
reliable marker for assessment of APC  gene mutation. 
Complete loss of APC protein did not influence morphol-
ogy, location, or appearance of adenomas, nor was it af-
fected by the patient’s age.
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INTRODUCTION
Adenomatous polyposis coli (APC) gene is thought to play 
a key role in the pathogenesis of  colorectal cancer not only 
in patients with familial adenomatous polyposis syndrome 
(FAP), but also in the majority of  patients with sporadic 
colorectal neoplasia[1]. About 60%-80% of  sporadic carci-
nomas of  the large bowel carry at least one mutation in the 
APC gene and a similar frequency was reported in colorec-
tal adenomas[2-4]. Hence, a mutation in the APC gene is 
suspected to be an early event in the process of  colorectal 
carcinogenesis[5].

There are numerous known, functionally important 
mutations in the APC gene. Almost all of  the mutations 
implicated in the process of  the neoplastic conversion lead 
to a stop codon with subsequent synthesis of  a truncated 
APC protein, which lacks the carboxyl-terminal part[5,6]. 
Loss of  this part of  the APC protein results in the ab-
sence of  almost all binding sites for β-catenin, which, if  
not bound in a multiprotein complex with APC, trans-
locates into the nucleus, where it promotes the process 
of  malignant transformation[6]. The absence of  the full-
length and functional APC protein can be detected by im-
munohistochemistry using the rabbit or mouse polyclonal 
antibodies[7,8]. Iwamoto et al reported the results of  an im-
munohistochemical analysis, where the frequency of  the 
complete loss of  the APC protein was substantially lower 
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Abstract
AIM: To evaluate the frequency of the loss of the Ad-
enomatous Polyposis Coli (APC) protein and to compare 
the APC status with the characteristics of colorectal ad-
enomas.

METHODS: Immunohistochemical analysis of the APC 
protein was performed on 118 adenomas and the results 
were compared with parameters of malignant potential, 
location of adenomas, macroscopic appearance and age 
of the patients. 

RESULTS: A complete loss of the APC protein was found 
in 28 (24%) adenomas, while 90 (76%) were APC posi-
tive. The mean size of adenomas was 13.5 ± 14.2 mm 
(95% CI 10.5-16.5) in APC-positive, and 13.8 ± 15.5 
mm (95% CI 7.8-19.8) in APC-negative adenomas (P 
= 0.364). Statistical analysis revealed no difference be-
tween APC-positive and negative adenomas as to the 
histological type (P = 0.327) and grade of dysplasia (P  
=0.494). We found that even advanced adenomas did 
not differ in their APC status from the non-advanced tu-
mors (P  = 0.414). Finally, no difference was found when 
the location (P  = 0.157), macroscopic appearance (P  = 
0.571) and age of patients (P  = 0.438) were analysed 
and compared between both APC positive and negative 
adenomas. 

CONCLUSION: Most adenomas expressed full-length 
APC protein, suggesting that protein expression is not a 
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in colorectal adenomas than that detected in carcinomas[9]. 
Another authors also studied the relationship between the 
APC protein expression and morphological features of  
colorectal neoplasms, but results are still conflicting[10-12]. 
Therefore, in our study we investigated the relationship 
between the loss of  the full-length APC protein assessed 
by immunohistochemistry and some characteristics of  
colorectal adenomas with special attention to the malig-
nant potential of  adenomas. 

MATERIALS AND METHODS
Subjects
One hundred and eighteen consecutive patients with en-
doscopically-removed colorectal adenomas were involved 
in this study. Patients with known diagnosis of  the familial 
adenomatous polyposis were excluded. In patients with 
more than one adenoma, only the largest one was used 
for further assessment. The size of  each adenoma was 
measured, either using the biopsy forceps, having their 
tips separated in close proximity to the adenoma within 
the bowel, or after removal of  the polyp from the colon. 
In large, piecemeal, resected tumors, the size was assessed 
before the adenoma was removed from the bowel. Adeno-
mas arising in the cecum, ascending colon, or transverse 
colon were defined as right-sided tumors, whereas those 
arising distally to the splenic flexure were labeled as left-
sided adenomas. Appearance of  adenomas was defined 
either as pedunculated, when a visible stalk was present, or 
sessile, in the absence of  a stalk. 

All adenomas were evaluated histologically after 
staining with hematoxylin-eosin by an experienced pa-
thologist (I.V.). An immunohistochemical examination 
of  the APC protein was then performed on all adenomas 
and evaluated for size, histology and grade of  dysplasia, as 
parameters of  the malignant potential. We also included 
the adenoma’s location, its macroscopic appearance and 
the patient’s age in the statistical analysis. An informed 
consent was obtained from all patients and the study was 
approved by the Ethics Committee of  the General Teach-
ing Hospital, Prague.

Immunohistochemistry of the APC protein
In general, APC immunohistochemistry was performed us-
ing the anti-APC antibodies and their dilution as described 
by Iwamoto et al[9,13]. Paraffin-embedded tissue blocks were 
cut to obtain sections 4 µm thick, deparaffinized in xylen 
and rehydrated in a series of  graded alcohol + water solu-
tions. Endogenous peroxidase activity was then blocked 
using a 3% solution of  hydrogen peroxide in methanol. 
Subsequently, tissues were incubated in non-immune se-
rum for 30 min. Next, samples were incubated with anti-
APC antibodies (C-terminus, Santa Cruz Biotechnology, 
Santa Cruz, USA) diluted 1:200 for 60 min. Streptavidin 
peroxidase (detection kit) with diaminobenzidine (DAB) 
as a substrate was used for detection at room temperature. 
Sections were stained with hematoxylin, dehydrated and 
assembled into the xylen-soluble medium. A definite APC 
immune reaction in the adjacent normal mucosa of  each 
adenoma served as a control of  the normal APC protein 
reaction. 

Statistical analysis
Normality was tested by Shapiro-Wilk’s W test, as the data 
did not show a normal distribution, non-parametrical sta-
tistical methods were used. The APC status was compared 
with characteristics of  adenomas using the Fisher´s exact 
test and χ2 (Chi-square) test for categorical variables and 
the Mann-Whitney test for continuous variables. All tests 
were bilateral and the significance level was set at 5% for 
each analysis. We used the statistical software Statistica, 
version 7, StatSoft, Inc. (2004).

RESULTS 

Patients’ demographics and the adenomas’ characteristics 
are shown in Table 1.

Results of immunohistochemistry
Of  118 adenomas evaluated, 90 (76%) expressed full-
length APC protein, whereas 28 (24%) were APC 
protein-negative (Figures 1 and 2). APC status was then 
compared with the parameters definining the malignant 
potential of  the adenoma (size, histology and grade of  
dysplasia) (Table 2).

Comparison of the APC status and characteristics of ad-
enomas
The mean size of  APC-positive and negative adenomas 
was 13.5 mm (SD ± 14.2; 95% CI 10.5-16.5) and 13.8 
mm (SD ± 15.5; 95% CI 7.8-19.8), respectively. Using the 
Mann-Whitney test, no statistically significant difference 
was found between the two groups (P = 0.364). Histologi-
cal assessment revealed that among 82 tubular adenomas, 
20 (24%) were APC-negative, and 62 (76%) were positive 
for APC by immunostaining. Similarly, of  32 tubulovillous 
adenomas, eight (25%) were negative, while 24 (75%) were 
positive for the APC protein. All four villous adenomas 
expressed the APC protein. No statistically significant re-
lationship was found between the histology and the APC 
status of  adenomas (χ2 test, P = 0.327). Majority of  ad-
enomas harboured low-grade dysplasia (n = 103). Twenty 
five (24%) of  them were APC-negative, while the remain-
ing 78 (76%) were positive. Three (20%) adenomas with 
high-grade dysplasia did not show APC positivity, whereas 

Table 1  Demographics of patients and characteristics of adenomas

Patients  n 118

Sex Male/Female 71 (60%)/47 (40%)
Age (yr) Mean (range), 

Median
63 (25-86), 65

Adenomas Size (mm) Mean (range), 
Median

14 (3-55), 6

Location Left/Right 83 (70%)/35 (30%) 
Histology Tubular/

Tubulo-villous/
Villous

82 (70%)/32 (27%)/4 
(3%)

Dysplasia Low/High-
grade

103 (87%)/15 (13%)

Appearance Pedunculated/
Sessile 

31 (26%)/87 (74%)
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12 (80%) were positive. Again, no significant relationship 
between the APC presence/absence and the grade of  dys-
plasia was observed in our group (Fisher`s exact test, P = 
0.494).

We identified a substantial number of  advanced ad-
enomas (n = 46, 39% of  entire group). Of  them, ten (22%) 
were APC-negative. Similar results were obtained among 
non-advanced adenomas, where 18 out of  72 (25%) did 
not express the APC protein. Using the Fisher’s exact 
test, no significant difference was found between the APC 
groups (P = 0.414). 

Further assessment was performed to look for a rela-
tionship between the APC status and the location of  ade-
nomas, their macroscopic appearance and the patient’s age 
(Table 2). More than 2/3 of  all adenomas were located dis-
tally to the splenic flexure. Seventeen left-sided adenomas 
(20%) were APC-negative, compared with 11 (31%) APC-
negative right-sided tumors (Fisher`s exact test, P = 0.157). 
Comparison between the APC status and the macroscopic 
appearance of  the adenomas revealed 21 (24%) APC-
negative, sessile adenomas. Similarly, seven (23%) APC-
negative, pedunculated polyps were observed (Fisher`s 
exact test, P = 0.571). To evaluate the relationship between 
the age and APC immunoreactivity, patients were divided 
into groups according to their age: < 41, 41-50, 51-60, 
and > 60 years of  age. Corresponding numbers of  APC-
negative adenomas were 3 (37%), 4 (36%), 5 (16%), and 
16 (24%), respectively. No significant difference was found 
among the groups (χ2 test, P = 0.438).

DISCUSSION
We attempted to verify the hypothesis that the absence of  
the full-length APC protein resulting from a bi-allelic mu-
tation of  the APC gene (or a mutation in one allele and the 
loss of  the other) might be associated with a higher degree 
of  malignant potential or with an advanced type of  ad-
enoma. We found a complete loss of  the APC immunore-
activity in a relatively small proportion of  adenomas (24%), 
whereas more than 3/4 of  them displayed either complete, 
or partial positive results in APC immunostaining. This 
result is, to some degree, inconsistent with the hypothesis 
that complete inactivation of  both alleles of  the APC gene 

occurs early during the process of  colorectal tumorigen-
esis. These data were derived from studies demonstrating 
a similar frequency of  APC mutation, about 60%-80%, 
in both carcinomas and adenomas[2,3-5]. Contrary to this, 
our results might indicate that the large number of  adeno-
mas contain the mutation of  only one allele of  the APC 
gene. Whereas 45%-60% of  all sporadic adenomas and 
60%-80% of  carcinomas harbour one inactivated allele, a 
bi-allelic defect could be found in approximately 30% of  
adenomas[5,8]. One possible explanation for this finding is 
that the carcinogenesis of  the sporadic colorectal tumors 
differs from that in patients with familial adenomatous 
polyposis syndrome, where the vast majority of  adenomas 
harbour a bi-allelic mutation of  the APC gene[14,15]. 

However, it is necessary to emphasize that immu-

Figure 1  APC immunohistochemistry in colonic adenoma. Difuse positivity (brown 
color) in the cytoplasma of epithelial cells of the adenoma – presence of the full-
lenghth APC protein. Counterstained with hematoxylin. Magnification × 20.

Figure 2  Absence of the immunoreactivity in the cytoplasma of epithelial 
cells of the adenoma due to the complete loss of the full-lenghth APC protein. 
Counterstained with hematoxylin. Magnification × 10.

Table 2  Comparison of characteristics of adenomas with APC

Parameter    APC+ APC-    P

Size (SD) 13.5 (± 14.2) 13.8 (±15.5) 0.3641

Histology Tubular 62 (76%) 20 (24%)

0.3272Tubulovillous 24 (75%)   8 (25%)

Villous   4 (100%)   0 (0%)

Dysplasia Low-grade 78 (76%) 25 (24%)
0.4943

High-grade 12 (80%)   3 (20%)

Advancement Advanced 36 (78%) 10 (22%)
0.4143

Non-advanced 54 (75%) 18 (25%)

Location Left 66 (80%) 17 (20%)
0.1573

Right 24 (69%) 11 (31%)

Appearance Sessile 66 (76%) 21 (24%)
0.5713

Pedunculated 24(77%)   7 (23%)

Age (yr) < 41   5 (63%)   3 (37%)

0.4382
41-50   7 (64%)   4 (36%)

51-60 27 (84%)   5 (16%)

> 60 51 (76%) 16 (24%)

1 Mann-Whitney test; 2 χ2 (Chi-square) test; 3 Fisher‘s exact test.
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nohistochemistry detects the presence of  the full-length 
APC protein instead of  the actual mutation of  the gene. 
It is the current assumption that almost all of  the APC 
gene’s mutations result in the production of  a truncated 
protein that has lost its tumor suppressor function[6]. The 
absence of  the full-length APC protein thus indicates a bi-
allelic loss of  the gene, caused by two mutations or by the 
combination of  one allele’s mutation with another type of  
genetic or epigenetic event (allelic loss or promoter hyper-
methylation). No clear relationship between the APC pro-
tein expression and adenomas’ morphology was observed 
in our study. While some authors found higher frequency 
of  the APC gene mutations in tubulovillous and villous 
adenomas[16], others refuted this observation[9]. The lack 
of  significant difference between adenomas with different 
malignant potential is contrasted by an abrupt increase in 
the APC protein loss in carcinomas, which harbour a com-
plete (bi-allelic) APC defect much more frequently. Such 
results were published by Iwamoto et al, who found com-
pletely negative response for APC immunostaining in 83% 
of  carcinomas, but in only 29% of  adenomas[7]. Moreover, 
even when the exact proportion of  APC gene mutations 
or other epigenetic changes were assessed, results were dif-
ferent for adenomas compared with carcinomas[5,8]. On the 
other hand, Chen et al demonstrated positivity of  the APC 
protein detected immunohistochemically and by western 
blot analysis in the majority of  colon cancers[17]. In this 
study, the APC protein levels were not different among 
tissues with unchanged or mutated APC gene. Even hy-
permethylation of  the APC gene, which seems to be a 
relatively frequent mechanism of  APC silencing[18], did not 
result in APC protein negativity. 

Sporadic adenomas may grow with only one allele in-
activated[19] as a result of, for example, dominant-negative 
effect of  APC protein homodimers formed by a truncated 
protein together with the full-length APC protein[20]. These 
homodimers prevent normal function of  APC protein but 
not its immunoreactivity. This theory is supported by the 
finding of  the nuclear, so that abnormal accumulation of  
β-catenin in adenomas with a definite positive immuno-
histochemical result of  the APC protein[7]. Therefore, the 
presence of  the APC immunostaining does not necessarily 
mean the presence of  functioning APC protein. Further-
more, mutations of  APC may have direct oncogenic effect. 
Tighe et al suggested that the initial APC mutation acts as 
a “double whammy”, destabilising the genome and setting 
the stage for deregulated proliferation upon loss of  the 
second APC allele[21].

A key question is whether the presence, or absence, 
of  the full-length APC protein affects the prognosis of  
adenomas as to their future malignant transformation. 
Theoretically, the lack of  the APC protein should stimulate 
adenomas to grow and undergo malignant transformation. 
While some reports, including our results, showed no dif-
ferent morphology of  APC-negative and positive adeno-
mas[7,9], others found that the prevalence of  APC mutation 
continuously increased in the transformation from normal 
mucosa to carcinoma[8], or that the frequency of  APC 
mutations in tubulovillous or villous adenomas was higher 
than in tubular adenomas[10]. Among our adenoma speci-
mens, a lack of  APC protein was observed even in some 

polyps smaller than 5 mm, which are generally thought to 
be of  minimal clinical importance. On the other hand, sev-
eral investigators have observed that there are many other 
genes involved in colorectal carcinogenesis and that a sig-
nificant number of  adenomas, as well as carcinomas, do 
not harbor any APC gene mutations at all[8,16,22]. It should 
also be noted that colorectal cancers are genetically hetero-
geneous, multiple genes and mutation may be involved in 
the tumorigenesis simultaneously as well as the key mecha-
nism may be different in different parts of  the colon.     

In conclusion, we have not observed a relationship 
between the presence, or absence, of  the full-length APC 
protein and histology as well as clinical phenotype of  spo-
radic colorectal adenomas. Moreover, only a small part of  
adenomas did not express the APC protein as assessed by 
immunohistochemistry. Both these results may indicate 
that adenomas either harbour genetically heterogenous 
background, or that one allele remains unchanged and still 
allows production of  normal, full-length APC protein. 
Hence, immunohistochemistry seems to be an unreliable 
marker for assessment of  APC gene changes in colorectal 
adenomas. 
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