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The expression of A, B, and H group antigens, Lewis group antigens (Lewis®, Lewis®, Lewis®, and
Lewis’), and Lc4 and nLc4 antigens, the precursor antigens of both groups, was examined im-
munohistochemicaily with monoclonal antibodies in 9 normal endometria, 6 endometrial hyperplasias,
and 31 endometrial cancers. 1} A, B and/or H antigens were detected in endometrial cancers at an
incidence of 51.6%, while no distinct localization of these antigens was observed in normal en-
dometria. H antigen, the precursor of A and B antigens, was particularly frequently detected in
endometerial cancers. 2) An increased rate of expression of Lewis group antigens, particularly Lewis”
antigen, was observed in endometrial cancers compared with its expression in normal endometria,
3) Led and nled antigens were detected in endometrial cancers at rates of 41.99 and 38.7%,
respectively, these expressions being increased compared with those in normal endometria. 4) These
results suggest that a highly abnormal expression of blood group-related antigens in endometrial
cancers occurs not only at the level of A, B, and H antigens and Lewis group antigens, but also at the
level of their precursor Led and nLc4 antigens. 5) Lewis®, Lewis®, and Lc4 antigens, built on the type-
1 chain, are more specific to endometrial cancers than their respective positional isomers, Lewis”,

Lewis’, and nLc4 antigens, built on the type-2 chain.
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In Japan, uterine endometrial cancers are gradually
increasing not only in frequency but also in absolute
number. However, since the nuclear atypia of en-
dometrial cancer cells is often inconspicuous, cytologic
diagnosis is sometimes difficult, especially in the well-
differentiated type. Therefore, it is necessary to define cell
biological characteristics of endometrial cancers that can
be applied diagnostically as a supplement to morpho-
logic diagnosis.”

Blood group-related carbohydrate antigens are impor-
tant human alloantigens that have been studied ex-
tensively. It has been demonstrated that changes in their
phenotypic expression can occur during the processes of
normal development” and neoplastic transformation.”
In addition, many monoclonal antibodies raised against
human cancer cells have been shown to react with these
carbohydrate structures, for example, CA19-9.” Thus,
investigation of the abnormal expression of blood group-
related antigens in cancer is very useful for shedding light
on the mechanism of changes in carbohydrate antigens in
association with neoplastic transformation.”

Recently, abnormal expression of blood-related carbo-
hydrate antigens in endometrial cancers has been
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reported as a result of immunochistochemical application
of newly generated monoclonal antibodies.”® However,
there have been few reports on the expression of
lactotetraosyl ceramide (Lc4) and lactoneotetraosyl
ceramide (nLc4), the precursor carbohydrates of A, B,
and H group antigens and Lewis group antigens. Such
studies may be helpful to obtain more complete knowl-
edge regarding the mechanism of changes in carbohy-
drate antigens,

In this investigation, we studied the expression of not
only A, B, and H group antigens and Lewis group
antigens, but also Lc4 and nlc4 antigens in normal
endometria, endometrial hyperplasias, and endometrial
cancers.

MATERIALS AND METHODS

Immunohistochemistry using monoclonal antibodies
against carbohydrates was applied to formalin-fixed,
paraffin-embedded sections of surgical materials. Nine
cases of normal endometrium (4 in the proliferative
phase and 5 in the secretory phase), 6 cases of endo-
metrial hyperplasia (3 adenomatous hyperplasia and 3
atypical hyperplasia cases), and 31 cases of endometrial
cancer (19 well-differentiated, 6 moderately differen-



tiated, and 6 poorly differentiated cases) were studied in
this investigation. Benign materials were obtained from
noncancerous uteri.

Mouse monocional antibodies with specificities for A,
B and H group antigens were purchased from DAKO
Corporation, while monoclonals against Lewis® and
Lewis® antigens were obtained from Green Cross Corpo-
ration. Monoclonals against so-called Lewis® and Lewis®
antigens” (below, they are described simply as Lewis®
and Lewis’ antigens) were provided by Dr, Hirohashi
(Pathology Division, National Cancer Center Research
Institute, Tokyo), and a monoclonal against nLc4 anti-
gen,'” which reacts with the nonreducing terminal struc-
ture of type-2 chain (Gal31-4GleNAc), was donated by
Dr. Hata {Department of Pathology, Keio University).
A hybridoma producing human monoclonal antibody
against Lc4 antigen (HMST-1) was established in our
laboratory.'” The epitope recognized by HMST-1 was
determined to be a lacto-series type-1 chain containing
glycosphingolipid (Gal81-3GleNAcS 1-3Galg1-4GleS1-
1Cer).

Immunohistochemical staining was performed by the
avidin-biotin complex method. Tissue sections were in-
cubated with monoclonal antibody at room temperature
for one hour and subsequently treated with biotinylated
horse anti-mouse IgG and avidin-biotin complex reagent
(Vector Laboratory Inc., Burlingame, CA). Anti-A, -B,
and -H monoclonals were used at a dilution of 1:50,
whereas anti-Lewis?, anti-Lewis®, anti-Lewis’, and
anti-Lewis’ ones were diluted 1:100 with PBS. Anti-nLc4
was applied as an undiluted hybridoma culture super-
natant, and the working concentration of anti-Lc4 was
adjusted to 10 pg/ml. Sections were developed with
diaminobenzidine for color and counterstained with
hematoxylin. The staining patterns of each endometrial
specimen were evaluated on the basis of both staining
intensity and incidence of positive cells. The intensity was
graded on an arbitrary scale as weak, moderate, or
strong; and the incidence was classified into three grades
of <109, 10% to 50%, and >350% according to the
percentage of positive endometrial cells in each section.
By combining both the intensity and incidence, we classi-
fied the reactivity of each specimen as (£}, (+), (++),
or (+++). The cases in the {£) group were handled as
negative so that the results would be reliable, The
specificity of immunohistochemical staining was con-
firmed by means of negative control sections in which the
primary monoclonal antibodies were replaced by other
mouse antibodies. Erythrocytes and vascular endothelial
cells in the sections served as useful internal positive
controls for the specificity of anti-A, -B, and -H anti-
bodies.
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RESULTS

Normal endometrium None of the specimens of normal
endometrium distinctly expressed any of the A, B, and H
blood group antigens, although these antigens were
detected faintly on the luminal surface of normal en-
dometrial glands in some cases (Fig. 1). With regard to
the Lewis group antigens, no distinct localization of
Lewis” antigen was observed in the 9 normal endometria,
but Lewis®, Lewis®, and Lewis® antigens were detected in
2 [1caseeachof (+)and {++)], 4 [1case (), 2 cases
{(++), and 1 case (+++)], and 2 [1 case each of (+}-
and (++)], respectively, of the 9 cases. Lc4 antigen and
nLc4 antigen were also expressed in 1 [(+) case] and 1
[(++) case], respectively, of the 9 cases (Fig. 2).

Endometrial hyperplasia Concerning the expression of
A, B and/or H antigens in the 6 cases of endometrial
hyperplasia (3 adenomatous hyperplasia and 3 atypical
hyperplasia cases), compatible antigens were observed in
1 case (1) of adenomatous hyperplasia (Fig. 3) and 1
case (++) of atypical hyperplasia. Lewis* antigen was
observed in 1 case of adenomatous hyperplasia [(+1)
case] and in 2 of the 3 atypical hyperplasias [ 1 case each
of (+) and (+-)]. Lewis® antigen was observed in 1
case of adenomatous hyperplasia [(++) case] and 2
cases of atypical hyperplasia [1 case each of (++) and
(+-++)]. Lewis" antigen was detected in 1 case of ade-
nomatous hyperplasia [(+) case] and in all 3 cases of
atypical hyperplasia [2 cases (++) and 1 case (++1)].

Fig. 1.
endometrium. In contrast to the expression of A antigen in
vascular endothelial cells and erythrocytes (indicated by
arrows), endometrial cells are negative (original magnification,
X 100).
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Table I.
Antigens and Blood Group of Patients

Incidence of Endometrial Cancers Classified by the Expression Pattern of A, B, and H Blood Group

. Blood group of patients No. of cases
Type Expression pattern of cancer s B o B (%)
I No blood group antigen 6 5 1 15
(48)
II Existence of the precursor 2 / 1 5
H blood antigen (16)
I Co-existence of the compatible ¢] 0 0 3
and precursor H blood antigen (10}
iv Existence of the compatible 0 5 2 8
antigen only (26)
Total 8 10 4 31
(100)
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Fig. 2. Frequency of detection of type-1 chain (Lc4, Lewis®,
Lewis®) and type-2 chain (nlc4, Lewis*, Lewis’) antigens in
various kinds of endometrial lesions. N, normal endometrium;
H, endometrial hyperplasia; C, endometrial cancer.

Lewis” antigen was detected in only 2 cases of atypical
hyperplasia [1 case each of (++) and (--++)]. Le4
antigen and nlLc4 antigen were not detected in the ad-
enomatous hyperplasias, but they were detected in 1 case
of atypical hyperplasia, in which they were moderately
positive (Fig. 2).
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Fig. 3.

Distribution of H antigen in adenomatous hyperplasia.
Both the luminal surface and the cytoplasm of hyperplastic cells
are moderately stained, as indicated by arrows (original magni-
fication, X 100).

Endometrial cancer Concerning A, B and/or H anti-
gens, not only compatible antigens but also their precur-
sor antigens were detected in endometrial cancers, and
the expression pattern could be classified into 4 types
(Table I). Type I: Endometrial cancers expressing no
blood-group antigens, as in normal endometria. Fifteen
cases belonged to this type, and the incidence was 48%
(15/31). Type II: Endometrial cancers expressing the
precursor H antigen. Five cases belonged to this type,
with an incidence of 16% (5/31). Type I11: Endometrial
cancers expressing both compatible and precursor H
antigens (Fig. 4). Three cases belonged to this type, and
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Fig. 4. Distribution of A (a) and H (b} antigens in consecutive sections of an endometrial cancer specimen of a blood group A
patient. Not only A antigen (the compatible antigen for the patient) but also H antigen (the precursor of A antigen) is strongly
stained in the endometrial cancer cells (indicated by arrows). This case was therefore classified as Type III (original magnification,

X 100).

Table II.

Relationships of A, B, and H Blood Group Antigens
Expressed in Endometrial Cancers to Blood Group of the

Patients
Antigens Blood group of patients No. of
expressed A B 0 AB Cancers
in cancers (9 {8) (10) (4) (Total 31)
A 4 4] 0 2 6
B 0 0 0 ¢ 0
H 5 2 5 1 13
— 3 6 5 1 15

the incidence was 10% (3/31). Type IV: Endometrial
cancers expressing only the compatible antigens. Eight
cases belonged to this type, for an incidence of 26%
(8/31).

Of the 31 endometrial cancer cases, 16 belonged to
Type II, Type III, or Type IV, all types expressing A, B,
and/or H antigens, and the incidence of expression was
thus 51.6% (16/31), while no distinct localization of A,
B, and H antigens was observed in normal endometria.
As for the relationship between the expression of A, B,
and H antigens in endometrial cancers and the blood
group of the patients {Table II), H antigen was expressed
on cancer cells from not only group O patients, but also
group A, group B, and group AB cases. Iis expression

Distribution of Lewis® antigen in endometrial cancer,
Almost all cancer cells are strongly positive (original magnifica-
tion, X200).

Fig. 5.

rate was 41.9% (13/31). The A group antigen was
expressed in 6 of the 31 cases (19.49¢) and only in group
A and group AB patients in which the A antigen was the
compatible antigen, with an expression rate of 46.2%
(6/13); while the B group antigen was not expressed in
any of the cancers. Further, endometrial cancers from
group O patients expressed only H antigen or none, and
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Fig. 6. Distribution of Lc4 antigen in endometrial cancer.
Many cancer cells show intense staining of the membrane and
cytoplasm, as indicated by arrows (original magnification,
X 200).

neither A antigen nor B antigen was observed in these
cancers. Endometrial cancers from group A patients
expressed A antigen and/or H antigen, while those from
group B patients expressed only the H group antigen.
Thus, incompatible expression was not observed in any of
the endometrial cancers studied,

With regard to Lewis group antigens, Lewis®, Lewis®,
Lewis", and Lewis’ antigens were expressed in 23 cases
(74.29%), 27 cases (87.1%), 17 cases (54.8%), and 20
cases (64.5%), respectively (Fig. 2). Therefore, the rate
of expression of Lewis group antigens, particularly
Lewis” antigen (Fig. 5), was increased in endometrial
cancers compared with that in normal endometria. Fur-
ther, Lc4 antigen and nLc4 antigen were detected in 13
(41.9%) and 12 (38.7%), respectively, of the 31 endo-
metrial cancers. In the 15 endometrial cancers belong-
ing to Type I (not expressing A, B, or H antigens), 8
cases (53.39%) were positive for Lc4 antigen and 6 cases
(40% ) were positive for nlc4 antigen. The expression of
Lc4 (Fig. 6) and nLc4 in endometrial cancers was thus
increased compared with that in normal endometria.
Comparison of the immunohistochemical reactivity
between each set of positional isomers in the same
endometrial cancers (Fig. 7) Lewis®* antigen and Lewis®
antigen (a), both of which are fucosylated at the penulti-
mate GalNAc, Lewis” antigen and Lewis’ antigen (b),
both of which are fucosylated at the penultimate
GalNAc and at the terminal galactose, and Lc4 antigen
and nLc4 antigen (c), neither of which are fucosylated,
were compared in the same endometrial cancers. The
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Fig. 7. Comparison of immunohistochemical reactivities be-
tween Lewis® and Lewis® (a), Lewis® and Lewis’ (b), and Lc4
and nLc4 (c) in the same endometrial cancers, ®: The cases in
which the reactivity of Le®, Le®, and Lc4 was stronger than that
of Le", Le’, and nle4. O: The cases in which the reactivity of
Le?, Le®, and Lc4 was equal to that of Le¥, Le?, and nLed. O
The cases in which the reactivity of Le?, Le®, and Led was
weaker than that of Le*, Le*, and nLc4.



cases in which the reactivity of Lewis® antigen, Lewis"
antigen, and Lc4 antigen, built on the type-1 chain, was
stronger than that of Lewis" antigen, Lewis’ antigen and
nlLc4 antigen, built on the type-2 chain, amounted to 17
(54.8%), 14 (45.29%), and 9 (29.0%), respectively, of
the 31 cases. The cases in which the reactivity of Lewis®
antigen, Lewis” antigen, and Lc4 antigen was equal to
that of Lewis" antigen, Lewis’ antigen, and nLc4 antigen
were 8§ (25.8%), 13 (41.9%), and 15 (48.4%), respec-
tively. Finally, cases in which the reactivity of Lewis®
antigen, Lewis” antigen, and Lc4 antigen was weaker
than that of Lewis® antigen, Lewis’, antigen and nLc4
antigen were 6 (19.4%), 4 (12.9%) and 7 (22.6%),
respectively.

Relationship between blood group-related antigens and
hitologic differentiation (Fig. 8) At least one of the
A, B, and H antigens was expressed in 13 of the 19
well-differentiated cases (68.4%), 2 of the 6 moderately
differentiated cancers (33.3%), and 1 of the 6 poorly
differentiated cases (16.7%). As regards the Lewis group
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Fig. 8. Relationship of blood group-related antigens expressed
in endometrial cancers to histologic differentiation. G1, well-
differentiated; G2, moderately differentiated; G 3, poorly
differentiated.
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antigens, either Lewis® antigen or Lewis® antigen and
either Lewis® antigen or Lewis” antigen was expressed in
18 (94.7%) and 17 (84.2%) of the 19 well-differentiated
cases, 6 (1009) and 5 (83.3%) of the 6 moderately
differentiated cases, and 4 (66.6%) and 2 (33.3%) of the
6 poorly differentiated cases, respectively. Lc4 antigen
and nLc4 antigen were positive in 6 (31.6%) and 7
(36.8%) of the 19 well-differentiated cancers, 4 {66.6%)
and 3 (509%) of the 6 moderately differentiated cancers,
and 3 (509%) and 2 (33.3%) of the 6 poorly differen-
tiated cancers, respectively.

DISCUSSION

Comparative studies on the expression of blood group-
related antigens in normal and cancer tissues have been
performed for many organs, such as the stomach,'”
lung," colon,' breast,'” urinary bladder,'® uterus,® ™ '?
etc. According to those reports, A, B, and H antigens
compatible with the blood group of the patients were
found in the normal tissues of the stomach, lung, breast,
urinary bladder, and uterine cervix in nearly all cases.
Moreover, a tendency toward deletion of A, B and/or H
antigens after neoplastic transformation is recognizable
and may be understood as a dedifferentiation in associa-
tion with neoplastic transformation. On the other hand,
the reverse tendency was also observed: A, B, and H
antigens are not found in the normal distal colon,™ and
yet they are expressed in association with cancer. A
recent study based on the use of monoclonal antibodies
demonstrated expression of A, B, and/or H antigens in
endometrial cancers, whereas those antigens are not ob-
served in the normal endometrium.” These observations
strongly favor the possibility that abnormal expression of
blood group-related carbohydrate antigens similar to that
in the distal colon might occur in endometrial cancers.
The mechanism of such abnormal expression of blood
group-related carbohydrate antigens has not been
clarified, but various concepts have been considered such
as “accumulation of precursor carbohydrates dependent
on a lack or deficiency of glycosyltransferase activities,”
“sialylation and polyfucosylation of antigens,” “neo-
expression of antigens, including incompatible antigens,”
etc.,” 1% 18 However, except for the expression of incom-
patible antigens, the above concepts are applicable only
to cancers such as lung cancer and breast cancer, which
lose A, B, and/or H antigens, but not to cancers such as
distal colon cancer or endometrial cancer, which express
those antigens in association with neoplastic transforma-
tion. Thus, new concepts for the latter should be consid-
ered. Regarding the blood group-related carbohydrate
antigens, it is a well-known fact that these structures are
formed by the sequential addition of monosaccharide
units to the carbohydrate side chains of glycolipids or
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glycoproteins. Accordingly, as the mechanism by which
A, B, and/or H antigens are expressed in endometrial
cancers, the concept of promotion of glycosyltransferase
activity during carcinogenesis is plausible. That is,
fucosyl transferase, GalNAc transferase, and/or Gal
transferase may somehow be activated during car-
cinogenesis, resulting in the expression of H, A, and/or
B antigens. Similarly, the increase in expression of Lc4
and nlc4 antigens in endometrial cancers may be
explained by promotion of Gal transferase activity,
which binds Gal to the terminal GleNAc to form Lc4 or
nLc4. Indeed, several investigators have reported that
serum N-acetyl glucosaminyl glycoprotein 31-4 galac-
tosyltransferase activity is elevated in ovarian cancer
patients,'**"

Although this hypothesis has not been confirmed, the
possibility of removal of masking substances associated
with the cancer process cannot be ruled out. That is,
blood group-related antigens naturally existing on the
surface of endometrial cells might be masked with some
substance in a normal tissue, while in the cancerous state
the masking substance would be lost and their anti-
genicity would thus be expressed. Indeed, Lc4 antigen,
which is hardly expressed in normal endometrium,
becomes detectable at a higher rate in normal endo-
metrium treated with sialidase,” a rate comparable to
that found for endometrial cancers in our present inves-
tigation. Therefore, further studies at the levels of
glycosyltransferase and glycosidase are necessary to shed
more light on the mechanism of abnormal expression of
blood group-related antigens in uterine endometrial
Cancers.

With respect to the expression of Lewis group anti-
gens, and Lc4 and nlc4 antigens in endometrial cancers,
all antigens were detected at a higher rate in endometrial
cancers than in normal endometrium, and this tendency
was similar to that observed by staining for Lewis® and
Lewis® antigens in the distal colon.'” Among these anti-
gens, Lewis®, Lewis’, and Lc4 antigens, built on the
type-1 chain, showed higher specificity for endometrial
cancers than their corresponding positional isomers,
Lewis®, Lewis* and nLc4 antigens, built on the type-2
chain. These resulis are similar to those reported by
Inoue et al,” but are different from those reported by
Kannagi et al.,” who examined gastrointestinal and lung
cancers. Kannagi and co-workers found that the type-2
chain was 100 to 200 times more frequent in cancer
tissues than in the corresponding normal tissues, which
showed a predominance of type-1 chains over type-2
chains. The reason for this great discrepancy is not clear.
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Lewis® and Lewis® antigens are fucosylated at the penul-
timate GalNAc, and Lewis® and Lewis’ antigens have
additional fucosylation at the terminal galactose. In-
creased expression of Lewis?, Lewis®, Lewis”, and Lewis’
antigens in endometrial cancers strongly suggests that
fucosyltransferase activities might be promoted in en-
dometrial cancers, considering the results for A, B, and
H antigens.

We did not determine the secretor/non-secretor status
of the patients included in this study. In general, the
population can be divided into a major group of secretors
(about 80%) and a minor group of non-secretors (about
209). In the non-secretor, H antigen is not formed, and
A and B antigen are also not synthesized. Moreover,
Lewis” antigen can not be formed.'” With regard to
endometrial cancer, A, B, and H antigen were not
detected in 48.4% of the cases and Lewis® antigen was
not detected in 12.9% of the cases. Therefore, it cannot
be ruled out that tissues from non-secretor patients might
have been included in those cases. However, the blood
group antigens are not expressed in the normal en-
dometrium, but do appear in parallel with neoplastic
transformation. Therefore, even if the secretor/non-
secretor status of the patients is taken into consideration,
it scems safe to assume that, in the secretor, the incidence
of expression of A, B, or H antigen or Lewis® antigen in
endometrial cancers will not decrease compared with
that indicated in this study.

Finally, in endometrial hyperplasia, the positive rates
of A, B, and H antigens, Lewis group antigens, and L4
and nlc4 antigens were intermediate between those for
the normal endometrium and those for endometrial
cancers. The rates in atypical hyperplasia, presently clas-
sified as a borderline lesion or 0 stage of endometrial
cancer, were higher than in benign adenomatous
hyperplasia. These results suggest that changes in blood
group-related antigens have already been induced in pre-
neoplastic lesions, as Hirohashi e: @/ reported,'” and
increase as the lesions grow worse. This is very inter-
esting when considering the changes in carbohydrate
chain antigens accompanying neoplastic transformation.
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