


Table 1 Relationship between bcl-2 and p53 immunostaining and clinicopathological
features of colorectal po!vps

Colorectal polyps have been grouped according to histological type. The results of
bcl-2 and p53 staining are related to polyp type and clinical features.

Tumor stage and histopathological features of colorectal adenocarcinomas arerelatedto
bcl-2 and p53 staining and the spontaneous apoptotic index of eachtumor.bcl-2

p53Cancer
Dukes' Histological weighted weightedApoptoticPatient

location stageÂ° grade score score index(%)40

Distal B2 Moderate 0 04.041
Distal C2 Moderate 8 01.242
DiStal D Moderate 0 128.043
Proximal C2 Moderate 9 00.244
Proximal C2 Moderate 12 122.045
Distal B2 Moderate 41246
Distal C2 Moderate 6 00.247
Distal C2 Moderate 8 120.448
Rectum C2 Moderate 12449
Distal C2 Poor 8 00.650
Proximal C2 Moderate 12 9051
Distal C2 Moderate 8 120.452

Distal D Poor 0 03.453
Proximal C2 Well 3 11.054
Proximal C2 Moderate 0 02.855
Proximal C2 Poor 0 120.656
Rectum C2 Well 0 05.857
Distal C2 Poor 8 00.858
Proximal C2 Moderate 12 80.459

Proximal C2 Poor 0 02.260
Proximal Cl Well 12 0 7.0

bcl-2 AND p53 EXPRESSION IN COLORECTAL NEOPLASIA

Statistics. The association between bcl-2 and p53 staining, and with the
apoptotic index, was analyzed using the Pearson's correlation coefficient. The
relationship between oncoprotein staining and polyp size and the presence or
absence of synchronous cancers was determined using the Wilcoxon sum rank
test. Lastly, the Kruskal-Wallis one-way ANOVA was used to analyze the
relationship between bcl-2 and p53 staining and histological grade. Statistical

significance was defined as P 0.05.

Results

Anti-bcl-2Immunostaining

Normal Mucosa. In histologically normal mucosa, bcl-2 staining
was observed in basal epithelial cells of the colonic crypts overlying
the muscularis mucosae but was absent in superficial portions of the
mucosa. bcl-2 staining in basal epithelial cells was intense (3+) and
localized to the cytoplasm, and in some cases nuclear membrane
staining was also observed (Fig. 1B). Intense (3+) immunostaining of
the nuclear membrane of lymphocytes in the lamina propria was
observed in normal sections and in infiltrating lymphocytes within
tumor stroma (Fig. 1C). Similar to other reports (26), neurons dem

onstrated intense positivity for bcl-2. In addition, we consistently
observed anti-bcl-2 immunoreactivity in smooth muscle cells of the
arterial wall and the muscularis mucosae and muscularis propria of the
bowel (Fig. 1B). Anti-bcl-2 immunoreactivity in smooth muscle cells

was not observed in the negative control slides wherein the primary
mAb was omitted. As with neurons, smooth muscle cells are long
lived postmitotic cells in which bcl-2 expression may also function to
extend their survival.

Hyperplastic Polyps. As in normal mucosa, bcl-2 staining was
restricted to basal epithelial cells of the lower colonic crypts. Many of

the basal crypts were histologically normal but staining of basal cells
in hyperplastic crypts was also observed (Fig. 1). More superficial
intestinal cells and mucin cells were uniformly negative for bcl-2 in
the 15 pure hyperplastic polyps and in the hyperplastic portion of
combined polyps (Fig. 1C). In the combined polyps, positive bcl-2
staining highlighted dysplastic glands and allowed them to be easily
distinguished from negatively stained hyperplastic glands.

Adenomas. Dysplasticcells stainedpositivelyforbcl-2proteinin 17
of 24 (71%) adenomas and combined polyps Fig. 1D). In 10 of 17(59%)

PatientPolyp typePolyplocationPolyp
size

l cmSynchronouscarcinomabcl-2
weighted

scorer'p53
weighted

score'@1HyperplasticDistal+â€”002HyperplasticDistalâ€”â€”013HyperplasticDistalâ€”â€”014HyperplasticDistal+â€”005HyperplasticProximalâ€”+006HyperplasticDistalâ€”â€”007HyperplasticDistalâ€”+008HyperplasticDistal+â€”009HyperplasticDistalâ€”â€”0010HyperplasticProximalâ€”â€”001

1HyperplasticDistalâ€”â€”0012HyperplasticDistalâ€”â€”0013HyperplasticRectum+-0214HyperplasticDistal++0015HyperplasticDistalâ€”â€”0016CombinedProximalâ€”â€”3017CombinedProximalâ€”â€”0318CombinedDistalâ€”â€”9619CombinedRectum+â€”4020CombinedProximalâ€”â€”0021CombinedProximalâ€”â€”0022â€•AdenomaProximalâ€”+81223AdenomaRectum++0224cAdenomaRectum++01225AdenomaRectum++01226AdenomaProximal+â€”12027AdenomaDistal+â€”6028AdenomaDistal+â€”8329AdenomaDistal+â€”12030'AdenomaRectum+â€”6031AdenomaRectum+â€”9232AdenomaDistal+â€”12033AdenomaDistal++6034AdenomaProximalâ€”â€”4035AdenomaDistal+â€”12336AdenomaProximal++0937AdenomaDistal+â€”12338AdenomaProximalâ€”â€”4039bAdenomaDistalâ€”+120

a Weighted score represents the product of staining intensity and percentage of tumor

cell positivity (see â€œMaterialsand Methodsâ€•).
b Adenomas obtained from the same patient.
C Focus of severe mucosal dysplasia.

Table2 Relationshipbetweenbcl-2 and p53 immunostainingand clinicopathological
featuresofadenocarcinomasepitope of the human p53 molecule. Anti-p53 mAbs DOl and 1801 were

compared in this study and greater than 95% agreement was observed. All
reported p53 data were obtained using mAb DOl. For all mAbs, staining was
developed by immersing slides in 0.06% 3,3'-diaminobenzidine tetrahydro
chloride (Sigma Chemical Co., St. Louis, MO), and the slides were counter
stained in hematoxylin (Richard Allen, Inc., Richland, MI) and 0.3% ammonia
water and then mounted using an aqueous medium.

Controls. Formalin-fixed, paraffin-embedded sections of normal human
lymph node served as a positive control for bcl-2 in all slide runs. A colorectal
neoplasm with a high level of nuclear p53 immunoreactivity was used as a
positive control for this oncoprotein. Negative control slides were processed
with each slide run and excluded the primary antibody but included all other

steps of the procedure.
ScoringMethods. Positivetumorcellswerequantifiedby twoindependent

observers, expressed as the percentage of the total number of tumor cells, and
assigned to one of 5 categories: 0, 5%; 1, 5â€”25%;2, 25â€”50%;3, 50â€”75%;
and 4, 75%. For both oncoproteins, 5% positive cells was used as the
cutoff to define negative tumors. The intensity of bcl-2 and p53 immunostain
ing was scored as: 1+, weak; 2+, moderate; and 3+, intense. The percentage
of positivity of tumor cells and staining intensity were multiplied to produce a
weighted score for each tumor specimen. For bcl-2, intensity was judged
relative to the basal epithelial cells or to infiltrating lymphocytes which also

served as internal positive controls and were arbitrarily designated as 3+. For
PS3, intensity was judged relative to an intensely stained p53-positive control
colorectal neoplasm.

a Adenocarcinomas were staged according to the Astler-Coller modification of the

Dukes' classification (21).
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Fig. 1. A, section of colorectal car
cinoma stained immunohistochemi
cally but excluding the anti-bcl-2
mAb, i.e., negative control. X 63. B,
normal human colonic mucosa stained
for the bcl-2 protein demonstrates
bcl-2 positivity (brown reaction prod
uct) in basal epithelial cells of the
lower colonic crypts and absence of
the bcl-2 protein in superficial
crypts. X 100. In C, hyperplastic cob
rectal epithelial cells stain negatively
for the bcl-2 protein in contrast to lym
phocytes in the lamina propria, which
display intense (3+) bcl-2 positiv
ity. X 200. In D, dysplastic cells in
adenomatous cobonic glands show dif
fuse positivity for bcl-2. X 100. In E,
malignantcobonicglandsdemonstrate
diffuse cytoplasmic immunostaining
for bcl-2 protein in the adenocarci
noma cells. x 200. F, p53-positive
nuclear staining in epitheial cells of a
hyperplastic coborectalpolyp. X 150.
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cases (2 adenomas from same patient), greater than 75% of dysplastic
cells stained positive for bcl-2. Furthermore, 6 of these 10 (60%) cases
had the highest possible weighted score (Fable 1). Anti-bcl-2 immunos
taming was localized to the cytoplasm in all cases. Severe epithelial
dysplasia was present in 3 cases, 1 of which was bcl-2 negative and the
other two of which were bcl-2 positive (Table 1).

Adenocarcinomas. In 14 of 21 (67%) cases, bcl-2 staining was
detected in carcinoma cells in the malignant glands (Table 2). Diffuse
(75% of cells), homogeneousbcl-2 immunostainingwas observed
in 11 of 14 (78%) positive cases and the highest possible weighted
score was noted in 5 of 14 (36%). Localization of staining was
predominantly cytoplasmic and in several cases also involved the
nuclear membrane (Fig. 1E). Furthermore, cytoplasmic immunoreac
tivity was most prominent in the apical portion of the tumor cells
(Fig. 1E).

Anti-p53 Immunostaining

Normal Mucosa. Normal mucosa was uniformly negative for flu
clear p53 immunostaining.

Hyperplastic Polyps. Nuclear p53 staining was detected in 3 of
15 (20%) pure hyperplastic polyps but was not observed in hyper
plastic tissue in the combined polyps. In the 3 positve cases, p53
staining was weak (1+) and focal, involving <25% of cells (2
cases) and 25â€”50% of cells (1 case) (Fig. iF). The latter p53-
positive case was a large ( 1 cm) rectal hyperplastic polyp and the
other two were <1-cm polyps from the distal colon. Positively

stained cells in these hyperplastic polyps were not dysplastic and
none of the cases were from patients with synchronous colorectal
cancers.

Adenomas. Nuclear p53 staining was detected in 9 of 24 (37%)
adenomas, including 2 of 6 combined polyps with positive staining in
the dysplastic cells. Excluding combined polyps, 14 of 18 (78%)
adenomas were 1 cm in size and 5 of 9 (56%) p53-positive cases
were from patients with synchronous colorectal cancers (Table 1). In
4 of these 5 cases, 50% of dysplastic cells stained positive for
mutant p53 protein. In contrast, focal p53 staining was detected in
p53-positive adenomas from patients without synchronous cancers.

Adenocarcinomas. Consistentwith otherstudies (16, 17), nuclear
p53 positivity was found in 10 of 21 (48%) colorectal carcinomas
(Table 2). The highest possible weighted score was observed in 6
(60%) of these cases and p53 staining was detected in 75% of tumor
cells in 7 (70%) of cases. Immunostaining for p53 was not signifi
cantly related to histological grade.

bcl-2 and p53 Stainingand ClinicopathologicalFeatures. Ade
nomas from patients with synchronous colorectal cancers had signif
icantly less bcl-2 staining compared with those from patients without
synchronous cancers; the converse was noted for p53 staining (Table
3). Importantly, a significant inverse correlation was found between
bcl-2 and p53 in immunostaining in the adenomas but not in the

carcinomas (Table 4). No association was observed between the bcl-2
or p53 weighted score and adenoma size, tumor location, or histolog
ical grade of the carcinomas.
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Adenomabcl-2 weighted scoreâ€•@53 weightedscoreâ€•Synchronous

carcinoma
With

Without3.7 8.8P=0.046.70.45P=0.02Adenoma

size
1 cm

<1 cm6.8 7.0P=0.913.33.0P=0.52a

Mean value of product of staining intensity and turnor cell positivity.

Table 4 Correlation between bcl-2 and p53 staininga

The correlationbetween bcb-2and p53 immunostalningresults in prem
nomas and colorectal carcinomas was determined as shown below.alignant

ads

Pearson's correlation
n coefficient(r)PAdenomas

18 â€”0.58
Carcinomas 21 0.170.010.45a

Weighted score values.

bct-2 AND p53 EXPRESSIONIN COL0REC@ALNEOPLASIA

Table 3 Relationship between bcl-2 and p53 staining and clinicopathological variables
The results of bcb-2and p53 staining in adenomatous polyps are related to the presence

or absence of a synchronous coborectalcarcinoma and polyp size using the Wilcoxon sum
rank test.

mutant p53 in premalignant polyps. Similarly, an inverse correlation
between bcl-2 and p53 staining has been reported in human breast
cancers (20), and studies in cancer cell lines indicate that mutant p.53
can down-regulate bcl-2 expression (29, 30). A potential molecular
basis for this effect may involve a p-53-dependent negative response
element on the bcl-2 gene through which p53 can directly or indirectly
transcnptionally down-regulate bcl-2 expression (31). Furthermore,
p53-deficient mice exhibit increases in bcl-2 expression in several
tissues suggesting that loss of p53 alone is sufficient to result in
elevated bcl-2 expression, at least some tissues in vivo (29).

Coexpression of the bcl-2 and p53 proteins was detected in 29% of
adenomas and 38% of colorectal cancers, respectively. In human
non-Hodgkin's lymphomas, the presence of both bcl-2 and p53 on
coproteins was associated with a worse prognosis than with either
oncogene alone (32). bcl-2 (11, 12) and mutantp53 (19) may enhance
genetic instability by inhibiting apoptosis, thereby interfering with
DNA repairprocesses and allowing furtherdivision of tumor cells
containing genetic alterations necessary for tumor progression. Inhi
bition of apoptosis by bcl-2 may also increase the likelihood of cells
acquiring new mutations in p53 or other oncogenes including c-myc
and ras which are frequent abnormalities in adenomas and colorectal
carcinomas (16, 33).

Spontaneous apoptosis is a feature of some human cancers and may
regulate cell growth (5, 6). Given that the relationship between the
apoptotic rate and bcl-2 expression in epithelial cancers has not been
examined, we quantitated the proportion of apoptotic nuclei histolog
ically and determined its relationship to bcl-2 staining. We found that
the spontaneous apoptotic rate in colorectal carcinomas ranged from 0
to 7%. Moreover, our results indicate that carcinomas with a high
percentage of cells expressing bcl-2 were significantly more likely to
have low AIs than those with low or absent bcl-2. This result supports
a functional role for bcl-2 in vivo as an inhibitor of apoptosis in
colorectal cancers.

Available evidence indicates that hyperplastic polyps do not have
neoplastic potential (25). However, we detected p53 alterations in 3
hyperplastic polyps, one of which was 1 cm in size, which indicates
that some hyperplastic polyps may have a propensity toward neopla
sia. This result is consistent with data from patients with head and
neck carcinoma, whereby p53 expression has been detected in hyper
plastic epithelia and in histologically normal epithelia adjacent to
carcinomas (34). In adenomas and carcinomas, p53 staining was
detected in 37 and 48% of tumors, respectively. A significant increase
in p53 staining was observed in adenomas from patients with syn
chronous cancers and 78% of adenomas in this study were 1 cm in
size. These factors may have contributed to the relatively high fre
quency of p53 expression observed in the adenomas. Our results are
consistent with a report by Pignatelli et a!. (35) whereby nuclear p53
staining was detected in 42% of formalin-fixed, paraffin-embedded
adenomas and in a separate study (36), p53 staining was observed in
41% of adenomas from patients with multiple lesions and synchro
nous cancers. Furthermore, our results show a progressive increase in
p53 alterations during colorectal tumorigenesis. Although p.53 muta
tion is thought to be a late event in colorectal tumorigenesis, our

Apoptotic Index. The mean Al2 for the carcinomas (n = 19) was
2.16 Â±0.56 (SE) (range, 0.2â€”7.0)(Table 3). A significant inverse
correlation was observed between the Ms and the percentage of cells
positive for bcl-2 (r = â€”0.47,P = 0.04). The correlation between A!
and bcl-2 intensity was of borderline significance (r = â€”0.45,
P = 0.05); however, the correlationwith the weighted score was not
statistically significant (r = â€”0.39,P = 0.10). Neither the percentage
of cells positive, nor the intensity, nor the weighted score for p53
staining were significantly associated with the A!.

Discussion

To determineif the bcl-2 oncoproteinis involved in the colorectal
cancer sequence (2, 3), and the timing ofbcl-2 activation, we analyzed
the expression of this protein in normal, hyperplastic, dysplastic, and
malignant colorectal epithelia. Our results indicate that basal epithelial
cells of the normal colonic crypts uniformly express the bcl-2 protein.
Given that the crypt cell population arises from basally located stem
cells (27), the immunolocalization of bcl-2 suggests that it protects
stem cells from apoptosis. Similarly, prostatic basal epithelial cells, in
contrast to secretory cells, express bcl-2 and are resistant to apoptosis
induced by androgen withdrawal (28). Therefore, protection from
apoptosis in basal cells of complex epithelia may be a consequence of
bcl-2 expression. Colonocytes in the superficial portion of the mucosa
did not express bcl-2 and following terminal differentiation, will be
sloughed from the mucosal surface. Extruded enterocytes have been
shown to bear ultrastructural features of apoptosis, suggesting that
these enterocytes undergo programmed cell death (27). It appears,
therefore, that loss of bcl-2 expression may be a normal event during
colonic epithelial cell differentiation.

As in normal mucosa, bcl-2 staining was restricted to basal epithe
hal cells, i.e., the stem cell compartment, in hyperplastic colonic
crypts. However, a topographic change in bcl-2 expression was found
in adenomas and carcinomas. In this regard, 71 and 67% of dysplastic
and carcinoma cells, respectively, abnormally expressed the bcl-2
oncoprotein in parabasal and superficial mucosal layers. Furthermore,
a significant increase in the percentage of bcl-2 and p53-positive cells
was observed during progression from premalignant polyps to carci
nomas. The finding of a high level of diffuse homogenous bcl-2

expression in dysplastic and malignant cells, in contrast to nonneo
plastic cells, suggests that abnormal bcl-2 gene activation is an early
event in neoplastic development or progression.

Interestingly, bcl-2 and p53 staining were inversely correlated in
the adenomas but not in the carcinomas. p53 nuclear staining was
increased in adenomas from patients with compared with those with
out synchronous colorectal cancers and the converse was the case for
bcl-2. This result suggests a potential down-regulation of bcl-2 by

2 The abbreviation used is: Al, spontaneous apoptotic index.
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results and those of others (35, 36) suggest thatp53 alterations may be 18.
more common in premalignant polyps than previously recognized.

Surgery remains the only potentially curative therapy for colorectal
cancer; however, nearly 50% of patients will eventually develop
metastatic disease. The intrinsic resistance of these tumors renders
them poorly responsive to current anticancer therapies (37). Recently,
studies have shown that cells expressing either bcl-2 or mutantp53 are
resistant to inducers of apoptosis, including radiation and several
DNA-damaging anticancer drugs, including fluorouracil (38â€”42).
The mechanism(s) by which bcl-2 and p53 confer drug resistance
appears to be distinct from classical resistance pathways (41). More
over, the frequent expression of bcl-2 and p53 proteins in colorectal
cancers, as shown in this study, suggests a genetic basis for clinical
drug resistance which may account for the ineffectiveness of antican
cer treatments. Analysis of tumors for expression of these oncopro
teins may be of value in predict therapeutic response and prognosis.
Furthermore, bcl-2 and p53 represent potential targets of new phar
macological agents.
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