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Frozen or resin sections of normal
human endometrium, endometrial adeno-
carcinoma, and ovarian adenocarcinoma
were examined with two monoclonal
antibodies for galactosyltransferase
associated with tumor (GAT) by immuno-
fluorescence and immunoelectron
microscopy. One antibody (MAb8628)
stained the trans-cisternae of the Golgi
apparatus, the trans-Golgi network, and
the intracytoplasmic vesicles more in-
tensely in cancer cells than in nermal
endometrial glandular cells. The other
antibody (MALB513) stained
intracytoplasmic vesicles more intensely
in cancer cells than in normal cells.
MADb8513 also showed moderate staining
of the trans-cisternae of the Golgi appa-
ratus and trans-Golgi network in cancer

cells, but only faint staining of these
structures in normal glandular cells, in-
dicating that GAT was overexpressed in
the cancer cells. An immunofluores-
cence study using serial semithin cryo-
sections (1 pum) demonstrated that the
staining pattern of each antibody was
different inside a single cancer cell, con-
forming to the two patterns mentioned
above. The reason for this difference in
staining remains unclear. GAT is a solu-
ble form of p1,4-galactosyltransferase,
so a difference in the cleavage site of
the membrane-bound peptide may cause
changes in immunoreactivity after its
conversion to the soluble form (i.e.,
GAT) in endometrial or ovarian adeno-
carcinoma cells.
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I. Introduction

Recently, changes in the carbohydrate structures of
various glycoconjugates constituting the plasma membrane
or other intracellular membranes have been demonstrated to
occur in association with malignant transformation of cells

8, 18, 41]. N-acetylglucosaminide P1,4-galactosyltrans-
ferase (GalT, EC 2. 4. 1. 22) is one of the glycosyltrans-
ferases that participate in the elongation of carbohydrate
chains 21]. GalT has been investigated due to the ease of its
purification by affinity column chromatography using a-
lactoalbumin from body fluids such as serum and milk,
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which contain high levels of a soluble form of GaiT 9].
Some studies have identified different biochemical charac-
teristics of GalT from malignant tumor cells and normal cells

29, 30], but it is not clear whether the localization of various
forms of GalT is similar or not in malignant cells and normal
cells 1,5, 11,17, 20,23, 32, 39, 40].

There have been several reports about the elevation of
serum GalT levels in patients with gynecologic malig-
nancies, especially ovarian cancer 24, 26-28, 36]. In 1992,
Uemura et al. 37, 38} prepared and characterized several
mouse monoclonal antibodies (MAbs) against human GalT
purified from ovarian tumor fluid, and they identified
several oligomeric bands as well as a monomeric band by
non-denaturing polyacrylamide gel electrophoresis. Since
the GalT polymer corresponding to these oligomeric bands
showed very low levels in GalT from the serum of healthy
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individuals, it was dcsignated as “galactosyltransferase asso-
ciated with tumor (GAT)”. A new two-antibody sandwich
enzyme immunoassay kit for GAT was subsequently devel-
oped using MAbB628 and MAbRS13, taking advantage
of the fact that MAb8628 reacts with both GalT polymer
and GalT monomer, while MAb8513 only reacts with GalT
polymer 25, 26, 38]. Using this assay, we found that the
scrum GAT level was significantly elevated in patients with
malignanecy compared with normal controls 26, 27]. Qur
findings also suggested that GAT may be a promising
marker for gynecologic tumors, especially ovarian cancers,
due to its high specificity. In the present study, we used
immunofluorescence and immunoelectron microscopy to
determine the subcellular localization of the antigens recog-
nized by MAb8628 and MAb8513, in order to investigate
the reason for the increased serum GAT level in patients
with ovarian and endometrial cancer.

II. Materials and Methods

Monoclonal antibodies

Several different mouse MAbs directed against GAT
were prepared by immunization of mice with §1-4 galacto-
syltransferase (GalT) purified from human ovarian tumor
fluid by Uemura et al. 37, 38). We used two of these Mabs
(MAb8628 and MAb8513), which were reported to recog-
nize epitopes on the GalT protein and not on the carbo-
hydrate moiety, since these Mabs showed immunoreactivity
with recombinant GalT expressed in FEscherichia coli.
MADBB628 and MAbB513 were IgG, and IgM antibodies,
respectively,

Tissue preparation

Immunofluorescence staining was performed on 11
specimens of endomeltrial adenocarcinoma (9 well-di(feren-
tiated, 1 moderately differentiated, and 1 poorly difTerentjat-
ed adenocarcinoma), 12 specimens of nomal endometrium
(6 proliferative and 6 secretory), and 4 specimens of ovarian
carcinoma (1 serous cystadenocarcinoma, 1 mucinous
cystadenocarcinoma, 1 endometrioid adenocarcinoma, and
1 clear cell adenocarcinoma). The specimens of normal
endometrium were obtained by curettage. The endometrial
adenocarcinoma specimens were obtained during surgery in
patients with stage I or Il cancer according to the classifica-
tion of the International Federation of Gynecology and
Obstetrics (FIGO) 1988 13]. Ovarian carcinoma specimens
were obtained at operation in patients who ranged from
stage I to III according to the FIGO classification (1987)

12].

Electron microscopic immunostaining was performed
on 21 specimens obtained from 7 patients with endometrial
adenocarcinomas (6 well-differentiated, and 1 moderately
differentiated), 12 specimens obtained {rom 4 subjects with
normal endometrium (2 in the proliferative phase and 2 in
the secretory phase), and 18 specimens obtained from 3
patients with ovarian carcinomas (1 serous adenocarci-
noma, 1 mucinous adenocarcinoma, and 1 endometrioid

adenocarcinoma). Specimens were obtained afler each
patient gave informed consent, and permission was granted
by the Ethics Committee of School of Medicine, Keio Uni-
versity.

Immunostaining with MAB8628 and MAbSS5I3

Specimens were fixed with 4% formaldehyde and 0.1%
glutaraldehyde in 0.1 M phosphate buffer (PB; pH 7.4) for
6 hr at 4°C. After being washed with 0.01 M sodium
phosphate-buffered saline (PBS; 0.14 M NaCl, pH 7.2),
the specimens were sequentially immersed in 10%, 15%, and
20% sucrose in PBS for 20 min cach. Then the specimens
were embedded in O.C.T. compound (Miles Scientific,
Naperville, IL, U.8.A.) and immersed in liquid nitrogen.
Cryostat sections (6 um in thickness) were prepared, placed
onto glass slides that had been pretreated with Neopren 16]
{Nisshin EM Co. Ltd,, Tokyo, Japan), and immediately
transferred into PBS without air-drying for the immuno-
staining procedures.

Some specimens were immersed in 2.3 M sucrose in
PBS for 6 hr after fixation and washing in PBS. Then these
specimens were trimmed to 1-2 mm in size, attached 10 the
ultramicrotome holder, and immediately immersed in liquid
nitrogen. Semithin sections (1 pum) were cut with a Porter-
Blum MT-2B ultramicrotome (Ivan Sorvall Inc., Newton,
CT, U.S.A.) and a cryosection coldtome CM-41 (Sakura
Ltd., Tokyo, Japan), and were placed on ethanol hydrochlo-
ride pretreated glass slides.

These tissue sections were stained by the indirect im-
munofluorescence method. The sections were first blocked
with 5% normal rabbit serum (Dako Japan Co. Ltd., Kyoto,
Japan) in PBS for 10 min and then incubated with MAb8628
(35 mg/ml) or MAb8513 (32 mg/ml) for 2 hr at 4°C. After
being washed with PBS, the sections were incubated for 1 hr
at 4°C with biotinylated rabbit anti-mouse IgG and IgM
(Jackson, Baltimore, MD, U.§,A.) at a concentration of 12
pg/ml. Then the sections were washed with PBS and incu-
bated with Texas Red-labeled streptavidin (Amersham,
U.K; 1:80 dilution) for 30 min at room temperature, In some
cases, 0.5 pg/ml of 4',6-diamidino-2-phenylindole (DAPI;
Boehringer-Mannheim, Germany) was used for counter-
staining 34]. The tissue sections were washed in PBS,
mounted in 90% glycerol-0.1 M Tris-HCI buffer (pH 8.5)
containing 0.5 mM p-phenylencdiamine 14), and examined
under a Nikon Microphot-FX microscope equipped with
epifluorescence. Photomicrographs were taken with Fuji
Fujichrome 400D film.

Electron microscopy with MAb8628 or MABSS13

Endometrial and ovatian specimens were fixed with
4% formaldehyde and 0.1-0.5% glutaraldehyde in 0.1 M PB
{pH 7.4) for 4 hr at 4°C. Several endometrial adenocarci-
noma and ovarian carcinoma specimens were fixed with
2.5% glutaraldehyde in 0.1 M PB (pH 7.4) for 4 hr at 4°C to
cxamine the ultrastructural features.

After being washed with PBS, some of the fixed blocks
of tissue were immersed sequentially in 10%, 15%, and 20%
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sucrose-PBS (4 hr at each concentration) and then frozen in
liquid nitrogen for pre-embedding staining. Sections that
were 10 um thick were attached to glass slides pretreated
with Neopren. The sections were first treated with 0.3%
H,0Q; for 30 min to quench endogenous peroxidase activity
and then were blocked with 5% normal goat serum in PBS
for 10 min. Next, the sections were immersed in 1% BSA-
PBS containing saponin (ICN Pharma. Inc., Cleveland, OH,
U.S.A)) at a concentration of 0.5 mg/ml for 30 min, and
incubated with MAb8628 at a concentration of 10 pg/ml
in 1% BSA-PBS containing 0.5 mg/m! saponin for 14 hr at
4°C. After washing with PBS, the sections were incubated
with horseradish peroxidase (HRP)}-conjugated goat F(ab’),
anti-mouse IgG and IgM (Bio Source International Inc.,
Camarille, CA, U.5.A.)) at a concentration of 100 mg/ml in
1% BSA-PBS containing saponin for 10 hr at 4°C. Sub-
sequently, the sections were rinsed with PBS and fixed in
1.0% glutaraldehyde in 0.1 M PB for 10 min to better
preserve the ultrastructure and immobilize the HRP-con-
jugates. Then the scctions were rinsed in PBS, immersed
in 3,3' diaminobenzidine (0.2 mg/ml)}-H,0O, (0.005%) for
10 min, rinsed with distilled water, and osmicated for 1 hr.
After this, the sections were dehydrated by passage through
a graded ethanol series and embedded in Epon 812 on glass
slides. Finally, ultrathin sections were cut, stained with lead
citrate, and examined with a JEM-100CX transmission elec-
tron microscope (JEOL, Tokyo, Japan) at 80 kV.

For post-embedding staining, some fixed tissue blocks
were rinsed with PBS, dehydrated with N,-N,dimethyl-
formamide, and embedded in Lowicryl K4M (Chemische
Werke Lowi, Germany) that was subsequently polymerized
by UV irradiation (380 nm) at 4°C for 1 br according to the
rapid embedding method 2]. Ultrathin sections were cut,
mounted on nickel grids, and floated on a drop of 5% normal
rabbit serum in PBS for 10 min. Next, the sections were se-
quentially incubated on droplets of MAb8628 or MAbB513
at a concentration of 9 or 8 pg/mi, respectively, in 1% BSA-
PBS at room temperature for 1 hr, and then in PBS for 15
min. This was followed by incubation with biotinylated
rabbit anti-mouse IgG and IgM at a concentration of
12 pg/ml in 1% BSA-PBS at room temperature for 30 min.,
Afler washing with PBS for 15 min, the grids were incu-
bated in 1% BSA-PBS for 30 min at room temperature with
streptavidin-colloidal gold in 0.1% BSA-PB glycerol (the
gold particles were 15 nm in diameter and were prepared
in our laboratory as described previously 151). Finally, the
sections were washed briefly with PBS and distilled water,
stained with lead citrate and urany! acetate, and examined
under a transmission €lectron microscope.

For the ultrastructural examination of endometrial
adenocarcinoma and ovarian carcinoma, specimens were
fixed with 2.5% glutaraldehyde, embedded in Epon 812,
sectioned, and observed under a transmission eleciron
microscope.

Control experiments for immunocytochemistry
Specimens were incubated with normal mouse IgG or

IeM (ICN ImmunoBiologicals, Lisle, France), or with 0.1%
BSA-PBS alone instead of the primary antibody, and then
were subjected to immunofluorescence microscopy and/or
immunoelectron microscopy. Nonspecific staining was
verified by incubating the sections with Texas Red-labeled
streptavidin alone for immunofluorescence staining and
with streptavidin-colloidal gold alone during post-em-
bedding staining for immunoglectron microscopy.

III. Results

Light microscopic findings

All 12 specimens of normal endometrium were weakly
positive by the immunofluorescent staining with MAb8628,
while all 11 specimens of endometrial adenocarcinema and
all 4 specimens of ovarian carcinoma were strongly positive.
The MAb&628 binding sites did not differ between normal
and malignant endometrial or ovarian glandular cells. Both
the normal and malignant glandular cells were positive in
the apical supranuclear area, although only the malignant
glandular cells sometimes showed positive granular spots in
this area. The plasma membrane was essentially negative
for staining. Using semithin cryosections, the supranuclear
staining was observed to be “worm-like” and was more
sharply outlined (Fig. 1).

When immunofluorescence staining was done with
MADBES513, only 2 specimens of normal endometrium were
weakly positive, whereas all 11 specimens of endometrial
adenocarcinoma and all 4 specimens of ovarian carcinoma
were strongly positive, The staining pattern of MAb8513
was quite different between normal and malignant endo-
metrial glandular cells. Only a few of the normal endometrial
glandular cells showed a weak positive reaction of small
granular spots in the cytoplasm at a high magnification
(x1,000, Fig. 2a). In contrast, the malignant glandular cells
(including ovarian adenocarcinoma cells) showed a strong
positive granular reaction in the cytoplasm on 6 pm-scc-
tions, and these granules were better defined on semithin
cryosections (Fig. 2b). There were 1 to 5 granules in the
cytoplasm of the malignant cells, whereas 0 to 1 granules
were observed in the normal glandular cells. The location
of the granules was often in the supranuclear region of the
cytoplasm, but sometimes granules were observed in the
basal or lateral areas of the nuclei in malignant glandular
cells. The supranuclear U-shaped or worm-like positive
areas detected with MAbB628 (Fig. 1) were not found with
MADSS513, but the plasma membrane was negative, as was
the case with the other antibody.

When immunoflucrescence staining with MAb8628
and MAb8513 was done using serial semithin cryosections
from the same block of ovarian endometrioid adenocarci-
noma, the intracytoplasmic distribution of antigens for the
two antibodies was markedly different. MAD8628 stained
the supranuclear area in a worm-like or U-shaped pattern
(Fig. 3a), whereas MAD8513 stained granular spots in the
supranuclear area and sometimes in the subnuclear region
(Fig. 3b).
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Fig. 1.
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Localization by Texas Red of antigens reactive with MAb8628 in semithin cryosections (1 pm) of endometrial tissee on immunofluores-

cence microscopy. Nuclei were counterstained with DAPL a: Glandular cells from normal proliferative endometrium show a positive reaction
with a U-shaped pattern (arrowheads in “a”) in the apical supranuclear area. b: Cancer cells show a stronger positive reaction with a worm-like
pattern (arrowhead in “b™) in the apical supranuclear area in a specimen of well-differentiated endometrial adenocarcinoma. The plasma
membrarne is negative. Original magnification: x1,000 (a), x1,000 (b). Bar=5 um.

Fig. 2. Localization by Texas Red of antigens reactive with MAb8513 in semithin cryosections (1 pm) of endometrial tissue on immunofluores-
cence microscopy. Nuclei were counterstained with DAPI. a: Only a few normal endometrial glandular cells show a weak positive reaction,
which appears as small granular spots (arrowheads) in the cytoplasm. b: Malignant glandular cells show strong positivity of granules (arrow-
heads) in the cytoplasm, with 1-2 granules per cell being detected. The plasma membrane is negative. Original magnification: x1,000 (a),

%1,000 {b). Bar=5 pm.

Non-specific binding of Texas Red-labeled streptavidin
was not detected when normal mouse IgG or IgM or 0.1%
BSA-PBS was applied instead of the primary antibody, or
when specimens were incubated with Texas Red-labeled
streptavidin alone without the primary or secondary anti-
bodies (data not shown). In our previous immunohisto-
chemical study [33], there were also no nonspecific reactions
due to these same secondary antibodies. Therefore, the
positive reactions described above were considered to be
specific for MAb8628 and MAbBES13.

Electron microscopic findings
In the normal endometrial glandular cells, MAb8628
(Fig. 4a) and MAb8513 (Fig. 4b) reacted with antigens in

the franms-cisternac of the Golgi apparatus on electron
microscopy. In endometrial adenccarcinoma cells, both the

trans-cisternae and the frans-Golgi network of the Golgi -

apparatus showed positivity for Mab8628 (Fig. 4c), as well
as the intracytoplasmic granules, but the main positive
sites were the frans-cisternae and the frans-Golgi network,
On post-embedding staining, the number of gold particles
in the trans-cisternae of the Golgi apparatus was greater
in the endometrial adenccarcinoma cells than in normal
endometrial glandular cells (Fig. 4a, ¢). In endometrial
adenocarcinoma cells, MAb8513 reacted with the trans-
cisternae, the frans-Golgi network of the Golgi apparatus,
and the intracytoplasmic granules, In contrast to the other
antibody, the main positive sites were the intracytoplasmic
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Fig. 3. Immunofluorescence localization by Texas Red of antigens reactive with MAb8628 (a) and MAb8513 (b) in semithin eryosections (1
km) cut from the same block of ovarian endometrioid adenocarcinema tissue. Nuclei were counterstained with DAPL The intracytoplasmic
localizations of staining by the two antibedies differs in the same cancer cell. a: MAbD8G628 reacts with the supranuclear area, producing worm-
like or U-shaped staining. b: MAbS8513 reacts with granular spots in the supranuclear areas. Original magnification: x1,000 {a), x1,000 {b).
Bar=5 pm.
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Fig. 4. Electron micrographs of endometrial tissues stained with MAb8628 (a, ¢) and MAb8513 (b, d). Colloidal gold labeling by the post-
embedding method. a: MAb8628 reacts with the trans-cisternae of the Golgi apparatus in normal endometrial glandular cells. b: MAb3513
shows a similar pattern of reactivity. c: In well-differentiated endometrial adenocarcinema cells, the frans-cisternae and the frans-Golgi network
of the Golgi apparatus are positive. d: MAb8513 reacts with intracytoplasmic granules in well-differentiated endometrial adenocarcinoma cells.
The plasma membrane is negative for staining with MAb8628 (a, ¢) and MAbB8513 (b). Original magnification: x6,600 (a), x15,000 (b),
13,000 (c), x12,000 (d). Bar=0.5 pum.
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Fig. 5. Electron micrographs of ovarian endometrioid adenocarcinoma stained with MAb8628 (a, b) and with MADB8513 (c). Colloidal gold
labeling by the post-embedding method (a, ¢) or HRP labeling by the pre-embedding method (b). a, b: MAbB628 reacts with the frans-cisternae
and the frans-Golgl network of the Golgi apparatus. e: MAb8513 reacts with intracytoplasmic granules (arrowhead). The plasma membrane is

negative for MAbL8628 (a, b) and MAbE513 (). Original magnification: x10,000 (a), x12,000 (b), x10,000 {c). Bar=0.5 pm.

granules (Fig. 4d) rather than the trans-Golgi areas. The
granules showed central, rather than peripheral, reactivity
with MAb8513 (Fig. 4d).

In ovarian adenocarcinoma cells, MADB8628 or
MADBRBS13 reactivity was found at the same siles as in
endometrial adenocarcinoma cells (Fig. 5a-c).

Ultrastructural examination of well-differentiated endo-
metrial adenocarcinoma and ovarian endometrioid adeno-
carcinoma (using specimens fixed with 2.5% glutaraldehyde
and embedded in Epon 812) revealed abundant granular
structures of various sizes near the Golgi apparatus and in
the cytoplasm that were similar to the granular structures
seen afier post-embedding staining of Lowicryl K4M sec-
tions (not shown).

Nonspecific binding of streptavidin-colloidal gold was
not detected when normal mouse IgG, IgM, or 0.1% BSA-
PBS was applied instead of the primary antibody, or when
sections were incubated with streptavidin-colloidal gold
without the primary and secondary antibodies (not shown).
In our previous immunohistechemical study 33], we also
found no nonspecific reactions due to the same secondary
antibodies. Therefore, the positive reactions described above

were thought to be specific for MAbB628 and MADBES13.

IV. Discussion

Using immunofluorescence microscopy and immuno-
eleciron microscopy, we examined the subcellular and sub-
organellar localizations of the antigens recognized by two
monoclonal antibodies (MAbB628 and MAb8513) raised
against GAT 37, 38), a form of GalT that is increased in the
serum and ascites of patients with gynecologic malignancies

24, 26, 27]. We demonstrated that staining of the Golgi
apparatus by MADb8628 was more intense in endometrial
adenocarcinoma than in normal endometdum, while stain-
ing of intracytoplasmic granules by MAb8513 was more
intense in endometrial adenocarcinoma than in normal
endometrium (Figs. 1, 2).

Several immunohistochemical and biochemical studies
have found the elevation of GalT in malignant tissues 10,
19, 22, 24, 26-28, 36, 42]. Nozawa ef al. 26] found an
increase of GAT in the scrum of patients with endometrial
or ovarian adenocarcinoma using a two-antibody enzyme
immunoassay with MAb8628 and MADBE513, Nozawa
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reporied that the GAT-positive rate was 52.9% for ovarian
cancer, 19.5% for endometrial cancer, 20.5% for cervical
cancer, and only 5.7% for benign ovarian cysts and 6.6%
for endometriosis when a cut-off value of 15 U/ml was
employed. This suggested that GAT might be useful tumor
marker for ovarian carcinoma due to its high specificity,
since the positive rates for benign disease were extremely
low,

In the present study, both MAbs showed stronger im-
munoreactivity with adenocarcinoma cells than with normal
glandular cells. It seems that more GAT is preduced by
adenocarcinoma cells than by normal glandular cells based
on the intense positivity for MAb8628 and MAb8513 of
the frans-region of the Golgi apparatus and cytoplasmic
granules, respectively, on immunoelectron microscopy.
Therefore, the increase of serum GAT, shown by the two-
antibody enzyme immunoassay with both of these MAbs

24, 26, 27, 37], in patients with endometrial or ovarian
adenocarcinoma seems to be caused by the overproduction
and secretion of GAT in malignant tissues.

The membrane-bound form of GalT has been reported
to be localized in the trans-cisternae or trans-Golgi network
of the Golgi apparatus 3, 5, 17, 23, 31, 35, 39], where GalT
has a role in the glycosylation of proteins. Many studies

benign endometrium

have demonstrated that GalT also exists in the plasma mem-
brane of some cells 7, 19, 22, 32, 42]. In the present study,
however, we were unable to detect any GalT immuno-
reactivity of the plasma membrane, When performing a
histochemical study of GalT, the specificity of the antibody
can be a problem, In order to investigate the specific im-
munolocalization of GalT, it is necessary to exclude the
possibility of crossreaction with carbohydrate structures on
the enzyme, as suggested by Childs ef al. 6] and Berger
et al. 4]. Both MAbs used in this study have been shown
to be protein-specific, since both reacted with recombinant
GalT (produced by Escherichia coli transfected with GalT
¢DNA) in a two-antibody enzyme immunoassay 37].
Using serial semithin cryosections, we clearly demon-
strated a difference in the staining patterns of these two
MAbs. The 1-um semithin section allowed us to clearly
visualize the staining pattern as effectively (Fig. 3) as con-
focal laser scanning microscopy, without the problem of
insufficient or uneven penetration of the antibody through
a thick section. This difference in the immunofluorescence
staining pattern suggested the possibility of different sub-
cellular targets of the two MAbs at the ultrastructural level.
On immunoelectron microscopy, both antibodies rec-
ognized the frans-cistemnae of the Golgi apparatus in normal

endometrial adenocarcinoma,
ovarian adenocarcinoma

e : MAb8628-positive sites
o: MAb8513-positive sites

Fig. 6. Diagrams showing the results of immunocelectron microscopy. In normal glandular cells, MAb8628 and MADB8513 were found to react
with the frans—cisternae of the Golgi apparatus. In adenocarcinoma cells, MAb8628 and MADB8513 reacted with the trans-cisternae and the
trans-Golgi network of the Golgi apparatus, as well as with intracytoplasmic granules. However, the main localization of each antibody was dif-
ferent, since MAb8628 mainly reacted with the frans-cisternae and the frans-Golgi network of the Golgi apparatus, whereas MAb8513 primarily

stained the intracytoplasmic granules.
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benign cell

C-terminus

Golgi lumen

~u—— cleavage site

Golgi membrane

malignant cell

altered
cleavage site

Cytoplasm N-terminus

@ : MAb 8628 epitope
O : MAb 8513 epitope

Fig. 7. Diagram showing the creation of GalT and GAT in the Golgi apparatus. Both MAbs recognize the stem region of the membrane-bound
form of GalT. The membrane-bound enzysne is cleaved at & certain point within the stem region, which converts it to the soluble form containing
the MAb8628 epitope. The MADBBS513 epitope is closer 1o the NHy-terminus than to the cleavage site and thus remains with the membrane-bound
portion after cleavage occurs. In malignant cells, aberrant proteolytic cleavage occurs at a different site closer to the NH,-terminus than it does in
benign cells, so the aberrant soluble form of GAT has a longer peptide chain that includes the MAb8513 epitope.

glandular cells (Fig. 4a, b). In adenocarcinoma cells,
however, MAb8628 mainly showed a reaction with the
trans-Golgi network and the frans-cisternae of the Golgi
apparatus (Fig. 4c), whereas MAD8513 primarily reacted
with granules rather than with the frans-Golgi areas (Fig.
4d). The intracellular localization of the targets of these two
MAbs is shown as a diagram in Fig. 6. These ultrastructural
findings agreed with the above-mentioned results of the
immunofluorescence study.

Why did the immunohistochemical localizations differ
when these two MAbs targeted epitopes on the same peptide
chain? According to Uejima er al. 37], these MAbs both
recognize the stem region of the membrane-bound form of
GalT. The membrane-bound form of the enzyme is cleaved
at a point within the stem region, specifically at amino acid
residues 78 and 79, to release the soluble form of the enzyme
that contains the MAb8628 epitope. This epitope is located
closer to the COOH-terminus than to the proteolytic cleav-
age site, while the epitope of MAb8513 is located closer to
the NH;-terminus and therefore remains with the membrane-
bound portion after cleavage (Fig. 7). In malignant cells,
Ucjima et al. 37] proposed that aberrant proteolytic cleav-
age may occur at a different site, closer to the NHy-terminus
than to the usual site that is cleaved to generate the soluble
form of GalT in benign cells. As a result, the aberrant
soluble GalT form may consist of a longer peptide chain
bearing the epitopes of both MAbB628 and MADbE513
(Fig. 7).

Uemura ef al. 38] reported that GAT readily forms
aggregates in human body fluids and is detected primarily
in the dimer form by non-denaturing polyacrylamide gel
¢lectrophoresis. Such structural alterations may influence
the antigenicity of the epitopes for the two MAbs,

In the present study, we could not determine which

enzyme, the membrane-bound or scluble form or the GAT
monomer or polymer, was actually recognized by the MAbs.
A biochemical study by Uemura ef al. 38] showed that
MADBE628 could react with both the monomer and polymer
of soluble GalT, while MAbB513 could only react with the
polymer of soluble GAT; but they did not confirm reactivity
for the membrane-bound form of GalT biochemically, We
also were unable to clarify this issue in the present immuno-
histochemical study. However, MAb8513-reactive antigens
tended to be localized in granular structures corresponding
to the downstream part of the secretory pathway where poly-
merization would be expected to have progressed further
than in the trans-cisternae of the Golgi apparatus, The im-
munchistochemical data on MAb8513 binding sites were
compatible with the biochemical data of Uemura ef al. 38],
since MAb83513 reacts with the polymerized soluble form of
GAT. Furthermore, gold particles were centrally located on
the intracytoplasmic granules after post-embedding staining
with MAb8513 (Fig. 4d), indicating the existence of the sol-
uble form rather than the membrane-bound form of GalT.

In conclusion, we demonstrated an increase in the ex-
pression of GAT in endometrial and ovarian epithelial
adenccarcinoma cells by immunofluorescence and immune-
electron microscopy using MAb8628 and MAb8513. This is
the first report on the histochemical examination of GAT
and the first demonstration of a difference in the subcellular
localization of the antigens for these two MAbs. When
measured by two-antibody enzyme immunoassay, GAT
seems to be a useful tumor marker for female genital tract
malignancy. GAT appears to be created by some tumor-
specific change in the secretory mechanism, but the reason
for alteration of the proteolytic cleavage site still remains
to be investigated.
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Previously, we demonstrated that connexins (Cxs) showed
aberrant localization and expression in most endometrial
hyperplasia and carcinoma samples, indicating that during
endometrial carcinogenesis, loss of gap junctional intercel-
lular communication (GJIC) may occur at relatively early
stages. In the present study, we focused on the correlations
between GJIC and the expression of the E-cadherin and its
5’ CpG island methylation in endometrial cancer cells and
tissues to investigate their roles in the carcinogenesis and
tumor progression of endometrial cancer. In this study,
three of the 10 cell lines investigated, Ishikawa, RL-952
and KLE, in which both Cxs and E-cadherin mRNA were
expressed, exhibited GJIC by scrape-loading/dye transfer.
On the other hand, the other seven cell lines, in which
either or both Cxs and E-cadherin mRNA were negative
or weakly expressed, did not show GJIC. HEC-5), HEC-1B
and HEC-108, in which Cxs were positively expressed but
E-cadherin was negatively expressed, showed cytoplasmic
localization of Cxs by immunohistochemistry. All five lines,
which showed the weak expression of E-cadherin, had
E-cadherin 5 CpG island methylation. By immuno-
histochemistry of 56 endometrial carcinomas, 13 of 27
methylated samples showed weak expression of Cx26 and
the other 14 showed diffuse localization in cytoplasm. On
the other hand, of 29 unmethylated samples, two shewed
cell—cell localization, 25 weak expression and two diffuse
localization. Furthermore, E-cadherin expression was
revealed to be drastically down-regulated by E-cadherin
antisense oligonucleotides that post-transcriptionally
down-regulated E-cadherin expression and in the cell, the
localization of Cxs were changed from the cell-cell borders
to the cytoplasm, and GJIC also decreased. The results
indicated that 5’ CpG island methylation, which caused
Ioss of E-cadherin expression, indirectly caused the
suppression of GJIC by aberrant localization of Cxs in
endometrial carcinoma cells.

Introduction

Stimulation of the endometrium by estrogens without the dif-
ferentiating effect of progestins is the primary etiological

Abbreviations: Cxs, comnexins; GJIC, gap junctional intercellular
communication; LY, lucifer yellow; MSP, methylation-specific PCR.

Carcinogenesis vol.24 no.10 © Oxford University Press; all rights reserved.

factor associated with the development of endometrial hyper-
plasia and adenocarcinoma. Although it is widely accepted
that endogenous and exogenous sources of unopposed estrogen
increase the risk of endometrial adenocarcinoma, and several
molecular alterations have been identified, the molecular patho-
genesis of endometrial cancer remains poorly understood (1).
Gap junctions are intercellular channels that directly connect
the cytoplasm of the neighboring cells and allow exchanges of
low molecular weight (< ~1000 Da) metabolites, inorganic
ions and other small hydrophilic molecules between the cells
in contact. Second messengers in signal transduction such as
cyclic AMP, Ca* and inositol trisphosphate can pass through
gap junction channels, Therefore, gap junctional intercellular
communication (GJIC) is considered to play an important role
in the contrel of cell growth, differentiation, the maintenance
of homeostasis and morphogenesis. The gap junction channels
are composed of hexagonal arrangements of oligomeric pro-
teins called connexins {(Cxs). It has been demonstrated that
GIC can be regulated by different factors such as growth
factors, oncogenes, Ca2*, pH and hormones (2,3). As carcino-
genesis involves a disturbance of homeostasis and cancer cells
show uncontrolled growth, it is considered that altered GJIC
play an important role in carcinogenesis (4). Several lines of
evidence suggest that a disturbance of GJIC facilitates the
clonal growth of potential cancer cells and Cx genes may act
as tumor suppressors (5-9). Several reports have demonstrated
that Cx expression is decreased in pre-cancerous lesions
(10-12) and mutated in some cancers (13,14). Other reports
demonstrated that only when the Cxs are stably down regu-
lated by a mutation/oncogene phosphorylation would it
become a carcinoma (15). Recently, we demonstrated that
the expression of Cx26 and Cx32 was suppressed according
to cell proliferation in the normal endemetrial epithelium in a
hormone-dependent manner {16) and expression in most endo-
metrial hyperplasia and carcinoma samples were suppressed,
indicating that during endometrial carcinogenesis, loss of
GJIC may occur at relatively early stages (17). In these studies,
we found some samples that expressed Cx26 or 32 but showed
cytoplasmic localization (Figure 1), However, it remains
unclear why Cx26 and 32 show cytoplasmic localization,
E-cadherin is a Ca?*-dependent adhesion molecule that, in
association with a-, B- and vy-catenin, constitutes the major
component of adherent junctions in vertebrates and this bind-
ing is essential for the establishment of tight physical cell—cell
adhesion (2). Transcriptional inactivation of E-cadherin
expression has been shown to occur frequently in tumor pro-
gression. The cadherin system interacts directly with products
of oncogenes, e.g. ¢-etbB-2 protein (18) and the epidermal
growth factor receptor (19), and of the fumor suppressor
gene, adenomatous polyposis coli (APC) protein, through
B-catenin (20), which may be important in signal transduction
pathways contributing to the determination of the biological
properties of human cancers (21). In conclusion, inactivation
of the E-cadherin system by multiple mechanisms, including
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Fig. 1. Aberrant localization of Cx26 in endometrial cancers. Nommally, Cxs
are localized on the cell—cell border as spots (&); however, some endometrial
cancer samples show cytoplasmic localization (b). (a) Normal endometrium
in the secretory phase; (b) moderately differentiated endometrial cancer.
Qriginal magnification, x400.

both genetic and epigenetic events, plays a significant role in
multistage carcinogenesis. It has recently become evident that
loss of E-cadherin expression is also assoctated with aberrant
5" CpG island methylation in various tumeors (22-24). In endo-
metrial carcinoma, aberrant promoter-region CpG island
methylation has been reported in some genes such as estrogen
receptor o (25) and progesterone receptor B (26). In a previous
study, we analyzed the methylation status and immunchisto-
chemical expression of E-cadherin in 142 endometrial tissues;
21 normal endometria, 17 endometrial hyperplasias and 104
endometrial carcinomas. In endometrial carcinoma, the posi-
tive ratio of methylation was higher and was associated with
tumor dedifferentiation and myometrial invasion. This is the
first report to analyze methylation of the E-cadherin gene
promoter of endometrial carcinoma (27).

Considering this evidence, we focused on the correlations
between GJIC and the expression of the E-cadherin and its 5§
CpG island methylation in endometrial cancer cells and tissues
to investigate their roles in the carcinogenesis and tumor
progression of endometrial cancer.

Materials and methods

Cell lines

Ten human endometrial adenocarcinoma cell lines, HEC-1A, HEC-1BE, HEC-
50B, HEC-108, SNG-II, SNG-M, Ishikawa, SPAC-1L, KLE and RL-952, were
used in this study. They were routinely cultured in minimum essential medium
supplemented with 10% FCS in a humidified atmosphere at 37°C. All culture
reagents were from Gibco (Paisley, UK). The cells were grown on Petri dishes
or Lab-Tek chamber slides (Nalge Nunc International, Naperville, IL). For
demethylation experiments, cells were cultured in presence of 1 UM 5-aza-2'
deoxycytidine (AzaC; Sigma, St Louis, MO) for 3 days. HEC-1A, HEC-1BE,
HEC-50B and HEC-108 were kindly given by Dr Kuramoto (Kitasato Uni-
versity, Japan), SNG-I{ and SNG-M were from Dr Nozawa (Keio University,
Japan), Ishikawa was from Dr Nishida (Tsukuba University, Japan), SPAC-1L
was from Dr Hirai (Cancer Institute Hospital, Japan) and KLE and RL-952
were provided by ATCC.

Methylation-specific PCR (MSP)

E-cadherin 5 CpG island MSP was performed on sodium bisulfite-treated
DNA according to Herman et al. (24). Previous studies demonstrated that
MSP primets spanned the transcription start site of E-cadherin as island 3
and methylation in the regions targeted by those primer sets corxelated best
with loss of expression (24).

RNA isolation and RT-PCR analysis

To verify the presence of specific mRNAs of Cx26, Cx32, E-cadherin and
B-catenin, we amplified them by RT-PCR and the GAPDI gene was amplified

1616

Table I. Specific primers for RT-PCR

Cx26

Forward: 5-TTGGTGTTTGCTCAGGAAGA-Y
Reverse: 5-CTTTCCAATGCTGGTGGAGT-Y
Cx32

Forward: 5'-CCTGCACAGACATGAGACCA-3
Reverse: 5'-GTTCACGCCACTGAGCAAG-¥
E-~cadherin

Forward: 5'-AAACAGGATGGCTGAAGGTG-3¥
Reverse: 5-TCAGGATCITGGCTGAGGAT-3
B-catenin

Forward: 5-TTGATGGAGTTGGACATGG-3
Reverse: 5-CAGGACTTGGGAGGTATCCA-3
GAPDH

Forward: S -GAGTCAACGGATTTCGTCGT-3
Reverse: 5-GGTGCCATGGAATTTGCCAT-3'

as a control. Total RNA of the tissues was extracted by a single-step technique
with TRIzol Reagent (Invitrogen Life Technologies, Carlsbad, CA) according
to the manufacturer’s protocol. The quality of the RNA samples was deter-
mined by electrophoresis through agarose gels and staining with ethidium
bromide, and 185 and 285 RNA bands were visualized under UV light. Five
micrograms of total RNA was denatured at 65°C for 10 min and incubated at
36°C for 60 min in RT buffer containing random primers, decxynucleotide
triphosphates (ANTPs), RNAase inhibitors and avian myeloblastosis virus RT
(Takara, Tokyo, Japan) in a final volume of 20 ul, followed by boiling for 5
min. One microliter of each RT reaction mixture was applied to 235 ul of PCR
mixture, containing 2.5 U AmpliTag DNA polymerase {Takara), 1.5 mmol/i
MgCl;z, 1x Tag buffer and 0.2 mmoifl each of four dNTPs. The specific
primers of Cx26, Cx32, E-cadherin and B-catenin and GAPDH used for PCR
are shown in Table I. Thirty-eight cycles of PCR were carried out with a
program of 30 s at 94°C, 1 min at 538°C and 1 min at 72°C. Aliquots of the PCR
products were electrophoresed on 2.5% agarose gel. Mutation analysis of the
exon 3 region of the P-catenin gene was analyzed according to the method
described previously (2,28). Because, the APC protein down-regulates B-catenin
levels by cooperating with glycogen synthase kinase 3 (GSK-3B), inducing
phosphorylation of the setine-thereonine residues coded in exon 3 of the f-
catenin gene (29,30) and its degradation through the ubiquitin—proteasome
pathway, furthermore mutation in exon 3 of B-catenin results in stabilization of
the protein, cytoplasmic and nuclear accumulation, and participation in signal
transduction and transcriptional activation through ihe formation of complexes
with DNA binding proieins (31).

Immunofluorescence

The cultured cells on chamber slides were fixed with cold acetone. The fized
tissue cells were pre-incubated with a blocking solution (PBS containing 5%
skimmed milk) for 30 min at room temperature incubated with anti-Cx26
{Clone No, CX-12H10, Zymed Laboratories, San Francisco, CA) diluted
1:500, anti-Cx32 (Clone No., CX-2C2; Zynted Laboratories) diluted 1:500
and anti-E-cadherin (Clone No., HECD-1; Takara) diluted 1:500 for 2 h, and
washed in PBS. FITC-conjugated anti-mouse immunogloblin diluted 1:200 in
PBS was then added (Dakopatts, Copenhagen, Denmark) and the slides were
incubated for 1 h. After incubation with secondary antibodies, the slides were
washed in PBS, mounted in fluorescent mounting medium (Dakopatts) and
examined by immunofluorescent microscopy (Nikon, Tokyo).

Measurement of GJIC

For measuring GJIC, we used the scrape-loading/dye transfer method with
some modification (32). Endometrial carcinoma cells on 35 mm dishes were
rinsed several times with PBS. Four lines were made around the center of the
dish using a surgical blade and 2 ml of 0.05% Lucifer yellow CH (LY; Sigma)
in PBS was added to the dishes after scraping. LY is a small molecule (457 Da)
that can freely move through gap junctions from loaded cells to neighboring
ones. Three minutes afier the dye treatment, the cells were rinsed several times
with PBS to remove excess dye. We immediately observed the intensity of LY
transfer with an Clympus inverse microscope equipped with appropriate filters
{Olympus, Tokyo, Japan), photographed five points per dish and the layers in
which LY spread were counted. This procedure was repeated three times.
Thus, 15 points were photographed and the average of the spread cell layer
was calculated.
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Treatment with E-cadherin antisense oligonucleotide

To examine the role of E-cadherin in Cx localization of endometrial carcinoma
cells, we added E-cadherin antisense oligonucleotides that post-transcription-
ally down-regulate E-cadherin expression. First, Ishikawa was seeded for
1 x 10* cells/ml on chamber slides (Lab-Tek, Nalge Nunc) and for 1 x 103
cells/ml on 3 cm culture dishes (Nalge Nunc). The antisense and control
ologonucleotides were designed BIOGNOSTIK (Gottingen, Germany) and
ighly purified phosphorothioate oligonucleotides and applied to the cells
without carrier. The cell was cultured in the presence of E-cadherin antisense
oligonucleotides (A1, A2, A3}, control oligonucleotide (C1), or in the culture
medium alone (C2). Antisense oligonucleotides and controls directed to
E-cadherin have been designed and manufactured by BIOGNOSTIK. The con-
centration of oligonucleotide used in this study is based on experimental protocol
of the BIOGNOSTIK Antisense Oligonucleotides Application Notes. The cells
were (reated with 2 pM of E-cadherin antisense oligonucleotide or control
oligonucleotide. After incubation for 48 h, these cells were used in immunohis-
tochemistry, scrape-loading/dye transfer method and western blotting study.

Western blotting of E-cadherin

The cells cultured in serum-free William’s medium E in the presence of
E-cadherin antisense oligonucleotides, or control oligonucleotide, or in the
culiure medium alone were collected using a cell scraper, respectively.
The sample was mixed with 8DS electrophoresis sample buffer (10 mmol/l
Tris—HCI, pH 7.8, 1 mmol/l EDTA, 3% sodium dodecyl sulfate, 5% glycerol,
10% mercaptoethanol), heated for 5 min at 95°C, run on 9% polyacrylamide
electropheresis gels (Mini-Protein II, Bio-Rad, Richmond, CA), and then
blotted onto a polyvinylidene difluoride membrane (Bio-Rad). Protein con-
centrations were determined for each sample using the bicinchoninic acid
protein assay reagent kit (BCA) (Pierce, Rockford, IL) and 20 pg protein
were applied respectively. The filters were blocked in 5% (w/v) dry milk in
PBS containing 0.05% Tween 20 (T-PBS) and incubated for 2 h at room
temperature in anti-E-cadherin {(Clone No., HECD-1; Takara) diluted 1:1000.
Afier four washes with 0.05% T-PBS, the blots were incubated for 1 h at room
temperature with a horseradish-peroxidase anti-mouse antibody (Dakopatts)
diluted 1:1000 in 5% (w/v) dry milk in T-PBS. They were then washed and
treated with enhanced chemiluminescence western bloiting detection reagents
(Amersham, Little Chalfont, Buckinghamshire, UK) and exposed to blue-light-
sensitive autoradiographic film (Hyperfitm-ECL, Amersham). In negative
controls, normal mouse serum was used as the first antibody. The densities
of the positive bands were measured using NIH-image.

Hypermethylation analysis and immunohistochemistry for Cx26 in endo-
metrial carcinoma tssues

Samples of endometrial carcinoma tissues were gbtained from 56 women who
had undergone hysterectomy at the Sapporo Medical University Hospital.
Biopsy samples were obtained according to institutional guidelines (University
Hospital), and informed consent was obtained from patients. DNA was
extracted from frozen samples kept at 80°C. Then 1 ug of the DNA was
denatured using NaOH and treated with sodium bisulfite for 16 h according
to Herman et al. {24). The frozen tissues were cut into slices 6 pm thick,
mounied on albumin-coated slides and fixed with cold acetone. Each slide was
stained with the monoclonal anti-Cx26 antibody as described previously (16).
For each iissue sample, the intensity of immunostaining was graded weak/
negative, positive on cellcell border or diffuse in cytoplasm. Statistical
analyses were performed using the Mann-Whitney test.

E-cadherin hypermethylation inhibits GJIC

Results

GJIC in the endometrial carcinoma cells

To examine the existence of GJIC in the endometrial carci-
noma cells, scrape-loading/dye transfer was performed. As
shown in Table II, seven of the 10 cell lines, HEC-1A, HEC-
50B, HEC-1BE, SNG-II, SPAC-1L, SNG-M and HEC-108,
did not show GJIC. The dye spread was one or two cells thick
(Figure 2a). The other three cell lines, Ishikawa, RL-952 and
KLE, showed GJIC. In RL-952 and KLE, the dye reached
6.3 £ 0.5 (SE) and 5.2 £ 0.3 cells, respectively, from the
scrape line (Figure 2b) and in Ishikawa it reached > 10 cells

(Figure 2c).
RT-PCR of E-cadherin, B-catenin Cx26 and Cx32

To evaluate mRNA expression of E-cadherin, B-catenin Cx26
and Cx32, RT-PCR was performed. As shown in Figure 3 and
Table II, of the 10 cell lines, Ishikawa, RL-952, KLE, SNG-II
and SNG-M showed strong expression of E-cadherin mRNA,
whereas HEC-1A, HEC-50B, HEC-1BE, SPAC-1L and HEC-
108 showed weak or negative expression. Cx26 mRNA was
weakly detected in HEC-1A, HEC-50B, SNG-1I, SPAC-IL
and SNG-M, whereas Ishikawa, HEC-1BE, RL-952, KLE
and HEC-108 showed intensive expression. In HEC-50B,
Cx32 was normally detected. In other cells Cx32 was
expressed coordinately with Cx26. The mRNA expression of
p-catenin was similarly detected in all cells. No mutation in the
exon 3 region of the P-catenin gene was found in any cells
(data not shown).

Subcellular localization of Cx26, Cx32 and E-cadherin

Subcellular localization of Cx26, Cx32 and E-cadherin
was analyzed by immunohistochemistry for the cultured
endometrial carcinoma cells. The results are shown
in Table III. Of these 10 cell lines, E-cadherin was localized
on the cell—<ell border in five, in Ishikawa (Figure 4a), RL-
952, KLE, SNG-II and SNG-M. However, HEC-1A and HEC-
50B, E-cadherin was localized on the cell-cell border but quite
weakly expressed and in HEC-1BE (Figure 4b), SPAC-1L and
HEC-108, E-cadherin was not detected, Cx26 was detected as
spots on the cellcell border for three lines, Ishikawa
(Figure 4c), RL-952 and KLE. The other seven showed
aberrant localization and expression. In HEC-1A, HEC-1BE
(Figure 4d), HEC-50B, SPAC-1L and HEC-108, which
showed weak expression of E-cadherin, Cx26 was localized
in the cytoplasm and, in SNG-II and SNG-M, positive spots of
Cx26 were rarely detected in the cytoplasm or the cell—cell
border, Cx32 was detected as spots on the cell—cell border in

Table II. GJIC, Cx26, Cx32 and E-cadherin mRNA expression and methylation of E-cadherin gene

Cell line GIIC

mRNA expression of Mutation of Methylation of
B-catenin E-cadherin gene
Cx26 Cx32 B-catenin E-cadherin
HEC-1A 1.3 + 0.1 (8E) Weak Weak Positive Weak No Methylated
HEC-50B 0.9 £ C.1 (SE) Weak Positive Positive Weak No Methylated
HEC-1B 1.0 + 0.1 (SE) Positive Positive Positive Negative No Methylated
Ishikawa 159 + 1.2 (SE) Positive Positive Positive Positive No Unmethylated
RL-95-2 6.3 £ 0.5 (SE) Positive Positive Positive Positive No Unmethylated
SNG-IT 1.2 + 0.2 (SE) Weak Negative Positive Positive No Unmethylated
KLE 52 £ 0.3 SE) Positive Positive Pasitive Positive No Unmethylated
SNG-M 1.0 + 0.1 {(SE) Weak Negative Positive Positive No Unmethylated
SPAC-1L 0.9 -+ 0.1 (SE) Negative Negative Positive Negative No Methylated
HEC-108 0.9 + 0.1 (SE) Positive Positive Positive Negative No Methylated
1617
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Fig. 2. Scrape-loading/dye transfer in endometrial carcinoma cell lines. In
HEC-1A, HEC-50B, HEC-1BE, SNG-II, SPAC-1L, SNG-M and HEC-108,
the dye spread is one or two cells thick (a). The other three cell lines, Ishikawa,
RI-952 and KLE, show GJIC. In RL-952 and KLE, the dye reaches 6.3 & 0.5
(SE) and 5.2 & 0.3 cells from the scrape line (b), respectively, and in Ishikawa
it reaches > 10 cells (arrow) (c). Original magnification, x200.

three cell lines, Ishikawa, RL.-952 and KLE. In HEC-1BE,
HEC-50B, SPAC-1L and HEC-108, which showed the weak
expression of E-cadherin, Cx32 was localized in the cytoplasm
and, in HEC-1A, SNG-II and SNG-M, positive spots of Cx32
were rarely detected in the cytoplasm or the cell-cell border,

MSP of E-cadherin

E-cadherin 5 CpG island MSP was performed on sodium
bisulfite-treated DNA for the 10 cell lines. As shown in
Table II and Figure 5a, five lines, HEC-1A, HEC-1BE, HEC-
50B, SPAC-1L and HEC-108, which showed weak expression
of E-cadherin, had E-cadherin 5’ CpG island methylation, The
other five cell lines did not show DNA methylation of the
E-cadherin gene. The five cell lines that had E-cadherin
methylation were treated with 1 pM S-aza-2' deoxycytidine
for 3 days, then their E-cadherin mRNA was partially recov-
ered (Figure 5b).

1618
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[-catenin
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Fig. 3. RT-PCR of E-cadherin, 3-catenin Cx26 and Cx32 in endometrial
cancer cells. Of the 10 cell lines, Ishikawa, RL-952, KLE, SNG-II and SNG-M
show strong expression of E-cadherin mRNA, whereas HEC-1A, HEC-50B,
HEC-1BE, SPAC-1L. and HEC-108 showed weak or negative expression.
Cx26 mRNA is weakly detected in HEC-1A, HEC-50B, SNG-II, SPAC-IL
and SNG-M, whereas Ishikawa, IIEC-1BE, RL-952, KLE and HEC-108 show
intensive expression. In HEC-50B, Cx32 mRNA is positively detected. In the
other cell lines, Cx32 is expressed coordinately with Cx26. The mRNA
expression of B-catenin is similarly detected in all cell lines.

Table HI. Immunohistochemical finding of E-cadherin, Cx26 and Cx32

Cell line Subcellular localization of

Cx26 Cx32 E-cadherin
HEC-1A Cytoplasm Cytoplasm Weak
HEC-50B Cytoplasm Cytoplasm Weak
HEC-1B Cytoplasm Cytoplasm Negative
Ishikawa Cell—cell border Cell—cell border Cell—cell border
RL-95-2 Cell-cell border Cell—cell border Cell—cell border
SNG-II Negative Negative Cell—<ell border
KLE Cell-cell border Cell—ell border Cell—<cell border
SNG-M Negative Negative Cell—cell border
SPAC-IL Negative Negative Negative
HEC-108 Cytoplasm Cytoplasm Negative

Change of E-cadherin expression, Cx localization and GJIC
by treatment with E-cadherin antisense oligonucleotide

To examine the role of E-cadherin in Cx localization and GIIC
of endometrial carcinoma cells, we added E-cadherin antisense
oligonucleotides that transcriptionally —down-regulated
E-cadherin expression, to Ishikawa, which had expression of
E-cadherin, cell-cell localization of Cxs and had the most
GJIC among the analyzed endometrial carcinoma cells. In this
study we used three E-cadherin antisense oligonucleotides
(Al, A2 and A3). The cells were cultured in the presence of
E-cadherin antisense oligonucleotides, a control oligonucleo-
tide (C1), or in the culture medium alone (C2), Western blot-
ting revealed that, although in the cells treated with the control
oligonucleotide E-cadherin expression was not changed
compared with those in the culture medium alone, all of
these antisense oligonucleotides drastically down-regulated
E-cadherin protein expression (Al, 0.28; A2, 0.26; A3, 0.59
compared with C1) (Figure 6a). By immunohistochemistry,
E-cadherin was detected on the cell-cell borders in C1 and C2
(Figure 6b); however, in Al, A2 and A3, it was quite weakly
detected (Figure 6¢). Cxs were also observed on the cell-cell
borders in C1 and C2 (Figure 6d), whereas immunohistochem-
istry showed they were dispersed in the cytoplasm when the
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anti-E-cadherin antisense oligonucleotides were added to the
culture medium (Figure 6e). Then, to examine the change of
GJIC in the endometrial carcinoma cells, scrape-loading/dye
transfer was performed. In Ishikawa with C1 and in C2, the dye
reached > 10 cells from the scrape line (Figure 6f). However,
in the presence of E-cadherin antisense oligonucleotides, it
drastically decreased and the dye spread was only one or two
cells thick (Figure 6g).

Hypermethylation analysis and immunohistochemistry for
Cx26 in endometrial carcinoma tissues

To determine the correlation between methylation of the
E-cadherin 5 CpG island and subcellular localization of

Fig. 4, Subcellular localization of E-cadherin and Cx26. In cell lines that
express both E-cadherin and Cxs mRNA, such as Ishikawa, both subcellular
[ocalization of E-cadherin {a) and Cxs (b) is on the cell-cell border by
immunohistochemistry, In cells that express Cxs but not E-cadherin mRNA,
such as HEC-1BE, E-cadherin is not detected (¢} and Cxs (d) is localized in the
cytoplasm. (a and b) Ishikawa; (c and d) HEC-1BE; (a and c) E-cadherin;

(b and d) Cx26. Original magnification, x1000.

E-cadherin hypermethylation inhibits GJIC

Cx26 in endometrial carcinoma tissue, we analyzed the methy-
lation of E-cadherin and performed immunochistochemistry for
Cx26 in 56 samples of endometrial carcinoma, As shown in
Table 1V, of the 56 samples, 27 were methylated and the other
29 were unmethylated. Of the 27 unmethylated samples,
13 showed weak expression of Cx26 and the other 14 showed
diffuse localization in cytoplasm. On the other hand, of the
29 unmethylated samples, two showed cell—<ell localization,
25 weak expression and two diffuse localization (P < (.05
compared with methylated samples).

Discussion

As carcinogenesis involves a disturbance of homeostasis and
cancer cells show uncontrolled growth, it is considered that
altered GJIC play important roles in it. Several lines of evid-
ence suggest that a disturbance of GJIC facilitates the clonal
growth of potential cancer cells and Cx genes may act as a
tumor suppressor (5,7,33,34). Several reports demonstrated
that Cx expression was decreased in pre-cancerous legions.
For example, in our previous study, pre-neoplastic and neo-
plastic lesions such as endometrial hyperplasia and carcinoma,
showed obvious decreases in levels of Cx26 and Cx32
mRNA and immunohistochemically aberrant localization (17).
However, little is known about the mechanism decreasing
GJIC in the endometrium. In the present study, we analyzed
a mechanistic connection between E-cadherin expression and
Cx26/Cx32 localization/function and the correlation between
methylation of the E-cadherin gene and GJIC in endometrial
carcinoma cells.

Of the 10 endometrial cancer cell lines that we analyzed in
this study, three had GJIC but seven did not. The three cell
lines that had GJIC, showed cell-cell localization of Cx26 and
32 by immunchistochemistry and positive expression of Cx26
and 32 mRNA by RT-PCR; however, the other seven cell
lines, which did not show GJIC, showed aberrant expression
and localization of Cx26 and 32. Of the seven lines, five
showed cytoplasmic localization of Cx26 by immunochisto-
chemistry and the other two showed negative expression of
Cx26 by RT-PCR. The results for Cx32 were similar fo those
for Cx26 by immunchistochemistry and RT-PCR. The results
indicated that positive expression and localization in the
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Fig. 5. E-cadherin §' CpG island methylation in endometrial cancer cells. (a) Five cell lines, HEC-1A, HEC-1BE, HEC-50B, SPAC-1L and HEC-108, which have
weak expression of E-cadherin, have E-cadherin 5" CpG island methylation. The other five do not show DNA methylation of the E-cadherin gene. (b) The five
cell lines that had E-cadherin methylation were treated with 1 pM 5-aza-2' deoxycytidine for 3 days, then their E-cadherin mRNA was partially recovered.
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Fig. 6. Change of E-cadherin expression, Cx localization, and GJIC by treatment with E-cadherin antisense oliganucieotide. (a) By western blotting, although in the
cells treated by the control oligonucleotide, E-cadherin expression was not changed compared with the culture medium alone, all of these antisense oligonucleotides
were revealed to be drastically down-regulated E-cadherin protein expression (Al, 0.28; A2, 0.26; A3, 0.59 comparing with C1). (b—e) E~cadherin was detected
on the cell-cell borders in C1 and C2 (b); however, in Al, A2 and A3, it was quite weakly detected (c). Cxs were also observed on the cell—cell borders in C1 and C2
(d, arrow), whereas they were dispersed in the cytoplasm when the anti E-cadherin antisense oligonucleotides were added to the culture medium (¢, arrowhead)
by immunchistochemistry. Original magnification, x 1000. {f and g) Ishikawa in C1 and in C2, the dye reached > 10 cells from the serape line (f).

However, in the presence of E-cadherin antisense oligonucleotides, it drastically decreased and the dye spread was only one or two cells thick (g). Original

magnification, x200.

Table IV. Methylation of E-cadherin gene and subcellular localization of
Cx26

E-cadherin gene Subcellular localization of Cx26

Normal Weak Diffuse
Methylated 0 13 14*
Unmethylated 2 25 2*

P < 0.05.

cell—cell contact region of Cxs were necessary for GJIC in
endometrial carcinoma cells,

The most convincing evidence for the involvement of aber-
rant GJIC during carcinogenesis has come from the fact that
most, if not all, cancer cells have aberrant GJIC, The loss of
GIC in cancer cells was first demonstrated by the group of
Loewenstein and Kanno (35). Many ensuing studies have
confirmed that various cancer cells have lost or decreased
GIIC capacity (2,5,6). However, it is also known that not all
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tumorigenic or transformed cells have decreased GJIC (36).
For example, BALB/c 3T3 cells transformed by various carci-
nogens maintained their GJIC at levels similar to that of non-
transformed counterparts; however, these transformed cells
did not communicate with surrounding normal cells (37).
Similar selective lack of GJIC was observed with tumorigenic
and non-tumorigenic rat liver epithelial cells (38). From these
results and others, it was postulated that, for cells to become
cancerous, they may need to lose GJIC with their surrounding
normal cells rather than losing their homologous GYIC (36).
Therefore, HEC-1A, HEC-50B, HEC-1BE, SNG-II, SPAC-1L,
SNG-M and HEC-108, which did not show GJIC, lose both
homologous and heterogeneous GJIC but the other three cell
lines, Ishikawa, RL-952 and KLE, might lose heterogeneous
GJIC losing homelogous GIIC. Furthermore, the observation
that there exists two types of tumors, one that does not express
any Cxs at the transcriptional level and the others that express
Cxs but do not have functional GJIC. This could support the
idea of Troske et al. that there are two target cells for the
carcinogenic process; the stem cell and the early differentiated
cell (39).
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Cadherins are a family of cellcell adhesion molecules
essential for tight connection between cells (40), and
Z-cadherin is the major cadherin molecule expressed in epithe-
iial cells. The cadherin-mediated cell adhesion system is
krown fo act as an ‘invasion suppressor system’ in cancer
cells as non-invasive cells can be transformed into invasive
ones when treated with antibodies to block the function of
cadherin or with cadherin-specific antisense RNA (41,42),
and transfection of human cancer cell lines with E-cadherin
cDNA can reduce their invasiveness (43). In fact, immuno-
histochemical examination has revealed that decreased
E-cadherin expression is associated with tumor dedifferentia-
tion and progression in endometrial carcinoma (27,44) and
many other tumors (45—47}. In this study, three of the 10 cell
lines, Ishikawa, RL-952 and KLE, in which both Cxs and
E-cadherin mRNA were expressed, had GJIC in scrape-loading/
dye transfer. On the other hand, the other seven lines, in which
cne or both Cxs and E-cadherin mRNA were negative or
weakly expressed, did not show GJIC, HEC-50, HEC-1B and
HEC-108, in which Cxs were positively expressed but E-cad-
herin was negatively expressed, showed subcellular localiza-
tion of Cxs by immunchistochemistry. Furthermore, Cx26 and
32, which were localized on the cell-cell contact region in
Ishikawa, R1.-952 and KILE, were dispersed in cytoplasm after
addition of the E-cadherin antibody. From these results, it was
revealed that loss of E-cadherin expression caused aberrant
localization of Cx26 and 32 in endomefrial cancer cells and
indirectly suppressed GJIC. This result was supported by the
previous results that Ca®*-dependent regulation of GJIC in
mouse epidermal cells is directly controlled by the calcium-
dependent cell adhesion molecule E-cadherin (48,49} and
L-CAM (E-cadherin) transfection restored cell-cell adhesion
and GJIC in sarcoma cells (50).

We also analyzed mRINA expression and the existence of
mutation in the exon 3 region of §-catenin. $-Catenin is known
to bind directly to the cytoplasmic domain of E-cadherin and
supports cell<ell adhesion {51). The APC protein down-
regulates B-catenin levels by cooperating with GSK-3j, indu-
cing phosphorylation of the serine-thereonine residues coded
in exon 3 of the P-catenin gene (30) and its degradation
through the ubiquitin—proteasome pathway, furthermore muta-
tion in exon 3 of P-catenin results in stabilization of the
protein, cytoplasmic and nuclear accumulation, and participa-
tion in signal transduction and transcriptional activation
through the formation of complexes with DNA binding pro-
teins (31). If these cells have any abnormality in f-catenin, it
_ may affect the E-cadherin mediated cell—cell adhesion. How-
ever, their mRINA expression was positive and there was not
any mutation in these 10 cell lines.

DNA methylation in the promoter regions of many genes is
associated with the regulation of gene expression; it results in
transcriptionat silencing of the gene either through a direct
effect or via a change in the chromatin conformation that
inhibits transcription (52). The transformation of normal mam-
mary epithelial cells into carcinoma and the subsequent
progression to invasion and metastasis involve the accumula-
tion of numerous genetic ‘hits’, including the activation or
amplification of dominant oncogenes and the deletion or inac-
tivating mutation of key tumor suppressor genes (53). It has
recently become evident that tumor suppressor genes may also
be transcriptionally silenced in association with aberrant pro-
moter-region CpG island methylation (54-56). Loss of E-cad-
herin expression has also been associated with aberrant 5’ CpG

E-cadherin hypermethylation inhibits GJIC

island methylation in various tumors (22-24), In this study, we
analyzed E-cadherin expression by RT-PCR and 5’ CpG
island methylation of the E-cadherin gene in 10 endometrial
cancer cell lines and found that all five lines that showed
negative or weak expression of E-cadherin mRNA had 5'
CpG island methylation. As described above, 5 CpG island
methylation, which caused loss of E-cadherin expression,
indirectly caused the suppression of GJIC due to aberrant
localization of Cxs.

In endometrial carcinoma, aberrant promoter-region CpG
island methylation has been reported in some genes such as
estrogen receptor o (25) and progesterone receptor B (26). Ina
previous study, we analyzed the methylation status and immuno-
histochemical expression of E-cadherin in 142 endometrial
tissues, consisting of 21 normal endometria, 17 endometrial
hyperplasias and 104 endomefrial carcinomas. In endo-
metrial carcinoma, the positive ratio of methylation was higher
and was associated with tumor dedifferentiation and myome-
trial invasion (27). In another study, we demonstrated that the
expression of Cx26 and Cx32 was suppressed in most endo-
metrial hyperplasia and carcinoma samples, indicating that,
during endometrial carcinogenesis, loss of GYIC may occur at
relatively early stages (17) and we also found some samples
that expressed Cx26 or 32 but showed cytoplasmic localiza-
tion. To examine the comelation between methylation of the
E-cadherin 5 CpG island and the subcellular localization of
Cx26 in endometrial carcinoma tissue, we analyzed the methy-
lation of E-cadherin and performed immunohistochemistry for
Cx26 in 56 samples of endometrial carcinoma. In a previous
study, as Cx32 was almost co-localized with Cx26 (16,17), we
analyzed only Cx26 in this study. Of the 56 samples, 27 were
methylated and the other 29 were unmethylated, Of the 27
methylated samples, 13 showed weak expression of Cx26 and
the other 14 samples showed diffuse localizafion in the cyto-
plasm. On the other hand, of the 29 unmethylated samples, two
showed cell-cell localization, 25 weak expression and two
diffuse localization. The results indicated that 5" CpG island
methylation, which caused loss of E-cadherin expression,
indirectly caused suppression of GJIC by inducing aberrant
localization of Cxs not only in vitro but also in vivo.

In the present study, we added E-cadherin antisense
ologonucleotides that post-transcriptionally down-regulated
E-cadherin expression to examine the role of E-cadherin in
Cx localization of endometrial carcinoma cells. By western
blotting, E-cadherin expression was revealed to be drastically
down-regulated in the presence of these E-cadherin antisense
oligonucleotides. In the cells, the localization of Cx26 was
changed from the cell-cell borders to the cytoplasm, and
GIJIC also decreased. These results indicate that the transerip-
tional down-regulation of E-cadherin causes the suppression of
GIJIC via aberrant localization of CXs,

In our previous study, we analyzed the methylation status
and immunochistochemical expression of E-cadherin in 104
endometrial carcinomas. In that study, methylation was
detected in 15.6% of well-differentiated adenocarcinomas, in
50.0% of moderately differentiated carcinomas and in 81.8%
of poorly differentiated carcinomas. For samples with no myo-
metrial invasion 23.1% had methylation, whereas in those with
invasion of half or more of the myometrium the figure was
55.6%. Of samples that did not have lymph node metastasis,
33.7% had methylation, whereas 60.0% of samples that had
lymph node metastasis had methylation. Thus, it was con-
cluded that hypermethylation in the promoter region of the
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E-cadherin gene is associated with tumor dedifferentiation and
myometrial invasion in endometrial carcinoma (27). The pre-
sent findings suggest that methylation-induced changes in the
expression of E-cadherin may result in impaired cell—cell
adhesion and defective GJIIC, and may be one of the key
mechanisms through which changes toward dedifferentiation
and progression of endometrial cancers are mediated.
Although, both the decreased expression of E-cadherin by
hypermethylation of its promoter region and the decreased
GJIC to inhibit the mechanical adhesion of E-cadherin are
already proved, these results help us to understand the endo-
mefrial carcinogenesis,

Acknowledgements

Part of this work was supported by grants for Scientific Research from the
Ministry of Education, Culture, Sports, Science and Technology of Japan
Contract grant numbers 13214106, 14026033 and 14571575.

References

1.Berchuck,A. and Boyd,J. (1995) Molecular basis of endometrial cancer.
Cancer, 76, 2034-2040,
2.NeiH., Saito,T., Yamasaki,H., Mizumoto,H., Ito,E. and Kudo,R. (1999)
Nuclear localization of beta-catenin in normal and carcinogenic
endometrium. Mol. Carcinogen., 25, 207-218.
3.Evans,W.H. and Martin,P.E. (2002) Gap junctions: structure and function.
Mol. Membr. Biol., 19, 121-136.
4.Trosko,].E. and Ruch,R.J. (1998) Cell—cell communication in carcinogen-
esis. Front Biosei., 3, D208-236.

5.1ee,S.W., Tomasetto,C., Paul,D., Keyomarsi,K. and Sager,R. (1992)
Transcriptional downregulation of gap-junction proteins blocks junctional
communication in human mammary tumor cell lines. J. Cell. Biol., 118,
1213-1221,

6.8aito,T., Schlegel, R. Andresson,T., YugelL. YamamotoM. and
Yamasaki,H. (1998) Induction of cell transformation by mutated 16K
vacuolar H+-atpase (ductin) is accompanied by down-regulation of gap
junctional intercellular communication and translocation of connexin 43 in
NIH3T3 cells. Oncogene, 17, 1673-1680.

7.Mesnil, M., Krutovskikh,V., Piccoli,C., Elfgang,C., Traub,0., Willecke K.
and YamasakiH. (1995) Negative growth control of HeLa cells by
connexin genes: connexin species specificity. Cancer Res., 85, 629-639.

8.Trosko,J.E. and Ruch,R.J. (2002) Gap junctions as largets for cancer
chemoprevention and chemotherapy. Curr, Drug Targets, 3, 465-482.

9. Al Moustafa, A.E., Alasouvi-Jamali,M.A., Batist,G., Hemandez-Perez M.,
Serruya,C., Alpert L., Black,M.J., Sladek,R. and Foulkes,W.D. {2002)
Identification of genes associated with head and neck carcinogenesis by
c¢DNA microarray comparison between matched primary normal epithelial
and squamous carcinoma cells, Oncogene, 21, 2634-2640.

10.Kamibayashi,Y., Oyamada,Y ., Mori,M. and Oyamada,M. (1995) Aberrant
expression of gap junction proteins {connexins) is associated with tumor
progression during multistage mouse skin carcinogenesis in vivo.
Carcinogenesis, 16, 1287-1297.

11. Krutovskikh,V.A., OyamadaM. and YamasakiH. (1991) Sequential
changes of gap-junctional intercellular communications during multistage
rat liver carcinogenesis: direct measurement of communication in vive.
Carcinogenesis, 12, 1701-1706.

12. Willecke,K., Temme,A., Teubner,B. and Ott,T. (1999) Characterization of
targeted connexind2-deficient mice: a model for the human Charcot-
Moarie-Tooth (X-type) inherited disease. Aan. N. Y. Acad. Sci., 883,
302-309,

13.8aito,T., Barbin,A., Omori,Y. and YamasakiH. (1997) Connexin 37
mutations in rat hepatic angiosarcomas induced by viny! chloride. Cancer
Res., 57, 375-377.

14, Dubina,M. V., Iatckii,N.A., Popov,D.E,, Vasil’ev,5.V. and Krutovskikh V. A.
(2002) Connexin 43, but not connexin 32, is mutated at advanced stages of
human sporadic colon cancer. Oncogene, 21, 49924996,

15.Trosko,J.E. (2001) Commentary: is the concept of ‘tumor promotion’ a
useful paradigm? Mol. Carcinogen., 30, 131-137.

16.8aito,T., Oyamada,M., Yamasaki,H., MoriM. and Kudo,R. {1997) Co-
ordinated expression of connexins 26 and 32 in human endometrial

1622

glandular epithelivm during the reproductive cycle and the influence of
hormone replacement therapy. Int. J. Cancer, 73, 479-4385.

17. Saito,T., Nishimura,M., Kudo,R. and Yamasaki,H. (2001) Suppressed gap
junctional intercellular commaunication in carcinogenesis of endometrium.
Int. J. Cancer, 93, 317-323.

18.Kanai,Y., Ochiai,A., Shibata,T., Oyama,T., Ushijima,S., Akimoto,S. and
Hirohashi,S. (1995) c-ertbB-2 gene product directly associates with beta-
catenin and plakoglobin. Biochem. Biophys. Res. Commun., 208, 1067-
1072,

19.Sorscher,S. M., GreenM.R. and Feramisco,JR. (1995} Enhanced E-
cadherin expression in epidermal growth factor recepter expressing cells.
Biochem. Biophys. Res. Commun., 206, 518-524.

20.Hulsken J., Birchmeier, W. and Behrens,]. (1994) E-cadherin and APC
compete for the interaction with beta-catenin and the cytoskeleton. J. Cell.
Biol., 127, 2061-2069.

21.Hirchashi,S. (1998) Inactivation of the E-cadherin-mediated cell adhesion
system in human cancers. Am. J. Pathol., 153, 333-339.

22.Graff,JR.,, Herman,J.G., Myohanen,S., Baylin,$.B. and Vertino,P.M.
(1997) Mapping patterns of CpG island methylation in normal and
neoplastic cells implicates both upstream and downstream regions in
de novo methylation. J. Biol. Chem., 272, 22322-22329.

23 Matsumura,T., Makino,R. and Mitamura K. (2001) Frequent down-
regulation of E-cadherin by genetic and epigenetic changes in the
malignant progression of hepatocellular carcinomas, Clin. Cancer Res., 7,
594-599,

24 Herman 1.G., GraffJR., Myohanen,S., Nelkin,B.D. and BaylinS.B.
(1996) Methylation-specific PCR: a novel PCR assay for methylation
status of CpG islands. Proc. Natl Acad. Sci. USA, 93, 9821-9826.

25.Lapidus,R.G., Ferguson,A.T., Ottaviano,Y.L., ParLF.F, SmithHS.,
Weitzman,3.A., Baylin,$.B.,, IssaJP. and DavidsonNE. (1996)
Methylation of estrogen and progesterone receptor gene 5 CpG islands
correlates with lack of estrogen and progesterone receptor gene expression
in breast tumors. Clin. Cancer Res., 2, 805-819.

26.3asaki,M., Dharia,A., Oh,B.R., Tanaka,Y., Fujimoto,S. and DahiyaR.
(2001) Progesterone receptor B gene inactivation and CpG hypermethyla-
tion in human uterine endometrial cancer, Cancer Res., 61, 97-102.

27.8aito,T., NishimuraM., YamasakiH. and KudoR. (2003)
Hypermethylation in promoter region of E-cadherin gene is associated
with tumor dedifferention and myometrial invasion in endometrial
carcinoma. Cancer, 97, 1002-1009.

28.Ashihara,X., Saito,T., Mizumoto,H., NishimuraM., TanakaR. and
Kudo,R. (2002) Mutation of P-catenin gene in endometrial cancer but
not in associated hyperplasia. Med. Electron Microsc., 35, 9-15,

29.8u,L K., Steinbach,G., Sawyer,J.C., Hindi,M., Ward,P.A. and Lynch,P.M.
(2000) Genomic rearrangements of the APC tumor-suppressor gene in
familial adenomatous polyposis. Hum. Genet., 106, 101-107.

30.Rubinfeld,B., Souza,B., Albert,L., Munemitsu,S. and Polakis,P. (1995) The
APC protein and E-cadherin form similar but independent complexes with
alpha-catenin, beta-catenin and plakoglobin. J. Biol. Chem., 270, 5549-5555.

31.Palacios,]. and Gamallo,C. (1998) Mutations in the beta-catenin gene
(CTNNBI) in endometrioid ovarian carcinomas. Cancer Res., 58, 1344—
1347,

32.El-Fouly M H., Trosko,JE. and Chang,C.C. (1987) Scrape-loading and
dye transfer. A rapid and simple technique to study gap junctional
intercellular communication. Exp. Cell. Res., 168, 422-430.

33.Trosko,J.E. and Chang,C.C. (2001) Mechanism of up-regulated gap
junctional intercellular communication during chemoprevention and
chemotherapy of cancer. Mutat. Res., 480/481, 219-229.

34.Zhu,D,, Caveney,S., Kidder,G.M. and Naus,C.C. (1991} Transfection of
C6 glioma cells with connexin 43 c¢DNA: analysis of expressiom,
intercellular coupling and cell proliferation. Proc. Natl Acad. Sci. USA,
88, 1883-1887.

35.Loewenstein, W.R. and Kanno,Y. {1966) Intercellular communication and
the control of tissue growth: lack of communication between cancer cells.
Nature, 209, 1248-1249.

36. Yamasaki,H., Omori,Y., Zaidan-Dagli,M.L., Mironov,N., MesniLM. and
Krutovskikh,V. (1999} Genetic and epigenetic changes of intercellular
communication genes during multistage carcinogenesis. Cancer Detect.
Prev., 23, 273-279.

37.Yamasaki,H., Hollstein,M., Mesnil,M., Marte]l,N. and Aguelon,AM.
(1987) Selective lack of intercellular communication between transformed
and nontransformed cells as a commeon property of chemical and oncogene
transformation of BALB/c 3T3 cells. Cancer Res., 47, 5658-5664.

38.Mesnil M. and Yamasaki,H. (1988) Selective gap-junctional communica-
tion capacily of transformed and non-transformed rat liver epithelial cell
lines. Carcinogenesis, 9, 1499-1502.

- 279 —



39.Trosko,J.E. (2003) The role of stem cells and gap junctional intercellular
communication in carcinogenesis. J. Biochem. Mol. Biol., 36, 43-48.

40. Takeichi,M. (1991) Cadherin cell adhesion receptors as a morphogenetic
regulator. Science, 251, 1451-1455.

41.Behrens,)., Mareel M.M,, Van Roy,F.M. and Birchmeier,W. (1989)
Dissecting tumor cell invasion: epithelial cells acquire invasive properties
after the loss of uvomorulin-mediated cell-cell adhesion. J. Cell. Biol.,
108, 2435-2447, ]

42.Vleminckx,K., Vakaet,L., Jr, Mareel M., Fiers,W. and van Roy,F. (1991)
Genetic manipulation of E-cadherin expression by epithelial tumor cells
reveals an invasion suppressor role. Cell, 66, 107-119.

43.Frixen,U.H., Behrens,J., Sachs,M., Eberle,G., Voss,B., Warda,A.,
Lochner,D. and Birchmeier,W. (1991} E-cadherin-mediated cell-cell
adhesgion prevents invasiveness of human carcinoma cells. J. Ceil. Biol.,
113, 173-185.

44 SakuragiN., Nishiya,M., Ikeda,K., Ohkouch,T., Furth,E.E., Hareyama,H.,
Satoh,C. and Fujimoto,S. (1994) Decreased E-cadherin expression in
endometrial carcinoma is associated with tumor dedifferentiation and deep
myometrial invasion. Gynecol. Oncol., 53, 183-189.

45.Shimoyama,Y. and Hirohashi,S. (1991) Expression of E- and P-cadherin
in gastric carcinomas. Cancer Res., 51, 2185-2192.

46.8chipper,J.H., Frixen,UH., BehrensJ., Unger,A., JahnkeK. and
Birchmeier,W. (1991) E-cadherin expression in squamous cell carcinomas
of head and neck: inverse correlation with tumor dedifferentiation and
lymph node metastasis. Cancer Res., 51, 6328-6337.

47.Shiozaki H., Tahara,H., Oka,H. e al. (1991) Expression of immuno-
reactive E-cadherin adhesion molecules in human cancers, 4m. J.
Pathol., 139, 17-23.

48.Hemandez-Blazquez,F.J., Joazeiro,P.P., Omor,Y. and Yamasaki,H.
(2001} Controf of intracellular movement of connexins by E-cadherin in
murine skin papilloma cells. Exp. Cell. Res., 270, 235-247.

E-cadherin hypermethylation inhibits GJIC

49, Jongen,W.M., Fitzgerald,D.J., Asamoto,M., Piccoli,C., Slaga,T.J.,
Gros,D., TakeichiM. and Yamasaki H. (1991) Regulation of connexin
43-mediated gap junctional intercellular communication by Ca®* in
mouse epidermal cells is controlled by E-cadherin. J. Cell. Biol., 114,
545-555.

50.Musil L.S., Cunningham,B.A., Edelman,GM. and Goodenough D.A.
(1990) Differential phosphorylation of the gap junction protein connex-
in43 in junctional communication-competent and -deficient cell lines.
J. Cell. Biol., 111, 2077-2088.

51.Stewart,1D.B. and Nelson,W.J. (1997) Identification of four distinct pools
of catenins in mammalian cells and transformation-dependent changes in
catenin distributions among these pools. J. Biol. Chem., 272, 29652—
29662,

52 Lil.C., ZhaoH., NakajimaK., OhBR. FilhoL A, CamrollP. and
Dahiva,R. (2001) Methylation of the E-cadherin gene promoter correlates
with progression of prostate cancer. J. Urol., 166, 705709,

53.Heppner,GH. and MillerF.R. (1998) The cellular basis of tumor
progression. fnr. Rev. Cyrol., 177, 1-56.

54, Baylin,5.B., Herman,l.G., Graff,J.R., Vertino,P.M. and Issa JP. (1998)
Alterations in DNA methylation: a fundamental aspect of neoplasia. Adv.
Cancer Res., 72, 141-196,

55.Jones,P.A. and Laird P.W. (1999) Cancer epigenetics comes of age.
Nature Genet., 21, 163-167.

56.Nass,S.J,, HermanJ.G., Gabrielson,E., IversenP.W., ParlFF,
Davidson,N.E. and Graff,JR. (2000) Aberrant methylation of the
estrogen receptor and E-cadherin 5 CpG islands increases with
malignant progression in human breast cancer. Cancer Res., 60,
4346-4348.

Received June 9, 2003; revised June 30, 2003, accepted July 1, 2003

1623

-~ 280 —



Available online at www.sciencedirect.com

Gynecologic
S8CIANCE DIRECT?® Oncology
PRESS - Gynecologic Oncology 90 (2003) 297-304 www.elsevier.com/locate/ygyno

Three-dimensional coculture of endometrial cancer cells and fibroblasts
in human placenta derived collagen sponges and expression matrix
metalloproteinases in these cellss

Ryoichi Tanaka, Tsuyoshi Saito,* Koji Ashihara, Makoto Nishimura,
Hisanobu Mizumoto, and Ryuichi Kudo

Department of Obstetrics and Gynecology, Sappore Medical University School of Medicine, S5-I, W-16, Chuo-ku, Sapporo 060-0061, Japan
Received 31 December 2002

Abstract

Objective. Collagen pel constitutes a valuable tool for the study of cell-matrix interactions; however, it is sometimes difficult to use the
gel, in which tumor and stromal cells are cocultured, for immunchistochemistry, because it is easily broken during the process of fixation
and embedding in paraffin, especially afier long-term culture.

Methods. To examine the interaction between endometrial cancer cells and fibroblasts in tumor invasion, we carried out three-
dimensional (3-D) coculture of various endometrial cancer cell lines and fibroblasts in human placenta derived collagen sponges and
analyzed the expression and localization of matrix metalloproteinases (MMP) and plasminogen activators (PA) in these cells by immuno-
histochemistry.

Results. After 4 weeks of culture on the collagen sponges, endometrial cancer cells composed stratiform or glandular structures on the
layer of extracellular matrix, which was composed from fibloblasts and extracellular matrix. Compared to Ishikawa cells, which were rarely
invasive, HEC-1A and HEC-1BE and cocultured fibroblasts showed high invasiveness and strong expression of some proteins. In cell line
HEC-1BE, MMP-1, -7, and -9, MT1-MMP, tissue inhibitors of metalloproteinases 2, and uPA showed intensive staining in both cancer cells
and fibroblasts by immunohistochemistry. HEC-1A cells and cocultured fibroblasts showed expression patterns similar to those of
HEC-1BE.

Conclusion. These results suggested that expression of MMPs and uPA was accelerated in fibroblasts surrounded by cancer cells. We
believe that our 3-D coculture system has merit in that the interaction between cancer cells and stromal cells can be visually analyzed by
immunohistochemistry and that experiments for a long period, at least 2 weeks, are possible. Furthermore, it is expected that some animal,
e.g., nude mouse, experiments can be replaced by experiments using this culture system.
© 2003 Elsevier Inc. All rights reserved.

Introduction in many disease processes such as invasion of cancer [1-5].
Connective tissue cells can also produce tissue inhibitors of
metalloproteinases {TIMPs), and the balance between the
levels of MMPs and TIMPs is thought to be an important

determinant of extracellular matrix breakdown in vivo [6].

Matrix -metalloproteinases (MMPs) are an important
group of zinc enzymes that are responsible for degradation
of extracellular matrix components such as collagen and

proteoglycans in normal embryogenesis and remodeling and

# Part of this work was supported by grants for Scientific Research
from the Ministry of Education, Culture, Sports, Science, and Technology
of Japan; Contract Grant; No. 13214106, No. 14026053, and No.
14571575.

* Corresponding author. Fax: +81-11-614-0860. .

E-mail address: tsaito@sapmed.ac.jp (T. Saito).

(090-8258/03/% —~ see front matter © 2003 Elsevier Inc. All rights reserved.
doi: 10.1016/50090-8258(03)00335-4

These are generally secreted by the same cells that secrete
the MMPs and are also transcriptionally controlled [7]. The
plasminogen activating system also plays a key role in the
cascade of tumor-associated proteolysis leading to extracel-
lular matrix degradation and stromal invasion. Changes in
the expression of this system, consisting of urokinase- and
tissue-type plasminogen activators (uPA and tPA, respec-
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