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Although a positive association between cigarette smoking and colorectal adenoma
development is consistently found, the association with colorectal cancer remains
controversial. We evaluated the potential roles of p27Kip1 and bcl-2 protein expressions in
conjunction with cigarette smoking exposure and colorectal cancer risk in a hospital-based
case-control study. A total of 163 colorectal cancer patients from Roswell Park Cancer
Institute and Buffalo General Hospital and 326 healthy controls responded to a
standardized questionnaire on colorectal cancer risk factors including detailed information
on their history of cigarette smoking; 110 of the patients’ tumours were available for
immunohistochemical analysis of p27Kip1 and bcl-2 protein overexpression. An
avidin–biotin immunoperoxidase procedure was used to determine expression after
incubation with mouse monoclonal p27Kip1 and mouse monoclonal bcl-2 antibodies,
respectively. A statistically signi� cant trend for total pack-years of smoking was found when
p27Kip1 positive cases were compared with p27Kip1 negative cases (trend test, p = 0.007).
Although a weak inverse association was observed with smoking exposure among p27Kip1

negative tumour cases in comparison to controls, a signi� cant dose–response association was
seen with p27Kip1 positive tumours. The relative risk of developing a p27Kip1 positive tumour
was estimated to be 1.17 (95 % CI 0.54–2.54) for those with less than 20 pack-years, 1.95
(95 % CI 0.95–3.97) for those with 20–39 pack-years, and 2.25 (95 % CI 1.14–4.45) for
those with greater than 39 pack-years of smoking exposure (trend test, p = 0.009) when
compared with controls. When cases with bcl-2 expression were compared with cases
without bcl-2 expression, suggestion of a trend was also observed with pack-years smoked
(trend test, p = 0.09). In our study of 110 patients with sporadic colorectal cancer and 326
controls, we observed differences in associations between cigarette smoking and
expressions in p27Kip1 and bcl-2. Our data suggest that bcl-2 overexpression (or a bcl-2
dependent pathway) is associated with cigarette smoking in the development of colorectal
cancer, whereas a loss of p27Kip1 expression is not. These associations indicate that there is
aetiological heterogeneity in colorectal cancer development, and that they can indirectly
allude to where these changes in protein expression occur in the adenoma–carcinoma
sequence (i.e. early versus late events).
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Introduction
Cigarette smoking is associated with the development of many cancers. Results

from epidemiological studies investigating its role in colorectal cancer have been
equivocal Haenszel et al. 1973, 1980, Horm 1977, Graham et al. 1978, Dales et al.
1979, Jain et al. 1980, Tuyns et al. 1982, Vobecky et al. 1983, Papadimitriou et al.
1984, Tajima and Tominaga 1985, Kabat et al. 1986, Jarebinski et al. 1988, 1989,
Ferraroni et al. 1989, Peters et al. 1989, Slattery et al. 1990, Choi and Kahyo 1991,
Kune et al. 1992, Olsen and Kronberg 1993), in contrast to the consistently positive
relationship observed between smoking and adenomas (Hoff et al. 1987, Demers et
al. 1988, Cope et al. 1991, Kikendall et al. 1991, Monnet et al. 1991, Zahm et al.
1991, Honjo et al. 1992, Lee et al. 1993, Olsen and Kronberg 1993, Sandler et al.
1993, Martinez et al. 1995). While some case-control studies have demonstrated an
increase in colorectal cancer risk with cigarette smoking (Graham et al. 1978, Dales
et al. 1979, Vobecky et al. 1983, Kabat et al. 1986, Jarebinski et al. 1988, 1989,
Slattery et al. 1990, Kune et al. 1992), others have found no association (Wynder et
al. 1969, Haenszel et al. 1973, Williams and Horm 1977, Jain et al. 1980, Tuyns et
al. 1982, Ferraroni et al. 1989, Olsen and Kronberg 1993), or even a reduction in
risk (Haenszel et al. 1980, Papadimitriou et al. 1984, Tajima and Tominaga 1985,
Peters et al. 1989, Choi and Kahyo 1991). Results from two recent prospective studies
(Giovannucci et al. 1994a, b) suggest that smoking may act as an initiator of
colorectal carcinogenesis; previous studies may have yielded equivocal results
because they failed to allow for the presumably long induction period between
smoking onset and colorectal neoplasia.

There is molecular evidence to strengthen the hypothesis that cigarette smoke
may be an initiator in colorectal carcinogenesis. We recently reported that
colorectal tumour formation via the p53 independent pathway (without p53
overexpression) was more strongly associated with smoking than p53 dependent
pathways (with p53 overexpression) (Freedman et al. 1996). This is consistent with
the association observed between p53 mutation/overexpression and cigarette
smoking in tumours where this aberration is an early molecular event (e.g. lung and
bladder; Miller et al. 1992, Suzuki et al. 1992), but not in those where it is a late
event (e.g. stomach and prostate; Spruck et al. 1993, Zhang et al. 1994). In
addition, p53 mutations and gene product overexpression are more often observed
with advanced colorectal cancer (Fearon 1993).

Another protein that is involved in cell-cycle control and may play an important
role in colorectal cancer development is the cyclin-dependent kinase inhibitor
(CDKI) p27Kip1. Although mutations in the p27Kip1 gene are rarely observed
(Kawamata et al. 1995, Ponce-Castaneda 1995) and its protein expression is mainly
regulated at post-transcriptional levels through its translation and degradation
(Pagano et al. 1995, Hengst and Reed 1996), various studies have amassed evidence
for its importance in controlling cell growth. In p27Kip1 knockout mice, multiple
organ hyperplasia and the development of pituitary tumours are observed (Fero et
al. 1996, Kiyokawa et al. 1996, Nakayama et al. 1996). Furthermore, in human cell
lines, an inverse correlation between the expression of p27Kip1 and the degree of
tumour malignancy has been observed in colorectal tumours (Fredersdorf et al.
1997). A similar inverse relationship has also been observed in molecular
epidemiological studies where down-regulation of p27Kip1 expression has been
associated with tumour progression and reduced survival (Loda et al. 1997,
Thomas et al. 1998, Palmqvist et al. 1999). 
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The bcl-2 gene product is thought to inhibit apoptosis (Hockenbery et al. 1990,
Korsmeyer 1992) and has been shown to have a role in the biology of normal
epithelial tissues. In the normal large bowel, bcl-2 expression is seen in the
proliferative compartments at the base of the crypts but is lost in the epithelium of
the upper crypts and luminal surface (Hockenbery et al. 1991). Overexpression of
this protein has been reported in a high proportion of both adenomas and
carcinomas, suggesting that it may be an early event in colorectal carcinogenesis
(Hague et al. 1994, Bronner et al. 1995).

In this study, we evaluated the possible role of p27Kip1 and bcl-2 expression in
relation to cigarette smoking exposure and colorectal cancer risk in a hospital-based
case-control study.

Material and methods
Study population 

The cases and controls in this report are from a hospital-based case-control study of colorectal
cancer described previously (Freedman et al. 1996). Brie� y, patients diagnosed with a � rst primary
sporadic colorectal cancer at Roswell Park Cancer Institute and Buffalo General Hospital in Buffalo,
NY, between 1982 and 1993 were asked to complete an extensive questionnaire soliciting information on
family history of cancer, tobacco use, and other lifestyle behaviour. Staging of all tumours was
performed (NJP) according to the TNM pathological staging system. Patients who completed the
questionnaire and had paraf� n-embedded tumour specimens available for p27Kip1 and bcl-2
immunohistochemical analysis were eligible for the current study. Controls were identi� ed from among
2870 patients admitted to Roswell Park Cancer Institute between 1982 and 1987 with non-malignant
diseases or among those who visited the screening clinic. These patients were routinely asked to
complete an epidemiological questionnaire and were matched to cases by gender and age within 5 years.
The following results were based on 110 colorectal cases and 326 controls. 

Exposure
Subjects were categorized for cigarette smoking exposure as never, current, or former, where

smokers were classi� ed as former if they had quit � ve or more years before baseline. To determine total
lifetime smoking, a cumulative cigarette pack-year history was calculated for each subject. One pack-
year of smoking is equivalent to having smoked one pack (20 cigarettes) per day for an entire year.

Immunohistochemical methods
Tissue sections were processed from archival formalin-� xed paraf� n-embedded tumour specimens

using a microtome and mounted on clean polylysine-coated glass slides. The sections were then dewaxed
in xylene and hydrated in graded concentrations of ethanol, followed by a rinse in deionized water. For
antigen retrieval enhancement, slides were transferred to 1 ´ sodium citrate buffer (diluted from 10 ´
heat-induced epitope retrieval buffer, Ventana BioTek), followed by steaming at 80°C for 20 min. After
treatment, slides were cooled for 5 min before staining. 

Staining was performed on a BioTek-Tech Mate 1000 automated stainer (Ventana-BioTek
Solutions, Inc., Tucson, AZ). Brie� y, slides were washed in phosphate buffer followed by blocking for
7 min in blocking serum. Slides were then incubated overnight with primary antibody (1:800 dilution of
p27Kip1 mouse monoclonal antibody, Santa Cruz Biotechnology, Santa Cruz, CA; and 1:25 dilution of
bcl-2 mouse monoclonal antibody, Dako Corporation, Carpentria, CA), followed by incubation with
anti-mouse secondary antibody for 30 min. Endogenous peroxidase was blocked with hydrogen
peroxide and colour developed using an avidin–biotin immunoperoxidase procedure for 30 min,
followed by diaminobenzidine chromagen for 20 min. Haematoxylin was used for light counterstain of
the slides. Slides were coverslipped using Baxter Accu-Mount permanent mounting medium.

Scoring method
The slides were scored independently by one of the co-authors (CID) without reference to any

clinical or pathological information. Tumours were classi� ed as p27Kip1 negative (i.e. low expression) if
less than or equal to 25 % of cells displayed nuclear positivity and p27Kip1 positive (i.e. high expression) 
if greater than 25 % of cells were positive (Yasui et al. 1997). Tumours were classi� ed as bcl-2 positive if
staining was observed. The most common pattern of staining was approximately 5 % of the tumour cells
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accumulated nuclear bcl-2. Lymphocytes were used as the positive internal control for both
classi� cations. 

Statistical analysis 
Associations between disease and cigarette smoking were measured using odds ratios and 95 %

con� dence intervals. Unconditional logistic regression analysis was used to obtain maximum likelihood
estimates of odds ratios and their 95 % con� dence intervals after controlling for gender, age (< 55, 55–64,
65–74, ³ 75 years), family history of colorectal cancer, body mass index (quartiles based on control
distribution), and consumption of alcohol, cruciferous vegetables and meat (Breslow and Day 1980). To
assess dose–response relationship, smoking exposure was classi� ed as follows: (1) non-smoker, (2) 1–19
pack-years, (3) 20–39 pack-years, (4) ³ 40 pack years. Trend tests were performed by assigning the score
j to the jth exposure level of a categorical variable, and treating it as a continuous variable in the logistic
model.

To examine aetiologic heterogeneity, odds ratios were calculated for the association between cigarette
smoking and each of the immunohistochemical measures (i.e. p27Kip1, bcl-2) separately. For example,
this odds ratio is the odds of smoking exposure in the p27Kip1 positive group divided by the odds of
smoking exposure in the p27Kip1 negative group. Each of these odds ratios represents the ratio of the
relative risk of smoking for p27Kip1 positive tumours to the relative risk of smoking for p27Kip1 negative
tumours. Aetiological heterogeneity is indicated by departures from the value of one (Begg and Zhang
1994).

Three additional comparisons were made, using healthy controls as the referent group. First,
standard analysis was conducted comparing all colorectal cancer cases with controls. To estimate the
risk of developing a colorectal tumour through a p27Kip1 dependent pathway (i.e. loss of normal
expression), only colorectal patients with p27Kip1 negative expression were compared with controls.
Likewise, to estimate the risk of developing a colorectal tumour through a p27Kip1-independent pathway,
colorectal patients with p27Kip1 positive expression were compared with controls. Similar analyses were
conducted for bcl-2 expression.

All tests of statistical signi� cance were two-sided. All analysis was performed with the software
package SAS Release 6.12 (SAS Institute Inc., Cary NC). 

Results

Patient characteristics
Among the 110 colorectal cases and 326 controls, 45 % of the subjects were

male. The mean age for both cases and controls was approximately 63 years. As
expected, family history of colorectal cancer was strongly associated with disease
status. With the exception of obesity as measured by body mass index, none of the
other colorectal cancer risk factors reached statistical signi� cance. Table 1
summarizes the demographics and lifestyle characteristics of the subjects. 

Approximately 72 % of patients’ tumours were located distal to the splenic
� exure. Patient tumour distribution by TNM stage consisted of 28% stage I, 22 %
stage II, 32 % stage III, and 18 % stage IV. 

p27Kip1 expression and smoking in colorectal cancer
Nuclear expression of p27Kip1 protein in less than or equal to 25 % of cells was

found in 23 % of colorectal tumours. p27Kip1 expression was not modi� ed by
gender, family history, stage, or tumour site (data not shown). Signi� cant
differences in pack-years of smoking were observed when cancers with p27Kip1

expression were compared with cancer cases who lacked p27Kip1 expression. A
dose–response relationship was observed with categories of total pack-years of
smoking after controlling for potential confounders (trend test: p = 0.007).
Tumours of patients who reported greater smoking exposure tended to maintain
p27Kip1 expression; among ‘heavy’ smokers (i.e. greater than 40 pack-years); 29 of
31 (93.5 %) patients displayed p27Kip1 nuclear expression compared with only 24 of
38 (63.2 %) non-smokers. 
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Estimating the individual relative risk of developing a p27Kip1 negative tumour
compared with controls showed a weak inverse association with pack-years smoked.
However, markedly different results were found when p27Kip1 positive cases were
compared with controls. The relative risks of developing a p27Kip1 positive tumour
were estimated to be 1.17 (95 % CI 0.54–2.54) for those with less than 20 pack-
years, 1.95 (95 % CI 0.95–3.97) for those with 20–39 pack-years, and 2.25 (95 % CI
1.14–4.45) for those with greater than 39 pack-years of smoking exposure (trend
test, p = 0.007) when compared with controls (table 2). Moreover, a signi� cant
trend of increasing risk was observed for total pack-years of smoking (adjusted
trend test: p = 0.009). 

Bcl-2 expression in colorectal cancer
Bcl-2 immunohistochemical staining was performed on 110 available colorectal

tumours; 48 % of patients’ tumours demonstrated bcl-2 expression. Moderate
differences were observed when cases with bcl-2 overexpression were compared
with cases without bcl-2 expression for family history of colorectal cancer
(OR = 2.90; 95 % CI 0.98–8.81), and pack-years smoked (adjusted trend test,
p = 0.09).

When cases with bcl-2 overexpression were compared with controls, the
adjusted relative risks were estimated to be 1.60 (95 % CI 0.63–4.07) for those with
less than 20 pack-years, 2.14 (95 % CI 0.87–5.27) for those with 20–39 pack-years,
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Table 1. Descriptive characteristics of colorectal cases (n = 110) and controls (n = 326).

Variables Cases Controls p-value

Age 63.2 (± 11.5) 63.7 (± 11.5) 0.41
BMI 28.1 (± 4.7) 26.6 (± 3.9) 0.003 
Gender

Male 53 (48.2%) 182 (55.8%)
Female 57 (51.8%) 144 (44.2%) 0.47

Family historya

Yes 22 (20.6%) 24 (7.5%) 
No 85 (79.4%) 297 (92.5%) 0.001

Meat intake
Quartile 1 22 (20.0%) 82 (25.2%)
Quartile 2 32 (29.1%) 87 (26.7%)
Quartile 3 31 (28.2%) 78 (23.9%)
Quartile 4 25 (22.7%) 79 (24.2%) 0.62

Smoking statusb

Never 39 (35.5%) 145 (44.5%)
Former 46 (41.8%) 124 (38.0%)
Current 25 (22.7%) 57 (17.5%) 0.21

Pack-years
0 39 (35.4%) 145 (44.5%) 
1–19 17 (15.5%) 62 (19.0%)
20–39 24 (21.8%) 53 (16.3%)
³ 40 30 (27.3%) 66 (20.2%) 0.14

Cruciferous vegetable intake
Quartile 1 37 (33.6%) 87 (26.7%)
Quartile 2 30 (27.3%) 80 (24.5%)
Quartile 3 22 (20.0%) 79 (24.2%)
Quartile 4 21 (19.1%) 80 (24.5%) 0.34

a One case was missing information on smoking history.
b There are three cases and � ve controls for whom ‘family history’ information is missing.
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and 2.31 (95 % CI 0.98–5.46) for those with greater than 39 pack-years of smoking
exposure (trend test, p = 0.03) (table 3). Colorectal tumours developing without
overexpression of bcl-2 were not associated with smoking exposure. 

Discussion
Colorectal cancer is thought to develop through a sequence of genetic events

that correspond to the histopathological progression from morphologically normal
colonic epithelium to adenoma to adenocarcinoma. This sequence has been studied
extensively since Vogelstein and Fearon � rst hypothesized these steps (Fearon and
Vogelstein 1990). Colorectal tumours, however, do not exhibit a uniform and
orderly accumulation of the genetic alterations associated with the Vogelstein
model. This suggests aetiological heterogeneity where more than one pathway
exists by which neoplastic progression can occur. Moreover, clinical behaviour also
is heterogeneous among patients, even if they have identical classi� cations (e.g.
size, stage, etc.). 

There is evidence that different agents act at different points in this continuum
of morphological and genetic abnormalities. Because of the consistently observed
� nding that smoking increases the risk of colorectal adenoma, but not cancer,
cigarette smoking is believed to act early in this sequence (Giovannucci et al. 1994a, b),
serving as an initiator of colorectal carcinogenesis. Similarly, there is evidence that
bcl-2 overexpression occurs early in this process: overexpression of the protein has
been observed more often in adenomas than in carcinomas (Hague et al. 1994,
Baretton et al. 1996, Ilyas et al. 1996, Hawkins et al. 1997), suggesting that this
change may give these adenomas a survival advantage in progressing to tumour. 

In contrast to bcl-2, loss of p27Kip1 expression (as well as p53 gene product
overexpression of the type associated with mutation) is believed to be a late event in
the adenoma–carcinoma sequence. Loss of p27Kip1 expression has been observed to
be a powerful negative prognostic marker in various epithelial carcinomas,
including colorectal and breast tumours (Fredersdorf et al. 1997). Furthermore, it
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Table 2. Odds ratios and 95% con� dence intervals between p27Kip1 expression and colorectal cancer
risk by cigarette smoking.

p27 expression

£ 25% > 25%

£ 25% > 25% Controls OR (95% CI)a OR (95% CI)a

Smoking status
Never 15 24 145 1.0 (ref.) 1.0 (ref.)
Former 7 40 124 0.51 (0.19–1.40) 2.10 (1.13–3.89)
Current 3 21 57 0.46 (0.12–1.77) 1.86 (0.89–3.88)
Trend, p 0.156 0.036

Cigarette smoking in pack-years
0 14 24 145 1.0 (ref.) 1.0 (ref.)
1–19 6 12 62 1.03 (0.35–3.01) 1.17 (0.54–2.54)
20–39 3 19 53 0.59 (0.15–2.28) 1.95 (0.95–3.97)
³ 40 2 29 66 0.30 (0.06–1.43) 2.25 (1.14–4.45)
Trend, p 0.106 0.009

a Adjusted for age, gender, family history of colorectal cancer, body mass index (BMI), and alcohol,
cruciferous vegetable and meat consumption.
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has been reported that less than 10 % of gastric adenomas show a loss of p27Kip1

expression compared with 74 % of gastric carcinomas (Yasui et al. 1997). 
In our study of 110 patients with sporadic colorectal cancer and 326 controls,

we observed differences in associations between cigarette smoking and expressions
in p27Kip1 and bcl-2. Our data suggest that bcl-2 overexpression (or a bcl-2
dependent pathway) is associated with cigarette smoking in the development of
colorectal cancer, whereas a loss of p27Kip1 expression is not. Given that tobacco
smoke most likely acts as an initiating event, the association observed with bcl-2
overexpression is further evidence that this change in protein expression may occur
early in the cascade (Hague et al. 1994, Baretton et al. 1996, Ilyas et al. 1996,
Hawkins et al. 1997). The stronger association with bcl-2 overexpression observed
among former smokers (adjusted OR = 2.22; 95 % CI 1.08–4.59) than in current
smokers (adjusted OR = 1.82; 95 % CI 0.75–4.42), further supports this
observation. In contrast, the lack of association with loss of p27Kip1 expression may
suggest that it is a late event, similar to that observed with p53 overexpression
(Freedman et al. 1996). 

Results from retrospective studies of disease aetiology have inherent limitations
and those reported here should be interpreted with caution. One possible reason for
the statistically signi� cant effects observed may be due to the multiple comparisons
made between these protein expressions, smoking characteristics and tumour site.
Another potential source of bias is in the use of hospital and screening clinic
controls. The latter may over-represent healthier lifestyles. However, the odds
ratios observed in our case-control comparison are similar to those reported in
three recent population based cohort studies (Giovannucci et al. 1994a, b,
Heineman et al. 1995) and may, therefore, attest to the suitability of our control
population. Additionally, the primary use of this control group is to assist in the
estimation of the individual relative risks for p27Kip1 positive and p27Kip1 negative
cancer, as well as differences in bcl-2 expression in tumour development, for
smoking exposure variables. This bias is of less concern in our case-series analysis,
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Table 3. Odds ratios and 95% con� dence intervals between bcl-2 expression and colorectal cancer
risk by cigarette smoking. 

Bcl-2 expression

No Yes 

Variable No Yes Controls OR (95% CI) OR (95% CI)a

Smoking status
Never 26 13 145 1.0 (ref.) 1.0 (ref.)
Former 17 29 124 0.77 (0.38–1.55) 2.22 (1.08–4.59)
Current 14 11 57 1.38 (0.64–2.96) 1.82 (0.75–4.42)
Trend, p 0.570 0.081

Cigarette smoking in pack-years
0 26 13 145 1.0 (ref.) 1.0 (ref.)
1–19 8 9 62 0.72 (0.30–1.75) 1.60 (0.63–4.07) 
20–39 12 12 53 1.22 (0.55–2.70) 2.14 (0.87–5.27)
³ 40 11 19 66 0.91 (0.39–2.09) 2.31 (0.98–5.46)
Trend, p 0.968 0.031

* Adjusted for age, gender, family history of colorectal cancer, body mass index (BMI), and alcohol,
cruciferous vegetable and meat consumption.
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since patients are unaware of their protein expression status and thus have no effect
of recall. 

The data from this study of bcl-2 expression and p27Kip1 expression suggest
that distinct causal mechanisms in the development of colorectal cancer may exist.
If cells can use different groups of molecular alterations to overcome the same
growth controls, understanding of how each piece � ts in the multiple sequence of
events may lead to the development of better forms of treatment and/or prevention
to re� ect the effects of these mutations. Clearly, future molecular epidemiological
studies are warranted to further elucidate the exact relationship between exogenous
exposures, genetic alteration and colorectal cancer risk. 
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