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Abstract A1E is an extract from traditional Asian medicinal

plants that has therapeutic activities against cancers, metabolic

disease, and other intractable conditions. However, its mechanism

of action on cervical cancer has not been studied. In order to

ascertain if A1E would have pronounced anti-cervical cancer

effect, cervical cancer cells were incubated with A1E and apoptosis

was detected by nuclear morphological changes, annexin V-FITC/

PI staining, cell cycle analysis, western blotting, Reverse-transcription

polymerase chain reaction, and measurement of mitochondrial

membrane potential. Expression of human papiloma virus E6 and

E7 oncogenes was down-regulated in A1E-treated cervical cancer

cells, while p53 and retinoblastoma protein levels were enhanced.

A1E also perturbed cell cycle progression at sub-G1 and altered

cell cycle regulatory factors in SiHa cervical cancer cells. A1E

activated apoptotic intrinsic pathway markers such as caspase-9,

caspase-3 and poly ADP-ribose polymerase, and down-regulated

expression of Bcl-2 and Bcl-xl. A1E induced mitochondrial

membrane potential collapse and cytochrome c release, and

inhibited phosphatidylinositol 3-kinase (PI3K)/Akt, key factors

involved in cell survival signaling. Taken all these results, A1E

induced apoptosis via activation of the intrinsic pathway and

inhibition of the PI3K/Akt survival-signaling pathway in SiHa

cervical cancer cells. In conclusion, A1E exerts anti-proliferative

action growth inhibition on cervical cancer cells through apoptosis

which demonstrates its anti-cervical cancer properties.

Keywords apoptosis · cervical cancer · human papiloma virus ·

secondary metabolites · traditional medicinal plant

Introduction

Herbal medicines have been used to treat various diseases since

ancient times in many Asian countries. Herbal medicines are

extracted from traditional Asian medical plants and have

therapeutic activities against cancers, angiogenesis, and metastasis

in the absence of observable in vivo side effects (Lee et al., 2011).

It has been also reported that herbal formula inhibits cell

proliferation and induces cell death via modulating the autophagy

on human colon cancer cells (Yim et al., 2013). A1E is an extract

from Asian traditional medicinal plants containing 11 herbal

plants (Bak et al., 2013). Asian traditional medicines have been

identified as an effective drug for improving function of the

digestive system and for strengthening defenses against various

infections in Asia (Kishida et al., 2007; Lee et al., 2012). One

component of this medicine, ginseng, was reported to possess

many anti-cancer effects, as well as enhancing immunity (Kiefer
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and Pantuso, 2003). Chaga was also reported to exhibit anti-

mutagenic and anti-cancer effects (Ham et al., 2009; Nakajima et

al., 2009). In this study, we investigated whether A1E would have

apoptotic effects on cervical cancer cells.

Cervical cancer is the second leading cause of female cancer

deaths worldwide. Infection with high-risk human papilloma

viruses (HPVs), such as HPV 16, 18, 31, and 33, play a central

role in the development of almost 99.5% of cervical cancers

(Munagala et al., 2011). HPV is implicated in virtually all cervical

cancers worldwide, with HPV 16 being the most common high-

risk type. The E6 and E7 oncoproteins have been shown to be the

main mediators of the development of HPV-induced cervical

carcinoma. High-risk E6 and E7 oncoproteins drive cell proliferation

and contribute to neoplastic progression. E6-mediated p53

degradation prevents the normal repair of chance mutations in the

cellular genome (Doorbar, 2006). The E7 protein associates with

the retinoblastoma (RB) protein and interferes with the production

of E2F/RB complex, that result lead to E2F activation and gene

transcription (Sima et al., 2007). When expressions E6 and E7

genes are inhibited, tumor suppressor proteins such as retinoblastoma

protein (pRb) and p53 are normally recovered.

Cell death takes 2 distinct forms: necrosis and apoptosis.

Necrosis is a degenerative phenomenon that follows irreversible

injury. Apoptosis, in contrast, is an active process requiring protein

synthesis for its execution (Walker et al., 1988). Apoptosis can

easily be distinguished from necrosis through its diverse alterations

to the cell, including chromatin condensation, DNA fragmentation,

cytoplasmic shrinkage, and the formation of apoptotic bodies

(Bak et al., 2011). In particular, the apoptotic intrinsic pathway

involves a cascade of molecular events occurring entirely within

cells. Mitochondria are central to the intrinsic apoptotic pathway.

On receipt of an apoptotic signal, a pro-apoptotic member of the

B-cell lymphoma-2 (Bcl-2) family, such as Bcl-2-associated X

(Bax), oligomerizes and inserts into the mitochondrial membrane,

permeabilizing it and allowing cytochrome c to redistribute into

the cytoplasm (Franklin, 2011). p53 can translocate to the cytosol

and associate with mitochondria. Direct effects of p53 on proteins

of the Bcl-2 family have been proposed (Lucken-Ardjomande et

al., 2005). Intrinsic pathway-related p53 protein is also degraded

by HPV E6 protein (Tan et al., 2012). The Phosphatidylinositide

3-kinases/Akt (PI3K/Akt) pathway can induce cell cycle progression

by modulating the protein stability of cyclin D (Muise-Helmericks

et al., 1998). Akt can phosphorylate pro-apoptotic Bad, and allow

excess Bcl-2 or Bcl-XL to out-compete Bax (Chang et al., 2003).

In this study, we assessed the molecular mechanisms involved

in the anti-cancer effects of A1E, an Asian medicinal plant extract.

We examined the role of the cytotoxic and apoptotic pathways in

A1E activity in the cervical cancer cell line SiHa. We assessed the

potential of A1E as a novel chemotherapeutic agent in human

cervical cancer. To this end, we investigated the effects of A1E on

apoptosis mediated via intrinsic pathways and on PI3K/Akt

survival signaling pathways in SiHa cells.

Matrials and Methods

Reagents. CellTiter 96 AQueous One solution Cell Proliferation

Assay Reagent (MTS; 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-

methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) was purchased

from Promega (USA). Phenazine methosulfate (PMS), Hoechst

stain solution and propidium iodide (PI) were purchased from

Sigma (USA). An FITC-annexin V Apoptosis Detection Kit I was

purchased from BD Biosciences (USA). Antibodies specific to

cyclin D were purchased from BD Biosciences. Antibodies specific

to poly ADP-ribose polymerase (PARP), caspase-3, caspase-9,

caspase-8, Bcl-2, Bcl-xl, pRb, p53, p-p53, cytochrome c, and anti-

mouse IgG-horseradish peroxidase were purchased from Cell

Signaling Technology (USA). Antibodies specific to p21, p27,

GAPDH, and anti-goat IgG- horseradish peroxidase (HRP) were

from Santa Cruz Biotechnology (USA). A caspase-9 inhibitor (Z-

IETD-fmk) was from R&D Systems (USA). qPCR reagent iQTM

and SYBR® Green Supermix were both from Bio-Rad (USA). JC-

1 (5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl benzimidazolylcarbocy-

anine iodide) was purchased from Enzo (USA).

Oriental medicinal herbs and formulation of A1E. A1E is

composed of 11 oriental medicinal herbs. The 11 ingredients and

their proportions (w/w) were determined as recently reported (Bak

et al., 2013) and the same batch has been also used and analyzed

in this study.

15.8% Ginseng (Korea), 15.8% Chaga (Russia), 10.6% Pinellia

tuber (China), 5.2% Sparganium rhizome (China), 5.2% Alpinia

rhizome (China), 5.2% Alpinia katsumadai seed (Vietnam), 5.2%

Astragalus Root (Korea), 5.2% Cinnamon bark (Vietnam), 10.6%

Dolichos seed, 10.6% Psoraleae semen (India), and 10.6% Arisaema

rhizome (China). The herbal ingredients were obtained from the

Oriental Medical Hospital, Dongguk University (Korea) and

kindly authenticated by Dr. Seonghyun Jeong (Department of

Oriental Herbal Materials, Dongguk University). Ethanol extracts

from the above listed plants were prepared as follows. The dried

and pulverized medicinal herbs were mixed together, and 1 kg

batches were soaked in 40% ethanol (3 L). The ethanol extract

was concentrated using a rotary evaporator, lyophilized, and then

reconstituted in distilled water for the in vitro studies described

below.

Cell culture. HPV 16-positive SiHa and CaSki cervical carcinoma

cells and the HPV-negative cervical cancer cell line C33A were

obtained from the American Type Culture Collection (USA). The

cells were cultured in Dulbecco's Modified Eagle Medium

(DMEM) medium (Hyclone Laboratories, USA) supplemented

with 2 mM L-glutamine and 10% fetal bovine serum (Hyclone

Laboratories USA), and incubated under humidified conditions at

37oC with 5% CO2.

Cytotoxicity assay. In order to test the effect of A1E on cell

growth, cell viability was quantified using MTS. Cervical cancer

cells (1×104) were seeded in 100 µL of medium in 96-well plates

and incubated overnight. After 20 h, the cells were treated with
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various concentrations of A1E for 24 h. Media samples (100 µL)

were removed and washed one time. The cells were incubated

with 20 µL MTS (2 mg/mL) and PMS mixed solution in DMEM

medium for 1–2 h at 37oC. The optical absorbance was measured

at 492 nm using a spectrophotometer (Apollo LB 9110, Berthold

Technologies GmbH, Germany).

Hoechst staining. Apoptotic nuclear morphology was observed

using Hoechst staining and fluorescence microscopy (×100) (Latt

et al., 1976). SiHa cervical cancer cells were seeded on coverslips

in 6-well plates, and treated with various concentrations of A1E

for 24 h. The coverslips were then washed twice with phosphate-

buffered saline (PBS) and fixed with 4% paraformaldehyde for

1 h at room temperature. After washing 3 times with PBS, the

cells were stained with the Hoechst staining solution at 37oC. The

coverslips were then washed with PBS a further 3 times, dried

completely, and mounted on microscope slides with mounting

solution. The slides were observed using fluorescence microscopy.

Detection of apoptosis. Apoptotic cells were quantified by flow

cytometry (Vermes et al., 1995). SiHa cells were plated in 6-well

plates at a concentration of 2×105/well, incubated overnight to

adhere, and treated with various concentrations of A1E for 48 h

before harvesting and washing with PBS. Staining was performed

with the FITC-Annexin V Apoptosis Detection Kit I (PharMingen,

USA), in accordance with the manufacturer’s instructions (BD,

USA). The percentage of late apoptotic cells was calculated from

the Annexin-V-positive signal and the PI-positive signal.

Cell cycle analysis by flow cytometry. Cell cycle distribution

was quantified using flow cytometry. The cervical cancer cells

(2×105/well) were seeded in 6-well plates and incubated overnight

to adhere. The cells were exposed to various concentrations of

A1E for 24 h. The cells were then harvested, washed with PBS,

and fixed with ice-cold 70% EtOH at −20oC. After fixation, the

cells were washed with PBS and stained for 30 min with PBS

containing 50 µg/mL PI and 100 µg/mL RNaseA for 20 min in

the dark. The DNA content was analyzed using a FACSCalibur

instrument and CellQuest software (BD Bioscience). The sub-G1

cell population was counted, with their hypodiploid (2 N)

fragmented DNA, indicating ongoing apoptosis. 

Reverse-transcription polymerase chain reaction (RT-PCR)

and real-time quantitative PCR. The cells were harvested and

lysed using the easy-BLUE Total RNA Extraction Kit (iNtRon

Biotechnology, Korea) according to the manufacturer’s instructions

(Eckardt, 2010). RNAs (5 µg) were reverse transcribed using M-

MuLV reverse transcriptase (New England Biolabs, USA). RT-

PCR analysis was performed using a PCR thermal cycler Dice

instrument (TaKaRa, Japan) with the following primer sets: E6:

5'-ATG CAC CAA AAG AGA ACT GCA-3' (forward) 5'-TTA

CAG CTG GGT TTC TCT ACG-3' (reverse); E7: 5'-ACA AGC

AGA ACC GGA CAG AG-3' (forward), 5'-TGG GGC ACA

CAA TTC CTA GT-3' (reverse); GAPDH: 5'-TGA TGA CAT

CAA CAA GGT GGT-3' (forward), 5'-TCCTTG GAG GCC ATG

TAG GCC-3' (reverse). Fas: 5'-AGG GAT TGG AAT TGA GGA

AG-3' (forward), 5'-ATG GGC TTT GTC TGT GTA CT-3'

(reverse) Fas-associated protein with death domain (FADD): 5'-

ACC TCT TCT CCA TGC TGC TG-3' (forward) 5'-CAC ACA

GGT CTT CTT CCC CA-3' (reverse) TRAIL: 5'-GTC TCT CTG

TGT GGC TGT AA-3' (forward) 5'-TGT TGC TTC TTC CTC

TGG CT-3' (reverse). GAPDH was used as an internal control.

Real-time quantitative PCR was performed with a relative

quantification protocol using the Chromo 4 Real-Time PCR

system and iQ SYBR Green Supermix (both from Bio-Rad). All

the target genes were normalized to the expression of the

housekeeping gene GAPDH. Each sample was run with the

following primer sets: E6 qPCR: 5'-TTG CTT TTC GGG ATT

TAT GC-3' (forward), 5'-GGT TTG TTG TAT TGC TGT TC-3'

(reverse); E7 qPCR: 5'-ATG CAT GGA GAT ACA CCT ACA

TTG-3', 5v-TTA TGG TTT CTG AGA ACA GAT GGG-3';

GAPDH qPCR: 5'-GGC TGC TTT TAA CTC TGG TA-3'

(forward), 5'-TGG AAG ATG GTG ATG GGA TT-3' (reverse);

FADD: 5'-ACC TCT TCT CCA TGC TG-3' (forward), 5'-CAC

ACA GGT CTT CCC CA-3' (reverse). The fold changes in

expression represent the ratio of E6 and E7 expression in the A1E-

treated cervical cancer cells compared to the untreated control.

Western blot analysis. Cells were harvested using a scraper and

collected by centrifugation (7 2×g, 5 min, 4oC). The cells were

then washed with ice-cold PBS and centrifuged (1,890×g, 5 min,

4oC). The pellets were suspended in a lysis buffer containing 0.1%

sodium dodecyl sulfate (SDS), 0.1% sodium deoxycholate, 1%

Triton X-100, 1 mM EDTA, 0.5 mM ETDA, 140 mM NaCl, 10

mM Tris-HCl (pH 8.0), and a protease inhibitor cocktail. The cell

lysates were incubated on ice for 2 h and then clarified by

centrifugation at maximum speed for 30 min at 4oC. Equal

quantities of protein samples (50 µg) were separated by SDS-

polyacrylamide gel electrophoresis (PAGE) and then transferred

to polyvinylidene difluoride membranes. The membranes were

blocked in 5% non-fat dried milk dissolved in Tris-buffered saline

containing Tween-20 (2.7 M NaCl, 53.65 mM KCl, 1 M Tris-

HCl, pH 7.4, and 0.1% Tween-20) for 1 h at room temperature

before incubation with the specific primary antibodies for 2 h at

room temperature. After the membraines were washed three

times, the secondary antibodies (HRP-conjugated α-rabbit or α-

mouse IgG) were incubated with the membranes for 1 h at room

temperature. After washing 4 times, the signals were visualized

using the Westzol plus Western Blot Detection System (iNtRON

Biotechnology, Korea).

Nuclear and cytoplasmic fractionation. SiHa cells were treated

with A1E for 24 h prior to harvesting and fractionation with NE-

PER Nuclear and Cytoplasmic Extraction Reagents (Thermo Fisher

Scientific Inc, USA) according to the manufacturer’s instructions.

Briefly, cells were collected by centrifugation at 1,980×g, 4oC, 5

min, washed with PBS and re-centrifuged. The cell pellet was

suspended with buffer I, vortexed, and incubated on ice for 10

min. Buffer II were added and incubated for 1 min prior to

centrifugation at 16,000×g, 4oC, 5 min, to produce a cytoplasmic

extract supernatant. The insoluble pellet was then suspended with

buffer III, incubated on ice for 40 min and centrifuged at

16,000×g for 10 min to produce a nuclear extract supernatant.

Equal quantities of protein from these extracts (50 µg) were
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separated by SDS-polyacrylamide gel electrophoresis.

Analysis of mitochondrial transmembrane potential (MMP).

The MMP (∆øm) was measured using JC-1 (5,5',6,6'-tetrachloro-

1,1',3,3'-tetraethyl-benzimidazolyl carbocyanine chloride) staining

and flow cytometry. The cervical cancer cells were plated at a

seeding density of 3×105 cells/well, treated with various concentrations

of A1E for 24 h, and harvested by trypsin-EDTA. Cells were then

incubated with 5 µg/mL of JC-1 for 10 min at 37oC in darkness.

Stained cells were washed with PBS and detected by FACS with

a 488-nm laser.

Fig. 1 Cytotoxic effect of A1E on cervical cancer cells. (A) SiHa, CaSki, C33A, and HaCaT cells were treated with A1E for 24 h, and the cell
viabilities were measured by MTS assay. Data represent average percentages ± SD from 5 well experiments. *p <0.05, **p <0.01, and ***p <0.001, as
compared to untreated control cells. (B) SiHa cells were exposed to the level of A1E indicated and imaged using phase-contrast microscopy (×40) and
Hoechst nuclear staining using fluorescence microscopy (×100). (C) Cells were stained with AnnexinV-FITC/PI and analyzed by flow cytometry. The
lower left quadrant (AnnxV/PI) represents viable cells, whereas the lower right quadrant (AnnxV+/PI) represents early-phase apoptotic and the upper
right quadrant (AnnxV+/PI+) represents late-phase apoptotic/necrotic cells.
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Statistical analysis. Data presented are the mean ± SEM of results

from at least 3 independent experiments. Statistical significance

was assessed with Student’s t-test. *p <0.05, **p <0.01 and ***p

<0.001 were considered statistically significant.

Results

A1E reduced proliferation and induced apoptosis in cervical

cancer cells. The effects of A1E on the viability of several

cervical cancer cell lines (SiHa, CaSki, and C33A) and HaCaT

normal keratinocyte cell lines were determined by MTS assay

(Fig. 1A). A1E exerted the cytotoxicity against SiHa cells in vitro

with an estimated significant effect on cell viability at 0.125 mg/

mL and this reached a maximum of approx. 55.27% cell death in

the presence of 0.5 mg/mL (Fig. 1A). However, CaSki, HPV 16-

negative C33A, and HaCaT normal keratinocyte cells were only

slightly affected by A1E. Therefore, we focused on SiHa cells.

Morphological changes were apparent under inverted phase-

contrast microscopy. Treatment of SiHa cells with A1E for 24 h

resulted in significant chromosomal condensation, detected by

Hoechst staining (Fig. 1B). To determine whether the cytotoxic

effect of A1E was associated with the induction of apoptosis,

SiHa cells were treated with A1E, and then analyzed by flow

cytometry for the early apoptotic marker annexin V. The annexin

V and PI staining results, in conjunction with the observed nuclear

condensation, provided experimental evidence that A1E-induced

cell death was caused by apoptosis (Fig. 1C).

A1E induced sub-G1 phase and S phase arrest by modulating

p53 and pRb and their targeting proteins involved in cell cycle

progression. SiHa cells treated with A1E (0.5 mg/mL) for 24 h

showed a significant alteration in cell cycle progression. A1E-

treated SiHa cells showed an increase in the sub-G1 phase,

indicating cleavage of nuclear DNA. The number of cells in the

sub-G1 phase increased in a dose-dependent manner (Fig. 2A).

The S phase was also delayed up to the concentration of A1E

(~0.25 mg/mL). However, almost cells were arrested by sub-G1

phase and the number of cells in the S phase decreased at high

concentration of A1E (0.5 mg/mL) (Fig. 2A). The SiHa cervical

cancer cell line has previously been shown to express E6 and E7

oncoproteins that degrade p53 and inactivate pRb, respectively

(Furumoto and Irahara, 2002). The present study revealed that cell

cycle modulating factors such as p53, p21, and p27 were increased

in A1E treated SiHa cells (Fig. 2B). pRb protein levels also

increased, while levels of cyclin D1 were down-regulated, supporting

the finding that the cell cycle was arrested at the G1 phase and

slightly arrested S phase, due to modulation of p53, pRb, and

cyclin D1 expression (Fig. 2B).

Fig. 2 Effects of A1E on cell cycle and expression of p53 and Rb. (A) Effect of A1E on cell cycle. SiHa cells were stained with PI and analyzed by
flow cytometry to measure cell cycle. Data represent average percentages ± SEM from 3 independent experiments. *p <0.05, **p <0.01, ***p <0.001
as compared to the control. (B) Effect of A1E on expression of p53, pp53, pRb, and cyclin D1 in SiHa cells.
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A1E inhibited HPV oncogene expression. Inhibition of HPV E6

and E7 gene expression in cervical cancer cell lines induces

apoptosis. In order to assess whether A1E-induced cell death was

associated with reduced expression of E6 and E7 oncogenes, their

expression was analyzed in SiHa cells using PCR and qPCR.

These analyses revealed that A1E treatment resulted in reduced

levels of both E6 and E7 as shown in Fig. 3. In particular, E6 full

length as well as spliced forms (E6*I and E6*II) were inhibited by

A1E.

The effect of A1E on apoptosis-related factors in SiHa cells.

Western blotting indicated that levels of pro-caspase-3 and -9 were

decreased in A1E-treated SiHa cells, whilst cleaved PARP was

detectable at high A1E doses (Fig. 4A). SiHa cells treated with

A1E in the presence of a caspase 9 inhibitor, z-IETD-fmk, showed

suppressed activity of caspase-3, which is downstream of caspase-

9 (Fig. 4B). The PI3K signaling pathway, which plays pivotal

roles in the signal transduction of cell survival, was also down-

regulated in A1E-treated cells, where levels of both PI3K and Akt

proteins were reduced (Fig. 4C).

The extrinsic pathway was not involved A1E-induced apoptosis.

Death receptor-related apoptosis occurs via the extrinsic pathway.

Death receptor-related gene expression of Fas, FADD, and TRAIL

was analyzed in A1E-treated cells. Expression of Fas, FADD, and

TRAIL were decreased in a dose-dependent manner (Fig. 5A). We

performed real-time PCR to confirm these RT-PCR data, and

these analyses also showed decreased Fas and FADD mRNA

expression in A1E-treated cells (Fig. 5B). These results suggested

that A1E-treated cervical cancer cells showed reduced susceptibility

to death receptor-mediated apoptosis.

Role of mitochondria in A1E-induced cell death. A collapse in

mitochondrial membrane potential is a critical step in the intrinsic

apoptotic pathway. Using JC-1 staining, we detected A1E-induced

Fig. 4 Effect of A1E on intrinsic pathway related proteins in SiHa cells.
(A) Representative western immunoblots of proteins of interest in the
presence of increasing concentrations of A1E. (B) Representative western
immunoblots of caspase-3 in the presence and absence of the caspase-9
inhibitor z-IETD-fmk. (C) The effect of A1E on PI3K and Akt protein
levels in SiHa cells, determined by western immunoblotting.

Fig. 3 Effect of A1E on expression of E6/E7 mRNAs in SiHa cells. (A)
Cells were treated with A1E for the indicated times and then harvested
for mRNA extraction and PCR as described in Methods. Two
micrograms of total mRNA, oligo dT, and reverse transcriptase were used
for cDNA synthesis PCR using each primer. (B) E6 and E7 were both
down-regulated by A1E in a dose-dependent manner, as compared to
GAPDH. Three independent qPCR experiments were performed. The
gene expression level obtained from real-expressed by comparing with
the values non- treated SiHa cells. *p <0.05, **p <0.01 as compared to
the control.
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mitochondrial membrane potential breakdown. A1E-treated SiHa

cells showed a clear shift in membrane potential, as shown in Fig.

6A. Disruption of the mitochondrial membrane potential is usually

associated with the release of cytochrome c into the cytosol.

Fractionation of A1E-treated SiHa cells was used to detect released

cytochrome c. As shown in Fig. 6B, cytosolic cytochrome c levels

increased in the presence of A1E, but total levels in cell lysate

were unaltered. Actin was used as a cell fractionation control (Fig.

6B). Fig. 6C shows expression of Bcl-2 and Bcl-xL, anti-apoptotic

proteins showing reduced levels following A1E treatment.

Discussion

The main objective of this study is to investigate the anti-cancer

effects of A1E in SiHa cervical cancer cells. A1E is formulated

from extract of 11 plants with anti-cancer activities. We identified

the A1E extract using GC-MS as recently reported (Bak et al.,

2013). The A1E is consisted of coumarin and 2H-Furo[2,3-h]-1-

benzopyran-2-one, and so on (Bak et al., 2013). Mainly, 2H-

Furo[2,3-h]-1-benzopyran-2-one was known as angelicin and this

compound has anti-cancer effects (Rahman et al., 2012). Coumarins

are natural compounds found in many plants that possess medical

value by itself and its modified derivatives (Sun et al., 2011).

HPV positive cervical cancer cells such as SiHa and CaSki,

HPV-negative cervical cancer cell C33A, and HaCaT normal

keratinocyte cell line were exposed to A1E. CaSki cells harbor

several times more HPV genomes than SiHa cells (Snijders et al.,

1990). High-risk E6 and E7 oncogenes drive cell proliferation.

A1E significantly inhibited proliferation of SiHa cells, whereas it

did not CaSki, C33A, and HaCaT cells. A1E targets E6 and E7

oncogenes and CaSki cells harboring more HPV genomes are

more resistant to A1E compared to SiHa cells. Because nuclear

condensation, DNA fragmentation, and exposure of phosphatidylserine

at the cell surface are characteristics of the apoptotic cell death

(Torchinsky et al. 1999; Vermes et al., 1995; Bak et al., 2011). We

investigated whether A1E-induced cell death was apoptotic or

necrotic. The results from Hoechst and Annexin-V/PI staining in

our study indicated that A1E-treated SiHa cells were apoptotic

(Fig. 1D).

Cell cycle analysis indicated an increased number of cells in

sub-G1 and S phase arrest (Fig. 2A). p53 can induce G1 arrest

through activation of transcription of the cyclin-dependent kinase

inhibitors (CDKIs) such as p21 and p27 (Suzuki and Matsubara,

2011). p53, p21, and p27 were increased in A1E treated SiHa cells

(Fig. 2B), reminded that these CDKIs can cause cell cycle arrest

in cancer cells (Funk et al., 1997; Kim et al., 2000). Previous

studies have shown that, when active Rb bound to E2F,

transcriptional enhancers were inactivated and G1/S cell cycle

progression was arrested (Ji and Zhu, 2005). Our results indicated

that p53, p21, and p27 can works normally because A1E reduced

HPV E6/E7 induced signaling. Tumor suppressor protein Rb was

also enhanced by A1E. These effects could be due to the targeting

E6 and E7 oncogenes by A1E.

SiHa cells express HPV 16 viral proteins E6 and E7, which are

functionally targeting to p53 and pRb, respectively (Yamada et al.,

Fig. 5 Effects of A1E on expression of TRAIL, Fas, and FADD. (A) RT-PCR for Fas, FADD, and TRAIL mRNA exposed to increasing concentrations
of A1E in SiHa cells. Levels of all 3 transcripts were decreased in a dose-dependent manner. (B) qPCR analysis of FADD and Fas mRNA expression
levels. High concentration of A1E treatment significantly suppressed Fas mRNA level. The data presented 3 independent qPCR experiments.
**p <0.01 compared to the untreated control cells.
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1995; Shaikh et al., 2012). We therefore analyzed E6 and E7 RNA

levels in A1E-treated SiHa cells. As shown in Fig. 3, A1E

treatment significantly decreased E6 and E7 expression levels in

SiHa cells. Therefore, cell cycle related protein p53, p21, p27, and

pRb works normally. Consequently, this process occur cell cycle

arrest. As shown in the Fig. 2A, apoptosis (sub-G1 phase) was

induced by A1E in a dose response manner and cell cycle arrest

only occurred at low doses (~up to 0.25 mg/mL). Apoptosis

progressed through sub-G1 level and thus cells were arrested in

G1/S phase in SiHa cells treated with high concentration of A1E

(Fig. 2A, 0.5 mg/mL).

There are 2 major apoptotic pathways: the intrinsic and extrinsic

pathways. PCR analyses revealed that Fas, FADD, or TRAIL

expressions were inhibited, suggesting that extrinsic pathway was

not involved by A1E. These data may indicate a resistance to

death receptor-mediated apoptosis in the SiHa cancer cell line,

because A1E down-regulated the expression levels of Fas, FADD,

and TRAIL (Fig. 5). In contrast, markers of the intrinsic apoptotic

pathway, including PARP, caspase-9, and the downstream caspase-

3 pro-form were decreased in the presence of A1E and cleaved

forms of PARP and caspase-3 were increased at high concentration

of A1E. These results reminded that angelicin down-regulated the

expression of anti-apoptotic proteins through intrinsic mitochondria

mediated apoptotic pathway which does not participate in Fas/

FasL-induced caspase-8-mediated extrinsic pathway (Rahman et

al., 2012). The caspase 9 inhibitor, z-IETD-fmk, suppressed A1E

induced caspase-3 activity, which is downstream of caspase-9

(Fig. 4B). The caspase-3 inhibitor, z-DEVD-fmk, induced a

reduction in angelicin-induced cytotoxicity which confirmed that

the intrinsic caspase-dependent pathway (Rahman MA et al.,

2012). These results supported that A1E-induced cytotoxicity is

mediated by the intrinsic caspase-dependent pathway during this

apoptosis. Akt is one of the primary downstream targets of

activated PI3K. We revealed that both PI3K/Akt and cyclin D

expression levels were decreased by A1E. The PI3K/Akt pathway

can induce cell cycle progression by modulating the protein

stability of cyclin D. Akt phosphorylate pro-apoptotic Bad, and

allows the excressive Bcl-2 or Bcl-XL to out-compete Bax

(Chang et al., 2003). The reductions PI3K/Akt levels by A1E

treatment caused the decrease of Bcl-2 and Bcl-xL, which are

involved in mitochondria-mediated apoptosis proteins, the

important components of the intrinsic pathway. We detected

disruption of the mitochondrial membrane potential using JC-1,

which aggregates into healthy mitochondria and fluoresces red.

Upon mitochondrial collapse in apoptotic cells, JC-1 no longer

accumulates and is distributed throughout the cell, resulting in

decreased red fluorescence (Koppikar et al., 2010). As shown in

Fig. 6A, A1E-treated cells were shifted in this respect, and

cytochrome c was released into the cytosol compared to control

cells as expected. These data corroborated that A1E induced

collapse of mitochondrial membrane potential. Bcl-2 and Bcl-xl

expressions were also inhibited by A1E. Bcl-2 and Bcl-xL are

frequently over-expressed in cancer cell lines and human cancer

tissues (Chen et al., 2012).

In conclusion, A1E consists of several compounds which are

targeting on several pathways such as E6/E7 pathway, mitochondrial

Fig. 6 Effects of A1E on mitochondrial membrane potential and the intrinsic apoptotic pathway. (A) Mitochondrial membrane potential determined by
JC-1 staining and flow cytometry. (B) Cytosolic cytochrome c levels, determined by western blotting, are shown in the presence of increasing
concentrations of A1E. (C) Levels of Bcl-2 and Bcl-xl in the presence of increasing concentrations of A1E, showing decreased levels of these anti-
apoptotic proteins in SiHa cells. 
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intrinsic pathway and PI3K/Akt pathway. A1E inhibited E6/E7

oncogenes and then induced intrinsic apoptosis via p53/pRb

dependent pathways, and a mitochondria-mediated pathway. A1E

also inhibited PI3K/AKT survival proteins. Therefore, our data

suggested that A1E extracts were a promising resource as an agent

of chemotherapeutic activity on SiHa cervical cells. However, it is

necessary to elaborate further investigation of its bioactive

compounds.
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