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Abstract. Centrocyte/centroblast marker 1 (CM1) has been 
identified as a pro-apoptosis molecule on B-cell lymphoma 
cells as well as several types of cancer cells. In this study, 
we investigated its signaling mechanism in HeLa cells after 
treatment with cisplatin in order to potentially identify a new 
therapeutic target. The CM1 molecule was induced on the 
surface of cisplatin-exposed HeLa cells. In these cells, liga-
tion of CM1 with anti-CM1 monoclonal antibodies inhibited 
cell proliferation and produced reactive oxygen species. Fas 
ligand (FasL) expression was upregulated without upregulating 
Fas in cisplatin-exposed HeLa cells after CM1 stimulation. 
Pretreatment with N-acetylcysteine, a pan-capase inhibitor, and 
ZB4, an antagonistic anti-Fas antibody, effectively inhibited 
the apoptotic effect triggered by CM1. CM1 ligation induced 
apoptosis through disruption of the mitochondrial membrane 
potential, decreased Bcl-2 and phosphorylated ERK expression. 
These findings identify CM1 as a potential new therapeutic 
target related to cisplatin-exposed cervical cancer.

Introduction

Human papillomavirus (HPV)-associated cervical cancer is 
the third most commonly diagnosed cancer and the fourth 

leading cause of cancer deaths in women worldwide (1). 
While the broad use of Papanicolaou (Pap) screening and 
conventional treatment have led to a decline in mortality from 
cervical cancer, many women still die of the disease in devel-
oping countries (2). When detected at an early stage, invasive 
cervical cancer is one of the most successfully treated cancers. 
However, the 5-year relative survival rate drops to 13-46% if 
detected at an advanced stage (3). Invasive cervical cancer is 
generally treated with a combination of surgery, radiation, and/
or chemotherapy. Cisplatin-based chemotherapy has tradition-
ally been reserved for metastatic or recurrent cervical cancer 
(4).

Cisplatin, a DNA-damaging cancer treatment that readily 
induces apoptosis in vitro, is widely used in a variety of human 
carcinomas, including head and neck, colorectal, ovarian, 
cervical, testicular, and small cell lung cancer (5). A major 
limitation of cisplatin-based chemotherapy is the develop-
ment of cellular resistance, which is implicated in its failure 
to treat malignant tumors (6,7). The mechanisms of cisplatin 
resistance have been identified as a reduction in drug uptake, 
the induction of DNA repair enzymes such as Bcl-2, the 
enhancement of anti-oxidant activity with glutathione, and the 
inhibition of caspase activity (7-9). Based on the accumulated 
evidence, various experimental and clinical trials are under 
investigation to overcome these mechanisms of drug resistance. 
New cisplatin-based combination therapies are necessary to 
improve outcomes in advanced cervical cancer.

CM1 has been identified as a pro-apoptosis molecule on 
B-cell lymphoma cells. It was first identified by a monoclonal 
antibody developed against concanavalin-A stimulated mono-
nuclear cells in the peripheral blood. CM1 molecules are 
distributed across germinal centers in the human tonsil and 
expressed on activated T and B lymphocytes (10). It has previ-
ously been reported that cross-linking CM1 with anti-CM1 
antibody induces apoptosis in Burkitt's lymphoma cells, 
EBV-transformed B cells, and lung cancer cells. These effects 
are primarily mediated by activation of the caspase cascade 
and generation of reactive oxygen species (ROS) (11-13). 
These observations encouraged us to evaluate whether HeLa 
cervical cancer cells express CM1, which we found to be the 
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case after exposure to cisplatin. Therefore, this study aimed to 
investigate the detailed signal mechanism of CM1-mediated 
apoptosis in cisplatin-exposed HeLa cells.

Materials and methods

Cells and reagents. Cells from the HeLa cervical cancer 
cell line were obtained from the American Type Culture 
Collection (ATCC, Manassas, VA, USA). Cells were grown 
and maintained in RPMI-1640 medium (Hyclone, Logan, UT, 
USA) containing 2 mM L-gultamine, 100 U/ml penicillin, 
100 µg/ml streptomycin and 10% heat-inactivated fetal bovine 
serum (Hyclone) at 37˚C in a 5% CO2 incubator. Anti-CM1 
monoclonal antibody was generated using a murine hybridoma 
cell line-secreting antibody, as previously described (10). 
Cisplatin, N-acetylcysteine (NAC), and phorbol myristate 
acetate (PMA) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA); 3, 3'-dihexyloxacarbocyanine iodide (DiOC6) 
and 2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA) 
were purchased from Molecular Probes (Eugene, OR, USA). 
Fluorescein isothiocyanate (FITC)-conjugated anti-Fas and 
anti-Fas ligand monoclonal antibodies were purchased from 
BD Bioscience (San Jose, CA, USA). Rabbit anti-mouse IgG 
antibody, secondary antibody, and MOPC21 isotype control 
antibody were purchased from Sigma-Aldrich. Mouse anti-
human apoptosis inducing factor (AIF) antibody and goat 
anti-human endonuclease G (EndoG) antibody were purchased 
from Santa Cruz Biotechnologies (Santa Cruz, CA, USA). 
Z-VAD-fmk, a pan-caspase inhibitor, was purchased from 
Calbiochem (La Jolla, CA, USA).

Cell proliferation assay. HeLa cells were pre-incubated 
with each concentration of cisplatin (0-100 µM) for 48 h, 
then cultured in media containing 10% FBS in a 96-well 
flat-bottom plate (5x104 cells/well). Cell proliferation was 
estimated using an AlamarBlue assay kit (Serotec, Raleigh, 
NC, USA) as previously described (13). To analyze the effect 
of CM1 ligation on cell proliferation, cisplatin-exposed HeLa 
cells were cross-linked with immobilized anti-CM1 antibody 
(IgG1κ, 10 µg/ml) and MOPC21 (IgG1κ; Sigma-Aldrich) as 
isotype control for 40 min. Next, cells were cultured in media 
containing 10% FBS at 37˚C for 48 h in a 96-well flat-bottom 
plate (2x105 cells/well). To immobilize the anti-CM1 and 
MOPC21 antibodies, 10 µg/ml of each antibody in phosphate-
buffered saline (PBS) were applied to a 96-well culture plate 
(0.1 ml/well; wells were washed with PBS before use) after 
overnight incubation at 4˚C. Cell proliferation was estimated 
using an AlamarBlue assay kit (Serotec). Briefly, AlamarBlue 
was added (10% by total volume) to each well, and the relative 
fluorescence value was tested 7 h later using a fluorometer 
(Synergy HT, Bio-Tek Instruments Inc., Winnoski, VT; excita-
tion, 530 nm; emission, 590 nm).

Analysis of CM1 expression with flow cytometry and confocal 
microscopy. Flow cytometry was employed to evaluate the 
expression of surface CM1 molecules. First, HeLa cells were 
incubated with or without cisplatin at various concentra-
tions (0, 10, 20, 50 and 100 µM). Cells were washed twice 
with ice-cold PBS, then incubated with FITC-conjugated 
mouse anti-human CM1 antibodies (mouse IgG1) for 30 min 

on ice, followed by 2 more washes with ice-cold PBS. To 
detect intracellular molecules, HeLa cells were treated with a 
permeabilization buffer (0.1% saponin in PBS) before staining 
with FITC-conjugated mouse anti-human CM1 antibodies. All 
samples were assessed with a FACSCalibur flow cytometer 
(BD Bioscience) and data were processed by the program 
CellQuest (BD Bioscience). To confirm CM1 expression 
with confocal microscopy, HeLa cells were pre-incubated 
with 20 µM cisplatin, with 20 ng/ml PMA, or with nothing 
for 48 h. They were then incubated with FITC-conjugated 
anti-CM1 antibody. Fluorescence-stained cells were exam-
ined by confocal laser-scanning microscopy (510 META, Carl 
Zeiss, Jena, Germany) at x400 magnification, and images were 
acquired with Confocal Microscopy Software Release 3.0 
(510 META, Carl Zeiss).

Detection of CM1-mediated apoptosis. For immobilization, 
anti-CM1 and MOPC21 antibodies were incubated overnight 
at 4˚C on a 96-well culture plate (10 µg/ml, 250 µl, 2.5 µg/well). 
To evaluate apoptosis by CM1 cross-linking, HeLa cells were 
treated with cisplatin (20 µM) for 48 h and then 5x105 cells/
well were cross-linked with immobilized anti-CM1 antibody 
or MOPC21 isotype control antibody (2.5 µg/well). Next, 
cells were incubated at 37˚C for the indicated amount of time. 
Following treatment, cells were washed twice with cold PBS 
then analyzed for Annexin V expression by flow cytometry as 
previously described (13).

Measurement of mitochondrial membrane potential and 
ROS generation. To measure ROS levels and mitochondrial 
membrane potentials (∆ψ), cisplatin-exposed HeLa cells were 
cultured with DCFH-DA at 37˚C for 30 min or DiOC6 at 37˚C for 
15 min as molecular probes. Cells were further incubated with 
anti-CM1 antibody as described above. Cells were harvested at 
the indicated time and their ROS levels and ∆ψ were determined 
by an FACSCalibur flow cytometer (BD Bioscience).

Apoptosis-blocking experiments. To investigate the effects of 
caspase inhibitors and ROS on CM1-mediated apoptosis, cispl-
atin-exposed HeLa cells as described above were pre-treated 
with z-VAD-fmk (20 µM in DMSO, a broad-spectrum caspase 
inhibitor) or NAC for 2 h before antibody stimulation. Cells 
were further incubated with anti-CM1 antibody as described 
above. The apoptosis-blocking effects of z-VAD-fmk and 
NAC were detected using Annexin V, DCFH-DA and DiOC6 
staining as described above. To block Fas-FasL interaction, 
antagonistic anti-Fas antibody ZB4 (0.5 mg/ml) was added 2 h 
before treatment with anti-CM1 antibody. ZB4 was removed 
from cell cultures before stimulation with anti-CM1 antibody. 
Apoptosis was determined by flow cytometry after staining 
with Annexin V.

Confocal microscopy to detect apoptosis-related intracellular 
molecules. To detect intracellular apoptosis-related molecules, 
cisplatin-exposed HeLa cells were incubated with anti-CM1 
antibody as described above. To detect the blocking effects of 
z-VAD-fmk nd NAC, cells were pre-treated with each substance 
for 2 h before antibody stimulation. Cells were incubated with 
primary antibodies against cytochrome c (mouse IgG2b) or 
AIF (mouse IgG2b) and then incubated with FITC-conjugated 



INTERNATIONAL JOURNAL OF ONCOLOGY  44:  2016-2024,  20142018

goat anti-mouse IgG for 30 min. Nuclei were stained with PI 
for 10 min at room temperature. After being washed 3 times 
with PBS, the fluorescence-stained cells were examined under 
a confocal laser-scanning microscope (Carl Zeiss, 510 META) 
at x400 original magnification using Confocal Microscopy 
Software Release 3.0 (Carl Zeiss, 510 META).

Reverse-transcription polymerase chain reaction. Total RNA 
was isolated using an RNeasy Mini kit (Qiagen, Hilden, 
Germany). RNA was transcribed into cDNA using oligo (dT) 
primers (Bioneer, Daejeon, Korea) and reverse transcriptase. 
Polymerase chain reaction (PCR) amplification was performed 
using specific primer sets (Bioneer) for the Fas ligand 
(upstream primer, 5'-GGT CCA TGC CTC TGG AAT GG; 
downstream primer, 5'-CAC ATC TGC CCA GTA GTG CA, 
250-bp product), Bcl-2 (upstream primer, 5'-GGA TTG TGG 
CCT TCT TTG AG; downstream primer, 5'-CAG CCA GGA 
GAA ATC AAA CAT, 209-bp product), and Bad (upstream 
primer, 5'-CGA GTG AGC AGG AAG ACT CC; downstream 
primer, 5'-CTG TGC TGC CCA GAG GTT, 299-bp product). 
For the control group, a specific primer set for β-actin was used 

(upstream primer, 5'-ATC CAC GAA ACT ACC TTC AA; 
downstream primer, 5'-ATC CAC ACG GAG TAC TTG C), 
which yielded a 200-bp product. PCR (25 cycles; 20 sec at 
94˚C, 10 sec at 60˚C, and 30 sec at 72˚C) was performed using 
Prime Taq Premix (GeNet Bio, Chungnam, Korea). The PCR 
products were visualized on 2.5% agarose gels with ethidium 
bromide.

Western blot analysis for apoptosis-related proteins. Cisplatin-
exposed HeLa cells were incubated with anti-CM1 antibody 
(10 µg/ml) as described above. Cells were harvested and 
washed twice with PBS. Cells were lysed in RIPA buffer (Elpis 
Biotech, Daejeon, Korea) containing a protease inhibitor cock-
tail (AEBSF, aprotinin, bestatin hydrochloride, E-64, EDTA, 
and leupeptin hemisulfate salt; Sigma-Aldrich). For western 
blot analysis, an equal amount of protein (40 µg) was separated 
by electrophoresis on SDS-polyacrylamide gels and trans-
ferred to polyvinylidene difluoride membranes (Amersham 
Biosciences, Braunschweig, Germany) by electroblotting. 
Subsequently, membranes were incubated overnight at 4˚C in a 
solution of PBS supplemented with 5% non-fat dry milk. Blots 

Figure 1. Effect of CM1 expression on HeLa cell proliferation. (A) Proliferation or viability of HeLa cells was determined by Alamar blue assay after culturing 
for 48 h in the presence of increasing concentrations of cisplatin. (B) Flow cytometry evaluation of CM1 expression on HeLa cells with or without cisplatin 
treatment (thin line, isotype control; thick line, FITC conjugated anti-CM1). (C) Confocal microscopy of CM1 expression on HeLa cells after 20 ng/ml PMA 
or 20 µM cisplatin treatment. (D) Cisplatin-exposed HeLa cells were incubated (5x105 cells/well, 200 µl) in an anti-CM1 or MOPC antibody-coated 
(10 µg/ml, 250 µl, 2.5 µg/well) plate. Cells were harvested at the indicated time points. FITC-tagged Annexin V staining was performed to assess apoptosis. 
Dashed line histograms represent staining with isotype-matched antibody. Bold line histograms represent staining with FITC-tagged Annexin V. Each 
experiment is representative of three independent experiments. 
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were probed with the desired antibodies [caspase-8, caspase-3, 
β-actin, Bid, Bcl-2, phospho-ERK, ERK and poly-ADP-ribose 
polymerase (PARP)] for 1 h, incubated with diluted enzyme-
linked secondary antibody, and then visualized by enhanced 
chemiluminescence as instructed by the manufacturer 
(Amersham Bioscience). Protein loading equivalence was 
assessed by the expression of β-actin. Each experiment was 
repeated at least in triplicate.

Results

Ligation of CM1 with anti-CM1 antibody causes apoptosis 
in cisplatin-exposed HeLa cells. Cell viability of HeLa cells 
treated with cisplatin was not significantly reduced compared 
to the control group based on Alamar blue assay (Fig. 1A). 
Although CM1 is present in the cytoplasm of HeLa cells, it is 
not present on the cell surface until after exposure to cisplatin 
(Fig. 1B), as evidenced by confocal microscopic data (Fig. 1C). 
To determine the function of the surface CM1 molecule induced 
by cisplatin, HeLa cells were cross-linked with immobilized 
anti-CM1 antibody (10 µg/ml) or MOPC21 isotype control 
antibody. Stimulation of surface CM1 with anti-CM1 antibody 
increased the quantity of Annexin V-positive apoptotic cells in 
a time-dependent manner (Fig. 1D). These results suggest that 
surface CM1 promotes apoptosis in HeLa cells.

Cross-linking of CM1 induces apoptosis by ROS generation 
and caspase activation in cisplatin-exposed HeLa cells. We 

examined whether CM1-mediated apoptosis was related to 
ROS production or caspase activity following cross-linking 
with anti-CM1 antibody. Cisplatin-exposed (20 µM) HeLa 
cells were pre-incubated with Z-VAD-fmk, a pan-caspase 
inhibitor, or NAC, a ROS inhibitor for 2 h before stimulation 
with anti-CM1 antibody. Cross-linking CM1 with immo-
bilized anti-CM1 antibody inhibited cell proliferation when 
compared to cells stimulated with isotype antibody. We found 
that both Z-VAD-fmk and NAC pretreatment reversed the 
inhibition caused by anti-CM1 antibody stimulation (Fig. 2A). 
Furthermore, Z-VAD-fmk and NAC pretreatment also blocked 
CM1-mediated apoptosis in cisplatin-exposed HeLa cells 
(Fig. 2B). These results suggest that CM1-mediated apoptosis 
is associated with ROS generation and caspase activity in 
cisplatin-exposed HeLa cells.

CM1 stimulation on cisplatin-exposed HeLa cells results in 
mitochondrial release of AIF and EndoG. After observing that 
CM1 ligation disrupted mitochondrial membrane potentials, we 
used confocal microscopy to measure changes in the expression 
of apoptosis-inducing factor (AIF) and EndoG, which are stored 
in the mitochondria. Cross-linking CM1 with anti-CM1 anti-
body resulted in a significant release of AIF and EndoG from 
the mitochondria into the cytoplasm. Again, treatment with the 
pan-caspase inhibitor z-VAD-fmk and the ROS quencher NAC 
prevented this translocation of both AIF and EndoG (Fig. 3). 
These results suggest that CM1-mediated apoptosis in cisplatin-
exposed HeLa cells involves the mitochondria.

Figure 2. Effects of pan-caspase inhibitor z-VAD-fmk (z-VAD) and ROS quencher NAC on CM1-mediated apoptosis of cisplatin-exposed HeLa cells. 
(A) Measurement of proliferation in cisplatin-exposed HeLa cells after CM1 cross-linking. Cell proliferation was determined by Alamar Blue assay as 
described in Materials and methods. Data are representative of 5 independent experiments. (B) Cisplatin (20 µM)-exposed HeLa cells (5x105 cells/well, 200 µl) 
were pre-incubated with various inhibitors (z-VAD, NAC). The cells were washed with PBS and further incubated (5x105 cells/well, 200 µl) in anti-CM1 
antibody-coated (2.5 µg/well) plates for 40 min. Cells were then cultured in media containing 10% FBS at 37˚C overnight. FITC-conjugated Annexin V 
staining was performed to assess apoptosis after overnight incubation. The number of DiOC6 represents the percentage of disrupted mitochondrial membrane 
potentials. To measure ROS generation, cells were pre-incubated with DCFH-DA before treatment with anti-CM1 or MOPC antibodies. Thin-line and dotted 
histograms represent ROS level of isotype control and anti-CM1 antibody-treated cells, respectively. The number in DCF histograms indicates the MFI. 
Results are representative of three independent experiments.
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Cross-linking of CM1 induces Fas-mediated apoptosis in 
cisplatin-exposed HeLa cells. It is well-known that the death 
receptor and its ligand can initiate apoptosis. As described 
above, we observed that Z-VAD-fmk pretreatment prevents 
CM1-mediated apoptosis in cisplatin-exposed HeLa cells. 
In addition, Z-IETD-fmk, a caspase-8 specific inhibitor, 
also blocks CM1-mediated apoptosis in cisplatin-exposed 
HeLa cells (Fig. 4A). We also investigated whether the Fas/
FasL interaction was involved in CM1-mediated apoptosis in 
cisplatin-exposed HeLa cells. HeLa cells expressed the Fas 
molecule constitutively, but did not express FasL. Although 
Fas expression was not affected by CM1 cross-linking, FasL 
expression was dramatically increased (Fig. 4B). We also foud 
that pre-treatment with ZB4, an antagonistic anti-Fas anti-
body, for 2 h blocked CM1-mediated apoptosis, although FasL 
expression was unchanged (Fig. 4C). These results suggest 
that CM1 ligation on cisplatin-exposed HeLa cells affects 
FasL expression, and that the Fas/FasL interaction is closely 
involved in CM1-mediated apoptosis.

CM1 ligation induces changes in apoptosis-related genes 
and activation of ERK and caspase in cisplatin-exposed 
HeLa cells. To investigate the detailed signaling mechanism 
of CM1-mediated apoptosis in cisplatin-exposed HeLa cells, 
we examined the expression of genes related to mitochondrial 
membrane disruption using RT-PCR. After CM1 ligation, 
FasL mRNA expression significantly increased, Bad (a pro-
apoptotic gene) mRNA expression slightly increased, and 
Bcl-2 mRNA expression significantly decreased (Fig. 5A). 
Moreover, expression of Bcl-2 and Bid proteins, both anti-
apoptotic proteins, also decreased significantly after CM1 
cross-linking (Fig. 5B). Both z-VAD-fmk and NAC inhibited 
these changes in mRNA and protein expression.

Next, we examined the activation of ERK1/2, a mitogen-acti-
vated protein kinase (MAPK), which regulates apoptosis-related 
genes. CM1 ligation induced the phosphorylation of ERK1/2 
(Fig. 5B), as well as the activation of caspase-8 and -3, and the 
cleavage of PARP (Fig. 5C). Pretreatment with z-VAD-fmk, 
NAC, and ZB4 blocked these changes in apoptosis-related 

Figure 3. Subcellular distribution of AIF and EndoG after CM1 cross-linking in cisplatin-treated HeLa cells. Cisplatin (20 µM)-exposed HeLa cells (5x105 
cells/well, 200 µl) were pre-incubated with various inhibitors (z-VAD-fmk, NAC) before stimulation of CM1 with anti-CM1 antibody. Cells were harvested 
and permeabilized with 0.1% saponin in PBS. FITC conjugated anti-AIF (A) and PE-conjugated EndoG (B) antibodies were used. Nuclei were stained with PI 
(AIF, green fluorescence; EndoG and PI, red fluorescence). Cells were observed under confocal microscope (x400 magnification). These figures are representa-
tive of three independent experiments.
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proteins caused by CM1 ligation in cisplatin-exposed HeLa cells 
(Fig. 5B and C). These results suggest that the CM1-mediated 
ROS generation leads to the expression of FasL to generate the 
apoptosis signal through cleavage of procaspase-8.

Discussion

Cisplatin is conventionally used as chemotherapy for various 
cancers (9) and is an important first-line drug in advanced 
cervical cancer. Despite a consistent rate of initial response, 
cisplatin treatment often results in the development of chemo-
resistance, which ultimately leads to therapeutic failure (14). 
Recently, several studies reported that impaired apoptosis 
involving the caspase cascade and other apoptotic proteins lead 

to resistance to cisplatin in ovarian and uterine cancers (15-17). 
Many studies have reported that combination chemotherapy 
improves outcomes compared to cisplatin monotherapy (15). 
In recent years, a new paradigm of cancer therapeutics is 
emerging involving molecularly-targeted therapeutics rather 
than conventional cytotoxic drugs (18,19). Given the high 
rate of cisplatin failure in advanced cervical cancer, new 
anticancer target molecules are urgently needed. Our results 
suggest that the cross-linking of CM1 with anti-CM1 antibody 
on cisplatin-exposed HeLa cells represents a novel potential 
combinational therapy capable of regulating cancer cell death.

It has previously been reported that CM1 cross-linking 
increases ROS generation and mitochondrial membrane 
disruption (12). It has also been reported that pretreatment 

Figure 4. The effects of inhibition on CM1-mediated apoptosis in cisplatin-exposed HeLa cells. (A) Cisplatin-exposed HeLa cells were pre-incubated with 
z-IETD fmk (20 µM, 2 h) before ligation of CM1 with anti-CM1 antibody. Sixteen hours later, the number of Annexin V-positive cells and mitochondrial 
membrane potential disruption were obtained as described in Materials and methods. (B) Fas and Fas ligand expression in cisplatin-exposed HeLa cells 
after CM1 cross-linking. (C) Effects of ZB4 (Fas-blocking antibody) in cisplatin-exposed HeLa cells after CM1 cross-linking. Cisplatin-exposed HeLa cells 
(1x106 cells/ml) were pre-incubated with ZB4 (0.5 mg/ml) for 1 h. Cells were then washed with PBS and incubated in anti-CM1 or isotype control antibody-
coated plates for 40 min. Cells were then cultured in media containing 10% FBS at 37˚C overnight. FITC-conjugated Annexin V staining was performed 
to assess apoptosis after overnight incubation. The number of DiOC6 represents the percentage of disrupted mitochondrial membrane potentials. Results are 
representative of three independent experiments.



INTERNATIONAL JOURNAL OF ONCOLOGY  44:  2016-2024,  20142022

with the pan-caspase inhibitor z-VAD and the ROS quencher, 
NAC, inhibits CM1-mediated apoptosis in Burkitt's lymphoma 
cells, EBV-transformed B cells, and lung cancer cells (12,13). 
Cisplatin-induced cytotoxicity is associated with increased 
intracellular ROS accumulation and apoptosis mediated by 
proteolytically activated caspase-3 and -9. Several studies 
have found that ROS generation and therefore apoptosis can 
be inhibited by upregulating the expression of anti-oxidant 
proteins and by NAC exposure (20-22). Taken together with 
this prior research, our results suggest that ligation of CM1 with 
anti-CM1 antibody generates additional ROS, overcoming the 
upregulation of anti-oxidants implicated in the rescue mecha-
nism against cancer cell death in cisplatin-exposed HeLa cells.

It has been reported that cisplatin-induced apoptosis is 
mediated through the Fas/FasL signal transduction pathway 
in many solid tumors and hematologic malignancies (23-25). 
Several studies have reported that chemoresistance is corre-
lated with decreased Fas expression (26-28). HeLa cells 
constitutively express Fas, but not FasL. We found that CM1 
cross-linking on cisplatin-exposed HeLa cells significantly 
increased FasL expression on both protein and RNA levels. In 
addition, our results show that CM1-mediated apoptosis was 

blocked after treatment with ZB4, an antagonistic anti-Fas 
antibody.

The extrinsic apoptosis pathway is triggered by the binding 
of tumor necrosis factor (TNF)-family death ligands to their 
appropriate cell surface receptors, followed by caspase-8 
cleavage. The intrinsic apoptosis pathway involves dysregulation 
of mitochondrial pro- and anti-apoptosis proteins; caspase-8 
and Bid, a pro-apoptosis BH3 family member, are then cleaved 
by the death ligands. Activated caspase-8 and truncated Bid are 
correlated with the production of high levels of anti-apoptosis 
gene products and mitochondrial membrane disruption (29). 
Similarly, our results showed that CM1 cross-linking disrupts 
the mitochondrial membrane potential and dramatically 
increased the release of apoptotic molecules from the mitochon-
dria, such as AIF and EndoG, while decreasing Bcl-2 levels. 
Pretreatment with Z-VAD-fmk, NAC, or ZB4 completely inhib-
ited apoptosis by blocking the activation of caspase-8, -3, and 
PARP cleavage, as well as normalizing levels of Bcl-2 and Bid 
proteins, in cisplatin-exposed HeLa cells. These results suggest 
that CM1-stimulated FasL upregulation generates the apoptosis 
signal via procaspase-8 cleavage and mitochondrial membrane 
disruption in cisplatin-exposed HeLa cells.

Figure 5. Effect of CM1 ligation on apoptosis-related molecules in cisplatin-exposed HeLa cells. Reverse transcription polymerase chain reaction (RT-PCR) 
and western blot analysis for apoptosis-associated genes and signaling proteins in cisplatin-exposed HeLa cells after CM1 ligation. (A) Fas ligand and Bcl-2 
family mRNA expression in cisplatin-exposed HeLa cells after CM1 cross-linking. Cells were treated as described in Materials and methods, then total RNA 
was isolated using an RNeasy Mini kit for RT-PCR. (B and C) Western blot analysis was performed to examine the change in apoptosis-related gene products 
(Bid and Bcl-2), ERK1/2 phosphorylation, caspase activity, and Fas-FasL pathway. Cisplatin-exposed HeLa cells were pre-incubated with or without various 
inhibitors (Z-VAD, NAC and ZB4) before stimulation of CM1 with anti-CM1 antibody. Results are representative of three independent experiments.
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The MAPK signaling cascade plays a pivotal role in 
regulating cell growth and survival (23). Several studies have 
reported that cisplatin-induced ERK activation is associ-
ated with increased resistance to its cytotoxicity in cancer 
cells (30,31). Our results showed that CM1 ligation induced 
the phosphorylation of ERK1/2 in cisplatin-exposed HeLa 
cells. Treatment of z-VAD-fmk and NAC effectively blocked 
ERK1/2 phosphorylation and other changes in apoptosis-
related proteins. Although the correlation between Fas-Fas 
ligand upregulation and ERK1/2 phosphorylation remains 
controversial, our results are consistent with a previous report 
that CM1 ligation induces apoptosis and ERK1/2 phosphoryla-
tion in A549 lung cancer cells (13). Some studies have shown 
that Fas and Fas ligand proteins can be upregulated via p38 
MARK/ERK activation (32,33). It has been also reported that 
ROS induces caspase activity and JNK phosphorylation, as 
well as participates in ERK1/2 signaling (34,35).

Based on these results, we provide a more detailed under-
standing of the functions of the CM1 molecule in cervical 
cancer cells. We propose combination chemotherapy with 
cisplatin and anti-CM1 antibody as a new therapeutic strategy 
to overcome chemoresistance in human cervical cancer.
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