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SUMMARY: Several techniques to determine apoptotic frequencies in tumors have been described. In this study, we report that
biochemical detection of enzymatic caspase-3 activity is a simple and quantitative technique to measure apoptosis in colorectal
tumor cells. The relevance of the level of apoptosis in colorectal cancer for the clinical course remains unclear. Therefore, we
studied the correlation between caspase-3 activity and prognosis of the disease in relation to different factors known to be
involved in apoptosis induction. High caspase-3 activity significantly correlated with a higher risk of recurrence and was
preferentially found in tumors of the right side of the colon. No correlation was detected between high caspase-3 activity and
altered protein expression of p53, b-catenin, or proteins of mismatched repair genes. This indicates that high caspase-3 activity
has no evident correlation with the genetic Wnt-signaling or the mismatch repair mutational pathways. The caspase-3 activity
significantly correlated with CD571 tumor infiltrating cells. Therefore, high caspase-3 activity in right-sided tumors might be
induced by a specific lymphocytic reaction. (Lab Invest 2001, 81:681–688).

A poptosis is an essential biologic process. As well
as having a role in controlling cell number during

early development, apoptosis is important for the
removal of infected or genetically altered cells (Duke et
al, 1996). Defects in the apoptotic mechanism are
often found in neoplastic growth (Duke et al 1996;
Green and Martin, 1995; Tompson, 1995), which is
also the case in colorectal cancer (Evertsson et al,
1999; Gryfe et al, 1997; Tsujitani et al, 1996). Devel-
opment of colorectal cancer proceeds through a se-
ries of genetic alterations that result in the activation of
oncogenes and loss of tumor suppressor genes (Gryfe
et al 1997; Rafter and Glinghammar, 1998; Ilyas et al,
1999). Mutations in genes known to be involved in cell
cycle regulation, such as APC, p53, b-catenin, deleted
in colorectal cancer (DCC), and K-ras, have been
reported in colorectal cancer (reviewed in Gryfe et al,
1997). Furthermore, mutated genes involved in DNA
mismatch repair can contribute to tumor growth. Al-
terations in these mismatch repair genes will lead to a
microsatellite instability phenotype (MSI) (reviewed in
Lothe, 1997). During tumorigenesis one of the target
genes that is preferentially inactivated due to MSI is
transforming growth factor b receptor II (TGFbRII)
(Markowitz et al, 1995; Akiyama et al, 1996). Inactiva-
tion of TGFbRII on cells down-regulates the suppres-

sive function of TGFb on cell proliferation and in that
way also results in disturbance of growth control
(DeVisser and Kast, 1999). Most of the hereditary
nonpolyposis colorectal tumors (HNPCC) exhibit MSI,
whereas in sporadic colorectal cancers only 3% to
10% show this phenotype. This low rate of MSI in
sporadic colorectal cancers seems to be caused by
somatic inactivation of hMLH1 (Lothe, 1997).

As well as the occurrence of apoptosis in cells
caused by intrinsic factors, apoptosis can also be
induced by cells of the immune system to kill virally
infected or transformed target cells via Fas ligation,
exocytosis of granules, or production of toxic cyto-
kines such as tumor necrosis factor (TNF)-a (Atkinson
and Bleackley, 1995; Berke, 1995; Famularo et al,
1994; Warren and Smyth, 1999).

Thus, apoptosis can be induced in tumor cells as a
result of both genetic alterations or an attack by
immune cells. It is evident that the frequency of
apoptosis in tumor tissue may have an impact on the
outcome of the disease. Therefore, knowledge of the
different induction pathways of apoptosis in colorectal
cancer and its relationship to disease progression
might contribute to the development of a specific
therapy. In this study we investigate the possible role
of apoptosis as a prognostic factor in colorectal car-
cinoma and its underlying mechanism. Caspase-3
activity in colorectal carcinoma was studied as an
indicator of tumor cell apoptosis, and the enzyme
activity level was correlated with clinical parameters.
The relationships between apoptosis and tumor size,
proliferative capacity, tumor infiltration by cells of the
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immune system, and alterations of genes of the Wnt
and mismatch repair (MMR) pathway were investi-
gated to determine the possible inducers of apoptosis
in a group of patients with sporadic colorectal cancer.

Results

Determination of Caspase-3 Activity in Colorectal
Cancer Specimens

One of the central steps in apoptotic cell death is
activation of caspases. Caspase-3 is known to be a
key enzyme during apoptosis. We determined
caspase-3 activity in colorectal cancer tissue by in
vitro measurement of its enzyme activity. As a control,
caspase-3 activity in normal colon tissue was deter-
mined. The caspase-3 activity in 60 colorectal tumors
ranged from 37 to 13,377 pmol AMC/minute/mg tu-
mor tissue, with a mean value of 1344 pmol AMC/
minute/mg tumor tissue. The activity in normal tissue
(n 5 10) was 28 6 18 pmol AMC/minute/mg tissue.

High Caspase-3 Activity in Colorectal Cancer Is
Correlated with a Higher Risk of Disease Recurrence

To determine if caspase-3 activity as a measure of
apoptotic cell death had prognostic value in colorectal
cancer, the enzyme activity was matched with clinical
parameters. We found that high caspase-3 activity in
the tumors significantly correlated with a higher risk of
distant recurrence (Fig. 1). Other clinical parameters,
such as age, sex, tumor stage, presence of metasta-
ses, overall survival related to disease, or all-cause
mortality, did not correlate with caspase-3 activity
(results not shown). The apoptotic tumor cell death did
not seem to be the result of a high proliferation rate of
these tumors as tested using immunohistochemical
staining for the proliferation marker Ki-67 in five tu-
mors showing the highest caspase-3 activity (.1375

pmol AMC/minute/mg tumor tissue) and five tumors
with the lowest caspase-3 activity (,338 pmol AMC/
minute/mg tumor tissue). Tumors with low caspase-3
activity showed 47 6 21% Ki-67 expression, whereas
tumors with high caspase-3 activity had 71 6 20%
expression of the proliferation marker. This difference
was not significant (t test; p 5 0.21). Furthermore,
tumor caspase-3 activity did not significantly correlate
with the size of the tumors (Pearson correlation, p 5
0.43).

Next, we determined the relationship between
caspase-3 activity and the number of apoptotic cells
in the tumor tissue. Five tumors showing high caspase
activity (. 1375 pmol AMC/minute/mg tumor tissue)
and five tumors showing low caspase-3 activity (,
338 pmol AMC/minute/mg tumor tissue) were immu-
nohistochemically stained for the caspase-3 cleavage
product of the keratin 18 protein (M30). A typical
example of this staining is shown in Figure 2. The
number of M301 apoptotic cells/mm2 tumor tissue
significantly correlated with the caspase-3 activity.
The results in Figure 3 show that the expression of the
keratin 18 cleavage product in tumors with a high
caspase-3 activity, as measured using the enzymatic
method, was significantly higher than that of tumors
with low caspase-3 activity. This confirms that
caspase-3 activity in colorectal tumors correlated with
apoptotic tumor cell death. However, caspase-3 ac-
tivity was not strictly related to the number of apopto-
tic cells present in the tumor, because the tumor
showing the highest caspase-3 activity did not contain
the most apoptotic cells (Fig. 3). This may indicate
differences in activity of caspase-3 among tumor cells.

Correlation between Tumor Infiltrating Cells
and Apoptosis

Lymphocytes can induce apoptosis in target cells. We
therefore tested if the number of tumor-infiltrating

Figure 1.
High caspase-3 activity is correlated to a higher risk of recurrence. Caspase-3 activity (,1374 pmol AMC/minute/mg tumor tissue and .1374 pmol AMC/minute/mg
tumor tissue [75th percentile]) was related to recurrence-free survival using Kaplan-Meier method. The risk of recurrence for the two caspase-3 activity groups is
plotted. The difference between the Kaplan-Meier curves was calculated using the log rank test. A p-value ,0.05 was considered to be significant.
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lymphocytes correlated with caspase-3 activity ob-
served in the tumors. Numbers of CD451, CD561, and
CD571 lymphocytes present in tumor nests, and
therefore in direct contact with tumor cells, were
counted and compared with caspase-3 tumor activity.
The results in Table 1 show that no significant rela-
tionships were found between CD451 or CD561

tumor-infiltrating cells and caspase-3 activity, but that
the number of tumor infiltrating CD571 cells signifi-
cantly correlated with caspase-3 activity. More CD571

cells were related to higher caspase-3 activity (p 5
0.03). An even stronger significant relationship was
found when the high caspase-3 activity group (.1374
pmol AMC/minute/mg tumor tissue) was compared
with the group with high CD57 infiltration (.0.4 cells/
mm2 tumor): Pearson x2 test, p 5 0.001. No significant
correlation was found between the group of tumors
with high caspase-3 activity and the group with high
CD451 infiltrating cells (.27 cells/mm2 tumor) or with
high CD561 infiltrating cells (.7 cells/mm2 tumor).
High CD571 cell infiltration into tumor tissue was
related to a higher risk of recurrence, such as high
caspase-3 activity (log rank test; p 5 0.03). These
results indicate a role for CD571 cells in apoptosis in
colorectal carcinomas.

Correlation between Apoptosis and Genetic Background
of Colorectal Tumors

Eighteen of 60 (30%) tumors were located in the right
side of the bowel, and 50% of these right-sided
tumors had a high caspase-3 activity. In the group of
left-side located tumors, only 14% showed high
caspase-3 activity. This correlation between high
caspase-3 activity and right-sided location of tumors

Figure 2.
Immunohistochemical detection of apoptotic tumor cells. Apoptotic tumor cells were immunohistochemically detected with M30, a cleavage product of keratin 18 and
a marker for apoptotic epithelial cell death. An example of M30 staining of a low caspase-3 active tumor (87 pmol AMC/minute/mg tumor) (A) and a high caspase-3
active tumor (2021 pmol AMC/minute/mg tumor) (B) are shown. Tumor (t) and stroma (s) are indicated. The stromal part is distinguished from tumor cells by laminin
expression (blue). Examples of M301 tumor cells (brown) present in the high caspase-3 active tumor are indicated with arrows.

Figure 3.
Enzymatic caspase-3 activity correlates with the frequency of apoptotic cells. Five tumors with low caspase-3 activity (,338 pmol AMC/minute/mg tumor tissue) and
five tumors with high caspase-3 activity (.1374 pmol AMC/minute/mg tumor tissue) were immmunohistochemically stained for M30, a cleavage product of keratin
18 and a marker for apoptotic epithelial cell death. The number of M301 cells/mm2 tumor is depicted and the caspase-3 activity for each tumor is indicated on the
x-axis. A t test showed significant differences between the low and high caspase-3 activity groups (p 5 0.03).

Table 1. Correlation between the Level of Caspase-3
Activity of Colorectal Specimens and the Number of
Tumor Infiltrating Cells

Correlation between
markers

Pearson correlation
coefficient p-value

CD45 and caspase-3 activity 0.082 0.54
CD56 and caspase-3 activity 0.024 0.86
CD57 and caspase-3 activity 0.275 0.03*

The number of CD451, CD561, and CD571 cells infiltrating tumor nests
were related to caspase-3 activity of the tumor using Pearson correlation. The
Pearson correlation coefficient and p-value are depicted for the different
combinations.

* indicates significant correlation.

Caspase-3 Activity in Colorectal Cancer

Laboratory Investigation • May 2001 • Volume 81 • Number 5 683



was significant (Pearson x2 test; p 5 0.007) (Fig. 4). A
correlation of right-sided colorectal tumors with inten-
sively infiltrating lymphocytes has been described for
tumors with a MSI phenotype (Gryfe et al, 2000; Loeb,
1994; Lothe, 1997). Furthermore, a high frequency of
apoptosis has been shown in tumors with MSI (Dolc-
etti et al, 1999; Langlois et al, 1997). We investigated
if there was a relationship between altered staining of
the mismatch repair proteins hMLH1, hMSH2, and
hMSH6 and caspase-3 activity. Only three of the 60
(5%) tumors showed no expression of MLH-1 with
normal expression of hMSH2 and hMSH6. Two of
these tumors were located in the right side of the
colon, and only one tumor showed high caspase-3
activity. Exclusion of MSI1 tumors from the study did
not influence the correlation of high capsase-3 activity
with a higher risk of recurrence (log rank test, p ,
0.04). All together, these results showed that high
caspase-3 activity was not directly linked to a MSI
phenotype. Furthermore, we tested if altered p53 and
b-catenin expression correlated with high caspase-3
activity. No significant correlation was found between
p53 expression (Pearson x2 test, p 5 0.64) or nuclear
b-catenin expression (Pearson x2 test, p 5 0.23) and
high caspase-3 activity.

Discussion

In this study we showed that measurement of
caspase-3 activity in frozen tissue of colorectal tumors
can be used to quantify apoptosis in these carcino-
mas. The advantage of this method as compared with
methods such as the TUNEL assay (Dolcetti et al,
1999; Evertsson et al, 1999; Hashimoto et al, 1997;
Tsujitani et al, 1996), determination of apoptotic bod-
ies on HE stainings (Ito et al, 1999), or flow cytometry
(Watson et al, 1999) is that this is a quantitative
method of determining apoptosis even before the
phenotypic changes of these cells are clearly
detectable.

We demonstrated that high caspase-3 activity was
correlated with a higher risk of recurrence and, there-
fore, might be a prognostic factor in colorectal cancer.
These findings are in line with two other studies that
demonstrated that the frequency of apoptosis in-
creased from Dukes’ stage A, B, C to D (Evertsson et

al, 1999), and from normal mucosa to adenoma and
carcinoma (Baretton et al, 1996; Hawkins et al, 1997).
These high apoptotic frequencies were not related to
alterations in p53 function (Evertsson et al, 1999;
Hawkins et al, 1997). This agreed with our data indi-
cating no correlation between high caspase-3 activity
and altered p53 and b-catenin staining by immunohis-
tochemistry. We were not able to detect significant
differences between caspase-3 activity and Dukes’
stage, but this was probably caused by the limited
number of tumors of Dukes’ stage C relative to stage
B in our group.

Other studies reported an inverse relationship be-
tween apoptosis and survival: a low frequency of
apoptosis was shown to predict a shorter survival
time, either overall survival or risk of recurrence (Bar-
etton et al, 1996; Bedi et al, 1995; Kawasaki et al,
1998; Langlois et al, 1997; Sugamura et al, 1998;
Tsujitani et al, 1996). However, in contrast to our
study, in some of these studies, relationships between
mutations in p53 or bcl-2 and the presence of apo-
ptosis were reported (Baretton et al, 1996; Langlois et
al, 1997; Tsujitani et al, 1996). MSI1 tumors are more
often located in the right side of the colon, and show
a high frequency of apoptosis (Dolcetti et al, 1999).
Therefore, we tested if altered staining of MMR pro-
teins was related to a high frequency of apoptosis,
since high caspase-3 activity was preferentially ob-
served in tumors located in the proximal part of the
colon. However, only 5% of the tumors in our group
showed an MMR-defective phenotype, in line with the
frequency of MSI in sporadic colorectal cancer (Jass,
1999). In these cases only the expression of the
MLH-1 protein was affected, which has been de-
scribed before as being the most frequent altered
mismatch repair gene in sporadic cancers (Jass, 1999;
Kane et al, 1997). Thus, mutations in the MMR genetic
pathway were observed, but they did not match with
the observed high caspase-3 activity.

Lymphocytic infiltration into colorectal tumors has
been shown to be of prognostic value (DiGiorgio et al,
1992; Jass, 1986; Ropponen et al, 1997; Svennevig et
al, 1984). The location of infiltrating cells, either in the
stromal part of the tumor or in tumor nests only, may
be an important predictor of clinical outcome of colo-

Figure 4.
High caspase-3 activity is preferentially detected in proximal tumors. Caspase-3 activity (,1374 pmol AMC/minute/mg tumor tissue and .1374 pmol AMC/minute/mg
tumor tissue [75th percentile]) was correlated with location of colon tumors. The number of tumors showing high or low caspase-3 activity is depicted for right-sided
and other-located tumors. Correlation of caspase-3 activity and tumor location using Pearson x2 test without Yates correction was made, and the p-value is indicated.
A p-value ,0.05 was considered to be significant.
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rectal cancer in the case of CD81 T cells (Naito et al,
1998), and CD561 and CD571 cells (Jonges et al,
submitted). We showed that high caspase-3 activity is
confined to CD571 tumor infiltrating cells, but not to
CD451 or CD561 cells, indicating a role for the CD571

cells in mediating apoptosis. The exact role of CD57
still remains unclear, but this molecule has been
shown to be expressed by NK, CD81, and CD41 T
cells. T helper cells potentially produce cytokines,
which might result in induction of apoptosis of tumor
cells, whereas CD81 T cells can mediate apoptosis by
killing target cells. NK cells might induce tumor cell
apoptosis via both cytokine production and cytotoxic
responses. At the same time, tumor cells might inhibit
a cytotoxic cellular response by production of immu-
nosuppressive cytokines, such as TGFb (DeVisser and
Kast, 1999), or by expression of FasL (Hahne et al,
1996; O’Connell et al, 1996). In that case the immune
response is likely to be inadequate, and only a pro-
portion of tumor cells will undergo apoptosis. This
apoptotic elimination of tumor cells might lead to a
disturbance of the structural cohesion of the tumor,
and multiple single cells may become detached and
be released to the blood vessels or lymph ducts,
resulting in metastases. In this way, apoptosis de-
tected in the tumor might result in an early recurrence
of the disease.

High apoptotic rates and high infiltration of cyto-
toxic lymphocytes showed to be a good prognosis for
patients with MSI1 colorectal tumors (Dolcetti et al,
1999), which seems in contradiction with our findings.
However, high caspase-3 activity related to a higher
risk of recurrence did not involve MSI1 tumors. There-
fore, the conclusions drawn in this study apply only to
non-MSI1 colorectal tumors.

Taken together, our results indicate that apoptosis
in colorectal cancer has a prognostic value. As well as
induction of apoptosis as the result of mutations in
different tumorigenic pathways, we found indications
that apoptosis in colorectal cancer is induced via a
pathway in which specific lymphocytic tumor infiltra-
tion is initiated. This independent pathway will lead to
a high frequency of apoptosis in these tumors, which
possibly affects their growth by tumor tissue discohe-
sion, leading to early recurrence of the disease. Tu-
mors with this specific lymphocytic reaction showed a
preference for right-sided location in the colon, but
were non-MSI1. In the future, the different induction
pathways for apoptosis in colorectal cancer should be
investigated in further detail. This could result in the
use of apoptosis as a prognostic marker and the
development of more specific therapeutic strategies.

Materials and Methods

Patients

The study population consisted of 60 patients with
colorectal cancer who had been treated between 1986
and 1994 at the Leiden University Medical Center (The
Netherlands), for whom tissue specimens were avail-
able for analysis. These patients were identified

through pathology records and had a 5-year follow-up
history. Patients with tumor history other than in the
colorectal region were excluded from this study. In the
population were 35 women and 25 men, age ranging
from 45 to 85 (mean 67) years. Records were reviewed
to determine the stage of colorectal cancer by TNM
classification (Sobin and Wittekind, 1997). Distribution
of T stadium was as follows: 7% T1, 27% T2, 60% T3,
and 6% T4, which was representative for all colorectal
tumors collected in the Leiden University Medical
Center in this time period; 77% of the tumors were
located in the colon, and 23% in the rectum.

Measurement of Caspase-3 Activity

The enzymatic activity of caspase-3 (CPP32)-
proteases was measured as described (Blom et al,
1999). Cryostat sections of tumor tissue 10 mm thick
were suspended in 1 ml ice-cold PBS and washed
twice. The resulting pellet was resuspended in a lysis
buffer consisting of 10 mM HEPES, pH 7.0, 40 mM

b-glycerophosphate, 50 mM NaCl, 2 mM MgCl2, and 5
mM EGTA. After 10 minutes on ice the cells were
disrupted by four cycles of freezing and thawing, and
then stored at 280° C. Protein concentration was
determined using the method described by Bradford
(1976). For measurement, samples of 50 mg protein
were incubated with 40 nmol of the enzyme sub-
strate Ac-Asp-Glu-Val-sp-7-amino-4-methylcoumarin
(DEVD-AMC) in a 100 mM HEPES buffer, pH 7.25,
containing 10% (w/v) sucrose, 0.1% (v/v) Nonidet
P40, and 10 mM DTT. After cleavage of the substrate,
fluorescent AMC was released, which was monitored
at an excitation of 360 nm and emission of 460 nm
using a Perkin-Elmer plate-reader. Calibration curves
were constructed using free AMC. Caspase-3 activity
was corrected for the number of tumor cells present,
as microscopically determined in a sequential slide by
surface measurement using an ocular grid. Caspase-3
activity was indicated in picomoles of AMC per minute
per milligram of tumor tissue.

Antibodies

The following antibodies were used in the immunohis-
tochemistry stainings. For frozen tissue: NCAM-16
(anti-CD56) (Becton and Dickinson, Woerden, The
Netherlands), HNK-1 (anti-CD57; hybridoma obtained
from ATCC), 4B2 (anti-CD45; hybridoma obtained
from ATCC), polyclonal rabbit serum against human
laminin (Heyl, Sanbio, Uden, The Netherlands) and
M30 cytodeath (Boehringer Mannheim, Mannheim,
Germany). For paraffin embedded tissue: DO7 (anti-
P53; Dako, Glostrup, Denmark), anti-MSH6 (Trans-
duction Laboratories, Lexington), anti-MLH1 and anti-
MSH2 (Oncogene Research Products, Cambridge,
UK), anti-b-catenin (Transduction Laboratories),
TGFbR2 (Santa Cruz Biotechnology, Santa Cruz,
California).
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Immunohistochemistry

Frozen Tissue. Five-micrometer thick cryostat
(Reichter Jung 2800 Frigocut, Leica, Nussloch, Ger-
many) sections were cut from snap-frozen tumor
tissue. Sections were air-dried for at least 16 hours at
60° C. Subsequently, they were fixed in acetone for 10
minutes and washed twice in PBS. All dilutions of
antibodies and conjugates were performed in PBS
containing 1% (w/v) BSA. After a 1-hour incubation
with the primary antibody, the sections were washed
in PBS three times for 5 minutes. Sections were
incubated for 30 minutes with biotin-conjugated rabbit
antimouse Ig (dilution 1:200; DAKO, Glostrup, Den-
mark), washed in PBS, and incubated with streptavi-
din biotinylated horseradish peroxidase (dilution
1:100; DAKO) for 30 minutes. After washing in PBS,
visualization of immune complexes was performed by
a 10-minute incubation with a 3,3'-diaminobenzidine
(DAB) substrate solution containing 1.8 3 10-3 % (v/v)
H2O2. After the visualization with DAB substrate the
sections were washed twice in PBS, and incubated
with antilaminin antibodies on the same section for 30
minutes. After three washing steps with PBS, the
sections were incubated for 30 minutes with biotin-
conjugated swine antirabbit Ig. The immune com-
plexes were visualized by a 12-minute incubation step
in a buffered TRIS-HCL (pH 7.6) solution containing,
per 100 ml, (1) 40 mg 4-chloro-1-naphtol (Merck,
Darmstadt, Germany) dissolved in 200 ml dimethyl
formamide (Baker BV, Deventer, The Netherlands) and
300 ml ethanol (Merck), and (2) 100 ml of a 30% (v/v)
H2O2 solution (Merck). The sections were counter-
stained with hematoxylin (Histolab, Göteborg,
Sweden).

Paraffin-Embedded Tissue. Immunohistochemistry
was performed on 3-mm sections using aminopropy-
lethoxysilane (APES)-coated slides. Paraffin sections
were deparaffinized and rehydrated, and endogenous
peroxidase was quenched with 0.3% H2O2 in metha-
nol for 20 minutes. Before incubation with the primary
antibodies, the slides were subjected to antigen re-
trieval by submerging in a boiling solution of 10 mM

citrate buffer, pH 6.0 (p53, MSH6), 10 mM citrate buffer
with 0.05% DET (DishClean) (b-catenin) or 1 mM EDTA
(MLH1, MSH2) for 10 minutes in a microwave oven at
700W, and cooled down in this buffer to room tem-
perature for 2 hours. For TGFbR2 no antigen retrieval
was used. After washing in PBS, slides were incu-
bated o/n with the specific primary antibodies at room
temperature. Visualization of the proteins was carried
out as described for frozen tissue, except for MLH1
and MSH2 for which Envision peroxidase antimouse
(DAKO) was used.

Immunohistochemical Evaluation. To determine the
functional relevance of caspase-3 activity, the number
of tumor cells expressing M30, the caspase cleavage
product of keratin-18, were counted in 25 different
grid-fields for five tumors showing low caspase-3
activity and five tumors showing high caspase-3 ac-
tivity as determined with the enzyme assay as de-
scribed above. To discriminate between tumor and

stromal part, all sections were double-stained with
M30 and laminin.

Changes in protein expression of genes potentially
involved in tumorigenesis were analyzed by two ob-
servers. A tumor was depicted in the MMR pathway if
lack of expression was detected for one or more of the
proteins MLH-1, MSH-2, or MSH-6. Lymph nodes
present in the tumor sections served as internal pos-
itive controls. For p53 staining, the fraction of tumor
cells with intense positive nuclear expression was
determined, and three different groups were deter-
mined: (1) no expression, (2) scattered expression
(,30% of tumor cells), and (3) homogeneous expres-
sion (.60% of tumor cells). For statistical analysis,
groups 1 and 2 were considered as one group, be-
cause Kaserer et al (2000) described that scattered
expression of p53 protein did not show any mutations.
Mutations in the b-catenin gene result in increased
nuclear expression with altered membrane expression
(Ilyas et al, 1999). Three different expression patterns
for b-catenin were scored: (1) membrane expression
(no mutations), (2) nuclear expression in infiltrating
front of the tumor, and (3) nuclear expression all over
the tumor (Brabletz et al, 1998; Gunther et al, 1998).

To study the possible role of lymphocytes in induc-
tion of apoptosis of tumor cells, the number of lym-
phocytes within the tumor cell nests was counted
using an ocular grid in sections double-stained for a
lymphocyte marker and laminin. All countings were
performed without prior knowledge of the clinical and
molecular specifics of the tumor tissue. All positive
cells present in the tumor cell nests within the grid,
representing an area of 0.16 mm2, were counted. The
percentage of the area occupied by tumor was deter-
mined for each grid-field. Discrimination between tu-
mor and stromal tissue could be made based on
laminin stainings: laminin was always expressed in the
stromal part and not in tumor cell nests. For each
staining, 25 different grid-fields within one section
were counted. The amount of CD571 cells was deter-
mined in the tumor cell nests, in the total tumor area,
and in the stromal part of the tumor.

Statistics

Statistical analysis was performed using the com-
puter program SPSS 9.0 (SPSS, Chicago, Illinois).
Survival analysis was performed according to
Kaplan-Meier, and differences between the survival
curves were calculated using a log rank test. Cor-
relations between continuous data were tested us-
ing Pearson correlation tests; for correlations be-
tween binary valued measurements, Pearson x2

tests were used. To convert continuous data into
binary-valued measurements, a cut-off point at the
75th percentile within the groups was used. Com-
parison of mean values between two groups were
made using Student t tests. For all tests, a p-value ,
0.05 was considered to be statistical significant. All
tests used are indicated in the text and in the figure
legends.
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