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a Department of General Surgery, Hospital Getúlio Vargas, Federal University of Piauı́, Teresina, Piauı́, Brazil
b Department of Gynecology, Mastology Division, Hospital Getúlio Vargas, Federal University of Piauı́, Brazil
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A B S T R A C T

The aim of this study was to evaluate Ki-67 and Bcl-2 protein expression in the normal

colorectal mucosa adjacent to adenomatous polyps in women with breast cancer. A

cross-sectional, controlled study was conducted in 35 women with and without breast can-

cer who had adenomatous colorectal polyps. The patients were divided into two groups:

Group A (a control group of women without breast cancer, n = 18) and Group B (a study

group of women with breast cancer, n = 17). A sample of normal colonic mucosa was col-

lected at a distance of 5 cm from the polypoid lesion to evaluate immunohistochemical

expression of the Ki-67 and Bcl-2 proteins. Student’s t-test and the chi-square test were

used to analyse Ki-67 and Bcl-2 expression, respectively. Statistical significance was estab-

lished at p < 0.05. The mean percentage of Ki-67-stained nuclei in Groups A and B was

25.12 ± 2.08 and 41.50 ± 1.85, respectively (p < 0.001), whereas the percentage of cases with

cells expressing Bcl-2 in Groups A and B was 17.6% and 82.4%, respectively (p < 0.003). In the

present study, greater proliferative activity and greater expression of the antiapoptotic pro-

tein Bcl-2 was found in the normal colorectal mucosa of women with breast cancer.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction breast cancer is colorectal cancer.6 These women have an in-
Over the past few decades, there has been a considerable in-

crease in the survival of women with breast cancer, princi-

pally due to early diagnosis and the growing use of adjuvant

therapies.1,2 Nevertheless, a large number of women who sur-

vive breast cancer go on to develop a new primary cancer.3,4

Knowledge with respect to the risk of women with breast can-

cer of developing a second primary cancer is important not

only in view of the possibility that these neoplasias may share

a common aetiology but also because of the possibility of

establishing strategies for prevention and early diagnosis.5

With the exception of a contralateral breast tumour, the

most common second primary cancer in women who survive
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creased risk not only of carcinomas but also of developing

colorectal adenomas.7 Population-based cohort studies sug-

gest that the risk of colorectal cancer is high, even in female

relatives of women with breast cancer compared to the gen-

eral population.8

Some studies have shown an increase in the proliferative

activity of normal colonic mucosa in patients with colonic

disease such as adenomas or carcinomas compared to control

patients.9,10 The imbalance between cell proliferation and

programmed cell death at colonic crypt level is a key phenom-

enon in the development of colorectal cancer.7–9 Evaluation of

the expression of biological markers of proliferation and

apoptosis in normal colonic mucosa may become an
.
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Table 1 – Characteristics of the patients.

A (control) B (study) p-Value
n = 18 n = 17

Age (years)
Mean 53.56 54.53 0.810

Menarche age (years)
Mean 13.77 13.64 0.799

Delivery number
Mean 3.72 4.23 0.640

Menopausal status
Yes 15 (83%) 13 (76%) 0.691
No 3 (17%) 4 (24%)
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important strategy for detecting a risk of malignisation.10 In

this respect, Ki-67 and Bcl-2 are becoming the most com-

monly used markers in the evaluation of cell proliferation

and apoptosis, respectively.10–12

There is a paucity of studies in the medical literature eval-

uating cell kinetics in the normal colorectal mucosa of wo-

men with breast cancer. To the best of our knowledge, only

one study in the literature has evaluated proliferative activity

in the normal rectal mucosa of women with breast cancer,

using tritiated thymidine-labelling13; however, apoptotic

activity was not evaluated, which led us to design the present

study.

2. Patients and methods

2.1. Patients

This study was approved by the Internal Review Board of the

Federal University of Piauı́ and all patients gave their signed

informed consent prior to study initiation. Two hundred

ninety-four women were included in this study between

October 2007 and December 2008. Sixty-four patients with

newly-diagnosed breast cancer (study group) were recruited

from the mastology clinic of the Getúlio Vargas Hospital, Fed-

eral University of Piauı́, whereas 230 patients without breast

cancer (control group) were recruited from the proctology

clinic of the General Surgery Department in the same insti-

tute. All patients with breast cancer were volunteers for a

colonoscopy exam in the context of the research project,

whereas the patients of the control group were submitted to

the colonoscopy exam due to gastrointestinal symptoms. Of

the 64 patients with breast cancer, 20 had colorectal polyps

and of these, 3 were excluded because of technical difficulties,

remaining 17 patients for the study of biomarkers. Of the 230

women without breast cancer, 23 had colorectal polyps and of

these, 5 were excluded because of technical difficulties,

remaining 18 women for the study of markers. The women

were simply recruited from the two sources and at the end

of a 14-month period, 20 or more women were found to have

colorectal polyps in each group. None of the woman in the

study group had BRCA-associated breast cancers. Breast can-

cer patients with a history of prior treatment or in treatment

for the disease were excluded from the study, while patients

without breast cancer who had a history of any previous

breast surgery or who were considered to have a high risk

of developing breast cancer were also excluded. All patients

without breast cancer had been submitted to imaging tests

(mammography and ultrasonography) with negative results

for malignancy. None of the patients enrolled in this study

had family history of breast cancer or any prior history of

colonoscopy, gastrointestinal surgery or family history of gas-

trointestinal cancer.

2.2. Study design

This is a cross-sectional, controlled study carried out in 35

women with and without breast cancer who had adenoma-

tous colorectal polyps. The patients were divided into two

groups: Group A (no breast cancer, control group, n = 18) and

Group B (breast cancer, study group, n = 17). These groups
were considered homogenous with respect to age, age at

menarche, parity and menopausal status (Table 1).

2.3. Colonoscopy

On the eve of videocolonoscopy, patients were given 40 mg of

oral bisacodyl, fractioned into two doses, for colon cleansing.

On the morning of the exam, the fasted patients ingested

500 ml of 20% Mannitol and the exam was performed four

hours later using an Olympus CF-100 colonoscope (Olympus

Optical Co. Ltd., Tokyo, Japan). In all cases, colonoscopy was

performed under anaesthetic sedation and by the same phy-

sician, who was blinded with respect to the identification of

the cases. When polyps were removed, a biopsy of the colo-

rectal mucosa was taken at a distance of 5 cm from the polyp-

oid lesion. The surgical specimens were fixed in buffered

formalin for 12–24 h and subsequently submitted to histopa-

thological analysis using a standardised procedure to confirm

the diagnosis of an adenomatous polyp and of normal colo-

rectal mucosa.

2.4. Immunohistochemistry for Ki-67 and Bcl-2

For the immunohistochemical evaluation of Ki-67 and Bcl-2

protein expression, the samples of normal colorectal mucosa

fixed in buffered formalin were cut into 3-lm-thick sections.

Next, the sections were deparaffinised in xylol for 5 min,

dehydrated in absolute ethanol and washed in buffered saline

solution at pH 7.4 for 5 min. Subsequently, the sections were

treated for 5 min with 3% hydrogen peroxide (H2O2) diluted

in buffered solution to block endogenous peroxide. For anti-

gen recovery, the slides were placed in racks containing

0.21% citric acid (pH 6.0) and heated in a microwave oven

for 15 min at maximum power. Phosphate-buffered saline

containing Tween (PBS-Tween) was added to the slides after

they had been allowed to cool for 20 min. The tissue samples

were incubated overnight at 4–8 �C with primary mouse anti-

Ki-67 monoclonal antibody (clone MIB1, Ref. M7240, Dako,

Carpinteria, USA/1:4800) and with mouse anti-Bcl-2 monoclo-

nal antibody (clone 124, Ref. M0887, Dako, Carpinteria,

USA/1:2000). The slides were then washed with PBS-Tween

and instilled with secondary reagent (anti-mouse BA 2000,

Vector, Burlingame, USA), incubated for 60 min at room tem-

perature, washed again in PBS-Tween, and instilled with the

ABC Elite detection system (PK 6100, Vector, Burlingame,
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USA), incubated for 45 min at room temperature, washed

once again with PBS-Tween, instilled with DAB (Diam-

inobenzidine tetrahydrochloride, Ref. D5637, Sigma, St. Louis,

USA) and incubated for five minutes. Finally, the slides were

washed with distilled water, counterstained with haematoxy-

lin, stained with ammoniacal solution, dehydrated with abso-

lute ethanol, passed through Coplin jars containing xylol and

mounted in Permount resin. The cells that expressed the Ki-

67 and Bcl-2 proteins were identified by the dark brown col-

ouring of the nucleus and cytoplasm, respectively.

2.5. Quantitative method

Quantification was carried out by two observers who were

blinded with respect to the patients’ identity and had no pre-

vious knowledge of any of the cases. It was performed using a

light microscope (Nikon Eclipse E-400, optical microscope, To-

kyo, Japan) connected to a colour video-camera (Samsung

digital camera CHC-370 N, Seoul, Korea) which captured the

image and transmitted it to a computer equipped with the

Imagelab� software programme, version 2.3, developed by

Softium Informática Ltda. (São Paulo, Brazil) for image analy-

sis. For Ki-67 expression, a minimum of 400 cells were

counted on each slide using magnification of 400·, whether

stained by anti-Ki-67 or not. Only crypts that were visible

along their entire length with the base of the crypt touching

the muscularis mucosa were evaluated. In each case, 7–9

(mean 8) colonic crypts were evaluated. The percentage of

stained cells for each case was obtained from the ratio be-

tween the number of cells with stained nuclei and unstained
Fig. 1 – Photomicrographies of histological sections of normal c

stained nuclei in the cells in the normal colorectal mucosa of the

this marker in the colorectal mucosa of the patient with breast ca

colorectal mucosa of the control patient above (C) compared to

brown by Bcl-2 in the colorectal mucosa of the patient with bre
nuclei multiplied by 100 (labelling index). Bcl-2 immunoreac-

tion was evaluated semi-quantitatively according to the crite-

ria established by van Slooten and colleagues14 taking the

following parameters into consideration: intensity of cell

staining (I) and the fraction of stained cells (F). The intensity

of cell staining was classified as: 0 (negative), 1 (weakly

stained), 2 (moderately stained) and 3 (strongly stained). The

fraction of stained cells was classified as: I (0–25%), II (25–

75%) or III (75–100%). The final score was the result of the

combination of the two parameters (I and F) and ranged from

0 to 6. Cases with a final score P3 were classified as positive

for Bcl-2. In all cases, brownish staining in the cytoplasm was

adopted as the standard for positivity.14,15

2.6. Statistical analysis

Student’s t-test was used to verify homogeneity between the

two groups with respect to the patients’ age and age at men-

arche,16 and Fisher’s exact test was used to evaluate parity

and menopausal status.17 Student’s t-test was used to com-

pare the means of the percentages of Ki-67-stained nuclei be-

tween the two groups and comparison of the proportions of

cases with cells expressing Bcl-2 in the colorectal mucosa

was performed using the chi-square test.18 Significance was

established at p < 0.05 throughout the study.

3. Results

Under light microscopy, there was a greater concentration of

Ki-67-stained nuclei in the crypts of the normal colorectal
olorectal mucosa. Note the lower concentration of Ki-67

control patient (A) compared to the higher concentration of

ncer (B). Note the negative expression of Bcl-2 protein in the

the proportion of cells with cytoplasms intensely stained

ast cancer (D). Original magnification 200·.



Table 2 – Mean percentage of Ki-67 stained nuclei in the normal colorectal mucosa of patients in the control (A) and study (B)
groups.

Group n Mean SE Mean Minimum Median Maximum

A 18 25.12 2.08 13.13 23.88 43.28
B 17 41.50a 1.85 27.62 42.67 57.98

a The difference between the two groups was statistically significant (p < 0.001).

Fig. 2 – Boxplot of the percentage of cells with Ki-67 stained

nuclei in the normal colorectal mucosa of the patients in the

control (A) and study (B) groups.

Table 3 – Percentage of cases with cells expressing Bcl-2 in
the normal colorectal mucosa of patients in Groups A
(control) and B (study).

Group Negative Positive Total
n (%) n (%) n (%)

A 12 (66.7) 6 (33.3) 18 (100.0)
B 3 (17.6) 14 (82.4)a 17 (100.0)
Total 15 (45.4) 20 (55.6) 35 (100.0)

a The difference between the two groups was statistically signifi-

cant (p < 0.003).
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mucosa of patients with breast cancer (Group B) compared to

those of Group A (controls). There were also more cases with a

positive expression for Bcl-2 protein in the colorectal mucosa

of women in the study group as shown by a greater fraction of

cells with intensely stained cytoplasm compared to the

control group (Fig. 1). The mean percentage of Ki-67-stained

nuclei was 25.12 ± 2.08 and 41.50 ± 1.85 in the crypts of the

colorectal mucosa of patients in Groups A (control) and B

(study), respectively (p < 0.003) (Table 2 and Fig. 2). With re-

spect to Bcl-2 antigen expression, the number of cases with

positive expression for Bcl-2 in the crypts of the colorectal

mucosa of patients in Groups A and B was 6/18 (33.3%) and

14/17 (82.4%), respectively (p < 0.001) (Table 3).

4. Discussion

The findings of various population-based cohort studies sug-

gest an increased risk of colorectal cancer in women with
breast cancer compared to women in the general population,3

and this risk varies, according to some studies, from margin-

ally increased to higher relative risks.19,20 All these studies are

epidemiological and the subsequent risk of colorectal cancer

in these patients remains unclear.3 On the other hand, some

investigators have shown that colorectal epithelial cell kinet-

ics change in patients at increased risk for colon cancer.13

However, there is a paucity of studies evaluating the expres-

sion of proteins related to proliferative and apoptotic activity

in the normal colonic mucosa of women with breast cancer,

despite some studies have shown an increase in the preva-

lence of colorectal adenomas in these patients.7,21,22

Ochsenkühn and colleagues,7 in a cross-sectional study,

showed that women with primary breast cancer had a higher

risk of colorectal adenomas than matched controls with an

odds ratio of 1.7. Bremond and colleagues21 showed that wo-

men with breast cancer had a 2.5-folder higher incidence of

colorectal adenomas than the control group. Rozen and

colleagues22 found colorectal adenomas to be 2.7–3.0 more

common in women with breast cancer than in controls,

which is in agreement with the rate of colorectal adenomas

found in patients with breast cancer in this study, corroborat-

ing with the importance of the analysis of cell proliferation

and apoptosis markers in the normal colorectal mucosa adja-

cent to adenomas of patients with breast cancer.

In the present study, Ki-67 protein expression was signifi-

cantly higher in the crypts of the normal colorectal mucosa

of women with breast cancer compared to that of control wo-

men. Likewise, the number of cases with positive expression

of the antiapoptotic protein Bcl-2 was significantly higher in

the crypts of the colorectal mucosa of women with breast

cancer compared to the control group. These findings are in

agreement with the only study in the literature in which,

although the investigators failed to include an evaluation of

apoptotic activity, proliferative activity in the normal rectal

mucosa of women with breast cancer was assessed using tri-

tiated thymidine-labelling.13 Patients with history of any

treatment for the breast cancer were excluded from the study,

therefore none of them was receiving tamoxifen, since it has

been shown in animal models that selective oestrogen recep-

tor modulators may decrease colonic cell growth.23

Colorectal epithelial cell proliferation is greater in individ-

uals with a higher risk of colorectal neoplasias and conse-

quently has been proposed as a biomarker for the

prevention of colorectal cancer.24 However, the ability of this

measurement of proliferative activity to predict future adeno-

mas or colorectal cancer remains unclear3,25 and requires fur-

ther studies. Ki-67 protein was used in the present study in

view of its sensitivity as a marker of cell proliferation since

this protein is expressed in all the phases of the cell cycle ex-

cept in the resting phase (G0).11,26,27 Moreover, an increase in
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its expression has been associated with greater aggressivity of

neoplasias.10–12,28

To calculate the Ki-67 labelling index (LI) of normal colo-

rectal mucosa, biopsies were obtained at the time of excision

of adenomatous colorectal polyps at a distance of 5 cm from

the polypoid lesion. Some investigators have divided colonic

crypts into two or more parts for the evaluation of immunore-

activity, taking into consideration that it is in the lower third

of the crypt that the germinative cells are found and it is in

these cells that proliferative activity is greatest.28 Neverthe-

less, in the present study, in order to evaluate all proliferative

activity, the entire extension of colonic crypts (a mean of 7–9

crypts for each case) was studied.

With respect to Bcl-2, this protooncogene encodes the pro-

tein that protects cells from programmed cell death, this pro-

tein being expressed in the proliferative compartment of

several tissues, including normal colonic crypts.29 Bosari

and colleagues30 showed that the normal colorectal mucosa

of patients who have premalignant or malignant colonic le-

sions positively expresses Bcl-2; however, the majority of car-

cinomas do not. Likewise, Flohil and colleagues29 also

demonstrated an increase in Bcl-2 expression in adenoma-

tous colorectal polyps but not in carcinomas, suggesting that

the Bcl-2 oncoprotein may play a role in colorectal tumouri-

genesis, probably in the early phases of the adenoma–carci-

noma sequence.29,30 These studies are in agreement with

our findings, showing a greater expression of the antiapopto-

tic protein Bcl-2 in the normal colonic mucosa of women with

breast cancer, who are known to have a greater risk of devel-

oping colorectal adenomas and carcinomas.

To the best of our knowledge, this is the first study to eval-

uate Ki-67 and Bcl-2 expression in the normal colorectal mu-

cosa of women with breast cancer. Although further studies

are required, the present findings show that in relation to

the controls women with breast cancer had greater prolifera-

tive activity and a greater expression of the antiapoptotic pro-

tein Bcl-2 in normal colorectal mucosa, thereby possibly

suggesting a higher risk for the development of premalignant

and malignant lesions, and emphasising the importance of

the use of routine colonoscopy in these patients to screen

for such lesions.
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