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as the leukocyte enhancing factor (LEF) and T-cell factor
(TCF) families of HMG box transcription factors.'™ It has
been shown that co-transfection of B-catenin with TCF/LEF
results in the nuclear accumulation of B-catenin.'™* The
effect of Wnt-1 on P-catenin and the implication of B-
catenin in cell-cell adhesion and signal transduction suggest
that alteration of -catenin may be involved in tumar for-
mation.” The APC protein downregulates B-catenin levels
by cooperating with glycogen synthase kinase 3 (GSK-3p),
inducing phosphorylation of the serine-threonine residues
coded in exon 3 of the B-catenin gene,"™" and the degrada-
tion of B-catenin through the ubiquitin-proteasome path-
way. Mutation in exon 3 of the f-catenin gene results in
stabilization of the protein, cytoplasmic and nuclear accu-
mulation, and participation in signal transduction and tran-
scriptional activation through the formation of complexes
with DNA binding proteins." B-Catenin mutation plays a
critical role in the development of some cancers, e.g., in
the prostate,"” thyroid,” colon,”* liver,” and ovary,” and, in
rodents, molecular abnormalities of the B-catenin gene have
also been reported in some endometrial cancers, in which -
catenin abnormally accumulates in the nuclei®* Recently,
we showed that intensive staining of B-catenin in the nuclei
occurred in 60.0% of endometrial hyperplasia samples and
30.0% of endometrial cancer samples and, furthermore, in
normal endometrium, f-catenin showed nuclear localiza-
tion according to cell proliferation during the menstrual
cycle, suggesting that the phenomenon of nuclear localiza-
tion of f-catenin observed in endometrial hyperplasia and

endometrial cancer means that f-catenin/fWNT-1 signal '

transduction is highly activated in carcinogenesis of the
endometrium, as welt as in the physiological condition.”
However, at which stage of the endometrial carcinogenesis
the mutation of f-catenin occurs is still unclear.

Considering this evidence, we focused on mutations in
the exon 3 region of the [J-catenin gene in endometrial
hyperplasia and endometrial cancer associated with en-
dometrial hyperplasia, and their roles in the carcinogenesis
and tumor progression of endometrial cancer. Thus, in this
study, we performed direct sequencing of exon 3 of the B-
catenin gene in 25 patients with endometrial hyperplasia
and 20 patients with endometrial cancer associated with
endometrial hyperplasia. Furthermore, for the samples of
endometrial cancer associated with endometrial hyperpla-
sia, we analyzed both the cancer and the hyperplasia parts,
dissecting their DNAs separately.

Patients, samples, and methods
Patients and samples

Samples of endometrial tissues were obtained from 80
women who had undergone hysterectomy or curettage at
the Sapporo Medical University Hospital. Biopsy samples
were obtained according to institutional guidelines (univer-
sity hospital), and informed consent was obtained from the
patients. Endometrial hyperplasia tissues (n = 25) were

taken from the endometrial curettage and diagnosed ac-
cording to the system of the World Health Crganization.
Ten cases were found to be simple hyperplasia, 7 were
complex hyperplasia, and 8 were atypical hyperplasia. The
endometrial hyperplasia samples were fixed in 10% buff-
ered formalin for immunohistochemistry, and parts of them
were frozen and kept at —80°C until the analysis. Patients
with endometrial adenocarcinoma received modified
radical hysterectomy, salpingo-oophorectomy, or selective
pelvic lymphadenectomy, with or without para-aortic lym-
phadenectomy, and the tissues were fixed overnight in 10%
buffered formalin, dehydrated, and embedded in paraffin.
The endometrial carcinomas were graded according to the
system of the World Health Organization. Of the endome-
trial cancer specimens, 20 endometrial cancer samples that
were associated with endometrial hyperplasia were selected
and used for the analysis. Of the 20 endometrial cancer
samples, 11 were associated with simple endometrial hyper-
plasia and 9 with complex endometrial hyperplasia; both
the cancer and hyperplasia were evaluated by immunohis-
tochemistry and mutational analysis.

Immunochistochemistry

Five-micrometer serial sections of each sample were used in
this study. Sections were cut, floated onto albumin-coated
slides, dried at 56°C, deparaffinized in xylene, rehydrated,
and washed with phosphate-buffered saline {PBS) for
15min at room temperature. The specimens were treated in
a microwave oven in 0.01 mol/] citrate buffer (pH 6.0) for
30min at 100°C, slowly cooled to room temperature, and
then washed with PBS for S5min at room temperature. After
the quenching of endogenous peroxidase with 3% hydrogen
peroxide in PBS for 10min at room temperature, the sec-
tions were incubated with a blocking sclution (PBS contain-
ing 5% skim milk) for 60min at room temperature. Then
the slides were incubated overnight at 4°C with a 1:500
dilution of anti-B-catenin (Transduction Laboratories,
Lexington, KY, USA). After several washes with PBS,
they were incubated with a second antibody, a 1:200 dilu-
tion of peroxidase-conjugated anti-mouse immunoglobulin
{Dakopatts, Glostrup, Denmark), for 2h. The color reac-
tion was developed by the silver intensification procedure
described previously.” For the negative control, the same
dilution of non-immunized mouse immunogloblin was used
as for the first antibody.

Staining evaluation was performed by two independent
observers (K. A. and T. S.) without knowledge of the clini-
cal outcome, For each tissue sample, the nuclear localiza-
tion of B-catenin was evaluated as: 0, negative; 1+, positive;
or 2+, intensely positive. For the samples that contained
both the endometrial hyperplasia and cancer, the localiza-
tion was analyzed in both parts. One of the serial sections
from each subject was stained with H&E for histological
evaluation.
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DNA extraction from paraffin-embedded and
frozen tissues

For the paraffin-embedded and formalin-fixed tissue
samples, in 20 endometrial cancers associated with hyper-
plasia and 5 endometrial hyperplasias, several serial sec-
tions (5-pm-thick) were prepared; the first slide was stained
with H&E and the others were left unstained. On review of
the H&E-stained section, the tumor area was encircled
with a 23-gauge needle. The tissue in the selected area was
dissolved by heated DEXPAT (Takara, Tokyo, Japan)
solution, using a micropipette, and DNA was extracted ac-
cording the manufacturer’s protocol. For the samples that
contained both endometrial cancer and endometrial hyper-
plasia, each part was selected separately and DNA was
extracted from each part. For the frozen tissue samples, in
the 20 endometrial hyperplasias, DNA was extracted from
each tumor, using Proteinase K, sodium dodecyl-sulfate,
and phenol-chloroform.

Polymerase chain reaction (PCR) and direct sequencing
of the B-catenin gene

Total DNA was extracted from the 25 endometrial
hyperplasias and 20 endometrial cancers (20 hyperplasia
parts and 20 cancer parls). A supernatant of DEXPAT was
applied to 25pl of PCR mixture, containing 2.5U of
AmpliTaq DNA polymerase (Takara, Tokyo, Japan),
1.5mmol] MgCl,, 1X Taq buffer, and 0.2mmol/l of four
deoxynucleotide triphosphates (dNTPs). The forward
primer was 5'-ttgatggagtiggacatgg-3’ and the reverse primer
was 5'-caggacttgggaggtatcca-3’. Thirty-five cycles of PCR
were carried out, with a program of 30s at 94°C, 1 min at
55°C, and 1min at 72°C. The DNA sequence of the PCR
products was determined using an ABI 100 Model 377,
version 3.0 (PE-Biosystem, Foster City, CA, USA), with the
same primers as those used for the PCR reaction.

Results

Subcellular localization of B-catenin and mutation of the
B-catenin gene in endometrial hyperplasia

In this study, we analyzed the subcellular localization of B-
catenin by immunohistochemistry and mutation in the exon
3 region of the f-catenin gene by direct sequencing of 25
- endometrial hyperplasia samples (10 simple endometrial
hyperplasias, 7 complex endometrial hyperplasias, and 8
atypical endometrial hyperplasias). The results are summa-
rized in Table 1. In the 25 endometria) hyperplasia samples,
B-catenin was detected only in the membrane in 11 samples
(44.0%), and in the other 14 samples (56.0%) P-catenin
showed nuclear localization. Although all the 25 hyperpla-
sia samples were analyzed for genetic alteration in the exon
3 region of the B-catenin gene, we could not find any muta-
tion in them.

11

Table I. Mutation and subcellular localization of f-catenin in endome-
trial hyperplasia

Sample Histology Nuclear localization Mautation
no. of B-catenin of B-catenin
1 Simple 0 No
2 Simple 0 No
3 Simple 0 No
4 Simple 0 No
5 Simple 1+ No
6 Simple 1+ No
7 Simple 1+ No
8 Simple 2+ No
9 Simple 2+ Neo
10 Simple 2+ No
11 Complex 0 No
12 Complex 0 No
13 Complex 0 No
14 Complex 2+ No
15 Complex 2+ No
16 Complex 2+ No
17 Complex 2+ No
18 Atypical ( No
19 Atypical 0 No
20 Atypical 0 No
21 Atypical 0 No
2 Atypical 1+ No
23 Atypical 2+ No
24 Atypical 2+ No
25 Atypical 2+ No

0, Negative; 1+, Positive; 2+, Intensely positive

Subcellular localization of B-catenin and mutation of the
B-catenin gene in endometrial cancer associated with
endometrial hyperplasia

In this study, we analyzed the subcellular localization of §-
catenin and mutation in the exon 3 region of the B-catenin
gene in 20 endometrial cancers associated with endometrial
hyperplasia (16 were G1, 3 were G2, and 1 was G3). Fur-
thermore, to determine genetic alterations of B-catenin in
endometrial hyperplasia and in cancer, we separately ex-
tracted DNA from the cancer part (Fig. 1a} and the hyper-
plasia part (Fig. 1b) in the 20 endometrial cancer samples
associated with endometrial hyperplasia. The results for
subcellular localization of B-catenin and mutation of the
f-catenin gene are shown in Table 2. In the 20 endometrial
cancer samples, f-catenin was detected in the membrane
(Fig. 2a) in 8 samples (40.0%), and in the other 12 samples
{60.0%) it showed nuclear localization {Fig. 2b). In the
associated hyperplasia, -catenin was localized only in the
membrane in 9 samples {45.0%), and nuclear localization
was detected in 11 samples (55.0%). In 10 samples, the
nuclear localization was detected both in the cancer and in
the associated hyperplasia.

As shown in Table 2, in the 20 endometrial cancer
samples, mutation in the exon 3 region of the B-catenin gene
was found in two samples, no. $ {GCT* to GTT ' in codon
43; Fig. 3a) and no. 15 (GAC*” to GAG®" in codon 32; Fig.
3c), both of which had the nuclear localization of B-catenin.
However, in the associated endometrial hyperplasias, the
mutation was not found in any of the 20 samples (Fig. 3b,d).
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sected N 1. dissected |

Fig. 1a,b. Dissection and extraction of DNA from endometrial cancer 9 in Table 2). a Endometrial cancer part and b associated hyperplasia
and associated hyperplasia. DNA was extracted from both the en-  part a H&E, x10; b H&E, X100
dometrial cancer part and the associated hyperplasia part (sample no.

Table 2. Subcellular localization and mutation of f§-catenin in samples of endometrial cancer associated with hyperplasia

Nuclear localization

Histology of of f-catenin in Mutation of f-catenin in
Sample no. Cancer Hyperplasia Cancer Hyperplasia Cancer Hyperplasia
1 Gl Simple 1+ 1+ No No
2 Gl Simple 0 0 No No
3 Gl Simple 0 0 No No
4 Gl Simple 0 2+ No No
5 Gl Simple 0 0 No No
6 Gl Simple 0 0 No No
7 Gl Simple 2+ 2+ No No
8 Gl Simple 2+ 2+ No No
9 Gl Complex 2+ 2+ Codon 43 GCT*-.GTT*™ No
10 Gl Simple 1+ 1+ No No
11 Gl Complex 2+ 0 No No
12 Gl Complex 0 0 No No
13 Gl Complex 1+ 0 No No
14 Gl Complex 1+ 1+ No No
15 Gl Complex 2+ 2+ Ne No
16 Gl Complex 2+ 2+ Codon 32 GAC*-GAG™ No
17 G2 Simple 0 0 No No
18 G2 Complex 2+ 1+ No No
19 G2 Complex 2+ 2+ No No
20 G3 Complex 0 0 No No

0, Negative; 1+, Positive; 2+, Intensely positive
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Fig. 2a-d. Immunchistochemistry of f-catenin in endometrial cancer In the associated hyperplasia, B-catenin was localized only in the
and associated hyperplasia. In the 20 endometrial cancer samples, -  membrane (c) in 9 samples (45.0%), and nuclear localization (d) was
catenin was detected in the membrane (a) in eight samples (40.0%), detected in 11 samples (55.0%). a—d X400

and in the other 12 samples (60.0%) it showed nuclear localization (b).
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Fig. 3a-d. Mutation in exon 3
of the f-catenin gene in
endometrial cancer but not in
hyperplasia. a Cancerous part
of sample no. 9; mutation,
GCT* to GTTYin codon 43,
was detected. b Hyperplastic
part of sample no. ¥; mutation
was not detected. ¢ Cancerous
part of sample no. 15; mutation,
GAC™ to GAG™ in codon 32,
was detected. d Hyperplastic
part of sample no. 15; mutation
was not detected
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Discussion

In this study, we analyzed the [-catenin gene in 25 endome-
trial hyperplasia samples (10 simple hyperplasias, 7 complex
hyperplasias, and 8 atypical endometrial hyperplasias) and
in 20 endometrial cancer samples that were associated
with endometrial hyperplasia. For the endometrial cancer
samples, DNA was digested from the cancer part and the
hyperplasia part separately. Thus, a total of 65 DNA
samples were analyzed in this study.

In this study, 14 of the 25 endometrial hyperplasia
samples (56.0%) showed nuclear localization of B-catenin
by immunohistochemistry. However, we could not find any
mutation in the exon 3 region of the B-catenin gene in any of
the endometrial hyperplasia samples. In a previous study,
we observed intense staining of f-catenin in the nuclei in
60.0% of endometrial hyperplasia samples and, further-
more, in normal endometrium, P-catenin showed nuclear
localization according to cell proliferation during the
menstrual cycle.” In our previous study, 9 of 30 (30.0%)
endometrioid adenocarcinoma samples showed intense
nuclear staining of f§-catenin, whereas, in this study, nuclear
staining was observed in 12 of 20 (60.0%) endometrioid
adenocarcinomas. We think that the difference was caused
by the differences in the materials, because, in the previous
study, we used endometrioid adenocarcinomas, most of
which were not associated with hyperplasia, whereas, in the
present study, we used endometrioid adenocarcinomas as-
sociated with hyperplasia for all samples. The difference in
the nuclear staining of B-catenin may indicate the impor-
tance of the activation of wnt-1 signaling and the nuclear
localization of B-catenin, for endometrial carcinogenesis
occurring via endometrial hyperplasia.

As described above, in endometrial cancer, mutation of
the f-catenin gene has been reported in our recent study,
and by others, suggesting that genetic alteration occurs dur-

ISCTHIS G’G""TU:I"IC'ICI’SJ‘ GT3ET v

ing endometrial carcinogenesis.”** However, at which stage
of endometrial carcinogenesis the mutation occurs is still
unclear. To clarify this, we analyzed the genetic alteration in
endometrial cancer associated with hyperplasia, collecting
DNA from each part by dissection, because it is well known
that the majority of endometrial adenocarcinomas occur in
a uterus with benign hyperplastic endometrium.' In the
study, 40 DNA samples, 20 from endometrial cancer and 20
from endometrial hyperplasia associated with the cancer,
were analyzed. Although mutation of the B-catenin gene
was not detected in the 20 associated endometrial hyper-
plasia samples, it was detected in 2 of the 20 endometrial
cancers (CGT™ to GTT" in codon 43, and GAC™ to
GAG“” in codon 32). This result suggests that genetic alter-
ation of fi-catenin had occurred between the complex hy-
perplasia and the cancer. This inference is supported by the
result that the 25 endometrial hyperplasias did not have any
mutation of the B-catenin gene, as shown in Table 1. Unfor-
tunately, we could not show any data about the atypical
hyperplasia with the cancer in Table 2. Although we have
some data about it, and it did not have mutation of B-
catenin either, it was difficult to delineate the boundary
between the atypical hyperplasia part and the well-
differentiated adenocarcinoma part histologically, so we
decided that it was impossible to digest DNA from the
cancer and hyperplasia part separately ‘and excluded them
from this study. Recently, Saegusa et al.¥ demonstrated that
mutations of the B-catenin gene were observed in 16
(22.9%) of 70 endometrial carcinomas, as well as in 3
(12.5%) of 24 atypical hyperplasias; however, the mutation
was not found in 37 simple or complex hyperplasias. In this
study, although we found only two mutations in endome-
trial cancer and no mutation in endometsial hyperplasias, 10
of 17 (58.8%) simple and complex hyperplasias, 4 of 8
(50.0%) atypical hyperplasias, and 10 of 16 (62.5%) well-
differentiated adenocarcinomas showed nuclear localiza-
tion of B-catenin. This evidence suggests that the activation
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of the fi-catenin signal pathway, which is, possibly, caused
by the activation of fi-catenin-associated proteins, e.g., APC
and GSK-3f, plays an important role in the early stage of
carcinogenesis of the endometrium, rather than the muta-
tion of f-catenin. Furthermore, we must also consider Jack
of APC transcription caused by promoter hypermethyla-
tion, which was found in colorectal carcinomas.®
Recently, Samowitz et al.”’ analyzed the sequence of
exon 3 of the B-catenin gene from 202 sporadic colorectal
tumors; they found that the percentage of f3-catenin muta-
tions in small colorectal adenomas was significantly greater
than that in large adenomas and invasive cancers. They
concluded that mutation of the f-catenin gene could be an
early, perhaps initiating, event in colorectal tumorigenesis.
Ogawa et al.” analyzed exon 3 of the B-catenin gene in the
hepatic tumors of B6C3F1 mice, and detected seven muta-
tions in 13 samples dissected from hepatocellular carcino-
mas, induced by diethylnitrosamine, but none in the 14
hepatic adenomas. These results suggest that, although
molecular alteration of the fi-catenin gene contributes to
carcinogenesis in several organs," "' the period at which
the molecular alteration of -catenin occurs during the car-
cinogenesis may be different among the organs.
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Loss of y-Catenin Expression in Squamous Differentiation in
Endometrial Carcinomas

Koji Ashihara, Tsuyoshi Saito, Hisanobu Mizumoto, Katsuya Adachi, Ryoichi Tanaka,

Makoto Nish_imura, Eiki Ito, and Ryuichi Kudo

Summary: Squamous differentiation occurs in 25 to 50% of endometrial endometri-
oid adenocarcinomas. In this study, we analyzed the immunohistochemical expression
and localization of - and vy-catenin, molecular changes in the 3-catenin gene, and the
subcellular localization of the desmosomal component protein, desmoplakin, by laser
scanning microscopy in 35 endometrial carcinomas with squamous differentiation. In
the glandular component, B-catenin showed nuclear localization in 10 of 35 (28.5%)
samples, whereas in the squamous component, nuclear localization was found in 15 of
35 (42.9%}). Of the 15 samples that showed nuclear localization of B-catenin in the
squamous component, seven samples (46.7%) did not express y-catenin. The phenom-
enon was not correlated with mutation in exon 3 region of B-catenin gene. Further-
more, in these samples, there was diffuse cytoplasmic staining for desmoplakin. These
observations have not been reported in other tumors. Our results suggest that unique
molecular events, i.e., stimulation of B-catenin and suppression of y-catenin expres-
sion, occur within endometrial carcinomas with squamous differentiation. Key words:
Endometrium—Endometrioid carcinoma—Squamous differentiation—Desmosome—

Catenin—Cel] adhesion.

Focal squamous difterentiation occurs in 25 to 50% of
endometrioid adenocarcinomas of the endometrium
(1,2). In some of these tumors, so-called adenoacantho-
mas, the squamous component consists of benign appear-
ing intraglandular squamous morules, whereas in ade-
nosquamous carcinomas, the squamous component is
cytologically malignant and usually invades the stroma.
Adenosquamous carcinomas have a poorer prognosis
than pure adenocarcinoma and adenoacanthomas (3), but
in most studies this difference is thought to be due to the
more poorly differentiated glandular component of ad-
enosquamous carcinomas (4).

Catenins constitute the major component of adherens
junctions in verlebraies in association with E-cadherin
and consist of a-, B-, and ~y-catenins (Fig. 1A) (5). Both
B- and y-catenin bind directly to the cytoplasmic domain
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of E-cadherin whereas a-catenin links the bound B- and
y-catenin to the microfilament network of the cytoskel-
eton (5). This binding is essential for the establishment of
tight physical cell-cell adhesion. In addition to simply
supporting celi—cell adhesion, a role for B-catenin in sig-
nal transduction has been proposed. The effect of Wnt-1
on B-catenin and implication of B-catenin in cell-cell
adhesion and signal transduction suggest that alteration
of B-catenin may be involved in tumor formation (6).
The adenomatous polyposis coli protein down-regulates
B-catenin levels by cooperating with glycogen synthase
kinase 3, inducing phosphorylation of the serine-
theronine residues coded in exon 3 of the B-catenin gene
(7,8) and its degradation through the. ubiquitin-
proteasome pathway. Mutation in exon 3 of B-catenin
results in stabilization of the protein, cytoplasmic and
nuclear accumulation, and participation in signal trans-
duction and transcriptional activation through the forma-
tion of complexes with DNA binding proteins (9).
[3-catenin mutation plays a critical role in the develop-
ment of some cancers, including those of the prostate
(10), thyreid (11}, colon (12,13), liver (14), and ovary
(9, and molecular abnormalities of the B-catenin gene
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FIG. 1. Component proteins in an adherens junction and a desmosome. {a) Adherens junction: B-catenin (B) and y-catenin (y = plakoglobin) can
bind, independently, to the cytoplasmic tail of E-cudherin (E-cad) in an adherens junction. Via a-catenin {a), they mediate cadherin association with
the actin cytoskeleton. (b) Desmosome: «y-catenin (y = plakoglobin) binds desmosomal cadherins, desmocollin, and desmoglein in desmosomes,
mediating their interaction, via desmoplakin (DSP) and plakephilin (PLP), with intermediate filaments.

have also been reported in some endometrial cancers in
which B-catenin abnormally accumulates in the nuclei
(15,16). a-catenin, also known as plakoglobin, another
vertebrate catenin, is highly homologous to B-catenin
(17). Functions of vy-catenin in cell adhesion that are
similar to (in adherens junctions) and different (in des-
mosomes) from those of B-catenin are well established
(18). Recent studies indicate the y-catenin plays a unique
role in the Wnt signaling pathway, one that is different
from that of B-catenin (19).

Desmosomes are major components of the junctional
complex of epithelial ceils in which bundles of interme-
diate filaments connect the two contacting plasma mem-
branes (Fig. 1B). They also appear to be involved in
maintaining the structure and function of adjacent celis
(20,21). They are composed of several proteins: desmo-
plakin (DSP) I, DSP II, desmoglein (DG), desmocollin
(DC) I, DC 11, plakoglobin (y-catenin), and other minor
proteins (17,20). ~y-catenin binds to «-catenin and an-
chors adherens junctions to actin, whereas in desmo-
somes, it binds to the desmosomal cadherins, DC and
DG, and to DSP and keratins (17). In adherens junctions
vy-catenin (plakoglobin) binds desmosomal cadherins,
DC, and DG in desmosomes, mediating their interaction
via DSP and plakophilin with intermediate filaments
amn.

We have analyzed the expression and localization of
various component proteins of cell-to-cell junctions in
endometrial carcinogenesis (16,22-25), and accidentally
found that some endometrioid adenocarcinomas with
squamous differentiation (EASDs) had lost the expres-

sion of y-catenin. From this evidence, we hypothesized
that molecular changes of - and «y-catenin occur during
squamous differentiation of endometrioid adenocarci-
nema, To clarify this, we analyzed EASDs for the im-
munchistochemical expression and localization of 4- and
B-catenin and the molecular changes of exon 3 in the
v-calenin gene.

METHODS

Patients and Samples

Samples of endometrial tissues were obtained from 35
EASD derived from 125 (28.0%) endometrial adenocar-
cinomas removed by hysterectomy at the Sapporo Medi-
cal University Hospital. Patients with EASD received
modified radical hysterectomy, salpingo-oophorectomy,
selective pelvic lymphadenectomy, para-aortic lymphad-
enectomy, and peritoneal washings. None of the patients
had received any preoperative therapy.

The tumors were staged using the International Fed-
eration of Gynecology and Obstetrics system and classi-
fied and graded according to World Health Organization
criteria. Seven of the tumors were grade 1 {G1) (well-
differentiated), 23 grade 2 (G2) (moderately differenti-
ated), and 5 grade 3 (G3) (poorly differentiated). In the
EASDs that had a benign squamous component, 7
(29.1%) were Gl and 1 (4.2%) was G3, whereas in the
tumors that had a malignant squamous component, 4 of
11 {36.4%) were G3 and none were G1. Five tumors
(20.8%) with a benign squamous component were stage
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I1I or I'V compared with eight cases (72.7%) of those that
had malignant squamous component.

immunchistochemistry

Tissues were fixed overnight in 10% buffered forma-
lin, dehydrated, and embedded in paraffin. Five-
micrometer sections were cut, floated onto albumin-
coated slides, dried at 56°C, deparaffinized in xylene,
rehydrated, and washed with phosphate-buffered saline
(PBS) for 15 minutes at room temperature. Specimens
were treated in a microwave oven in 0.01 mol/L citrate
buffer (pH 6.0) for 30 minutes at 100°C, slowly cooled to
room temperature, and then washed with PBS for 5 min-
utes at room temperature. After quenching endogenous
peroxidase with 3% hydrogen peroxide in PBS for 10
minutes at room temperature, the sections were incu-
bated with a blocking solution (PBS containing 5% skim
milk} for 60 minutes at room temperature. Then the
slides were incubated overnight at 4°C with a 1:500 di-
lution of anti-B-catenin (Transduction Laboratories, Lex-
ington, KY) and anti-y-catenin {anti-plakoglobin, Trans-
duction Laboratories). After several washes with PBS,
they were incubated with a second antibody, a 1:200
dilutton of anti-mouse immunoglobulin (Dakopatts,
Glostrup, Denmark), for 2 hours. The color reaction was
developed by the silver intensification procedure de-
scribed previously (25). For the negative control, the
same dilution of non-immunized mouse immunoglobulin
was used as the first antibody,

Confocal laser scanning microscopy (LSM) observa-
tion of DSP was performed for frozen sections of four
samples in which the squamous component was histo-
logically malignant and had shown negative expression
of y-catenin. The slides were incubated overnight at 4°C
with a 1:5 dilution of anti-DSP I and II (Boehringer
Mannheim Biochemica, Indianapolis, IN). A 1:100 dilu-
tion of FITC-conjugated anti-mouse immunoglobulin
{Dakopatts) was employed as a second antibody, and
then the slides were mounted using fluorescent mounting
medium (Dakopatts). As the control, G1 and G3 endo-
metrial adenocarcinomas, which were known to have
normal expression and localization of B- and vy-catenin,
were used. The observation by LSM was performed us-
ing an MRC-1024ES (Bio-Rad, Hercules, CA) at 0.2 pm
thickness.

Staining Evaluation

Staining evaluation was performed by two indepen-
dent observers (K.A. and T.5.) without knowledge of
clinical outcome. For each tissue sample, the subcellular
localizations of B- and -y-catenin were observed in the
squamous component and glanduelar component. The

Int I Gynecol Pathol, Yol. 21, No. 3, duly 2002

subcellutar localization was classified M, N, diffuse and
negative: M, the cell-membrane was mostly stained; N,
nucleus was mostly stained; diffuse, cytoplasm was dif-
fusely stained; negative, immunostaining was not de-
tected. One of the serial sections was stained with he-
matoxylin eosin for histological evaluation. Statistical
analyses were performed using the Mann-Whitney test.

Polymerase Chain Reaction and Direct Sequencing
of the B-Catenin Gene

Total DNA was extracted from the paraffin sections of
the 35 tumors. A supernatant of DEXPAT (Takara, To-
kyo, Japan) was applied to 25 pl of polymerase chain
reaction (PCR) mixture containing 2.5 of AmpliTaq
DNA polymerase (Takara), 1.5 mmol/L. MgCl,, 1x Taq
buffer, and (.2 mmol/L of four deoxynucleotide triphos-
phates. The forward primer was 5'-ttgatggagttggacatgg-
3" and the reverse primer 5'-caggactigggaggtatcea-3’.
Thirty-five cycles of PCR were carried out with a pro-
gram of 30 seconds at 94°C, [ minute at 55°C, and 1
minute at 72°C. The DNA sequence of the PCR products
was determined using an ABI100 Model 377 (PE-
Biosystem, Foster City, CA), version 3.0 with the same
primers used for the PCR reaction.

RESULTS

Immunchistochemistry

The results of immunohistochemistry are shown in
Table 1. As a positive control, a Gl endometrioid ad-
enocarcinoma (Fig. 2A) was used and both B- (Fig. 2B)
and y-catenin (Fig. 2C) was detected at cell-cell con-
tacts. As shown in Table 2, B-catenin showed nuclear
localization in the glandular component in 10 of 35
(28.5%) samples: 2 of 7 (28.6%) G1 tumors; 5 of 23
(21.7%) G2 tumors; and 3 of 5 (60.0%) G3 tumors. We
found no significant difference between the tumor grade
and the nuclear localization of B-catenin because of the
small number of samples. y-catenin showed normal lo-
calization in 32 samples (91.4%}); in the remainder, it
was diffuse in 1, nuclear in 1, and negative in the glan-
dular component in 1. In the 10 samples that showed
nuclear localization of B-catenin, 8 cases had cell mem-
brane localization of y-catenin, 1 had nuclear localiza-
tion, and | case had negative staining (Table 2).

In the squamous component, 15 of 35 sampies showed
nuclear localization. 15 of the 24 (62.5%) samples that
had a benign squamous component showed normal lo-
calization of [3-catenin in the squamous component
(Table 3, Fig. 3A). In all 15 of these cases, y-catenin was
detected in the cell membrane. In the other 9 of 24
(37.5%) samples, B-catenin had nuclear localization in

— 190 —



LOSS OF v-CATENIN IN SQUAMOUS DIFFERENTIATION

249

TABLE 1. Subcellular localization of 8- and ~y-catenin aned muration of B-catenin gene in endometrial adenocarcinoma with
syuamous differentiation

Subcellular localization

Histology of Grade of . Squamons component Glandular component
SQUAMOLS glandular Surgical
No. component component stage B-catenin ~y-catenin B-catenin y-catenin Mutation of B-catenin
I benign Gl 1t M M M M negative
2 benign Gl Ile N negative M M negative
3 benign Gl ilb "N negative N M GAC*™ 1o CACY™ in codon 34
4 benign G Ib N M N M negative
5 benign Gl b N negative M M negative
6 benign Gl 1b M M M M negative
7 benign Gl Ia M M M M negative
Y benign G2 Ib N negutive M M negutive
9 benign G2 1b M M M M negative
10 benign G2 [Ha M M N M negative
11 benign G2 b M M M M negative
12 benign G2 b M M N M negative
13 benign G2 b M M M M negative
14 benign G2 Ie M M M M negative
15 benign G2 le N negative M M negative
16 benign G2 le M M M M negative
17 benign G2 1b N negutive M M negative
18 benign G2 1¥Ya M M M M negative
19 benign G2 le M diffuse M diffuse negative
20 benign G2 Ta M M M M negative
21 benign G2 Ille N N M M negative
22 benign G2 b N M N M TCT*" to TGT*** in codon 37
23 benign G2 [11a M M M M negative
! benign G3 Ib M M M M negative
25 malignant G2 la N M N M negutive
26 malignant G2 Ib M M N N negative
27 malignant G2 Ilc N negutive M M negative
28 malignint G2 [lle N negitive M M negative
29 malignant G2 [lla N negutive M M negative
3 malignant G2 le M M M M negative
31 malignunt G2 [llc M M M M negative
32 malignant G3 Il M M N M negative
33 malignant G3 [la N M N M negative
34 malignant G3 Va N negutive N negative negative
a5 malignant G3 319 M M M M negative

M, membrzne; N, nuclei.

the squamous component (Table 3, Fig. 2B, arrow). In 7
of the 9 (77.8%, p < 0.05 compared with samples that
- had normal localization of y-catenin in the squamous
component), the expression of B-catenin was absent in
the squamous component or diffuse in the cytoplasm
(Fig. 3C, arrow), although it was normally detected in the
glandular component (Fig. 3C arrowhead). Only one
case showed cell membrane localization in the squamous
component. & of 11 (54.5%) samples that had a malig-
nant squamous component (Fig. 4A) showed nuclear jo-
calization of -catenin in the squamous component (Fig.
4B, arrow). In 2 of the 6 (33.3%) samples, y-catenin
showed cell membrane localization in the squamous ¢om-
ponent, whereas in the other 4 cases, y-catenin was ab-
sent (66.7%, p = 0.058 compared with samples that had
normal localization of B-catenin in the squamous com-
ponent}, although it was expressed in the glandular com-

ponent (Fig. 4C). In 4 of 11 samples that had a malignant
squamous component, B-catenin showed normal local-
ization, and in these cases vy-catenin was also normal,

As shown in Table 4, 5 of 21 (23.8%) stage I or 11
tumors showed the loss of +y-catenin expression in the
squamous component compared with 5 of 14 (35.7%)
stage III or IV tumors. However, there was no significant
difference between the groups.

Direct Sequencing of Exon 3 of B-Catenin Gene

In this study, we analyzed the exon 3 region of the
[B-catenin gene in the 35 samples that were analyzed by
tmmunohistochemistry to determine if they had a muta-
tion in the exon 3 region. As shown in Table 1, in 2 of the
35 samples, mutation was found. Number 4 was GACA?
to CACH™ in codon 34, and number 22 was TCTS 1o
TGT* in codon 37. In the other 33 samples, no muta-
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FIG. 2. Immunoreuclmty of B- and vy-catenin in grade | endometrial adenocarcinoma. As a positive control, a grade | endometrial adenocarcinoma
was used (a). B- {b) and ~y-catenin (c) are loculized at cell-to-cell contacts. Bar, H00wm.

tion was found in the exon 3 region. As shown in Table

, both number 4 and number 22 were among the 10
cases that showed nuclear localization of B-catenin in the
glandular component by immunohistochemistry. How-
ever, in the 15 cases that showed nuclear localization of
B-catenin in the squamous component, mutation was not
found.

LSM Observation of Desmosomal
Component Proteins

In this study, the subcellular localization of DSP I and
II was analyzed by L.SM for four frozen sections from the
endometrial carcinomas with negative expression of
v-catenin. As a positive control, G1 and G3 endometrial
adenocarcinomas, which had normal localization of B-
and vy-catenin, were used. As shown in Fig. 5A and 5B,
the immunofluorescence was confined to the lateral as-
pect of individual epithelial cells and appeared as an
assembly of spets. On the other hand, all the samples that
had shown negative expression of y-catenin showed dif-
fuse localization in the cytoplasm (Fig. 5C).

DISCUSSION

In this study, in an attempt to confirm that molecular
changes of B- and y-catenin occurred during squamous
differentiation in endometrioid adenocarcinoma, we ana-
lyzed the immunchistochemical expression and localiza-
tion of B- and y-catenin and the mutation of exon 3 in the
B-catenin gene in 35 endometrial carcinomas with squa-
mous differentiation.

Findings in this study that were in accord with previ-
ous observations included 1.) the proportion of EASDs
was 28%; 2.) there was a higher frequency of G3 tumors
in those with a malignant squamous component com-
pared with those with a benign squamous component;
and 3.) there was a higher frequency of advanced stage
(stage III or IV) tumors in those that had a malignant
squamous component compared with those with a benign
squamous component.

In the glandular component, 10 of 35 (28.5%) tumors
showed nuclear localization of B-catenin, and 2 of them
had mutations of exon 3 of the B-catenin gene. The other

TABLE 2. Nuclear localization of B-catenin and expression of y-catenin in
glandular component

Grade 1 (n = T)*

Grade 2 (n = 23} Grade 3 (n = 5)

Membrane Nucleus Membrane Nucleus Membrane Nucleus
Subeellular localization of B-catenin 5 2 18 5 2 3
L.oss of y-catenin expression 0 4] ¢ 0 0 1

* n is number of samples.
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TABLE 3. Nuclear localization of B-catenin and expression of y-cateniie in Squamous component

Benign squamous component (n = 24)*  Malignant squamous component (n = 1)
Membrane Nucleus Membrane Nucleus
Subcellutar localization of B-catenin 15 9 5 6
Loss of y-catenin expression 0f 71 0% 41

* 1 is number of tumors.
tp < 0.05.
tp = 0.058.

25 of 35 (71.4%) tumors showed normal cell-to-cell lo-
caltzation in the glandular component. B-catenin, via
Wnt signaling, is accurnulated in the nucleus, complex-
ing with LEF/TCF transcription factors and transactiva-
tion of LEF/TCEF target genes (26). In our previous study,
moderate or strong staining of B-catenin in the npuclei
was observed in 60.0% of endometrial hyperplasias,
30.0% of endometrial adenocarcinomas, and in prolifer-
ating endometrium, although the 3-catenin gene had only
two mutations in the nine samples that showed intensive
nuclear staining, implying that B-catenin/Wnt-1 signal
transduction is highly activated in carcinogenesis of the
endometrium without molecular changes of the
B-catenin gene (16). The findings in the present sludy
analyzing EASD was in accord with our previous study.

In the squamous component, B-catenin showed
nuclear localization in 15 of 35 (42.9%) tumors; only |
of them had a mutation of the B-catenin gene. Addition-
ally, in 10 samples that showed nuclear localization of
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(B-catenin in the squamous component, it was not ob-
served in the glandular component, Wat proteins are rec-
ognized as one of the major families of developmentally
important signaling molecules whose functions may in-
clude embryontc induction, the generation of cell polar-
ity, and the specification of cell fate (27). In the endo-
metrium, the activation of Wnt signaling may play an
important role not only in carcinogenesis but also squa-
mous differentiation, regardless of the mutation of the
[B-catenin gene.

In this study, nuclear [ocalization of @3-catenin was
observed in the squamous component in 15 of the 35
tumors. In 11 of the 15, the expression of y-catenin was
absent in the squamous component, although it was de-
tected in the glandular component. y-catenin, also known
as plakoglobin, another vertebrate catenin, is highly ho-
mologous to B-catenin (28). Functions of +-calenin in
cell adhesion that are similar to (in adherens junctions)
and different from (in desmosomes) those of (-catenin

“—

R

FIG. 3. Immunoreactivity of (- and y-catenin in an endometrioid adenocarcinoma with a benign squamous component. In the glandular component,
B-catenin and y-catenin are localized at cell-to-cell contacts (b and ¢, arrowhead), whereas B-catenin shows nuclear localization (b, arrow). Moreover,
y-catenin is absent in the squamous component {c, arrow). {a) hematoxylin eosin; (b) B-catenin; (c) y-catenin. Bar, 10{) pm.
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FIG. 4. Immunoreactivity of B- and y-catenin in an endometrioid adenocarcinoma with a malignant squamous component, B-catenin shows nuclear
localization (b, arrow), and ~y-catenin is absent or weakly detected at cell-cell contacts {c, arrowhead) in the squamous component. (a) hematoxylin

eosin; (b} B-catenin; (c) y-catenin. Bar, 100 pm.

are well established (18). In contrast lo frequent muta-
tions in B-catenin in tumors of different origin (9,13),
only one case of y-catenin mutation has been reported in
gastric cancer (29). Moreover, y-catenin expression is
often [ost during cancer progression (28) and restoration
of vy-calenin expression in several highly tumorigenic
cells lacking ~y-catenin can suppress their tumorigenicity
(30,31). Our results suggest that unique molecular events
involving the stimulation of B-catenin and suppression of
y-catenin expression occur during morphological
changes in endometrial adenocarcinoma,

Mutation in exon 3 of B-catenin results in stabilization
of the protein, cytoplasmic and nuclear accumulation,
and participation in signal transduction and transcrip-
tional activation through the formation of complexes
with DNA binding proteins. However, as reported in
previous studies (15,16), the nuclear localization of
B-calenin has been found in 30% of endometrial adeno-
carcinomas, although most such tumors did not have a
B-catenin mutation. In the 15 cases in the present study
that showed nuclear localization of 3-catenin in the squa-

mous component, mutation was not found. This result
suggests that -y-catenin expression is negatively regu-
lated at the transcriptional level when B-catenin is accu-
mulated and Wnt-1 is activated during squamous differ-
entiation in endometrial carcinomas.

In this study, we analyzed the subcellular localization
of the desmosomal component proteins DSP I and II by
LSM in the samples that had shown the negative expres-
sion of y-catenin. In the control samples, the immuno-
tluorescence was confined to the lateral aspect of indi-
vidual epithelial cells and appeared as an assembly of
spots. However, in the samples that did not have the
~y-catenin expression, the fluorescence was observed dif-
fusely in the cytoplasm. Desmosomes are major compo-
nents of the junctional complex of epithelial cells, by
which bundles of intermediate filaments connect the two
contacting plasma membranes. They also appear to be
involved in maintaining the structures and functions of
adjacent cells (20,21). They are composed of several
proteins: DSP I, DSP 11, DG, DC I, DC 11, plakoglobin
(y-catenin), and other minor protetns (17,20). In desmo-

TABLE 4. Surgical stage and loss of y-catenin expression

Surgical stage L and I (n = 21)* Surgical stage Ml and IV (n = 14)

Membrane Nucleus Membrane Nucleus
Subcellular localization of B-catenin 14 7 6 g
Loss of -y-catenin expression 0 5 0 5

* n is number of tumors.
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FIG. 5. Laser scanning microscopy observation of desmoplakin Iand 11 in endometrioid adenocarcinomus with squamous differentiation that did not
express y-catenin. In the control samples, a grade 1 (a) and a grade 3 (b} endometrial adenccarcinoma, the immunofluorescence is confined to the
lateral aspect of individual epithelial cells and appears as an assembly of spots. [n the squamous component (c), where *y-catenin was not detected,
desmopluking are detected diffusely in the cytoplusm. Bar, § pm.

somes, vy-catenin binds to the desmosomal cadherins,
DC, and DG, and DSP and keratins (17). Thus, the dif-
fuse localization in the cytoplasm of DSP is caused by
loss of y-catenin from the desmosome structure.

Previously, we semi-quantified the desmosomal com-
ponents, DSP and DG, in tissue sections using L.SM and
examined their relationship to the pathological type, the
occurrence of lymph node metastasis, and the extent of
myometrial invasion. Their expression decreased with
loss of differentiation and was associated with tumor
progression (20). In 4 of 11 wmors in the present study
that had a malignant squamous component, the expres-
sion of yy-catenin was not detected in the squamous com-
ponent, and the subcellular localization of DSP was dif-
fuse in the cytoplasm. These tumors were all stage IH or
IV. Although disturbance of the desmosome structure
could be an effect of tumor progression and not a cause,
the disturbance may promote tumor progression in some
adenosquamous carcinomas.

Recently, Saegusa et al. (32) reported that B-catenin
mutations were seen in early tumors and were less likely
to be seen in advanced endometrial carcinomas with
lymph node metastasis. In this study, we found two mu-
tations in the exon 3 region of the B-catenin gene, and
both tumors were early stage (stage Ib), and thus, on this
point, our study was in accord with the recent study. In
our study, 5 of 21 (23.8%) stage I or Il tumors showed
the loss of vy-catenin expression in the squamous com-
ponent compared with 5 of 14 (35.7%) stage IIl or IV
tumors. These results seem to contradict those of Sae-

gusa et al. because the loss of y-catenin expression was
in accord with the nuclear localization of B-catenin.
However, the study of Sacgusa et al. analyzed endome-
trial adenocarcinomas in general, whereas in the present
study we focused on the squamous component of these
tumors, making it difficult 1o compare the results of the
two studies.
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