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Abstract. Mutations of the APC gene have been thought to be early events in the process of colorectal carci-
nogenesis. Some reports, however, described different results as to the frequency of APC mutations between
adenomas and carcinomas. The aim of our study was to evaluate the frequency of the loss of the APC immuno-
reactivity and to compare APC status with malignant potential of adenomas. We performed an immunohisto-
chemical analysis of the APC protein in 118 adenomas and compared these results with the size, histology and
grade of dysplasia as parameters of the malignant potential of colorectal adenomas. We also compared the APC
immunoreactivity with the location of adenomas, type of growth, and age of patients, respectively. In addition,
we assessed the APC status of colorectal cancer tissues from 9 patients. We found complete loss of APC pro-
tein in 28 (23.7 %) adenomas, sixty-three (53.4 %) were unequivocally positive, and remaining 27 cases (22.9 %)
showed partial positivity. Among carcinomas, seven tissues (77.8 %) were negative as to the APC immunoreac-
tivity. Using the Kruskal-Wallis ANOVA test to compare the APC status with the size of adenomas and age of pati-
ents, and M-L chi-square test to assess the relationship between the APC status and histology, degree of dys-
plasia, location, and age of patients, we did not find any correlation between the type of APC immunostaining
and parameters assessed. As the APC immunoreactivity differs substantially between adenomas and carcino-
mas, we suggest that complete loss of APC protein should be assessed as a risk factor for malignant transfor-
mation regardless of other morphological parameters of adenomas.
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Souhrn. Mutace APC genu jsou povaZovany za ¢asnou udalost v procesu onkogeneze kolorektalniho karcino-
mu. Rada praci viak prokézala rozdily ve vyskytu mutace APC mezi adenomy a karcinomy. Cilem na$i studie bylo
zhodnotit frekvenci ztraty APC imunoreaktivity ve tkani kolorektalnich adenomd a porovnat vyskyt APC proteinu
s parametry maligniho potencialu adenomu. Za timto uc¢elem bylo provedeno imunohistochemické vysetreni APC
proteinu ve 118 adenomech tlustého streva a byl porovnan jeho vyskyt s velikosti adenomdu, histologickou struk-
turou a stupném dysplazie jakoZto parametry maligniho potencialu stfevnich adenomda. Dale byl porovnan APC
status s lokalizaci adenomu, typem rastu a vékem pacienta. Paralelné bylo imunohistochemicky vySetfeno 9 vzor-
ki tkané kolorektalniho karcinomu. Ve skupiné adenomu byla zjisténa kompletni absence APC proteinu ve 28 pfi-
padech (23,7 %), 63 adenomu (53,4 %) mélo imunoreakci pozitivni, zbylych 27 (22,9 %) ukazalo ¢aste¢nou pozi-
tivitu. Ve skupiné karcinomu jsme kompletni ztratu APC proteinu zjistili v 7 pripadech (77,8 %). Statisticka analy-
za provedena pomoci Kruskal-Wallisova ANOVA testu (APC status vs. velikost adenomu a vék pacientd) a M-
L chi-kvadrat testem (APC vs. histologicky typ, stuperi dysplazie, lokalizace adenomu a typ jeho rdstu) neproka-
zala Zadnou souvislost mezi vysledkem imunoreakce APC proteinu a nékterym z parametr( maligniho potencia-
lu, resp. ostatnimi sledovanymi parametry. Vzhledem k vyraznému rozdilu APC pozitivity mezi adenomy a karci-
nomy vsak povaZujeme ztratu APC imunoreaktivity za rizikovy faktor maligni transformace adenomu bez ohledu

na dalsi morfologické parametry.
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Introduction

Carcinogenesis of the colorectal cancer includes
a rank of genetic events underlying a sequential con-
version of the normal colonic mucosa into the malig-
nant tumour. The 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, but also in the
majority of patients with sporadic colorectal neopla-
sia (5). About 60 - 80 % of sporadic carcinomas har-
bour a mutation in the APC gene and similar frequen-
cy was reported in colorectal adenomas (11,12,15).
Mutation in the APC gene is thus supposed to be an
early event in the process of colorectal carcinogene-
sis (13).

APC gene implicated in the process of the neo-
plastic conversion leads to a stop codon with subse-
quent synthesis of a truncated APC protein that lost
the carboxyl-terminal part (4,13). Loss of this part of
the APC protein results in the loss of almost all bin-
ding sites for beta-catenin, which, if not bound in
a multiprotein complex with APC, translocates into
the nucleus, where it promotes the process of malig-
nant transformation (4). The absence of the full-
length and functional APC protein can be detected
by the immunohistochemistry using rabbit or mouse
polyclonal antibodies. When compared with other
gene-analysis techniques, immunohistochemistry is
cheaper, easily performed and a less time-consu-
ming procedure.

lwamoto et al. (6) reported on the results of an
immunohistochemical analysis where the frequency
of the complete loss of the APC protein was substan-
tially lower in colorectal adenomas as compared with
carcinomas. Other authors also studied the relation-
ship between the APC protein expression and mor-
phological features of colorectal neoplasms, but
results are still conflicting (7,9,10). Therefore, we per-
formed our study to evaluate the relationship betwe-
en the loss of the full-length APC protein assessed by
immunohistochemistry and morphological criteria of
the malignant potential of the adenoma. In addition,
correlation between the type of APC immunoreactivi-
ty and the location of the polyp, its type of growth
(sessile vs. pedunculated) and age of patient were
assessed. We compared our results obtained in ade-
nomas with findings found in a small group of pati-
ents with carcinomas.

Patients and methods

Between January 2003 and August 2003 we perfor-
med 843 colonoscopic examinations; of them, one
hundred and eighteen patients (71 male, 47 female,
age 25 - 86 years, mean 63 years) with endoscopical-
ly removed colorectal adenomas were included in this
study. Patients with known diagnosis of the familial
adenomatous polyposis were not included. In total,
182 adenomas were endoscopically removed, betwe-
en 1 - 10 adenomas per patient (median 1). In patients
with more than one adenoma, only the largest one
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was used for further assessment as described below.
In summary, 118 adenomas were examined.

In all patients, polyps were removed either by the
technique of snare polypectomy or, when smaller than
5 mm, by classical biopsy forceps. Sessile adenomas
above 10 mm of size were usually removed by the
technique of the endoscopic mucosal resection (2).
Eighty-three adenomas (70.3 %) were located in the
left side of the large bowel (rectum, sigmoid colon,
descending colon), remaining 35 (29.7 %) were found
in the right colon. Only 31 adenomas (26.6 %) were
pedunculated polyps, eighty (67.8 %) were broadly
based polyps and 8 (6.8 %) adenomas had sessile,
non-polypoid appearance. Among 118 tumours, 82
(69.5 %) were tubular, 32 (27.1 %) tubulo-villous, and
4 (3.4 %) villous adenomas, respectively. Low-grade
dysplasia was found in 105 cases (89 %) and high-
grade dysplasia in remaining 13 adenomas (11 %).

The size of each adenoma was measured either
using the biopsy forceps opened close to the adeno-
ma in the bowel or after withdrawal of the polyp
from the colon. In the large adenomas resected by
a peace-meal technique, the size was assessed befo-
re the adenoma was removed from the bowel. Mean
size of adenomas was 14 mm (3 - 55 mm), median 6
mm, 29 adenomas (24.6 %) were 20 mm of size or lar-
ger. Immunohistochemical examination of the APC
protein was then performed in all 118 adenomas. In
addition, immunohistochemistry was done also in the
tissue samples of nine colorectal carcinomas from
patients who underwent a surgical resection.

Informed consent was obtained from all patients
and the study was approved by the Ethics Committee
of the General Teaching Hospital.

Technique of the immunohistochemical analysis
of the APC protein

Paraffin embedded tissue blocks were cut to obta-
in sections 4 um thick, deparaffinized in xylen and
rehydrated in a series of graded alcohol + water solu-
tions. Endogenous peroxidase activity was then bloc-
ked by 3 % solution of hydrogen peroxide in metha-
nol. Subsequently, tissues were incubated in non-
immune serum for 30 min. Following this, incubation
with antiAPC antibody (C-terminus, Santa Cruz Bio-
technology, Santa Cruz, USA) diluted 1:200 for 60
min. was performed. Streptavidin peroxidase (detec-
tion kit) with diaminobenzidine as a substrate was
used for detection under room temperature conditi-
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ons. Sections were stained with haematoxylin, dehy-
drated, and assembled into the xylen soluble medi-
um. A definite APC immunoreactivity in the adjacent
normal mucosa of each tumour (adenoma or carcino-
ma) served as a control of the normal APC protein
reaction.

Statistics

To assess relationships between continual and
categorial variables, the Kruskal-Wallis ANOVA test
after Kolmogorov-Smirnov analysis was used. The
Kruskall-Wallis ANOVA was used to test the relation-
ship between APC status and the size of adenomas
and between APC status and age of patients. Cate-
gorial data were analyzed using the M-L (maximum
likelihood) chi-square test. This analysis was perfor-
med to test the relationship between the APC status
and histology, degree of dysplasia, location, and type
of growth, respectively. All tests were bi-lateral and the
significance level was set at 5 % for each analysis.

Results

Immunohistochemical analysis revealed 4 types of
staining:

Group 1: Definite APC positivity (Figure 1). This result
means diffuse APC immunoreactivity, characterized
by the brown staining present in the cytoplasm of
epithelial cells. Totally, 63 adenomas (53.4 %) were
APC positive.

Group 2: Definite APC negativity (Figure 2) was found
in 28 adenomas (23.7 %). No staining in any part of
an adenoma despite the positivity in the adjacent nor-
mal mucosa resulted in this assessment.

Group 3: Focal APC positivity (Figure 3) was descri-
bed in 16 adenomas (13.6 %). Immunostaining was
disperse, but not diffuse throughout the adenoma-
tous tissue.

Group 4: Peripheral positivity of APC protein, found in
11 adenomas (9.3 %). In these cases, the immuno-
staining was present only at the peripheral part of
the adenoma adjacent to the normal, non-tumorous
mucosa.

Immunohistochemical evaluation of the tissue from
9 patients with colorectal cancer showed lack of an
APC staining in 7 cases (77.8 %), another 2 patients
displayed focal positivity.

1. Relationship between APC immunoreactivity and
malignant potential of adenomas
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Figure 1

Diffuse positivity (brown
colour) in the cytoplasma
of epithelial cells of the
adenoma - presence of
the full-length APC
protein.
Immunohistochemical
staining.

Difazni pozitivita (hnédé
zbarveni) v cytoplazmé
epitelidlnich bunék
adenomu - pfitomnost
APC proteinu.
Imunohistochemie.

Figure 2

Absence of
immunoreactivity due to
the complete loss of the
full-length APC protein.
Immunohistochemical
staining.

Chybéjici imunoreaktivita
v disledku UplIné ztraty
APC proteinu.
Imunohistochemie.

The malignant potential of the adenomatous polyps When all four types of immunostaining (positi-
is determined by the size of an adenoma, degree of ve, negative, focal and peripheral) were consi-
dysplasia and histological characteristic, namely the dered and compared with the size of adeno-
presence of the villous structures. Results of this mas, no statistically important difference was
assessment are shown in Table 1. found between any group evaluated (p =

a) Size of adenoma and the APC protein expres- 0.299). Since the polyps above 20 mm of size

sion are considered as large, with an increased risk
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Figure 3

Focal positivity of the
immunoreaction for APC
protein.
Immunohistochemical
staining.

Fokalni pozitivita
imunoreakce na APC
protein.
Imunohistochemie.

of malignant transformation, we divided our
group according to this criterion into the ade-
nomas below 20 mm and those reaching 20
mm of size or larger. Only adenomas with either
definite APC positivity or definite APC negativi-
ty entered this additional evaluation. The frequ-
ency of APC negative adenomas among smal-
ler polyps (below 20 mm) was 30 % (20 out of
67) and did not significantly differ from the pro-
portion of the APC negative large adenomas
(33 %, 8/24).

Histology and the APC protein

Adenomas were assessed according to their
histological feature (tubular, tubulo-villous and

Table 1

Comparison of each parameter of the malignant potential (left column) with immunohistochemical assessment. The right column shows

resultant p values.

Srovnani jednotlivych parametrti maligniho potencialu (levy sloupec) s imunohistochemickym vysetfenim. V pravém sloupci jsou hodnoty p.

villous), and compared with the type of the
APC immunoreaction. Again, we did not obser-
ved any significant relationship between the
histology and APC status (p = 0.239). Similar
proportion of all APC immunoreactions among
histological subgroups was found even when
the number of pure villous adenomas included
was relatively small (only 4).

Grade of dysplasia and the APC protein

To compare the APC protein expression with
degree of dysplasia, we divided entire group of
adenomas into those with low-grade (which
included mild and moderate dysplasia) and
those with high-grade dysplasia. Statistical

Parametr positive negative focal peripheral P
) mean (SD) 13.7 (14.7) 14.5 (15.8) 10.2 (13.4) 17.9 (13.4)

size (mm) 0.299
median 6 5 5 15
T 4 20 14 7

histology TV 18 2 4 0.239
Y 4 0 0
) low-grade 54 26 15 10

grade of dysplasia 0.807
high-grade 9 2 1 1

T - tubular, TV - tubulo-villous, V - villous
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Table 2

APC protein deficiency in colorectal adenoma

Comparison of other parameters (left column) with immunohistochemical assessment. The right column shows resultant p values.

Srovnani ostatnich parametrt (levy sloupec) s imunohistochemickym vysetfenim. V pravém sloupci jsou hodnoty p.

parameter positive negative focal peripheral P
rectum 15 3 2
sigmoid c. 29 5 5
descending c. 1 2
location 0.549
transverse c. 2 1
ascending c. 2 1
caecum 3 0
sessile 47 12 6
type of growth 0.545
pedunculated 16 4 5
mean (SD) 63.4 (12.6) 62.2 (16.3 61.7 (13.7) 65.2 (14.9)
age (years) 0.879
median 62 64 68

analysis did not found any significant relation-
ship between the type of APC immunoreactivi-
ty and dysplastic changes in the adenomatous
tissue (p = 0.807).

In general, we were not able to find any relationship
between the type of APC protein expression and
parameters of the malignant potential, such as size of
adenoma, histology and degree of dysplasia.

2. Relationship between the APC protein immunosta-
ining and other parameters
Besides the malignant potential, we looked at the
site, where each adenoma was found, type of its
growth and age of the patient as parameters potenti-
ally being related to the type of APC protein expres-
sion. The results are shown in Table 2.
a) Polyp location and the APC protein
When all types of APC immunostaining
were considered, no association with the colo-
nic location of adenomas was appreciated
(p = 0.549). Moreover, we performed a separa-
te assessment of APC negative and APC posi-
tive adenomas divided according to their loca-
tion in the right (coecum, ascending and trans-
verse colon) or left (rectum, sigmoid and des-
cending colon) part of the large bowel. There
was a trend towards higher proportion of APC
negative adenomas located proximally (39 %)
as compared with APC negative distal tumours
(28 %).
b) Adenoma shape (type of growth) and the APC
protein expression
Type of growth (pedunculated or sessile) of

each adenoma was compared with results of
APC immunostaining. Again, both these
groups did not differ with regard to the APC
protein expression (p = 0.545).
c) Age of patient and the APC protein

Finally, no statistically significant relationship
between the type of APC immunoreaction and
the age of patients was detected (p = 0.879).

Discussion

We performed an analysis of the expression of the
APC protein in the tissue of sporadic colorectal ade-
nomas to assess the frequency of deficiency of this
protein with regard to the malignant potential of the
sporadic adenomas. Other parameters, such as loca-
tion of the adenoma, its shape and age of patient
were also analyzed in this study. We used an immu-
nohistochemichal reaction as a parameter documen-
ting the presence or absence of the full-lenght APC
protein. A rabbit antibody against the peptide corres-
ponding to the last 20 amino-acids carboxy-terminus
was used for this purpose. We attempted to verify the
hypothesis that the absence of the full-length APC
protein resulting from bi-allelic mutation of the APC
gene (or mutation of one and loss of the second alle-
le) might be associated with a higher risk of the malig-
nant transformation of the adenoma assessed by the
parameters of the malignant potential. We found,
however, a complete loss of the APC immunoreactivi-
ty in a relatively small proportion of adenomas
(28.7 %), more than one half of adenomas had promi-
nent APC immunoreactivity (53.4 %). Moreover, we
detected almost one quarter of samples showing focal
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or peripheral APC protein positivity (22.9 %). Compa-
rison of any particular type of the immunoreaction
(positive, negative, focal and peripheral) with parame-
ters of the malignant potential did not confirm a sta-
tistically significant relationship between them. We
have not found any relationship even between the
APC immunostaining and other parameters such as
location and shape of adenoma or age of the patient.

It is necessary to emphasize that immunohistoche-
mistry detects the presence of the full-length APC
protein instead of the mutation of the gene as itself. It
is a current assumption that almost all of the mutati-
ons of the APC gene result in the production of a trun-
cated protein that has lost its tumour suppressor
function (4). The absence of the full-length APC pro-
tein thus indicates a bi-allelic loss of the gene caused
by two mutations or by combination of mutation of
one allele with another type of genetic or epigenetic
event (allelic loss, promoter hypermethylation etc.).
On the other hand, mono-allelic defect does not
necessarily need to be followed by the loss of the
APC immunoreactivity.

We have observed a substantial difference in the
absence of the APC protein between adenomas and
carcinomas (24 % vs. 78 %). This is, at least partially,
inconsistent with the hypothesis that complete inacti-
vation of both alleles of the APC gene occurs early
during the process of colorectal tumorigenesis of
most colorectal neoplasms. Thus, it is possible that
a large number of adenomas contain the mutation of
only one allele of the APC gene. Whereas 45 - 60 %
of all adenomas and 60 - 80 % of carcinomas harbour
one allele inactivated, bi-allelic defect could be found
in approximately 30 % of adenomas (7,13). One pos-
sible explanation of this finding is that the carcinoge-
nesis of the sporadic colorectal tumours differs from
the carcinogenesis of tumours of patients with familial
adenomatous polyposis syndrome. According to the
Knudson's two-hit model, in patients with the adeno-
matous polyposis coli one germ-line mutation is follo-
wed by the second hit during the early period of life,
and then, multiple adenomatous polyps become
apparent in the large bowel. The vast majority of colo-
rectal adenomas from patients with familial adenoma-
tous polyposis thus harbor mutations of both alleles
of the APC gene (8).

There is no clear relationship between the APC
gene mutation and histology of the adenomas. While
some authors found higher frequency of the APC
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gene mutation in tubulo-villous and villous adenomas
(8), others did not (9). Although our results do not give
clear information about the exact proportion of muta-
tions in the adenomas, we have not found any relati-
onship between the malignant potential and the
absence of the full-length APC protein as an equiva-
lent of the bi-allelic mutation. Nevertheless, this lack
of significant difference between adenomas with dif-
ferent malignant potential is followed by an abrupt
increase of the absence of the APC protein in carci-
nomas, which harbor a complete (bi-allelic) APC
defect almost four times more frequently. Similar
results were published by lwamoto et al. (6) who
found complete negativity for APC immunostaining in
83 % of carcinomas, but for only 29 % of adenomas.
Moreover, even when the exact proportion of APC
gene mutations or other epi-genetic changes were
assessed, results were different for adenomas as
compared with carcinomas (7,13). According to these
results, it seems possible that, in case of sporadic
colorectal adenomas, the loss of a single APC allelle
is sufficient to lead to adenoma formation. Final
malignant transformation then starts only when the
"second hit" in the adenoma cells occurs. Sporadic
adenomas may grow with only one allele inactivated
thanks to, for example, dominant-negative effect of
APC protein homodimers formed by a truncated pro-
tein together with the full-length APC protein (1).
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 beta-catenin in adenomas
with a definite immunohistochemical positivity of the
APC protein (6).

We can see a small drawback in assessment of our
results that is, in our oppinion, a small number of pure
villous adenomas and adenomas with a high-grade
dysplasia. Nevertheless, the proportion of villous as
well as highly dysplastic adenomas is similar as
reported by most authors (5 - 10 % each) and statis-
tical methods used are capable of minimizing this
bias.

Our results seem to be somewhat complicated
due to the fact that we observed four different types
of immunoreactions. Besides the definite positivity
or negativity in the APC immunostaining, there were
many adenomas with either focal or peripheral posi-
tivity. This "partial" APC protein expression within
adenomatous tissue was also described by others,



even when less frequently (6). It could be, for instan-
ce, due to the presence of the genotypically hetero-
genous tissue, where a single APC mutation present
in all cells is combined with the bi-allelic inactivation
in only some parts of the same adenoma. Other
possible explanation is that two distinct types of
clonal expansion exist in the adenoma since the
beginning of its growth. As the complete absence of
the APC protein gives a growth advantage to the
cells, one can assume that the partial deficiency of
APC protein should be a step towards its complete
absence.

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 sti-
mulate adenomas to grow and undergo malignant
transformation. While several reports, including our
results, showed no different morphology of APC
negative and positive adenomas (6,9), others found
that the prevalence of APC mutation continually inc-
reased from normal mucosa to carcinoma (7), or that
the frequency of APC mutations in tubulo-villous or
villous adenomas was higher than in tubular adeno-
mas (10). Among our adenomas, a lack of APC prote-
in was observed even in some polyps smaller than 5
mm, which are generally thought to be of minimal cli-
nical importance. On the other hand, several investi-
gators have observed that there are many other
genes involved in colorectal carcinogenesis and that
significant number of adenomas, as well as carcino-
mas, do not harbour any APC gene mutation at all

REFERENCES

1. Bodmer W, Bishop T, Karran P. Genetic steps in colorectal can-
cer. Nature Genet 1994; 6: 217 - 219.

2. Bortlik M, Luka$ M, Adamec S, Krechler T, Novotny A, Chalupna
P, Horny I. Endoscopic mucosal resection of the large and ses-
sile colorectal neoplasms. A prospective assessment of the effi-
cacy and safety. Gastrointest Endoscopy 2004; 59(5): AB281.

3. De Benedetti L, Sciallero S, Gismondi V, James R, Bafico A,
Biticchi R, Masetti E, Bonelli L, Heouaine A, Picasso M. Asso-
ciation of APC gene mutations and histological characteristics
of colorectal adenomas. Cancer Res 1994; 54: 3553 - 3556.

4. Fearnhead NS, Britton MP, Bodmer WF. The ABC of APC. Hum
Mol Genet 2001; 10: 721 - 733.

5. Fearon ER, Vogelstein B. A genetic model for colorectal tumo-
rigenesis. Cell 1990; 61: 759 - 767.

6. lwamoto M, Ahnen DJ, Franklin WA, Maltzman TH. Expression
of beta-katenin and full-lenght APC protein in normal and neo-
plastic colonic tissues. Carcinogenesis 2000; 21: 1935 - 1940.

7. Kim JC, Koo KH, Roh SA, Cho YK, Kim HC, Yu CS, Kim HJ,
Kim JS, Cho MK. Genetic and epigenetic changes in the APC
gene in sporadic colorectal carcinoma with synchronous ade-
noma. Int J Colorectal Dis 2003; 18: 203 - 209 .

APC protein deficiency in colorectal adenoma

(7,14). A substantial difference between the frequen-
cy of the APC negative adenomas and carcinomas
may suggest that a complete absence of the full-
length APC protein in adenomas increases the risk of
its malignant transformation. Simultaneously, APC
mutations appear to play an important role not only
during the initial phase but also during the conversi-
on of adenoma into carcinoma.

In conclusion, we have not observed an unequivo-
cal relationship between the presence or absence of
the full-length APC protein and degree of malignant
potential of colorectal adenoma, its location in the
bowel, type of growth, and age of patient, respective-
ly. There was a slightly increased frequency of APC
negative adenomas localized in the proximal part of
the colon. Due to the high frequency of the APC
negative carcinomas as compared with adenomas, it
seems probable that complete lack of APC immuno-
reactivity in an adenoma may signalize a higher risk of
malignant transformation irrespective of the current
morphology. Long-term follow-up of patients after
endoscopic polypectomy should answer the questi-
on, whether patients with initial APC protein negativi-
ty have a higher risk of the local recurrence or meta-
chronous adenoma elsewhere in the large bowel.

Acknowledgements

The authors would like to thank Mgr. A. Svobodnik for
his cooperation during the statistical analysis.

This study was supported by a grant from the IGA MZ
CR NK 7270-3.

8. Lamlum H, llyas M, Rowan A, Clark S, Johnson V, Bell J, Fray-
ling |, Efstathiou J, Pack K, Payne S, Roylance R, Gorman P,
Sheer D, Neale K, Phillips R, Talbot |, Bodmer W, Tomlinson I.
The type of somatic mutation at APC in familial adenomatous
polyposis is determined by the site of the germline mutation:
a new facet to Knudson's "two-hit" hypothesis. Nature Med
1999; 5: 1071 - 1075.

9. Miyaki M, Konishi M, Kikuchi-Yanoshita R, Enomoto M, Igari T,
Tahala K, Muraoka M, Takahashi H, Amada Y, Fukayama M,
Maeda Y, lwama T, Mishima Y, Mori T, Koike M. Characteristics
of somatic mutation of the adenomatous polyposis coli gene in
colorectal tumors. Cancer Res 1994; 54: 3011 - 3020.

10. Mulkens J, Poncin J, Arends JW, De Goeij AF. APC mutations
in human colorectal adenomas: analysis of the mutation clus-
ter region with temperature gradient gel electrophoresis and
clinicopathological features. J Pathol 1998; 185: 360 - 365.

11. Nagase H, Nakamura Y. Mutations of the APC gene. Hum
Mutat 1993; 2: 425 - 434.

12. Narayan S, Roy D. Role of APC and DNA mismatch repair
genes in the development of colorectal cancers. Mol Cancer
20083; 2: 41.

13. Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR,
Thibodeau SN, Vogelstein B, Kinzler KW. APC mutations occur

181



M. Bortlik et al.

early during colorectal tumorigenesis. Nature 1992; 359: 235 - Correspondence to: / adresa pro korespondenci:
237. Dr. Martin Bortlik, Gastroenterology Centre,
14. Smith G, Carey FA, Beattie J, Wilkie MJV, Lightfoot TJ, Coxhe- 4th Department of Internal Medicine, General Teaching Hospital,
ad J, Garner RC, Steele RJC, Wolf CR. Mutations in APC, Kir- 1st Faculty of Medicine, Charles University,
sten-ras, and p53 - alternative genetic pathways to colorectal U nemocnice 2, 128 00 Praha 2, Czech Republic.
cancer. Proc Natl Acad Sci USA 2002; 99: 9433 - 9438. E-mail: mbortlik@hotmail.com

15. Smith KJ, Johnson KA, Bryan TM, Hill DE, Markowitz S, Will-
son JK, Paraskeva C, Peterson GM, Hamilton SR, Vogelstein
B, Kinzler KW. The APC gene product in normal and tumor
cells. Proc Natl Acad Sci USA 1993; 90: 2846 - 2850.

182



