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ABSTRACT

MSN-1 is a monoclonal antibody, which was raised by immunizing mice
with a human endometrial cancer cell line, SNG-II. The MSN-1 specifi
cally recognizes a blood group carbohydrate antigen, Leb. We investigated

the subcellular and suborganellar localization of the MSN-1-reactive car

bohydrate antigens in the endometrial adenocarcinomas and the normal
endometria using immunofluorescence microscopy, confocal laser scan
ning microscopy, and immunoelectron microscopy. In normal en-

dometrium, the apical plasma membranes of endometrial glandular cells
were weakly positive. In contrast, in endometrial adenocarcinoma speci
mens, the apical plasma membranes, the lateral plasma membranes, intra-

cytoplasmic vesicular structures, and the Golgi apparatus were strongly
positive. We also found that there are differences in the manner of the
distribution of the \1SN-I antigen within the Golgi apparatus between the

normal and tumor samples; namely, in the endometrial adenocarcinoma
cells the antigens are found abundantly throughout the Golgi apparatus or
tend to be located not only at the trans side but also close to the civ side,
while the localization of this antigen in normal counterpart is restricted to
the frans-Golgi cisternae. These findings imply that aberrant glycosylation

occurs in endometrial adenocarcinomas, presumably as a result of abnor
mal expression of some glycosyltransferases involving the expression of
the Leb carbohydrate antigen in the Golgi apparatus.

INTRODUCTION

Recently, it has been revealed that glycolipids and glycoproteins
constituting the plasma membranes, particularly their part exposed at
the cell surface, play important roles in cellular interaction, differen
tiation, and cell growth (1) and that changes in their carbohydrate
moieties are associated with the carcinogenesis of cells (2-4). There

are many reports on biochemical analysis of the changes in carbohy
drate structures during malignant transformation (2-4) and others on

changes in the immunohistochemical distribution of carbohydrates
assessed with lectins and/or monoclonal antibodies by both light (5)
and electron (6-9) microscopy.

Recently we established a monoclonal antibody (IgM), MSN-1,

which was raised against the human endometrial cancer cell line
SNG-II (10) and recognizes mainly Leb carbohydrate (11) (Fig. la). In

our preceding immunohistochemical study using MSN-1 in the avi-
din-biotinylated horseradish peroxidase complex method, 93% of the

cases of endometrial adenocarcinomas were positive, whereas only
3% of those of normal endometria were positive. The incidence of
positive cases increased in proportion to the histological differentia
tion of endometrial adenocarcinomas, i.e., 100% in well-differentiated

adenocarcinomas, 90% in moderately differentiated adenocarcinomas,
and 70% in poorly differentiated adenocarcinomas (10). Currently,
many antibodies have been applied for the immunohistochemistry and
for the diagnosis of endometrial adenocarcinomas (12, 13); however,
few show such marked differences in stainability between normal and
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malignant endometria as MSN-1 shows (10), indicating that the an
tigen recognized by MSN-1 is a good cytochemical tumor marker for
endometrial adenocarcinoma (10, 12). Therefore, MSN-1 could be a

useful probe to examine the subcellular localization of the abnormally
expressed carbohydrate in order to elucidate the mechanism of the
altered glycosylation in malignant cells.

In the present report, we describe the subcellular and suborganellar
localization of the carbohydrate antigens recognized by MSN-1 in

both endometrial adenocarcinoma and normal endometrium as de
tected by confocal laser scanning microscopy and immunoelectron
microscopy.

MATERIALS AND METHODS

Monoclonal Antibody. Monoclonal antibody MSN-1 is an IgM antibody
that was produced by immunization of a mouse with the SNG-II cancer cell
line. This cell line was established in our laboratory in 1981 from a 43-year-old
Japanese woman with stage II well-differentiated endometrial cancer (10). The
epitope recognized by MSN-1 has been proved to be mainly Leb carbohydrate

(Fig. la) primarily on neutral glycolipids (II).
Tissue Preparation. For immunofluorescence staining, 10 specimens of

endometrial adenocarcinoma (8 well-, 1 moderately, and 1 poorly differenti

ated adenocarcinoma) and 10 specimens of normal endometrium (5 in the
proliferative phase and 5 in the secretory phase) were used. The normal
specimens were obtained by endometrial curettage and diagnosed as histolog-

ically normal. The endometrial adenocarcinoma specimens were obtained by
surgical resection from patients in clinical stages ranging from I to II as defined
according to the classification of the International Federation of Gynecology
and Obstetrics (14).

For electron microscopic immunostaining, 30 specimens obtained from 11
cases of endometrial adenocarcinoma (8 well- and 3 moderately differentiated

adenocarcinomas) and 16 specimens obtained from 10 cases of normal en
dometrium (5 in the proliferative phase and 5 in the secretory phase) were used.

Use of Monoclonal Antibody MSN-1 for Immunofluorescence Staining.

Endometrial specimens were fixed with a mixture of 4% formaldehyde and
0.1-0.5% glutaraldehyde in 0.1 MPB at 4Â°Cfor 6 h. After having been washed

with 0.01 M PBS, the fixed specimens were sequentially immersed in 10, 15,
and 20% sucrose in PBS for 20 min at each concentration. Then, the specimens
were embedded in O.C.T. compound (Miles Scientific, Naperville, IL) and
rapidly frozen in liquid nitrogen. After cryostat sections 5 firn thick had been
made and attached onto glass slides pretreated with Neopren (6) (Nisshin EM
Co., Ltd., Tokyo, Japan), they were immediately transferred to PBS without
air-drying and used for the immunostaining procedures. These tissue sections

were stained by the indirect immunofluorescence method. Briefly, 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 the MSN-1 antibody at 4Â°C

for 2 h at a concentration of 1 /xg/ml in PBS containing 1% bovine serum
albumin (BSA-PBS; BSA from Seikagaku Kogyo Co., Ltd., Tokyo, Japan).
After a washing with PBS, the sections were incubated at 4Â°Cfor l h with

biotinylated rabbit anti-mouse IgG and IgM (Jackson, Baltimore, MD) at a
concentration of 12 fig/ml in \9c BSA-PBS. The sections were then washed
with PBS and incubated with Texas red-labeled streptavidin (Amersham,

United Kingdom; 1:80 dilution) at room temperature for 30 min. In some cases,
0.5 ng/ml 4',6-diamidino-2-phenylindole (Boehringer-Mannheim. Germany)

was used for counterstaining (5). After a washing in PBS. the tissue sections
were mounted in 90% glycerol-0. l MTris-HCl buffer (pH 8.5) containing 0.5
mMp-phenylenediamine (Wako Pure Chemical Industries, Ltd., Osaka, Japan),

in order to prevent fading of fluorescence during microscopic examination
(15), and were examined under a Nikon Microphot-FX microscope equipped
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with epifluorescence and Nomarski differential interference-contrast optics.

Fluorescence images of single or double exposures were taken with Fuji
Fujichrome 400D. The tissue sections prepared as described above were also
examined under a confocal laser scanning microscope (LSM-GB200: Olym

pus, Tokyo. Japan). Confocal fluorescent images were obtained by use of an
argon ion laser with a 514.5 nm wavelength and a 615 nm long-pass barrier

filter.
Staining with Monoclonal Antibody MSN-1 for Electron Microscopy.

Endometrial specimens were fixed with a mixture of 4% formaldehyde and
0.1-0.5% glutaraldehyde in O.I M PB (pH 7.4) at 4Â°Cfor 4 h.

For the postembedding staining, after having been washed with PBS, some
fixed blocks were dehydrated with A/./V-dimethylformamide and embedded in

Lowicryl K4M (Chemische Werke Lowi, Germany) that was then polymerized
by UV irradiation (380 nm) at 4Â°Cfor l h according to the method for rapid

embedding (16. 17). Ultrathin sections were cut and mounted on nickel grids.
The grids were floated on a drop of 5% normal rabbit serum in PBS for 10 min
and then incubated sequentially on droplets of MSN-1 at a concentration of
0.1-1.0 ng/ml Â¡n1% BSA-PBS at room temperature for I h and PBS for 15
min and then biotinylated rabbit anti-mouse IgG and IgM at 12 jxg/ml in 1%
BSA-PBS at room temperature for 30 min. After a washing with PBS for 15
min, the grids were incubated with streptavidin-colloidal gold in 0.1% BSA-
PB-glycerol [15 nm in diameter, prepared in our laboratory according to the
method described previously (18)), in 1% BSA-PBS for 30 min at room

temperature. After one washing with PBS and a brief washing with distilled
water, the sections were stained with lead citrate and uranyl acetate and
examined under a transmission electron microscope.

Control Experiments for Immunocytochemical Analysis. The serial sec
tions were incubated with MSN-1 in the presence of 0.1 MLNDFH-I (Oxford
Glyco Systems Ltd., Oxford, United Kingdom), which is a blood group Leh-

active hexasaccharide (Fig. \b). MSN-1 at a concentration of 0.3 fig/ml in 1%
BSA-PBS was mixed with the same amount of 0.1 MLNDFH-I in PBS for 10

min. After immersion in 5% normal rabbit serum in PBS for 10 min, the
specimens were incubated in a mixture of MSN-1 and LNDFH-1 and were

subjected to the immunofluorescence microscopy or the immunoelectron mi
croscopy examination. In addition to this absorption test, specimens were
incubated with normal mouse IgM (ICN ImmunoBiologicals, Lisle, France) or
with 0.1 c/cBSA-PBS alone instead of the primary antibody and were subjected

to the immunofluorescence microscopy and/or immunoelectron microscopy.
Nonspecific staining was also verified by incubating the sections with Texas
red-labeled streptavidin alone for the immunofluorescence staining and with
streptavidin-colloidal gold alone in the postembedding staining method for

immunoelectron microscopy.

RESULTS

Light Microscopic Observations. In the immunofluorescence
staining method with cryosections, 4 of 10 cases of normal en-

dometrium ( 1 case in proliferative phase, 3 cases in secretory phase)
were weakly positive, while all 10 cases of endometrial adenocarci-
noma (8 cases of well-differentiated adenocarcinoma, 1 case of mod

erately differentiated adenocarcinoma, 1 case of poorly differentiated
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Fig. 1. a, epitope recognized by monoclonal antibody MSN-! (Leh antigen); b, struc
ture of LNDFH-I.

adenocarcinoma) were strongly positive. Furthermore, the staining
pattern of MSN-1 was different between normal and malignant en

dometrial glandular cells. In the normal endometrium, only some
glandular cells showed a weakly positive reaction at their luminal
surface (Fig. 2a). On the other hand, endometrial cancer cells showed
strongly positive reactions at the apical plasma membranes (Fig. 2b),
along the lateral plasma membranes, and in the apical supranuclear
areas (Fig. 2b).

Under a confocal laser scanning microscope, immunofluorescence
can be detected in the plane of focus thus significantly eliminating the
out-of-focus background in relatively thick fluorescently labeled spec

imens. In studying the cryosections of endometrium, confocal laser
scanning microscopy enabled us to examine the subcellular localiza
tion of positive immunofluorescent reactions in a single endometrial
glandular cell in a tissue section without the influence of the positive
immunofluorescent reactions in the neighboring cells in the optical
axis (;-axis).

In normal endometrial glandular cells, weakly positive reactions
were seen at the apical plasma membranes, and no positive reaction
was detected at the lateral plasma membranes or in the cytoplasm. In
marked contrast, intensely positive reactions were seen in endometrial
adenocarcinoma cells at the apical plasma membranes (Fig. 3o) and
along the lateral plasma membranes (Fig. 3b), in the apical supranu
clear area (Fig. 3a), and as small granule-like spots in the cytoplasm

(Fig. 3a).
The cryosections of endometrial adenocarcinomas, which were in

cubated with primary antibody MSN-1 in the presence of LNDFH-I,

showed no positive reaction in immunofluorescence staining. Also,
nonspecific binding of Texas red-labeled streptavidin was not detected
when normal mouse 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 primary and secondary anti

bodies (data not shown). Therefore, the positive reactions described
above were considered to be specific for MSN-1.

Electron Microscopic Observations. Under an electron micro
scope, MSN-1-reactive antigens were found at the apical plasma

membranes, including microvilli, in most of the endometrial adeno
carcinoma cells (Fig. 4a) and along the lateral plasma membranes of
some of them (Fig. 4b), but were not seen at the basal plasma mem
brane. On the other hand, apical and lateral plasma membranes were
negative in the 10 cases of normal endometrial glandular cells exam
ined.

Among the Â¡ntracellular organelles, the MSN-1-reactive antigens

were detected in the intracytoplasmic vesicular structures (Fig. 5a),
the Golgi apparatus (Fig. 5a), and many of the mucin-containing

vesicles in endometrial adenocarcinoma cells. On the other hand, only
weakly positive reactions were detected in the Golgi apparatus in
normal endometrial glandular cells (Fig. 5b).

In studying the distribution of MSN-1-reactive antigens in the Golgi

apparatus, we investigated 16 specimens obtained from 8 cases of
normal endometrium and 10 specimens from 3 cases of endometrial
adenocarcinomas by counting the number of gold particles on the
Golgi apparatus and checking their distribution. All specimens of
normal endometrium showed only a few gold particles at the trans-
cisternae or at the trans-Golgi network area of each Golgi apparatus

(Fig. 5b). However, all the endometrial adenocarcinoma specimens
examined in this study showed 5 to 30 gold particles at the trans- or
medial cisternae and fra/is-Golgi network area. In some specimens the
gold particles seemed to reside at all Golgi cisternae including cis-

cisternae (Fig. 5Â«).
Serial ultrathin sections of endometrial adenocarcinomas were used

for cytochemical controls in the postembedding staining method. As
shown in Fig. 6, positive reactions, such as at the apical and lateral
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Fig. 2. Immunofluorescence localization with Texas red of MSN-1-reactive antigen in cryosections of endometrial tissues by use of conventional immunofluorescence microscopy.
Nuclei were counterstained with 4',6-diamidino-2-phenylindole. Only some glandular cells show a weakly positive reaction at the apical plasma membranes (arrowheads in a) in normal

proliferativi endometrium. On the other hand, cancer cells show positive reactions at the apical plasma membranes (arrowheads in b) and in the cytoplasm, especially in the apical
supranuclear areas (arrows in />) in well-differentiated endometrial adenocarcinoma. X880.

plasma membranes. Golgi apparatus (Fig. da), and intracytoplasmic
vesicular structures, were drastically reduced (Fig. 6/7) when a section
was incubated with MSN-1 in the presence of LNDFH-I. compared

with the reactions seen in an adjacent serial section incubated with
MSN-1 in the absence of LNDFH-I (Fig. da). Nonspecific binding of
streptavidin-colloidal gold was not detected when normal mouse IgM
or 0.1% BSA-PBS was applied instead of primary antibody or when
sections were incubated with streptavidin-colloidal gold alone without

primary and secondary antibodies. Therefore, the positive reactions
described above are thought to be specific for MSN-1.

Discussion. In this study, we examined the subcellular and subor-
ganellar localization of the Leb antigen recognized by the monoclonal

antibody MSN-1 by using immunofluorescence microscopy, confocal

laser scanning microscopy, and immunoelectron microscopy. Striking
differences were detected in staining patterns of MSN-1 between

normal endometria and endometrial adenocarcinomas (Figs. 2-5). Our
findings allow us to propose that the MSN-1-reactive antigen is an

excellent cytochemical tumor marker for endometrial adenocarci
noma, because the reactivity of MSN-1 in endometrial adenocarci

noma (10) is considerably higher than the reactivity obtained by using
other antibodies (12, 13), including those commercially available
antibodies recognizing the Leh moiety (19) or other carbohydrate
antigens such as Lea, Le", and Ley (20).

Many reports have indicated a change in expression of Lewis an
tigens through malignant transformation in several organs such as the
stomach (21), pancreas (22), urinary bladder (23), colon (24), and
ovary (25). The patterns of expression of Lewis antigens differ de
pending on the organ or antibody used. For example, Leh antigens

disappear in cancerous pancreatic tissue (22), while they increase in
colon cancer (24) and ovarian cancer (25) as examined in immuno-

Fig. 3. Immunofluorescence localization with Texas red of MSN-1-reactive antigen in cryosections of well-differentiated endometrial adenocarcinoma by use of confocal laser

scanning microscopy. Intensely positive reactions are detected at the apical plasma membranes (arrowheads in a) and in the apical supranuclear areas (arrows in a), and distinct small
granule-like immunofluorescent spots are visible in the cytoplasm. Intensely positive reactions are detected along the lateral plasma membranes (arrows in b). X1060.
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Fig. 4. Electron micrographs of well-differentiated endometrial adenocarcinoma cells stained with MSN-1. Colloidal gold labeling by the postembedding staining method. The apical
plasma membranes and microvilli (arrows in a) and the lateral plasma membrane (arrows in b) are positive, a. X31,800: b. X23.700.

histochemical studies. With regard to the endometrium, Tsukazaki et
al. (20) reported an increase in the positive rate of specimens with
Lewis group antigens detected immunohistochemically in endometrial
cancers as compared with normal endometrium. Based on their data,
Le" antigen was detected in 20% cases of normal endometria and in
76% cases of endometrial adenocarcinoma; whereas Leb antigen,

which was detected by MSN-1, was found in 0% of cases of normal

endometria and in 87% of cases of endometrial adenocarcinoma. Such
findings suggest that the increased expression of Lewis antigens in
endometrial cancers is resulted from the elevated activities of fuco-
syltransferase, A'-acetylglucosaminyltransferase, and galactosyltrans-

ferase in endometrial cancers. All of these enzymes are participants in
the pathway of the synthesis of the blood group-related carbohydrate

antigens.
In the present immunofluorescence study using cryosections, the

normal endometrium showed very weak staining with MSN-1 on the

luminal surface of endometrial glandular cells, while, in endometrial
adenocarcinoma cells, markedly positive reactions were seen at the
apical plasma membranes as well as the lateral plasma membranes.
The positive reactions were also seen at the corresponding sites upon
immunoelectron microscopic examination.

Confocal laser scanning microscopy gave us precise figures regard
ing the intracytoplasmic positive reactions in endometrial cancer cells,

which cannot be detected under a conventional fluorescence micro
scope. For example, the indistinctly outlined supranuclear staining
observed by conventional immunofluorescence microscopy was
sharply visible as coarse granule-shaped stainings, probably corre

sponding to the Golgi apparatus by confocal laser scanning micros
copy, and fine granule-shaped spots were also seen in the cytoplasm

by this method. Therefore, we could assess the subcellular localization
by immunoelectron microscopy with the expectation that positive
reactions would be found at the Golgi apparatus and intracytoplasmic
vesicular structures. In this sense, confocal laser scanning microscopy
mediates between light and electron histochemical findings in the
present study.

The distribution of MSN-1-reactive antigen, i.e., in the Golgi ap

paratus, intracytoplasmic vesicular structures, and apical and lateral
plasma membranes, seems to reflect the post-endoplasmic reticulum

portion of the secretory pathway, since it is well documented that
glycoproteins are initially synthesized at membrane-bound ribosomes

and then are processed step by step after transportation from the
endoplasmic reticulum to the Golgi apparatus. In the Golgi apparatus,
glycosylation takes place by a variety of glycosyltransferases, and the
glycoproteins are subsequently sorted in the rrans-Golgi network

partly for a constitutive secretory pathway, partly for a regulated
secretory pathway, and partly for an endolysosome pathway (26, 27).
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Fig. 5. Electron micrographs of well-differentiated endometrial adenocarcinoma cells (a) and normal endometrial glandular cells (hi stained with MSN-1. Colloidal gold labeling
by the postembedding staining method. Almost all cistemae of the Golgi apparatus (arrows in a) and nearby intracytoplasmic vesicular structure (arrowhead ina) are intensely positive
in well-differentiated endometrial adenocarcinoma cells. On the other hand, only a few gold particles are found at the Irans side of the Golgi apparatus (arrow in b) in normal endometrial
glandular cell. a. X31,300; b. X25.000.
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Fig. 6. Postembedding MSN-1 staining of adjacent serial ulti,uhm sections of well-differentiated endometrial adenocarcinoma cells in the absence (a) and presence (fr) of LNDFH-I.

Colloidal gold labeling. Positive reactions in the Golgi apparatus as observed in a are drastically reduced in the corresponding area in b. C, Golgi apparatus; N, nucleus. X30,400.

No detailed reports have appeared regarding the pathway of the
synthesis of glycolipids. It is reponed that the synthesis of the carbo
hydrates of glycolipids begins at the endoplasmic reticulum. followed
by the elongation of carbohydrates in the Golgi apparatus; and the
newly synthesized plasma membrane lipids are then transferred to the
cell surface via the constitutive secretory pathway (28).

The specific expression of MSN-1-reactive antigen at the lateral

plasma membranes in endometrial cancer cells in this study reveals
the loss of polarity of the immunolocalization of the antigens. Similar
examples of loss of polarity in epithelial tumor cells have been widely
reported regarding the immunolocalizations of some glycoproteins,
such as carcinoembryonic antigen in colonie cancer cells (8, 29).

In examining the distribution of MSN-1-reactive antigens in the

Golgi apparatus, we found that normal endometrial glandular cells
showed only a few gold particles at the fra>!i-cisternae or at the
trans-Golgi network area of each Golgi apparatus. However, in the

endometrial adenocarcinomas, although heterogeneity in the expres
sion of the MSN-1-reactive antigens existed among adenocarcinoma

cells, most of the cancer cells showed strong expression of the anti
gens at the trans- or more medial cisternae of the Golgi apparatus, in
the rrans-Golgi network area, and in the vesicular structures. Some

specimens showed positive reactions in almost all the Golgi cisternae
including rÃ¡-cisternae.

The difference in the localization of these antigens in the Golgi area
may be resulted from aberrant glycosylation in cancer cells. Hartel-
Schenk et al. (30) reported alterations in the distribution of glycosyl-
transferase activities, such as those of galactosyltransferase, sialyl-

transferase, and fucosyltransferase, within the Golgi apparatus in
hepatotumorigenesis of the rat. The malignant transformation of en-
dometrium may also bring about the alteration of some glycosyltrans-

ferase activities within the Golgi apparatus. The reason for the altered
distribution of glycosyltransferase activities could be thought to be the
overexpression of glycosyltransferases, which would saturate Golgi
targeting machinery with the glycosyltransferases, because, if glyco
syltransferase is overexpressed, the Golgi-targeting machinery (31)

could be saturated with the glycosyltransferases so that they might not
be properly distributed intracellularly. It will be necessary to immu-

nocytochemically investigate the subcellular localizations of glyco
syltransferases, such as fucosyltransferase, in consideration of the
bifucosylated structure of the Leb carbohydrate. At present, as an

example of glycosyltransferase, we are examining immunocytochem-

ically the distribution of ÃŸl^4-galactosyltransferase within the Golgi

apparatus in normal and malignant endometrial glandular cells (32)
using two kinds of monoclonal anti-ÃŸl^-galactosyltransferase anti

bodies which recognize different epitopes (33, 34).
The altered expression of the MSN-1-reactive antigen is presum

ably caused by an aberrant expression of some glycosyltransferases. It
is also possible that the abnormality in the sorting process in the
trans-Go\gi network area resulted in an accumulation of Leb antigen

in the Golgi apparatus. The question of why these changes in glyco
sylation occur during oncogenesis of the endometrium is a basic but
difficult to solve. Further immunoelectron microscopic studies using
monoclonal antibodies including such antibodies for glycosyltrans
ferases will certainly give us important clues for the elucidation of the
mechanism of the aberrant glycosylation commonly seen in various
tumor cells.
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