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Abs t rac t  Type-1 chain histo-blood group antigens such 
as the Lewis (Le) a, monosialosyl-Le a, Le b and H antigens 
show an increased expression in endometrial carcinomas. 
However, the possibility that these antigens are expres- 
sed under genetic or hormonal influence in endometrial 
carcinomas has not been considered. In the present study, 
the expression of type-1 chain carbohydrate antigens in 
normal and malignant endometrium was evaluated by 
immunohistochemistry and related to both genetic and 
hormonal factors. The glands of normal, non-secretory 
endometria expressed, in contrast with surface epithelial 
cells, Le a, Le b, disialosyl-Le a, and H determinants infre- 
quently. Adenomatous hyperplasias and endometrial car- 
cinomas showed an increased expression of type-1 chain 
carbohydrates that was qualitatively influenced by the 
erythrocyte Lewis phenotype and the secretor status. 
Whereas Le a+b- non-secretors mainly accumulated Le a 
antigen, and only limited amounts of Le b antigen, Le a-b+ 
secretors expressed H, Le b and Le a antigens. The expres- 
sion of type-1 chain antigens showed no association with 
the serum-oestrogen level or to the hormone-receptor 
status. Thus the Lewis secretor status has a qualitative 
influence on the increased expression of type-1 chain 
antigens, which, however, seem to be unrelated to hor- 
monal factors. Our findings suggest an increased activity 
of the Se-gene-defined or a closely related fucosyl-trans- 
ferase in neoplastic endometrial epithelial cells. 
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Introduction 

Essentially all human cancers show abberant glycosyla- 
tion, and changes in histo-blood group ABH and Lewis 
(Le) antigens are common alterations in human cancers 
[7]. An increased expression of H and the related Le b and 
Le y antigens is found in many carcinomas and is believed 
to be due to an enhanced fucosylation in addition to de- 
letion of A and B blood group antigens [5, 17, 19, 28, 
391. 

Biosynthesis 
Type-1 chain histo-blood group carbohydrates 
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Fig. 1 The possible biosynthetic pathway for synthesis of type-1 
chain fucosylated carbohydrate structures in human endometrium. 
The expression of H and Lewis (Le )  b antigens in malignant endo- 
metria from erythrocyte Le a+b- individuals and of Le a antigen in 
malignant endometria from erythrocyte L e  a-b- individuals indicate 
that fucosyltransferases other than the Le-gene- and Se-gene-enco- 
ded transferases may be involved in synthesis of these structures 
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The  pe r iphera l  core  s tructure o f  ca rbohydra tes  with 
b l o o d - g r o u p  spec i f ic i ty  forms h igh ly  i m m u n o g e n i c  
s t ructural  i somers ,  the type-1,  - 2 ,  - 3 ,  and - 4  i somers ,  on 
which  cha in -e longa t ion  assoc ia ted  with synthes is  o f  car-  
bohydra t e s  with b lood -g roup  spec i f ic i ty  takes place.  In 
no rma l  ep i the l ia l  t issues,  the express ion  o f  type-1 chain  
b l o o d - g r o u p  ant igens  is qual i ta t ive ly  in f luenced  by  the 
genet ic  backg round  o f  the ind iv idua l  in terms o f  the 
A B O ,  Lewis  b l o o d - g r o u p  and the secre tor  status [13, 23, 
24]. In general ,  only  ind iv idua l s  possess ing  the genes  re- 
spons ib le  for  synthes is  o f  the specif ic  g lycosy l t r ans fe ra -  
ses needed  for the step wise  bui l t -up of  the g rowing  car-  
bohydra t e  chain  can express  the t e rmina l  ca rbohydra te  
ant igen (Fig.  1). 

In  the endomet r ium,  the type-1 chain  h i s to -b lood  
group ant igens  Le  a, m o n o s i a l o s y l - L e  a (msLea), d is ia lo-  
sy l -Le  a (dsLea), Le  b and H have a l imi ted  but  gene t ica l ly  
and pos s ib ly  also h o r m o n a l l y  in f luenced  express ion  in 
no rma l  cyc l ing  e n d o m e t r i u m  [20, 32, 36]. Mos t  o f  these 
ca rbohydra te s  show an inc reased  express ion  in endome-  
tr ial  c a r c inoma  cel ls  [9, 10, 11, 12, 18, 21, 36, 37, 41]. 
However ,  the poss ibi l i ty ,  that the accumula t ion  of  type-1 
chain  ant igens  m a y  be re la ted  to genet ic  or ho rmona l  
factors ,  as r ecen t ly  sugges ted  for  the i somere  type-2  
chain  ant igens  [34], has not  been  cons idered .  In the pre-  
sent  pape r  we repor t  our  i m m u n o h i s t o c h e m i c a l  f indings  
wi th  monoc lona l  an t ibodies  (mAb)  to type-1 chain  his to-  
b lood  group  carbohydra tes ,  the H, Le  b, Le  a, msLe  a, and 
dsLe a ant igens  in the same mate r ia l  o f  normal ,  p rema l ig -  
nant,  and ma l ignan t  endomet r i a l  t issues recen t ly  s tudied  
for express ion  o f  type-2  chain  ant igens  [34]. 

Materials and methods 

The material, which has been described in detail previously, inclu- 
ded normal and malignant formalin-fixed paraffin-embedded en- 
dometrial tissues from hysterectomies [34] (Tables 1 and 2). The 
ABO and Lewis blood type was established on erythrocytes in all 
cases, and a ABH-saliva-secretor status was determined in 69 of 
the 112 cases (Table 1) [30, 34]. A serum-hormone analysis was 
performed on 54 women (Table 1). This included measurements of 
oestrone (El), 17~3-oestradiol (E2) , oestrone sulphate, sex hormo- 
ne-binding globulin (SHBG), non-protein-bound E 2 (free E2), and 
non-SHBG-bound E 2 [35]. 

The oestrogen (ER) and progesterone receptor (PgR) status 
was determined on three of seven adenomatous hyperplasias and 
30/36 carcinomas from Le a b+ secretors by using the Abbott ER- 
and PgR-ICA staining kits on sections of frozen tissue. The immu- 
no-histochemical assays for ER and PgR were performed as de- 
scribed in detail previously [33]. The receptor status, which was 
defined as negative when less than 10% of the neoplastic cells 
were stained [35] is given in Table 2. All three and two of three 
adenomatous hyperplasias were ER and PgR positive, respectively. 

For immunohistochemistry mouse mAb with specificity to the 
type-1 chain structures Le b, Le a, msLe ~, and dsLe a were used. The 
specificity, source, immunoglobulin subclass, and reference for the 
mAb used is given in Table 3. As no antibody has proven specifi- 
city to type-1 H, we used anti-H mAb A583 (DAKO, Denmark) 
reactive with both types-1 and 2 H-determinants [25]. The A583 
and anti-Le"/Le b mAb were available as affinity-purified ascites 
and were used diluted 1: 50, and 1: 200, respectively. The other 
mAb were hybridoma culture supernatants and were used undilu- 
ted. Neuraminidase type X (Sigma) from Clostridium perfringens 
(0.1 unit per ml acetate buffer with 0.04 M calcium chloride added 
for 2 h at 37 ° C) was used to remove sialic acid from antigens pos- 
sibly masked by sialic acid [6]. Peroxidase-conjugated rabbit anti- 
mouse immunoglobulin, diluted 1: 20, was used as second layer 
antibody (Dako, P260). 

After deparafinisation and rehydration, some of the serially cut 
sections were preincubated with neuraminidase and all subsequently 
stained by an indirect two layer standardized immunoperoxidase 
staining technique using overnight incubations of the first layer anti- 

Table 1 The number of endometria investigated in relation to morphology and blood group-status 

Morphology ~ Number Blood group ABO/Lewis (Le) status Saliva Hormone Hormone Age (years) 
of status b Analysis Treatment j median (range) 
specimens O A/B ABO available 

Le a-b- (number) 
Lea-b+ Lea+b Le ~b+ L e  a+b- 

Atrophic b 17 6 1 9 1 15 12 2 63 (46-76) 
Weakly proliferative 10 3 0 5 2 8 6 0 50 (31-52) 
Normal proliferative ° 7 2 0 5 0 4 2 1 47 (40-50) 
Irregular proliferative 9 3 0 4 2 9 5 2 49 (43-63) 
Adenomatous hyperplasia d 13 1 2 6 3 1 f 7 7 2 63 (51-67) 
Endometrial carcinomae: 

grade I 33 12 2 11 3 5 g 16 13 11 66 (47-84) 
grade II 17 5 1 6 1 4 g 8 6 2 65 (58-88) 
grade III 6 1 1 2 2 g 2 3 1 65 (53-71) 

Total 112 36 7 52 17 12 69 54 21 31-88 

Based on conventional criteria [4] 
b Includes inactive endometria 
e The findings in normal cycling endometrium have been publis- 
hed in a separate report [32] 
d AH all grades (2 slight, 4 moderate, 7 severe) included 

Graded in accord with the commendations of WHO [29] and FI- 
GO [3] 
f Saliva secretor 
g Saliva status determined on 7 of 12 Le a-b- individuals included 

h The ABH secretor status was determined on saliva from 69 of the 
112 women and was performed as described in detail previously 
[30]; if no secretor status was available, the erythrocyte Le pheno- 
type was used to predict secretor status in Le a-b+ (secretors) and 
Le a+b- (non-secretors) individuals [8, 27, 42] 
J The number of women in hormonal substitution therapy at the ti- 
me of hysterectomy or during the last month prior to hysterectomy 
(11 were on sequential and 1 on a combined estradiol - progesta- 
gen hormone treatment regime, 7 women recieved pure estradiol 
and 2 women recieved pure progestagens) [34] 



Table 2 Histological grade, oe- 
strogen ( E R ) -  and progesterone 
receptor (PgR) status, and 
FIGO stage of carcinomas 
investigated 

497 

FIGO stage Histological grade 

1 2 3 
(<5% solid) (5-50% solid) (>50% solid) 

All grades 

1A 5 1 0 6 
1B 21 8 0 29 
1C 2 3 2 7 
2 5 3 0 8 
>2 0 2 4 6 
All 33 17 6 56 b 

ER positive ~ 20/23 3/5 0/2 26/33 
PgR positive ~ 18/23 3/5 1/2 24/33 

"Le ~b+ individuals only 
b Fifty carcinomas were pure endometrioid (13 showed focal secretory or mucinous carcinoma). The 
remaining 6 carcinomas included 1 adenosquamous carcinoma, 4 endometrioid carcinomas with 
components of clear cell carcinoma or serous carcinoma (3 cases) and 1 pure serous carcinoma 

Table 3 Specificity of antibodies used to demonstrate type-1 chain mono- and difucosylated carbohydrate antigens (rnsLe ~ monosialosyl 
Le ", d s L e  a disialosyl Le ~ 

Antigen Antigen determinant Antibody/Ig-class Reference 

L e  a 

MsLe a* 
DsLe ~* 

Leb** 
Chain-1 H*** 

Galfll--+3[Fuc~zl--+4]GlcNAcfll--+R Lea, Chemb/IgM Yuan et al. [44] 
NeuAca2--+3Galfll--->3 [Fucal-->4]GlcNAcfl 1---~R Anti-CA19-9/IgG 1 Magnani et at. [ 15 ] 
NeuAcc~2-+3Galfll--->3[NeuNAc~2--->6] [Fucc~l-->-4]GlcNAc/3--->R FH7/IgG3 Nudelman et al. [22] 

Fuco~l -->2Galfl 1--->3 [Fucczl--+4] GlcNAcfll--+R 
Fucal--->2Galfl 1--~3GlcNAcflI-~R 

Leb, Chemb/IgM Yuan et al. [44] and Mandel [16] 
A583, DAKO/IgM Omtoft et al. [25] 

* FH7 antibod.y u is reactive with ms Leaii also 
** The anti-Le antibody is, in addition to Le b, reactive with type-1 H, but no evidence for anti-Le y reactivity was found [16, 27] 
*** The antibody used is reactive with type-1 and -2  chain H [25] 

bodies and AEC (0.04% 3-amino-9-ethyl carbazole) as chromogen, as 
previously described in detail [30, 31, 32, 34]. 

Staining was controlled by replacing the primary antibody with 
diluent buffer, a mAb of irrelevant specificity but with the same 
isotype, and culture supernatant. Cervical tissues with known 
ABO, Le blood-group and saliva-secretor status served as positive 
and negative tissue controls [40]. Neuraminidase treatment was 
controlled as previously described [30, 31, 32], 

Staining was scored semi-quantitatively in arbitrary staining 
scores as follows: score 0, no stain; score 1, <10% of the cells 
stained; score 2 between 10% and 25%; score 3 between 25% and 
75%; score 4 >75% of the cells stained. This scoring was shown to 
be reproducible by use of kappa statistics [30], and by comparing 
staining in different blocks of tissue from the same hysterectomy 
specimen (own unpublished data). 

The computer programme Medstat (Astra, Copenhagen) was 
used to perform the statistics, which included Spearman's rank 
correlation and the Mann-Whitney tests. A P value <0.05 was cho- 
sen as the level of significance. 

Results 

The m A b  to H (A583) stained endothelial cells, most  fre- 
quently in endometr ia  f rom O and A:  individuals. Apart  
f rom this stromal cells were unstained. Staining of  
epithelial cells was mainly heterogeneous in carcinomas.  
This intraindividual variation displayed itself inside indi- 
vidual tissue sections, and staining did not differ be- 
tween morphologica l ly  similar tissue blocks f rom the 
same hys terec tomy specimen. Staining in endometr ia  

f rom women  on hormone  therapy was similar to staining 
in endometr ia  f rom women  who were not receiving hor- 
mofles. 

In epithelial cells the expression of  the carbohydrates 
investigated varied, but distinct patterns o f  staining rela- 
ting to the genetic background,  layer, or morpho logy  
were evident. In the normal  endometr ium, Le a, Le b, ms- 
and dsLe a antigens were predominant ly  expressed by 
surface epithelial cells. Some of  the cells stained were 
ciliated cells. Staining for H antigen was infrequent in all 
layers of  normal  endometr ium. The staining results for 
epithelial cells in the functionalis in relation to the gene- 
tic background and the morpho logy  are described in de- 
tail below and in Figures 2-4 .  In normal  endometr ium, 
the carbohydrate  determinants were almost  exclusively 
demonstrated at apical membranes.  In contrast, both the 
apical membranes  and the cytoplasm stained for type-1 
chain structures in malignant  endometrial  cells. 

Le b and H antigens were demonstrated infrequently in 
the normal  endometr ium. Both  carbohydrates  were 
found most  frequently in atrophic endometr ia  f rom 0 
secretors. Neither staining for Le a antigen nor the increa- 
sed expression of  Le b and H antigens found in premalig- 
nant and malignant  endometr ia  was related to the A B O  
blood-group status. 

Le a and Le b antigens were demonstrated regardless of  
the Le erythrocyte phenotype in normal  (mainly surface 
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Fig. 2 Staining scores for Le a and sialosyl-Le a and in human en- 
dometrium in relation to histology and the erythrocyte Le pheno- 
type. (Prol proliferative, AH adenomatous hyperplasia, EC endo- 
metrial carcinoma, figures indicate the histological grade), ND not 
performed 

epithelial cells), premalignant and malignant endometrial 
cells (Figs. 2, 3). However, endometria from erythrocyte 
Le a-b- individuals expressed Le a and Le b antigens less 
frequently than endometria from Le a+b- or Le a-b+ indivi- 
duals (Table 4, Figs. 2, 3), and msLe a antigen showed the 
highest expression in adenomatous hyperplasias and en- 
dometrial carcinomas from Le a+b individuals (Fig. 2). 
Adenomatous hyperplasias and grade l endometrial car- 
cinomas from Le a-u- or Le a-b+ secretors expressed H-de- 
terminants in 32 of 34 cases, whereas H antigen was ex- 
pressed by only one of ten corresponding cases from 
non-secretors (Fig. 3). 

Functional glands of normal endometrium stained in- 
frequently for type-1 chain carbohydrate determinants 
(Figs. 2, 3). Le a and Le b antigens were expressed most 
frequently in the atrophic endometrium (few cells or 
single glands were stained for Le a in 7/12 and for Le b in 

H (Moab A 5 8 3 )  

PFIOL PROL AH AH I::C1 2-3  1-3 1-3 

Fig. 3 Staining scores for Le b and H antigens as per Figure 2 

7/11 atrophic endometria, respectively), Neuraminidase 
pretreatment had no significant influence on staining for 
Le a antigen, and mAb to msLe a and dsLe a antigens stain- 
ed few cells in less than half of the specimens. Normal 
proliferative endometrium expressed Le a, msLd,  dsLe a 
or Le b antigens in less than half the cases and if so in 
very few cells (Figs. 2, 3). 

The glands in 17 of 37 normal endometria stained fo- 
cally (score _<1) for H antigen. Apical membranes of 
very few cells, mainly in atrophic endometria were stain- 
ed (Fig. 3). Neuraminidase pretreatment was performed 
as spot-testing and did not significantly increase staining 
in normal non-secretory endometria. 

In neuraminidase untreated sections of adenomatous 
hyperplasia, the mAb to Le a stained most cells in four of 
five specimens from non-secretors (Lea+b-), but typically 
few cells only in adenomatous hyperplasias from Le a'°+ 
secretors (Fig. 2). After neuraminidase pretreatment, 
more cells were stained by the mAb to Le a compared to 
staining in untreated sections in 5 of the 13 specimens. 
In accord with this, the mAb to msLe a (CA 19-9) stained 
two of six and all four, and the mAb to dsLe a (FH7) 
stained one of six and four of five, adenomatous hyper- 
plasias from Le a-b+ secretors and Le a+b- non-secretors, re- 
spectively. 

Le b antigen was expressed in 12/13 adenomatous hy- 
perplasias (including one Le a-b-, saliva-secretor). The ex- 
pression varied. The median staining score was higher in 
adenomatous hyperplasias from Le a-b+ secretors than in 
adenomatous hyperplasias from Le a+b- non-secretors 
(Fig. 3). 

The H-determinant (mAb A583) was expressed by six 
of seven adenomatous hyperplasias from Le a-b+ secretors 
(Fig. 3). When expressed, staining was focal except for 
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Fig. 4 Immunohistochemical staining for type-1 chain carbohy- 
drates in normal and malignant endometrium. Atrophic endometri- 
um stained for Le a (A), H (B), and Le b (C). Adenomatons hyper- 
plasia from an A~B Le a-b+ secretor stained immunohistochemically 
for monosialosyl (ms)Le a (D), H (E), and Le b antigens (F). Well 
differentiated endometrioid carcinoma from a blood group O 

Le ~-b+ secretor stained immunohistochemically for Le a (G), H (H), 
and Le b (I) antigens. Well differentiated endometrioid adenocarci- 
noma from a blood group A t Le a+b- non-secretor stained immuno- 
histochemically for sialosyl-Le a with mAb CA 19-9 (J), H (K), 
and Le b (L) antigens 
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Table 4 The influence of the 
erythrocyte Le phenotype on 
staining for type-1 chain carbo- 
hydrates in adenomatous hy- 
perplasias and endometrial car- 
cinomas [NS non-significant 
(i.e., p>0.05 by the two-sided t- 
test] 

Antigen Difference in staining in relation P-values (two-sided) 
to Le type (Mann Whitney test) L &  +b- vs  L e  "-u+ Le "+b- vs Le a-b- Le a-b+ vs Le a-~- 

Le a Lea+U-*>Lea-b+>Le a-b 0.01429 0.00152 0.00245 
Le a (with Laa-U+-Lea+b>L& -b- NS 0.00288 0.00029 
neuraminidase 
pretreatment 
H 0.00133 0.03077 
Le b NS 0.01242 

Lea-b+>Le~-b->Lea+b- <0.00001 
Lea-b+>Lea+b--Lea-b- 0.00561 

* A significant difference in staining for Le d between endometria from L e  a+b- a n d  L e  a-b+ individuals 
was observed in adenomatous hyperplasias only 

one case in which all cells stained. An increase in the 
fraction of cells stained was found in three of  seven ca- 
ses from secretors after neuraminidase pretreatment, but 
in none of the five specimens from non-secretors that re- 
mained unstained. 

Staining for Le a antigen was pronounced in grade 1 
carcinomas from erythrocyte Le a-b+ or Le a+b- individuals 
(Fig. 2). Fewer cells were stained in grade 2 and 3 carci- 
nomas, but staining scores showed no significant asso- 
ciation with the histological grade. More cells were stain- 
ed (1 score level) after neuraminidase pretreatment and 
21/28 and 23/28 grade 1 carcinomas from women with 
the erythrocyte Le a-b+ or Le ~+b- phenotype were found to 
express msLe" (mAb 19-9) and dsLe ~ (mAb FH7) anti- 
gens, respectively (Fig. 2). Staining showed no signifi- 
cant relationship to the tumour grade. Endometrial carci- 
nomas from erythrocyte Le a-b- individuals expressed Le a 
or sialosyl-Le a in 5 of 11 cases (Fig. 2). 

All grade 1 carcinomas from Le ~-b+ individuals, four 
of five grade 1 carcinomas from Le a+b- individuals, and 
four of five grade 1 endometrial carcinomas from Le a-b- 
individuals stained for Le b antigen (Fig. 3). Grade 1 car- 
cinomas showed a pronounced expression of Le b antigen. 
Among Le a-b+ secretors, staining scores were related to 
the tumor grade [P (two-tailed)=0.026, Fig. 3]. 

All 23 grade 1 carcinomas from Le a-u+ secretors, one 
of five carcinomas from Le ~+b- and four of five carcino- 
mas from Le a-b- individuals were found to express H-de- 
terminants (Fig. 3). The staining scores declined with in- 
creasing grade [P (two-tailed)=0.044], and whereas stain- 
ing was found mainly at apical membranes in grade 1 
carcinomas, grade 3 carcinomas expressed H-determi- 
nants in the cytoplasm mainly (Fig. 3). Neuraminidase 
pretreatment had no demonstrable influence on staining 
in grade 1 carcinomas. 

A weak, inverse correlation between staining scores 
for H antigen (mAb A583) in carcinomas from 
erythrocyte Le ~ b+ individuals and the FIGO stage [3] 
was found [Spearman's rank correlation test, R(S)=-  
0.332, P=0.04814 (t-test)]. The expression of Le ~ and 
Le b antigens showed no relation to the FIGO stage. 

Staining scores for Le a, Le b and H antigens showed no 
significant association to serum-hormone levels nor to 
the hormone receptor status (data not shown). Mean- 
while, ER-positive carcinomas from Le "-b+ secretors 
tended to express higher levels of H-determinants than 
ER-negative carcinomas (Mann-Whitney test, P-0.07).  

Discussion 

This study has shown that the histo-blood group related 
type-1 chain carbohydrates, the H, Le a, dsLe ~, and Le b 
antigens are "tumour-associated" antigens in endometrial 
tissue. Our present findings support the view that the ex- 
pression of type-1 chain antigens in the endometrium is 
influenced by the genetic status of the individual in 
terms of the Le and secretor status. However, although a 
genetic influence was demonstrated it seems not to fol- 
low the pattern seen in erythrocytes. 

The H, Le b and Le a antigens are expressed at low le- 
vels - in formalin-fixed paraffin embedded specimens at 
almost undetectable levels - in the glands of normal en- 
dometrium. A difference in expression of Le b antigen in 
normal cycling endometrium between blood group O and 
A individuals was evident only in sections of frozen tis- 
sue, in which immunoreactivity was stronger than in sec- 
tions of formalin-fixed paraffin embedded tissue [32]. 
The ABO blood group status seems not, however, to have 
any influence on the increased expression of types-1 and 
-2  H or Le b determinants in adenomatous hyperplasias 
and endometrial carcinomas [34]. This agrees with the 
finding that the A/B transferases, which catalyze syn- 
thesis of A/B determinants from H-precursor structures 
in A/B individuals, in general, have a low expression 
in adenomatous hyperplasias and endometrial carcino- 
mas. 

The increased expression of both type-1 and -2  H anti- 
gens in malignant transformed endometrial cells is, how- 
ever, influenced by the Le/secretor phenotype; the H deter- 
minant was infrequently expressed in carcinomas from 
Le a+b-, or Le a-b- non-secretors, when compared with the ex- 
pression in most carcinomas from Le a-b+ secretors. Similar 
results were obtained with the mAb Be2 with a restricted 
specificity to type-2 H antigen [34]. The stronger staining 
with the mAb A583, which is reactive with both types-1 
and - 2  H determinants, indicate that both types-1 and 2 H 
antigens accumulate in neoplastic endometrial cells. The 
closely linked H and Se genes (Fig. 1) each codes for a dis- 
tinct (z-2-fucosyltransferase which works preferentially but 
not exclusively on types-2 and -1 precursor chains, respec- 
tively [1, 13, 23, 24]. An increased activity of the Se gene- 
encoded fucosyltransferase has been demonstrated in other 
carcinomas [26]. The increased expression of both types-1 
and -2  H antigens in malignant endometrial cells from 
secretors, suggest an increased activity of the Se gene-defi- 
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ned or a related cd-2-fucosyltransferase in endometrial 
carcinoma cells too [34, 43]. 

The mechanisms involved in the regulation of expres- 
sion of Le a and Le b antigens seem to be alike in normal 
and malignant endometrial tissues. In agreement with 
previous findings [32], staining for Le a and Le b antigens 
showed some but no close correlation with the Le 
erythrocyte phenotype; both Le a and Le b antigens were 
demonstrated in adenomatous hyperplasias and endome- 
trial carcinomas regardless of the erythrocyte Le pheno- 
type, However, Le a antigen showed a more infrequent ex- 
pression in endometria from erythrocyte Le a-b- individu- 
als than in corresponding endometria from women with 
the Le a-b+ or Le a+b- phenotype. 

There are several possible explanations for our find- 
ings. These include a tissue-specific regulation of Lewis 
antigen expression in endometrium that differs from that 
in erythrocytes. This could be due to the action of other 
glycosyl-transferases, for example the X- and H-gene en- 
coded transferases [2, 14, 23, 43]. In addition, a change 
in the erythrocyte Le phenotype to "non-genuine" Le a-b- 
in individuals with endometrial carcinoma, as has been 
found in other malignancies, may also be involved [27]. 
In our prospectively sampled material, women treated by 
hysterectomy for endometrial carcinoma had an increa- 
sed frequency of the erythrocyte Le a-b- phenotype when 
compared with women operated on for other conditions 
(personal unpublished observation). The Le genotype 
(le/le) inferred from the Le a-b- erythrocyte Le pheno- 
typing may thus be incorrect in some carcinomas. 

An alternative but less likely explanation for our find- 
ings is cross-reactivity of the mAb with related carbo- 
hydrate determinants. The anti-Le b antibody also reacts 
with the chain 1 H determinant, but does not react with 
Le y [16, 27]. However, the mAb A583, reactive with 
both types-I and - 2  H determinants [25], did not stain 
L& +b endometria at all or stained less frequently than 
anti-Le b stained. Moreover, the fact that Le a antigen was 
demonstrated in erythrocyte Le a-b- endometria with all 
the three anti-Le a mAb employed supports further the va- 
lidity of our results, that Le antigens are inappropriately 
expressed in human endometrium. 

The increased expression of type-1 chain antigens in 
neoplastic endometrial cells seems, however, to be unrela- 
ted to hormonal factors. Expression is limited in normal en- 
dometrial glands and confined almost exclusively to atro- 
phic, luteal and menstrual endometria, which are characteri- 
zed by either low levels of E 2 (atrophic) or low ER and PgR 
levels (luteal and menstrual) [33, 35, 38]. MsLe a antigen 
seems to be a marker of secretory transformation in normal 
endometrial epithefial cells [20, 21, 32]. However, the inver- 
se relation between hormone receptor levels and expression 
of msLe" in normal endometrium was lost in endometrial 
carcinomas [21]. No significant association between either 
s e r u m  E 2 levels or the ER/PgR status and expression of 
type-1 chain antigens was demonstrable, even though most 
adenomatous hyperplasias and endometrial carcinomas in- 
vestigated in the present study were associated with low 
levels of E 2 and were ER and PgR positive. 

The increased membraneous expression of type-1 
chain structures (as for example the Le a and Le b antigens 
in neoplastic endometrial cells) [9, 10, 11, 36, 37], is ac- 
companied by a lowered expression of the isomere type- 
2 chains, the Le x and Le y antigens [34]. This suggest a 
"turnout-associated" shift in predominant peripheral core 
structure on which fucosylation associated with synthesis 
of carbohydrates with blood group specificity takes 
place. Le b and H antigens are prognostic markers for 
other carcinomas [19]. The grade and stage are progno- 
stic markers for endometrial carcinomas, and expression 
of both H and Le b antigens was related to tumour grade, 
and expression of H antigen weakly correlated to the 
FIGO stage. More extended studies including long-term 
follow-up are needed to clarify any independent progno- 
stic significance of H]Le b antigen expression for endo- 
metrial carcinomas. 

In conclusion, the present study has substantiated the 
view that the type-1 chain antigens, Le ~, dsLe a, Le b and 
H are "tumour-associated" antigens of endometrial tis- 
sue. The increased expression of type-1 chain carbohy- 
drates in premalignant and malignant endometrium seem 
to be unrelated to hormonal factors, but is qualitatively 
influenced by the genetic background of the individual, 
in that non-secretors express Le a, ms- and dsLe a antigens 
predominantly, whereas secretors, in addition to Le a 
structures, express H and Le b antigens. Our findings sug- 
gest a change in predominant peripheral core structure 
on which fucosylation takes place, and an increased ac- 
tivity of the Se-gene-encoded or a closely related fuco- 
syltransferase in neoplastic endometrial cells. 
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