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Abstract

Sixteen low grade (LSIL), 22 high grade (HSIL) squamous intraepithelial lesions, 28 invasive 
(13 stage I and 15 stage II-IV) squamous cell carcinoma (SCC) and 15 benign cervices were 
immunohistochemically studied for involvement of Bcl-2 and Bax proteins in cervical carcinogenesis.   
4-µm sections of the cases were immunostained for Bcl-2 (Clone 124: Dako) and Bax (Dako) and 
staining intensity was rated as 1 (light), 2 (moderate) and 3 (strong) and percentage cellular staining 
as 0 (negative), 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (>75%) with score derived by multiplying 
staining intensity and percentage positivity.  The cut-off value, indicating upregulated expression, 
was computed as >2 for Bcl-2 and >8 for Bax.  Bcl-2 was upregulated (p<0.05) in HSIL and Bax 
in SCC when compared with benign cervical squamous epithelium.  Bcl-2 expression was confined 
to the lower third of the epithelium in the benign cervices and LSIL.  In HSIL, expression reached 
the middle and upper thirds.  4 (30.8%) HSIL with upregulated Bcl-2 demonstrated intensification 
of staining around the basement membrane.  SCCs showed “diffuse” (evenly distributed) or “basal” 
(intensified staining around the periphery of the invading tumour nests) expression of Bcl-2.  Of the 
5 SCCs with upregulated Bcl-2, 1 of 2 (50%) stage I and 3 (100%) stage II-IV tumours exhibited 
the “basal” pattern.  Benign cervical squamous epithelium, LSIL, HSIL and SCC showed a generally 
diffuse Bax expression.   Thus, Bcl-2 and Bax appeared to be upregulated at different stages of 
cervical carcinogenesis, Bcl-2 in HSIL and Bax after invasion.   Intensification of staining of 
Bcl-2 at the basement membrane in some HSIL and SCC is interesting and may augur for increased 
aggressiveness.
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INTRODUCTION

Since the recognition of apoptosis or “programmed 
cell death” in the early 1970s,1,2 there has been 
much progress in the understanding of its role 
in development and homeostasis of an organism, 
with the Bcl-2 gene identified as one of the most 
prominent regulators of apoptosis.  Located on 
chromosome 18 the prototype Bcl-2 gene encodes 
a 25 kilodalton protein that suppresses apoptosis 
and is expressed on cell membranes.3-7   In 1993 
Oltvai et al. identified Bax, a 21 kilodalton 
protein that shares extensive homology with 
Bcl-2 and is capable of heterodimerisation with 
and countering the death repressor activity of 
Bcl-2.8  Since then, at least 16 family members, 
sharing a minimum of one of 4 conserved Bcl-2 
homology (BH) domains, have been recognised in 

humans with some demonstrating anti-apoptotic 
and others pro-apoptotic properties.9-11   
	 After the first description of Bcl-2-induced 
failed programmed cell death leading to B-cell 
follicular lymphoma,12-14 Bcl-2 and Bax have 
been extensively studied and alterations in protein 
expressions have been noted in other tumours 
including carcinoma of the prostate, breast and 
stomach etc.15-17   Studies of these proteins in 
cervical carcinoma have been generally scarce.  
Cervical squamous intraepithelial lesions and 
invasive cervical squamous cell carcinoma 
were immunostained for Bcl-2 and Bax proteins 
and compared with benign cervical squamous 
epithelium to assess the involvement of Bcl-2 and 
Bax proteins in cervical carcinogenesis from the 
intraepithelial neoplastic stage to overtly invasive 
carcinoma. 
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MATERIALS AND METHODS

Sixteen low-grade (LSIL), 22 high-grade 
squamous intraepithelial lesions (HSIL) and 
28 cervical invasive squamous cell carcinoma 
(SCC) diagnosed histologically for the first 
time at the Department of Pathology, University 
of Malaya Medical Centre, Kuala Lumpur 
were entered into the study.  13 SCC were in 
stage I, 12 stage II, 2 stage III and 1 stage IV.  
Cervices from 15 hysterectomies with or without 
salpingo-oophorectomies performed for non-
malignant diseases in the female genital tract, 
except the cervix, served as benign controls.  
All cases, both benign and neoplastic had been 
histologically reviewed previously and diagnoses 
re-confirmed.	
	 Two consecutive 4 µm tissue sections were 
cut from the selected paraffin blocks of the 10% 
formalin-fixed cases and benign controls on to 
aminopropyltriethoxysilane (TESPA) coated 
slides.  The sections were subjected to 2 cycles 
of microwave antigen retrieval (Energy Beam 
Sciences, Inc., 600 watts, 100% power at 90oC for 
2.5 min each cycle) before immunohistochemical 
staining.  Immunohistochemical staining using 
the respective antibodies: monoclonal anti-
human Bcl-2 protein (Clone 124: Dako, dilution 
1:50) and polyclonal anti-human Bax protein 
(Dako, dilution 1:200) was carried out with 
the peroxidase labelled streptavidin biotin kit 
(Dako).  The final results were visualised via 
diaminobenzidine tetrahydrochloride.  A reactive 
lymph node served as positive control for both 
Bcl-2 and Bax.  Negative controls were derived 
by substituting phosphate buffered saline for the 
primary antibody.  Positive and negative controls 
were included in each batch of immunostaining.  
Furthermore, inflammatory cells noted to be 
present in all the neoplastic and benign cervices 
served as internal controls for both Bcl-2 and 
Bax.
	 Bc l -2  and  Bax  immunopos i t iv i ty 
(“cytoplasmic” for both proteins) were semi-
quantitated by visual impression.  Staining 
intensity was graded as 1 (light), 2 (moderate) 
and 3 (strong).  Percentage of cells expressing 
the proteins was rated as 0 (negative), 1 (1-25%), 
2 (26-50%), 3 (51-75%) and 4 (>75%).  In the 
squamous intraepithelial lesions, the proportion 
of cells staining positively was compared against 
the total number of cells in the squamous 
epithelium visibly identifiable as neoplastic.  For 
the benign cervices, percentage positivity was 
based on immunoreactive compared with the 
total number of squamous cells at the squamo-

columnar junction.  The “score” was derived 
for Bcl-2 and Bax by multiplying the staining 
intensity and percentage positivity for each 
protein.  Cut-off values indicating upregulated 
expressions of Bcl-2 and Bax were formulated 
based on the highest score of each protein 
achieved by “majority” (at least 90%) of the 
benign cervices.  In practice, not more than 1 
of the 15 benign cervices should show a score 
above the cut-off value.  Statistical analysis 
was carried out using Fisher’s exact test and 
interpreted at 5% level of significance.

RESULTS

Bcl-2 and Bax expressions in benign cervical 
squamous epithelium
Bcl-2 was expressed in 8 benign squamous 
epithelium.    Bcl-2 scores of the 15 benign 
cervices ranged from 0-4 with 7 achieving score 
0, 6 score 1, 1 score 2 and 1 score 4.  The cut-off 
value indicating upregulated expression was set 
as >2.  Immunoreactive cells were confined to 
the lower third of the squamous epithelium.  All 
the benign squamous epithelium expressed Bax.  
3 cases scored 3, 1 scored 4, 5 scored 6 and 6 
scored 8.  The cut-off value for Bax was set as 
score >8.  Immunopositive cells were evenly 
distributed throughout the benign squamous 
epithelium.  

Bcl-2 expression in SCC, LSIL and HSIL
Bcl-2 expression was noted in 10 (35.7%) SCC, 
10 (62.5%) LSIL and 17 (77.3%) HSIL.  In SCC, 
Bcl-2 score >2 was noted in 5 (17.9%) but this 
upregulation was not significant (p>0.05) when 
compared with benign squamous epithelium 
(6.7%).  2 of 13 (15.4%) stage I and 3 of 15 
(20.0%) higher (II-IV) stage tumours showed 
upregulated Bcl-2 (p>0.05).  2 distinct patterns 
of immunoreactivity were noted viz (1) “basal” 
with intensification of immunoreactivity at the 
periphery of the invading tumour nests (Figure 
1) and (2) “diffuse” with an even distribution of 
the immunopositive cells (Figure 2).   Of the 5 
SCC with Bcl-2 score >2, 1 (50.0%) stage I and 
all 3 (100.0%) higher stage tumours demonstrated 
the basal pattern. No LSIL attained Bcl-2 score 
>2 although a significantly increased number of 
HSIL (59.1%) (p<0.05) showed upregulated Bcl-
2 (score >2).  As in benign cervical squamous 
epithelium, Bcl-2 immunoreactive cells were 
evenly distributed and limited to the lower 
third of the epithelium in LSIL.  In comparison, 
immunopositive cells reached beyond the lower 
third i.e. up to the middle and upper thirds in all 
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17 HSIL which expressed Bcl-2.  Furthermore, 
there was intensification of staining in the basal 
layer in 4 HSIL (all with Bcl-2 scores >2). 

Bax expression in SCC, LSIL and HSIL
Bax was expressed in 26 (92.9%) SCC, 12 
(75.0%) LSIL and 22 (100.0%) HSIL.  SCC 
demonstrated significantly upregulated Bax 
expression (score >8) when compared with 
benign cervices (p<0.05).   Bax upregulation 
showed no significant difference (p>0.05) 
between stage I (53.8%) and higher stage 
tumours (20.0%).  LSIL and HSIL did not show 
significant Bax upregulation.  Expression of Bax 
was generally diffuse and immunoreactive cells 
evenly distributed in LSIL, HSIL and SCC.  
	 Table I shows Bcl-2 and Bax expressions 
in benign cervices, LSIL, HSIL and SCC by 
immunopositivity and scores.  

DISCUSSION

Bcl-2 was significantly upregulated in HSIL 
and Bax in SCC when compared with benign 
cervical squamous epithelium, implying a 
role of these proteins in the development of 
cervical squamous neoplasia.  Increase of Bcl-
2 expression in HSIL has also been noted by 
other workers.18-22  However, it remains unclear 
whether this upregulation provides HSIL cells a 
survival advantage because of the anti-apoptotic 
properties of Bcl-2.  The reason for proapoptotic 
Bax upregulation in SCC is also uncertain but 
may be associated with increased cell turnover.  
At this juncture, it is imperative to reiterate 
that Bcl-2 and Bax are part of a superfamily, 
where members are capable of homo and 
heterodimerisation with and augmenting or 
nullifying each other.  Hence interpretation of 
Bcl-2 and Bax expressions must always take 
this into account.  It is undetermined whether 

FIG. 1:	 A case of invasive cervical squamous carcinoma showing the “basal” pattern of Bcl-2 expression with 
intensification of immunoreactivity at the periphery of tumour clumps.

FIG.2:	 More even distribution of Bcl-2 immunopositivity throughout the tumour clumps in a case of invasive 
cervical squamous carcinoma demonstrating the “diffuse” staining pattern.
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Bcl-2 is actually downregulated in SCC or has 
heterodimerised with upregulated Bax or another 
family member resulting in decreased “free” 
Bcl-2 but it is noteworthy that in this study 9 
(39.1%) of the 23 SCC with Bcl-2 score <2  
showed upregulated Bax in comparison with 
only one (20%) of the 5 cases of SCC with 
upregulated Bcl-2.  Studies in other adenoma/
dysplasia-carcinoma sequences have also shown 
Bcl-2 downregulation after malignant change.23    

Further studies with increased number of cases 
and inclusion of other proapoptotic members of 
the family should help clarify the situation.  
	 The occurrence of two different patterns of 
Bcl-2 immunoreactivity in SCC in this study has 
also been previously reported.24-26   Interestingly of 
the 5 SCC with upregulated Bcl-2, 1 of 2 (50.0%) 
stage I tumours compared with all 3 (100.0%) 
higher stage tumours demonstrated the basal 
pattern of staining.  In LSIL, the immunoreactive 
cells were confined, as in benign cervices, to 
the lower third of the epithelium but reached 
beyond the lower third in all HSIL, suggesting 
increasing deviation from the normal with disease 
progression.  In addition, 4 (30.8%) HSIL with 
Bcl-2 upregulation exhibited some intensification 
of staining in the basal layer, this phenomenon 
being also described by Tjalma et al. in cervical 
squamous carcinoma-in-situ.20  Although the 
limited number of cases defeats proper analysis it 
highlights a possibility that antiapoptotic protein 
may be concentrated at the invading front of 
SCC and HSIL during certain periods.  This 
may facilitate acquisition of distinct properties 
for more aggressive behaviour.  Nevertheless, 
no significant correlation was noted between 
Bcl-2 and Bax upregulation (Bcl-2 score>2, Bax 
score >8) with tumour stage.  Hence it may be 

also useful, particularly in the study of Bcl-2, 
to consider distribution of the immunopositive 
cells besides staining intensity and proportion 
of immunoreactive cells.  
	  As a postcript, it is pertinent to mention 
that all SCC, HSIL, LSIL and benign controls 
demonstrated the presence of inflammatory cells, 
which in fact constituted the internal positive 
controls.  Whether injuries to the cervices which 
led to the infiltration of inflammatory cells 
may have influenced the balance of Bcl-2 and 
Bax is a matter for speculation.  Furthermore, 
scores were determined by multiplying a 3-
point scale for staining intensity by a 4-point 
scale for percentage immunopositivity.  This 
method inherently imparts a certain bias on 
to proportion of cells stained was an attempt 
to lessen the uncertainties encountered with 
intensity of immunohistochemical staining in 
the computation.  
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