Virchows Arch (1998) 433:523-527

ORIGINAL ARTICLE

© Springer-Verlag 1998

Xingpei Hao - Mingging Du - Anne E. Bishop
lan C. Talbot

Imbalance between proliferation and apoptosis in the development
of colorectal carcinoma

Received: 23 March 1998 / Accepted: 7 July 1998

Abstract To evaluate the relationship between cell proele in modulating cell apoptosis or proliferation during
liferation and apoptosis in sporadic colorectal carcintie development of colorectal carcinoma.

genesis, immunohistochemistry for proliferation-associ-

ated antigen Ki-67 and in situ end labelling for identifjkey words Colorectal carcinogenesis - Apoptosis -

ing apoptotic bodies were performed on paraffin sectio@ell proliferation - Adenoma - Carcino:na

from 59 adenomas and 22 carcinomas. These results

were correlated with the expression of the proliferation
and apoptosis modulators Bcl-2 and p53. Carcinonlatroduction

showed increased proliferation and apoptosis compared

with adenomasR<0.0001,P<0.001, respectively). ThereRenewal of normal epithelial tissues involves prolifera-
were positive linear correlations between proliferatidion, migration, differentiation and apoptosis (pro-
and apoptosis in adenomas and carcinoni0.02, grammed cell death) [1], which together maintain epithe-
P<0.05, respectively). The proliferative rate increasdidl homeostasis. Perturbance of these processes results
significantly from mild to moderate, and from moderaie neoplastic transformation and progression. It is ac-
to severe dysplasiaP€0.002, P<0.001, respectively). cepted that the contribution of apoptosis to neoplastic de-
Apoptotic rate also increased in this sequence, but thevielopment is as important as that of proliferation. Sever-
creases did not reach statistical significance (bathgene products, such as p53 and Bcl-2, are involved in
P>0.05). Expression of Bcl-2 was associated with lowarodulating cell proliferation as well as apoptosis and are
apoptotic rate in adenomas<0.025) but not in carcino- interrelated [2]. For instance, wild-type p53 induces ap-
mas P>0.25), whereas p53 expression was correlategtosis in cells with irreversible DNA damage, while
with higher proliferative rate in both adenomas and canutant p53 inhibits apoptosis and confers an advantage
cinomas P<0.01,P<0.05, respectively). An inverse relafor cell survival [3, 4]. Mutant p53 has been shown to in-
tionship between Bcl-2 and p53 expression was seerhibit Bcl-2 expression in a mammary epithelial cell line
both adenomas and carcinomds<@.05, P<0.005, re- [5]. Ectopic p53 in lymphoid cells was also shown to
spectively). These data suggest that the normal baladoen-regulate endogenous Bcl-2 expression while sim-
between proliferation and apoptosis is disturbed in colstaneously increasing the expression of Bax [6, 7]. On
rectal carcinogenesis, both being increased, but prolifettee other hand, p53-induced cell death can be prevented
tion occurs in excess. Bcl-2 and p53 may each playpyBcl-2 expression [8], and Bcl-2 expression in p53-de-
X. Hao - 1.C. Talbot[(]) ficient mice is enhanced, with accompanying down-regu-
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lation of Bax expression [6]. These results suggest that
p53 and Bcl-2 may interact with each other and have dif-
ferent roles in oncogenesis. Therefore, gaining further
insight into the relationship between cell proliferation
and apoptosis and the factors that control these processes
will help to shed light on the pathogenesis of tumours.
Colorectal carcinoma remains the second most fre-
guent fatal cancer in the western world. Most arise from
pre-existing adenomas. Cell kinetics studies suggest that
the tumour growth rate is high in both animal and human
colorectal adenomas [9, 10]. Since human colorectal ad-
enomas may remain stationary for a long time before
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transforming to malignancies [11], a large number ethanol and 0.005% BSA was applied to each section and covered
cells must be lost while growth is slow. To evaluate tMéth a coverslip. Sections were incubated at 37°C for 2 h, and the

. . P reaction was terminated by washing in distilled water three times.
role of proliferation and apoptosis in the development §lfbsequently, sections were incubated with the Vectastain Elite

sporadic colorectal carcinoma, 59 adenomas and 22 @@e Kit (Vector Laboratories, CA 94010, USA, 1:50) for 30 min
cinomas were quantitatively analysed by immunohistand washed in PBS. Sections were finally visualised in 3-3' diami-

Chemistry for the pro”feration-associated antigen Ki-@pbenzidine, lightly counterstained with haematoxylin, and

: : : : ounted. Paraffin-embedded sections of a normal tonsil were used
and by in situ end labelling for apoptotic cells. Furthe s _positive controls, while a negative control was obtained by

more, expression of p53 and Bcl-2 was also examinedifission of DNA polymerase from the labelling mixture. Since
an attempt to elucidate the links with proliferation, apofsEL labels both apoptotic and necraotic cells, only those cells with
tosis and their relative contributions to the developmeahgracteristic morphological changes, such as cytoplasmic and nu-
of colorectal cancer clear condensation, were regarded as positively labelled apoptotic
' cells [15, 16]. Apoptotic fragments in glandular lumina were ex-
cluded from the analysis, as these were considered to be cell de-
bris resulting from necrosis and inflammation.

At least 1000 cells were counted in each case by microscopic
examination at x400 magnification, and the proliferative and apo-
tic indices were calculated as the percentage of total cells
)und to be positive. As the mean value of the proliferative index
: h Lo : . h I) of adenomas and carcinomas was 30.5%, a value of 30% or
ing to the following criteria: only patients without any previou ss was designated as low and a value over 30% as high. Similar-

history of malignancies or familial adenomatous polyposis we, L .

: the apoptotic index (Al) of adenomas and carcinomas was
chosen; all polyps were completely excised by polypectomy S 3% a%dpa cut-off vaIEJe)of 1.5% was therefore used to divide
surgical resection; if multiple, the adenomas chosen were the 3]t and low values ’

est and showed the most severe dysplasia. For comparison, 22’ Cals . i+ . ot
; - : . ; tatistical evaluation of quantitative data between the two
cinomas were also examined. Serial sections were cut at 4 ps was carried out using Studentitest. The Chi-square test

thickness from unbuffered formol—-saline-fixed, paraffin-embedd e
. o ; s used to assess the associations between parameters and patho-
blocks and placed on polytysine-coated (Sigma Chemicals, St%gical data. The Pearson correlation coefficient was used for the

Materials and methods

Fifty-nine sporadic adenomas were selected from the files of tg
Academic Department of Pathology, St. Mark’'s Hospital, accor

Louis, Mo.) slides. One section was stained with haematoxy .
L . : e essment of correlation between the parameters t&st@d5
and eosin and used for histological classification, and the oth considered statistically significant.

were immunostained. The grading and staging of the tumou
were based on the WHO classification system [12]. To ensure con-
sistency in the grading of dysplasia, the H&E-stained sectians
were first read by one observer (X.P.H.) and the results were cResults
pared with those in the original histopathological reports. Any
cases in which there was doubt about the grade of dysplasia . . S

read again by an experienced histopathologist (I.C.T.), andwlsﬁ% proliferative and apoptotic indices (Pl and Al) are
agreement was reached. summarised in Table 1. Both the Pl and Al of carcino-

A standard ABC method was used for immunohistochemistimas were significantly higher than those of adenomas
Briefly, tissue sections were dewaxed in xylene and rehydra@k0.0001,p<0.001, respectively, Figs. 1, 2). The prolif-

through graded alcohols to distilled water, and then immersed_jpn. .: . L .
0.3% hydrogen peroxide ¢8,) in methanol for 30 min to delete efative rate increased significantly from mild to moder-

endogenous peroxidase. Subsequently, sections were subjecté@@ and from mc_)derate to severe dysplaEiaO(OOZ,
antigen retrieval by boiling in sodium citrate buffer (0.01 MP<0.001, respectively), but there was no difference be-

pH 6.0) for 2 min in an aluminium pressure cooker at 15 psi. F¢{yeen severe dysplasia and carcinorR20(50). The

lowing this, non-specific staining was blocked with normal hor ; ; ; ;
serum for 10 min. Monoclonal antibody to Ki-67 antigen (1:50 i optotic rate also increased progressively from mild to

PBS [phosphate-buffered saline], Dako, isotope: IgG1, kappa) wagderate dysplasia, moderate to severe dysplasia and se-
applied to tissue sections and these were incubated in a humidifiele dysplasia to carcinoma, but the increases did not
chamber overnight at room temperature. Following rinsing in PB®ach statistical significancé”%0.05, P>0.05, P>0.10,

the sections were incubated with biotinylated horse a“ti'mog%pectively Figs. 3, 4)

IgG (Vector Laboratories, Burlingame, CA 94010, USA, 1:200) As sh o T b,l '2 d 3. p53 | |

for 30 min and sequentially stained using the Vectastain Elite S shown In lables 2 an P nuclear accumuia-
ABC Kit (Vector Laboratories, CA 94010, USA, 1:50 for 30 min)ilon was significantly associated with higher proliferative
3-3' Diaminobenzidine (DAB; Sigma Chemicals, St. Louis, MoJjates in both adenomas and carcinonPa®(01,P<0.05,

was used as the chromogen. Formalin-fixed, paraffin-embeddedpectively). Expression of Bcl-2 was inversely related

sections of human breast carcinoma served as positive contrgls, L :
while negative controls were obtained by using PBS in place the lower apoptotic index in adenom&sq.025), but

the primary antibody. Immunostaining of Bcl-2 and p53 was cdtOt IN CarCInomasF(>_O.25). There was no C(_)rrelatlon be-
ried out as previously described [13]. tween p53 expression and the apoptotic ind&x0(50,

In situ end labelling (ISEL) was employed with minor modifi-
cations to detect apoptotic cells [14]. Briefly, sections were de-
waxed in xylene and rehydrated through graded alcohols to dis- . S : .
tilled water, and then incubated in 0.1%Q4 in PBS for 30 min ﬁgrhﬁnlg;g%‘ie;(prisl%lgn in an adenomas with moderate dysplasia.
to block endogenous peroxidase. Sections were digested with pro- 9 ;
teinase K (5 pg/ml in 50 mM Tris-HCI, pH 8.0) at 37°C forFig. 2 Ki-67 expression in a well-differentiated carcinoma. Im-
15 min, rinsed three times in distilled water, then once in 70%unostaining, x1C3
90% and 100% ethanol, and air-dried. A volume of 50 pl of label- . : : .
ling mixture containing 0.5 nmol biotin-11-dUTP (Sigma Chem(i:glgs' ?aggo%%tll_c Egg%es drrowed in an adenoma with moderate
cals, St. Louis, Mo.), 2.5 U of the Klenow fragment of DNA poly-y P : ’
merase | (Sigma Chemicals), 0.01 mM each of dTTP, dCTP, dGFig. 4 Apoptotic bodies drrowed in a moderately differentiated
in 50 mM Tris-HCI (pH 7.5), 5 mM MgGl 10 mM 2-mercapto- carcinoma. ISEL, x1€3
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Table 1 Proliferative PI) and

apoptotic indicesAl) in adeno- n Pl P Al P
matous and carcinomatous tis-
sues Adenomas

Dysplasia:

Mild 21 16.6x4.64 <0.002 1.08+0.65 >0.0%
ann Moderate 27 25.8+11.8 <0.001 1.36+0.53 >0.0%
»Mild vs moderate Severe 11 42.8+11.1 >0.60 1.76+0.43 >0.10

Moderate vs severe Total 59 25.69+13.0 <0.0001 1.34%0.60 <0.004
¢ Severe vs carcinoma Carcinomas 22 43.35+10.28 2.02+0.82

d Adenomas vs carcinomas

Table 2 Correlation between p53 expression and Pl in colorecfdble 4 Correlation among PI,Al, p53 and Bcl-2 expression in

adenomas and carcinon;as adenomas and carcinon:as
p53 Adenomas Carcinomas
Adenomas Carcinomas n r P n r P
+ - + - Bcl-2 vs p53 (15) 73 -0.24 <0.05 54 -0.40 <0.005
Al vs Pl 59 0.28 <0.02 22 0.44 <0.05
Pl <30% 6 32 3 7
>30% 10 11 9 3
P <0.01(x2=6.93) <0.05%?=4.45)

other workers, in which the BrdU labelling index was
enhanced significantly from low- to high-grade dysplasia
Table 3 Correlation between Bcl-2 expression and Al in coloredd human colorectal adenomas [10]. The cell apoptotic
tal adenomas and carcinor as index also showed a progressive increase from mild to
moderate and moderate to severe dysplasia. However,

Bel-2 this trend did not reach statistical significance. There-
Adenomas Carcinomas fore, although cell proliferation and apoptosis show a
linear correlation in the development of carcinoma, the
High Low High Low - programmed cell death rate does not catch up with that
Al <15% 36 11 1 5 4 of cell proliferation, which may provide a cell kinetics
>1.5% 5 7 2 7 ¢ rationale for the progression of adenomas from low- to
high-grade dysplasia and the transition from adenoma to
P <0.025 §2=5.50) >0.25%2=0.56) (high + low) vs) carcinoma. Expression of p53 protein and mutation of

p53 gene have been shown to be significantly correlated

in colorectal cancer [18]. To minimise the possibility of
P>0.10 in adenomas and carcinomas, respectively; daggistering overexpression of wild-type p53, only cases
not shown) or between Bcl-2 and the proliferative indexth 10% or more of tumour cells showing distinct nu-
in either adenomas or carcinom&s(.05,P>0.1 in ade- clear staining were regarded as positive. In the present
nomas and carcinomas, respectively; data not showstidy, p53 expression was associated with proliferation
There was an inverse correlation between Bcl-2 and &8 not with apoptosis in both adenomas and carcinomas,
in both adenomas and carcinomas. This trend was ewdmich is in agreement with other findings [19, 20]. This
more striking in carcinoma$€0.005) than in adenomasndicates that mutarm53 may be more closely related to
(P<0.05; Table 4). Cell proliferation and apoptosis wetke modulation of cell proliferation than of apoptosis
positively correlated in both adenom&s0.02) and car- during the development of colorectal carcinoma.
cinomas P<0.05; Table 4). Bcl-2 protein has been shown to inhibit apoptosis in a
variety of experiments [21]. We demonstrated a positive
correlation between Bcl-2 expression and lower apoptot-
Discussion ic index in adenomas, but not in carcinomas. We previ-

ously reported that Bcl-2 expression in carcinomas was
The Ki-67 antigen is a nuclear protein that is expressggnificantly lower than in adenomas [13]. These results
in proliferating cells during late S, M, and G phases suggest that the role of Bcl-2 in inhibiting apoptosis is
of the cell cycle, but is consistently absent ipgBase more important in adenomas than in carcinomas. More-
cells [17]. Like other methods, such as bromodeoxyuaver, Bcl-2 expression was inversely correlated with p53
dine (BrdU) labelling, analysis of argyrophilic nucleagxpression in both adenomas and carcinomas. Similar re-
organiser region, proliferating cell nuclear antigen, asdlts were also reported in another analysis of colorectal
flow cytometry, it reflects cell proliferative activity. Intumours [20] and in one of breast cancer [22]. Mutant
the present study, the proliferative index increased sip3 has been shown to down-regulate Bcl-2 expression
nificantly from mild to moderate, and from moderate i@ some cancer cell lines [5]. However, there is increased
severe dysplasia. This is in agreement with reports éwpression of Bcl-2 in p53-deficient mice [6]. Therefore,
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mutant p53 may be directly or indirectly responsible for tlr?nlm hy%erplallst(l;C polyps, aanorgaSS%gd gggﬂocafclnomas of
the large bowel. Gastroenterology 94:
Egicﬂgvanagegulatlon of Bel-2 expression in COIOreCti‘H Stryker SJ, Wolff BG, Culp CE, Libbe SD, llsstrup DM,
MacCarty RL (1987) Natural history of untreated colonic pol-
yps. Gastroenterology 93:1009-1013
12. WHO (1989) Histological typing of intestinal tumours. In:
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