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Back ground: The ob jec tive of this study was to

eval u ate the ex pres sion of bcl-2 in UICC stage I and

stage III (Dukes’s stage B and C) colorectal adeno -

carcinoma and to ex am ine its as so ci a tion with cli nico -

pathological fea tures, c-erbB-2, p53, ki–67, CD44,

la minin and col la gen IV and long term out come. Meth -

ods: Par af fin em bed ded spec i mens from 61 pa tients

with UICC stage I (Dukes’s stage B) and 39 pa tients

with UICC stage III (Dukes’s stage C) colorectal

adeno carcinoma who were treated with sur gery were

as sessed. We de ter mined by immunohistochemistry

the ex pres sion of bcl-2, c-erB-2, p53, ki–67, CD44,

laminin and col la gen IV with 5 year fol low up. Re sults:

Cy to plas mic stain ing of the bcl-2 gene prod uct was

seen in the tu mour cells of 27 cases (27%). Ex pres sion

of bcl-2 pro tein was un re lated to pa tient sex, age, tu -

mour site or tu mour grade, but was re lated to tu mour

stage (p=0.012). No sig nif i cant asso cia tion was dem on -

strated be tween bcl-2 and c-erbB-2, p53 or CD44.

How ever, there was very strong ev i dence of cor re la -

tion be tween bcl-2 stain ing and ki–67, laminin and col -

la gen IV. There was a trend to wards in creased

sur vival in pa tients whose tu mours ex pressed bcl-2

pro tein. When a cor re la tion be tween bcl-2 and the

other mark ers had been made the pos i tive ex pres sion

of bcl-2 was ben e fi cial. Con clu sions: The re sults from

this study would sug gest that ex pres sion of bcl-2 ap -

pear to be use ful in se lect ing a group of colorectal can -

cer pa tients with a better prog no sis.

In tro duc tion

Colorectal can cer re sults from a se ries of ge netic events,

which dis or der the nor mal mech a nisms con trol ling cell

growth. The bcl-2 proto-onco gene is an in hib i tor of apoptosis

and may there fore per mit the ac cu mu la tion of ge netic al ter -

ations prop a gat ing cell di vi sion and po ten tially con trib ute to

tu mour de vel op ment [10]. The bcl-2 gene is lo cated at chro -

mo some 18q21 and its prod uct is a 24kd pro tein lo cal ized to

the nu clear en ve lope endoplasmic reti cu lum and mi to chon -

drial mem branes. The bcl-2 proto-onco gene was orig i nally

iden ti fied in the stud ies of t (14; 18) chro mo somal trans -

location which oc curs in most hu man follicular lym pho mas

[19] . This translocation jux ta poses the bcl-2 gene and the im -

mu no glob u lin heave-chain lo cus; con se quently un der the

con trol of the im mu no glob u lin gene pro moter, the bcl-2 pro -

tein is over ex pressed in these lym pho mas [28]. bcl-2 has been 

pro posed as the first ex am ple of a novel carcinogenesis path -

way, act ing through a block of cell death with out af fect ing cell 

pro lif er a tion. In creased bcl-2 ex pres sion has also been re -

ported in ep i the lial ma lig nan cies, e.g. car ci noma of the lung,

thy roid, breast, stom ach and ova ries. In the large bowel bcl-2

pro tein has been lo cal ized to the ep i the lial cells at the base of

crypts, where stem cell pro lif er a tion takes place [30, 34].

The c-erbB-2 gene is lo cated on hu man chro mo some

17q21 and pro duces c-erbB-2 pro tein, which is an

185kDa-glycoprotein of the ty ro sine kinase fam ily. Over

ex pres sion of c-erbB-2 is re ported to be as so ci ated with ma -

lig nant cell trans for ma tion and poor prog no sis in sev eral

149

Pol J Pathol 2006, 57, 3, 149–159 PL ISSN 1233-9687



car ci no mas. The gene may pro mote me tas ta sis in colorectal

can cer by sev eral mech a nisms: a) over ex pres sion of its

prod uct, lead ing to ab nor mal pro lif er a tion po ten tial via in -

ter ac tion with epi der mal growth fac tor re cep tor, b) a higher

ex tra-cel lu lar ma trix pro te ase ac tiv ity through c-erbB-2

up-reg u lated ex pres sion of urokinase – type plasminogen

ac ti va tor (uPA), c) an in creased re sis tance to cytotoxic ef -

fects of tu mor ne cro sis fac tor-al pha, re leased by ac ti vated

macrophages [37]. 

p53 is a tu mour sup pres sor gene that plays a key role in

the con trol of the cell cy cle. Cell pro lif er a tion is in hib ited by 

p53 pro tein, which acts by ar rest ing the cell cy cle at the

G1-s phase to al low DNA re pair to take place. Loss of this

ac tiv ity may lead to neo plas tic trans for ma tion. Al ter ation of

this sup pres sor gene is a com mon event in colorectal car ci -

noma and has been as so ci ated with ad verse post op er a tive

out come and poor sur vival [26]. 

ki–67 is ex pressed in cells ac tively en gaged in the cell

cy cle and has also been used as a mea sure of pro lif er a tion in

this pa tient pop u la tion [1].

Re cent stud ies have iden ti fied CD44 glycoproteins as

po ten tially im por tant com po nents of tu mour pro gres sion

and the me tas ta sis cas cade [12, 14]. CD44 was orig i nally

de scribed as a hom ing re cep tor on lym pho cytes, me di at ing

lym pho cyte in ter ac tions with high en do the lial ven ues [32].

Metastasizing tu mor cells and re cir cu lat ing (ac ti vated) lym -

pho cytes save sev eral prop er ties in clud ing mo til ity and in -

va sive be hav ior in volv ing re vers ible ad he sive con tacts,

ac cu mu la tion and ex pan sion in drain ing lymph nodes and

ad he sion to vas cu lar en do the lium and extravasations. This

anal ogy be tween cir cu lat ing lym pho cytes and tu mour dis -

sem i na tion prompted the hy poth e sis that ma lig nant cells

might use mol e cules like CD44 for me tas ta sis for ma tion. 

Laminins are a fam ily of glycoproteins of the ex tra cel -

lu lar ma trix that func tion in the de vel op ment and main te -

nance of cel lu lar or ga ni za tion in the base ment mem brane.

They reg u late cell ad he sion, mi gra tion, and dif fer en ti a tion

[3]. This ob vi ously has im pli ca tions with re gard to in va sion

and dis sem i na tion of ma lig nant tu mours of ep i the lial or i gin. 

Base ment mem branes play an im por tant role in the de vel op -

ment and main te nance of most tis sues where they pro vide

struc tural bound aries be tween spe cific cell types and con -

nec tive tis sues [15]. De pleted or dis con tin u ous base ment

mem brane struc tures have been re ported for sev eral types of 

gas tro in tes ti nal cancers, an observation often associated

with poor prognosis.

Col la gen type IV is the ma jor struc tural pro tein of base -

ment mem branes, and sev eral pro tein ases are known to at -

tack and de grade this collagenous com po nent. 

Sinicrope et al [29] re ported the first data con cern ing

bcl-2 ex pres sion and apoptosis in colorectal tumorigenesis: in

17 of 24 (71%) co lonic adenomas and 14 of 21 (67%)

adenocarcinomas bcl-2 immunoreactivity could be de tected.

In most of the clin i cal stud ies, bcl-2 cy to plas mic ex pres sion

cor re lated with a better prog no sis [16]. Con versely, in some

other stud ies bcl-2 cor re la tion with poor sur vival has been re -

ported [6]. The aim of this study was to in ves ti gate bcl-2

immunoreactivity in colorectal car ci noma and to de ter mine its 

as so ci a tion with clinicopathological fea tures, c-erbB-2, p53,

ki–67, CD44, laminin and col la gen IV and with long-term

out come.

Pa tients and Meth ods

Pa tients

A se ries of 100 pa tients un der went sur gi cal re sec tion

for pri mary colorectal adenocarcinoma at the III De part -

ment of Sur gery, Tzanio Hos pi tal of Ath ens be tween

1995–1999. Cases of non-in her ited polyposis colorectal

can cer, fa mil ial ad eno ma tous polyposis or ul cer ative co li tis

and pa tients who died in the im me di ate post op er a tive pe riod 

were ex cluded from the study. None of the pa tients had re -

ceived pre- or post op er a tive ra dio ther apy or che mo ther apy.

Each pa tient was reg u larly fol lowed up at 6 monthly in ter -

vals for a min i mum of 5 years. Clin i cal stag ing was done on

the ba sis of the UICC clas si fi ca tion (Ta ble 1). Tu mours

were histologically clas si fied as well dif fer en ti ated, mod er -

ately dif fer en ti ated or poorly dif fer en ti ated adenocar cino -

mas us ing the WHO cri te ria [35]. Sur vival time was

cal culated from the date of sur gery to the date of death or

last fol low-up with times cen sored from pa tients dy ing of

causes un re lated to colorectal cancer and those surviving.

Median follow-up was 7 years (from 5 to 9 years).

Tis sue spec i mens

Sec tions from the colorectal adenocarcinoma and nor -

mal mu cosa at the prox i mal/dis tal re sec tion mar gins were

ob tained at sur gi cal re sec tion. Two pa thol o gists re viewed
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TABLE 1 
UICC clas si fi ca tion

UICC stage TNM stage

 Stage 0 Tis No Mo

Stage I T1,2 No Mo

Stage II T3,4 No Mo

Stage III  T N1,2,3 Mo

Stage IV  T N M1



the slides of 100 cases. For ev ery case, one par af fin block

with both tu mour tis sue and nor mal mu cosa was se lected for 

the de tec tion of bcl-2, c-erbB-2, p53, ki–67, CD44, laminin

and col la gen IV ex pres sion by immunohistochemistry.

Immunohistochemistry

Five-mi crom e ter thick sec tions were cut and mounted

on glass slides coated wit APS (aminopro pylme thoxy -

silane), dewaxed in xylene and rehydrated with graded al co -

hols. En dog e nous peroxidase was blocked with 3% H2O2

for 15 min utes. Be fore ap pli ca tion of the pri mary an ti body,

sec tions were im mersed in 10mM ci trate buffer (PH = 6.0)

and rinsed in TBS (Tris 0.05M, NaCl 0.9%, PH = 7.6) and

heated in a mi cro wave oven (650–800W) for three cy cles of

5 min utes. In or der to re duce non-spe cific bind ing, they

were washed with TBS buffer and the pri mary an ti bod ies

were placed (Ta ble 2). For bcl-2 stain ing, we used the bcl-2

an ti body (di lu tion 1:10, Biogenex). For c-erbB-2 the

c-erbB-2 an ti body (di lu tion 1:50, DAKO), for p53 the D0–7 

an ti body (di lu tion 1:100, Biogenex) against both wild and

mu tated forms, for ki–67 the MIB–1 an ti body (di lu tion

1:80, DAKO), for CD44 the CD44 an ti body clone DF1485

(di lu tion 1:100, Biogenex), for laminin the laminin an ti body 

(4C7) (di lu tion 1:300, DAKO) and for col la gen IV the col -

la gen IV an ti body (di lu tion 1:100, DAKO). Sam ples were

sub se quently in the sec ond ary an ti body for 30 min utes and

in cu bated to ABC (avidin-bi o tin com plex) for 30 min utes.

Diaminodenzamine (DAB) was used as a chromogene and

light hematoxylin counterstain was used. Omission of the

primary antibody acted as negative control. 

Eval u a tion of immunostaining

Immunoreactivity for bcl-2 was eval u ated ac cord ing to

the per cent age of tu mour cells with pos i tive cy to plas mic

stain ing. A cut-off of <5% tu mour cells pos i tive was used to

de fine neg a tive cases and >5% pos i tive tu mour cells was

used to de fine pos i tive cases. The in fil trat ing lym pho cytes

and the neu rons were used as pos i tive con trol. In or der to

eval u ate c-erbB-2 immunostaining a cut-off <25% of neo -

plas tic cells pos i tive was used to de fine low ex pres sion,

25–50% of neo plas tic cells pos i tive was used to de fine mod -

er ate ex pres sion and a cut-off of >50% of neo plas tic cells

pos i tive was used to de fine ex ten sive ex pres sion. Immuno -

reactivity for p53 was eval u ated semi quan ti ta tively by two

ob serv ers and ac cord ing to the per cent age of pos i tive tu -

mour nu clei, scored as fol lows: low ex pres sion, for tu mours

show ing less than 10% immunostained nu clei, mod er ate ex -

pres sion for tu mours show ing 10–50% of immunoreactive

nu clei, ex ten sive ex pres sion for those tu mours with nu clear

immunoreactivity in more than 50% of tu mour cells. For

pos i tive con trols of p53 ex pres sion, we used a known la ryn -

geal car ci noma case with dif fuse p53 nu clear ac cu mu la tion.

Immunoreactivity for ki–67 was eval u ated ac cord ing to the

per cent age of pos i tive tu mour cells and scored as fol lows: 0: 

for 0% of immunostained tu mour cells, +: for 1–10% of

immunostained tu mour cells, ++ for 11–25%, +++ for

26–50%, ++++ for 51–75% and +++++ for 76–100%

immunostained tu mour cells. A cut-off of <50% immuno -

stained tu mour cells pos i tive was used to de fine “low” cases

and >50% tu mour cells pos i tive was used to de fine “high”

cases. As in ter val pos i tive con trol, ki–67 pos i tive cells of

the nor mal co lonic mu cosa were used. They were con fined

to the mid dle and lower third of the in tes ti nal crypt. In or der

to eval u ate CD44 immunostaining, tu mour cells show ing

cy to plas mic or mem bra nous stain ing were re garded as pos i -

tive. A cut-off <10% of neo plas tic cells pos i tive was used

to define low ex pres sion, 10–50% of neo plastic cells pos i -

tive was used to de fine mod er ate ex pres sion and a cut-off

>50% of neo plas tic cells pos i tive was used to de fine ex ten -

sive ex pres sion. In or der to eval u ate laminin immuno -

staining, the tu mours were cat e go rized ac cord ing to the

num ber of immunopositive tu mour cells counted in the sec -

tions con tain ing the max i mum di am e ter of tu mours as fol -

lows: low, less than 20 tu mour cells were pos i tive;

mod er ate, 20 to 500 tu mour cells were pos i tive; ex ten sive,

more than 500 tu mour cells were pos i tive. For col la gen IV

immunostaining, the amount of immunoreactivity at the tu -

mour-stromal bor der was scored semi-quan ti ta tively. In all

cases the over all ex tent of BM de po si tion at the tu mour

cell-stroma in ter face of the whole sec tion, cov er ing a large

tu mour area at the site of deep est in va sive growth, was

scored. More than 75% immunoreactivity at the tu -

mour-stromal interface was scored as extensive BM

deposition, between 25% and 75% as moderate, and less

than 25% as low. In c-erbB-2, p53, ki–67, CD44, laminin

and collagen IV immunostaining, the negative cases were

included into the “low” cases group.
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TABLE 2 
An ti bod ies used

An ti bod ies  Sup plier Di lu tion

Bcl-2 Biogenex 1:10

c-erbB-2 Dako 1:50

p53(DO–7) Biogenex 1:100

ki–67(MIB–1) Dako 1:80

CD44(clone DF1485) Biogenex 1:100

Laminin(4C7) Dako 1:300

Col la gen IV Dako 1:100



Sta tis ti cal Anal y sis

All anal y ses were per formed us ing the sta tis ti cal pack -

ages Minitab 13.0 and S-Plus 3.2. Chi-squared anal y sis or

Fisher’s Ex act Test as ap pro pri ate as sessed cat e gor i cal vari -

ables. Con tin u ous data were as sessed by Wilcoxon’s Rank

Sum Test. Kaplan-Meier sur vival curves were con structed

and dif fer ences in sur vival be tween groups were com pared

using the Log-Rank Test. 

Re sults

bcl-2

Pos i tive immunohistochemical stain ing for bcl-2 was

seen in 27 of 100 (27%) of the colorectal car ci no mas ex -

am ined. Strong pos i tive stain ing was seen in in fil trat ing

lym pho cytes with in the tu mour stroma. Neurones also

showed pos i tive. In ar eas of nor mal co lonic ep i the lium,

bcl-2 ex pres sion was seen in the basal cells of crypts. The

re la tion ship be tween bcl-2 ex pres sion and a range of

clinico pathological vari ables and the other mark ers is

sum ma rized in Ta ble 3. There was no sig nif i cant cor re la -

tion be tween bcl-2 stain ing and sex, age, tu mour site or tu -

mour grade. How ever, a sta tis ti cally sig nif i cant cor re la -

tion was de tected be tween bcl-2 stain ing and tu mour stage 

(p = 0.012). From the 27 pos i tive bcl-2 pa tients, 22 were

UICC stage I pa tients and only 5 were UICC stage III pa -

tients. No sig nif i cant as so ci a tion was dem on strated be -

tween bcl-2 and c-erbB-2, p53 and CD44. How ever, there

was very strong ev i dence of cor re la tion be tween bcl-2

stain ing and ki–67, laminin and col la gen IV.

Sur vival Anal y sis

The pa tients were fol lowed up for an av er age of 7

years (from 5 to 9 years). Over all, there was a trend to -

wards in creased sur vival in pa tients whose tu mours ex -

pressed bcl-2 pro tein (Fig. 1). There was also an in creased

sur vival in pa tients whose tu mours ex pressed col la gen IV

(Fig. 7). On the other hand there was a trend to wards de -

creased sur vival in pa tients whose tu mours ex pressed

c-erbB-2, p53, CD44 and laminin (Fig. 2, 3, 5, 6). How -

ever, there was not sig nif i cant ev i dence of a cor re la tion

be tween sur vival and ki-67 ex pres sion (Fig. 4). Cor re la -

tion of bcl-2 with the other six mark ers on sur vival of 100

pa tients showed an in creased sur vival in pa tients with

pos i tive bcl-2 ex pres sion (Fig. 8, 9, 10, 11, 12, 13). 
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TABLE 3 
Clin i cal and patho log i cal fea tures of 100 pa tients with colorectal can cer strat i fied by bcl-2 sta tus

Variable Immunohistochemical expression of bcl-2 p-value

Negative bcl-2

(<5%, n = 73)

Positive bcl-2

(>5%, n = 27)

Sex

Male (53) 39 14 0.889*

Female (47) 34 13

Age (years)

Median 70 69 0.062Ù

Tumour Stage

Stage I (61) 39 22 0.012*

Stage III (39) 34 5

Tumour Site

Rectum (57) 45 12

Left Colon (23) 16 7 0.237*

Right Colon (20) 12 8

Tumour Grade

Well/Moderate (91) 64 27 0.108u

Poor (9)

Extensive (>50%, n = 39)

 9

31

0

8 



Dis cus sion

Tis sue growth de pends on both cell pro lif er a tion and the

rate of cell death [27]. Thus, it is con ceiv able that neo plas tic

growth may be caused or pro moted by fac tors in hib it ing cell

death. bcl-2 is a protoncogene that is in volved in the reg u la -

tion of cell death by in hib it ing apoptosis in many cell sys tems

in phys i o logic and neo plas tic con di tions [27]. The nor mal bi o -

log i cal mech a nism of ac tion of bcl-2 is not clear, al though the

pres ence of bcl-2 pro tein is usu ally as so ci ated with fa vor able

clinicopathological fea tures in some neoplasms[16]. The in -

crease of bcl-2 ex pres sion in mucosal re gen er a tion fol low ing

ir ra di a tion sug gests that ac ti va tion of bcl-2 may sup port stem

cell sur vival [34]. The re la tion ship be tween bcl-2 ex pres sion

and the eval u a tion from nor mal co lonic ep i the lium to in va sive 

can cer is not fully un der stood. How ever, there is ev i dence to
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Patient 

Survival

1 year 7 0

1–3 years 18 4

3–5 years 38 7

> 5 years 10 16

c-erbB-2

Low (0-25%, n=78) 56 22

Moderate (25–50%, n=13) 9 4 0.573u

Extensive (>50%, n=9) 8 1

p53

Moderate (10–50%, n = 27) 19 8 0.395*

Extensive (>50%, n = 39) 31 8

ki–67

Low 

(<50%, n = 41)
22 19 0.000*

High 

(>50%, n = 59)
51 8

CD44

Low (0–10%, n = 30) 23 7

Moderate (10–50%, n = 30) 22 8 0.823*

Extensive (>50%, n = 40) 28 12

Laminin

Low (<20, n = 15) 9 6

Moderate (20–500, n = 59) 39 20 0.003u

Extensive (>500, n = 26) 25 1

Collagen IV

Low (<25%, n = 39) 34 5

Moderate (25–75%, n = 36) 31 5 0.000*

Extensive (>75%, n = 25) 8 17

* Chi-Square Test, Ù Kruskal-Wallis Test, u Fisher’s Exact Test



sug gest that bcl-2 ex pres sion is lost dur ing the evo lu tion of

colorectal can cer [29]. There are dif fer ent clin i cal im pli ca -

tions of bcl-2 ex pres sion in colorectal can cer of var i ous geo -

graph ical re gions. The rea son re mains un clear, but this
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Fig. 1. Sur vival of 100 pa tients with colorectal can cer strat i fied by bcl-2

immunohistochemical stain ing: bcl-2 (<5%) (neg a tive): 73, bcl-2: (>5%)

(pos i tive): 27.

Fig. 2. Sur vival of 100 pa tients with colorectal can cer strat i fied by

c-erbB-2 stain ing: c-erbB-2: <25%, low (n = 78), c-erbB-2: 25–50%, mod -

er ate (n = 13), c-erbB-2: >50%, ex ten sive (n = 9).

Fig. 3. Sur vival of 100 pa tients with colorectal can cer strat i fied by p53

stain ing: p53: 0–10%, low (n = 34), p53: 10–50%, mod er ate (n = 27), p53:

>50%, ex ten sive (n = 39).

Fig. 4. Sur vival of 100 pa tients with colorectal can cer strat i fied by ki–67

ex pres sion: ki–67: <50%, low (n = 41), ki-67: >50%, high (n = 59).

Fig. 5. Sur vival of 100 pa tients with colorectal can cer strat i fied by CD44

stain ing: CD44: 0–10%, low (n = 30), CD44: 10–50%, mod er ate (n = 30),

CD44: >50%, ex ten sive (n = 40).

Fig. 6. Sur vival of 100 pa tients with colorectal can cer strat i fied by laminin

stain ing: laminin: <20 pos i tive tu mour cells, low (n = 15), laminin: 20–500

pos i tive tu mour cells, mod er ate (n = 59), laminin: >500 pos i tive tu mour

cells, ex ten sive (n = 26).



con troversy may be re lated to the char ac ter is tics of the pa tient

pop u la tion on which anal y ses were per formed [22]. The cause 

of bcl-2 ex pres sion in colorectal car ci noma is un clear. One

pos si bil ity is that the ma lig nant clone is de rived from a basal

crypt cell and the tu mor cell re tains bcl-2 ex pres sion. Other

pos si bil ity is translocation of the bcl-2 gene to an other chro -

mo somal site in close prox im ity to pow er ful enhancer el e -

ments in the Ig heavy chain lo cus, re sult ing in transcriptional

de reg u la tion of the bcl-2 gene and high lev els of bcl-2 pro tein. 

Other pos si ble mech a nisms are mu ta tion of the bcl-2 pro moter 

caus ing de reg u lated pro tein ex pres sion and mu ta tion of bcl-2

it self, thereby in creas ing its half-life. Other pos si bil ity is the

loss of wild type, func tional p53 that could lead to de reg u lated 

ex pres sion of bcl-2 pro tein [23]. It has been also sug gested

that the loss of bcl-2 ex pres sion with colorectal tu mour pro -

gres sion may be due to wild-type p53 and some p53 mu ta tions 
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Fig. 7. Sur vival of 100 pa tients with colorectal can cer strat i fied by col la gen

IV stain ing: col la gen IV: <25%, low (n = 39), col la gen IV: 25–75%, mod -

er ate (n = 36), col la gen IV: >75%, ex ten sive (n = 25).

Fig. 8. Cor re la tion of bcl-2 with c-erB-2 on sur vival of 100 pa tients.

Fig. 9. Cor re la tion of bcl-2 with p53 on sur vival of 100 pa tients.

Fig. 10. Cor re la tion of bcl-2 with ki-67

on sur vival of 100 pa tients.



down-reg u lat ing bcl-2 by bind ing to a transcriptional si lencer

el e ment within the bcl-2 pro moter [23]. 

In our study, bcl-2 immunoreactivity was seen only in

the mod er ately and well dif fer en ti ated tu mours, which is in

agree ment with pre vi ous re ports [9, 33]. We found bcl-2

expresssion in 27% of our cases. Our re sults are some what

lower than other colorectal can cer stud ies in which 28–35%

of tu mours have been pos i tive for bcl-2 [9, 18, 33]. Higher

lev els of bcl-2 pos i tive cases, rang ing from 50% to 67%

have also been re ported [29, 24]. A sta tis ti cally sig nif i cant

cor re la tion was de tected be tween bcl-2 stain ing and tu mour

stage (p = 0.012). Ex pres sion of bcl-2 has been also as so ci -

ated with a more fa vour able clin i cal out come in non-small

cell car ci noma of the lung and thy roid follicular car ci no mas

[25]. Bcl-2 ex pres sion as re ported in breast can cer, was as -

so ci ated with in creased sur vival [21]. In breast can cer, bcl-2 

may be more ap pro pri ate as an in di ca tor of ther a peu tic re -

sponse than a prog nos tic fac tor [4]. How ever, in ves ti ga tions 

of bcl-2 in colorectal car ci noma have yielded con flict ing re -

sults in sur vival. Basari et al and Tollenaar et al did not find

any prog nos tic sig nif i cance of bcl-2 ex pres sion [7, 31]. In

con trast, other stud ies found that bcl-2 ex pres sion was as so -

ci ated with a fa vour able clin i cal out come [5, 13]. Many fac -

tors should be taken into con sid er ation as an ex pla na tion for

these con flict ing sur vival re sults. A dif fi culty in the in ter -

pre ta tion of lit er a ture data is the use of dif fer ent stag ing sys -

tems or small groups of dif fer ent stages. Fur ther more, the

de tails of pa tient ther apy are of ten in ad e quate in prog nos tic
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Fig. 11. Cor re la tion of bcl-2 with CD44

on sur vival of 100 pa tients.

Fig. 12. Cor re la tion of bcl-2 with laminin

on sur vival of 100 pa tients.



marker stud ies. Sev eral stud ies in clude pa tients with all

stages of UICC clas si fi ca tion. This kind of stud ies ob vi ates

the need for sub strat i fi ca tion and is, there fore, more ap pro -

pri ate for the as sess ment of the prog nos tic util ity of

a marker. The choice of the pa tient group is also de ter mined

by the ques tions asked, as mark ers would have lit tle po ten -

tial use in stage O com par i son to stage I or III dis ease [8].

Our study with a 5 year fol low up, sug gests that bcl-2 ex -

pres sion is as so ci ated with better clin i cal course. It seems

par a dox i cal that bcl-2, which in hib its apoptosis, should be

as so ci ated with good prog no sis. How ever, bcl-2 has also

been shown to slow down cell growth in colorectal cancer

lines [34]. Loss of bcl-2 may be indicative of a more

aggressive phenotype allowing further tumour progression

under influences such as p53 changes [18].

C-erbB-2 is one among many ge netic fac tors that has

been iden ti fied as re spon si ble for the tumourigenesis of

colorectal can cer. Sev eral stud ies sug gest that c-erbB-2 pro -

tein con trib utes to tu mour cell in va sion and me tas ta sis and is

sig nif i cantly cor re lated with a poor prog no sis [38, 39]. Our

study has also shown that c-erbB-2 ex pres sion in colorectal

can cer is as so ci ated with poor prog no sis. Mu ta tion of p53 is

one of the most fre quently en coun tered ge netic al ter ations in

solid tu mours. p53 mu ta tions play a cen tral role in colorectal

tu mour pro gres sion and are pres ent in >50% of spo radic

colorectal car ci no mas [17]. In our study there was a sta tis ti -

cally sig nif i cant cor re la tion be tween sur vival and p53 ex pres -

sion. p53 ex pres sion was as so ci ated with poor prog no sis. On

the other hand we found no as so ci a tion be tween ki-67 scores

and clin i cal out come [2]. CD44 is a widely dis trib uted

transmembrane glyco pro tein that has been proved to func tion

as a ma jor cell-sur face re cep tor for glycosaminoglycan hya -

luronate and to play an im por tant role in cell-cell and

cell-extra cellular ma trix in ter ac tions such as lymphopoiesis,

myelo poiesis, lym pho cyte hom ing, macrophage ac ti va tion

and tu mour pro gres sion and me tas ta sis [40]. Our study sug -

gests that CD44 ex pres sion in colorectal can cer is as so ci ated

with poor prog no sis. Laminin serves as an im por tant ad he sion 

pro tein for ep i the lial cells po si tioned on a base ment mem -

brane and plays an im por tant role in cell mi gra tion dur ing tu -

mour in va sion and tis sue re mod el ing [3]. In our study

in creased laminin immuno reactivity, sug gest ing a high in va -

sive po ten tial of tu mour cells, was a sig nif i cant poor prog nos -

tic in di ca tor. Base ment mem branes and the dis tri bu tion of

type IV col la gen have been ex ten sively stud ied in re la tion to

tu mour bi ol ogy and deg ra da tion of base ment mem branes is

pur ported to be a cru cial event in the pro cess of tu mour in va -

sion and met a static spread [20]. We found that col la gen IV

immuno reactivity was an in di ca tor of good prog no sis. In or -

der to an a lyze the joint in flu ences of the seven mark ers on sur -

vival, a cor re la tion be tween bcl-2 and the other mark ers has

been made. Bcl-2 ex pres sion was as so ci ated with better prog -

no sis. Apoptosis is a well-or ga nized pro cess con trolled by

genes with pos i tive or neg a tive reg u la tory func tions [17]. Its

role in tu mour pro gres sion is com plex and in com pletely un -

der stood [41]. Mul ti ple proto-onco genes, reg u la tory fac tors

and tu mour sup pres sor genes ap pear to have a dom i nant role

in the pathogenesis of colorectal can cer. The gene mu ta tions

pro duce met a bol i cally more sta ble pro teins that may be used

as prog nos tic in di ca tors in pa tients with colorectal can cer [6].

The re sults from this study would sug gest that ex pres sion of

bcl-2 ap pear to be use ful in se lect ing a group of colorectal can -

cer pa tients with a better prog no sis. Immuno histochemical

eval u a tion of bcl-2 in colorectal can cer may be of clin i cal
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Fig. 13. Cor re la tion of bcl-2 with col -

la gen IV on sur vival of 100 pa tients.



value. It may be use ful as an ad junc tive test in rou tine

histopathological practice. 
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