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The aim of the current study was to investigate the role of pro-
moter methylation of adenomatous polyposis coli (APC) and epi-
thelial cadherin (E-cadherin) genes in endometrial tumorigenesis.
The methylation status of both genes was investigated in 43 cases
of normal endometrium, 21 simple hyperplasia, 17 atypical hyper-
plasia, and 86 endometrial carcinoma (EC). Additionally, the meth-
ylation pattern of both genes was analyzed in 24 primary ECs and
their corresponding metastases. DNA methylation of the APC gene
increased from atypical hyperplasia (23.5%) to endometrial carci-
noma, reaching its highest level of 77.4% in early stage cancer
(FIGO I and II) and decreasing stepwise to 24.2% in advanced stage
carcinomas (FIGO III and IV). No methylation of APC was found in
normal endometrium or simple hyperplasia. Methylation of
E-cadherin was found only in EC (22.1%). The mean age of the
patients with aberrant APC methylation was 68.8 years and was
significantly higher compared to the mean age (60.9 years) of the
patients without methylation of APC promoter (P = 0.02). APC pro-
moter methylation significantly correlated with decreased protein
expression of APC (P = 0.039), with increased expression of the
Ki-67 proliferative marker (P = 0.006) and decreased metastatic
potential (P = 0.002). There was no correlation between APC and
E-cadherin methylation patterns and the other clinicopathologic
features, nor with patient outcome. Our results suggest that
hypermethylation of APC promoter region is an early event in
endometrial tumorigenesis. (Cancer Sci 2010; 101: 321–327)

E ndometrial carcinoma represents the most frequently diag-
nosed malignancy of the female genital tract worldwide,

but incidence varies among different countries.(1) EC often pre-
cedes or coexists with endometrial hyperplasia, proposed to be a
possible precursor lesion of EC.(2,3) According to the World
Health Organization, endometrial hyperplasia is classified into
simple and complex hyperplasia, with and without atypia.(4,5)

Atypical endometrial hyperplasia is considered to be a precursor
lesion of EC. Women with AH without concurrent invasive car-
cinoma have a 30% risk of developing EC.(2) Although two
pathways of endometrial carcinogenesis have been proposed,(6)

the exact genetic mechanisms remain to be established. Epige-
netic changes, such as DNA methylation, regulate gene expres-
sion in normal mammalian development. The silencing of tumor
suppressor genes associated with promoter hypermethylation is
a common feature in human cancers, and serves as an alternative
mechanism for loss of tumor suppressor gene function.(7)

The APC gene encodes a large multidomain protein that
plays an integral role in Wnt signaling and in intracellular
adhesion.(8) APC regulates free ß-catenin levels through glyco-
gen synthetase kinase-3ß and the ubiquitin-proteasome path-
way.(8) The inactivation of APC results in an accumulation of
high levels of ß-catenin, which induces the Wnt signaling path-
way and enhances the transcriptional activity of different target
genes and oncogenes.(9) Additionally, binding the cytoplasmic
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protein ß-catenin to the intracellular part of E-cadherin is nec-
essary for its function.(9)

E-cadherin is an adhesion molecule that keeps neighbor-
ing cells attached.(10) Impaired function of this molecule can
lead to dedifferentiation of the tumor cells and an increase
in metastatic potential. The role of aberrations in the Wnt
signaling pathway and E-cadherin in human tumorigenesis
has been reported for colorectal, ovarian, and only occasion-
ally for EC.(11–16) Gene mutation is the most important
mechanism of APC alterations in colorectal cancer.(14,15)

Point mutations and gene dys-regulation of APC have been
detected in more than 80% of colorectal cancers.(15) Another
way of inactivating the APC gene is the methylation of its
promoter region.(17,18) The APC gene has two promoter
regions, 1A and 1B, that initiate transcription from different
sites.(19) Hypermethylation of promoter 1A has been reported
in a variety of cancers, whereas promoter 1B remains unme-
thylated.(17,18,20) Reports on methylation of APC in uterine
tumors are limited, and the level of promoter hypermethyla-
tion varied from 22% to 46.6%.(14,20,21) The aberrant protein
expression of E-cadherin, in some cancers, has also been
attributed to methylation of its promoter region.(21–24) The
occurrence of E-cadherin promoter hypermethylation in
human ECs has been reported to be 14% and 15.6%.(21,24)

However, Pijnenborg et al.(25) detected E-cadherin promoter
methylation in none of their 28 studied patients at FIGO
stage I of the disease. Nevertheless, most of these studies
assayed the methylation status of different genes upon cancer
tissue only and did not compare it to normal tissue or precur-
sor lesions. To identify the role of APC and E-cadherin in EC
tumorigenesis, as key mediators of the Wnt signaling pathway,
we studied the methylation status of the promoter region of
both genes in normal endometrial tissue, endometrial atypia,
and EC and compared it with the clinical ⁄ pathologic variables
of the cancer and proliferation index, assessed by Ki-67
immunostaining. Additionally, the methylation pattern of both
genes in primary ECs (n = 24) and corresponding metastatic
lesions were analyzed.

Materials and Methods

Patients and tissue samples. Formalin-fixed, paraffin-embed-
ded tissues from NE (n = 43), endometrial hyperplasia (SH,
n = 21 and AH, n = 17) and EC (n = 86) were collected from
patients who had been admitted to the Department of Obstetrics
and Gynecology, Otto-von-Guericke University (Magdeburg,
Germany), the St. Salvator Hospital (Halberstadt, Germany),
Staedtisches Klinikum (Magdeburg, Germany), or the Second
Department of Gynecology, Lublin Medical University (Lublin,
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Poland), between 1995 and 2007. Mean patient age was
63 years (range, 35–86 years). Samples were obtained after pro-
viding informed consent of the patients.

Surgically removed tissues were forwarded for pathological
assessment and DNA isolation was carried out at the Depart-
ment of Pathology, Otto-von-Guericke University. Hormonal
therapy, chemotherapy, or radiotherapy was not done before sur-
gery. Twenty-eight of the ECs revealed metastases, and 24 of
them could be prepared simultaneously. In addition, a group of
58 ECs without metastasis were investigated. There were 15
non-endometrioid and 71 endometrioid-type tumors. Twenty-
five (29%) were well differentiated (G1), 43 (50%) were
moderately differentiated (G2), and 18 (21%) were poorly
differentiated (G3). The clinical staging of the disease was clas-
sified according to FIGO guidelines. Fifty-three (61.6%) were of
stages I–II, and 33 (38.4%) were of stages III–IV. The surgical
protocol consisted of total abdominal hysterectomy ⁄ bilateral sal-
pingo-oophorectomy and pelvic ⁄ para-aortic lymph nodes dissec-
tion. Palpation of abdominal organs and collection of peritoneal
washings for cytological evaluation were also carried out. In
selected cases, omentumectomy, appendectomy, tumor cyto-
reduction, and ⁄ or resection of distant metastases was done.

The clinical records were carefully reviewed to obtain infor-
mation regarding patient age, menopausal status, symptoms of
the disease, surgical treatment protocols, and follow-up. Follow-
up was calculated on the basis of data obtained between primary
diagnosis and last contact or death of the patient. Data on sur-
vival were collected from medical records, information obtained
from general practitioners, and from parents and their families.

DNA isolation and methylation-specific PCR. The methylation
status of APC and E-cadherin promoter region was determined
by MSP.(7) Tumor tissues were marked and prepared by highly
experienced pathologists, from areas with a minimum of 70%
tumor cells. Necrotic areas were excluded. Depending on the
AH or tumor area, respectively, between two and four 10 lm
paraffin slices were used for DNA isolation (NucleoSpin DNA
extraction kit; Macherey-Nagel, Dueren, Germany). The initial
bisulfite reaction of conversion of unmethylated cytosines to
uracils was achieved using the CpG genome DNA Modification
Kit (Chemicon International, Temecula, CA, USA). The MSP
was carried out using primers specific to either the modified
unmethylated DNA or the methylated DNA. The primers used
for APC and E-cadherin promoters were described originally by
Dong et al.(26) and Herman et al.,(27) respectively. The primer
sequences, PCR conditions, size of the amplified region, and the
genomic position of the primers are shown in Table 1. The qual-
ity of the prepared DNA was checked by PCR quality control
using the amplification of the housekeeping gene phenylalanin
hydroxylase. The bisulfite reaction was carried out only if the
control gene was amplified.(28) The DNA amount was not mea-
sured. Positive (methylated standard DNA) and negative con-
trols (placenta DNA from paraffin embedded tissue) were
always included. Gels were interpreted only in case of working
positive controls. We considered a case as methylated if a meth-
Table 1. Primer sequences, fragment size, annealing temperatures, and n

5¢ fi 3¢

APC unmethylated F: AATTTGTTGGATGTGGATTAGGGT

R: AACCTCATATCAATCACATACA

APC methylated F: CGTTGGATGCGGATTAGGGC

R: CCTCATATCGATCACGTACG

E-cadherin unmethylated F: TAATTTTAGGTTAGAGGGTTATTGT

R: CACAACCAATCAACAACACA

E-cadherin methylated F: TTAGGTTAGAGGGTTATCGCGT

R: TAACTAAAAATTCACCTACCGAC

APC, adenomatous polyposis coli; E-cadherin, epithelial cadherin; F, forwa
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ylation-specific PCR product was visible (Fig. 1). We did not
quantify methylation from the silver-stained poly acrylic acid
(PAA) gels. Only a yes ⁄ no decision was made, which was inter-
preted as a pool of cells with methylated promotors. In general,
both methylated and unmethylated bands were detectable. We
never observed only a methylated band.

Immunohistochemistry. To investigate the expression of APC
and Ki-67 proliferation protein, tissue slices of paraffin-embed-
ded specimens of NE, SH, AH, and EC underwent immunostain-
ing as previously described.(28) Representative regions of SH,
AH, and EC were selected on H&E stained slices. Samples were
dewaxed by xylene and rehydrated in descending concentrations
of ethanol before antigen retrieving in EDTA (pH 8.0) using a
DakoCytomation Pascal pressure chamber (120�C, 30 s) (Dako-
Cytomation, Glostrup, Denmark). The process of immunostain-
ing was done with the help of a NexES immunostainer (Ventana
Medical Systems, Tucson, AZ, USA). Incubation was carried
out overnight at 4�C with mAb against APC protein (Calbio-
chem, Darmstadt, Germany) in dilution (1:200). The mono-
clonal mouse antihuman Ki-67 antibody (dilution, 1:50;
DakoCytomation) was incubated for 32 min at 37�C. Detection
was carried out using a DAB detection kit (Ventana Medical
Systems). All samples were counterstained with hemalum and
dehydrated in ascending concentrations of ethanol.

Immunostaining of APC and Ki-67 was assessed by two inde-
pendent observers blinded to patient clinical outcome and local
staging, displaying negligible inter-observer differences. An
immunoreactive score was compiled semiquantitatively. The
immunoreactive score was calculated by multiplying staining
intensity and the percentage of positivity. The possible maxi-
mum that could be reached was 12 points. Staining intensity
was classified as: 0, no staining; 1, weak; 2, moderate; and 3,
strong. Percentage of positivity was recorded between 0 and 4
(0, 0%; 1, 1–9%; 2, 10–50%; 3, 51–80%; and 4, 81–100%).

Statistical analysis. The comparisons of groups were made
using the v2-test or Fisher’s exact test. Survival rates were calcu-
lated using the Kaplan–Meier method. Patients who died of
other causes were censored at the date of death. The log–rank
test was used to compare the survival curves for groups of
patients defined by categories of each variable. Tests for interac-
tions were carried out for the variables, with independent impact
on survival in the multivariate Cox regression analysis. Data
were analyzed using the SPSS 11.0 software package (SPSS,
Chicago, IL, USA). P < 0.05 was considered statistically signif-
icant.

Results

Promoter hypermethylation. To evaluate the role of APC and
E-cadherin in primary human endometrial carcinogenesis the
methylation status of APC promoter 1A and E-cadherin gene
promoter were investigated by MSP. Promoter hypermethylation
of the APC gene was absent in all of the investigated cases of
NE and SH (Fig. 2). Four of 17 (23.5%) AH and 49 of 86
umber of PCR cycles used for methylation-specific PCR

Size (bp) Annealing temperature (�C) Number of PCR cycles

89 61 35

84 61 35

97 59 37

116 61 37

rd; R, reverse.
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M         c1            c2           NE         SH            AH          EC1        EC 2 
u    m      u m     u     m      u   m      u m     u     m     u      m 

104 bp

Fig. 1. Methylation-specific PCR with bisulfite-treated samples of
endometrial tissue. AH, atypical endometrial hyperplasia; c1, negative
control; c2, positive control; EC1, endometrial carcinoma with absence
of methylation of adenomatous polyposis coli (APC) promoter gene;
EC2, endometrial carcinoma with methylation of APC promoter gene;
m, reactions using primers specific for the methylated CpG sites; M,
DNA ladder; NE, normal endometrial tissue; SH, simple endometrial
hyperplasia; u, reactions using specific primers for the unmethylated
CpG sites.
(56.9%) EC cases had methylation of APC. APC methylation in
EC varied according to the FIGO stage and was expressed in
maximal level in stage II and decreased stepwise in stages III
and IV (Fig. 2). There was a significant increase of APC pro-
moter methylation from SH (0%) to AH (23.5%; P = 0.040) and
from AH to EC stage I (76.3%; P = 0.016), followed by signifi-
cant decrease from EC stage II (80.0%) to EC stage III (26.1%)
(Fig. 2; P = 0.003). Hypermethylation of E-cadherin was
observed in only 19 of 86 (22.1%) cases of EC (Fig. 2) and was
absent in NE, SH, and AH.
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Fig. 2. Frequency of adenomatous polyposis coli
(APC) (a) and epithelial cadherin (E-cadherin) (b)
promoter hypermethylation in normal endometrial
tissue (NE), simple endometrial hyperplasia (SH),
atypical endometrial hyperplasia (AH) and endo-
metrial carcinoma (EC) stages I–IV. The International
Federation of Gynecology and Obstetrics (FIGO)
staging system was applied. *Analyzed by Fisher’s
exact test. NS, not statistically significant.

Table 2. Adenomatous polyposis coli (APC) and epithelial cadherin (E-c

and pathological variables of endometrial carcinoma patients

Variables No. of cases, n (86)
APC me

Methylat

FIGO stages

I 38 29 (76.3)

II 15 12 (80.0)

III 23 6 (26.1)

IV 10 2 (20.0)

P < 0.000

Histological type

Endometrioid 71 42 (59.2)

Non-endometrioid 15 7 (46.7)

NS

Histological grading

G1 25 11 (44.0)

G2 43 24 (55.8)

G3 18 14 (77.8)

NS

Metastases

PTs without M 58 40 (68.9)

PTs with M 28 9 (32.1)

P = 0.002

FIGO, International Federation of Gynecology and Obstetrics; IRS score, me
metastases; NS, not significant; PTs, primary tumors.

Ignatov et al.
When the methylation status of investigated ECs was com-
pared with their clinical and pathological characteristics
(Table 2), APC promoter methylation was observed predomi-
nantly in the early stages of EC. Forty-one out of 53 (77.4%)
tumors in stages I and II and only 8 out of 33 (24.2%) specimens
in stages III and IV revealed APC methylation (P < 0.0001).
There was no significant relationship between APC hypermethy-
lation and histological type of cancer. Although the relationship
between histological grading and APC methylation did not reach
statistical significance, the hypermethylation increased with loss
of tumor differentiation (Table 2). There was a significant
reverse correlation between APC methylation and development
of metastases. Forty of 58 (69.0%) tumors without metastases
and only 9 of 28 (32.1%) EC with metastases revealed an APC
methylation (P = 0.002). It is worth noting that APC methylation
was found more frequently in elderly patients. The mean age of
the patients with aberrant APC methylation was 68.8 years, sig-
nificantly higher compared to the mean age (60.9 years) of
patients without methylation (P = 0.02). There was no signifi-
cant difference in patient age between E-cadherin methylated
and unmethylated groups (65.2 and 67.3 years, respectively).

There was no relationship between aberrant methylation of
E-cadherin promoter and the clinicopathologic features of cancer
(Table 2). Survival analysis revealed no prognostic impact for
promoter hypermethylation of APC or E-cadherin genes during
nificance* P -value

60

80

vs AH 0.040 
vs EC I  0.016 

 vs EC II 0.673 
I vs EC III 0.003 
II vs EC IV  0.591 

Significance* P-value

SH vs AH NS 
AH vs EC I 0.001 
EC I vs EC II 0.164 
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ad) promoter methylation and Ki-67 expression in relation to clinical

thylation

ion, n (%)

E-cad methylation

Methylation, n (%)
Ki-67 (IRS score)

9 (23.6) 4.74

4 (26.7) 5.02

4 (17.4) 4.38

2 (20.0) 4.99

1 NS NS

18 (25.4) 4.52

1 (6.7) 4.86

NS NS

6 (24.0) 4.60

9 (20.9) 4.93

4 (22.2) 6.94

NS NS

13 (22.4) 4.27

6 (21.4) 4.87

NS NS

dian value of immunohistochemical score of Ki-67 expression; M,
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the follow-up. By determining the Pearson correlation coefficient
and P value there was no significant correlation between APC and
E-cadherin promoter methylation status.

APC hypermethylation and immunostaining. In order to deter-
mine whether APC gene hypermethylation will affect protein
expression, we analysed APC protein expression in AH and EC.
In all investigated cases of AH and EC, we observed no signifi-
cant difference among the tissues with methylation of the APC
promoter versus cases without methylation (Fig. 3a,b). As men-
tioned above, the highest level of APC methylation was
observed in FIGO stages I and II. Therefore, we investigated the
correlation between APC methylation and protein expression in
the groups of early and advanced ECs. Interestingly, the level of
APC protein expression correlated significantly with APC gene
methylation only in the group of early stage carcinoma FIGO I
and II (P = 0.039), but not in the advanced stage of the diseases,
FIGO III and IV (P = 0.101) (Fig. 3c,d). These results indicate
that promoter methylation might be an important mechanism of
inactivation of APC in early stage endometrial carcinoma.

Hypermethylation status and Ki-67 expression. To determine
the possible role of APC promoter methylation in cell prolifera-
tion, the expression of Ki-67, a routinely used marker of cell
cycling and proliferation, was analyzed immunohistochemically
and compared with APC promoter metylation. The expression
of Ki-67 gradually increased from NE through AH to EC. There
was no statistically significant difference between Ki-67 expres-
sion and APC methylation in AH (Fig. 4a; P = 0.222), nor
between Ki-67 expression and the clinical ⁄ pathologic features
of EC (Table 2). Interestingly, there was a highly significant
relationship between Ki-67 immunostaining and methylation of
APC promoter only in the early clinical stages of EC (FIGO I
and II) (Fig. 4b; P = 0.006). As shown in Figure 4(c), this phe-
nomenon was not observed in the advanced stage uterine neo-
plasms (P = 0.797). Expression of Ki-67 did not correlate with
the E-cadherin methylation status in the study group (Fig. 4d;
P = 0.437).

Taken together, our results indicate a subset of early-staged
tumors, characterized by APC promoter methylation, which
FIGO I–IV
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leads to a remarkable increase in cell proliferation activity
assessed by Ki-67 immunostaining.

APC and E-cadherin hypermethylation in primary ECs and
corresponding metastases. As shown in Table 2, PTs without
metastases posses significantly higher levels of APC promoter
methylation compared to PTs with metastases (P = 0.002).
Interestingly, in the subset of PTs without metastases, there was
also a significant relationship between APC methylation and
Ki-67 expression (Fig. 5; P < 0.01). This phenomenon was not
observed for the subgroup of PTs with metastases (Fig. 5).

To assess the potential role of APC and E-cadherin promoter
methylation in the development of EC metastases, we directly
compared the methylation patterns of 24 primary uterine carci-
nomas with the corresponding metastatic lesions. Promoter hy-
permethylation of APC gene was reported in nine of 24 (37.5%)
PTs and in six of 24 (25%) corresponding metastases (Fig. 6).
Hypermethylation of E-cadherin was noted in three of 24
(12.5%) PTs and in eight of 24 (33.3%) metastases (Fig. 6).
There was no correlation between the methylation rate of both
genes in PTs and corresponding metastatic lesions. There was
no significant difference in Ki-67 protein expression between
metastatic tissues with or without promoter methylation of one
or both genes.

Discussion

This investigation shows that APC promoter methylation might
be an early and critical event in the development of EC. We
found that APC methylation was more common in early stage
tumors than in those at advanced stage. Aberrant APC methyla-
tion was observed in AH (23.5%) and EC (56.9), but not in NE
or SH. Promoter methylation of the E-cadherin gene was present
in 22.1% of EC cases, but not in NE, SH, or AH.

The high frequency of APC aberrant methylation is in line
with the limited published data, in which the hypermethylation
of the APC gene has been reported to range between 22%
and 46.6%.(14,17,20,25) These results clearly show that promoter
hypermethylation is an important mechanism of inactivation
n = 49

IV

With
ation

With

tion

n = 8

Fig. 3. Correlation between adenomatous polyposis
coli (APC) hypermethylation and protein expression.
(a) APC protein expression did not correlate
significantly with the occurrence of APC promoter
methylation in atypical endometrial hyperplasia
(P = 0.547). (b) No significant correlation was observed
between APC immunoexpression and APC promoter
hypermethylation in endometrial carcinoma (EC)
stages I–IV (P = 0.506). The International Federation of
Gynecology and Obstetrics (FIGO) staging system
was applied. (c) APC protein expression correlated
significantly with the occurrence of APC promoter
methylation in FIGO stages I and II of EC (P = 0.039).
(d) No significant correlation was observed between
APC immunoexpression and APC promoter hyper-
methylation in advanced-stage EC, FIGO III and IV (P =
0.101).

doi: 10.1111/j.1349-7006.2009.01397.x
ªª 2009 Japanese Cancer Association



FIGO I–IIAH

n = 41

8

6

8

6

n = 12
4

2

n = 13 

n = 44

2

P = 0.006
0

FIGO I–IVFIGO III–IV

P = 0.222 

K
i-6

7 
pr

ot
ei

n 
ex

pr
es

si
on

(s
ta

in
in

g 
sc

or
e)

K
i-6

7 
pr

ot
ei

n 
ex

pr
es

si
on

(s
ta

in
in

g 
sc

or
e)

K
i-6

7 
pr

ot
ei

n 
ex

pr
es

si
on

(s
ta

in
in

g 
sc

or
e)

K
i-6

7 
pr

ot
ei

n 
ex

pr
es

si
on

(s
ta

in
in

g 
sc

or
e)

APC methylation
No With

APC methylation
No With

APC methylation
No With

No With

0

8

6

8

6

4

2

n = 67
n = 19 n = 25 n = 84

2

0

E-cadherin methylation 

P = 0.437P = 0.797
0

(a) (b)

(c) (d)

Fig. 4. Correlation between hypermethylation and
Ki-67 expression. (a) Ki-67 protein expression did not
correlate significantly with the occurrence of
adenomatous polyposis coli (APC) promoter
methylation in atypical endometrial hyperplasia (AH)
(P = 0.222). (b) Ki-67 protein expression correlated
significantly with the occurrence of APC promoter
methylation in stage I and II endometrial carcinomas
ECs (P = 0.006). The International Federation of
Gynecology and Obstetrics (FIGO) staging system was
applied. (c) No significant correlation was observed
between Ki-67 immunoexpression and APC promoter
hypermethylation in advanced stage ECs, FIGO III
and IV (P = 0.797). (d) No significant correlation was
observed between Ki-67 immunoexpression and
epithelial cadherin (E-cadherin) promoter hyper-
methylation in ECs (P = 0.437).
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of APC in human ECs, which has already been shown for
colorectal cancer.(17,18) A significant and progressive increase of
APC promoter methylation was observed between SH and AH,
and AH and EC FIGO stage I and II cancers (Fig. 2). The high-
est percentage of promoter methylation was observed in clinical
FIGO stages I and II. This finding confirms the results of Pijnen-
borg et al.,(25) who assessed high aberrant methylation of APC
in FIGO stage I uterine tumors, although their patient cohort
was small. In contrast, a stepwise decrease of APC promoter
methylation was observed from FIGO stage II to stages III and
IV. Moreover, APC gene hypermethylation correlated signifi-
cantly in the early stage with decreased protein expression of
APC and increased expression of the proliferative marker Ki-67.
Therefore, APC promoter hypermethylation might be an impor-
tant mechanism of APC gene inactivation, with a consequent
increase in the proliferative potential of the tumor cells. Consid-
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Fig. 5. Ki-67 expression correlated significantly with adenomatous
polyposis coli (APC) methylation in primary tumors without metastases
(P < 0.01), but did not correlate in primary tumors with metastases.

Ignatov et al.
ering these results we can speculate that APC promoter hyper-
methylation might have a role in early stage EC. However, other
mechanisms might be also responsible for induction of the EC
progression to a late stage. Recent results have indicated that
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Fig. 6. Patterns of epigenetic promoter hypermethylation of
adenomatous polyposis coli (APC) and epithelial cadherin (E-cadherin)
genes among primary tumors (P) and their corresponding metastases
(M). Patients are indicated by their case number in the series. Black
boxes indicate a promoter hypermethylation. There was no significant
correlation between the methylation rate of APC and E-cadherin
promoters.
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APC methylation decreases with an increase in the clinical stage
and with a relative increase in APC methylation from AH to
EC.(21) Zysman et al. have also suggested the role of APC pro-
moter methylation in endometrial tumorigenesis.(20) However,
further investigations are needed to answer this important ques-
tion. Our results revealed only a specific correlation between
APC hypermethylation and the early stage of EC. This fact can
also explain the missing correlation between APC methylation
and patient survival in Kaplan–Meier curves, revealing worse
outcome in late stages of disease (data not shown). The fact that
APC promoter methylation was observed most frequently in PTs
without metastases suggested the possibility that some primary
tumors, which lack hypermethylation of APC promoter, selec-
tively progress to a later stage of the disease. However, the inac-
tivation of APC promoter gene by hypermethylation might also
be an effective and necessary mechanism in the early stage of
EC with a consequent increase of the potentially proliferative
activity of the cancer cells and tumor progression. This hetero-
geneity might increase the capability of the tumor to answer to
different environmental challenges and most likely is a feature
of selective advantage in tumor progression.

To check the proliferation activity of the tumor, Ki-67 pro-
tein expression was investigated and correlated with the aber-
rant methylation of APC in AH and EC. Ki-67 antigen is a
prototypic cell cycle-related nuclear protein, expressed by pro-
liferating cells in all phases of the active cell cycle (G1, S, G2,
and M) and being absent in resting (G0 and early G1) cells.(29)

This protein represents a proliferation marker establishing the
growing fraction of cells in neoplasms.(30) Previously, Ki-67
expression was related to histological grading and myometrial
invasion of ECs,(31) and has been shown to increase from NE
tissue through hyperplasia to EC.(32) This was confirmed in
our tumor cohort, in which we found an increase in Ki-67 im-
munoexpression with an increasing histological grade
(Table 2). However, this correlation did not reach a significant
level. As shown in Figure 4, we revealed a significant positive
correlation between Ki-67 expression and aberrant methylation
of the APC gene. Interestingly, this applied only to early stage
ECs (FIGO stages I and II; P = 0.006). We can speculate that
the APC promoter hypermethylation might lead to a stimula-
tion of the proliferation potential of endometrial carcinoma
cells.

E-cadherin is an epithelial-specific cell adhesion molecule
and is considered to play a significant role in the process of
development of metastases in different human neoplasms. The
role of E-cadherin in the metastatic potential of EC has already
been reported.(24,33,34) In the current study, hypermethylation of
E-cadherin promoter region was observed in 22.1% of primary
uterine neoplasms and did not correlate with any of the clinico-
pathologic characteristics of the tumors (Table 2). The low rate
of E-cadherin promoter methylation is comparable to that
reported by others.(21,24) However, Blechschmidt et al.
described reduced immunoreactivity of this cell adhesion protein
in 44.8% of primary ECs and in 65.4% of metastases.(33) Schol-
ten and co-workers found a loss of E-cadherin adhesion
expression in 44% of uterine tumors.(35) Given the fact that
molecular mechanisms, other than methylation, can cause pro-
tein loss, these results should definitively not be interpreted as
diametrically opposed to ours. The small sample size in our
analysis compromises the applicability of the results. Similar
to the results published by Saito et al.(24) we did not find any
methylation of E-cadherin promoter in NE, SH, or AH. Thus,
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in contrast to APC promoter hypermethylation, the methylation
of E-cadherin promoter may be an intermediate and ⁄ or late
event in the multistep endometrial carcinogenesis, playing an
important role in the progression of EC.

As shown in Table 2, PTs without metastases posses a signifi-
cantly higher level of APC promoter methylation compared to
PTs with metastases (P = 0.002). The direct comparison of APC
and E-cadherin promoter methylation in 24 PTs and their corre-
sponding metastatic lesions did not reveal any relationship
between the methylation status of either gene and the develop-
ment of metastases (Fig. 6). However, the fact that nine of
24 (37.5%) cases showed APC methylation in primary
tumors ⁄ metastases does indicate a possible role of APC inacti-
vation in the spread of primary ECs. Even more, APC inactiva-
tion by promoter hypermethylation leads to a significant
increase in the proliferative activity of primary EC without
metastases (Fig. 5). Increased expression of Ki-67 in EC is a
well-known predictive factor for tumor aggressiveness and unfa-
vorable prognosis.(29,36) Among the different histological sub-
groups, with an increase of the histological tumor grade, an
increase in the immunoexpression of Ki-67 was detected, with-
out reaching a significant level (Table 2).

Additionally, we found a significant increase in APC
methylation with increased age of EC patients, which was
not observed by others.(21) That the risk of developing can-
cer increases with age is probably due to the fact that pro-
genitor cells from mature organisms accumulate a critical
number of molecular alterations, such as genetic and ⁄ or epi-
genetic ones.(37,38) Epigenetic modifications, including DNA
methylation and histone deacetylation, might be essential not
only for carcinogenesis, but also for normal development to
evade the homeostatic control. It has been proposed that
aging leads to predisposition of the cells to acquire further
genetic and epigenetic changes.(38,39) It might also differ
between different organs, suggesting that the relationship
between hypermethylation and aging in cancer is not simple,
and might explain the different study results.(38,39)

In conclusion, the hypermethylation of APC promoter occurs
more often in early stages of EC and is associated with
decreased APC protein expression and increased expression of
the proliferation marker Ki-67.
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