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Abstract

ÃŸ-Catenin forms complexes with Tcf and Lef-1 and functions as a

transcriptional activator downstream of the Wnt signaling pathway. Ac
tivation of the pathway by stabilization of ÃŸ-cateninhas been shown to be

important in the development of colorectal carcinoma, which is mainly
caused by inactivating mutations of the adenomatous polyposis coli tumor
suppressor gene or by activating mutations in exon 3 of the ÃŸ-catenin
gene. Here, we analyzed mutations in exon 3 of the /{-calmili gene in

endometrial carcinoma cases in which loss of heterozygosity at the ade
nomatous polyposis coli tumor suppressor gene locus has been rarely
reported. We found that 10 of 76 cases had ÃŸ-cateningene mutations. All
mutations identified were single-base missense mutations on serine/thre-

onine residues (codons 33, 37, 41, and 45), altering the glycogen synthase
kinase-3ÃŸ phosphorylation consensus motif, which participates in the
degradation of ÃŸ-catenin. To determine whether these ÃŸ-catenin muta
tions actually led to stabilization of this protein, expression of ÃŸ-catenin
was analyzed immunohistochemically, and 9 of 10 cases with the ÃŸ-catenin
mutation and 20 of 66 cases without it showed accumulation of ÃŸ-catenin

in the cytoplasm and/or nucleus. In total, 38% of cases showed accumu
lation of ÃŸ-catenin.These data indicate that stabilization of ÃŸ-catenindue
to mutations in exon 3 of the ÃŸ-cateningene and other mechanisms may

have an important role in development of endometrial carcinomas.

Introduction

The protein ÃŸ-catenin,originally identified as a submembranous
component of the cadherin-mediated cell-cell adhesion system, has

recently been shown to function as a downstream transcriptional
activator of Wnt signaling pathway, forming complexes with the
DNA-binding proteins Tcf and Lef-1 (1, 2). The APC3 tumor sup

pressor gene product regulates ÃŸ-cateninlevels by cooperating with
GSK-3ÃŸ via phosphorylation of multiple serine/threonine residues
coded on exon 3 of the ÃŸ-cateningene (1,3, 4). This phosphorylation
is followed by degradation of ÃŸ-cateninthrough the ubiquitin-protea-
some pathway (5, 6). Although the target genes of ÃŸ-cateninare not
yet known, transcriptional activation activity mediated by ÃŸ-catenin

has been detected in colorectal carcinoma cell lines with mutations in
APC or ÃŸ-catenin(7, 8). Many APC mutations result in truncated
proteins with loss of ÃŸ-cateninregulatory activity and cause accumu
lation of ÃŸ-cateninprotein (4). Mutations in ÃŸ-catenin,found in the

serine/threonine residues on exon 3, also result in stabilization and
accumulation of this protein (8). Furthermore, in vitro data indicate
that both inactivation of APC and activation of ÃŸ-cateninappear to

have a tumorigenic effect in colorectal carcinomas (7, 8). Almost 80%
of colorectal carcinomas have inactivating mutations in the APC gene
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(9). In other words, mutation of APC is dominant for transcriptional
activation via ÃŸ-catenin/Tcfpathway in colorectal carcinomas. In the
cases lacking APC mutations (half of the cases), ÃŸ-cateninmutations

substitute for APC mutations and activate the pathway (10).
Endometrial carcinoma, a major gynecological malignancy, re

mains poorly understood at the genetic level (11). In some reports,
alterations of K-ras, p53, and c-erbB-2 were demonstrated (11, 12).

Incidence of loss of heterozygosity at the APC locus on 5q21 has been
reported to be low in endometrial carcinoma (11, 13). In this study, we
have analyzed mutations and protein accumulation of ÃŸ-catenin in
surgically resected tissues to identify the significance of ÃŸ-catenin

pathway activation in the development of endometrial carcinoma.

Materials and Methods

Tissue Specimens. Fresh tissues, kept frozen until use, and formalin-fixed
paraffin-embedded specimens of tumors and corresponding normal myometrial

tissues were analyzed. They were obtained from 76 patients who underwent
surgery for uterine endometrial carcinoma at the National Cancer Center Hospital
(Tokyo, Japan). Clinicopathological features of the patients are shown in Table 1.

DNA Samples. DNA was extracted and purified by standard techniques
from fresh tissue specimens. From formalin-fixed paraffin-embedded speci

mens, tissue sections were cut at 10 ju,m and reviewed microscopically, and
tumor tissue was microdissected from areas with at least 80% tumor cells.
Normal tissue was also microdissected from the same specimens. DNA was
extracted from the tissues as described previously (14).

PCR and Sequencing of ÃŸ-Catenin. Exon 3 of ÃŸ-cateninwas amplified by
PCR as described previously (primers: forward, 5'-atttgatggagttggacatggc-3'; re
verse, 5'-ccagctacrtgttcttgagtgaagg-3'; Ref. 14). The purified PCR products were

sequenced using the BigDye Terminator Cycle Sequencing Ready Reaction Kit
(Perkin-Elmer). The sequence reactions were run on an Applied Biosystems 310

Genetic Analyzer. The data were collected and analyzed using Applied Biosys
tems sequencing analysis software, all according to the manufacturers' protocols.

Sequencing was performed in both directions using the primers used for PCR.
Immunohistochemistry. Sections were cut at 5 ju.mfrom formalin-fixed

paraffin-embedded tissue specimens and were stained immunohistochemically

using the antigen retrieval method. Briefly, after deparaffinization and rehy-

dration, blocking of endogenous peroxidase activity was performed with 0.3%
H2O2. Then the sections were heated by microwave treatment for two cycles
of 10 min with 180 W of power in 10 mM citrate buffer (pH 6.0). The slides
were allowed to cool to room temperature, and nonspecific binding was
blocked with normal swine serum (DAKO). The sections were then incubated
overnight at 4Â°Cwith anti-ÃŸ-catenin monoclonal antibody (Transduction Lab

oratories; 1:500). Next, the sections were incubated for 30 min at room
temperature with biotinylated antimouse IgG (Vector Laboratories), followed
by treatment with the Vectastain Elite ABC reagent (Vector Laboratories).
3,3'-Diaminobenzidine tetrahydrochloride was used as the chromogen, and the
sections were counterstained with Mayer's hematoxylin.

Statistical Analysis. The association of the ÃŸ-cateningene mutation with
immunohistochemical classifications was examined by Fisher's exact proba

bility test.

Results

Seventy-six cases were evaluated by sequence analysis. DNA samples

were extracted from fresh surgical specimens (54 cases) or microdis
sected specimens from formalin-fixed paraffin-embedded tissues (36
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Table I Association between ÃŸ-cateninmutation and clinical stage, histolÃ³gica! type,

and age al diagnosis in endometrio! carcinoma cases

ÃŸ-Cateninmutation

No.of negativecases No.of positivecases(%) Totalno.
Stage"IIIIII,

IVHistology*WDMDPDOthersAge'

(yr)42816338141156.0Â±10.88(16)1(11)1(6)7(18)2(20)0(0)1
(8)53.3

Â±12.7509174010141255.6Â±11.0
" According to the staging system of the Federation of Gynecology and Obstetrics (21).
' WD. well-differentiated endometrioid adenocarcinoma; MD. moderately differenti

ated endometrioid adenocarcinoma; PD, poorly differentiated endometrioid adenocarci
noma; Others, adenosquamous carcinoma, clear cell carcinoma, serous carcinoma, and
carcinosarcoma.

c Age at diagnosis; mean Â±SD.

cases), and in 14 cases, both DNA samples were prepared. Overall, 10 of
76 cases (13.2%) were identified as having mutations in exon 3 of the
ÃŸ-cateningene (Table 1). Mutations were determined to be somatic

because there was no mutation in corresponding normal tissues. There
was no statistical difference between cases with and without mutation in
clinical stage, type of tumor histology, and distribution of age. All
alterations were 1-base missense mutations on one of the serine/threonine
residues in the GSK-3ÃŸconsensus motif, which regulates ÃŸ-catenin

degradation (Table 2). In four cases (cases 1, 2, 4, and 8), the pattern of
base substitutions was the same as that reported previously in colorectal
carcinomas (8, 10), and six other cases showed novel mutations. The
mutation in case 4 in Table 2, leading to a serine to phenylalanine
substitution (S45F), is shown in Fig. 1. Among 10 cases with mutation,
all except 1 had well-differentiated or moderately differentiated endo

metrioid adenocarcinoma histology (Table 2).
Immunostaining with anti ÃŸ-cateninmonoclonal antibody was per

formed to evaluate the significance of ÃŸ-catenin accumulation in

endometrial carcinomas. All cases were divided into two groups
according to immunostaining pattern. Cases with a membranous stain
ing pattern similar to that in normal epithelium were classified as
membranous (Fig. 2A), and cases with marked cytoplasmic and nu
clear staining in addition to the membranous staining were classified
as accumulated (Fig. 2B). In total, 29 of 76 cases (38%) showed
accumulated pattern. Cases showing accumulated pattern tended to be
in early clinical stage with well-differentiated histology (Table 3).

All except one case (case 6) with a mutation showed an accumu
lated pattern (Table 3). An accumulated immunostaining pattern is
shown in Fig. IB (case 4, as in Fig. 1). Twenty cases without mutation
also showed the accumulated pattern. The correlation between immu
nostaining pattern and genetic characteristics is shown in Table 3.
ÃŸ-Cateninmutations were significantly correlated with accumulation

Forward

AC AG C TOC T TC TC TG AG TG G T
.80 â€ž¿� 90

Fig. l. Electropherogram indicates a mutation at codon 45 (TCT to 111) in a sample
from case 4 in Table 2.

B ^fcp

M

Fig. 2. Immunostaining with ÃŸ-cateninmonoclonal antibody of endometrial carcinoma

specimens. A membranous staining pattern similar to normal epithelium (membranous
pattern; A) and marked cytoplasmic and nuclear staining in addition to membranous
staining (accumulated pattern; B} are represented. B, immunostaining of a sample from
case 4 in Table 2. A and B, X200.

Table 2 ÃŸ-Cateninmutations in endometrial carcinoma cases

Case no. Age at diagnosis (yr) Histology" Stage" DNA sample' Mutated codon no. Base change Amino acid substitution

1234567891064545461485642773146ASWDMDWDWDWDMDWDWDWDMFFli

M,FII
MFFFFF41414145453741453733ACC

toGCCACC
toGCCACC
toATCTCTtoTTTTCT

toTOTTCT
toGCTACC
toATCTCT
toTTTTCT
toTGTTCT
to TTTThr

toAlaThr
toAlaThr
toIleSer
toPheSer
toCysSer
toAlaThr
toHeSer
toPheSer
toCysSer
to Phe

" AS, adenosquamous carcinoma; WD. well-differentiated endometrioid adenocarcinoma; MD, moderately differentiated endometrioid adenocarcinoma.
'' According to the staging system of the Federation of Gynecology and Obstetrics (21).
' M, microdissected specimen: F, fresh specimen.
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Table 3 Expression of ÃŸ-cateninwith clinical status and ÃŸ-cateninmutation in

endometrio! carcinoma

Stage*IIIIII,

IVHistology*WDMDPDOthersÃŸ-Catenin

mutationPositiveNegativeNo.

of accumulatedcases"224319442920^No. of membranouscases"285142161010146U

" Immunostaining pattern as described in "Results."
'' According to the staging system of the Federation of Gynecology and Obstetrics (21).
' WD, well-differentiated endometrioid adenocarcinoma: MD, moderately differenti

ated endometrioid adenocarcinoma: PD. poorly differentiated endometrioid adenocarci
noma; Others, adenosquamous carcinoma, clear cell carcinoma, serous carcinoma, and
carcinosarcoma.

'' P = 0.001.

of this protein. The same results were seen in all 14 cases (13
wild-type cases and 1 mutant case) analyzed in both series (fresh

samples and microdissected samples).

Discussion

We identified ÃŸ-cateninmutations in 10 of 76 uterine endometrial
carcinoma cases. Stabilization or accumulation of ÃŸ-cateninwas detected

in most of these cases showing mutations. Furthermore, 20 cases without
ÃŸ-cateninmutations showed similar accumulation of the protein. In total,
38% of cases showed ÃŸ-cateninaccumulation that could be sufficient to
activate the ÃŸ-catenin/Tcfpathway. ÃŸ-Cateninmutations may have sim

ilar biological effects to APC mutations in colorectal carcinomas, and
alterations of APC have not been detected in endometrial carcinomas to
date (10, 11, 13). In this context, in the cases we observed with ÃŸ-catenin
accumulation but no ÃŸ-cateninmutation, alterations in ÃŸ-cateninoutside

of exon 3 or minor alterations to APC may have caused accumulation of
ÃŸ-cateninprotein. Another possible mechanism is the involvement of

members of the Wnt family proteins, which have been reported to have
transforming activity and to elevate ÃŸ-cateninlevels (15). Some Wnt

family proteins are expressed in endometrial carcinoma and normal
endometrium (16).

Ten cases were shown to have mutations in ÃŸ-cateninin this study, and
all cases were well-differentiated or moderately differentiated type, ex

cept for one case of adenosquamous carcinoma. Although accumulation
of ÃŸ-cateninwas found in both well-differentiated and poorly differenti
ated types, none of ÃŸ-cateninmutation-positive cases was the poorly

differentiated type. This seems to suggest that the spectrum of genetic
alterations may differ between well-differentiated and poorly differenti

ated or an uncommon type of endometrial carcinoma.
The mutations defined in this study were all missense mutations

localized to multiple serine/threonine residues, which have been iden
tified as targets of GSK-3ÃŸ,and all except one case with mutations
were associated with accumulation of ÃŸ-cateninimmunohistochemi-

cally. These mutations that affect these residues are considered to
have advantage for selection in carcinogenic steps. Interestingly, most
of the mutations (7 of 10; 5 C:G-to-T:A and two T:A-to-C:G transi

tions) could have resulted from deamination of DNA bases (17, 18).
The same types of base substitution have been found frequently in p53
tumor suppressor gene mutations and K-ras gene mutations in endo

metrial carcinomas (12, 19). A common factor, such as nitric oxide,
may cause mutation of these genes by inducing deamination of DNA
bases in the process of carcinogenesis.

In conclusion, activating mutations of ÃŸ-cateninwere found in endo

metrial carcinomas, and the common type of these mutations implicated

the involvement of some common inducer. Moreover, cases with accu
mulation of ÃŸ-cateninwithout mutation were also identified. These data
suggest that accumulation of ÃŸ-cateninand subsequent ÃŸ-catenin/Tcf
pathway activation, partly due to mutations in exon 3 of ÃŸ-catenin,play

an important role in endometrial carcinogenesis.
During the preparation of this report, a recent publication indicated

that ÃŸ-cateninmutations in ovarian carcinoma were characteristic in

endometrioid type (20). Taken together with our data, this observation
indicates that ÃŸ-cateningene mutations may be common in carcino

genesis of endometrial epithelium.
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