
Abstract. Background: Bcl-2 oncoprotein inhibits apoptosis,
whereas bax protein promotes apoptosis by enhancing cell
susceptibility to apoptotic stimuli. This study examined the bcl-
2, bax and p53 expression in rectal adenocarcinomas and their
relationship with tumor prognosis. Patients and Methods:
Paraffin-embedded 4-Ìm tumor sections obtained from
patients with rectal adenocarcinoma who underwent colectomy
for therapeutic reasons, were analyzed with a standard
streptavidin biotin peroxidase method, using polyclonal and
monoclonal antibodies. Patients were followed up for 1.5-83
(mean±SD: 47.19±6.2) months. Results: Positive
immunoreactivity for bcl-2, bax and p53 was detected in 21
(37%), 28 (50%) and 45 (80%) tumors, respectively. Bax was
co-expressed in 17 out of 21 bcl-2(+) cases, whereas p53 was
co-expressed in 18 out of 21 bcl-2(+) and 17 out of 28 bax(+)
cases. Loss of bax expression was associated with advanced
stage and high grade tumors (p<0.01). Local (n=6) or distant
(n=5) tumor recurrence was established in 11 cases. All these
cases were bax(+), bcl-2(–) and p53(+). Bax and p53
expressions were correlated with adverse outcome (p<0.05)
while bcl-2 presence did not influence survival. Bcl-
2(–)/bax(+)/p53(+) cases showed lower survival than
bax(+)/bcl-2(+)/p53(+)cases (p<0.001). Conclusion: In
rectal adenocarcinoma, bax and bcl-2 proteins co-express
frequently with p53. Co-expression of bax with p53 protein is
associated with poor clinical outcome, especially in cases
without concomitant expression of bcl-2. 

Colorectal cancer is one of the most common cancers,
affecting men and women equally. Its prognosis is related to
several clinical and pathological parameters. The rectum is
one of the most frequently involved sites and accounts for
25% of primary colorectal cancers. The stage of the tumor,
along with the histologic type and grade, have been used as
parameters for predicting prognosis and planning appropriate
therapeutic approaches (1).

Today it is accepted that tissue growth during tumor
development is the result of cell proliferation or enhanced
cell survival (through inhibition of apoptosis) or it results
from a combination of both mechanisms (2). Apoptosis is a
morphologically distinct, gene-directed form of cell death,
characterized by cytoplasmic fragmentation and nuclear
condensation that contributes to both physiological and
pathological processes (2). 

One of the oncogenes that regulate apoptosis is bcl-2. It
is located at chromosome 18q21 and its expression was
first described in studies regarding t(14;18) chromosomal
translocation in B-cell follicular lymphoma (3). Bcl-2
encodes a 26-kD protein that blocks programmed cell
death without affecting cellular proliferation (4). It has
emerged as a key regulator of apoptosis, because it can
protect cells from death induced by a number of injuries
including radiation, chemo-therapy or growth factor
deprivation. Bcl-2 expression has been detected in the
long-lived, self-renewing populations of stem cells that line
the basement membrane of several epithelia including
skin, colon and prostate, but not in the terminally
differentiated cells found at the surface of those epithelia,
which are believed to die by apoptosis (5). 

Regarding bcl-2 expression in malignant tumors and its
relation with prognosis, data are conflicting. Bcl-2 protein
expression has been linked either to a favorable prognosis of
malignant tumors (6) including colon carcinomas (7), or to a
worse prognosis (8), whereas other studies failed to
demonstrate any relation between bcl-2 expression and
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prognosis, in malignant tumors and more specifically
colorectal cancer (2). 

Bax protein is a homologue of bcl-2 that promotes
apoptosis (9). Bax may bind to bcl-2 forming bax/bcl-2
heterodimers, or may bind to itself forming bax/bax
homodimers (9). The ratio of bax to bcl-2 determines the
susceptibility of a cell to apoptosis. Thus, in cells with bax
overexpression, bax homodimers predominate, and the
susceptibility of such cells to apoptotic stimuli is enhanced.
Bax/bcl-2 heterodimers predominate in cells that overexpress
bcl-2, and the susceptibility of these cells to apoptosis is
reduced (9, 10). Previously, we have shown that in patients
with rectal adenocarcinoma, an elevated bcl-2/bax ratio in
tissue specimens suggests increased resistance of the specific
tumors to radiotherapy and thus it may serve as a potential
molecular marker for prediction of tumor prognosis (11). 

The wild-type p53 is a direct transcriptional activator of the
bax gene suggesting the presence of a complexed interaction
of bax, bcl-2 and p53 during cellular growth and apoptosis
(12, 13). Recent studies have shown that in cases of colorectal
cancer, p53 expression is related to a higher rate of distant
metastases and a lower rate of local relapse (14), whereas
others have demonstrated either no prognostic implication or
adverse prognostic impact (15).

This study investigates bcl-2, bax and p53 expression in
cases of rectal adenocarcinoma and attempts to assess a
possible correlation of these markers with important
clinicopathological parameters, such as tumor grade, stage
and patients’ survival.

Patients and Methods

Patients. This retrospective study comprised 56 consecutive surgical
specimens of primary rectal adenocarcinomas, resected at Patras
University Hospital, Greece, during an 9-year period (1990-1998).
Archival tissues and data derived from the pathology records as well
as clinical follow-up were readily available for all patients. There
were 37 male and 19 female patients with a median age at the time
of diagnosis of 64 years (range 27-76 yr). All patients had resectable
rectal adenocarcinoma and did not receive any prior systemic
chemotherapy or radiotherapy before surgery. 

A blind review of the slides and pathology report for each patient
was conducted in order to confirm the pathological grade and stage.
All tumors included in the study were staged according to the Astler-
Coller modification of Dukes classification and furthermore, the
tumors were graded according to a modification in grading system
proposed by WHO (low-grade and high-grade) (16). Patients were
followed up for 1.5-83 (mean±SD: 47.19±6.2) months.

Before chemotherapy was initiated, all patients were assessed by
physical examination, routine hematology and biochemistry analysis,
chest X-ray and CT scans. All 56 patients with rectal carcinoma
underwent postoperative radiotherapy using a 6-MV linear
accelerator and an isocentric three- or four-field technique, in prone
position with the bladder distended. Radiotherapy was initiated 2-3
weeks after the first six weekly fractions of chemotherapy. The dose
was 45 Gy to the tumor bed, perirectal tissues and regional lymph

nodes (1.8 Gy per fraction, five fractions per week). An additional
dose of 5.4 Gy was given as a boost to the tumor bed. The total dose
was prescribed at the 95% or 90% isodose curve encompassing the
target volume. Chemotherapy (5-fluorouracil 450-500 mg/m2,
leucovorin 200 mg/m2) was given postoperatively up to a total dose
of 24 weekly fractions, unless the patient was voluntarily withdrawn
or unacceptable toxicity occurred. Additionally, 5-fluorouracil (400
mg/m2) was administered as a single rapid infusion on the first 3 and
the last 3 days of radiotherapy as a radiosensitizer.

Immunohistochemical stain for the evaluation of bcl-2, bax and p53
protein expression. The detection of cells that express bcl-2, bax and
p53 proteins, relied on immunohistochemistry based on a standard
streptavidin biotin peroxidase method (Multilink kit, Biogenex, San
Ramon, CA, USA) as described previously (2, 11). Paraffin sections
(4 Ìm thick) were used and primary antibodies included: monoclonal
antibody to bcl-2 (DAKO, USA in a dilution of 1:40), polyclonal
antibody to bax (Santa Cruz, CA, USA, in a dilution of 1:1000) and
mouse monoclonal antibody to p53 (Biogenex, San Ramon, CA,
USA, ready-to use). All incubations were performed for 30 min at
room temperature. Diaminobenzidine (Sigma Fast DAB tablets, D-
4293, Sigma St Louis, MO, USA) was used as chromogen.
Cytoplasmic staining for bcl-2 and bax and nuclear stain for p53 were
considered as positive. For positive control purposes, paraffin
sections from human tonsils were used. For negative control
purposes, the same streptavidin-biotin technique was used on tissue
sections in which 1% BSA in PBS substituted the primary antibody.

Morphometric analysis. A well-established method that has been
described in detail elsewhere was used for blind morphometric
estimations (2, 11). Briefly, cell counts were performed manually at
a x400 magnification using a 10x10-microscope grid. Both the
number of immunoreactive cells and the total number of tumor cells
(at least 500 cells) at selected areas were tallied in five different
fields per section. For each field the percentage of immunoreactive
cells for bcl-2, bax and p53 was obtained. The values between fields
did not differ by more than 10% per section. Cases were considered
positive if at least 5% of tumor cells displayed cytoplasmic staining
for bcl-2 or bax and nuclear staining for p53. 

Statistical analysis. Results were expressed as median values.
Correlation of pathologic parameters with staining results, were
performed using one-way analysis of variants (ANOVA). Whenever
the equal variance test or normality tests failed, the Kruskal-Wallis
non-parametric test was applied. In order to address the problem of
multiple comparisons, the ANOVA and Kruskal-Wallis tests were
followed by a post hoc Bonferroni test. The Spearman rank correlation
was used to detect the relationship between bcl-2, bax and p53. The
Kaplan-Meier procedure was also used to compare the survival curves.
Data were analysed using the SPSS statistical package (SPSS©,
Release 10.0.1, USA). Any p-value <0.05 was considered significant. 

Results

Patients. Twenty-seven tumors were of stage B2 and 29
tumors of stage C. Forty six adenocarcinomas, which were
well or moderately-differentiated, were recorded as low-grade
tumors, whereas the remaining 10 poorly-differentiated
adenocarcinomas were listed as high grade tumors. 
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In a follow-up period of 1.5-83 (mean±SD: 47.19±6.2)
months, 44 patients (79%) of the patients are alive. In 11 cases
the cause of death was tumor recurrence and in one case the
patient died due to diabetic coma 25.5 months post surgery;
however until that time no tumor recurrence developed. 

Immunohistochemistry. Table I shows the immunohisto-
chemical results in relation to the classic pathologic
prognostic factors. Bcl-2 expression was detected in 21 (37%)
of the tumors. The pattern of staining was cytoplasmic or
perinuclear (Figure 1A). In the adjacent non-neoplastic
colonic mucosa, bcl-2 was present within the cytoplasm of
epithelial cells in the base of the crypts and in the infiltrating
lymphocytes. Bcl-2 expression was higher (in terms of %
positive cells) in low-grade tumors, however this difference
did not reach statistical significance. 

Bax expression was detected in 28 (50%) of the tumors. It
displayed a granular cytoplasmic pattern of staining (Figure
1B). Bax was expressed in 17/21 bcl-2 (+) cases. Loss of bax
expression with advanced stage and high grade was observed
(p<0.01). This difference was recorded when the median
values (% of positive tumor cells) were taken into account
and not the number of cases. 

P53 expression was recorded in 45 (80%) of the tumors.
It exhibited typical nuclear staining (Figure 1C). As shown
in Table II, p53 was co-expressed in 18/21 bcl-2(+) and in
17/28 bax(+) cases. Statistical analysis did not reveal any
significant differences between any combination of p53/bcl-
2, p53/bax or bcl-2/bax expression and stage and grade of
the tumors (p>0.05). However, a substantial difference was
seen when tumor recurrence was studied. Tumor recurrence
was established in 11 cases, of which 6 were local and 5 were
distal. All these cases were bax positive, bcl-2 negative and

p53 positive. An inverse correlation was observed between
the percentage of bax(+) cells and the time (in months) the
recurrence was discovered but this was not statistically
significant (p=0.075). 

Survival analysis. A statistically significant association was
observed between stages (B2 vs. C : p<0.05 ) and between
grades (high vs. low : p<0.01), with tumors of advanced stage
and grade exhibiting shorter survival. Similar observations were
made when the length of survival (in months) was compared to
each of these classic prognostic factors (Table III). 

Statistical correlations, between the immuno-
histochemical results for bcl-2, bax and p53, revealed that
bax and p53 expression was correlated with adverse
outcome (tumor recurrence) and shorter overall survival
(p<0.05), while bcl-2 presence did not influence survival.
The latter finding is in full accordance with a previous
study done by this group (2).

Table II includes the correlations of all possible
combinations between bcl-2, bax and p53 expression.
Statistically significant differences were recorded between: i)
bax(+)/bcl-2(–) and bax(+)/bcl-2(+) cases (p<0.01), ii) bcl-
2(–)/p53(+) and bcl-2(+)/p53(–) cases (p<0.05), iii)
bax(+)/p53(+) and bax(–)/p53(+) cases (p<0.05) and iv)
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Table I. Bcl-2, bax and p53 expression in relation to tumor stage and
grade.

Pathological Number Bcl-2 [No Bax [No p53 [No 
factors of of (+) cases of (+) cases of (+) cases

cases (median (median (median 
of positive of positive of positive 
cells %)] cells %)] cells %)]

Tumor stage
B2 27 10 (35) 13 (45)a 21 (41)
C 29 11 (32) 15 (30)a 24 (39) 

Tumor grade
Low (I+II) 46 20 (37) 21(58)b 36 (38)
High (III) 10 1 (29) 7 (36)b 9 (40)

Total 56 21 28 45

Differences are statistically significant at p<0.01 level in cases with
matching letters a, b.

Table II. Survival and bcl-2, bax, p53 expression.

Factors Number Survival Survival 
of (No of (months 

cases alive patients median 
(n=56) n=44) value)

Bcl-2(–) 35 24 52
Bcl-2(+) 21 20 59
Bax(–) 28 28a 60b

Bax(+) 28 16a 41b

p53(–) 11 11c 61d

p53(+) 45 33c 45d

Bcl-2(+)/Bax(+) 17 16e 58f

Bcl-2(+)/Bax(–) 4 4 59
Bcl-2(–)/Bax(+) 11 0e 43f

Bcl-2(–)/Bax(–) 24 24 56
Bcl-2(+)/p53(+) 18 17 51
Bcl-2(+)/p53(–) 3 3g 61h

Bcl-2(–)/p53(+) 27 16g 48h

Bcl-2(–)/p53(–) 8 8 57
Bax(+)/p53(+) 17 5i 43j

Bax(+)/p53(–) 11 11 51
Bax(–)/p53(+) 28 28i 54j

Bax(–)/p53(–) -- -- --
Bcl-2(–)/Bax(+)/p53(+) 11 0k 44l

Bcl-2(+)/Bax(–)/p53(+) 4 4k 55l

Differences are statistically significant at the p<0.05 levels in numbers
with matching letters a, b, c, d, g, h, i, j, and at the p<0.01 level in
numbers with matching letters e, f , k, l.



bax(+)/bcl-2(–)/p53(+) and bax(–)/bcl-2(+)/p53(+) cases
(p<0.01); the former cases exhibited adverse outcome and
shorter overall survival, when compared to the latter cases
respectively. 

Figure 2 shows the bcl-2/bax/p53 expression status in relation
to Kaplan-Meier survival curves. Statistically significant
differences were recorded between the bcl-2(–)/ bax(+)/p53(+)
and bcl-2(+)/bax(+)/p53(+) groups (p<0.001).
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Figure 1. A) Photomicrographs showing bcl-2 expression in a well-
differentiated rectal adenocarcinoma (arrow) (streptavidin-biotin
peroxidase x400). B) Photomicrographs showing bax expression in a
moderately-differentiated rectal adenocarcinoma (arrow) (streptavidin-
biotin peroxidase x400). C) Photomicrographs showing p53 expression in
a moderately-differentiated rectal adenocarcinoma (arrow) (streptavidin-
biotin peroxidase x400). 

Table III. Correlation of patient’s gender, tumor stage and grade with
survival.

Factor No Survival Survival
of (No of alive (months 

cases patients) median value)

Gender
Males 37 29  60
Females 19 15 59

Stage
B2 27 26a 61b

C 29 18a 41b

Grade
Low (I+II) 46 41c 60d

High (III) 10 3c 10d

Total 56 44

Differences are statistically significant at p<0.05 level in cases with
matching letters a and b and at p<0.01 level in cases with matching
letters c and d.

Figure 2. Kaplan-Meier survival curves showing the relation between
survival and the bcl-2/bax/p53 expression status. Statistically significant
differences were recorded between the purple A. [bcl-2(–)/bax(+)/p53(+)]
and the green B. [bcl-2(+)/bax(+)/p53(+)] group (p<0.001).



Discussion

This study showed that in patients who underwent rectal
resection and received adjuvant chemotherapy and
radiotherapy for rectal adenocarcinoma: a) bax and bcl-2
proteins co-express frequently with p53, and b) expression of
bax protein is associated with poor clinical outcome,
especially in cases with co-expression of p53 and absence of
bcl-2. Previous studies have shown that bcl-2 protein
expression occurs in various premalignant lesions, including
colorectal adenomas, suggesting that this oncogene may lead
to the accumulation of long-living cells, resulting in tumor
development (17, 18). Therefore, it seems that bcl-2
expression is an early event in tumorigenesis although its role
during the development or progression of colorectal
carcinomas has not been fully elucidated. On the other hand,
the loss of bcl-2 expression in high-grade tumors observed in
this and other studies (2, 11) may reflect progression of these
tumors to a more deregulated state where bcl-2 is no longer
required for maintenance of cell survival (19). 

The relationship between bcl-2 expression and survival in
cases of colorectal cancer has been studied in the past,
however the results have been contradictory. Some studies
have shown that bcl-2 expression is related to a favorable
prognosis (18), others that it is related to poor survival (20)
and a third category failed to demonstrate any relation
between bcl-2 presence and outcome (2). Bcl-2 prevents
apoptosis induced by either chemotherapy or irradiation and
for that reason bcl-2(+) tumor cells are considered as
chemotherapy and radiotherapy resistant (2). Thus, it would
be expected that bcl-2(+) tumors are correlated with an
adverse outcome. However, bcl-2 has also been shown to slow
down cell proliferation, due to a prolongation of the G1
phase of the cell cycle and for that reason bcl-2(+) tumor
cells may express a low mitotic rate (21). In neoplastic clones
with a low mitotic rate, the rate of acquisition of
complementary genetic defects and the growth fraction are
also low, implying a less aggressive mechanism of
transformation along with delayed tumor progression, and
therefore bcl-2(+) tumors may be associated with an indolent
clinical course. In this study, bcl-2 expression did not
influence survival. However bcl-2 expression was found to
correlate with favorable prognosis in the subgroup of bax(+)
patients, as bax(+)/bcl-2(+) patients showed increased
survival when compared to bax(+)/bcl-2(–) patients. 

Regarding bax expression in colorectal carcinomas, previous
studies have shown that bax expression in colorectal carcinomas
is related to marginally better (21) or longer survival (22),
whereas in others, it was associated with poorer survival (17).
Having in mind that bax promotes apoptosis following
genotoxic damage from either chemotherapy or irradiation, the
presence of bax might be expected to be related to a better
prognosis (12). Previous studies have shown an increased

sensitivity of bax protein expressing cells, to radiotherapy and
administration of chemotherapeutic agents (11, 23, 24). Bax has
also been found to accelerate cell proliferation possibly through
reversing the inhibitory effect of bcl-2 (21). Thus, bax(+)
neoplastic clones may express a higher mitotic rate, a higher
rate of acquisition of additional genetic defects and a higher
growth fraction, therefore displaying a more aggressive
mechanism of transformation along with a more rapid tumor
progression. Consequently, bax(+) tumors seem to preserve a
high malignant potential and may exhibit an aggressive clinical
course. The results from this study showing an adverse
prognostic role for bax may be explained in this way. 

In the present study the p53 protein was expressed in 80%
of the tumors. Previous studies have shown that the wild-type
p53 can up-regulate bax and down-regulate bcl-2 gene
expression, both in vitro and in vivo (25). In this study a
coordinate immunoexpression of p53 in 18/21 bcl-2(+) and
in 17/28 bax(+) tumors was recorded. Thus we are tempted
to speculate that the p53(+)/bcl-2(+) and the p53(+)/bax(–)
phenotypes, are caused by p53 mutants inefficient in either
down-regulating bcl-2 or upregulating bax (i.e., structural p53
mutations), whereas the p53(+)/bcl-2(–) and the
p53(+)/bax(+) phenotypes are caused by p53 mutants which
have retained either a bcl-2 suppressing or a bax up-
regulating function (i.e., mutations of the loop-sheet-helix
motif of p53), respectively (21). 

Several studies have reported that p53 does not play a
substantial role in the prognosis of colorectal cancer (26),
whereas others have correlated its presence with an adverse
outcome (27) or even with higher rates of distant metastases
together with lower rates of local relapse (14). This study
showed that p53 expression was correlated with adverse
outcome. This finding could be explained by the fact that
mutant p53 cannot efficiently activate apoptosis following
irradiation or chemotherapy and therefore p53(+) tumor cells
may be considered as radio-chemoresistant (25). For that
reason, postoperative residual p53(+) disease, in the form of
either haematogenously pre-existing microscopic metastases or
perirectally implanted tumor cells, may survive from adjuvant
chemo-radiotherapy and result in distal or local relapse
respectively. Furthermore, we noted that the p53(+)/bcl-2(–)
subgroup of patients exhibited statistically significant worse
outcome than the p53(–)/bcl-2(+) subgroup, a finding which is
in accordance with a previous study (7). This may be explained
by the fact that the p53(–)/bcl-2(+) phenotype is similar to the
normal crypt base stem cell phenotype and therefore, a better
prognosis would be likely to accompany a tumor which has
retained the normal tissue phenotype (7). 

In conclusion, this study demonstrates that in patients who
underwent rectal resection and received adjuvant chemo-
radiotherapy for rectal adenocarcinomas, the p53(+)/bax(+)/
bcl-2(–) immunophenotype was associated with the highest
risk of recurrences, since all the recurrent cases beared that
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particular phenotype. Additionally, strong bax
immunoreactivity is associated with shorter disease-free
survival. Therefore, it can be suggested that patients, bearing
the p53(+)/bax(+)/bcl-2(–) immunophenotype and
characterized by particularly strong bax immunoreactivity,
should be monitored more carefully for postoperative
relapse, independently of their disease stage and tumor
histologic grade. However, further investigation is warranted,
with a larger series, to establish the possible usefulness of
these markers in the prediction of local recurrence and
distant metastasis in rectal carcinoma. 
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