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Abstract. In the present study, we evaluated 3-Hydroxyter-
phenyllin (3-HT) as a potential anticancer agent using the 
human ovarian cancer cells A2780/CP70 and OVCAR-3, and 
normal human epithelial ovarian cells IOSE-364 as an in vitro 
model. 3-HT suppressed proliferation and caused cytotoxicity 
against A2780/CP70 and OVCAR-3 cells, while it exhibited 
lower cytotoxicity in IOSE-364 cells. Subsequently, we found 
that 3-HT induced S phase arrest and apoptosis in a dose-
independent manner. Further investigation revealed that S 
phase arrest was related with DNA damage which mediated 
the ATM/p53/Chk2 pathway. Downregulation of cyclin D1, 
cyclin A2, cyclin E1, CDK2, CDK4 and Cdc25C, and the 
upregulation of Cdc25A and cyclin B1 led to the accumula-
tion of cells in S phase. The apoptotic effect was confirmed 
by Hoechst 33342 staining, depolarization of mitochondrial 
membrane potential and activation of cleaved caspase-3 and 
PARP1. Additional results revealed both intrinsic and extrinsic 
apoptotic pathways were involved. The intrinsic apoptotic 
pathway was activated through decreasing the protein levels 
of Bcl2, Bcl-xL and procaspase-9 and increasing the protein 
level of Puma. The induction of DR5 and DR4 indicated that 
the extrinsic apoptotic pathway was also activated. Induction 
of ROS and activation of ERK were observed in ovarian 
cancer cells. We therefore concluded that 3-HT possessed 

anti-proliferative effect on A2780/CP70 and OVCAR-3 cells, 
induced S phase arrest and caused apoptosis. Taken together, 
we propose that 3-HT shows promise as a therapeutic candi-
date for treating ovarian cancer.

Introduction

Epithelial ovarian cancer is the fifth most common cause 
of cancer-related death among women in the United States. 
Though more than 80% of patients with advanced ovarian 
cancer benefit from first-line therapy, 75% of those patients 
will experience tumor recurrence due to widespread metastasis 
within the abdomen (1,2). The current available treatments for 
ovarian cancer include tumor debulking surgery and chemo-
therapy. Cisplatin is an important chemotherapeutic drug for 
the treatment of ovarian cancer. However, the majority of 
patients who respond to cisplatin initially will relapse due to 
the development of resistance (3). Thus, there is an urgent need 
to search for new agents derived from naturally occurring 
secondary metabolites. Since the 1940s, 175 small molecule 
cancer drugs have been developed. A total of 131 of those drugs 
are considered ‘other than synthetic’ and 85 drugs are natural 
products or their direct derivitives which are mainly derived 
from bacteria and plants (4). In recent years, more attention 
has been paid to fungi-derived natural products which have 
promising anticancer activities. Many fungal metabolites have 
demonstrated notable in vitro growth-inhibitory properties 
against various human cancer cell lines. Moreover, selected 
metabolites have exhibited therapeutic benefits in vivo mouse 
models (5). 3-Hydroxyterphenyllin (3-HT; Fig. 1A), is a metab-
olite isolated from Aspergillus candidus. The compound was 
first discovered in 1979 (6). It effectively inhibited the develop-
ment of sea urchin embryonic development (7). The inhibitory 
pattern 3-HT exhibited was similar to Candidusin B, which is 
also isolated from Aspergillus candidus and could suppress 
DNA and RNA syntheses in embryos. Other reports suggested 
that 3-HT possessed antioxidative properties and showed 
neither cytotoxic nor genotoxic traits against human intestine 
470 cells (INT 470); though, it showed protective effects 
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against oxidative damage to INT 407 cells (8,9). However, the 
anticancer effects of 3-HT have not been investigated.

In the present study, we investigated the anticancer effect 
of 3-HT. Currently, it has been proven that apoptosis is an 
important biological pathway of programmed cell death in 
multicellular organisms, promoting apoptosis has become 
a key strategy for cancer drug discovery (10). Targeting the 
apoptosis signal transduction pathway has become pivotal in 
the implication for cancer therapy (11). Also, inducing cell 
cycle arrest is an effective way to restrict tumor growth in vitro 
and in vivo. We have previously reported that Chaetoglobosin 
K, a secondary metabolite isolated from the fungus Diplodia 
macrospora, could induce apoptosis and G2 cell cycle arrest in 
ovarian cancer cells (12). Other reports have also proven that 
metabolites isolated from marine-derived fungal metabolites 
could induce apoptosis or cell cycle arrest in different human 
cancer cell lines (13,14). All these studies provide a prom-
ising prospect for discovering anticancer drugs from fungal 
metabolites.

Therefore, considering the lack of published reports on the 
anticancer effects of 3-HT in human cancer cells, we aimed to 
investigate its anticancer effects and the molecular signaling 
pathway using two ovarian cancer cell lines, A2780/CP70 and 
OVCAR-3, and a normal human epithelial ovarian cell line, 
IOSE-364 as in vitro models. Our results demonstrate that 
3-HT has effective anticancer effect and provide foundations 
for further studies.

Materials and methods

Materials. 3-Hydroxyterphenyllin (3-HT), was obtained from 
the Cutler Laboratory (University of Mississippi, Oxford, MS, 
USA). 3-HT was dissolved in dimethyl sulfoxide (DMSO) to a 
concentration of 10 mM and stored at -20˚C. Working concen-
trations of 0, 2, 4, 8, 12 and 16 µM, as for control, DMSO was 
diluted by cell culture medium at a final concentration that 
was equal to the maximal concentration of the 3-HT solvent. 
RPMI-1640 medium, bovine serum albumin (BSA), DMSO, 
Hoechst 33342 and DCFH-DA were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS), 
phosphate-buffered saline (PBS) and propidium iodide (PI) 
were purchased from Life Technologies (Grand Island, NY, 
USA). CellTiter 96® AQueous One Solution Cell Proliferation 
assay was purchased from Promega (Madison, WI, USA). 
Pierce LDH Cytotoxicity assay kit and Alexa Fluor® 488 
Annexin V/Dead Cell Apoptosis kit were purchased from 
Thermo Fisher Scientific (Waltham, MA, USA). Primary anti-
bodies to caspase-3, caspase-9, p21Waf1/Cip1 (12D1), p38, Bax, 
Bcl-2, Puma, FADD, cyclin B1, cyclin A2, cyclin D1, cyclin E1, 
CDK2, CDK4, cdc2, cdc25c, cdc25A, p-ATM (Ser1981), 
ATM, DR5, Fas and γ-H2Ax (Ser139) were purchased from 
Cell Signaling Inc. (Danvers, MA, USA). Primary antibodies 
to p53 (C11), p-p53 (Ser15), PARP-1 (F-2), Bad (C-7), Bcl-xL 
(H-5), p-ERK1/2 (Thr202), ERK1 (K-23), chk1 (G4), p-chk2 
(Thr68), chk2 (H-300), DR4 (H-130), GAPDH (0411) and 
the secondary antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA).

Cell lines and cell culture. The human ovarian carcinoma cell 
lines, A2780/CP70 and OVCAR-3 were provided by Dr Jiang 

from the West Virginia University, the normal ovarian surface 
epithelial cell line IOSE-364 was provided by Dr Auersperg 
from the University of British Columbia. All cell lines were 
cultured in RPMI-1640 medium, supplemented with 10% FBS, 
and incubated in a humidified incubator with 5% CO2 at 37˚C. 

Cell viability assay. The effect of 3-HT on cell viability 
was measured by the CellTiter 96® AQueous One Solution 
Cell Proliferation assay. A total of 1.0x104 cells/well were 
seeded in 96-well plates. After incubation for 24 h, the cells 
were treated with different concentrations of 3-HT for 24 h 
and then 100 µl AQueous One reagent was added to each well 
and incubated for another 1 h. Absorbance was measured at 
490 nm using a microplate reader (Synergy™ Multi-Mode; 
BioTek Instruments, Inc., Winooski, VT, USA). Cell viability 
was expressed as a percentage of control.

LDH cytotoxicity assay. LDH assay was determined by LDH 
cytotoxicity assay kit according to the manufacturer's guide-
lines. Briefly, cells were seeded in 96-well plates with the 
density of 1x104 cells/well. After a 24-h growth period, cells 
were exposed to 3-HT at different concentrations for 24 h. 
After incubation, lysis buffer and reaction mixture were added 
to the wells according to the manufacturer's instruction. The 
absorbance at 490 and 680 nm was detected by the microplate 
reader. LDH cytotoxicity was calculated using the following 
formula:

 (Compound-treated LDH activity - spontaneous LDH activity)
% Cytotoxicity = ------------------------------------------------------------------------------------    x 100

 (Maximum LDH activity - spontaneous LDH activity)

Cell cycle analysis. Cell cycle distribution of 3-HT-treated 
cells was determined by flow cytometric analysis. Briefly, 
A2780/CP70 and OVCAR-3 cell were incubated at a density 
of ~1x105 cells/well. After exposing with 3-HT at different 
concentrations for 24 h, cells were washed twice with PBS and 
fixed with ice-cold 70% ethanol at 4˚C overnight. The fixed 
cells were washed twice with PBS followed by incubation with 
RNase A (180 µg/ml) for 30 min at 37˚C. After incubation with 
PI solution (final concentration 50 µg/ml) for another 30 min 
in the dark, cell cycle analysis was performed by FACSCalibur 
flow cytometry system (BD Biosciences, San Jose, CA, USA). 
A total of 20,000 cells of each sample were recorded for the 
analysis. Results were processed by FCS Software (De Novo 
Software, Los Angeles, CA, USA).

Hoechst 33342 staining for apoptosis analysis. Hoechst 
33342, a blue fluorescent dye, was used to analyze the apop-
totic effect. Briefly, ~1x104 cells/well were seeded in 96-well 
plates. After 24-h incubation, cells were treated with (0, 2, 4 
and 8 µM) 3-HT for 24 h, then washed with PBS and stained 
with 10 µg/ml of Hoechst 33342 in PBS for 15 min at 37˚C. 
After that, cells were assessed by fluorescence microscopy 
(Carl Zeiss, Heidelberg, Germany) in a blinded manner to 
avoid experimental bias. Apoptotic effect was evaluated 
through morphological changes.

Analysis of apoptosis by flow cytometry. Induction of apoptosis 
was detected using Alexa Fluor® 488 Annexin V/Dead Cell 
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Apoptosis kit according to the manufacturer's protocol. Briefly, 
after treatment with 3-HT for 24 h, cells were harvested and 
washed twice with cold PBS. The cells were then suspended 
in 100 µl Annexin-binding buffer and stained by adding 5 µl 
Annexin V-fluorescein isothiocyanate and 1 µl 100 µg/ml PI 
solution for 15 min in the dark at room temperature. Next 
400 µl of Annexin-binding buffer was added to each sample. 
Subsequently, 10,000 events of each sample were analyzed 
using flow cytometry within 1 h (BD Biosciences).

Measurement of mitochondrial membrane potential (∆Ψm). 
The mitochondrial membrane potential was measured by 
JC-1 staining (Invitrogen). Cells were treated with (0, 2, 4 and 
8 µM) 3-HT for 24 h, then washed twice with PBS followed by 
incubation with 10 µg/ml JC-1 for 30 min in an incubator with 
5% CO2 at 37˚C. The fluorescence intensity of red to green 
was then measured with a fluorescence plate reader at excita-
tion: emission of 485/595 and excitation: emission of 485/535, 
respectively.

Western blot analysis. Cells were treated with 3-HT at 
different concentrations for 24 h. Total protein was extracted 
by M-PER® mammalian protein extraction reagent supple-
mented with 1% HaltTM Protease Inhibitor Single-Use 
Cocktail on ice for 30 min. The protein concentration was 
measured using BCA protein assay kit. Equal amounts of 
protein were separated electrophoretically with SDS-PAGE 
gels and transferred to nitrocellulose membranes using Mini-
PROTEAN 3 system (Bio-Rad Laboratories, Hercules, CA, 
USA). The membrane was blocked with 5% non-fat milk for 
1 h and followed by incubating with specific primary anti-
bodies at 4˚C overnight. Membranes were washed in TBST 
three times for 30 min, then were incubated with secondary 
antibodies for 2 h at room temperature. Secondary anti-
bodies were removed through washing the membranes in 
TBST three times for 30 min. The membranes were then 
exposed in SuperSignal® West Pico Luminol Enhancer 
Solution (Thermo Fisher Scientific, Rockford, IL, USA) for 
10 min. The visualization of protein bands was performed 
by ChemiDoc™ MP System (Bio-Rad Laboratories). 
Protein bands were quantified using NIH ImageJ software 
and protein levels were normalized by GAPDH as internal 
control.

Intracellular ROS measurement. Peroxide-sensitive fluores-
cent probe DCFH-DA was used to detect the intracellular ROS 
production. Cells were treated with (0, 2, 4 and 8 µM) 3-HT for 
24 h and then incubated with DCFH-DA (10 µM) for 30 min 
at 37˚C. After staining with DCFH-DA, the fluorescence 
intensity was measured by microplate reader with excitation 
at 485 nm and emission at 528 nm. Total protein level was 
detected to normalize the ROS generation; the results were 
expressed as percentage of control.

Statistical analysis. All data were presented as mean ± SEM 
of at least three independent experiments. Statistical analysis 
was performed by Graphpad Prism software and statistical 
comparison was evaluated by one-way analysis of variance 
with Newman-Keuls test. The significant differences were 
shown as P<0.05, P<0.01 and P<0.001.

Results

3-HT suppresses cell growth and induces cytotoxicity of 
ovarian cancer cells. We used cell lines A2780/CP70, 
OVCAR-3 and IOSE-364 to investigate the effect of 3-HT on 
ovarian cancer cells. As shown in Fig. 1C, 3-HT substantially 
suppressed ovarian cancer cell growth in a dose-dependent 
manner, especially in high doses (12 and 16 µM). In contrast, 
3-HT displayed relatively moderate cytotoxicity toward normal 
ovarian surface epithelial cell line IOSE-364 (Fig. 1C). To 
further explore the cytotoxicity effect of 3-HT on IOSE-364, 
A2780/CP70 and OVCAR-3 cells, LDH assay was assessed 
after treatment with 3-HT at different concentrations for 24 h. 
As shown in Fig. 1B, no significant variations were observed 
at concentrations ranging from 2 to 8 µM while a dramatic 
increase in LDH release was observed at 12 µM in both 
A2780/CP70 and OVCAR-3 cells. 3-HT slightly induced LDH 
release in IOSE-364 cells, which meant that 3-HT caused less 
cytotoxicity in normal ovarian cells than in cancer cells. Taken 
together, the results indicated that 3-HT exhibited a growth 
inhibitory effect and cytotoxicity on both A2780/CP70 and 
OVCAR-3 cells in a dose-dependent manner.

3-HT triggers cell cycle arrest at the S phase. We hypothesized 
that the reduced cell viability and increased cytotoxicity after 
treatment with 3-HT might occur due to the inhibition of cell 
progression. To further demonstrate this hypothesis, we deter-
mined the effect of 3-HT on cell cycle arrest. After treatment 
with 3-HT at various concentrations (0, 2, 4 and 8 µM) for 
24 h, the percentages of G0/G1, S and G2/M phase-specific 
cells were evaluated and plotted. We observed significant 
accumulation of cells in S phase in a dose-dependent manner 
in both A2780/CP70 (Fig. 2A) and OVCAR-3 cells (Fig. 2B). 
Compared with the control group, the percentages of 
3-HT-treated A2780/CP70 cells at 2, 4 and 8 µM in the S 
phase increased from 35.75±0.231 to 68.91±7.885, 73.28±0.749 
and 79.37±0.499%, respectively (Fig. 2C). Similarly, the 
percentages of 3-HT-treated OVCAR-3 cells at 2, 4 and 8 µM 
in the S phase increased from 32.28±0.745 to 68.91±1.220, 
73.28±0.612 and 79.37±1.258%, respectively (Fig. 2D). In 
addition, a decrease in both G0/G1 and G2/M cell populations 
occurred concomitant with the increase in S phase. These 
results revealed that 3-HT induced S phase arrest in both 
ovarian cancer cell lines.

3-HT induces apoptosis of ovarian cancer cells. Based on the 
results that 3-HT could induce S phase arrest in ovarian cancer 
cells, we next probed whether 3-HT caused apoptosis. We used 
Hoechst 33342 staining to assess 3-HT-induced changes in 
nuclear morphology. As shown in Fig. 3A, A2780/CP70 and 
OVCAR-3 cells treated with 3-HT for 24 h exhibited dramatic 
nuclear morphology changes. Typical apoptotic nuclear 
morphology such as nuclear shrinkage, fragmentation and 
condensation were observed (Fig. 3A). We next investigated 
the pro-apoptotic effect by using flow cytometric analysis via 
Annexin V/PI staining. The results showed that 3-HT-treated 
OVCAR-3 cells underwent significant apoptosis in a dose-
dependent manner (Fig. 3C). The apoptotic rate increased 
to 31.3% at 8 µM in OVCAR-3 cells vs. 5.8% in the control 
group (Fig. 3E). Though there was no significant difference 
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of apoptotic rate in A2780/CP70 cells (Fig. 3D), we observed 
a growth trend of apoptosis rate as the concentration of 3-HT 
increased (Fig. 3B).

Loss of mitochondrial membrane potential is consid-
ered a hallmark of apoptosis. To further confirm that 3-HT 
induced apoptosis, the mitochondrial membrane potential 
of A2780/CP70 and OVCAR-3 cells was measured after 
treatment with 3-HT at 0, 2, 4 and 8 µM for 24 h. The JC-1 
fluorescence ratio (red/green) decreased markedly in both 

ovarian cancer cells (Fig. 3F and G), which suggested that 
depolarization of mitochondrial membrane potential and 
apoptosis occurred. Furthermore, apoptosis-related proteins 
were also evaluated by western blot analysis. As expected, 
treatment with increasing concentrations of 3-HT for 24 h 
significantly decreased the procaspase-3 levels in both A2780/
CP70 and OVCAR-3 cells (Fig. 3H) and simultaneously 
increased the cleaved caspase-3 level in A2780/CP70 cells 
(Fig. 3H). The 89-kDa cleaved PARP fragments were detected 

Figure 1. 3-HT causes cytotoxicity and reduces cell viability in A2780/CP70 and OVCAR-3 cells, while has limited effect on IOSE-364 cells. (A) The chemical 
structure of 3-Hydroxyterphenyllin. (B) LDH cytotoxicities of 3-HT on IOSE-364, A2780/CP70 and OVCAR-3 cells were determined by LDH assay after 
treatment at indicated concentrations (0, 2, 4, 8 and 12 µM) for 24 h. (C) Effect of 3-HT on cell viability of A2780/CP70, OVCAR-3 and IOSE-364 cells was 
assayed using the MTS method after treatment with various concentrations of 3-HT for 24 h. Data were expressed as mean ± SEM of triplicate experiments. 
**P<0.01 and ***P<0.001. 

Figure 2. 3-HT induces cell cycle arrest in A2780/CP70 and OVCAR-3 cells. (A and B) Cell cycle distributions of A2780/CP70 cells and OVCAR-3 cells. Cells 
were treated with 3-HT (0, 2, 4 and 8 µM) for 24 h, followed by fixing in 70% methanol, and then stained with propidium iodide, cell cycle distributions were 
conducted by flow cytometric analysis. (C and D) A2780/CP70 and OVCAR-3 cell cycle distribution data were expressed as means ± SEM of three independent 
experiments. *P<0.05, ***P<0.001.
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in both cell types at a high concentration (8 µM) of 3-HT 
(Fig. 3H). Together, these results demonstrated that 3-HT can 
induce apoptosis in ovarian cancer cells.

3-HT induces S phase arrest related with DNA damage. DNA 
damage can lead to S phase arrest and result in DNA damage 
repair response (15). To determine whether 3-HT induces 
DNA damage in ovarian cancer cells, we evaluated changes of 
the protein levels of γ-H2Ax (Ser139), p-ATM, ATM, Chk1/2, 
p53, p-p53 (Ser15), p21 and Cdc25C after treatment with 3-HT 
for 24 h. The phosphorylation of H2Ax at Ser139 indicates 

DNA double-strand breaks. ATM, another sensor of DNA 
damage, is phosphorylated after DNA damage (16). Results 
showed a dramatic increase of γ-H2Ax at Ser-139 in both 
3-HT treated ovarian cancer cells (Fig. 4A-C). Additionally, 
the expression of p-ATM significantly increased at the concen-
tration of 8 µM compared with control in A2780/CP70 cells 
(Fig. 4A and B). The phosphorylation of ATM can phosphory-
late Chk1 and Chk2 which are considered key downstream 
checkpoint substrates of ATM, thus, leading to cell cycle 
arrest. Treatment with 3-HT resulted in significant increase 
of the phosphorylation of Chk2 (Thr68) in a dose-dependent 

Figure 3. 3-HT induces apoptosis in A2780/CP70 and OVCAR-3 cells. (A) Hoechst 33342 staining was conducted in the experiment. A2780/CP70 and 
OVCAR-3 cells were treated with 3-HT for 24 h, stained with Hoechst 33342, and then detected by fluorescent microscopy (magnification, x400). (B) Flow 
cytometric analysis of A2780/CP70 cells and (C) OVCAR-3 cells. Cell were treated with 3-HT for 24 h, then stained with Annexin V-FITC and PI solution and 
analyzed with flow cytometry. (D and E) Apoptosis data were expressed as mean ± SEM of three independent experiments; *P<0.05. (F and G) Mitochondrial 
membrane potential changes of A2780/CP70 and OVCAR-3 cells were determined using JC-1. Cells were treated with 3-HT for 24 h and stained with JC-1, the 
fluorescence intensity of red to green was measured by fluorescence microplate reader. Data were expressed as mean ± SEM of three independent experiments; 
***P<0.001. (H) Protein expression levels of procaspase-3, cleaved caspase-3 and PARP1 were analysed by western blotting. A2780/CP70 and OVCAR-3 cells 
were treated with 3-HT for 24 h, the cell lysates were then prepared for western blot analysis. GAPDH was used as internal control.
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manner in A2780/CP70 and OVCAR-3 cells (Fig. 4A-C). 
Chk1 decreased while Chk2 remained unchanged in both 
cells (Fig. 4A-C). We concluded that 3-HT-induced DNA 
damage involved the activation of ATM-Chk2 pathways. 
A target of DNA damage-induced phosphorylation is p53 
protein. DNA damage results in phosphorylation on Ser15 of 
p53 (17). Western blotting results indicated that 3-HT exposure 
increased phosphorylation of p53 (Ser15) and p53 total protein 
levels in both ovarian cancer cell lines (Fig. 4A-C). Whereas, 
the downstream protein Cdc25C was downregulated while p21 
remained unchanged (Fig. 4A-C).

To further investigate the mechanism of 3-HT-induced S 
phase arrest, we then evaluated the expression of cell cycle-
regulatory proteins, such as cyclins, cyclin-dependent kinases 
(CDKs), and cell division cycle (Cdc) proteins using western 
blotting. Our results showed a dramatic downregulation in 

protein levels of CDK2, CDK4, cyclin E1, cyclin A2 and 
cyclin D1, while the protein levels of Cdc25A and cyclin B1 
were upregulated (Fig. 4D-F). Cdc2 remained unchanged 
in both cancer cell types (Fig. 4D-F). Taken together, these 
results indicated that 3-HT induced S phase arrest through 
regulation of the expression of the cell cycle proteins.

3-HT induces ROS accumulation and activates the MAPK 
signaling pathway. Since many anticancer compounds could 
induce ROS generation and activate MAPK signaling pathway 
ultimately causing apoptosis, we then examined the effects of 
3-HT on ROS generation and the MAPK signaling pathway. 
As shown in Fig. 5A and B, treatment with 3-HT at 2, 4 and 
8 µM for 24 h demonstrated higher ROS levels compared with 
the control group in both cell lines. ROS levels increased by 
1.19- (2 µM), 1.23- (4 µM), and 1.23- (8 µM)-fold by 3-HT over 

Figure 4. Effect of 3-HT on DNA damage and cell cycle regulatory proteins in A2780/CP70 and OVCAR-3 cells. (A) The DNA damage regulatory proteins 
in A2780/CP70 and OVCAR-3 cells were detected by western blotting, cells were incubated with 3-HT at 0-8 µM for 24 h, cell lysates were prepared and 
then subjected to western blotting, GAPDH was used as internal control. (B and C) A2780/CP70 and OVCAR-3 protein expression data were expressed as 
means ± SEM of three independent experiments. *P<0.05, **P<0.01, ***P<0.001. (D) The cell cycle regulatory proteins in A2780/CP70 and OVCAR-3 cells were 
detected by western blotting, cells were incubated with 3-HT at 0-8 µM for 24 h, cell lysates were prepared and then subjected to western blotting, GAPDH 
was used as internal control. (E and F) A2780/CP70 and OVCAR-3 protein expression data were expressed as means ± SEM of three independent experiments. 
*P<0.05, **P<0.01, ***P<0.001.
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that in control groups in A2780/CP70 cells (Fig. 5A). Similar 
results were obtained in OVCAR-3 cells, the ROS levels 
increased by 1.28- (2 µM), 1.32- (4 µM), and 1.15- (8 µM)- 
fold compared with control groups (Fig. 5B). These results 
suggested that 3-HT elevated ROS levels dose-dependently in 
ovarian cancer cells.

We then determined the effects of 3-HT on p38, c-Jun 
N-terminal kinase (JNK), and extracellular regular protein 
kinase (ERK), the three main proteins of MAKPs family. 
Results showed that 3-HT significantly induced activation 
of ERK1/2 (Fig. 5C-E). The protein level of p-38 decreased 
in A2780/CP70 cells, while it increased in OVCAR-3 cells 
(Fig. 5C-E). Also, p-JNK protein levels were increased 
in A2780/CP70 cells and decreased in OVCAR-3 cells 
(Fig. 5C-E). The protein level of total JNK was inhibited in 
both cell types (Fig. 5C-E).

3-HT induces apoptosis via intrinsic and extrinsic apoptotic 
pathways. The two best-understood apoptotic activation mech-
anisms are the intrinsic and the extrinsic pathways. Considering 
the fact that 3-HT induced apoptosis in both A2780/CP70 and 
OVCAR-3 cells, we next examined whether the intrinsic and/or 
extrinsic apoptotic pathways were/was involved in the apop-
totic effect by western blotting. We first detected the intrinsic 
apoptotic pathway related proteins such as Puma, Bax, Bad, 
Bcl2, Bcl-xL and procaspase-9. Puma protein expression was 
significantly upregulated in A2780/CP70 and OVCAR-3 cells 
(Fig. 6A-C). The level of pro-apoptotic protein Bax remained 
unaffected in A2780/CP70 cells (Fig. 6A and B); however, it 
slightly decreased in OVCAR-3 cells (Fig. 6A and C). Another 
pro-apoptotic protein Bad showed no significant changes in 

either cell type (Fig. 6A-C). Anti-apoptotic proteins Bcl-2 and 
Bcl-xL were inhibited after treatment with 3-HT (Fig. 6A-C). 
The procaspase-9 protein level was also inhibited in both cell 
lines (Fig. 6A-C). These results suggested that the intrinsic 
apoptotic pathway was involved in 3-HT-induced apoptosis.

We further checked the expression levels of extrinsic 
apoptotic pathway related proteins. The levels of DR4 and Fas 
receptor increased in A2780/CP70 cells; however, no signifi-
cant changes were observed in OVCAR-3 cells (Fig. 6D and F). 
FADD protein expression levels were downregulated. We also 
observed that protein levels of DR5 were upregulated signifi-
cantly in A2780/CP70 and OVCAR-3 cells (Fig. 6D-F). The 
results above indicated that the extrinsic apoptotic pathway 
was also involved in 3-HT-induced apoptosis in ovarian cancer 
cells.

Discussion

The major problem facing current cancer research is the resis-
tance of cancer to chemotherapy and molecularly targeted 
therapies (18). Resistance to platinum-based drugs continues 
to be a major factor leading to therapeutic failure for ovarian 
cancer (19). In the present study, we first investigated whether 
3-HT, the metabolite isolated from Aspergillus candidus, 
could exhibit anticancer effects in vitro. Our results clearly 
demonstrate that 3-HT exhibited significant cell viability inhi-
bition effect against ovarian cancer cells due to the induction 
of S phase arrest and apoptosis at low concentrations. The IC50 
values of 3-HT for the growth of A2780/CP70 and OVCAR-3 
cells were 5.77 and 6.97 µM, respectively. These results were 
consistent with previous reports that many metabolites of 

Figure 5. 3-HT induces ROS generation and activates the MAPK pathway. (A and B) ROS generation in A2780/CP70 and OVCAR-3 cells were detected using 
DCFH-DA. Cells were treated with 3-HT for 24 h, then incubated with DCFH-DA, fluorescence intensity was measured by fluorescence microplate reader. 
Data were expressed as mean ± SEM of three independent experiments. *P<0.05, **P<0.01. (C) Protein levels of MAPK family in A2780/CP70 and OVCAR-3 
cells were analysed by western blotting. Cells were treated with 3-HT for 24 h, cell lysates were then prepared and subjected to western blotting to detect the 
protein levels, GAPDH was used as internal control. (D and E) A2780/CP70 and OVCAR-3 protein expression data were expressed as means ± SEM of three 
independent experiments. *P<0.05, **P<0.01, ***P<0.001.
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fungi inhibit cell proliferation in various cancer cell 
types (13,20,21). However, 3-HT also resulted in the loss of 
cell viability in IOSE-364. In LDH assay, significant altera-
tions of LDH leakage levels were observed in both ovarian 
cancer cell lines while 3-HT caused slightly less LDH release 
in IOSE-364 cells. These results clearly suggested that 3-HT 
caused cytotoxic effects in both ovarian cancer cells. However, 
3-HT was less cytotoxic to normal ovarian epithelial surface 
cells, IOSE-364. The MTS and LDH assays both suggested 
3-HT demonstrated different effect on ovarian cancer cells 
and normal cells. Ideal anticancer drugs are expected to be 
cytotoxic to cancer cells while being selective towards normal 
cells with minimal cytotoxicity (22). The present study demon-
strated the 3-HT selectivity towards ISOE-364 cells by 
increasing LDH release in A2780/CP70 and OVCAR-3 cells 
indicating targeted cytotoxicity. Cell cycle regulation plays an 
important role in tumorigenesis and tumor progression; thus, 
the molecules involved in cell cycle regulation become poten-
tial targets for therapeutic interventions (23). The eukaryotic 
cell cycle includes four sequential phases, G1, S, G2 and M. S 
and M phases are arguably the most pivotal phases pertaining 

to DNA replication and the creation of two new daughter 
cells (24). Flow cytometric analysis provided evidence that 
A2780/CP70 and OVCAR-3 cells were arrested at S phase 
after 3-HT treatment. Previous studies have shown that natural 
products and their derivatives are considered leads to the cell 
cycle pathway in cancer chemotherapy treatments (25). Some 
chemotherapy drugs like 5-fluorouracil and 6-mercaptopurine 
are commonly used to treat lukemias, ovarian and breast 
cancers, and other types of cancers by damaging cancer cells 
during the S phase (26). In addition, several other natural 
compounds, which have exhibited S phase arrest, have also 
been shown to induce apoptosis (27-29). In the present study, 
3-HT reduced the cell viability of ovarian cancer cells partly 
through arresting cell cycle at S phase, thus, can become a 
candidate for further research to treat ovarian cancer in the 
future. Given the importance of the induction of apoptosis in 
cytotoxicity, we also evaluated the apoptotic effect of 3-HT on 
ovarian cancer cells using several methods. Nuclear chromatin 
condensation and nuclear DNA fragmentation are typical 
morphological hallmarks of apoptosis (30). These changes 
were clearly observed in both ovarian cancer cell lines after 

Figure 6. Effect of 3-HT on the intrinsic and extrinsic apoptotic pathways in A2780/CP70 and OVCAR-3 cells. (A) The intrinsic apoptotic related proteins were 
detected by western blotting. The cells were treated with 3-HT for 24 h. Cell lysates were prepared and then subjected to western blotting to detect the protein 
levels. GAPDH was used as internal control. (B and C) A2780 and OVCAR-3 protein expression data were expressed as means ± SEM of three independent 
experiments. *P<0.05, **P<0.01, ***P<0.001. (D) The intrinsic apoptotic related proteins were detected by western blotting. The cells were treated with 3-HT for 
24 h. Cell lysates were prepared and then subjected to western blotting to detect the protein levels. GAPDH was used as internal control. (E and F) A2780/CP70 
and OVCAR-3 protein expression data were expressed as means ± SEM of three independent experiments. *P<0.05, **P<0.01, ***P<0.001.
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treatment with 3-HT by Hoechst 33342 staining. Annexin V/PI 
staining further confirmed the number of apoptotic cells 
increased with increased concentrations of 3-HT. The loss of 
mitochondrial membrane potential is considered as another 
hallmark of early apoptosis. Our results showed a dose-
dependent reduction of mitochondrial membrane potential in 
both cancer cell lines; thus, indicating that 3-HT induced 
apoptosis is related to mitochondrial damage. Protein cleavage 
is another key hallmark of apoptosis (31). The central role in 
the initiation of apoptosis is caspase-3 activation and the 
induction of cleavage of PARP by caspase-3 (32). In this study, 
the induction of caspase-3 and PARP cleavage indicated that 
3-HT induced apoptosis was caspase-dependent. Collectively, 
all these results indicated that the anti-proliferation effect of 
3-HT on ovarian cancer cells was also mediated by induction 
of apoptosis. Therefore, our results indicated that the anti-
proliferative effects of 3-HT against ovarian cancer cells are 
correlated strongly with S phase arrest and apoptosis. To 
further elucidate the possible mechanisms that 3-HT induced 
cell cycle arrest at S phase, the expression of cell cycle regula-
tory proteins was determined by western blot analysis. 
Cyclin-dependent kinases (CDKs) are a family of protein 
kinases that regulate the cell cycle progression. 3-HT signifi-
cantly inhibited the expression of cyclin E1, cyclin A2 and 
CDK2; thus, preventing the formation of cyclin E-CDK2 and 
cyclin A2-CDK2 complexes, which play pivotal role in the 
initiation and progression of the S phase (33), ultimately 
leading to S phase arrest. The results were in accordance with 
previous studies that natural compounds induced S phase 
arrest by inhibiting the expression of cyclin E, cyclin A2 and 
CDK in different types of human cancer cells (27,28). A 
previous study reported that h-PNAS-4 induced S phase arrest 
in ovarian cancer cells via activation of the Cdc25A-Cdk2-
cyclin E/cyclin A pathway, the expression of cyclin E and 
cyclin A were upregulated while Cdc25A was inhibited (34). 
However, in this study, we found that Cdc25A was increased 
while cyclin E and cyclin A were inhibited. The inhibition of 
cyclin E and cyclin A prevented the formation of cyclin E/CDK2 
and cyclin A/CDK2 complexes and leading to the S phase 
arrest. 3-HT downregulated the expression of CDK4 and 
cyclin D1, as cyclin D1 is only suppressed in S phase and its 
inhibition is an index for S phase arrest (34). The downregula-
tion of cyclin D1/Cdk4 complex was also observed in a 
previous report in resveratrol-induced cell arrest in colon 
cancer cells (35). We thus, concluded that the downregulation 
of CDK4 and cyclin D1 contributed to the S phase arrest in 
A2780/CP70 and OVCAR-3 cells. Moreover, the upregulation 
of cyclin B1 induced by 3-HT was also observed in A2780/CP70 
cells. Several reports also found an increase of cyclin B1 that 
was correspondent with the S phase arrest induced by different 
compounds in various cancer lines (36-38). These results indi-
cated that 3-HT induced S phase arrest stemmed from the 
inactivation of cyclin E/Cdk2, cyclin A/Cdk2 and cyclin D1/
Cdk4 complexes. The upregulation of cyclin B1 also contrib-
uted to the S phase arrest. Cell cycle arrest might be associated 
with the induction of DNA damage via activation of ATM/
p53-mediated DNA damage response in MCF-7 cells (39). 
ATM is a DNA damage sensor that participates in the detec-
tion of DNA double-stranded breaks. Studies have indicated 
that ATM is activated when double-stranded breaks occur, and 

activated ATM results in the phosphorylation of p53 at Ser15 
in response to DNA damage (40,41). ATM could also directly 
phosphorylate H2Ax at Ser139, which is considered an early 
event in response to DNA damage (42). Chk1 and Chk2 are 
involved in channeling DNA damage signals from ATR and 
ATM in mammalian cells, respectively. Other research has 
shown that Chk2 at Thr68 is phosphorylated by ATM in 
response to DNA damage (43,44). Indeed, in the present study, 
3-HT treatment led to the upregulation of p-ATM in A2780/
CP70 cells. The DNA double strand breaks that occurred in 
A2780/CP70 and OVCAR-3 cells were indicated by the 
significant upregulation of γ-H2Ax. Total p53 and phosphory-
lation of p53 at Ser15 were dramatically increased in both 
ovarian cancer cell lines; furthermore, a significant induction 
of p-Chk2 was observed in a dose-dependent manner in both 
A2780/CP70 and OVCAR-3 cells. We also observed signifi-
cant inhibition of Cdc25C in both cancer cell types. A previous 
study has reported that the activation of the ATM/ATR-Chk1/2-
Cdc25C pathway is a central mechanism in S phase arrest in 
OVCAR-3 cells induced by resveratrol (38). Our results 
strongly suggest this pathway was involved in the 3-HT 
induced S phase arrest in A2780/CP70 and OVCAR-3 cells.

The intrinsic and the extrinsic apopotic pathways are well 
documented. The intrinsic pathway is mediated by molecules 
released from mitochondria (45). Cytochrome c and AIF are 
released from the mitochondria to the cytosol, and caspase-9 
is activated during the prosess (46). Caspase-9 plays a key 
role in the intrinsic pathway through activating caspase-3 and 
caspase-7 (47). In this study, procaspase-9 was decreased and 
cleaved caspase-3 was upregulated in both ovarian cancer cells 
indicating that 3-HT triggered the intrinsic apoptotic pathway. 
Bcl-2 family proteins are considered key regulators of the 
intrinsic pathway. The mitochondrial membrane permeabili-
zation is governed by either pro-apoptotic (Puma, Bax, Bad 
and Bak) or anti-apoptotic (Bcl-2, Bcl-xL,Bcl-B and Bcl-W) 
proteins (48). Puma is a pro-apoptotic factor which served as 
a direct mediator of p53-associated apoptosis. The expression 
of Puma can induce apoptosis in human cancer cells (49). 
Puma can transduce death signals to mitochondria where it 
induces mitochondrial dysfunction and caspase activation by 
binding and inhibiting multidomain Bcl-2 family members 
(50). A previous report found that Puma initiates apoptosis 
partly through dissociating Bax and Bcl-xL (51). In this study, 
3-HT treatment significantly upregulated the protein level of 
Puma and downregulated Bcl2 and Bcl-xL in both ovarian 
cancer cell lines. Together with the downregulation of pro-
caspase-9 and activation of caspase-3, our results strongly 
suggested that the intrinsic apoptotic pathway was involved 
in 3-HT-mediated apoptosis. The extrinsic apoptotic pathway 
is triggered by binding death ligands of the tumor necrosis 
factor (TNF) family to death receptors (DRs) (52). Here, the 
protein level of Fas was upregulated in 3-HT-treated ovarian 
cancer cells; furthermore, 3-HT markedly upregulated the 
proteins levels of DR4 and DR5. Similar results were found in 
paclitaxel triggered apoptosis in prostate cancer cells through 
upregulation of DR4 and DR5 protein levels (53). Our results 
showed that the protein expression of FADD was downregu-
lated in both ovarian cancer cell types. A previous study also 
observed upregulation of DR4 and downregulation of FADD 
in TRAIL-mediated apoptosis in prostate carcinoma LNCap 
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cells (51). These results indicated that the extrinsic apoptotic 
pathway was also involved in 3-HT-induced apoptosis. It has 
been reported that damaging anticancer agents can upregu-
late p53 proteins levels, which subsequently upregulate DR4 
and DR5 expression (54,55). Our results found that 3-HT 
induced DNA damage and resulted in the upregulation of p53 
as well as DR4 and DR5 in both ovarian cancer cell lines. 
The specific role of p53 in 3-HT induced apoptosis worth 
further investigation.

The accumulation of ROS is an early event connected 
with cancer cell apoptosis induced by DNA damage (56,57). 
Excessive ROS can induce apoptosis. Previous studies have 
indicated that ROS induced apoptosis is mediated by p38 
MAPK, JNK and ERK activation (58,59). ERK is a signaling 
molecule that plays a key role in cell survival and differen-
tiation and can be activated by extracellular stimuli such as 
DNA-damaging agents (23). In this study, we observed that 
3-HT significantly increased ROS production. Exposure 
to 3-HT induced ERK1/2 phosphorylation in both ovarian 
cancer cell lines and resulted in the upregulation of p-JNK in 
A2780/CP70 cells. Similar results were reported in HEMA 
and TEGDMA induced apoptosis by the formation of ROS 
and activation of MAP-kinases ERK, JNK and p38 (58). 
ERK activation can result in S phase arrest and apoptosis 
in human pancreatic cancer cells (60). Previous reports 
have also shown that activation of ERK is likely playing a 
role in 2,3-DCPE-mediated S phase arrest in human colon 
cancer cells (23). In the present study, we did not elucidate 
the specific mechanism of ROS generation and ERK acti-
vation in 3-HT-induced apoptosis and S phase in ovarian 
cancer cells, but the results provide fundamental evidence 
for further underlying the role of ROS generation and ERK 
activation in apoptosis.

In summary, the present study indicated for the first 
time that 3-HT, the metabolite of Aspergillus candidus, 
significantly inhibits proliferation of A2780/CP70 and 
OVCAR-3 cells. 3-HT treatment caused DNA damage and 
cell cycle arrest in the S phase. The results also indicated 
that 3-HT induced cell apoptosis by activating both the 
intrinsic pathway and the extrinsic death receptor pathway. 
The generation of ROS and activation of ERK also play 
an important role in 3-HT induced anti-proliferation effect 
on ovarian cancer cells. Thus, this study demonstrated that 
3-HT should be considered as an important anti-proliferative 
and pro-apoptotic agent for ovarian cancer and needs further 
investigation.
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