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ABSTRACT

Apoptosis is a complex pathway, which plays a central role in the physiological processes. Aberrant regulation of
apoptosis or defective expression of apoptotic- related proteins might result in tumourigenesis. The present study
investigated the expression pattern of Bcl-2 and Bax by immunohistochemistry and the activities of caspase-3 and
-9 by ELISA reader in patients with squamous cell carcinoma (SCC) of the uterine cervix. Bcl-2 expression was
found in 65% of the tumour cells while Bax expression was found in 45% of the tumour cells. The activity of
caspase-3 was significantly reduced (p<0.001) while the activity of caspase-9 was unaltered in patients with SCC
(p>0.05) as compared to normal subjects. The results thus suggest defective expression of pro- and anti- apoptotic
proteins in patients with SCC of the uterine cervix, which could play a role in the abnormal cell proliferation of the

uterine cervix.
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INTRODUCTION

Cancer of the uterine cervix is the most common can-
cer affecting women worldwide (WHO, 2006). The es-
timated global incidence is around 500,000 and nearly
half of the women die of this cancer every year (Parkin
et al, 2005). In the United States, approximately,
11,000 new cases and 4000 deaths due to this cancer
reported in 2009 (Jemal et al., 2009). In India, it is the
most common cancer among women and approx-
imately 90,000 cases were newly reported in 2007
(NCRP, 2009).

Apoptosis, a highly organised complex pathway, is es-
sential to eliminate unwanted cells in the development
and homeostasis of multicellular organisms (Shehata,
2005). Aberrant regulation of apoptosis has been im-
plicated in the pathogenesis of number of clinical dis-
orders (Donepudi et al., 2002). Enhanced apoptosis
could lead to ischaemic and neurodegenerative diseas-
es while insufficient apoptosis could lead to autoim-
mune and malignant disorders (Donepudi et al., 2002).
Apoptosis is induced when there is irreparable DNA
damage or when cell division goes out of control. It
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occurs by the activation of a proteolytic cascade of
apoptosis specific enzymes, the caspases (Thornberry
et al., 1998). So far, 14 mammalian caspases have been
identified and 12 of them are found in human (Oliver
et al., 2005). Based on the mode of activation, the pro-
apoptotic caspases are categorised as the upstream
signaling group initiator or apical caspases (caspase-2,
caspase-8, caspase-9 and caspase-10) and downstream
effector caspases (caspase-3, caspase-6 and caspase-7)
(Shi, 2002). All caspases are produced in cells as cata-
lytically inactive zymogens and must undergo activa-
tion during apoptosis (Donepudi et al., 2002). The acti-
vation of an effector caspase such as caspase-3 or 6 is
performed by an initiator caspase such as caspase-9.
However, the initiator caspases are auto-activated de-
pending on the apoptotic signals or stimuli (Shi, 2002).
Once activated, the effector caspases exert various
actions on the cells ultimately leading to cell death
(Shehata, 2005). The actions include break down of
structural components like actin and nuclear lamin,
inactivation of DNA repair enzyme like poly (ADP-
ribose) polymerase (PARP), and activation of caspase
activated DNase (CAD) which degrades chromosome in
to nucleosomal fragments during apoptosis (Shehata,
2005).

Bcl-2 family of proteins, the key regulator of apoptosis,
consists of both anti-apoptotic (Bcl-2, Bcl-X,, Bcl-W,
Mcl-1, A1) and pro-apoptotic members (Bax, Bak, Bcl-
Xs, Bad, Bid) (Danial, 2007). These pro- and anti-
apoptotic proteins can homodimerise or heterodime-
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rise and neutralise one another’s functions (Korsmeyer,
1999). The most important pro-apoptotic protein is Bax
and the most important anti-apoptotic protein is Bcl-2.
The expression of both Bcl-2 and Bax has been de-
scribed in cervical carcinomas with conflicting results
(Tjalma et al., 2001; Chung et al., 2002; Ohno et al.,
1998). Furthermore, there are only a few studies avail-
able on the activities of caspase-3 and -9 in cervical
carcinomas (Chung et al., 2002; Aréchaga-Ocampo et
al., 2008). Thus our aim was to investigate the expres-
sion pattern of Bcl-2, Bax, caspase-3 and -9 in patients
with squamous cell carcinoma of the uterine cervix.

MATERIALS AND METHOD
Study design

Twenty subjects, clinically evaluated as having cervical
cancer, ranging in age from 30- 65 years were selected
for the present study. Tumour samples were obtained
from patients admitted in Obstetrics and Gynaecology
Division at Rajah Muthiah Medical College and Hospit-
al, Annamalai University, Annamalainagar. The patients
were staged according to FIGO (International Federa-
tion of Gynaecology and Obstetrics) staging and stage
IIl was selected for the present study. All the tumour
samples were squamous cell carcinomas confirmed by
histopathological examination. Twenty age matched
normal subjects were also investigated for the present
study. They were undergoing hysterectomy for uterine
prolapse. The informed consent was obtained from all
the study subjects and the study was approved by the
Institutional Human Ethical Committee (IHEC). Biopsy
samples were collected by gynaecologist. The speci-
mens were divided into two parts. One part was
washed with normal saline and used for homogenisa-
tion. The other part was placed in neutral buffered
formalin (10%) and embedded in paraffin within 24
hours for long time storage. Several 4 um sections
were cut from each tissue specimen for conventional
light microscopic as well as immunohistochemical ana-
lyses.

Preparation of tissue homogenate

Cytosolic extracts were prepared by homogenising cer-
vical tissues in lysis buffer containing 50 mM 2-[4-(2-
hydroxylethyl)-1-piperazinyl] ethane sulphonic ac-
id(HEPES; pH 7.4), 5mM 3-[(3-cholamidopropyl) dime-
thylammonio]-1-propane sulphonate (CHAPS) and
5mM dithiothreitol (DTT). Homogenate was centri-
fuged in a microcentrifuge (10,000 x g) for 1 minute.
The supernatent (cytosolic extract) was collected as an
enzyme source. The protein content of the supernatant
was estimated using Bradford reagent (Bradford,
1976).

Assay of caspase-3 and -9

The activity of caspase-3 was assayed in tissue lysates
using caspase-3 colourimetric assay kit (Biovision, USA)
according to the manufacturer's instructions. The cas-
pase-3 colourimetric assay is based on spectrophoto-
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metric detection of the chromophore p-nitroaniline
(pNA) after cleavage from the labeled substrate acetyl-
Asp-Glu-Val-Asp-nitroanilide (Ac-DEVD-pNA) by cas-
pase-3. The free p-nitroaniline is quantified using ELISA
reader at 405 nm. Similarly, the activity of caspase-9
was assayed using caspase-9 colourimetric assay kit
(Biovision, USA).

Immunohistochemistry

Paraffin tissue sections were fixed on pre-coated slides
[(BioGenex OptiPIusTM) BioGenex, San Ramon, CA,
USA]. Paraffin was removed from the slides by heating
at 60°C for 10 min and then washed three times in xy-
lene for 10 min each. After gradual hydration through
graded alcohols, the sections were rinsed in distilled
water for five minutes. All slides were incubated for 30
min in 3% hydrogen peroxide in methanol to block the
endogenous peroxidase activity. The antigen retrieval
was achieved by adding citrate buffer (pH 6.0) and
keeping in pressure cooker for 10 minutes. The tissue
sections were then incubated with universal proteina-
ceous blocking reagent power Block™ (BioGenex, San
Ramon, CA, USA) for 15 min at room temperature to
prevent non-specific binding. For localisation of the
Bcl-2 and Bax proteins, the sections were incubated
with a respective ready to use primary antibodies: anti-
Bcl-2 oncoprotein — mouse monoclonal Ab in PBS; Anti-
Bax protein — Rabbit polyclonal Ab in PBS (BioGenex,
San Ramon, CA, USA ) for 60 min at room temperature.
The sections were then incubated with their corres-
ponding secondary antibodies, polymer HRP detection
system (BioGenex, San Ramon, CA, USA) conjugated
with horseradish peroxidase for 30 min at room tem-
perature. The antigen-antibody complex was detected
using 3, 3’-diaminobenzidine (Sigma, St Louis, MO,
USA). The immunostained slides were counterstained
with mayer’s hematoxylin for 5 min and covered with a
mounting medium.

Assessment of immunostaining

All slides were evaluated for immunostaining without
the knowledge of clinical data. A section was consi-
dered as positive when > 10% of the tumour cells
showed immunoreactivity. This was obtained by esti-
mating the fraction of positive tumour cells in several
random fields (400x) and averaging the results. In the
present study, no attempt was made to grade the
staining intensity. This was adopted from the earlier
publication by Chung et al (2002).

RESULTS

The present study investigated the activities of caspas-
es-3, and -9 using DEVD-specific colourimetric assay kit
and immunohistochemical expression of Bcl-2 and Bax
in 20 squamous cell carcinoma specimens and 20 nor-
mal cervical tissues. The activity of caspase-3 was sig-
nificantly reduced in cervical cancer as compared to
controls (Fig.1a). The activity of caspases-9 was not
significantly altered in cervical cancer as compared to
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Figure 1a: Caspase-3 activity

Values are expressed as mean + SD: (P> 0.05)

Figure 1b: Caspase-9 activity

Figure 2a: Cytoplasmic staining of bcl-2 (400x)

controls (Fig.1b). Immunostaining for Bcl-2 was loca-
lised in the cytoplasm of the cells. The protein expres-
sion was heterogeneous and present in 13 (65%)
squamous cell carcinoma (Fig.2a) and in eight (40%)
normal cervix. Immunostaining for Bax was cytoplas-
mic. The protein expression was present in nine (45%)
squamous cell carcinoma (Fig.2b). Only four (20%) of
the normal cervix were immunopositive for 10% cut off
value.

Statistical analysis

Data for the activities of caspase-3 and -9 are ex-
pressed as mean #* SD. Statistical analysis was carried
out using a Student’s t test. The results were consi-
dered statistically significant if the value was 0.05 or
less.

DISCUSSION

The normal cellular growth is a complex process, which
involves a fine balance between proliferation and
apoptosis. The net accumulation of cells and thus can-
cer development can occur as a consequence of en-
hanced proliferation or diminished apoptosis. Almost
all types of human cancers are found to be resistant to
apoptosis (Hanahan et al., 2000) and many alterations
in apoptotic machinery have been observed in human
cancers (Aréchaga-Ocampo et al., 2008).

©Pharmascope Foundation | www.pharmascope.org

Figure 2b: Cytoplasmic staining of bax (400x)

There have been limited studies on the activities of
caspases-3 and -9 in cervical carcinomas. However, few
studies used immunohistochemical technique on tissue
caspases in cervical carcinomas (Chung et al.,, 2002;
Aréchaga-Ocampo et al., 2008). We employed colouri-
metric technique to measure the activities of these
caspases. Our study showed that the activity of cas-
pases- 3 was significantly reduced (p<0.001) where as
the activity of capase-9 was not significantly altered in
patients with squamous cell carcinoma as compared to
subjects with normal cervix.

Caspases are the final mediators of apoptosis and they
bring the culmination of the programmed cell death.
Activation of caspase cascade is necessary for the on-
set of apoptosis in mammalian cells (Wolf et al., 1999).
Defective activation or expression of caspases has been
implicated in tumourigenesis of various human cancers
(Philchenkov et al., 2004). Aréchaga-Ocampo et al
(2008) reported that the expression of caspases-3 and -
9 was undetectable in adenocarcinoma and adenos-
quamous cell carcinomas. However, in squamous cell
carcinoma of the uterine cervix, the expression of
these enzymes was similar to those observed in normal
cervix. Cheung et al (2002) reported reduced immuno-
histochemical expression of caspase-3 in squamous cell
carcinoma of the uterine cervix as compared to high-
grade squamous intraepithelial lesion (HSIL). Our study
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demonstrated the reduced activity of caspase-3 and
unaltered activity of caspase-9 in squamous cell carci-
noma.

In the present study, the expression of Bcl-2 protein
was up regulated in squamous cell carcinoma (65%) as
compared to normal cervical epithelium (40%). Our
results are in agreement with Chung et al (2002) who
reported 65% expression of Bcl-2 for 10% cut-off value.
Tjalma et al (1997) reported 63% Bcl-2 expression for
5% cut-off value. The up regulation of Bcl-2 is sugges-
tive of defective apoptosis in squamous cell carcinoma.
Studies have shown that Bcl-2 over expression could
block apoptosis and prolong cell survival without alter-
ing cell proliferation (Reed, 1994). Nair et al (1999)
demonstrated up regulation of Bcl-2 by immunohisto-
chemical analysis and reduced apoptosis in squamous
cell carcinoma of the uterine cervix by using in situ
technique.

In immunohistochemical analysis, the expression of
Bax was 45%. Our results are comparable to Kokawa et
al (1999) who observed 44 % Bax expression in squam-
ous cell carcinoma. Van de Putte et al (2005) reported
82% while Ohno et al (1998) observed 15% in cervical
cancer. The relation between Bax and Bcl-2 proteins
has been described as a cellular rheostat and ratios of
the two proteins determine the state of apoptosis
(Korsmeyer, 1999). When Bax is over expressed it ho-
modimerises itself and promotes apoptosis, conversely
when Bcl-2 is over expressed, it heterodimerises with
Bax and suppresses apoptosis. (Korsmeyer, 1999). The
present study observed reduced Bax to Bcl-2 ratio and
this might have resulted in the tumourigenesis (Nair et
al., 1999).

CONCLUSION

Our results showed defective expression of pro-and
anti- apoptotic proteins in patients with squamous cell
carcinoma of the uterine cervix, which could play a
possible role in the abnormal cell proliferation of the
uterine cervix. Further studies involving other mem-
bers in the Bcl-2 family would throw more light on the
role of apoptotic machinery in the squamous cell carci-
noma of the uterine cervix.
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