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Abstract Changes in expression of histo-blood group 
ABH and Lewis antigens are common alterations in car- 
cinomas. Using immunohistochemistry, we have evaluat- 
ed the expression of type-2 histo-blood group antigens in 
normal and malignant endometrial tissues in relation to 
genetic and hormonal factors. The Le x, sialosyl-Le x, and 
Le y antigens were inconstantly expressed in the normal 
endometrium. The expression was uninfluenced by the 
secretor status but was related to the ABO blood group 
status in Oestradiol (E2) stimulated endometria. Le y was 
expressed most frequently in proliferating endometria 
from blood group 0 individuals. Le x and Le y were maxi- 
mally expressed in atrophic endometria, and Le x and Le y 
staining scores correlated inversely with serum levels of 
E 2 in normal, non-secretory endometria. No correlation 
was found in adenomatous hyperplasias and endometrial 
carcinomas, which when compared with atrophic endo- 
metria, showed a loss of Le x and Le y and an increased H- 
carbohydrate expression at apical membranes. Carcino- 
mas from non-secretors showed lower expression of Le y 
and H-antigens than carcinomas from secretors. Our 
findings suggest that the genetic and hormonal influence 
on glycosylation based on type-2 chain carbohydrates 
differ between normal and malignant endometrium. This 
difference is probably related to specific tumour-associa- 
ted qualitative and quantitative changes in the fucosyl- 
transferases. 
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Introduction 

Most carcinoma cells show changes in the expression of 
carbohydrates belonging to the histo-blood group ABH 
and Lewis antigen systems (Hakomori 1984; Lloyd 
1987). An increased fucosylation in addition to deletion 
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Fig. 1 Structure and proposed biosynthetic pathway for biosyn- 
thesis of type-2 chain fucosylated histo-blood group antigens in 
normal human endometrium. The disaccharide lactosamine can be 
extended either by action of the X-gene defined or related trans- 
ferases to the Le X structure, by the action of the H/Se gene defined 
fucosyltransferases to the H-antigen, or by sialosyl-transferases to 
sialosyl-lactosamine. Substrate competition between transferases 
(e.g. between X-transferase and AfB transferases) for the same 
substrate (e.g. H-antigen) may influence carbohydrate expression 
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of A and B antigens seem to explain the accumulation of 
H, Le y and Le b antigens found in many carcinomas 
(Stellner et al. 1973; Macher et al. 1991; Dennis 1992). 

In normal tissues the expression of histo-blood group 
antigens varies with tissue-type and is influenced by the 
genetic status of the individual in terms of blood-group 
ABO, Lewis and secretor status (Clausen and Hakomori 
1989) (Fig. 1). Apart from this genetic influence, a hor- 
monal influence on glycosylation has recently been sug- 
gested in human endometrial tissue (Thor et al. 1987; 
Neunteufel and Breitenecker 1989; Aplin 1991; Ravn et 
al. 1992a, b, 1993). Few studies have dealt with altera- 
tions in expression of histo-blood group related antigens 
in endometrial carcinomas (Inoue et al. 1987; 1988, 
1990; Tsuji et al. 1987; Iwamori et al. 1989; Neunteufel 
and Breitenecker 1989; Menom et al. 1990; Scharl et al. 
1991; Shiozawa et al. 1991) and these suggest that the H 
and the related difucosylated L e  u and Le y antigens accu- 
mulate in endometrial carcinoma cells. The possibility 
that the expression of these carbohydrates may be related 
to the genetic and hormonal status has not been consid- 
ered in previous studies. 

In the present study we have evaluated the expression 
of type-2 chain histo-blood group antigens, the H (MoAb 
Be2), Le y (MoAb AH6) and Le ~ (MoAb SH1) antigens 
in different normal, premalignant, and malignant endo- 

metrial tissues using immunohistochemistry and specific 
monoclonal antibodies (MoAbs). 

Materials and methods 

Biopsies of normal and malignant endometrium were sampled 
from hysterectomy specimens with informed consent. The tissues 
were fixed in formalin (-24 h) and embedded in paraffin by rou- 
tine procedures. Haematoxylin and eosin stained sections were 
used for the histological diagnosis which was based on conven- 
tional criteria (Dallenbach-Hellweg 1987). All available blocks of 
tissue were investigated if carcinoma or adenomatous hyperplasia 
was suspected. Endometrial carcinomas were typed, graded, and 
staged in accord with the recommendations of WHO and FIGO 
(Poulsen et al. 1975), (Table 2). The biopsies investigated in the 
present study were included by using the criteria of an optimal tis- 
sue preservation, a defined histology (Table 1), and an established 
erythrocyte ABO and Lewis blood group status (Ravn et al. 
1992a). Normal cycling endometria were investigated in a separate 
study and were not included (Ravn et al. 1992b). Biopsies display- 
ing endometritis or curretage sequelae were excluded. 

Details on menstrual history, data of last menstruation, hormo- 
nal therapy and previous gynecological surgery were obtained 
from questionnaires or clinical records (Table 1). 

ABO and Lewis blood typings were performed on erythrocy- 
tes, and ABH-saliva secretor status was determined on saliva-sam- 
ples as described in detail previously (Ravn et al. 1992a). If no sal- 
ivary secretor status was available, the erythrocyte Lewis pheno- 
type was used to predict the secretor status in L ¢  b+ (secretors) 

Table 1 A The material (No. Inv. number of specimens investiga- 
ted; Hormone Ana number of women on which a hormone analy- 
sis was available; Hormone Treatm. number of women in hormo- 
nal substitution therapy at the time of h ysterectomy or within one 
month prior to hysterectomy; * the number of women who for 
more than 1 month ago received hormonal treatment is given in 
the brackets. Data on the hormonal therapy given at the time of 

operation is given in Table 1B; *tested on saliva; a saliva-secretor, 
b saliva status determined on 7 of 12 Le a-b individuals; Atrophic 
includes inactive endometria; Weak Prol weak or insufficient pro- 
liferation; Norm Prol normal proliferative; Irreg Prol irregular 
proliferative; A H  adenomatous hyperplasia, all grades included; 
EC endometrial carcinomas, graded and typed by the recommen- 
dations of WHO (Poulsen et al. 1975) and FIGO) 

Morphology No. Inv Blood group ABO and Lewis status Saliva Hormone Age 
Status 1 Median (range) 

0 A/B ABO 

Laa-b+ Lea+b- Lea-b+ Lea+b - Le a b- 

Ana Treatm* 

Atrophic 17 6 1 9 1 15 12 2 (5) 63 (46-76) 
Weak Prol. 10 3 0 5 2 8 6 0 (6) 50 (31-52) 
Norm Prol. 7 2 0 5 0 4 2 1 (3) 47 (40-50) 
Irreg Prol. 9 3 0 4 2 9 5 2 (4) 49 (43-63) 
AH 13 1 2 6 3 1 a 7 7 2 (6) 63 (51-67) 
EC Gr. I 33 12 2 11 3 5 b 16 13 11 (10) 66 (47-84) 
EC Gr. I1 17 5 1 6 1 4 b 8 6 2 (8) 65 (58-88) 
EC Gr. IlI 6 1 1 2 2 b 2 3 1 (1) 65 (53-71) 

Total 112 33 6 47 15 12 69 54 21 (43) (31-88) 

Table 1B The hormonal treat- 
ment regimen for women recei- 
ving hormonal treatment at the 
time of hysterectomy or within 
one month prior to operation 
(E 2 oestradiol, human natural 
was given as tablets or by in- 
jections; P progestagens were 
given in the second half of the 
cycle, or continuously a) 

Morphology No. Pure Pure Sequential Combined 
inv/total E 2 P E2+P E2+P 

Normal 5/43 2 1 1 1 
Adenomatous hyperplasia 2/13 0 0 2 0 
Endometrial carcinomas 14/56 5 1 a 8 0 

Total 21/112 7 2 1l 1 
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Table 2 Histological grade and 
FIGO stage of carcinomas in- 
vestigated 

One adenosquamous and one 
endometrioid carcinoma 
b One case had a clear cell car- 
cinoma coponent 
c All cases listed included 
serous carcinoma element, in 
one case as the only compo- 
nent. Remaining 50 carcinomas 
were pure endometroid, in 13 
cases including secretory or 
mucinous carcinoma 

FIGO stage Grade 1 Grade 2 Grade 3 All grades 

1A No myometrial invasion 5 1 0 6 
1B <50% Myometrialinvasion 21 8 0 29 
1C >50% Myometrialinvasion 2 3 2 7 
2A Involvement endocerv, glands 2 0 0 2 
2B Invasion cervical stroma 3 3 b 0 6 
3A Metastasis to serosa/adnexa 0 1 c 2 c 3 
3B Metastasis to vagina 0 1 c 0 1 
4A Invasion bladder/rectum 0 0 2 a 2 
4B Distant metastasis 0 0 0 0 

All stages 33 17 6 56 

Table 3 Specificity of antibodies reacting with type-2 chain mono- 
and difucosylated carbohydrate antigens (Sialosyl-Le X was de- 
monstrated using the SH1 MoAb on neuraminidase pretreated sec- 

tions. The difference in staining in neuraminidase pretreated com- 
pared to staining in untreated sections indicate presence of sialo- 
syl-Le ×) 

Antigen determinant Antibody/Ig-class/Reference 

Le × Galfll-4[Fucal-3]GlcNAcfll~R SH1/IgG3/Fukushi et al. 1984 
Chain 2 H Fucc~l-2Galfll-4GlcNAcfll-+R BE2/IgM/Young et al. 1981 
Le y Fuc~l-2Galfll-4[Fuc~l-3]GlcNAcfll--~ R AH6/IgM/Abe et al. 1983 

and Le a+b (non-secretors) individuals (Watkins 1966; Hartman 
1941; Orntoft et al. 1991). 

Blood samples for hormone analysis were drawn the morning 
before hysterectomy from 54 of the 124 women included for im- 
munohistochemical study (Table 1). The serum concentrations 
of the following hormones were measured: Oestrone (E 0, 1713- 
Oestradiol (E)), Oestrone sulphate (E1804), sex hormone binding 
globulin (SHt3G), non-protein-bound E 2 (free E2) and non-SHBG- 
bound E 2. 

E~ and E 2 were measured by radioimmunoassay after extrac- 
tion with diethyl ether and chromatography on columns of LH 20 
using specific rabbit antibodies raised against 6-keto-E~ and 6-ke- 
to-E 2 coupled to bovine serum albumin via the 6-O-(carboxyme- 
thyl)-oximes (Eminent et al. 1972). E~SO 4 was measured by radio- 
immunoassay as E~ after further ethyl acetate extraction, solveoly- 
sis and column chromatography (Franz et al. 1979). The concen- 
tration of SHBG was estimated as the binding capacity of 3H- 
dihydrotestosterone (Gluud and Bennet 1986). Measurement of 
the percentage of free E~ was carried out by the centrifugal-ultra- 
centrifugal-dialysis mett~od (Hammond et al. 1980). The percent- 
age of non-SHBG-bound E 2 was performed by incubating serum 
with 3H labelled E~ and precipitation of the 3H E2-SHBG complex 
with ammonium sulphate (Tremblay and Dube 1974). 

For E~, E2, EISO4, SHBG, free E 2 and non-SHBG-bound E 2 in- 
ter-assay coefficients of variation were 9.6%, 8.5%, 10.3%, 7.5%, 
10.5%, and 6.4%, respectively. The intra-assay coefficients of 
variation were 7.0%, 7.4%, 7.0%, 5.2%, 8.6%, and 5.2%, respec- 
tively. The assay sensitivities were 40 pmol/1 for E l and E2, 200 
pmo1/l for E~SO 4 and for SHBG 5 nmol/1. 

Mouse MoAbs with specificity to chain-2 H (Be2), Le y (AH6), 
and Le x (SH1) were used for immunocytochemistry. Their speci- 
ficity, source, immunoglobulin subclass and reference for specific- 
ity are listed in Table 3. All antibodies were used as undiluted cul- 
ture supernatants. Neuraminidase type X (Sigma) from Clostridi- 
um perfringens (0.1 unit pr ml acetate buffer with 0.04 M calcium 
chloride added) was used to remove sialic acid from sialylated an- 
tigens i.e. to demonstrate presence of sialosyl-Le ~ (sLe X) (Dreze- 
niek 1973). Peroxidase-conjugated rabbit anti-mouse immuno- 
globulin (P260, DAKO, Copenhagen), diluted 1:20 was used as 
second layer antibody. 

After deparafinisation and rehydration some of the serially cut 
sections were pre-incubated with neuraminidase and all subse- 
quently stained by an indirect two layer immunoperoxidase stain- 
ing technique using overnight incubations of the first layer anti- 

bodies and 0.04% 3-amino-9-ethyl carbazole (AEC) as chromogen 
as previously described in detail (Ravn et al. 1992a). Only selected 
case were used. 

Staining was controlled by replacing the primary antibody with 
diluent buffer, a MoAb of irrelevant specificity but with the same 
isotype, and culture supernatant. In addition sections of cervical 
tissues with known ABO, Lewis blood group and saliva secretor 
status served as positive and negative tissue controls (Torrado et 
al. 1990). 

Neuraminidase treatment was controlled by pretreatment with 
acetate buffer alone, neuraminidase pretreatment abolishing stain- 
ing with MoAbs to sialylated antigens, for example the sialosyl-Tn 
(MoAb TKH2), and staining of endothelium by MoAbs to T-anti- 
gen (MoAb HH8) and lactosamine (MoAb 1B2). This procedure 
was adopted exclusively in neuraminidase pretreated sections 
(Ravn et al. 1992a, b). 

The immunohistochemical staining was scored semi-quantitati- 
vely in arbitrary staining scores ranging from 0 to 4 as follows: 
score 0, no stain, score 1, <10% of the cells stained, score 2 be- 
tween 10 and 25%, score 3 between 25 and 75%, and score 4 
>75% of the cells stained. This system was previously shown to be 
reproducible by Kappa statistics (Ravn et al. 1992a), and by com- 
paring staining in different blocks of normal eorpusfundal endo- 
metrium from the same hysterectomy specimen (Ravn et al. un- 
published observation). 

Spearman's rank correlation and the Mann Whitney tests were 
used to evaluate the correlation between arbitrary staining scores 
and hormone levels, and differences in arbitrary scores between 
subgroups, respectively, by using the computer programme Med- 
stat (Astra, Copenhagen). A P value <0.05 was chosen as the level 
of significance. 

Results 

The M o A b  to H-ant igen  stained endothelial  cells in 86% 
and 71% of endometr ia  from O and A 2 individuals,  
respectively, whereas endothe l ium from A 1 individuals  
stained less f requent ly  (24%). The M o A b  to LeX/sLe X 
stained granulocytes.  Stromal cells were unstained.  

The expression of the carbohydrate structures investi- 
gated varied in epithelial  cells. Despite this, distinct pat- 



414 

Staining scores in relation to morphology 
and erythrocyte Lewis phenotype 

75 Percentile ~ 25 Percentile m Le(a-b +) 

Le(a+b -) ~ Le(a-b-) 

Score 
4 

7 
PROL PROL 

Chain-2 H (moab Be2) 

_ m  II .T G 
AH AH EC1 2-3 1-3 1-3 

Score 
4 

Le ~ (moab AH6) 

ATRO PROL AH AH EC1 2-3 1-3 1-3 

Fig. 2 Median staining scores (boxes) and 25% and 75% percen- 
tiles for staining with MoAbs to chain-2 H (Be2) and Le y (AH6) 
in relation to morphology and erythrocyte Lewis phenotype. 
Staining scores include staining of membranes and cytoplasm. 
Atro atrophic; Prol proliferative; AH adenomatous hyperplasias; 
EC endometrial carcinomas; 1 grade 1; 2 grade 2; 3 grade 3 

terns of staining in epithelial cells relating to the genetic 
background and the morphology were evident in the 
functionalis glands and are described in detail below and 
in Figs. 2-4. There was no visible difference in staining 
in morphologically similar endometria from women on 
hormonal therapy when compared with staining in wom- 
en who were not (Table 4). Therefore, the staining re- 
sults for these subgroups have been pooled. 

Some variations in staining were related to the layers. 
In normal endometrium, the Le x and Le y antigens 
showed highest staining scores in the basal layer glands, 
and Le x antigen was expressed predominantly in the 
deepest "invasive" parts of endometrial carcinomas. 

In general, normal endometrium expressed type-2 
chain carbohydrates at apical membranes predominantly. 
In neoplastic endometrial cells, however, they were de- 
monstrable at both apical membranes and in the cyto- 
plasm, and all carbohydrates investigated, except for the 
H antigen, tended to accumulate in the cytoplasm, where- 
as expression at apical membranes declined (Fig. 4). 

The secretor status had no influence on staining for 
Le x and Le y antigens in normal tissues. H-antigen was in- 
frequently expressed (few cells stained in 2/43 normal 
endometria) and exclusively in endometria from secre- 
tors (Fig. 2). 

In proliferating endometria (weakly-, normal-, and ir- 
regular proliferating endometria), the antibody to Le y an- 
tigen stained more cells in endometria from blood-group 
O than in endometria from blood-group A individuals 
(P=0.0013). It was impossible to see any difference in 
expression of Le x, and of Le y in atrophic endometria, in 
relation to the ABO blood-group status. The H antigen 
was exclusively demonstrated in normal endometria 
from blood group O secretors. 

Fig. 3 Median staining scores 
for staining with MoAbs to Le × 
(D), Le ~ in neuraminidase pre- 
treated sections (LeX+sLe x) (~), 
and Le y (11) in relation to mor- 
phology and median serum le- 
vels of free E 2 (X). The staining 
scores include staining of 
membranes and cytoplasm. 
Atrophic includes atrophic and 
resting endometrium; Weak 
weakly or insufficient prolifera- 
tion; Normal includes normal 
and irregular proliferative en- 
dometria; AH adenomatous hy- 
perplasia, all grades; EC endo- 
metrial carcinomas, grades 1 to 
3 

Median staining scores in relation to morphology 
and non-protein bound estradiol (Free E 2) in serum 

Free E 
Median staining score 2- 

prnol/I 

Atrophic Weak Normal AH EC grl gr2-3 
proliferative 

75% percent i le  E2 ~- 25% percent i le  E2 --g-- Median E2 value 

[ ~  LeX ~ LeX + N m Ley 

30 

25 

20 

15 

10 
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Fig. 4 Immunohistochemical staining for Le ~ in neuraminidase 
untreated (A, E, I, M), and in neuraminidase pretreated (B, F, J, 
N) endometria, and with MoAbs to H chain-2 (C, G, K, O), and 
Le y antigens (D, H, L, P) in atrophic (A-D), proliferative endo- 
metria (E-H), a grade 1 endometrial carcinomas from a secretor 
(I-L), and from a non-secretor (M-P) 

Forty-one of 43 normal endometria stained for Le ~. 
Normal and irregular proliferative endometria showed a 
varied staining (scores range 0-3),  but, in general, only 
few cells expressed Le x (Fig. 4E). In contrast, most cells 
were consistently stained in atrophic endometria (Figs. 
3, 4A). 

After neuraminidase treatment all specimens stained 
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Table 4 Staining in grade 1 endometrial carcinomas from secre- 
tors in relation to hormonal treatment group (Horm. Treat hormone 
treatment; No. Inv. number investigated) 

Antigen Median staining score and range (in brackets) 

+Horm.Treat -Horm.Treat P-values* 
(No. inv.=7) (No.inv.=18) (two-sided) 

Le x 2 (0-3) 1 (0-3) 0.16151 
LeX+sLe x 2 (1-4) 2 (1-4) 0.85715 
Le y 2 (1-4) 3 (0-4) 0.67449 
H 1 (0-3) 1 (0-4) 1.00000 

* The Mann-Whitney (Rank sum) test 

for Le x. In proliferative endometria more cells were 
stained when compared with staining in untreated sec- 
tions (Fig. 4F). Atrophic endometria stained as they did 
before neur- aminidase treatment (Figs. 3, 4B). In ad- 
dition to staining of apical membranes, a focal, finely 
granular staining of the cytoplasm was found in neura- 
minidase pretreated sections, mainly in the most basal 
glands. 

The MoAb to Le y stained 34 of 43 normal endometria, 
leaving 9 endometria unstained. Only a few cells were 
stained in actively proliferating endometria (Fig. 4H). In 
contrast, most cells were stained for Le y in atrophic en- 
dometria (Figs. 3, 4D). 

Apical membranes of few, scattered cells in 2 of 37 
normal endometria from secretors stained for H (Fig. 2). 

In normal endometria, staining scores for Le x and Le y 
were inversely correlated with serum levels of non- 
SHBG-bound E 2 (LeX: R(S)=-0.715, P=0.00006, LeY: 
R(S)=-0.547, P=0.0047), free-E 2, E 2, and glso4,  but 
showed no correlation with o e s t r o n e  (el) or SHBG lev- 
els. In addition, the difference in staining scores for Le x 
in neuraminidase pretreated compared with untreated 
sections w a s  positively correlated with E 2 levels 
(R(S)=0.649, P=0.00025 for non-SHBG-bound E2) (Fig. 
3). 

Secretors expressed type-2 H-determinants in 25 of 
37 carcinomas and in 2 of 7 adenomatous hyperplasias, 
whereas this antigen was not demonstrated in corre- 
sponding endometria from non-secretors (P=0.0025), 
(Fig. 2). Non-secretors expressed lower levels of Le y an- 
tigen than secretors (Fig. 2, P--0.0085). The ABO blood- 
group status had no influence on the expression of Le y 
and Le x antigens in adenomatous hyperplasia and endo- 
metrial carcinomas. H carbohydrate antigen was, in con- 
trast to the findings in normal endometrium, found in 
malignant endometrial cells. Immunohistochemical 
staining did not reveal any difference in expression in re- 
lation to the ABO blood group status. 

In neuraminfdase untreated sections 10 of 13 cases of 
adenomatous hyperplasia were stained by the MoAb to 
Le x. As in the normal endometrium, the proportion of 
cells stained varied, but in most cases only few cells ex- 
pressed Le x (Fig. 3). After neuraminidase pretreatment, 
more cells stained than before neuraminidase pretreat- 
ment, indicating presence of sLe X, and all specimens 

were stained. When compared with staining in normal 
endometrium, however, fewer cells were stained (Fig. 3). 

All adenomatous hyperplasias from secretors ex- 
pressed Le y at their apical membranes and in some cases 
in the cytoplasm too. Usually only a few cells expressed 
Le y. In one case, however, the MoAb to Le y stained most 
cells (Figs. 2-3). 

Single cells were stained with MoAb to H antigen at 
apical membranes in 2 of 7 adenomatous hyperplasias 
from secretors. 

Le X was expressed in 75% of the adenocarcinomas. 
The fraction of stained cells varied considerably from 
case to case, but typically, few cells were stained. Stain- 
ing scores tended to fall with increasing grade (Figs. 3, 
4I, M). After neuraminidase pretreatment more cells 
were stained, and all specimens stained for Le ×. When 
compared with normal atrophic endometrium fewer cells 
were stained (Figs. 3, 4J, N). The fraction of stained 
cells showed considerable intra- and inter-individual 
variation, which was unrelated to tumour grade. How- 
ever, the difference in staining scores between neurami- 
nidase pretreated and untreated sections (sLe x) tended to 
increase with increasing grade (Fig. 3). 

All but 2 of 37 carcinomas from secretors and 3 of 10 
carcinomas from non-secretors expressed Le y. The frac- 
tion of cells stained for Le y was lower than in the atroph- 
ic endometrium in 12 of 23 grade 1 carcinomas (Figs. 3, 
4L, P). Moreover, staining predominated in the cyto- 
plasm in most carcinomas (Fig. 4). Le y staining de- 
creased with increasing histological dedifferentiation 
(Fig. 3). 

Most (18/23) grade 1 carcinomas and half of the 
grade 2-3 carcinomas from secretors expressed type-2 H 
antigen at apical membranes of scattered cells (Figs. 2, 
4). 

No correlation between staining scores for Le x, Le y, 
and H in carcinomas from secretors and the FIGO stage 
and no correlation between staining scores and serum 
hormone levels were demonstrable (data not shown). 

Discussion 

Changes in glycosylation are seen in several physiologi- 
cal and pathological processes. Carbohydrates are in- 
volved in early blastocyst adherence and -attachment to 
the endometrium (Kimber and Lindenberg 1990; Fender- 
son et al. 1991) and in tumour cell metastasis (Dennis 
1992; Miayke et al. 1992). Cell surface carbohydrates 
are important in the interactions between cells and be- 
tween cells and the extracellular matrix (Dennis 1992). 

The biosynthesis of carbohydrates with blood-group 
specificity is catalysed by an ordered and sequential ac- 
tion of several different gene-encoded glycosyltransfe- 
rases that each catalyse specific steps in the synthesis of 
the carbohydrate chains (Oriol et al. 1986; Clausen and 
Hakomori 1989) (Fig. 1). Lack of one of the enzymes or 
cofactors required for the biosynthesis of the precursor 
chains and competition between enzymes for the same 
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substrate may influence antigen synthesis and expres- 
sion. 

In the present study we evaluated the expression of 
fucosylated type-2 chain histo-blood group antigens in 
human endometrium. We found a varied expression of 
Le X, H and Le y antigens in the endometrium which was 
found to be related to both genetic (ABO, Lewis and sec- 
retor status) and hormonal factors. 

The ABO blood-group status, in agreement with pre- 
vious findings (Ravn et al. 1992b) influenced the expres- 
sion of Le y antigen in normal proliferative, E 2 stimulated 
endometria. However, the ABO blood-group status had 
no demonstrable influence on the expression of neither 
Le x nor Le y antigens in atrophic endometria, adenoma- 
tous hyperplasias or endometrial carcinomas. The H-de- 
terminant may act as precursor substrate in synthesis of 
both A/B and Le y antigens (Clausen and Hakomori 
1989). The A/B transferases which catalyse synthesis of 
A/B antigens from H structures is expressed only in A/B 
individuals, and predominantly in E 2 stimulated endome- 
tria (Fig. 1). In this tissue the A/B-transferases may com- 
pete with the gl-3/4 fucosyl-transferases (the X-trans- 
ferase needed for Le y synthesis) for their common sub- 
strate, the H-determinant. In atrophic endometria, ade- 
nomatous hyperplasias, and endometrial carcinomas only 
low levels of A/B transferases are generally present and 
Le y is therefore synthesized. 

As in most other epithelia, the Le y and Le X antigens 
were found to be expressed in a manner uninfluenced by 
the secretor status in the normal endometrium (Clausen 
and Hakomori 1989; Ravn et al. 1992b). In adenomatous 
hyperplasias and endometrial carcinomas, however, ex- 
pression of both type-2 H and Le y antigens were found to 
be related to the secretor phenotype; H- and Le y antigens 
had a lower expression in carcinomas from non-secretors 
than in carcinomas from secretors. Both H and Se genes, 
which are closely linked on the long arm of chromosome 
19 (Ball et al. 1991) code for a distinct a-2-fucosyltrans- 
ferase which works preferentially but not exclusively on 
types-2 and -1 precursor chains, iespectively (Le Pendu 
et al. 1985; Oriol 1990; Oriol et al. 1992). Our findings 
suggest that the H-gene defined o~l-2-fucosyltransferase 
regulate expression of H and Le y antigens in the normal 
endometrium. The Se gene-defined al-2-fucosyltrans- 
ferase, which convey the secretor dependency, seem rath- 
er, in contrast with the findings in normal endometrium, 
to regulate expression of H and Le y antigens in carcino- 
ma cells. 

Besides genetic factors, our findings suggest that hor- 
monal factors may have an influence on synthesis and 
expression of type-2 chain H, Le x, and Le y carbohydrates 
in the normal endometrium (Ravn et al. 1992b). The var- 
ied expression, shown by staining scores, for both Le y 
and Le x antigens were shown to be inversely correlated 
to serum-E 2 levels in the present study. In contrast, ex- 
pression of sialosyl-Le x antigen showed a positive corre- 
lation with E 2 levels. The physiological significance of 
this finding is obscure. Meanwhile, the sLe x structure is 
involved in cell to cell adhesion (Dennis 1992), and type- 

2 chain structures may be involved in implantation of the 
blastocyst (Fenderson et al. 1991). 

The infrequent and low expression of H-determinants 
in normal endometrium seem to be explained by a mask- 
ing of this carbohydrate by its acting as a precursor- 
slLructure in synthesis of LeY/Le u and A antigens (Ravn et 
al. 1992a, b). These antigens are expressed with similar 
cyclic fluctuations in relation to the menstrual cycle and 
have the highest expression in late proliferative and mid- 
late secretory phases of the menstrual cycle (Ravn et al. 
1992b, 1993). Meanwhile, atrophic endometria, which 
are characterized by low E 2 levels, showed a much high- 
er expression of Le y. These findings suggest that synthe- 
sis of H-determinants in the normal endometrium may be 
related to both E 2 actions, and as shown for stratified epi- 
thelia, to type of tissue maturation and differentiation 
(Dabelsteen et al. 1982, 1991). 

In contrast to the very limited expression of H-antigen 
in normal endometrium, H-determinants showed an in- 
creased membraneous expression in endometrial carcino- 
mas. Both Le x and Le y antigens showed a lowered mem- 
branous expression in adenomatous hyperplasias and en- 
dometrial carcinomas when compared with the high ex- 
pression found in normal, atrophic endometrium, but a 
relative increase in cytoplasmic staining for Le x, sLe x, 
and Le y. In a previous study, Le y antigen was found to 
accumulate in endometrial carcinomas (Inoue etal. 
1990). This discrepancy may be due to the very varied 
expression of both Le y and Le X antigens found in the nor- 
real endometrium in the present study. In fact, the endo- 
rnetrial carcinomas studied in the present study showed 
an increased membraneous expression of Le y antigen 
when compared with the limited staining for Le y in ac- 
tively proliferating endometria. However, the carcinomas 
studied were, in general, associated with low serum lev- 
e, ls of estrogen comparable to those found for women 
with an atrophic endometrium (Fig. 3). 

Moreover, the correlation found between E 2 levels and 
expression of Le X and Le y antigens in the normal endo- 
metrium was lost in the malignant endometrium. Expres- 
sion of H- and Le y antigens in endometrial carcinomas 
were, in contrast with the findings in normal endometri- 
urn, related to the secretor status. These findings suggest 
that fucosyltransferases different from those catalysing 
synthesis in the normal endometrium may be involved in 
malignant endometrial cells. In addition to the Se-gene 
e, ncoded ~1-2 fucosyltransferase, it is suggested that one 
of several different variants of human od-3 and a l - 2  fu- 
cosyl-transferases with differences in acceptor specificity 
may be involved (Macher et al. 1991; Yazawa et al. 
1993). 

The changes found in adenomatous hyperplasia and 
endometrial carcinomas grade 1 were essentially similar, 
but tended to be less pronounced in adenomatous hyper- 
plasias. When compared with grade 1 endometrial carci- 
nomas, adenomatous hyperplasias showed less frequent 
H-antigen expression and less pronounced cytoplasmic 
accumulation of Le y. This suggest that the tumour-asso- 
ciated changes in glycosylation take place early in neo- 
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plastic development. Therefore, H and Le y expression 
seem to be of no value in the differential diagnosis of 
atypical hyperplasia versus grade 1 endometrial carcinoma. 

The significance of the changes in glycosylation in 
endometrial carcinomas found in the present study are 
unknown. H/Le y expression has been shown to correlate 
with survival in other carcinomas. Meanwhile, the ex- 
pression of these carbohydrates showed no correlation 
with the FIGO stage. The glycosylation pattern is of im- 
portance for the activity of growth factors and their re- 
ceptors (Dennis 1992), and both normal endometrial 
growth and glycosylation is hormonally influenced (Dal- 
lenbach-Hellweg 1987). Endometrial carcinomas retain, 
in general, receptors for estrogen and, less frequently, for 
progesterone (Nyholm et al. 1992). However, the hormo- 
nal dependency of cell-growth is lost in endometrial car- 
cinoma cells. Our present results indicate that neoplastic 
transformation of endometrial cells may be accompanied 
also by a loss of a hormonal influence on expression of 
type-2 chain fucosylated carbohydrates. 

In conclusion, the present study has substantiated the 
view that the expression of fucosylated type-2 chain car- 
bohydrates relate to genetic and hormonal factors in the 
normal human endometrium. Endometrial carcinomas 
show, when compared with atrophic endometrium, a de- 
crease in Le X and Le y antigen expression, and an in- 
creased expression of type-2 H antigen. These changes 
seem to be associated with a change in genetic and a loss 
of hormonal influence on expression of Le y and Le X anti- 
gens. This indicate that the tumour-associated changes in 
carbohydrate expression are due to specific tumour-asso- 
ciated qualitative and quantitative changes in the fuco- 
syltransferases catalysing synthesis of fucosylated type-2 
chain carbohydrates. 

Acknowledgements This work was supported by The Danish 
Cancer Society, The Danish Medical Research Foundation, Direc- 
tor Jacob Madsen and Hustru Olga Madsens Fund, Hindsgauls 
Fund, The Legacy of the Danish Medical Association. 

References 

Abe K, McKibbin JM, Hakomori S (1983) The monoclonal anti- 
body directed to difucosy]ated type 2 chain (Fucc~l-2Galfll-4 
(Fucc~l-3)GlcNAc); Y-determinant. J Biol Chem 258: 
11793-11797 

Aplin JD (1991) Glycans as biochemical markers of human endo- 
metrial secretory differentiation. J Reprod Fertil 9 l: 525-541 

Ball SP, Tongue N, Gibaud A, Le Pendu J, Mollicone R, Girard G, 
Oriol R (1991) The human chromosome 19 linkage group 
FUT1 (H), FUT2 (SE), LE, LU, PEPD, C3, APOC2, D19ST 
and D19S9. Ann Hum Genet 55:225-233 

Clausen H, Hakomori S (1989) ABH and related histo-blood 
group antigens; immunochemical differences in carrier iso- 
types and their distribution. Vox Sang 56:1-20 

Dabelsteen E, Vedtofte R Hakomori S, Young WW Jr (1982) Car- 
bohydrate chains specific for blood group antigens in differen- 
tiation of human oral epithelium. J Invest Dermatol 79:3-7 

Dabelsteen E, Mandel U, Clausen H (1991) Cell surface carbohy- 
drates are markers of differentiation in human oral epithelium. 
CRC Crit Rev Oral Biol Med 2(4):493-507 

Dallenbach-Hellweg G (1987) Histopathology of the endometrium 
4th edn, Springer, Berlin Heidelberg New York 

Dennis JW (1992) Changes in glycosylation associated with ma- 
lignant transformation and tumor progression. In: Fukada M 
(ed) Cell surface carbohydrates and cell development. CRC 
Press 

Drezeniek R (1973) Substrate specificity of neuraminidases. His- 
tochem J 5:271-290 

Eminent Y, Collins WP, Sommersville IF (1972) Radioimmunoas- 
say of estrone and oestradiol in human plasma. Acta Endocrin- 
ol 69:567-582 

Fenderson B, Kojiima N, Stroud M, Zhu Z, Hakomori S (1991) 
Specific interaction between Le(Y) and H as a possible basis 
for trophoectoderm-endometrium recognition during implanta- 
tion. Glycoconj J 8:179 

FIGO (1989) Revised FIGO staging for gynaecological cancer. Br 
J Obstet Gynaecol 96:889-890 

Franz E, Watson D, Longscope C (1979) Estrone sulphate and de- 
hydroepiandrosterone sulphate concentrations in normal sub- 
jects and men with cirrhosis. Steroids 34:563-573 

Fukushi Y, Hakomori S, Nudelman E, Cochran N (1984) Novel 
fucolipids accumulating in human adenocarcinoma. II. Selec- 
tive isolation of hybridoma antibodies that differentially recog- 
nize mono-, di-, tri-fucosylated type 2 chain. J Biol Chem 259: 
4681-4685 

Gluud C, Bennet P (1986) Comparison of methods for determina- 
tion of testosterone and non-protein bound testosterone in men 
with alcoholic liver disease. Scand J Clin Lab Invest 46: 
647-653 

Hakomori S (1984) Philip Levine Award Lecture: Blood group 
glycolipid antigens and their modifications as human cancer 
antigens. Am J Clin Pathol 82:635-648 

Hammond GI, Nisker JA, Jones LA, Siiteri PK (1980) Estimation 
of the percentage of free steroid in undiluted serum by centrif- 
ugal ultrafiltration-dialysis. J Biol Chem 255:5023-5026 

Hartman G (1941) Group antigens in human organs. A discussion 
of the "secretor" "non-secretor" phenomenon. Thesis. Munks- 
gaard, Copenhagen 

Inoue M, Sasagawa T, Saito J, Shimizu H, Ueda G, Tanizawa O, 
Nakayama M (1987) Expression of blood group antigens A, B, 
H, Lewis-a, and Lewis-b in fetal, normal, and malignant tis- 
sues of the uterine endometrium. Cancer 60': 2985-2987 

Inoue M, Sasagawa T, Shimizu C, Shimizu H, Saito J, Ueda G, 
Tanizawa O, Nakayama M (1988) Altered expression of Lewis 
antigens associated with malignant transformation in endome- 
trial tissues. Nippon Sanka Fujinka Gakkai Zasshi 40: 
1425-1431 

Inoue M, Nakayama M, Tanizawa O (1990) Altered expression of 
Lewis blood group and related antigens in fetal, normal adult 
and malignant tissues of the uterine endometrium. Virchows 
Arch [A] 416:221-228 

Iwamori M, Sakayori M, Nozawa S, Yamamoto T, Yago M, Nogu- 
chi M, Nagai Y (1989)Monoclonal antibody-defined antigen 
of human uterine endometrial carcinomas is Leb. J Biochem 
(Tokyo) 105:718-722 

Kimber S J, Lindenberg S (1990) Hormonal control of a carbohy- 
drate epitope involved in implantation in mice. J Reprod Fertil 
89:13-21 

Le Pendu J, Cartron JP, Lemieux RU, Oriol R (1985) The presence 
of at least two different H-blood-group-related fl-D-Gal c¢-2-L- 
fucosyltransferases in human serum and the genetics of blood 
group H substances. Am J Hum Genet 37:749-760 

Lloyd KO (1987) Philip Levine Award Lecture: Blood group anti- 
gens as markers for normal differentiation and malignant 
change in human tissues. Am J Clin Pathol 87:129-139 

Macher BA, Holmes EH, Swiedler S J, Stults CLM, Srnka CA 
(1991) Mini Review. Human c~1-3 flucosyltransferases. Gly- 
cobiology 1:577-584 

Memom RS, Yonezawa S, Hasui K, Sato E (1990) Expression of 
blood group antigens and lectin binding in adenocarcinomas 
of the endometrium. Acta Pathol Jpn 40:507-516 

Miyake M, Taki T, Hitomi S, Hakomori S (1992) Correlation of 
expression of H/LeY/Le b antigens with survival in patients with 
carcinoma of the lung. N Engl J Med 327:14-18 



419 

Neunteufel W, Breitenecker G (1989) CA19-9, CA125 and CEA 
in endometrial mucosa during the menstrual cycle, in atypical 
hyperplasia and endometrial carcinOma. Cancer Lett 48:77-83 

Nyholm HCJ, Nielsen AL, Lyndrup J, Norup R Thorpe SM (1992) 
Biochemical and immunohistochemical estrogen and progeste- 
rone receptors in adenomatous hyperplasias and endometrial 
carcinomas: correlations with stage and other clinicopatholog- 
ical features. Am J Obstet Gynecol 167:1334-1342 

Oriol R (1990) Genetic control of the fucosylation of ABH precur- 
sor chains. Evidence for new epistatic interactions in different 
cells and tissues. J Immunogenet 17:235-245 

Oriol R, Le Pendu J, Mollicone R (1986) Genetics of ABO, H, 
Lewis, X and related antigens. Vox Sang 51: 161-171 

Oriol R, Mollicone R, Coullin P, Dalix A-M, Candelier J-J (1992) 
Genetic regulation of the expression of ABH and Lewis anti- 
gens in tissues. APMIS [Suppl] 27: 100:28-38 

Orntoft TF, Holmes EH, Johnson R Hakomori S, Clausen H 
(1991) Differential tissue expression of the Lewis blood group 
antigens; enzymatic, immunohistologic and immunochemical 
evidence for Lewis a and b antigen expression in Le(a-b-) indi- 
viduals. Blood 77:1389-1396 

Poulsen HE, Taylor SW, Sobin LH (1975) Histological typing of 
female genital tract tumors. International histological classifi- 
cation of tumours. World Health Organization 13:64-65 

Ravn V, Stubbe Teglbja:rg C, Visfeldt J, Bock JE, S~arensen H, Da- 
belsteen E (1992a) Mucin-type carbohydrates (type 3 chain 
antigens) in normal cycling human endometrium. Int J Gyne- 
col Pathol 11:38-46 

Ravn V, Teglbj~erg CS, Mandel U, Dabelsteen E (1992b) The dis- 
tribution of type-2 chain histo-blood group antigens in normal 
cycling human endometrium. Cell Tissue Res 270:425-433 

Ravn V, Teglbja~rg CS, Mandel U, Dabelsteen E (1993) The distri- 
bution of type 1 chain ABO and related histo-blood group an- 
tigens in normal, cycling human endometrium. Int J Gynecol 
Pathol 12:70-79 

Scharl A, Crombach G, Vierbuchen M, GOhring U-J, GOttert T, 
Holt JA (1991) Antigen CA 19-9: presence in mucosa of non- 
diseased M~llerian duct derivatives and marker for differentia- 
tion in their carcinomas. Obstet Gynecol; 77:580-585 

Shiozawa T, Tsukahara Y, Nakayama J, Ishii K, Katsuyama T 
(1991) Immunohistochemical localization of blood group sub- 
stances in normal and neoplastic endometrial tissues with spe- 
cial reference to type l core chain expression. Gynecol Obstet 
Invest 32(3):185-188 

Stellner K, Hakomori S, Warner GS (1973) Enzymic conversion of 
"H~-glycolipid" to A or B-glycolipid and deficiency of these 
enzyme activities in adeuocarcinoma. Biochem Biophys Res 
Commun 55:439-445 

Thor A, Viglione MJ, Muraro R, Ohuchi N, Schlom J, Gorstein F 
(1987) Monoclonal antibody B72.3 reactivity with human en- 
dometrium: a study of normal and malignant tissues. Int J 
Gynecol Pathol 6:235-247 

Torrado J, Gutierrez Hoyos A, Blasco E, Larraz J, Fernandez Ri- 
vas JL (1990) Immunohistochemical patterns of blood group 
ABO and type 1 chain (Lewis a Lewis b) and type 2 chain 
(H2, Y) antigens in normal uterine cervix. Tissue Antigens 36: 
8-11 

Tremblay RR, Dube JY (1974) Plasma concentrations of free and 
non-SHBG bound testosterone in women on oral contracep- 
tives. Contraception 10:599-605 

Tsuji Y, Yoshioka M, Ogasawara T, Takemura T, Isojima S (1987) 
Identification of an H Antigen-like blood group antigen in sera 
of cancer patients using a novel monoclonal antibody raised 
against endometrial carcinoma. Cancer Res 47:3543-3550 

Watkins WM (1966) Blood group substances. Science 152: 
172-181 

Yazawa S, Nakamura J-i, Asao T, Nagamachi Y, Sagi M, Matta 
KL, Tachikawa T, Akamatsu M (1993) Abberant al--+2fuco- 
syltransferases found in human colorectal carcinoma involved 
in the accumulation of Le b and Y antigens in colorectal tu- 
mors. Jpn J Cancer Res 84:989-995 

Young WW, Portoukalian J, Hakomori S (1981) Two monoctonal 
anticarbohydrate antibodies directed to glycosphingolipids 
with a lacto-N-glycosyl type II chain. J Biol Chem 256: 
10967-10972 


