

Chemical). In brief, cells (5×105 cells/2 mL) were col-

lected by centrifugation at 1,000 rpm for 10 minutes. After 

removal of supernatant samples, pellets were homogenized 

in 200 μL medium, and 20 μL JC1 dye was added to the 

cells. The cells were then incubated at 37°C for 30 minutes, 

centrifuged, and 200 μL assay buffer added to the result-

ing pellets. All pellets were resuspended in 320 μL assay 

buffer, and 100 μL of each was added to a 96-well plate 

in triplicate. The plate was read using a fluorescence 

enzyme-linked immunosorbent assay plate reader. Green/

red (485 nm/560 nm) values were calculated to determine 

changes in MMP.

RNA extraction
Total RNA was isolated from SKOV3 cells in response to 

100 µM hesperidin treatment for 72 hours using a “high-pure” 

RNA isolation kit (Hoffman-La Roche) in accordance with 

the manufacturer’s instructions. DNA concentrations were 

qualified with NanoDrop spectrophotometry (260:280 nm 

ratios), and an A260:A280 ratio between 1.8 and 2 was 

considered suitable for use.

Microarray hybridization
An HT-12 v4 BeadChip microarray platform of ~47,000 

probes was used to investigate whole-genome expression pro-

file changes in response to corilagin treatment (Illumina, San 

Diego, CA, USA). After conversion of the totally amplified 

500 ng total RNA to complementary DNA, fragmentation and 

biotin-labeling steps were assessed using a TotalPrep RNA 

Amplification Kit (Thermo Fisher Scientific). After that, the 

biotin-labeled complementary RNA sample was hybridized 

to microarray bead chips as per the manufacturer’s protocol. 
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The bead chips were scanned using an Illumina BeadArray 

Reader. Images of bead chips were converted into signal 

intensities using Illumina GenomeStudio software. This 

software was also used to detect the quality controls.

Statistical analysis
Background noise coming from signal intensities of microar-

ray bead chips was corrected and imported into text files using 

Illumina GenomeStudio. Hierarchical clustering analysis 

was assessed in data sets to evaluate the proximity between 

the genes. Hierarchical clusters were constructed using the 

statistically significant (P,0.05) genes. The related genes 

were identified as differentially expressed when logarithmic 

ratios in three different and independent hybridization experi-

ments showed .1.5-fold difference in expression level and 

when the P-values were ,0.05. The Kyoto Encyclopedia 

of Genes and Genomes, Ingenuity Pathway Analysis (IPA) 

tools, gene ontology, and pathway analyses were used to 

ascertain biologic meanings for the differentially expressed 

genes between the data points.

Results
Corilagin inhibited SKOV3-cell 
proliferation in a time- and dose-
dependent manner
We used the WST1 colorimetric cell proliferation assay to 

determine cytotoxic effects of corilagin on SKOV3 ovarian 

cancer cells. The cells were incubated with increasing con-

centrations (5–100 μM) of corilagin for 24, 48, and 72 hours, 

and then treated with the WST1 assay after each incubation 

period. The results showed that 50 and 100 µM corilagin 

treatment had significant effects in a time-dependent manner 

(P,0.05, P,0.01). Half-maximal inhibitory-concentration 

values of corilagin for 24, 48, and 72 hours were calcu-

lated from both cell proliferations and found to be 0.7 mM 

(Figure 1).

Corilagin increased caspase 3 enzymatic 
activity in a time- and dose-dependent 
manner
To determine the apoptotic effects of corilagin on SKOV3 

cells, cells were incubated with 50 or 100 µM of corilagin 

for 48–72 hours, and then changes in caspase 3 enzymatic 

activity were determined. There was a 1.47-fold increase in 

caspase 3 enzymatic activity in response to 48 hours with 

50 µM corilagin. We also found that there was a 2.58-fold 

increase at 48 hours and a 2.08-fold increase at 72 hours in 

caspase 3 enzymatic activity in response to treatment with 

100 µM corilagin (Figure 2).

Corilagin induced loss of MMP in a 
time- and dose-dependent manner
To determine the loss of MMP, cells were incubated with 

50 or 100 µM of corilagin for 48–72 hours. The results 

showed that there was a 1.89-fold increase in the loss of MMP 

in response to 50 µM corilagin compared with untreated 

cells. We also found that there was a 2.1-fold increase at 

48 hours and 1.89-fold increase at 72 hours in caspase 3 

enzymatic activity in response to treatment with 100 µM 

corilagin (Figure 3).

Corilagin induced changes in gene 
expression profiles
To investigate changes in whole-genome expression levels in 

response to corilagin treatment (72 hours, 100 µM), we used 

HT-12 v4 BeadChip microarray profiling. After analyzing 

Figure 1 Effects of corilagin on cell proliferation.
Notes: WST1 proliferation was performed using triplicate samples in three independent 
experiments. Statistical significance was determined using two-way analysis of variance, 
and P,0.05 was considered significant (*P,0.05; **P,0.01).

Figure 2 Effects of corilagin on caspase 3 enzymatic activity in SKOV3 cells.
Notes: Changes in caspase 3 enzymatic activity in response to increasing 
concentrations of corilagin in SKOV3 cells. The results are the means of two 
independent experiments. *P,0.05 was considered significant.
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the most statistically significant transcripts, we clustered the 

data based on their expression patterns. In addition, biofunc-

tional annotation analysis was performed to find the down-

stream pathways in response to corilagin treatment. We also 

used IPA analysis to understand the relationship between path-

ways in accordance with the literature (Figure 4 and Table 1). 

Based on IPA analysis, three major groups of pathways were 

shown as statistically significant in corilagin-induced SKOV3 

cells: adherens junctions, antigen processing and presentation, 

and the phosphatidylinositol signaling system (Table 2).

Discussion
The antiproliferative, apoptotic, and genomic effects of 

corilagin in epithelial ovarian cancer were examined in detail 

for the first time in the literature. The results of our study 

suggest that corilagin has an antitumor effect on ovarian 

cancer cells and has potential for use as a new treatment for 

epithelial ovarian cancer.

Hau et al investigated the antitumoral effects of corilagin 

on HEP3B hepatocellular carcinoma cell lines in an athymic 

xenograft mouse model. They found significant inhibition in 

tumor growth in response to corilagin treatment.20 Further-

more, they also indicated that corilagin had no adverse effects 

on the liver, based on alanine transaminase and aspartate 

aminotransferase tests. Gambari et al also investigated the 

sensitization of HEP3B cells to corilagin-induced cisplatin 

and doxorubicin effects, and showed that using low-dose 

corilagin could be used in combination with cisplatin and 

doxorubicin to increase antitumoral effects of chemotherapy 

treatment.21 In addition to these studies, Ming et al also exam-

ined the effects of corilagin on the relationship between anti-

tumoral mechanism and cell cycle proteins using BEL7402 

and SMMC7721 hepatocellular carcinoma cells.22 They 

showed that corilagin-induced SMMC7721 cells arrested at 

the G
2
/M phase in response to corilagin via downregulation 

of the pAkt pathway and upregulation of p53. Together, these 

data indicate that corilagin has potential for use as a novel 

antitumoral drug for hepatocellular cancer treatment.22

In addition to its antitumoral effects, two reports empha-

sized the reparative effects of corilagin for lung injury 

caused by tobacco products and aerosols. Muresan et al 

demonstrated that cigarette smoking stimulated the loss of 

intercellular junctions of CALU3 lung epithelial cells, and 

Figure 3 Effects of corilagin on membrane potential in SKOV3 cells.
Notes: Loss of mitochondrial membrane potential in response to increasing 
concentrations of corilagin in SKOV3 cells. The results are presented as the means 
of two independent experiments. *P,0.05 was considered significant.

Figure 4 Top networks and gene connections.
Notes: Literature-based clustering of differentially expressed genes using Ingenuity Pathway Analysis (IPA) after 78 hours of 100 µM corilagin stimulation in SKOV3 cells. 
According to IPA, three major pathways emerged: antigen processing and presentation, a MAPK signaling pathway, and a chemokine signaling pathway.
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corilagin reversed these changes by stimulating expression of 

connexins.23 Wang et al investigated the effects of corilagin 

in a pulmonary fibrosis model, and found that high-dose 

corilagin could downregulate expressions of malondial-

dehyde, IKKα, pIKKα, NFκB p65, TNFα, and IL-1β to 

abolish the adverse effects of bleomycin exposure.24 They 

also showed that TGFβ production and α-SMA expression 

were inhibited by corilagin treatment. In light of these data, 

it could be speculated that corilagin could repair lung epi-

thelial injury by affecting cytokine release and the TGFβ
1
 

signaling pathway.24

To the best of our knowledge, no reports have investigated 

the apoptotic and genomic effects of corilagin on ovarian 

cancer cells in the same study. However, one report showed 

the anticarcinogenic effect of corilagin on SKOV3IP, HEY, 

and HO8910PM ovarian cancer cell lines and a xenograft 

model using flow cytometry and protein arrays.25 The authors 

found that corilagin-induced ovarian cancer cells arrested 

at the G
2
/M cell cycle point, which correlates with the data 

from Ming et al. Furthermore, they also showed that levels 

of cyclin B1, Myt1, and phospho-CDC2 were downregulated 

in response to corilagin treatment using immunoblotting. 

In addition, supernatant samples of corilagin-induced ovarian 

cancer cells have shown inhibition for TGFβ secretion and 

blockage for TGFβ-induced Snail stabilization. According 

to that study, corilagin specifically targeted TGFβ secretion 

to block both canonical SMAD and noncanonical ERK–Akt 

pathway activation.

In this study, we investigated the apoptotic and genomic 

effects of corilagin on SKOV3 epithelial ovarian carcinoma 

cells. We performed WST1, caspase 3, and JC1 assays to 

understand the dose- and time-dependent effects of corilagin 

on SKOV3 cancer-cell proliferation and viability. Our results 

showed correlation with studies that used hepatocellular and 

ovarian cancer cell lines. We also reported that corilagin-

induced inhibition of SKOV3 cell proliferation showed 

correlation with increased apoptotic cancer cells. In addition, 

we found that corilagin stimulated the MAPK and phosphati-

dylinositol signaling system to show its antitumoral effects 

on downstream pathways. These data show that corilagin has 

potential anticarcinogenic and antitumoral effects, and thus 

has potential for use as a novel drug for ovarian cancer treat-

ment. Further studies will help to understand the mechanism 

of the corilagin-induced effect on cellular metabolism.
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