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Effects of ABT-737 combined with irradiation
treatment on uterine cervical cancer cells
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Abstract. The aim of the present study was to examine the
role of ABT-737, an inhibitor of B-cell lymphoma 2 (Bcl-2), in
enhancing the effect of irradiation on uterine cervical cancer.
Based on The Cancer Genomic Atlas (TCGA), Bcl-2 mRNA
expression was associated with the Tumor-Node-Metastasis
stage of cervical cancer. Therefore, it was hypothesized that
Bcl-2 inhibition may decrease the progression of cervical
cancer. ABT-737 was added to irradiation treatment to
evaluate its effectiveness in inhibiting cancer cell progression.
SiHa and CaSki cervical cancer cells were selected for in vitro
assays. Patients with advanced stage III uterine cancer had
slightly increased mRNA expression levels of Bcl-2 compared
with patients with stage I cancer, although the difference
was not significant. ABT-737 and radiation administration
induced a synergistic cytotoxic effect based on the MTT assay
and flow cytometry results, where an increase in apoptosis
was observed. The apoptotic percentages were significantly
increased in the cells treated with a combination of ABT-737
and irradiation. Loss of mitochondrial membrane potential
and gain of reactive oxygen species (ROS) were detected by
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flow cytometry in CaSki and SiHa cells treated with ABT-737
and radiation. Additionally, the protein expression levels of the
cleaved forms of poly ADP ribose polymerase and caspase-7
were increased following the combined treatment. In conclu-
sion, ABT-737 and irradiation may induce apoptosis via loss
of mitochondrial membrane potential and a ROS-dependent
apoptotic pathway in CaSki and SiHa cells. The present study
indicates that ABT-737 may be a potential irradiation adjuvant
when treating cervical cancer.

Introduction

We previously reported that the immunoreactivity of
voltage-dependent anion channel 1 (VDACI) is significantly
increased in uterine cervical cancer tissues compared with
that in normal tissues (1). Cell viability decreased following
VDACI gene silencing in SiHa and CaSki cervical cancer
cells. In addition, cancer tissues with increased VDAC1 immu-
noreactivity exhibited deep stromal invasion and an increase
in the tumor size. The N-terminal region of VDACI is the
target of an anti-apoptotic member of the B-cell lymphoma-2
(Bcl-2) family (2,3). Bcl-2 may protect against the apoptosis
of cervical cancer cells via its interaction with the N-terminal
part of VDACI1 (4). Therefore, it is hypothesized that Bcl-2
inhibition may reduce the progression of cervical cancer.

The Bcl-2 family consists of the pro-apoptotic members,
Bcl-2-associated X protein (Bax) and Bcl-2 homology
domain 3 (BH3)-only proteins, in addition to the anti-apoptotic
members, including Bcl-2, Bel-xL and Bel-w (5,6). ABT-737
is a well-characterized BH3 mimetic that activates the
pro-apoptotic Bcl-2 like protein (7). As an inhibitor of Bcl-2,
ABT-737 predominately interacts with Bcl-2 and further
enhances the effect of apoptosis by activating pro-apoptotic
proteins, including Bcl-2-associated death (Bad) promoter,
and therefore induces cell death mostly through the intrinsic
pathway of apoptosis (7-9).

A previous study showed the efficacy of ABT-737 admin-
istration in vivo by itself (10); however, a number of preclinical
investigations demonstrated the effectiveness of ABT-737
in conjunction with chemotherapy and radiotherapy (11-13).
ABT-737 was an effective adjuvant to radiotherapy in head and
neck squamous cell carcinoma (14).
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Uterine cervical cancer is the second most common type
of gynecological cancer in Taiwan, based on the 2013 annual
cancer registry report. In Taiwanese women in 2013, cervical
cancer was the seventh most common cancer, with 1,579 cases,
and was also ranked seventh with regard to the number of
cancer-associated mortalities (15). Radiotherapy is a corner-
stone of treatment of cervical cancer, especially for the locally
advanced stages (16). To the best of our knowledge, there
is only one study that has reported the effect of combining
ABT-737 and irradiation on cervical cancers (17). ABT-737
may improve the radiation sensitivity of cervical cancer HeLa
cells and thereby promote apoptosis (17). Histologically, HeLa
cells are of adenocarcinoma cell histology. However, the
majority of cervical cancer types present with a squamous cell
carcinoma (SCC) histology. Therefore, the present study was
conducted to elucidate the combined effect of ABT-737 and
irradiation on SCC uterine cervix cancer cells using the SiHa
and CaSki cell lines, and to evaluate whether ABT-737 could
strengthen the effect of irradiation on cervical cancer cells.

Materials and methods

The cancer genome atlas (TCGA). Based on the cervical cancer
data from The Cancer Genome Atlas (18) (https:/tcga-data.nci.
nih.gov/tcga/), which corresponds to the cervical squamous
cell carcinoma and endocervical adenocarcinoma (CESC)
dataset (n=286) from the Broad GDAC Firehose (http://gdac.
broadinstitute.org/). Scatter plots of the expression values were
generated with respect to the pathological tumor stage for Bcl-2
using Prism software (GraphPad Prism, version 6.0, GraphPad
Software). The Bcl-2 expression of patients with advanced stage
was compared with that of patients with stage I cancer. TCGA
was used to determine whether an association existed between
uterine cervical cancer Tumor-Node-Metastasis stage (19)
and Bcl-2 expression. The present study was approved by The
Institutional Review Board of Chung Shan Medical University
Hospital (Taichung, Taiwan).

Cell culture. Human uterine cervical cancer CaSki and SiHa
cell lines were purchased from The American Type Culture
Collection. SiHa cells were cultured in Dulbecco's modified
Eagle's medium (Gibco; Thermo Fisher Scientific, Inc.), and
CaSki cells were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.). All media were supplemented
with 2 mM glutamine, 100 uM sodium pyruvate, 100 pM
non-essential amino acids, 1% penicillin-streptomycin and 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.). Cells
were grown in a humidified atmosphere with 5% CO, at 37°C.

Cell viability assay. Cell viability was examined by an MTT
assay. In total ~5x10° of CaSki or SiHa cells were seeded per
well in a 96-well plate and cultured for 4 days. MTT was
added into each well to a final concentration of 0.5 mg/ml. The
insoluble formazan was collected and dissolved in dimethyl-
sulfoxide, and the optical density value was measured with a
scanning spectrophotometer at a wavelength of 570 nm.

Mitochondrial membrane potential (MMP) assay. In total,
~5x10° CaSki or SiHa cells were seeded in 6-cm dishes and
treated with ABT-737 (2.5 or 5.0 uM) (Cayman Chemical
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Company) combined with irradiation (10 or 20 Gy) for
48 h. Untreated control was defined as ABT-737 0 uM and
irradiation 0 Gy. At 30 min prior to harvesting, the cells
were stained at 37°C with a 2.5-uM final concentration of
5,5,6,6'-tetrachloro-1,1,3,3'-tetraethylbenzimi-dazolylcarbocy-
anine iodide (JC-1) dye (Invitrogen; Thermo Fisher Scientific,
Inc.) to detect the MMP by fluorescence microscopy and flow
cytometry using CellQuest 5.1 software (BD Biosciences).
Membrane-permeant JC-1 dye is widely used in apoptosis
study to monitor MMP and can be used as an indicator of MMP
in various cell types (20,21). Changes in MMP were assessed
by the intensity of red and green fluorescence signals detected
by flow cytometry. Red fluorescence [light-emitting material
(Iem), 590 nm] indicated JC-1 aggregation in the mitochon-
dria with an increased MMP in healthy cells, whereas green
fluorescence (lem, 527 nm) indicated JC-1 monomers in the
cytoplasm with a decreased MMP in apoptotic cells (22).

Irradiation treatment. CaSki or SiHa cells were plated at a
density of 5x10° cells per dish in 6-cm dishes. After 16 h of
incubation at 37°C to allow sufficient time for the cells to
completely adhere to the surface, the cells were treated with
radiation at doses of 10 or 20 Gy by Elekta Axesse™ instru-
ment.

Western blotting. Cells were lysed in a buffer containing
50 mM Tris (pH 7.4), 150 mM NaCl, 2 mM EDTA, 1mM
Na;VO,, 10 mM NaF, 10 mg/ml aprotinin, 10 mg/ml leupeptin,
1 mM phenylmethylsulfonyl fluoride and 1% Triton-100. The
protein concentrations were determined using Bio-Rad Protein
assay (Bio-Rad Laboratories, Inc.). Equal amounts of protein
(20 ug) were subjected to gel electrophoresis on a 10% gel and
then transferred to polyvinylidene difluoride membranes. Blots
were incubated in a Tris-buffered saline solution at pH 7.6
containing 5% skimmed dry milk and 0.1% (v/v) Tween-20 for
1 h at 25°C. The membranes were incubated overnight at 4°C
with primary antibodies, washed with PBS-Tween-20, and
incubated with horseradish peroxidase-conjugated anti-rabbit
secondary antibody (cat. no. 7074; dilution 1:5,000; Cell
Signaling Technology, Inc.) for 1 h at room temperature. An
enhanced chemiluminescence kit (PerkinElmer, Inc.) was
used to detect the target proteins. Primary antibodies against
B-actin (cat. no. 3700; dilution 1:5,000), Poly ADP ribose
polymerase (PARP; cat. no. 9542; dilution 1:1,000), cleaved
caspase-7 (cat. no. 9491; dilution 1:500), retinoblastoma
(RB; cat. no. 9309; dilution 1:1,000) and phosphorylated
RB (pRB; cat. no. 9308; dilution 1:1,000) were purchased
from Cell Signaling Technology, Inc. Thymidylate synthase
(TS; cat. no. 113289; dilution 1:1,000) and cyclin-dependent
kinase 6 (CDK6; cat. no. 103992; dilution 1:1,000) were
purchased from GeneTex, Inc.

Reactive oxygen species (ROS) detection. Cell-permeant
2'7'-dichlorodihydrofluorescein diacetate (H,DCFDA;
Invitrogen Thermo Fisher Scientific, Inc.) is a widely used ROS
indicator. The reduced non-fluorescent fluorescein H,DCFDA
can be oxidized and converted into fluorescent 2',7'-dichloro-
fluorescein (DCF) by intracellular ROS. H,DCFDA (10 xM)
was used to label intracellular ROS at 4°C for 30 min and the
DCF intensity was detected by flow cytometry.
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Analysis of cell cycle and apoptosis. Cells were treated with or
without ABT-737/radiation for 48 h, and the cell cycle distribu-
tion was analyzed using flow cytometry. A total of 5x10° cells
were trypsinized, washed with PBS and fixed in 80% ethanol
at 4°C for 30 min, then washed with PBS and incubated with
100 ug/ml RNase A (Sigma-Aldrich; Merck KGaA) at 37°C
for 30 min, prior to being stained with propidium iodide (PI;
50 pg/ml; Sigma-Aldrich; Merck KGaA) at 37°C for 10 min,
and analyzed using flow cytometry on a BD FACSCalibur flow
cytometer (BD Biosciences). The percentage of cells in different
phases of the cell cycle was analyzed using Cell-FIT software
version 2.0 (Becton Dickinson Instruments). Apoptosis in
CaSki and SiHA cells was confirmed by BD FACSCalibur
flow cytometry to detect phosphatidylserine expression on cell
surfaces by using fluorescein isothiocyanate (FITC)-labeled
Annexin V and PI (FITC-Annexin V Apoptosis Detection
kit I; BD Pharmingen™; BD Biosciences).

Statistical analysis. Data were analyzed by an analysis of
variance followed by Dunnett's post hoc test using Predictive
Analytics software (version 18; IBM Corp.) to evaluate the
significance of differences between the untreated control group
and the other groups. Data are presented as the mean + stan-
dard deviation based on three independent repeats. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of Bcl-2 expression among cancer tissues of
different stages. Based on TCGA data, the mRNA expression
levels of Bcl-2 among cancer tissues of different stages was
compared. There was no significant difference in expression
levels between the stages (Fig. 1).

Effect of ABT-737 and irradiation on cell viability in CaSki
and SiHa uterine cervical cells. CaSki and SiHa cells were
treated with different concentrations of Bcl-2 inhibitor
ABT-737 (0, 1, 2.5, 5, and 10 uM) and different doses of irra-
diation (0, 10, and 20 Gy) for 48 h. Cell viability was analyzed
by an MTT assay. As presented in Fig. 2, the cell viability of
the CaSki and SiHa cells was significantly reduced following
treatment with all doses of ABT-737 and at all levels of irradia-
tion compared with the untreated control (ABT-737 0 uM and
irradiation 0 Gy). The effect of treatment and irradiation on
cell viability was dose-dependent and there was an enhanced
effect on cell viability when cells were treated with ABT-737
and irradiation synergistically.

Effect of ABT-737 combined with irradiation on MMP in
CaSki and SiHa cells. CaSki and SiHa cells were treated with
different concentrations of ABT-737 and different doses of
irradiation for 48 h. The cells were stained with JC-1 dye to
detect the presence of MMP by both fluorescent microscopy
and flow cytometry. The live cells stained with JC-1 fluoresced
red, whereas the apoptotic cells fluoresced green. The number
of cells showing green fluorescence as detected by fluorescent
microscope increased in CaSki and SiHa cells treated with
ABT-737 and irradiation compared with untreated control
(ABT-737 0 uM and irradiation 0 Gy) (Fig. 3A and C). The
effect was more evident in CaSki cells than in SiHa cells.
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Figure 1. mRNA expression levels of Bcl-2 among cancer tissues of the
uterine cervix in stages I-IV based on The Cancer Genome Atlas data. There
was no significant association between Bcl-2 expression levels and cervical
cancer stage. Bcl-2, B-cell lymphoma 2.

Similar results were shown in Fig. 3B detected by flow
cytometry. The results found at 20 Gy and 5 M do not appear
to follow the same pattern of increase in the SiHa cell line
(Fig. 3D). Potential reasons for this could be due to the treated
SiHa cells being dead for too long a time and breaking up into
cell debris or they were not lysed adequately enough to be
detected by flow cytometry. So the increased pattern was not
observed. R2 represents live cells, whereas R1 or R3 repre-
sent apoptotic cells. These results indicate that the MMP was
decreased in CaSki and SiHa cells treated with ABT-737 and
irradiation.

Effect of ABT-737 and irradiation on cell apoptosis in CaSki
and SiHa cells. CaSki and SiHa cells were treated with different
concentrations of Bcl-2 inhibitor ABT-737 (2.5 and 5 puM) and
different doses of irradiation (10 and 20 Gy) for 48 h. The
cells were stained with Annexin V-FITC and PI to detect cell
apoptosis by flow cytometry. Annexin V-FITC-positive (early
apoptosis, right lower panel) and Annexin V-FITC/PI-positive
(late apoptosis, right upper panel) were quantified as apoptotic
cells. The percentage of apoptotic cells increased significantly
in CaSki and SiHa cells treated with ABT-737 and irradiation
(Fig. 4A and B). However, the apoptotic percentage in SiHa
cells treated with ABT-737 5 M and irradiation 20 Gy was
less compared with the cells treated with 5 yM ABT-737 and
10 Gy irradiation. Potential reasons for this are discussed
above, including prolonged cell death or improper lysing.
Additionally, 10 Gy irradiation may be a toxicity threshold
of SiHa cells. As such, the increased apoptotic pattern was
not observed. The increase in apoptosis was evident in cells
treated with ABT-737 and irradiation. Apoptosis was also
determined by the presence of cleaved caspase-7 by western
blotting. When ABT-737 concentration and irradiation dose
were increased, the cleaved bands of PARP and caspase-7
became visible (Fig. 4C and D). These results demonstrate
that ABT-737 and irradiation could enhance cell apoptosis in
CaSki and SiHa cells.

Effect of ABT-737 combined with irradiation on ROS
production in CaSki and SiHa cells. Following treatment of
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Figure 2. Effect of ABT-737 and irradiation on cell viability in CaSki and SiHa uterine cervical cancer cells after 48 h. (A) CaSki and (B) SiHa cells were
treated with different concentrations of ABT-737 and radiation for 48 h. Cell viability was analyzed by an MTT assay. Significant differences vs. untreated
control (ABT-737 0 uM/irradiation 0 Gy) were determined by Dunnett's test and are indicated by “P<0.05, “P<0.01 and *“P<0.001.

cells with ABT-737 and irradiation, the cells were stained
with H,DCFDA dye to detect ROS by flow cytometry. As
shown in Fig. 5, the augmented ROS production caused by
ABT-737 and irradiation was more notable in CaSki cells
than in SiHa cells.

Effect of ABT-737 and irradiation on the cell cycle and phos-
phorylation of RB in CaSki and SiHa cells. The cell cycle
was arrested in the G,/M phase when CaSki and SiHa cells
were treated with irradiation only; however, the percentage of
cells in the sub-G, phase was amplified in CaSki and SiHa
cells co-treated with ABT-737 and irradiation (Fig. 6A and B).
Western blotting results demonstrated that pRB protein
expression was upregulated in CaSki cells treated with
irradiation alone but was downregulated in the cells treated
with ABT-737. The protein expression levels of CDK6 were
increased, but those of TS were decreased in CaSki cells
co-treated with ABT-737 and irradiation (Fig. 6C). The protein
expression levels of pRB, CDK6 and TS were not affected in
SiHa cells treated with ABT-737 and irradiation (Fig. 6D).

Discussion

Although there was no significant association between
Bcl-2 mRNA level and the stage of cervical cancer, the
Bcl-2 protein expression level in cervical cancer tissues was
significantly higher compared with in the normal cervix,
chronic cervicitis or cervical intraepithelial neoplasia (23).
Bcl-2 level was positively correlated with clinical stage (23).
In addition, the number of malignant lesions expressing
Bcl-2 protein was higher compared with premalignant
lesions (24). In cervical intraepithelial neoplasia lesions,
Bcl-2 expression increased as the severity of the cancer,

measured by the grade, increased (24). Based on these
studies, the mechanistic effects of inhibiting Bcl-2 and
irradiating cervical cancer cells were investigated. To the
best of our knowledge, there are no reports demonstrating
the effects of combined Bcl-2 inhibition and irradiation on
cervical cancer. In the present study, a target strategy was
proposed to improve patient prognosis via Bcl-2 inhibition,
and the effect of combined Bcl-2 inhibition and irradiation on
cervical cancer cells was evaluated. As an inhibitor of Bcl-2,
ABT-737 is one of the best-characterized BH3 mimetics that
activates pro-apoptotic Bcl-2-like protein 11 (BIM) (8,25).
Activation of BIM is associated with markers associated
with a favorable overall survival prognosis for patients with
cervical cancer (26). Therefore, the possible mechanisms of
Bcl-2 inhibition and the enhanced effect of combined Bcl-2
inhibitor and irradiation treatment in reducing cancer cell
progression were investigated.

The activity of the Bcl-2 family members is mediated
through its interaction with the mitochondria, especially
with VDACI, the outer mitochondrial membrane (OMM)
transporter, to regulate mitochondria-mediated apoptosis,
frequently referred to as the intrinsic pathway, by regulating
OMM permeability (6,27). ABT-737 enhances the effect
of apoptosis by activating pro-apoptotic proteins such as
BIM, and therefore induces cell death primarily through
mitochondria-mediated apoptosis (4,7-9). Sugiyama et al (28)
demonstrated that BIM interacts with VDAC, and this inter-
action was enhanced during apoptosis. The present study
demonstrated that ABT-737 and irradiation induced apoptosis
in cervical cancer CaSki and SiHa cells. The MMP decreased
following treatment with increased doses of irradiation and
ABT-737, particularly in the CaSki cells. Upon stimulation
of apoptosis, mitochondrial permeability transition occurred
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Figure 3. Effect of ABT-737 combined with irradiation on the MMP in CaSki and SiHa cells. (A) Fluorescent images and (B) flow cytometry of CaSki cells
treated with ABT-737. (C) Fluorescent images and (D) flow cytometry of CaSki cells treated with ABT-737. Cells were stained with JC-1 dye to detect the
MMP by (A and C) fluorescence microscopy and (B and D) flow cytometry. Changes in MMP were assessed by the intensity of red fluorescence (R2) and green
fluorescence (R1 or R3). The arrows signify the apoptotic cells that show green fluorescence. Results are representative of three independent experiments.

MMP, mitochondrial membrane potential; FL, fluorescence.

via the mitochondrial permeability transition pore, which is
composed of VDAC at the OMM, adenine nucleotide at the
inner mitochondrial membrane and cyclophilin D in the mito-
chondrial matrix, after which, the MMP collapsed (29,30). The
proteins in the mitochondrial intermembrane space, such as
cytochrome c, are released when a cell undergoes apoptosis.
The data presented in the present study suggest that ABT-737
and radiation may exert a synergistic apoptotic effect on
cervical cancer cell lines. Bcl-2 protects against the apoptosis
of cervical cancer cells via its interaction with the N-terminal
part of VDACI (4). There is potential for ABT-737 to bind
to Bcl-2 with a high affinity and disrupt its interaction with
VDACI, resulting in loss of the MMP and enhanced apoptosis.
Therefore, ABT-737 and irradiation may induce apoptosis via
the loss of MMP caused by the interaction of VDACI with
pro-apoptotic proteins mediated by a ROS-dependent intrinsic
pathway in CaSki and SiHa cells. In previous studies, ABT-737
also improved the efficiency of radiotherapy and chemo-
therapy in breast cancer (31) and non-small cell lung cancer
cell lines (32), and it may induce the autophagy of prostate
cancer via releasing Beclin-1 (33).

In the present study, ABT-737 increased ROS production
and enhanced the apoptotic effect of irradiation in CaSki
cells. Increased levels of mitochondrial ROS initiate intrinsic
apoptosis, leading to the release of mitochondrial apoptogenic
factors such as cytochrome c, an apoptosis-inducing factor,
into the cytosol (34). ABT-737 and irradiation may induce
apoptosis via the ROS-dependent mitochondria-mediated
apoptosis pathway. A limitation of the present study was
that Bcl-2 and cytochrome ¢ expression were not measured.
ABT-737 has been demonstrated to bind to Bcl-2 with a high
affinity and disrupts the interaction with the pro-apoptotic
proteins, Bax/Bak, thus enhancing apoptosis. Bax and Bak
homodimers promote apoptosis via pore formation within the
mitochondria, leading to permeabilization of the mitochondrial
outer membrane, release of cytochrome ¢ and activation of the
caspase cascade (35). Hepatocellular carcinoma cells with
increased levels of Bcl-2 may resist the effect of ABT-737 by
activation of the ROS-Janus kinase-autophagy pathway (36).
In the present study, ABT-737 enhanced the apoptotic effect of
irradiation on the loss of the MMP in cervical cancer CaSki
and SiHa cells. The cancer cells may protect themselves from
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cell apoptosis via autophagy to remove the damaged mito- RB functions to prevent uncontrolled cell growth by
chondria (37,38). However, experiments to determine whether  arresting cell cycle progression until a cell is ready to divide.
autophagy was induced when cells were treated with ABT-737 At this point, RB is phosphorylated and becomes inactive,
and irradiation were inconclusive (data not shown). thus allowing the cell cycle to progress. Based on the results
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irradiation for 48 h. The cells were stained with propidium iodide dye to detect the cell cycle by flow cytometry. (C) CaSki and (D) SiHa cells were treated
with ABT-737 combined with irradiation for 48 h. pRB, RB, CDK6 and TS protein expression were assessed by western blot. 3-actin was a loading control.
RB, retinoblastoma; p, phosphorylated; CDK®6, cyclin-dependent kinase-6; TS, thymidylate synthase; FL, fluorescence.

of the present study, ABT-737 may potentiate the irradiation
effect to decrease cell viability by promoting or inducing
apoptosis. ABT-737 and radiation treatment decreased
PRB expression in the CaSki cells. TS serves a vital role in
early DNA biosynthesis (39). Healthy DNA synthesis and
insertion of required for the normal functions of the body
and in order to avoid cancerous activity. Furthermore, the
synthesis of important nucleotides must be inhibited for cell
growth. Therefore, TS has become an important target for
cancer treatment through chemotherapy or radiotherapy. In
the present study, the protein expression levels of TS were
decreased in CaSki cells co-treated with ABT-737 and radia-
tion. The sensitivity of TS to ABT-737 and irradiation may
provide another application for treating patients with cervical
cancer. CDKG6 in conjunction with CDK4 acts as a switch
that initially appears in G, and subsequently directs the cell
toward the S phase of the cell cycle (40). By studying a DNA
damage-induced senescence model of human fibroblasts,
Brookes et al (41) demonstrated an unexpected role for CDK4
in contributing to a G,/M cell cycle arrest and the senescent
phenotype. The findings of the present study may explain
that ABT-737, especially when combined with irradiation,
increases the expression of CDK6 and consequently induces
a G,/M cell cycle arrest.

The apoptotic effects were conflicting when CaSki and
SiHa cells were treated with ABT-737 and irradiation. It is

possible that different methods of detecting apoptosis may
result in different sensitivities. A cell cycle study may not be
sufficient to demonstrate apoptosis. Cell-cycle analysis would
reveal the fragmentation of DNA (sub-G,) that occurs in the
late stage of apoptosis, and which may occur during necrosis
as well. Therefore, the number of cells in the sub-G, phase is
usually lower than that reported by other assays that detect
both early and late stages of apoptosis.

Radiotherapy is the cornerstone of cervical cancer
treatment, especially for the locally advanced stages (16).
ABT-737 can improve the sensitivity of HeLa cervical cancer
cells to irradiation and thus, induce cell apoptosis (17).
However, the HeLLa cancer cells are of an adenocarcinoma
histological type. CaSki and SiHa cells are derived from
SCC of the uterine cervix. When CaSki and SiHa cells were
subjected to ABT-737 and irradiation treatment, the CaSki
cells became more sensitive than SiHa cells based on the
results of the in vitro assays, which may have been due to
the levels of antioxidant enzymes or HPV 16 copy number
in each cell type. Filippova et al (42) reported that SiHa cells
are more resistant to doxorubicin and cisplatin treatment,
and express higher levels of antioxidant enzymes than CaSki
cells. These different profiles may have contributed to their
different responses to treatments with chemotherapy. SiHa
cells contain 1 to 2 copies of the HPV 16 genome per cell,
whereas CaSki cells contain ~600 copies per cell (43). Upon
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treatment of these two cell lines with TNF at varying concen-
trations, a viability analysis revealed that the CaSki cells with
a higher HPV 16 level were sensitive to the cytokine, whereas
SiHa cells with only 1 to 2 copies of the genome were rela-
tively resistant (44). This indicated that certain aspects of the
high number of HPV 16 copies in the CaSki genome, such
as the increased amount of one or more viral proteins, may
contribute to its TNF sensitivity (44).

In conclusion, the present study highlighted the poten-
tial implication of the combinatorial approach for treating
cervical cancer cells with both a Bcl-2 inhibitor and radiation
therapy. The percentages of cells in the sub-G, phase were
amplified in CaSki and SiHa cells co-treated with ABT-737
and irradiation. ABT-737 may enhance the induction of
apoptosis in human cervical SCC via loss of the MMP and
an ROS-dependent intrinsic apoptosis pathway in CaSki and
SiHa cells. Although the CDK6 expression was increased,
the reduced expression levels of pRB and TS indicate the
subsequent G,/S checkpoint regulation of cell progression
in CaSki cells was abrogated. Based on these findings,
therapeutic strategies should use ABT-737 as a target to
induce cell apoptosis, reduce cell growth and progression,
and enhance the therapeutic efficacy of radiation therapy.
Therefore, ABT-737 may be a potential irradiation adjuvant
for treating patients with cervical cancer.
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