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Abstract 

 

Background - Tumorigenesis in hereditary nonpolyposis colorectal cancer (HNPCC) 

differs from that in sporadic colorectal cancer at an early stage. We examined the 

expression of proliferation- and apoptosis-regulating proteins in relation to proliferation 

and apoptosis in HNPCC and sporadic adenomas. 

Methods - Proliferation and apoptosis were quantified and expression of cyclin B1, D3 

and E, p21, p27, bcl-2, bax, p53 and cox-2 were determined by immunohistochemistry in 

42 HNPCC and 48 sporadic adenomas.  

Results - No differences in proliferation and apoptosis were detected. Low-grade 

dysplastic HNPCC adenomas differed from sporadic ones by expressing bcl-2 more 

often (69% vs. 42 %) and bax less often (50% vs. 73%). Fewer high-grade dysplastic 

HNPCC than sporadic adenomas expressed cyclin B1 and E (50%, 38% vs. 87%, 87%), 

p21 (6% vs. 53%) and bax (31% vs. 80%). HNPCC adenomas had less overexpression of 

p53 (5% vs. 19%).   

Conclusion - The expression of cell cycle and apoptosis related proteins differs between 

early through advanced HNPCC and sporadic adenomas though proliferation and 

apoptosis are not different. These differences may contribute to the different clinical 

behavior of HNPCC and sporadic adenomas. 
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Carcinogenesis is a multi-step process. The steps represent mutations or epigenetic changes 

that activate oncogenes or inactivate tumor suppressor genes. As mutations accumulate, cells 

loose their balanced homeostasis of cell division (proliferation) and cell death (apoptosis) and 

transform into uncontrollably growing cell clones. In the case of colorectal cancer, these 

genetic alterations are reflected by the adenoma-carcinoma sequence.1

 

Similar to the situation in sporadic colorectal cancer and familial adenomatous polyposis, 

hereditary nonpolyposis colorectal cancer (HNPCC) arises from adenomas.2 HNPCC is 

caused by germline mutations in the mismatch repair (MMR) genes and the lesions are 

characterized by microsatellite instability (MSI).3 Dysfunction of one of the MMR genes 

results in a rapid accumulation of genetic alterations in susceptible genes, resulting in an 

accelerated adenoma-carcinoma sequence in HNPCC compared to sporadic cancer.2 

Considerable differences have been shown between MSI-positive and MSI-negative colorectal 

tumors, supporting the idea that MSI-positive and MSI-negative colorectal cancers develop 

through different pathways.4-6

 

Proliferation and apoptosis reportedly increase during tumor progression in sporadic and in 

HNPCC neoplasms.7,8 However, cell proliferation indices were lower and apoptosis occurred 

more frequently in MSI-positive than in MSI-negative colorectal cancers.5 These differences 

may be caused by disturbances in gene products stimulating proliferation, for example, cyclin 

B1, D3 and E, which push a cell through the G1 and G2 phase of the cell cycle.9 Alternatively, 

there may be disturbances in gene products inhibiting proliferation, functioning as 

checkpoints in the cell cycle, e.g. cyclin dependent kinase (CDK) inhibitors p21 and p27.9  

The p53 tumor suppressor gene is the most commonly mutated gene in human cancer.10  It 

normally inhibits the cell cycle through transcriptional activation of p21 and triggers 

apoptosis. Bcl-2, a proto-oncogene, can block p53-mediated apoptosis thereby allowing 

accumulation of genetic alterations and potentially contributing to neoplastic development.10 

Another member of the bcl-2 family, bax, can antagonize the apoptotic blocking ability of bcl-

2 .10 Cox-2 overexpression may enhance expression of bcl-2 and may lead to prostaglandin-

mediated resistance to apoptosis.11

 

The aim of this study was to explore differences in the carcinogenic pathways between 

sporadic and HNPCC neoplasms by examining expression of proliferation- and apoptosis-
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regulating proteins in adenomas. Furthermore, the expression of these proteins was related to 

proliferation and apoptosis indices by means of immunohistochemistry. 

 

Materials and methods  

 

Adenomas were retrieved from the archives of the Department of Pathology at the University 

Hospital of Groningen. Those large enough to render 20 3 µm-slides were selected. HNPCC-

associated adenomas had been obtained during colonoscopies of patients who had a known 

MMR gene mutation or belonged to a family that fulfilled the Amsterdam criteria and had an 

adenoma or cancer diagnosed before 50 years of age.12 Sporadic adenomas were consecutively 

removed in 1997 from individuals without a strong family history for colorectal cancer and 

without inflammatory bowel disease. Haematoxylin-eosin stained slides were reviewed and 

the adenomas were assessed for grade of dysplasia and histopathological subtype according to 

the WHO criteria.13    

 

Immunohistochemistry 

Proliferation and apoptosis 

Proliferation and apoptosis were assessed by immunohistochemical staining of Ki-67 (MIB-1, 

Immunotech, Marseilles, France) and of cleavage products of cytokeratin 18 (cCK18, Mab 

M30, Boehringer Mannheim, Mannheim, Germany), respectively.  Cytokeratin 18 (CK18) 

cleavage by activated caspase-3 is an early marker of apoptosis. CK18 is epithelial cell 

specific. The optimal antibody-antigen reaction, summarized in table 1, was determined for 

proliferation-regulating proteins cyclin B1, D3 and E, CDK inhibitors p21 and p27, and 

apoptosis regulators bcl-2, bax, cox-2 and p53. Twenty consecutively numbered sections of 3 

µm were cut from formalin-fixed paraffin-embedded adenomas. All sections were fixed onto 

3-aminopropyl-triethoxysilane (APES, Sigma-Aldrich, Diesenhofen, Germany) coated slides, 

stretched for 30 minutes at 60°C and dried overnight at 37°C. Before staining, the sections 

were deparaffinised in xylene (2x 10 minutes) and rinsed in graded alcohol. The entire batch 

of adenomas was stained in one session per antibody. If staining was not adequate, sections 

were stained again; a well-stained section from the first batch was included as reference point.  

Before immunohistochemical staining with MIB-1 antigen retrieval was performed using the 

high-pressure cooker. Immersed in 200 µl blocking reagent (2% block and 0.2% SDS in 

maleic acid, pH 6.0 (Boehringer Mannheim, Germany)) the section underwent 3 sessions of 5 
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minutes at 115°C in a high pressure cooker alternating with incubation in a humid 

environment. The endogenous peroxidase activity was quenched by incubation with 0.3% 

H2O2 in phosphate buffered saline (PBS) for 30 minutes. The sections were immersed for one 

hour with the MIB-1 antibody in PBS with 1% bovine serum albumin (BSA), at a dilution of 

1:400. Subsequently, the sections were consecutively incubated for 30-minute periods with 

rabbit antimouse peroxidase (RAMPO; DAKO, Glostrop, Denmark) and goat antirabbit 

peroxidase (GARPO; DAKO, Glostrop, Denmark) both diluted (1:50) in PBS-1% BSA. The 

sections were submerged for 10 minutes in a solution of 25 mg 3,3’-diaminobenzidine (DAB) 

in PBS and 50 mg of imidazol with 50 µl 30% H2O2. After rinsing with demi water, the 

sections were counterstained with haematoxylin, washed with running water, dehydrated with 

graded alcohol, dried and covered with a slide.  

 

The microwave antigen retrieval method was used for the staining of cleaved cytokeratin 18. 

The deparaffinised, rehydrated sections were submersed in preheated 10 mM citrate buffer 

(pH 6.0) and heated for 8 minutes at 700 watts in a microwave. After cooling at room 

temperature for 15 minutes the sections were thoroughly rinsed with PBS for 5 minutes and a 

1:50 solution of M30 was applied for one hour at room temperature. Subsequently, the same 

steps as for Ki-67 staining were performed, starting with the incubation of the section with 

RAMPO.  

 

Proliferating-regulating proteins and apoptosis-regulating proteins 

The methods and dilutions used for immunostaining of all proteins are summarized in table 1. 

The high-pressure cooking antigen retrieval method was as described for MIB-1. The 

microwave antigen retrieval method was the same as described for M30. However, in four 

cases, cyclin B1, D3 and E, and cox-2, 1 mM EDTA (pH 8.0) was used instead of 10 mM 

citrate buffer (pH 6.0).  

 

Mismatch repair proteins 

Immunohistochemical analysis of MLH1, MSH2, and MSH6 was performed in all HNPCC 

adenomas as described for staining with MIB-1 and with the dilutions noted in table 1. The 

sporadic adenomas were stained with MLH1 antibody only.  
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Table 1.  Antibodies and antigen retrieval methods used for immunohistochemistry. 
 

Protein Antigen retrieval 

method 

Clone  Company Dilution 

Ki-67 High-pressure cooker MIB-1 Immunotech, Marseille, France 1:400 

Cyclin B1  Microwave EDTA 7A9 Novocastra, Newcastle, UK 1:50 

Cyclin D3 Microwave EDTA DCS-22 Novocastra, Newcastle, UK 1:10 

Cyclin E Microwave EDTA 13A3 Novocastra, Newcastle, UK 1:10 

P21 High-pressure cooker WAF1(Ab-1) Oncogene, Darmstadt, Germany 1:50 

P27 High-pressure cooker 1B4 Novocastra, Newcastle, UK 1:50 

cCK 18* Microwave citrate MAb M30 Boehringer, Mannheim, Germany 1:50 

Bax  Microwave citrate B-9 Santa Cruz Biotechnology, Santa Cruz, Ca 1:200 

Bcl-2 High-pressure cooker MAb 124 DAKO, Glostrup, Denmark 1:50 

Cox-2 Microwave EDTA 33 Transduction Laboratories, Lexington, KY 1:50 

P53 High-pressure cooker B-p53-12-1 Biogenex, San Ramon, CA, USA 1:400 
 

*  cleaved cytokeratin 18 

  

 

 

Evaluation of staining 

Two authors (FR and TvdS) scored all stained slides without the knowledge of the clinical 

data. In addition, a third investigator (JJK) independently scored all MIB-1 and M30 stained 

slides to confirm reproducibility of quantified indices (paired differences: mean 3.3 ± 8.5 %, 

95% confidence interval 1.5-5.2 %). To confirm reproducibility of the remaining data, 25 % 

of the slides were randomly chosen and scored a second time yielding Kappa-values between 

0.844 and 0.954 for the different stainings. The immunoreactivity for every antibody, except 

for M30, was quantified in at least three entire crypts of the most dysplastic area of the 

adenoma. Proliferation was quantified as labeling index that is the percentage of the positively 

stained nuclei. M30 positivity was seen as brown cytoplasmic staining. At least 1000 cells 

were counted at x 400 magnification, and the apoptotic index was quantified as percentage of 

stained cells of the epithelial cells counted. Only those stained cells that had not been shed and 

were morphologically intact within the epithelium were counted. Cyclin B1, bax, bcl-2 and 

cox-2 positivity was seen as cytoplasmic staining while cyclin D3 and E, p21, p27 and p53 

antibody displayed a nuclear immunoreactivity. For cyclin B1, D3, and E, p21, p27 and cox-2 

staining, the percentage of positive cells was assessed semi-quantitatively. Each staining 
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showed a wide range of expression. The median value of each staining in all the adenomas 

was calculated and functioned as cut-off value.14 Immunoreactivity was considered low if 

percentage of positive cells was below the median value and it was considered high if the 

percentage of positive cells was equal to or greater than the median value. In bax and bcl-2 

staining, the intensity was judged relative to the expression in normal crypts and graded as 

follow: 1, no staining; 2, weaker staining; 3 similar or moderately higher staining; and 4, more 

intense staining than in normal crypts. Subsequently, staining category 3 and 4 were 

considered positive. An adenoma was scored as overexpressing p53 if unequivocal nuclear 

staining was observed in at least 5% of cells.15   

 

Statistics 

Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences, 

Munich, Germany) for Windows. The statistical difference between HNPCC and sporadic 

adenomas per staining was calculated using the nonparametric Mann-Whitney U test. P<0.05 

was considered significant. The associations between proliferation- and apoptosis indices on 

the one hand and proliferation- and apoptosis-regulating proteins on the other and between the 

regulating proteins were analyzed using Chi-square tests. 

 

Results 

 

The adenomas 

In total 42 HNPCC adenomas were compared to 48 sporadic adenomas. There were 26 low-

grade dysplastic (LGD) and 16 high-grade dysplastic (HGD) HNPCC adenomas and 33 LGD 

and 15 HGD sporadic adenomas. Six (23%) LGD HNPCC and 8 (30%) LGD sporadic 

adenomas were tubulovillous while 9 (56 %) HGD HNPCC and 9 (60 %) HGD sporadic 

adenomas had a tubulovillous histology. In both groups, presence of tubulovillous histology 

correlated with high grade of dysplasia (HNPCC: p=0.029; sporadic: p=0.016). The remaining 

adenomas were all tubular. Eighteen HNPCC adenomas had been removed from the proximal 

colon, 16 from the distal colon and 8 from the rectum. In the sporadic group, 15 adenomas 

had been resected from the proximal colon, 26 from the distal colon and 7 from the rectum. 

 

Mismatch repair protein expression in HNPCC adenomas is depicted in table 2. Sixteen 

adenomas were from 13 proven mutation carriers. The genetic status of the subjects (n=18) 
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from whom the remaining 26 adenomas had been resected was not known either because 

genetic testing had not been done (n=8) or because a mutation had not been found in their 

families (n=10). In HNPCC adenomas from known mutation carriers, the loss of MMR 

protein corresponded to the germline mutation. The 48 sporadic adenomas all stained positive 

for MLH1. 

 

Table 2.   Mismatch repair protein expression of the HNPCC adenomas. 

 

 
Dysplasia 

              Low grade                                          High grade 

 
Known MMR mutation carriers 

  

Loss of MLH1* 3/6 4/4 
Loss of MSH2* 1/2 2/2 
Loss of MSH6* 0/1 1/1 

Unknown genetic status (n=17) (n=9) 

Loss of MLH1 1 2 
Loss of MSH2 3 2 
Loss of MSH6 1 2 

Expressing all 3 MMR proteins 12 3 

Adenomas showing loss of expression of 
one MMR protein 

8/26 13/16 
 

 
*  Number of adenomas demonstrating loss of MLH1/MSH2/MSH6 protein in a MLH1/MSH2/MSH6, 

respectively, gene mutation carrier. 
 

 

Immunohistochemistry 

The results of the immunohistochemical staining are summarized in table 3. Figure 1 A-H 

depicts examples of an adenoma, stained for proliferation (MIB-1), cyclin D3, cyclin E, p21, 

apoptosis (M30), bax, bcl-2 and cox-2.  

 

Proliferation  

In normal mucosa adjacent to the adenoma, MIB-1 positive cells were located in the base of 

the crypt. Both in HNPCC and sporadic adenomas proliferating cells were located near the 

luminal side and in the top one third of the crypt. There was a wide range of proliferative 

indices, from 10 to 80 %, in both HNPCC and sporadic adenomas. 
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Table 3. Immunohistochemistry results of the HNPCC and sporadic adenomas. 

 

 
 

  
LOW-grade 
dysplasia 

 
Statistical 
difference* 

 
HIGH-grade 
dysplasia 

 
Statistical 
difference** 

 
Statistical 
difference*** 

Staining 
categories †

 1 2  1 2   

Proliferation         

HNPCC 46 (4) 48 (5) n.s. Mean prolif. 
Index %(±SEM) Sporadic 47 (3) 

n.s. 
49 (5) 

n.s. 
n.s. 

         
HNPCC 22 4 8 8 p=0.017  Cyclin B1 (n) Sporadic 28 5 n.s. 2 13 p=0.032 P<0.001 

         
HNPCC 15 11 12 4 n.s. Cycin D3 (n) Sporadic 27 6 n.s. 8 7 n.s. p=0.042 

         
HNPCC 17 9 10 6 n.s. Cyclin E (n) Sporadic 20 13 n.s. 2 13 p=0.018 p=0.010 

         
HNPCC 20 6 15 1 n.s. P21 (n) Sporadic 21 12 n.s. 7 8 p=0.005 n.s. 

         
HNPCC 17 9 6 10 n.s. P27 (n) Sporadic 18 15 n.s. 10 5 n.s. n.s. 

         
Apoptosis         

HNPCC 0.87 (0.28) 1.03 (0,42) n.s. 
Mean apoptotic 
index  %(±SEM)   Sporadic 0.45 (0.07) 

n.s. 
0.35 (0.10) 

n.s. 
n.s. 

         
HNPCC 13 13 11 5 n.s. Bax (n) Sporadic 9 24 p=0.076 3 12 p=0.007 n.s. 

         
HNPCC 8 18 2 14 n.s. Bcl-2 (n) Sporadic 19 14 p=0.042 12 3 p<0.001 n.s. 

         
HNPCC 15 11 11 5 n.s. Cox-2 (n) Sporadic 23 10 n.s. 9 6 n.s. n.s. 

         
HNPCC 25 1 15 1 n.s. P53 (n) Sporadic 30 3 n.s. 9 6 p=0.021 p=0.012 

 
* Low-grade dysplastic HNPCC adenomas v. low-grade dysplastic sporadic adenomas. 
** High-grade dysplastic HNPCC adenomas v. high-grade dysplastic sporadic adenomas.  
*** Low-grade v. high-grade dysplastic HNPCC adenomas or low-grade v. high-grade  dysplastic sporadic 

adenomas. 
†   Staining categories: 

• cyclin B1, D3 and E, p21 and cox-2:  1) <10%; 2) ≥10% 
• p27: 1) <20%; 2) ≥20%  
• bax and bcl-2:  1) no staining and weak; 2) moderate and intense staining 
• p53: 1) negative, <5% nuclear staining; 2) positive,  ≥5% nuclear staining 
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Figure 1.  Examples of an adenoma, stained for proliferation (MIB-1) (A), cyclin D3 (B), 
cyclin E (C), p21 (D), apoptosis (M30) (E), bax (F), bcl-2 (G) and cox-2 (H). 
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Proliferation-regulating proteins: Cyclin B1, D3 and E, and p21 and p27 

Expression of cyclin B1, D3 and E was seen throughout the adenoma crypts. However, a 

slight predisposition of the expression of all three cyclins in the luminal side of the crypts was 

seen in both HNPCC and sporadic adenomas. Less HGD HNPCC adenomas expressed cyclin 

B1 or E compared to HGD sporadic adenomas. In sporadic adenomas a positive correlation 

was found between the expression of cyclin B1 and cyclin E and p53 overexpression (p=0.045 

and p=0.036, respectively). Proliferation indices were similar in adenomas with low and those  

with high immunoreactivity for any of the three proliferation-regulating proteins. This was the 

case in HNPCC as well as in sporadic adenomas.  

Nuclear immunoreactivity of p21 was seen in the luminal one third of HNPCC and sporadic 

adenomatous crypts. The nuclear staining was more intense than in normal adjacent mucosa 

but generally less nuclei were stained in adenomatous epithelium than in normal epithelium. 

Lower p21 immunoreactivity distinguished HGD HNPCC adenomas from HGD sporadic 

adenomas. P27 staining was observed in nuclei in the base of the adenomatous crypts. In 

normal epithelium p27 staining was seen in the upper half of the crypt. There was no apparent 

difference in p27 expression between HNPCC and sporadic adenomas, irrespective of their 

grade of dysplasia.  

 

Apoptosis 

M30 positive cells were heterogeneously distributed throughout the adenomas with occasional 

small foci. The apoptotic indices in HNPCC adenomas varied from 0 to 6.0 % apoptotic cells 

(mean 0.93; median 0.30) and from 0 to 1.37 % cells (mean 0.41; median 0.32) in sporadic 

adenomas (not significantly different). 

 

Apoptosis-regulating proteins: bax, bcl-2, cox-2 and p53 

Bax staining was more often weak in HGD HNPCC adenomas compared to HGD sporadic 

adenomas. Both LGD and HGD HNPCC adenomas expressed more often bcl-2 in comparison 

to LGD and HGD sporadic adenomas, respectively. Bax was positively correlated to bcl-2 in 

sporadic adenomas (p=0.038) but not in HNPCC adenomas. Apoptotic indices were 

comparable between groups with low and high bax expression. Similar results were obtained 

for bcl-2. Cox-2 expression was low in the majority of adenomas, however, it was increased 

compared to the adjacent normal mucosa. In areas that exhibited features of necrosis or 

inflammation cox-2 expression was slightly higher than in the rest of the adenoma. Cox-2 
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expression was similar in HNPCC and sporadic adenomas, irrespective of the grade of 

dysplasia. Overexpression of p53 was observed almost exclusively in HGD sporadic 

adenomas. 

 

Discussion 

 

It is well known that colorectal neoplasms due to HNPCC differ in several respects, i.e. 

clinically, histologically and molecularly, from most sporadic neoplasms. Our present data 

expand on these differences and further illustrate that HNPCC adenomas develop along 

alternative molecular routes which is exemplified by the variance in proliferation- and 

apoptosis-regulating proteins between HNPCC and sporadic adenomas. 

 

Some caution is required regarding our results as not all HNPCC adenomas demonstrated loss 

of expression of a mismatch repair protein. In cancers, immunohistochemistry is virtually as 

sensitive and specific as microsatellite instability analysis for predicting the presence of MMR 

mutations. Whether this is also true for adenomas has not been tested in a large series. Jass 

among others, proposed that adenomas in HNPCC develop on a sporadic basis, only then 

giving rise to a defective MMR system.2 Even though we classified all our LGD adenomas as 

HNPCC adenomas some might well have been sporadic ones. Whether the three HGD 

HNPCC adenomas, which expressed all three MMR proteins, are sporadic adenomas is also 

unclear. 

 

Proliferation reportedly increases during the carcinogenesis of sporadic colorectal tumors but 

no reports exist on this in the carcinogenesis of HNPCC.7 Minor increases in proliferation 

between LGD and HGD sporadic adenomas and between LGD and HGD HNPCC adenomas 

were observed, but neither was significant. The proliferative index found in the sporadic 

adenomas was in accordance with previously reported indices which range from 25% to 

55%.7,16 Thus an increase in proliferation does not differentiate HNPCC adenomas from 

sporadic ones. Apparently, an increased proliferation rate is not the driving factor that leads to 

the accelerated carcinogenesis in HNPCC.  

Although the proliferation indices of all HNPCC and sporadic adenomas were similar, 

expression of cyclin B1, D3 and E differed, especially between HGD adenomas, being higher 

in sporadic ones, and between LGD and HGD sporadic adenomas. An increased cyclin B1 
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expression has been described in sporadic colorectal carcinomas as well as in other 

cancers.17,18 Overexpression of cyclin D3 is often found in leukemia but was described only 

once in sporadic colorectal cancers and not in colorectal adenomas.19 Yasui et al reported 

progressive increase in cyclin E expression from normal mucosa to high-grade dysplastic 

adenoma to cancer.16  An increase in expression of cyclins can be interpreted as evidence that 

either synthesis of the proteins is deregulated and not limited to a particular phase of the cell 

cycle or their proteolytic degradation is impaired. Cyclin B1, D3 and E overexpression could 

be a reflection of impaired p53 protein function in sporadic adenomas as illustrated by a 

positive correlation between the expression of cyclin B1/cyclin E and p53 overexpression in 

our sporadic adenomas.20

 

In contrast to the strong increase in expression of the three cyclins in sporadic adenomas, only 

expression of cyclin B1 increased in HNPCC adenomas. No other data on the 

immunoreactivity of cyclin B1, D3, and E in HNPCC lesions have been reported. A 

theoretical explanation of the increased cyclin B1, that is, being due to altered p21 expression, 

follows below. 

 

In accordance with the largest reported study concerning p21 expression, we observed 

approximately half of sporadic adenomas expressing p21.21 The frequently reported 

association between downregulation of p21 (being a critical downstream effector in the p53 

specific-pathway) and mutant p53 overexpression was not seen in our sporadic adenomas.21 A 

striking finding is the decreased expression of p21 in HGD HNPCC adenomas in comparison 

to HGD sporadic adenomas. Whether p21 is mutated or downregulated cannot be inferred 

from our data. However, mutations in p21 are not frequently found in sporadic human tumors 

and as the gene does not carry nucleotide repeat sequences, p21 is probably not more prone to 

somatic mutation in mismatch repair deficient tumors than in mismatch repair proficient 

tumors. As HNPCC lesions express wild-type p53, which hypothetically should lead to a 

normal expression of p21, it can be postulated that p21 in HNPCC is downregulated through a 

p53-independent pathway.10,21 A possible pathway through which the downregulation occurs 

is the pRB signaling circuit, governed by transforming growth factor beta (TGFβ) and other 

extrinsic factors. HNPCC lesions have a high frequency of mutations in the TGFβII receptor 

gene that may lead to loss of TGFβ responsiveness. In that case the cytoplasmic Smad protein, 

which transduces signals from ligand-activated TGFβ receptors to downstream targets, will 
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receive no signal to induce synthesis of p21, causing the cells to express less p21.22 P21 

expression results in cell cycle arrest in G1-phase. With the lack of stimulation of p21 the cell 

cycle enters the G2 phase in which cyclin B1 expression increases to promote cell mitosis. 

 

To our knowledge, no data exist on the apoptotic index of HNPCC adenomas. We found that 

it did not differ from that of sporadic adenomas. The mean apoptotic index observed in 

sporadic adenomas is in agreement with the literature.8 However, the range was large, limiting 

the possibility of finding any differences between groups of adenomas or correlations between 

the apoptotic index, the expression of apoptosis-regulating proteins and the grade of dysplasia. 

Findings on this by others are diverse. Some found that the apoptotic index increases linearly 

with the grade of dysplasia, others found no relationship, and even an inverse relationship has 

been described .8,23,24

Yagi et al demonstrated that in HNPCC bax mutations occur when adenomas progress to 

carcinomas, as in 15% of all adenomas in comparison to 50% of the carcinomas a mutation in 

the bax gene could be found.25 In the present study, 14% of the HNPCC adenomas had total 

loss of bax expression, compared to only 3 % of the sporadic adenomas (data not specified). 

Loss of bax expression may herald the transition from high-grade dysplasia to carcinoma in 

HNPCC lesions. Bax and bcl-2 expression were not inversely correlated, nor were the 

expression of both correlated to the apoptotic index.  Possibly wild type p53 or other 

apoptosis-regulating proteins, e.g. PTEN, oppose the resistance to apoptosis due to the altered 

bax:bcl-2 ratio. 

 

Cox-2 expression was rather low in both groups of adenomas but in both groups higher than 

in the adjacent normal mucosa. Several studies have described increased cox-2 levels at this 

early stage of sporadic cancer development.26 Cox-2 expression is reportedly lower in 

HNPCC carcinomas than in sporadic ones.27 Data on cox-2 expression in HNPCC adenomas 

are restricted to only three adenomas of which two expressed cox-2.27 We found no 

differences in cox-2 expression between HNPCC and sporadic adenomas. As cox-2 is induced 

by TGFβ and TGFβII receptor mutations are found in HNPCC adenomas it could be deduced 

that HNPCC adenomas, similarly to carcinomas, should express less cox-2.  However, in 

HNPCC carcinomas the reduction of cox-2 was not a direct consequence of TGFβII receptor 

mutations.27 The pathway(s) through which cox-2 plays a role should be further elucidated. 
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Unlike sporadic cancers, HNPCC cancers usually carry the wild type p53 tumor suppressor 

gene.28 Similarly to HNPCC cancers, we found significantly less p53 overexpression in HGD 

HNPCC adenomas in comparison to HGD sporadic adenomas, supporting the hypothesis that 

loss of function of bax instead of that of p53 may contribute to the adenoma-carcinoma 

transition in HNPCC tumorigenesis.25

 

The past decade has seen the emergence of new pathways in the development of colorectal 

cancer. With the detection of germline mutations in DNA mismatch repair genes the 

microsatellite instability pathway in addition to the classical pathway (chromosomal 

instability) was identified. MMR dysfunction most probably is not the first event in the 

carcinogenesis of HNPCC lesions but heralds development to high-grade dysplasia.29 The 

high-grade dysplasia in HNPCC lesions is characterized by a difference in expression of 

several proliferation- and apoptosis-regulating proteins in comparison to HGD sporadic 

adenomas, supporting the concept of alternative carcinogenic pathways. Whether these 

alterations in protein expression give rise to the different clinical behavior of HNPCC and 

sporadic adenomas remains to be shown. The fact that changes in expression of proliferation- 

and apoptosis-regulating proteins were not associated with changes in proliferation and 

apoptosis suggests that also other regulating proteins or pathways play a (possibly more 

influential) role in the carcinogenesis of HNPCC-related colorectal cancer. 
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