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Summary. The expression of the Lewis blood
group and its related antigens in fetal, normal adult
and malignant tissues of the uterine endometrium
was examined immunohistochemically using a
panel of mouse monoclonal antibodies with speci-
ficities for Lewis-a (La), Sialyl Lewis-a (SLa), Lew-
is-b (Lb), Lewis-X (LX), Sialyl Lewis-X (SLX) and
Lewis-Y (LY) antigens. La, SLa and SLX having
one fucose residue were detected in a small number
of fetal tissues, while Lb and LY having two fucose
residues were found in most cases. In the adult
endometrium, expression of Lb and LY was con-
siderably lower than those in fetal tissues, although
expression of La and SLa was not different be-
tween these two tissues. Expression of LX and
SLX was pronouned in adult when compared with
fetal tissues. Malignant endometrial glands ex-
pressed La, SLa, Lb and LY, extensively, while
LX and SLX were expressed less than in normal
tissues.

Lb and LY can thus be considered oncofetal
antigens, extensively expressed in fetal and malig-
nant tissues but not in normal adult tissues. Ex-
pression of Lb and LY was greater than that of
La and SLA in carcinoma; an increase in the activ-
ity of fucose transferase might be associated with
malignant transformation in the uterine endome-
trium.
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Introduction

There have been numerous attempts to make can-
cer-specific monoclonal antibodies in various labo-
ratories but most of the antibodies have been
found to have their main activity directed to termi-
nal carbohydrate structures, such as the blood
groups, and their related antigens and thus non-
cancer specific. A typical example is the monoclon-
al antibody NS 19-9, obtained by immunization
of a mouse with a colon cancer cell line. It is highly
reactive with colorectal carcinomas and useful for
the serological detection of gastrointestinal and
pancreatic carcinomas (Atkinson et al. 1982; Mag-
nani et al. 1983). However, the antigenic determi-
nant recognized by NS 19-9 is a sialylated form
of the Lewis-a blood group antigen (Magnani et al.
1982). Another interesting antibody, CSLEX-1, is
also directed against Lewis-X, the sialylated form
of which is often released into the sera of cancer
patients (Kannagi etal. 1986; Kawahara et al.
1985; Saltor et al. 1978; Shi et al. 1984). Other car-
bohydrate chains belonging to the blood group se-
ries have also been shown to be altered in associa-
tion with neoplastic transformation. These changes
include aberrant or blocked synthesis of blood
group antigens, either with or without precursor
accumulation, an increase or neosynthesis of cer-
tain glycolipids with blood group antigenic deter-
minants, and synthesis of sialylated substances
bearing blood group carbohydrate chains (Feizi
1985; Hakomori 1984).

Much of our understanding about cell surface
glycoconjugates has come from studies on gastro-
intestinal tissues (Ernst et al. 1984 ; Itzkowitz et al.
1986; Itzkowitz et al. 1987 ; Kanai et al. 1987; Sak-
amoto et al. 1986; Yuan et al. 1985) and the uri-
nary bladder (Cardo-Cordon et al. 1988; Juhl et al.
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1986; Linas et al. 1985). Very little is known about
the expression of the carbohydrate chains of blood
groups and their related antigenic determinants in
normal and malignant tissues of the female genital
tract. In a previous report, we demonstrated in-
creased expression of the blood group antigen H
and Lewis-b in both neoplastic and fetal tissues
of the uterine endometrium (Inoue et al. 1987). The
present study was designed using a panel of mono-
clonal antibodies specific for Lewis-a, Lewis-b,
Lewis-X, Lewis-Y, and the sialylated forms of
Lewis-a and Lewis-X in order to investigate further
their immunohistochemical expression and modu-
lation in fetal, normal adult and malignant endo-
metrial tissues.

Materials and methods

Tissue blocks from 73 patients with endometrial cancers were
collected from the pathology files of the Department of Obstet-
rics and Gynecology at Osaka University Medical School,
Osaka, Japan. Histologically, these tumours consisted of
51 well-, 14 moderately-, and 8 poorly-differentiated adenocar-

Table 1. Monoclonal antibodies recognizing Lewis antigens and
sialylated forms of Lewis-a and Lewis-X antigens

Monoclonal antibody Antigen Source
Anti-Lewis-a (Ig M) Lewis-a Chembiomed, Ltd.
(Edmonton, Canada)
NS 19-9 (Ig GI) Sialyl Dinabot, Ltd.
Lewis-a (Tokyo, Japan)
Anti-Lewis-b (Ig M) Lewis-b Chembiomed, Ltd.
(Edmonton, Canada)
FH-2 (Ig M) Lewis-X Dr. S. Hakomori
(Seattle, USA)
CSLEX-1 (Ig M) Sialyl Dr. P. Terasaki
Lewis-X (Los Angeles, USA)
AH-6 (IgM) Lewis-Y Dr. S. Hakomori

(Seattle, USA)
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cinomas. Normal endometrial tissues were also obtained from
the surgical specimens of 63 patients treated for uterine myoma
at the Department of Obstetrics and Gynecology, Osaka Uni-
versity Medical School. Fetal uterine tissues were obtained at
abortion of 29 fetuses of 16 to 25 weeks gestation from the
Department of Pathology at Osaka Medical Center for Mater-
nal and Child Health, Osaka, Japan. Tissue samples fixed in
10% formalin and embedded in paraffin were cut into 4- to
6-um thick serial sections. They were then stained by routine
histopathological and immunoperoxidase techniques.

Tissue localization of antigens was determined immuno-
histochemically with the avidin-biotin-peroxidase complex
(ABC) method (Hsu et al. 1981). Monoclonal antibodies specif-
ic for Lewis antigens and the sialylated forms of Lewis-a and
Lewis-X are listed in Table 1.

The tissue sections were deparaffinized, hydrated in graded
ethanol and immersed in 0.3% hydrogen peroxide to block
endogenous peroxidase activity. The slides were then washed
in 0.05 M phosphate buffered saline (PBS), pH 7.4, and were
subsequently treated with 10% normal goat serum to inhibit
nonspecific binding of antisera. The primary monoclonal anti-
bodies were applied for 1 h at room temperature. After rinsing
in PBS, the sections were incubated for 30 min with biotin-
labeled goat anti-mouse IgG or IgM (Vector Labs, Burlingame,
CA, USA). They were then treated with the ABC (Vector Labs)
at room temperature. Sites of peroxidase activity were visual-
ized with 0.1% 3,3-diamino-benzidine-tetrahydrochloride con-
taining 0.02% hydrogen peroxide in PBS. The slides were coun-
terstained lightly with haematoxylin. Negative controls in-
cluded sections incubated with normal mouse serum in place
of the primary specific antibody.

The patient’s blood type was determined by serological
blood typing at the Department of Laboratory Medicine,
Osaka University Medical School. However, we were unable
to confirm the secretor status of the patients because neither
saliva nor gastric secretions were available.

Cellular localization of the antigenic sites was determined
by two observers using a double-head light microscope. The
relative number of immunoreactive cells was scored from 0
to 4 as follows: score 0, negative; score 1, less than 10%;
score 2, 10% to 50%:; score 3, 50% to 90%; and score 4, more
than 90%. The average score for each group was calculated
by the following ratio

Total number of scores
Number of cases

Table 2. Immunoreactivity of Lewis antigens and sialylated forms of Lewis-a and Lewis-X antigens in endometrial tissues

Tissue Fetus (n=29) Normal adult (n=163) Cancer (n=73)

Staining score 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Antigen Number of cases

Lewis-a 17 7 5 0 0 30 23 9 1 0 15 7 18 26 7
Sialyl Lewis-a 21 8 0 0 0 39 17 7 0 0 19 12 19 15 8
Lewis-b 2 12 13 2 0 34 21 8 0 0 8 9 8 15 33
Lewis-X 28 1 0 0 0 17 25 13 6 2 43 9 18 3 0
Sialyl Lewis X 7 11 1 0 0 1 3 10 30 19 10 6 14 26 17
Lewis-Y 0 1 5 5 17 13 22 12 8 8 2 4 13 22 32

n.: number of cases
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Results

The results of observation of stained fetal endome-
trial tissues are shown in Table 1. Sialyl Lewis-a
and Lewis-X were observed in only 8 and one of
29 cases, respectively. Positive staining was ob-
served on the luminal surface of a few glands
(Figs. 1B and D). However, Lewis-a, Lewis-b and
sialyl Lewis-X were detected in 12, 27 and 22 cases,
respectively. Those antigens were mainly positive
on the luminal surface and sometimes throughout
the cytoplasm of the glandular cells (Figs. 1A, C
and E). Lewis-Y was observed mainly throughout
the cytoplasm of the glandular cells in all cases
(Fig. 1F). The antigens which were observed in a
majority of the cases tended to be present through-
out the cytoplasm of the glandular cells. Interest-
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ingly, sialyl Lewis-X and Lewis-Y antigens belong-
ing to type II carbohydrate chain group were ex-
pressed more frequently than sialyl Lewis-a and
Lewis-b belonging to type I carbohydrate chain
group. In addition, expression of the antigens with
two fucose residues, i.e., Lewis-Y, and Lewis-b,
was pronounced compared to the antigens with
one fucose residue, i.e., Lewis-a, sialyl Lewis-a,
Lewis-X and sialyl Lewis-X.

The results of observation of stained normal
adult endometrial tissues are shown in Table 1.
Lewis-a, sialyl Lewis-a, and Lewis-b, which belong
to type I carbohydrate chain group, were detected
in 33, 24, and 29 of 63 cases, respectively. Although
these antigens were present in about half the cases,
the luminal surface of a small percentage of cells
was faintly stained in a majority of positive cases

Fig. 1. Localization of Lewis blood group and its related antigens in the fetal endometrium. A Lewis-a antigen was expressed
in some epithelial cells. B Sialyl Lewis-a antigen was not detected in this case. C Lewis-b immunoreactivity was observed throughout
the cytoplasm in some glandular cells of fetal endometrium exceeding the level of Lewis-a immunoreactivity. D Lewis X antigen
was not detected. E Sialyl Lewis-X antigen was heterologously expressed. F Lewis-Y antigen was expressed throughout the cytoplasm

of most glandular cells. A-F: Immunoperoxidase method x 66
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Fig. 2. Localization of Lewis blood group and its related antigens in normal adult endometrium. A-C Lewis-a (A), sialyl Lewis-a
(B), and Lewis-b (C) were expressed in the apical portion of a few cells. D-F Lewis-X (D), sialyl Lewis-X (E), and Lewis-Y
(") were expressed throughout the cytoplasm of most cells. A-F: Immunoperoxidase methods x 100

(Figs. 2 A—C). Lewis-X, sialyl Lewis-X and Lewis-
Y, which belong to type Il carbohydrate chain
group, were detected in 46, 62 and 50 cases, respec-
tively. The staining was observed in a greater per-
centage of cells in each case, although the propor-
tion of positive cells varied from case to case. The
antigens were expressed mainly throughout the cy-
toplasm of the glandular cells of basal layer and
surface lining epithelium. They were sometimes
positive in the supranuclear lesion of the cytoplasm
(Fig. 2D-F).

The results obtained by tissue staining during
the proliferative and secretory phases of the endo-
metrium are summarized in Fig. 3. Expression of
Lewis-X antigen was pronounced somewhat in the
proliferative endometrium, while the expression of
the other antigens did not differ between these
phase.

Staining
Score
a4

3
2
1

Tissues P|S

Antigens La S-La Lb LX S-LX LY

Fig. 3. Staining scores of Lewis blood group and its related
antigens in the proliferative and secretory phases of normal
endometrium. Staining score, Refer to ‘“Materials and meth-
ods”; La, Lewis-a antigen; SLa, Sialyl Lewis-a antigen; Lb,
Lewis-b antigen; LX, Lewis-X antigen; SLX, Sialyl Lewis-X
antigen; LY, Lewis-Y antigen. P, Proliferative phase of endo-
metrium; S, Secretory phase of endometrium

The results of observations of stained endome-
trial cancer are shown in Table 1. Expression of
Lewis-a, sialyl Lewis-a, Lewis-b, Lewis-X, sialyl
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Fig. 4. Localization of Lewis blood group and its related antigens in endometrial cancer tissues. A Lewis-a antigen was expressed
mainly in the apical cytoplasm of cancer cells. B Sialyl Lewis-a antigen was expressed in the apical cytoplasm and also throughout
the cytoplasm of many cancer cells. C Lewis-b antigen was expressed throughout the cytoplasm of many cancer cells. D Lewis-X
antigen was not detected in this case. E Sialyl Lewis-X antigen was detected in the cytoplasm of some cancer cells. F Lewis-Y
antigen was detected in the cytoplasm of most cancer cells and the luminal contents of the glands. (Immunoperoxidase methods

% 50)

Lewis-X and Lewis-Y antigens was demonstrated
in 58, 54, 65, 31, 63, and 71 of 73 cases, respective-
ly. Lewis-b, sialyl Lewis-X and Lewis-Y antigens
were strongly expressed, with more than 50% of
cancer cells being positive in more than half of
the cases. Lewis-Y antigen was detected in all cases
except for two patients who did not express any
of the antigens tested, although Lewis-X antigen
was detected in limited cases. These antigens were
observed to be distributed mainly in the cytoplasm
of the cancer cells and also in the apical cytoplasm
and luminal contents of the glands. The proportion
of positive cells varied from case to case and from
area to area in the same case. Positive and negative
cell aggregates coexisted adjacent to each other in
some areas, while in other areas, a single positive
cell or a few aggregated positive cells were scat-
tered among negative cells (Figs. 4 A-F).

The correlation between the cellular distribu-
tion of antigens and the degree of histological dif-
ferentiation are summarized in Fig. 5. Generally,
poorly-differentiated tumours showed less antigen
expression, with 4 of § cases being negative for the
5 antigens other than Lewis-Y. However, Lewis-Y
antigen was still expressed in poorly differentiated
tumours, although it was negative in 2 cases which
did not express any of the antigens tested.

The results obtained from this study are sum-
marized in Fig. 6. The average staining scores of
Lewis-b, and sialyl Lewis-X in fetal tissues were
1.5 and 1.2, respectively. Lewis-Y was expressed
in all fetal tissues, with an average staining score
of 3.3. However, Lewis-a, sialyl Lewis-a, and Lew-
is-X showed less expression. Lewis-X in particular
was only faintly positive in just one case. In adult
endometrium, expression of Lewis-b and Lewis-Y
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Staining
Score
44

Histological G1|Gz|Gs| [Gi|G2|Ga G1|Gz|G:a G| Ge|Gs| |Gi1|Ge|Ga
Antigens La S-la Lb LX S-LX LY

Fig. 5. Staining scores of Lewis blood group and its related
antigens in endometrial cancer tissues distributed according to
the histological grade. Staining score, Refer to “Material and
methods™; La, Lewis-a antigen; SLa, Sialyl Lewis-a antigen;
Lb, Lewis-b antigen; LX, Lewis-X antigen; SLX, Sialyl Lewis-
X antigen; LY, Lewis-Y antigen; Gl, Well-differentiated adeno-
carcinoma; G2, Moderately-differentiated adenocarcinoma;
G3, Poorly-differentiated adenocarcinoma

Staining
Score

La Slalb LX S{X LY

La SlaLb LX SLX LY
Adult (83 cases)

Antigensil a S-La Lb LX SLX LY

Tissues Fetus (29 cases) Cancer (73 cases)

Fig. 6. Summary of Lewis blood group and its related antigens
in human endometrial tissues. Staining score, refer to “Materi-
als and methods™; La, Lewis-a antigen; SLa, Sialyl Lewis-a
antigen; Lb, Lewis-b antigen; LX, Lewis-X antigen; SLX, Sia-
lyl Lewis-X antigen; LY, Lewis-Y antigen

was considerably lower than that in fetal tissues.
Conversely, expression of Lewis-X and sialyl Lew-
is-X was pronounced in adult endometrial tissues.
Lewis-a and sialyl Lewis-a showed the same ex-
pression in both tissues. In cancer tissues, the
malignant glandular cells reexpressed Lewis-b and
Lewis-Y, extensively with their two fucose resi-
dues. Expression of Lewis-a and sialyl Lewis-a was
also greater in cancer tissues than in normal adult
endometrial tissue. However, expression of the an-
tigens having two fucosyl residues, Lewis-b and
Lewis-Y, was greater in cancer tissues than expres-
sion of the antigens with one fucosyl residue, Lew-
is-a and sialyl Lewis-a. Lewis-X and sialyl Lewis-X
were somewhat more weakly expressed in cancer
tissues compared to normal tissues. Consequently,
amplified expression of the type I carbohydrate
chain in malignant cells was greater than that of
the type I chain, although Lewis-Y was detected
in many cancer cells.
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Discussion

The Lewis “family” of antigens consists of carbo-
hydrate antigenic structures which are formed by
sequential addition of specific monosaccharides to
the carbohydrate side chains of glycolipids and gly-
coproteins. The Lewis-a determinant contains L-
fucose joined to the C4 position of the subterminal
N-acetylglucosamine in a type I chain. The Lewis-b
determinant, also based on the type I chain, has
two fucosyl residues joined to adjacent sugars, one
linked (1-4) to N-acetylglucosamine as in the Lew-
is-a determinant and the second linked (1-2) to
the f-galactosyl residue. Lewis-X and Lewis-Y an-
tigens are stercoisomers of Lewis-a and Lewis-b
antigens, respectively, having the fucose molecules
bound to a Type II sugar chain terminus. The sia-
lylated forms of Lewis-a and Lewis-X have a sialic
acid moiety bound (2-3) to the galactose residue
of Lewis-a and Lewis-X antigens, respectively
(Hakomori 1984; Watkins 1980). These well-char-
acterized carbohydate antigens are extremely use-
ful markers for examining what antigenic alter-
ation may be associated with malignant transfor-
mation. This is the first study to investigate the
expression of the Lewis blood group and its modi-
fied antigens systematically in human endometrial
tissues.

In the present study, Lewis-a and Lewis-b were
strongly expressed in endometrial cancer. Lewis-b
was also expressed in the endometrial epithelium
of the fetus. As we have already pointed out, Lew-
is-b is surmised to have a carcinoembryonic char-
acter (Inoue ct al. 1987). The increased expression
of Lewis-b in ovarian cancer specimens and colonic
cancer specimens has been reported by other inves-
tigators (Ernst et al. 1984; Orodonez et al. 1987,
Sakamoto et al. 1986; Yuan et al. 1985). Conver-
sely, disappearance of Lewis-a and Lewis-b has
been reported in cancer tissues of the pancreas and
bladder, and disappearance is a marker for poor
prognosis (Itzkowitz et al. 1987; Juhl et al. 1986,
Linas et al. 1985). With regard to the liver, it has
been suggested that Lewis-a and Lewis-b antigens
may be involved in renewal of the biliary duct epi-
thelium rather than in cancer development (Kanai
ct al. 1987). As described above, the patterns of
expression of Lewis-a and Lewis-b antigens differ
depending on the organ. However, many investiga-
tors have pointed out a correlation between Lewis-
b antigen expression and cancer (Ernst et al. 1984;
Hakomori et al. 1983; Hakomori 1984; Hakomori
1985). Comparison of the intensity of expression
of Lewis-a and Lewis-b antigens in endometrial
cancer tissues revealed that Lewis-b antigen expres-
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sion was clearly stronger than that of the Lewis-a
antigen, indicating, as was also reported by Hako-
mori ¢t al. (Hakomori et al. 1983 ; Hakomori 1984;
Hakomori 1985), an increased fucose-transferring
activity of the type I sugar chain in endometrial
cancer.

In the present study, almost no Lewis-X anti-
gen was detected in the fetal endometrium, and
even with the endometrial cancer specimens, this
antigen was detected in only a few specimens. In
the adult normal endometrium, however, in the
basal stratum of the endometrium in the secretory
phase, the whole of the endometrium in the prolif-
crative phase and the covering epithelium were ex-
tensively positive for Lewis-X antigen in terms of
both the number of cells and the number of speci-
mens. The present findings differ greatly from re-
ports that the Lewis-X antigen level was increased
in cancer tissues (Fox et al. 1983; Gong et al. 1985;
Ttzkowitz et al. 1986; Shi et al. 1984; Yuan et al.
1987). However, some authors have surmised that
Lewis-X is an antigen relating to the growth and
differentiation of cells since no difference was de-
tected in the level of this antigen between cancer
(Sakamoto et al. 1986) and normal tissues of the
colon and since it was not detected in the normal
biliary ductal epithelium but was detected in prolif-
erating biliary ductal epithelium in the liver under-
going regeneration after trauma (Kanai et al.
1987). In addition, Lewis-X antigen was first dis-
covered as a stage-specific embryonic antigen and
is considered to be an antigen involved in the dif-
ferentiation of cells during embryogenesis (Saltor
et al. 1978; Shi et al. 1984). Therefore, it can be
surmised that, in the endometrium, Lewis antigen
is associated with proliferation and differentiation
of cells rather than cancer development.

Lewis-Y antigen was detected at a high level
in most specimens of the fetal endometrium and
endometrial cancer, but it was detected at a relative
low level in the normal endometrial specimens.
Thus, Lewis-Y antigen can be surmised to be a
carcinoembryonic antigen in the endometrium,
similar to Lewis-b antigen. A similar finding has
been reported for distal colon (Abe et al. 1986).
The present finding that Lewis-Y antigen expres-
sion was pronounced but Lewis-X antigen expres-
sion was decreased in cancer tissues compared with
normal tissues suggests that there is an increase
in fucose-transferring activity in the type II sugar
chain as well in endometrial cancer tissues.

The patterns of expression of the sialylated
forms of Lewis-a and Lewis-X antigens in the en-
dometrial tissues are quite similar to those of Lew-
is-a and Lewis-X antigens, respectively, although
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the expression of sialylated Lewis-X antigen was
more pronounced than that of Lewis-X antigen
in all specimens. Sialylation of sugar residues on
the cell surface might not be involved in carcino-
genesis of the uterine endometrium.

The findings can be summarized as follows.
The expression of Lewis-a and Lewis-b (type I sug-
ar chains) was increased in cancer. The expression
of Lewis-b, which has two fucose residues, was
more pronounced than that of Lewis-a, which has
one. The expression of Lewis-X antigen (type II
chain) was less in cancer tissues, although in-
creased expression of Lewis-Y antigen was ob-
served. This is because amplification of Lewis-b
antigen expression in cancer tissues is greater than
that of Lewis-Y antigen. These findings suggest
that increases in the amount of type I sugar chains
and in fucose-transferring activity are oncodeve-
lopmental changes in the Lewis “family” of anti-
gens. However, it is not clear whether such cancer-
related changes occurring in the terminal sugar
chain structure are caused by stepwise addition of
sugar residues by the action of a transferase in
the same fashion as seen in normal tissues. The
biological significance of the above-described
changes and the effects of the Lewis blood group
phenotype in individuals remain to be investigated.
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