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Abstract

Colorectal tumorigenesis proceeds through an accumulation of specific
genetic alterations. Studies of the mechanism by which these genetic
changes effect malignant transformation have focused on the deregulation
of cell proliferation. However, colorectal epithelial homeostasis is depend
ent not only on the rate of cell production but also on apoptosis, a
genetically programmed process of autonomous cell death. We investi
gated whether colorectal tumorigenesis involved an altered susceptibility
to apoptosis by examining colorectal epithelium from normal mucosa,
adenomas from familial adenomatous polyposis, sporadic adenomas, and
carcinomas. The transformation of colorectal epithelium to carcinomas
was associated with a progressive inhibition of apoptosis. The inhibition of
apoptosis in colorectal cancers may contribute to tumor growth, promote
neoplastic progression, and confer resistance to cytotoxic anticancer
agents.

Introduction

The development of colorectal cancer proceeds through a series of
genetic alterations involving the activation of oncogenes and loss of
tumor suppressor genes (1). Most colorectal carcinomas arise from
benign adenomas that gradually increase in size, dysplasia, and villous
(finger-like) morphology. The progressive accumulation of genetic
alterations (e.g., APC,3 p53, DCC, and ra.v) governs the transition of

normal colorectal epithelium to adenomas and their malignant trans
formation to adenocarcinomas (1). Although genetic events responsi
ble for this histopathological conversion have been well described, it
remains unclear how these alterations result in the development and
growth of colorectal tumors. Previous investigations of colorectal
tumorigenesis have focused on the deregulation of cell proliferation
(2). However, the size of a continuously renewing cell population is
determined not only by the rate of cell production but also by the rate
of cell loss. Normal tissue homeostasis requires the physiological
deletion of cells by activation of apoptosis, a genetically determined
program of autonomous cell death (3, 4). Inhibition of apoptosis by
the deregulation of certain oncogenes results in clonal expansion (3).
Therefore, we investigated the possibility that transformation of nor
mal colorectal epithelium to cancer involves the inhibition of apop
tosis. We measured the rate of spontaneous apoptosis in colorectal
epithelium from four discrete histopathological sources representing
various stages in the neoplastic transformation to cancer: normal
mucosa, flat mucosa and adenomas from patients with FAP, sporadic
adenomas, and sporadic colorectal carcinomas.
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Materials and Methods

In Situ (TUNEL) Labeling of Apoptotic DMA Fragmentation in His
topathological Sections of Colorectal Tissue. Apoptutic cells were visual
ized in histopathological sections which maintained colorectal crypt architec
ture by use of TUNEL of apoptotic DNA strand breaks (5). Frozen endoscopie
colorectal mucosal biopsy tissue sections (4-6 ^IM) were fixed in cold 4%

buffered formaldehyde (pH 7.4), followed by cold 70% ethanol. Tissue sec
tions were incubated with 20 /Â¿g/mlproteinase K (Sigma Chemical Co.),
washed in cold PBS, and immersed in 100 Â¡L\reaction buffer [0.2 M potassium
cacodylate, 25 mM Tris-HCI (pH 6.6), 0.25 mg/ml BSA, and 2.5 mM cobalt

chloride] supplemented with terminal deoxynucleotidyl transferasc (0.3 e.u./
Â¡u)and biotinylated dUTP. Each experiment was performed with a negative
control (without b-dUTP) and a positive control (10 min pretreatment with I

/xg/ml DNase dissolved in reaction buffer; Sigma). Following incubation at
37Â°Cfor 30 min, the sections were washed in PBS and incubated with 100 jul

FITC-avidin solution [4X saline-sodium citrate buffer (Sigma), 2.5 fig/ml
fluoresceinated avidin, 0.1% Triton X-100, and 5% w/v nonfat dry milk] at

room temperature for 30 min in the dark. The sections were washed and
incubated with 0.5 ml PI solution (5 /*! PI, 5 /nl RNase, and I ml PBS) for 30
min at room temperature in the dark. The viable (PI ', FITC nuclei-red) and
apoptotic (FITC+ nuclei-yellow) cells in each tissue section were visualized by

dual-color fluorescence microscopy using a double-band filter.

Isolation and Culture of Colorectal Epithelial Cells. Epithelial cell sus
pensions were prepared from endoscopie mucosal biopsies as described (2).
Colorectal mucosal samples obtained by endoscopie biopsies were rinsed with
sterile saline, cut into <0.5-cm2 pieces, treated with 0.25% collagenase, and

dissociated into single-cell suspensions with a stainless steel mesh and re

peated trituration. Adherent cells (fibroblasts and macrophages) were removed
from the cell suspensions by plastic adherence depletion for l h at 37Â°C.The

nonadherent cells were subject to multiple centrifugation rinses (eight times),
dispersed through 60 /J.Mmesh, and resuspcnded in serum-free and protein-free

hybridoma media (Sigma) supplemented with 5% fetal bovine serum, penicil
lin (100 units/ml), and gentamicin (25 fig/ml) at a concentration of 2 X lOVml.
The colonocyte content of the cell suspensions was confirmed by indirect
immunofluorescent labeling of cells with an anti-cytokeratin antibody;

89 Â±8% of cells were positively stained for cytokeratin.
Gel Electrophoretic Analysis of Epithelial Cells from Normal Colorec

tal Mucosa, FAP, and Colorectal Carcinoma for Detection of Oligonucleo-

somal DNA Fragmentation. Apoptosis is identified by nuclear chromatin
condensation and a typical endonuclease-mediated degradation of DNA into
discrete oligonuclcosomal (190-base pair) fragments. Cells (5 X IO5) were

harvested immediately after isolation (0 h) and after 2, 4, and 8 h of culture.
Total genomic DNA was isolated after SDS lysis and proteinase K digestion.
Oligonucleosomal DNA fragments were separated by agarose gel (2%) elec-

trophoresis and visualized by staining with ethidium bromide as described (ft).
Determination of Cell Cycle Distribution and Apoptosis of Colorectal

Epithelial Cells by DNA Content Analysis of Pi-labeled Cells. Cells
(5 X IO5) were harvested immediately after isolation (0 h) and again after 8,

16, and 24 h in ex vivo culture, fixed in 50% ethanol, permeabilized with 0.1%
Triton-X-100, treated with 5 ng/ml RNase, and incubated at 37Â°Cfor 15 min
before staining with 50 /Â¿g/mlPI for 60 min at 4Â°C(6). The traction of sub-

diploid cells with Oligonucleosomal DNA degradation characteristic of apop
tosis was quantified by flow cytometric analysis as described (7). The cell
cycle distribution of viable cells (mean Â±SEM in the GI(/G,, S, and G2-M

cell cycle phases) was also determined. The percentages of apoptotic cells in
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colorectal epithelium from normal subjects (n = 8), nonadenomatous colon
polyps (n = 4), flat mucosa of patients with FAP (n = 8), adenomas from
patients with FAP (n = 8), sporadic adenomas (n = 10), and sporadic

colorectal carcinomas (n = II) at each time point and the mean for each group

were determined. The significance of the difference in apoptosis between
tissue groups was determined by calculating the two-tailed P using the Mann-
Whitney unmatched two-sample test.

Immunohistochemical Analysis of Bcl-2 Protein Expression in Normal
Colonie Mucosa and Colon Carcinoma. Frozen tissue sections (4-6 JIM)
obtained from mucosa! biopsies were subjected to immunoperoxidase (3-
amino-9-ethylcarbazole) staining with a monoclonal mouse anti-human Bcl-
2-specific antibody using a modification of the method of Hockenbery et al.
(8). Tissue sections were fixed in acetone at 4Â°Cfor 20 min and treated with

0.3% H,O2 Â¡nmethanol for 45 min. The sections were blocked with diluted
goat serum (Vector Laboratories) for 30 min. The sections were incubated with
100 /J.1monoclonal mouse anti-human Bcl-2 (dilution of 1:40; DAKO, Car

penteria, CA) at room temperature for 1 h. Control sections were incubated
with either no primary antibody (negative) or an anti-cytokeratin antibody

(positive). The sections were washed and incubated with dilute biotinylated
goat anti-mouse IgG (Vector Laboratories) for l h at room temperature,

followed by 60 min of incubation with Vectastain ABC reagent. Staining was
developed using 3-amino-9-ethylcarbazole for 15 min. Slides were counter-

stained with hematoxylin, dehydrated, and mounted. Sections subjected to
immunoperoxidase staining without exposure to the anti-Bcl-2 primary anti

body served as negative controls in each experiment.

Results and Discussion

Normal colorectal mucosa was obtained by endoscopie biopsy from
eight normal subjects. In situ TÃšNEL assays of normal epithelium

Normal FAP Carcinoma

C,0 2 4 8 C20 2 4 8 0248

Fig. 2. Gel electrophoretic analysis of epithelial cells from normal colorectal mucosa,
FAP, and colorectal carcinoma for detection of oligonucleosomal DNA fragmentation.
Molecular size markers (C,, 100 base pairs; C2, 1 kilobase) are indicated.

immediately after biopsy revealed numerous apoptotic cells along the
entire crypt epithelial column with extensive apoptotic death in the
upper third of each crypt (Fig. 1). Gel electrophoretic analysis of DNA
isolated from normal epithelial cell suspensions prepared immediately
following biopsy (0 h) exhibited characteristic apoptotic ladders;
oligonucleosomal DNA fragmentation became more extensive over 8
h in culture (Fig. 2). Flow cytometric analysis of normal colorectal
epithelial cell suspensions immediately after isolation (0 h) showed

Fig. 1. In situ labeling of apoptotic DNA fragmentation in TUNEL-stained histopathological sections of colorectal tissue: Â¿4,colonie mucosa (X 10); B. regions of colonie crypts
exhibiting maximal apoptotic nuclei (X 100). In each tissue section, the viable cells show PI +, FITC" nuclei (red) and apoptotic cells exhibit FITC* nuclei (yellow). The transition

from adenoma (Ad) to carcinoma (Ca) is indicated.

1812

Research. 
on December 3, 2021. © 1995 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


0 HOUR

INHIBITION OF APOPTOSIS IN COLORECTAL TUMORIGENESIS

8 HOURS 16 HOURS

NORMALCOLON
asc

a aaa 4BB c

COLON CARCINOMA

Sub
2n

S?Ã„
laaa a aaa *aa EBB aa

DNA content â€”â€”*

G, G2

a 4aa caa aea IBB

DNA content â€¢

B

B
exo
o,

IUVÂ«I-6O40201008060'40

200too-â€ž60402001*Imii-*-.â€¢Â«zâ€¢â€¢1â€¢.â€¢â€¢â€¢on-adenoma

polyps_T4-*fFAP-flat-r4-_Â«_;^AP-adenomat.â€¢7,:-e
ÃŽIÃ­-5Â¿HÂ¿4-.*tCarcinomaZ

, -0

hours8

hours24

hours

Fig. 3. A. determination of cell cycle distribution and apoptosis of colorectal epithelial cells by DNA content analysis of Pi-labeled cells, ÃŸ.percentage of colorÃ©ela!epithelial cells
in apoptosis immediately after isolation (0 h) or after 8 and 24 h of ex vivo culture. The percentages of apoptotic cells in colorectal epithelium from normal subjects (n = 8),
nonadenomatous colon polyps (n = 4), fÃ­atmucosa of patients with FAP (n = 8), adenomas from patients with FAP (n = 8), sporadic adenomas (n = 10), and sporadic colorectal
carcinomas (n = 11) at each time point and the mean for each group are indicated.

the following cell cycle distribution: G1; 81.4 Â±2.7%; S, 7.9 Â±3%;
and G2, 10.3 Â±2% with 27.1 Â±1.5% cells present in the apoptotic
subdiploid fraction (Fig. 3). The subdiploid fraction progressively
increased over time in cell culture with apoptotic loss of 58.4 Â±7.7%
and 85.6 Â±5% of the entire population of normal colonocytes at 8 and
24 h after biopsy, respectively (Fig. 3).

FAP is an inherited autosomal dominant disease characterized by
the formation of hundreds of colorectal adenomas in young adults.
Virtually all patients with FAP develop colorectal cancer by the fifth

decade of life. Patients with FAP have a germline mutation of the
APC tumor suppressor gene (9). APC gene mutations are also in
volved in the early development and possibly the initiation of sporadic
colorectal tumors (10). Therefore, the colorectal epithelium of patients
with FAP represents an early preneoplastic stage in the evolution of
colorectal cancer. Endoscopie biopsy specimens of eight tubular ad
enomas and adjoining flat colorectal mucosa was obtained from eight
patients with FAP. Germline mutation of the APC gene was con
firmed in the patients by protein and allele-specific expression assay
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(11). In contrast to normal colorectal epithelium, in situ assays of FAP
epithelium immediately after biopsy showed a reduced apoptotic
fraction with TUNEL-stained epithelial cells restricted to the luminal

surface of the mucosa (Fig. 1). DNA fragmentation assays failed to
show the typical DNA ladders observed in normal epithelium at 0 h,
but apoptotic DNA fragmentation became evident after 4 h of culture
(Fig. 2). Flow cytometric analyses showed a normal cell cycle distri
bution with no appreciable difference between adenomas (G,,
78.6 Â±3.6%; S, 10.1 Â±3.9%; G2, 12 Â±2%) or adjoining flat
epithelium (G,, 82 Â±3.5%; S, 7.5 Â±2.9%; G2, 10.5 Â±2.4%).
Compared to normal epithelium, the subdiploid apoptotic fraction was
reduced in FAP epithelium at the time of isolation (flat, 11.6 Â±3.9%,
P = 0.01: adenoma, 12.8 Â±2.9%, P = 0.006) as well as after 8 h of
ex vivo culture (flat, 27 Â±2.2%, P = 0.006; adenoma, 29 Â±2.6%,
P = 0.016) (Fig. 3fl). However, extensive apoptosis of FAP epithelial
cells occurred after 24 h in culture (flat, 74 Â±7%, P = 0.25 compared
with normal; adenoma 73 Â±6.6%, P = 0.11 compared with normal)

(Fig. 3B). Interestingly, there was no difference in the susceptibility to
apoptosis between adenomatous and flat FAP mucosa.

Sporadic adenomas also show a high prevalence of somatically
acquired APC mutations (10). However, as sporadic adenomas in
crease in size and degree of dysplasia, they usually acquire additional
genetic changes, such as ras gene mutations or inactivation of the
DCC and p53 tumor suppressor genes. Therefore, sporadic adenomas
represent an intermediate stage in the evolution of colorectal cancer
from normal colorectal epithelium. Ten sporadic colorectal adenomas
of varying size (0.8 to 3.8 cm; average, 1.64 cm) and histopathology
(five tubular and five tubulovillous) were examined. Sporadic adeno
mas also showed a reduction in apoptotic epithelial cells using in situ
TÃšNEL assays (Fig. 1). Quantification of the subdiploid apoptotic
fraction by flow cytometry showed a substantive reduction in cell
death not only at 0 h (13 Â±2%, P = 0.001 compared with normal) but
also at 8 h following the initiation of culture (24.7 Â±4.3%, P = 0.002

compared with normal) (Fig. 3B). At 24 h, epithelial cells from the
five tubular sporadic adenomas (size: mean, 1.1 cm; range, 0.8-1.6

cm) mimicked the survival of normal and FAP epithelium, with loss
of 77.4 Â± 10% of the cell population (P = 0.13, compared with

normal) (Fig. 3B). However, in contrast to FAP or sporadic tubular
adenomas, four of five sporadic tubulovillous adenomas showed a
more prolonged inhibition of apoptotic cell death in culture; colorectal
epithelial cells from the five tubulovillous adenomas (size: mean, 2.2
cm; range, 1.0-3.8 cm) exhibited only 35.6 Â±10% apoptotic death
after 24 h in culture (P = 0.005, compared with normal; P = 0.016,

compared with sporadic tubular adenomas) (Fig. 3ÃŸ).The cell cycle
distribution of viable cells from sporadic adenomas was normal (G,,
82.8 Â±6%; S, 6.4 Â±2.3%; G2, 10.9 Â±4%). In contrast to adenom
atous polyps, the survival of colonie epithelium from four nonneo-

plastic polyps (two hyperplastic, lipoma, inflammatory polyps) was
similar to normal epithelium, with extensive apoptosis at O h
(29.5 Â±5%), after 8 h (61 Â±15%), and after 24 h (77.5 Â±10%) in
culture (Fig. 3S). These results suggest that the inhibited apoptosis of
adenomatous colorectal epithelium may be a consequence of the
genetic alterations which result in neoplastic growth and tumor pro
gression. However, only the subset of sporadic adenomas with tubu
lovillous histopathology appear to have acquired the changes that
allowed sustained in vitro survival over 24 h.

Colorectal carcinomas (n = 11) exhibited the most dramatic reduc

tion of apoptosis. Apoptosis could not be detected by TÃšNEL staining
(Fig. 1) and DNA fragmentation assays (Fig. 2) at 0 h or after 8 h of
ex vivo culture. As observed in adenomas of patients with FAP and
sporadic adenomas, carcinomas displayed an abnormally reduced
fraction of spontaneous apoptosis at 0 h (11.4 Â±1.8%, P = 0.0003

compared with normal) and after 8 h of ex vivo culture (13.4 Â±1.9%,

P = 0.0002 compared to normal) (Fig. 3). However, in contrast to

most adenomas, 9 of 11 carcinomas exhibited sustained survival in
culture; only 29 Â±3% of the entire population was apoptotic after 24
h in culture (P = 0.0002 compared to normal; P = 0.03 compared to

sporadic adenomas) (Fig. 3ÃŸ).Colorectal carcinomas were also ca
pable of more extended survival with only 43.7 Â±5% apoptosis after
42 h in culture. Therefore, malignant transformation to carcinomas is
associated with prolonged in vitro survival conferred by the sustained
inhibition of apoptosis. In addition, flow cytometry of single-cell

suspensions showed variable cell cycle distributions (G,, 75 Â±15.7%;
S, 6.4 Â±2.8%; G2, 17.9 Â±17%), with 3 of 11 tumors displaying an
abnormal increment in the size of the G2 fraction.

These results demonstrate that the inhibition of apoptosis is an
integral component of the genesis of colorectal adenomas and carci
nomas. The inhibition of apoptosis by bcl-2 in follicular lymphomas
or BCR-ABL in chronic myeloid leukemia is known to provide a

selective growth advantage (6, 12), as well as confer resistance to
anticancer agents (13). Aberrant cell survival could also promote the
accumulation of secondary genetic changes that lead to neoplastic
progression. Therefore, the inhibition of apoptosis in colorectal neo
plasms may contribute to tumor growth, clonal evolution, and inherent
resistance to chemotherapeutic agents. What are the specific mecha
nisms responsible for the inhibition of apoptosis in colorectal neopla
sia? The base of the colonie crypt harbors the proliferative compart
ment of epithelial cells. These cells differentiate as they ascend the
crypt-epithelial column and are deleted via activation of apoptosis and
exfoliation at the luminal surface. Expression of the bcl-2 proto

oncogene is known to prolong cell survival by inhibition of apoptosis
(12). In normal colonie crypts, bcl-2 expression is restricted to the
proliferative zone at the base and lower third of the vertical crypt-
epithelial column (8). The loss of bcl-2 expression as cells differen

tiate and migrate toward the luminal surface correlates with commit
ment to programmed cell death. This topographic distribution of bcl-2

expression may confer prolonged survival in proliferative cells and
yet allow the programmed death of terminally differentiated cells (8).
Recent studies indicate that bcl-2 expression is deregulated in human

primary colorectal tumors and cell lines (14). We studied the topo
graphic distribution of bcl-2 expression in the normal colonie epithe

lium, seven sporadic adenomas (five tubular, two tubulovillous), and
six sporadic carcinomas, already characterized for apoptosis, by im-

munoperoxidase staining of frozen tissue sections with a monoclonal
mouse anti-human bcl-2 antibody (DAKO-bcl-2). The bcl-2 protein

was restricted to the crypt base in normal colonie epithelium (Fig.
45), FAP adenomas, and five tubular adenomas studied. However,
bcl-2 was expressed along the entire neoplastic gland axis in the two
tubulovillous adenomas studied. The most striking expression of bcl-2

was observed in the colorectal carcinomas; the protein was detected
throughout the malignant epithelium of all six carcinomas studied,
with no discernible topographic restriction of expression (Fig. 4, C
and D). The ability to sustain prolonged ex vivo colonocyte survival
over 24 h also became manifest during the late stages of tumor
progression to carcinomas, raising the possibility that abnormal ex
pression of the bcl-2 gene is a potential mechanism for the inhibition

of apoptosis during colorectal tumorigenesis. Since several other
proteins in addition to bcl-2 can alter the susceptibility to apoptosis

(3), it is possible that the observed inhibition of apoptosis could also
be attributed to other genetic alterations associated with colorectal
tumorigenesis. Mutations of the APC gene occur early Â¡nthe devel
opment of sporadic colorectal cancers. Since the APC gene product
has been shown to be associated with an adherens junction protein
called ÃŸ-catenin(15), the loss of APC function could deregulate cell

growth or survival by alteration of contact inhibition. In our study,
germline and somatic APC gene mutations were associated with a
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Fig. 4. Imnumohistochemical analysis of Bcl-2 protein expression in normal colonie mucosa and colon carcinoma. A, negative control. H, normal colonie mucosa showing hc!-2
expression (immunolocalized to the epithelial cell cytoplasm) confined to epithelial cells at the base of the colonie crypts (arrow*. Bcl-21 cells; x 25). C and D, colon carcinoma

showing hcl-2 immunoreactivity throughout the entire malignant epithelium with a marked increase in the intensity of staining and no discernible topographic restriction of expression.
Cell nuclei Â¡n(H) and (D) were counterstained with hematoxylin.

decreased fraction of apoptotic cells at the time of biopsy and after 8
h in culture. Other genetic alterations including either p53 (16) or
DCC (17), which occur late in tumor progression (1), could also
conceivably alter the susceptibility to apoptosis. In this context, wild-

type p53 has been shown to be a component of the apoptotic response
to DNA damage, and the induction of wild-type p53 expression in a

human colon cancer cell line has been shown to result in apoptosis
(18). Moreover, a wild-type p53-binding repressor element has been
recently identified on the promoter of the bd-2 gene (19, 20). There

fore, the inhibition of apoptosis in colorectal carcinomas may result
from APC mutations, bcl-2 overexpression, p53 inactivation, or other

genetic changes that accumulate during colorectal tumorigenesis. The
identification of the mechanism responsible for the inhibited apoptosis
could provide a biomarker of malignant transformation in colorectal
adenomas as well as a novel target for therapeutic strategies against
colorectal cancer.

Acknowledgments

We thank Dr. Ephraim J. Fuchs for data representation, R. Robinson for
pathological specimens, and Marie C. Moineau for assistance in manuscript
preparation.

References

l. Fearon, E. R., and Vogelstein, B. A genetic model for colorectal tumorigenesis. Cell,
61: 759-767, 1990.

10.

12,

13.

14.

Deschner. E. E. Kinetics of normal, prencoplastic, and neoplastic colonie epithelium.
In: M. P. Moyer and G. H. Poste (eds.). Colon Cancer Cells, pp. 41-61, San Diego:

Academic Press, Inc., 199Ãœ.
Williams, G. T., and Smith, C. A. Molecular regulation of apoptosis: genetic controls
on cell death. Cell, 74: 777-779, 1993.

Kerr, J. F. R.. Wyllie, A. H., and Currie, A. R. Apoptosis: basic biological phenom
enon with wide-ranging implications in tissue kinetics. Br. J. Cancer. 26: 239-257,

1972.
Gavrieli. Y., Sherman, Y., and Ben-Sasson, S. A. Identification of programmed cell
death in situ via specific labeling of nuclear DNA fragmentation. J. Cell Biol., 119:
493-501, 1992.

Bedi, A., Zehnbauer, B. A., Barber, J. P., Sharkis, S. J., and Jones, R. J. Inhibition of
apoptosis by BCR-ABL in chronic myeloid leukemia. Blood, 83: 2038-2044, 1994.

Darzynkiewicz, Z., Bruno, S., Del Bino. G., Gorczyca. W., Hotz, M. A., Lassola, P.,
and TrÃ¡ganos, F. Features of apoptotic cells measured by flow cylometry. Cytometry,
13: 795-808, 1992.

Hockenbery. D. M., Zulter, M., Hickey. W.. Nahm, M., and Korsmeyer. S. J. BCL2
protein is topographically restricted in tissues characterized by apoplolic cell death.
Proc. Nail. Acad. Sci. USA, HH: 6961-6965, 1991.
Kinzler, K. W., Nilbert. M. C., Su, L-K., el al. Identification of FAP locus genes from
chromosome 5q21. Science (Washington DC), 253: 661-664, 1991.
Powell, S. M., Zilz, N., Beazer-Barclay, Y., Bryan, T. M., Hamilton, S. R., Thi-

bodeau, S. N., Vogelstein, B., and Kinzler, K. W. APC mutations occur early during
colorectal tumorigenesis. Nature (Lond.). 359: 235-237. 1992.

Powell, S. M., Petersen, G. M., Krush, A. J., Booker, S., Jen, J., Giardiello, F. M.,
Hamilton, S. R., Vogelstein. B., and Kinzler. K. W. Molecular diagnosis of familial
adenomatous polyposis. N. Engl. J. Med., 329: 1982-1987, 1993.
Korsmeycr, S. J. Bcl-2 initiates a new category of oncogenes: regulators of cell death.
Blood. HO:879-886. 1992.
Fisher. D. E. Apoptosis in cancer therapy: crossing the threshold. Cell, 78: 539-542,

1994.
Hague, A., Moorghen, M., Hicks, D., Chapman, M., and Paraskeva, C. BCL-2 expression
in human colorectal adenomas and carinomas. Oncogene, 9: 3367-3370, 1994.

1815

Research. 
on December 3, 2021. © 1995 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


INHIBITION OF APOPTOSIS IN COLORECTAL TUMORIOENES1S

15. Su, L-K., Vogelstein, B., and Kinzler, K. W. Associalion of Ihe APC tumor suppres- 18. Shaw, P., Bovey, R., Tardy, S., Sahli, R., Sordat, B., and Costa, J. Induction of
sor protein with catenins. Science (Washington DC), 262: 1734-1737, 1993. apoptosis by wild-type p53 in a human colon tumor-derived cell line. Proc. Nati.

16. Baker, S. J., Fearon, E. R., Nigro, J. M., et al. Chromosome 17 deletions and p53 gene Acad. Sci. USA, 89; 4495-4499, 1992.
mutations in colorectal carcinomas. Science (Washington DC), 244: 217-221, 19. Miyashita, T., Harigai, M., Hanada, M., and Reed, J. C. Identification of a p53-
1989. dependent negative response element in the bcl-2 gene. Cancer Res., 54: 3131-3135,

17. Fearon, E. R., Cho, K. R., Nigro, J. M., Kern, S. E., Simons, J. W., Ruppert, J. M., 1994.
Hamilton, S. R., Preisinger, A. C., Thomas, G., Kinzler, K. W., and Vogelstein, B. 20. Miyashita, T., Krajewski, S.. Krajewska, M., Wang, H. G., Lin, H. K., Liebermann,
Identification of a chromosome 18q gene that is altered in colorectal cancers. Science D. A., Hoffman, B., and Reed, J. C. Tumor suppressor p53 is a regulator of bcl-2 amd
(Washington DC), 247: 49-56, 1990. box gene expression in vitro and in vim. Oncogene, 9: 1799-1805, 1994.

1816

Research. 
on December 3, 2021. © 1995 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


1995;55:1811-1816. Cancer Res 
  
Atul Bedi, Pankaj J. Pasricha, Adil J. Akhtar, et al. 
  
Cancer
Inhibition of Apoptosis during Development of Colorectal

  
Updated version

  
 http://cancerres.aacrjournals.org/content/55/9/1811

Access the most recent version of this article at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cancerres.aacrjournals.org/content/55/9/1811
To request permission to re-use all or part of this article, use this link

Research. 
on December 3, 2021. © 1995 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/content/55/9/1811
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/55/9/1811
http://cancerres.aacrjournals.org/



