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SialyI-Lewis x and SialyI-Lewis a are associated with 
MUC1 in human endometrium 
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Endometrial epithelial cells express MUC1 with increased abundance in the secretory phase of the menstrual cycle, 
when embryo implantation occurs. MUC1 is associated with the apical surface of epithelial cells and is also 
secreted, being detectable in uterine fluid at elevated levels in the implantation phase. However, its physiological 
role is uncertain; it may either inhibit intercellular adhesion by steric hindrance or carry carbohydrate recognition 
structures capable of mediating cell-cell interaction. Here we show that endometrial epithelium expresses both 
Sialyl-Lewis x(SLe x) and Sialyl-Lewis a (SLea), with a distribution and pattern of menstrual cycle regulation 
similar to that of MUC1. Using Western blotting and double determinant ELISA of uterine flushings, we 
demonstrate that SLe x is associated with MUC1 core protein. The endometrial carcinoma cell lines HEC1A and 
HEC1B are shown to express MUC1 in a mosaic pattern, while three other cell lines express much lower amounts. 
HEC1A expresses both SLe x and SLe a while HEC1B expresses SLe a only. Irnmunoprecipitation has been used to 
demonstrate that SLe a is associated with MUC1 in HEC1B cells, and both SLe x and SLe a are associated with 
MUC1 in HEC1A cells. 
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Introduction 

The molecular mechanisms that mediate the attachment of  
an embryo to the luminal epithelium of  the endometrium, 
the initial stage of  implantation, have yet to be elucidated. 
It is believed that the endometrium becomes receptive to 
interaction with an implanting blastocyst through steroid- 
ally regulated expression of  cell surface componants 
capable of  modulating the adhesive properties of  the 
epithelium (reviewed in [1, 2]). 

Ovulation at approximately mid cycle marks the onset 
o f  the secretory phase. The endometrial epithelial cell 
population undergoes progesterone-induced differentiation 
[3] and acquires a Secretory phenotype in preparation for 
blastocyst implantation about 7-11 days later. An 
increase occurs in apically located Golgi apparatus and 
post-Golgi vesicular compartments [4]. This coincides 
with an increase in the level of  glycosylation and gives 
rise to changes in the glycoprotein composition of  the 
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cell surface and secretions [5]. Endometrial glycans that 
demonstrate menstrual cycle-dependent patterns of ex- 
pression include the sialokeratan structure recognized by 
McAb D9B1 [6, 7], keratan sulphate [8] and a blood 
group A-related epitope [9]. All three products appear 
maximally during the peri-implantation period, at the 
apical cell surface and also in lumenal secretions; 
furthermore all are associated with high molecular weight 
mucin-type molecules. It appears likely that the products 
of  endometrial secretory differentiation provide a milieu 
favourable for implantation [10] and may be directly 
involved in this process [11]. 

The role of cell surface glycoconjugates in a variety of  
cellular recognition events is well documented. Most 
notably, the selectin family of  receptor proteins mediate 
the adhesion of  leucocytes to endothelial cells and 
platelets. The ligands are sialylated, sulphated and 
fucosylated oligosaccharides related to the SLe x and 
SLe a carbohydrate antigens. These are frequently asso- 
ciated with protein cores possessing mucin-like charac- 
teristics; domain regions rich in serine and threonine are 
potential sites of  glycan chain attachment via O- 
glycosidic linkage [12]. Thus the possibility arises that 
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mucin-linked glycans may play a role in blastocyst 
attachment. 

We have reported the presence of the cell surface- 
associated mucin MUC1 in endometrial epithelium during 
the menstrual cycle [2,13,14]. MUC1 is a high 
molecular weight (300-400 kDa) molecule with a large 
extracellular domain containing variable number tandem 
repeat (VNTR) units of a conserved 20 amino acid 
sequence [15, 16]. Each repeat contains five potential 
sites of O-glycosylation and approximately 40% by 
weight is carbohydrate [7, 13]. Expression is regulated 
[17] with maximal levels in the mid secretory phase, 
around the peri-implantation period. Although the best- 
characterized MUC1 gene product is a transmembrane 
molecule, expressed at the apical surface of endometrial 
epithelial cells [13], a large pool also exists as a 
component of glandular secretions [14]. 

Elevated MUC1 expression coincides with endometrial 
receptivity. This is a paradoxical observation as MUC1 
has been shown to act as an anti-adhesion molecule, 
capable of inhibiting both cell-cell and cell matrix 
interactions in vitro [17, 18]. This property of MUC1 is 
probably conferred by its highly elongated and extended 
structure, which when expressed at high levels results in 
the masking of underlying adhesion receptors that do not 
extend as far beyond the cell surface. The predicted 
conformation of the molecule however also suggests that 
it could interact with ligands at apposing surfaces via 
carbohydrate recognition structures present on its many 
O-linked glycan chains. 

Here we have examined the expression of the carbo- 
hydrate adhesion ligands SLe x and SLe a in endometrial 
epithelium throughout the menstrual cycle. We also 
report that these glycans are associated with endometrial 
MUC1. In addition we show distinct patterns of MUC1 
and glycan expression by five endometrial carcinoma Cell 
lines. 

Materials and methods 

Antibodies 

Mouse monoclonal antibodies (McAb) BC2 (IgG) and 
BC3 (IgM) [19] were purchased from Medical Innovations 
Ltd, Queensland, Australia. Both antibodies react with 
similar peptide epitopes contained within the tandem 
repeat sequence of the MUC1 core protein. Monoclonal 
antibody 232A1 (IgG) reacts with a unique epitope in the 
extracellular domain of MUC1 [18]. This antibody was 
from Dr J. Hilkens, The Netherlands Cancer Institute, 
Amsterdam. Rabbit polyclonal antiserum CT1, raised 
against the cytoplasmic tail of MUC1 [20] was from Dr 
L. Pemberton, I.C.R.F. Lincolns Inn Fields, London. 

Anti-SLe x McAb AM3 (IgM) [21] was from Dr C. 
Hanski, Berlin, Germany. McAb 121SLE (IgM) against 

SLe a [22] was from Dr J. Bara, Villejuif, France. McAb 
C50 (IgM) recognises SLe a [23] but also the related 
unfucosylated terminal glycan [24]. It was purchased 
from CanAg Diagnostics, Gothenburg, Sweden. 

Tissue Specimens 

Endometrial tissue from curettage or hysterectomy was 
formalin-fixed, paraffin wax-embedded archival material 
provided by the Department of Histopathology, St Mary's 
Hospital, Manchester. Dating was based on the time of the 
last menstrual period and also by independant histological 
assessment according to the criteria of Noyes et al. [25]. 
In all cases used, endometrial dating and histology were 
consistant and tissue was reported free of neoplasia or 
infection. 

Uterine flushings 

Flushing of the uterine cavity with physiological saline 
provides a valuable method of recovering uterine secre- 
tions [26]. Uterine fluid contains the products of 
endometrial glandular secretions in addition to some 
plasma trans-exudate; it can therefore be used as a source 
of endometrial secretory glycans. All flushings used in this 
study were from a normal, fertile patient group previously 
described [14]. 

Immunohistochemistry 

Sections (5 #m) were produced from 25 endometrial tissue 
specimens obtained in different phases of the menstrual 
cycle (seven from the proliferative phase and six each 
from early, mid and late secretory phases) and used for the 
immunohistochemical assessment of sialyl Lewis × expres- 
sion in human endometrium. 

Endogenous peroxidase activity was blocked by treat- 
ment with 1:100 (by vol) hydrogen peroxide in methanol 
and non-specific antibody binding blocked by 1 0 m i n  
incubation in Protein Block (Dako, High Wycombe, UK). 
Incubation in AM3 (neat hybridoma supernatent) was for 
1 h at room temperature and followed by a similar 
incubation in biotinylated anti-mouse antibody (Dako) 
diluted 1:200 in PBS (pH7.6). An avidin-biotin amplifi- 
cation step was used as directed in the manufacturers 
instructions (Vectastain ABC Kit, Vector Laboratories, 
Peterborough, UK) and finally a Nickel-enhanced DAB 
substrate development kit (Vector) was used for the 
identification of immunoreactivity. Haematoxylin nuclear 
counterstaining was also performed on all sections. 

Two sets of five sections (representing each phase of 
the cycle) were also selected for immunostaining with 
McAbs C50 and 121SLE. These antibodies were used at 
1:250 dilution of ascitic fluid in PBS and neat culture 
supernatent respectively, to provide a comparison between 
SLe x and SLe a expression. 
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Western blotting 

Uterine flushings were concentrated two-fold by dialysis 
and lyophitization. Reconstituted samples were denatured 
in reducing SDS sample buffer and separated by 
electrophoresis on 5% polyacrylamide gels. Pre-stained 
molecular weight markers (Biorad, Hemel Hempstead, 
UK) were included. Proteins were transfered to PVDF 
Immobilon membrane (Millipore Ltd, Watford, Herts, UK) 
by semi-dry electro-blotting. Transfer was performed for 
2 h at 70 mA constant current. Membranes were blocked 
in 5% milk solids, 0.05% Tween-20 (Sigma, Poole, UK) in 
PBS for approximately 12 h and probed with McAbs BC3 
(against MUC1 core protein) at 1:1000 dilution in PBS 
and AM3 (against SLe x) at 1:2 dilution. All washes were 
with 0.05% PBS/Tween-20 (pH 7.6). A biotinylated anti- 
mouse secondary antibody (Dako) was used at a dilution 
of 1:200 and was detected by an avidin-biotin amplifica- 
tion kit (Vector). A coloured reaction product was 
generated using a Nickel-enhanced DAB substrate (Vec- 
tor). 

N-Glycanase digestion 

Selected secretory phase uterine flushings (rich in MUC1 
and associated SLe x) were treated with N-glycanase prior 
to immunoblotting. Two identical aliquots, each containing 
approximately 25/zg of total protein, were lyophilised and 
reconstituted in 25/zl of 1 x incubation buffer (4raM 
sodium phosphate pH 7.5, 10 mM EDTA, 0.02% sodium 
azide) (Oxford Glycosystems, Oxford, UK) containing 
0.5% SDS and 5% mercaptoethanol. Samples were 
denatured by heating to 100 °C for 2 min, then cooled 
and 5/zl of 10% octyt glucoside (Sigma, Poole, UK) 
added. PBS (3.5/zl) was added to the control sample 
(mock-treated) and N-glycanase/peptide-N-glycosidase F 
(Oxford Glycosystems); 3.5/zl, --0.7U) to the test. 
Incubation at 25 °C was performed for 18 h, after which 
samples were concentrated by lyophilization and recon- 
stituted in reducing SDS sample buffer. Electrophoresis 
and immunoblotting were performed as described above. 
N-glycanase-treated and control lanes were probed with 
BC3 and AM3. 

Double determinant ELISA 

This technique has been previously described [14,27]. 
Briefly, anti-MUC1 core protein McAb BC2 (IgG) was 
used (purified IgG, 4ktgm1-1) as a solid phase capture 
reagent. MUC1 retained from the specimen was then 
overlaid with a variety of detector antibodies of the IgM 
class: BC3 (ascitic fluid, 1:1000) to detect MUC1 core 
protein and AM3 (culture suPematant , 1:4) for the 
detection of SLe x. In addition, C50 (ascitic fluid, 1:250) 
and 121SLE (ascitic fluid, 1:800) have been used to detect 
SLe a carbohydrate antigens associated with MUC1. 
Finally, a peroxidase-conjugated anti-mouse IgM antibody 

(Nordic Immunological Laboratories, Maidenhead, UK) 
was applied and ABTS (Boehringer Mannheim, Lewes, 
Sussex, UK) used as chromogenic substrate. Absorbance 
was measured at 405 nm. 

Removal of terminal sialic acid residues from MUC1 
captured with BC2 was performed by incubating wells in 
a 1:100 dilution of Vibrio cholera neuraminidase 
(Boehringer) in 0.I M sodium acetate, 1 mM calcium 
chloride for t h at 37°C prior to incubations with 
detector antibodies. 

Cell lines 

Endometrial carcinoma cell lines HEC1A (American type 
culture collection, HTB-112) , HEC1B (HTB-113) and 
RL95-2 (CRL-1671) were from Dr Andrew Sharkey, 
University of Cambridge. HEC1As were maintained in 
McCoy's 5a medium (GibcoBRL, Paisley, UK) containing 
10% foetal bovine serum (FBS) (Advanced Protein 
Products, Brierley Hill, West Midlands, UK). HEC1Bs 
were maintained in Eagles MEM supplemented with 
Earle's balanced salt solution, 10% FBS and I ms,~ sodium 
pyruvate (GibcoBRL). RL95-2 cells were maintained in a 
1:1 mixture of DMEM and Ham's F12 containing 10 mM 
HEPES (GibcoBRL), 5/xgm1-1 insulin, 2g1-1 NaHCO3 
and 10% FBS. AN3-CA (HTB-111) were from Dr 
Michael Thie and Dr Elke Winterhager, Institut fur 
Anatomie, Universit/it Kliniktma, Essen and were main- 
tained in Eagle's MEM with Earles salts and non-essential 
amino acids (Sigma) with 10% FBS supplementation. The 
Ishikawa cell line was from Dr John White, Hammersmith 
Hospital, London; these cells were maintained in DMEM 
containing 20 mM HEPES (GibcoBRL) and 10% FBS. In 
addition all media was supplemented with glutamine 
(2~r~) (ICN, Thame,. Oxon, UK) and antibiotics: 
streptomycin 100ktgm1-1 (Evans Medical Ltd, Horsham, 
UK) and gentamycin 5 p g m l  -I (David Bull Laboratories, 
Warwick, UK). All cells were grown in monolayer culture 
in an atmosphere of 95% air: 5% carbon dioxide. For 
immunoftuorescence, confluent monolayers were grown on 
19 mm diameter glass coverslips (Chance Propper Ltd., 
Smethwick, UK) in plastic 12 well plates (Coming, 
Coming, NY, USA). 

Immunofluorescence 

Confluent monolayers were fixed sequentially in 3.7% 
formaldehyde in PBS (pH 7.6) and methanol, for 20 rain 
each at room temperature. Indirect irnmunofluorescence 
was performed using McAb BC3 (1:500 in PBS) against 
MUC1 core protein and McAbs AM3 (neat hybridoma 
supematant) and C50 (1:250 in PBS) against SLe x and 
SLe a carbohydrate antigens respectively. Primary antibody 
was detected with rabbit anti-mouse conjugated to 
fluorescein isothiocyanate (FITC) (Dako, High Wycombe, 
UK) at a dilution of 1:50 in PBS in the dark. Coverslips 
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were mounted in aqueous Immu-mount (Shandon, War- 
rington, UK) and viewed on a fluorescence microscope. 

Immunoprecipitation 

Confluent HEC1B cells, grown in 75 cm 2 flasks (Costar 
UK Ltd, High Wycombe, Bucks, UK) were incubated in 
Eagles MEM without glucose (GibcoBRL) and FCS for 
2 h prior to labelling. Cells were labelled in MEM without 
glucose, containing 100#Ci per flask o-[1,6-3H]-glucosa - 
mine hydrochloride (NEN Research Products, Stevenage, 
UK) for 16h. Medium was removed and the cell 
monolayer washed twice in cold PBS (pH 7.6). Cells 
were scraped into PBS with a sterile policeman (Costar) 
and treated with lysis buffer (5 mgm1-1 BSA, 1% sodium 
deoxycholate, 25 #gm1-1 leupeptin, 1 mM AEBSF (ICN; 
all others from Sigma) 2 mM NEM in PBS, pH 7.6). This 
extract was spun at 12 000 x g in a microfuge for 5 min 
and the supernatant pre-cleared by the addition of rabbit 
anti-mouse immunoglobulins (Dako) and Protein A beads 
(Sigma) for 2 h at 4 °C. The beads were then pelleted by 
centrifugation and discarded. Protein-A beads to be used 
in the immunoprecipitation were pre-blocked by overnight 
incubation at 4 °C with cold cell extract and pre-loaded 
with rabbit anti-mouse immun0globulins (Dako) to a 1:50 
dilution during a second overnight incubation at 4 °C. Pre- 
loading was performed because BC3 and C50 are IgMs 
and are not retained by Protein A. Immunoprecipitation 
from 200 ktl aliquots 0f labelled extract was initiated by 
overnight incubation at 4 °C with 5/~1 BC3, 40#1 AM3, 
40#1 232A1, 5#1 C50 and 5/~1 CTI. Controls in which 
no precipitating antibody was added were also included. 
Sixty /~1 of pre-blocked, pre-loaded Protein A beads, 
(diluted 1:1 with PBS) was added to each reaction and 
incubated at room temperature for 3 h. Protein A beads 
were pelleted by centrifugation and after extensive 
washing in 0.3% Triton X-100 (Sigma)/PBS, were 
resuspended in reducing sample buffer (TrisHC1 pH 6.7 
containing 4% SDS 20% glycerol, 10% 2-mercaptoethanol 
and 0.4% Bromophenol blue) in a 1:1 ratio, boiled for 
5 min and electrophoresed on a 2-9% polyacrylamide 
gradient gel. Gels were fixed in ethanol:formaldehyde:- 
distilled water (51:29:120) for 30 rain and soaked in 
Amplify solution (Amersham International, Little Chal- 
font, Bucks., UK) to enhance the tritium-generated 
autoradiographic signal. Gels were dried under vacuum 
and exposed to pre-flashed Hyperfilm MP (Amersham) for 
1-2 weeks at - 80  °C. 

Results 

SLe x and SLe a are expressed in endometrial epithelium 

Immunohistochemistry using McAb AM3 was performed 
to examine the expression of SLe x carbohydrate antigen in 
endometrium throughout the menstrual cycle. In prolif- 

erative phase tissue immunoreactivity was predominantly 
located within the apical cytoplasm of both glandular and 
luminal epithelial cells, in a peri-nuclear distribution 
(Fig. la). In addition, immunoreactive basal deposits were 
also present in a small number of cells. Staining of the 
apical surface of both glandular and luminal epithelial 
cells was observed, with occasional immunoreactivity in 
sparse gland secretions. Some inter-gland and intra-gland 
heterogeneity in antigen expression was evident, with 
negative gland cells interspersed amongst positives. 

In early secretory phase endometrium a prominent 
concentration of supranuclear staining was observed 
within the cytoplasm of epithelial cells. Overall, antigen 
expression appeared less heterogeneous than in prolif- 
erative phase tissue, with a slight increase in the volume 
of immunopositive secretions (Fig. lb). In the mid 
secretory phase, cytoplasmic immunoreactivity became 
more diffuse with an overall increase in the level of 
staining, which was in general less heterogeneous. 
Positive secretions were also prominent in the gland 
lumens (Fig. l c). Variation in the level of immunostain- 
ing between tissue specimens was however also apparent. 
Staining of late secretory phase endometrial tissue was 
also characterised by heterogeneity between specimens. In 
addition, considerable heterogeneity within glands was 
observed with many glands containing strongly stained 
cells amongst weaker, more diffusely stained neighbours. 
Immunoreactive glandular secretions remained, but some 
glands also contained secretory material that was not 
immunoreactive (Fig. ld). 

Immunohistochemistry was also performed using 
McAbs C50 and 121SLE to compare the distribution of 
SLe a with that of SLe x in sections of endometrium 
selected from different phases of the menstrual cycle. 
Small areas of epithelial immunoreactivity were detected 
in proliferative phase tissue with both C50 and 121SLE 
(not shown). In general levels were lower than with 
AM3. In the early and mid secretory phase, more SLe a 
immunoreactivity became evident in glandular and 
luminal epithelium, although staining was never as 
extensive as with MCAb AM3. Figure 2 shows adjacent 
sections of late secretory phase endometrium stained with 
anti-MUC1 core protein McAb BC3 (Fig. 2a), anti-SLe x 
McAb AM3 (Fig. 2b), anti-SLe a McAb C50 (Fig. 2c) or 
anti-SLe a McAb 121SLE (Fig. 2d). In each case 
immunoreactivity was confined to the epithelial cells, 
both luminal (not shown) and glandular and their 
secretions. With each antibody, staining was observed in 
the epithelial cytoplasm as well as at apical cell surfaces. 
Considerable heterogeneity was present between adjacent 
cells and between different gland profiles. Reduced levels 
of immunostaining were again observed with C50 relative 
to AM3, suggesting lower levels of SLe a expression 
relative to SLe x. Significantly lower levels of immuno- 
staining were observed with 121SLE than with C50 
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Figure 1. Immunolocalization of SLe x in normal endometrium during the menstrual cycle using McAb AM3. (a) Proliferative phase 
showing weak immunoreactivity in the luminal epithelium (top) and two glands. (b) Early secretory phase glands showing supranuclear 
accumulations of reactivity as well as apical cell surface staining. (c) Two mid secretory phase glands with intense cytoplasmic and 
secretory reactivity. (d) Late secretory phase glands showing strong staining, weaker staining and (top left) one immunonegative gland 
containing abundant secretory material (x200). No staining is seen in the stroma. 

(Fig. 2c,d), suggesting subtle differences in the structure 
of  epitopes recognised by these two anti-SLe a antibodies 
([241). 

Endometrial carcinoma cell lines exhibit distinct patterns 
of glycan and MUC1 core protein expression 

Indirect immunofluorescence was used to investigate the 
expression of MUC1 core protein and the SLe x and SLe a 
carbohydrate antigens by five endometrial carcinoma cell 
lines grown in monolayer culture: AN3-CA, RL95-2, 
HEC1A, HEC1B and Ishikawa. 

HEC1A cells displayed a heterogeneous pattern of  
primarily punctate fluorescent staining with the anti- 
MUC1 McAb BC3 (Fig. 3a). Labelled cells exhibited a 
range of intensities suggesting heterogeneity in the level 
of MUC1 expression throughout the population. A small 
number of cells appeared completely negative. A differ- 
ent pattern of  fluorescence was observed with McAb 
AM3 to SLe ~ ffig. 3b). A significant proportion of cells 
were intensely labelled and often located together in large 

groups. These cells were more uniformly stained and did 
not display the range of fluorescence intensities observed 
with BC3. However distinct areas of weakly labelled cells 
were also evident within the monolayer, in addition to a 
small proportion of unlabelled cells. 

Monoclonal antibody C50 detected a heterogeneous 
distribution of cells expressing the SLe a antigen (Fig. 3c). 
A range of fluorescence intensities was observed, 
reflecting variation in the level of expression between 
cells in the monolayer. Unlike with McAb AM3, large 
homogeneous areas of intense fluorescence were not 
present. Again, a small proportion of negative cells was 
observed. 

HEC1B cells exhibited similar patterns of fluorescent 
staining to HEC1As when screened for MUC1 core 
protein and SLe a expression. However, this cell line did 
not express SLe x (data not shown). 

The Ishikawa cell line produced a heterogeneous 
pattern of fluorescence with BC3. The intensity of 
staining was lower than that observed with HEC1A and 
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Figure 2. Immunoperoxidase localisation of MUC1, SLe a and SLe x in a specimen of late secretory phase endometrium. (a) MUCt core 
protein (McAb BC3) at the apical surface of gland cells, in secretions and in the epithelial cytoplasm. (b) SLe ~ (McAb AM3) similarly 
distributed. Note the inter-glandular and inter-cellular heterogeneity. (c) SLe a (McAb C50) also shows a similar distribution. (d) McAb 
121SLE also recognises SLe a, but no binding is detectable with this antibody. Serial sections, x80. 

HEC1B cell lines; a higher proportion of  negative cells 
were also evident. McAb AM3 identified a small number 
of  cells within the monotayer that appeared to be 
expressing high levels o f  the SLe x antigen. These cells 
were intensely fluorescent and clearly discernible. How- 
ever, there was a degree o f  heterogeneity amongst the 
less intensely stained cells. This same distribution o f  
fluorescence staining was also observed with McAb C50 
suggesting similar levels o f  expression of  SLe x and SLe a 
antigens in this cell line. 

RL95-2 cells did not express MUC1. A very small 
number of  these cells strongly expressed the SLe x 
antigen, producing intense, punctate fluorescent staining. 
However, the majority o f  cells in the culture contained 
only very small foci o f  staining which appeared to be 
peri-nuclear in distribution (Fig. 3d). AN3-CA cells did 
not express MUC1 core protein nor the SLe a or SLe x 
antigens. These data are summarized in Table 1. 

SLe x and  SLe a are associated with M U C I  core protein 

Western blotting of  concentrated uterine flushings was 

carried out in order to establish the presence of  MUC1 in 
the uterine lumen and to investigate the possibility that 
SLe × and SLe a are present as associated glycans. Probing 
with McAb BC3 revealed two major bands at approxi- 
mately 400 kDa, presumably representing the two alleles 
o f  the MUC1 core protein (Fig. 4a,b). McAb AM3 gave 
an identical pattern of  high molecular weight immuno- 
reactivity. Comigration of  SLe x and MUC1 was observed 
in samples of  secretory phase flushings from four different 

Table 1. Summary of immtmolocalization data obtained from 5 
endometrial carcinoma cell lines. 

Antibody BC3 (MUC1 core AM3 (sialyl- C50 (sialyl- 
cell line protein) Lewid') Lewis ~) 

AN3-CA - - - 
HEC1A ++ +++ ++ 
HEC1B ++ - ++ 
Ishikawa + + + 
RL95-2 - + ND 

- ,  negative; +, positive (small proportion of cells labelled); ++% positive 
(large proportion of cells labelled); ND, not determined. 
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Figure3. Immunofluorescence localisation of MUC1, SLe a and SLe x in cult~lred endometrial carcinoma cells in confluent monolayer 
calture. (a) MUC1 core protein (McAb BC3) in HEC1A cells, showing mosaicism; the staining intensity ranges from strong to negative. 
(b) SLe X (McAb AM3) in HEC1A. Again there is a mosaic, but the immunopositive cells are clustered together. (c) SLe a (McAb C50): 
strongly positive, Weakly positive and negative cells are scattered apparently at random. (d) SLe X (McAb AM3) in RL95 cells. This cell 
line does not express detectable MUC1 core protein. A few cells do express SLe × strongly, others have focal intracellular reactivity, x400. 

individuals using Western blotting. This suggests that SLe x 
is associated with MUC1 core protein. N-glycanase 
digestion of  uterine flushings resulted in no detectable 
loss of  AM3 signal on subsequent Western blot (Fig. 4c,d). 

Uterine flushings were also analysed by double 
determinant ELISA in which McAb BC2 was attached 
to a solid,phase and used to capture MUC1. Capture was 
confirmed using McAb BC3 to detect MUC1 core protein 
on the solid phase. Antibodies AM3 and C50 to SLe x 
and SLe a respectively were bound on the solid phase, 
thus confirming the association of  both of  these structures 
with MUC1 (Fig. 5). As expected from the immunohis- 
tochemical observations, a larger signal was observed for 
SLe x than for SLe a. The SLe a observations were 
confirmed in specimens of  secretory phase flushings 
from 14 different women, while the SLe x observations 
were consistent in 15 individuals. 

Post-capture enzymic desialylation of  MUC1 resulted 
in the abolition of  AM3 binding. This confirmed the 

specificity of the detection step, the sialic acid moiety 
being an essential componant of  the epitope. In contrast, 
there was a net absorbance increase of  37% (n = 3; 
range=31.5-43.5%) with BC3 as detector (data not 
shown). The removal of  terminal siatic acid residues 
appeared to restflt in exposure of  core protein epitopes 
that were previously masked. 

Immunoprecipitation of MUC1 core protein and SLe a 
was performed from detergent extracts of  [3H]glucosa- 
mine-labelled HEC1B cells. McAbs BC3, 232A1 and 
CT1, all of  which bind to different epitopes on MUC1 
core protein, precipitated similarly migrating high 
molecular weight doublets from HEC1B (Fig. 6a,d,f). 
McAb C50 precipitated a comigrating doublet (Fig. 6c). 
McAb AM3 failed to precipitate anything, confirming the 
immunostaining data. Immunoprecipitations were also 
carried out from HEC1B conditioned culture medium 
(Fig. 7). McAbs BC3, C50 and 232A1 all precipitated 
comigrating high molecular weight species. However, no 
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Figure 4. Western blots of uterine flushing probed with McAbs 
(a,b) BC3 or (c,d) AM3. (a,c) N-glycanase-treated; (b,d) mock- 
treated. Each lane was loaded with 25/zg protein from the same 
specimen. Note the prominent doublet at high Mr representing 
MUC1 and associated SLe x. There is no change in antibody 
binding after N-glycanase treatment. 

Figure6. Immunoprecipitation from detergent-extracted [3H]glu- 
cosamine-labelled HEC1B cells. McAbs: (a) BC3 (MUC1 VNTR); 
(b) AM3 (SLeX); (c) C50 (SLea); (d) 232A1 (MUC1 ectodomain); 
(e) control; (f) CT1 (MUC1 cytoplasmic tail). 

bands were detected when CT1 was used, suggesting that 
the secreted form of  MUC1 lacks the cytoplasmic 
domain. 

Immunoprecipitation from detergent extracts o f  labelled 
HEC1A cells generated similar results to the HEC1B 
cells (Fig. 8). However, in this case, AM3 also 
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Late secretory phase flushings 

Figure 5. Capture-detect ELISA of six speciments of late secretory 
phase uterine flushings. McAb BC2 to MUC1 was used to bind 
mucin to the solid phase. Detection with McAb BC3 to MUC1 
(open bars) confirmed that capture had occurred. McAbs AM3 (left 
hatch) and C50 (right hatch) were used to detect MUCl-associated 
SLe antigen. Controls (filled bars): 1, no capture antibody; 2, no 
detector antibody; 3, no antigen. 

precipitated a comigrating band, consistent with the 
immunostaining data. 

Discussion 

In previous work we have shown that MUC 1 is expressed 
in endometrial epithelium in a hormonally-regulated 
pattern, with low levels of mRNA and core protein in 

Figure 7. Immunoprecipitation from conditioned culture medium 
from [3H]glucosamine-labelled HEC1B cells. McAbs: (a) BC3 
(MUC1 VNTR); (b) C50 (SLea); (c) 232A1 (MUC1 ectodomain); 
(d) control; (e) CT1 (MUC1 cytoplasmic tail). 



SLe x and SLe a associated with human endometr ial  M U C 1  777 

Figure8. Immunoprecipitation from detergent-extracted [3H]glu- 
cosamine-labelled HEC1A cells. McAbs: (a) BC3 (MUC1 VNTR); 
(b) AM3 (SLeX); (c) C50 (SLea); (d) 232A1 (MUC1 ectodomain); 
(e) CT1 (MUC1 cytoplasmic tail); (f) control. 

the proliferative phase and an increase after ovulation. In 
the early secretory phase (days 15-18), mRNA abundance 
increases approximately six-fold and the core protein 
appears in increased amounts in the cytoplasm of 
glandular and luminal epithelial cells and at the apical 
epithelial cell surface. In the mid secretory phase (days 
19-22), mRNA abundance remains high; at this stage the 
core protein is secreted, appearing in greatly increased 
amounts in gland lumens. In the late secretory phase, cell- 
associated MUC1 is still present but in diminished 
amounts; increased intercellular heterogeneity is observed 
in the epithelium, some cells being strongly immunopo- 
sitive while others are negative. At this stage secretory 
material is still quite abundant [13]. Secretory MUC1 
appears in the uterine luminal fluid where concentrations 
show a dramatic increase between days 21 and 24 [14]. 
This is the time when embryo implantation is expected to 
occur. Thus the appearance of MUC1 in uterine flushings 
is a possible molecular marker of the receptive phase for 
implantation. 

Others have observed a secretory isoform of MUC1 in 
breast carcinoma cell culture supernatants [20, 28] and we 
have now confirmed that endometrial carcinoma cell lines 
also release soluble MUC1. We are currently investigat- 
ing the mechanism whereby large amounts of MUC1 are 
released from endometrial cells in a hormonally-regnlated 
fashion. 

Previous studies have indicated that glycosylation in 
general and sialylation in particular are highly cycle- 
dependent in endometrial tissue, especially in the 
epithelium [3, 5, 6-9, 29-31]. In the present study we 

have shown that two sialoglycan epitopes are regulated. 
Both SLe a and SLe x are epithelial-specific products; both 
are upregulated strongly in the secretory phase. Further- 
more, their distribution in secretory phase tissue was 
observed to be very similar to MUC1, suggesting the 
possibility that both may be present on the MUC1 core 
protein. Ravn et al. [29] observed the presence of Lewis x 
in normal endometrium and showed an increase in 
antibody binding in the secretory phase after tissue 
sections were treated with neuraminidase, thus suggesting 
that masking by sialic acid was occurring. They also 
showed the presence of SLe a in endometrium ~ind its 
increase in the secretory phase [30]. Others have 
observed both antigens in association with MUC1 in 
cultured colon carcinoma cells [23,32] and SLe a has 
been observed in association with MUC1 from bile [33]. 

We have confirmed the association between MUC1 and 
sialyl-Lewis antigens in normal endometrium and in 
cultured endometrial carcinoma cell lines. Uterine flush- 
ings provided a convenient source of normal secretory 
MUC1 for biochemical analysis; comigration of immu- 
noreactive bands in Western blots and double determinant 
EL1SA measurements using anti-core protein and anti- 
glycan McAbs both indicate that SLe x is displayed on 
MUC1. SLe a appears to be less abundant based on 
EL1SA and immunohistochemistry. However, immunopre- 
cipitation indicated that MUC1 carries SLe a in the 
HEC1B cell line. The absence of MUC1 core protein 
from two (ANC-3A, RL95) of the five endometrial cell 
lines examined, and the low level of its expression in a 
third (Ishikawa) suggests that caution should be exercised 
in the use of these lines for modelling embryo-epithelial 
interactions in vitro. 

The epitopes recognized by antibodies BC2 and BC3 
are situated in the tandem repeat region of the core 
protein [34]. The TR contains 20 amino acid residues of 
which five are Ser or Thr and at least two of the Thr 
residues are utilized [35]. MUC1 alleles contain between 
20 and 100 repeat sequences [15]. Thus this region 
contains multiple potential O-glycosylation sites. The 
apparent Mr of endometrial MUC1 of approximately 
400 kDa confirms that it is extensively glycosylated since 
even the largest alleles are likely to produce core 
polypeptides of only about 225 kDa. There is extensive 
evidence that glycosylation affects the binding of anti- 
bodies to the polypeptide [36]. Indeed, we have shown 
that desialylation of normal endometrial MUC1 leads to 
increased binding of McAbs to the core protein [13]. 
This suggests the likelihood that the sialyl-Lewis 
structures are O-linked. However, MUC1 also contains 
N-glycans, attached at one or more of five consensus 
tripeptides in the membrane-proximal part of the 
ectodomain [37]. N-glycanase treatment gave no signifi- 
cant alteration in the binding of AM3 to endometrial 
MUC 1. Although this result supports SLe x association via 
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O-linkage, further experiments will b e  required both to 
demonstrate conclusively the linkage type and to map 
specific glycans within the ectodomain. 

It is not clear whether the functional role of MUC1 in 
endometrium is at the cell surface or as a secretory 
component of uterine fluid. It seems clear that MUC1 is 
present at the .apical epithelial surface at the time of  
embryo attachment. However, variations are evident in 
the level of  expression between different cells, gMng rise 
to a mosaic pattern. This is observed in cultured 
carcinoma cells and primary cultured epithelial cells 
([38] and unpublished data) as well as in vivo. The area 
of interaction between embryo and epithelium may 
initially be small [39, 40] and so attachment might occur 
either in MUCl-rich or MUCl-poor microdomains of  the 
luminal epithelium. 

There is experimental evidence to suggest that uterine 
glycans may play a direct role in the implantation 
process. Studies in the mouse have identified an H type I 
carbohydrate structure, lacto-N-fucopentaose I (LNF-I) 
that is expressed on uterine epithelium under hormonal 
control. H type I appears to be involved in the initial 
interaction between blastocyst and the uterine surface 
[11]. Lactosaminoglycans have also been demonstrated to 
be under steroidal regulation in both mouse [41-43] and 
rat [44]. Zhu et al. [45] have demonstrated the expression 
of  Le y oligosaccharide on both mouse blastocyst and 
uterine epithelial surfaces. Interaction of LeY with H type 
I was proposed to promote close apposition of blastocyst 
and uterine epithelium during the initial stages of 
implantation. Data from in vitro heterologous cell-cell 
adhesion assays show that initial attachment of tropho- 
blast derived human choriocarcinoma cells (JAR) to 
RL95-2 endometrial carcinoma monolayers is mediated 
by cell surface glycosaminoglycans with heparin-like 
properties [46]. The expression of the heparan sulphate 
proteoglycan perlecan on the trophectoderm surface 
correlates with attachment competence of mouse embryos 
in vitro [47]. 

The presence of SLe x and SLe a on cell surface MUC1 
suggests the possibility of  a selectin-mediated mechanism 
[11] and indeed we have observed that L-selectin is 
expressed at early preimplantation stages of  human 
embryogenesis [48]. However, based on the observation 
that MUC1, when present at high levels at the cell 
surface, can sterically hinder access of adhesion mole- 
cules to their ligands [18, 49] there is also the possibility 
that MUC1 may act to inhibit embryo attachment except 
in spatially and temporally restricted regions of  the 
epithelial mosaic where the level of inhibitor is low and 
interaction can occur with adhesion receptors of the 
integrin or other families [2]. More detailed knowledge of 
the distribution and glycosylation of  MUC1 at the 
luminal epithelial surface in the peri-implantation phase, 
together with much needed analysis of human trophecto- 

dermal surface composition, should allow the refinement 
of current functional models. 

Acknowledgements  

We thank Drs Chris Hanski, Lucy Pemberton, Jacques 
Bara, Sandra Gendler, and John Hilkens for gifts of  
monoclonal antibodies. We thank Dr Peter Devine for help 
with development of double determinant ELISA. We thank 
Dr T.C. Li and colleagues at Jessop Hospital, Sheffield for 
providing uterine flushings. We thank Drs Michael Thie, 
Elke Winterhage, John White and Andrew Sharkey for the 
gift of cell lines. 

References  

1. Aplin JD (1994) In Early Fetal Growth and Development 
(Ward RHT, Smith SK and Donnai D, eds.) pp. 153-65. 
London: RCOG Press. 

2. Aplin JD, Self MW, Graham RA, Hey NA, Behzad F, 
Campbell S (1994) Ann NYAead Sci 734: 103-2t. 

3. Graham RA, Li T-C, Seif MW, Aplin JD, Cooke ID (1991) 
Fertil Steril 55: 1132-36. 

4. Dockery P, Li T-C, Rogers AW, Cooke ID, Lenton EA (1988) 
Hum Reprod 3: 826-34. 

5. Aptin JD (1991) J Reprod Fertil 91: 525-41. 
6. Smith 1L~, Seif MW, Rogers AW, Li T-C, Dockery P, Cooke 

ID, Aplin JD (1989) Human Reprod 4: 236-42. 
7. Hoadley ME, Seif MW, Aplin JD (1990) Bioehem J 266: 

757-63. 
8. Graham RA, Li T-C, Cooke ID, Aplin JD (1994) Human 

Reprod 9: 926-30. 
9. Kliman H J, Feinberg RF, Schwarz LB, Feinman MA, Lavi E, 

Meaddough EL (1995) Am J Pathol 146: 166--81. 
10. Aplin JD (1994) In Cambridge Reviews in Human Reproduc- 

tion: Uterine Physiology. pp. 125-47. Cambridge University 
Press. 

11. Kimber S, White S, Cook A, Illingworth I (1993) In Gametes 
and Embryo Quality (Mastrioianni L Jr, ed.) Proc. 4th Organon 
Round Table Conference, Thessaloniki, Greece. Carnforth, 
Lanes, UK: Parthenon Publishers. 

12. Varki A (1994) Proc Natl Acad Sci USA 91: 7390-97. 
13. Hey NA, Graham RA, Seif MW, Aplin JD (1994) J Clin 

Endocrinol Metab 78: 337-42. 
14. Hey NA, Li T-C, Devine PL, G~-aham RA, Aplin JD (1995) 

Human Reprod 10: 2655-62. 
15. Gendler S J, Lancaster CA, Taylor-Papadimitriou J, Duhig T, 

Peat N, Burchell J, Pemberton L, Lalani E, Wilson D (1990) 
J Biol Chem 265: 15286-293. 

16. Ligtenberg MJL, Vos HL, Gennissen AMC, Hilkens J (1990) 
J Biol Chem 265: 5573-78. 

17. Ligtenberg MJL, Buijs F, Vos HL, Hilkens J (1992) Cancer 
Res 52: 2318-24. 

18. Wesseling J, van der Valk SW, Vos HL, Sonnenberg A, Hilkens 
J (1995) J Cell BioI 129: 255-65. 

19. /King P-X, Tjandra JJ, Stacker SA, Teh JG, Thompson CH, 
McLaughlin PJ, McKenzie IFC (1989) ImmunoI Cell Biol 67: 
183-95. 



SLe x and SLe a associated with human endometr ial  M U C 1  779 

20. Boshell M, Lalani E-N, Pemberton L, Burchell J, Gendler S, 
Taylor-Papadimitriou J (1992) Biochem Biophys Res Commun 
185: 1-8. 

21. Hanisch F-G, Hanski C, Hasegawa A (1992) Cancer Res 52: 
3138-44. 

22. Herrero-Zabaleta ME, Gautier R, Burtin P, Daher N, Bara J 
(1987) Bull Cancer (Paris) 74: 387-96. 

23. Baeckstr6m D, Hansson GC, Nilsson O, Johansson C, Gendler 
SJ, Lindholm L (1991) J Biol Chem 266: 21537-47. 

24. Johansson C, Nilsson O, Baeckstr6m D, Jansson E-L, 
Lindholm L (1991) Tumor Biol 12: 159-70. 

25. Noyes RW, Hertig AT, Rock J (1950) Fertil Steril 1: 3-25. 
26. Li TC, MacKenna A, Roberts R (1993) Human Reprod 8: 

343-46. 
27. McGuckin MA, Layton GT, Bailey MJ, Hurst T, Khoo SK, 

Ward BG (1990) Gynaecol Oncol 37: 165-71. 
28. Williams C J, Wreschner DH, Tanaka A, Tsarfaty I, Keydar I, 

Dion AS (1990) Biochem Biophys Res Commun 170: 1331-38. 
29. Ravn V, Teglbjaerg CS, Mandel U, Dabelsteen E (1992) Cell 

Tissue Res 270: 425-33, 
30. Ravn V, Teglbjaerg CS, Mandel U, Dabelsteen E (1993) Intl J 

Gynecol Pathol 12: 70-79. 
31. Thor A, Viglione MJ, Muraro R, Ohnchi N, Sehlom J, 

Gorstein F (1987) Int J Gynecol Pathol 6: 235-47. 
32. Hanski C, Dresehler K, HHanisch F-G, Sheehan J, Manske M, 

Ogorek D, Klussman Hanski ML, Blank M, Xing PX (1993) 
Cancer Res 53: 4082-88. 

33. Baeekstr6m D, Karlsson N, Hansson GC (1994) J Biol Chem 
269: 14430-37. 

34. Xing P-X, Reynolds K, Tjandra JJ, Tang XL, McKenzie IF 
(1990) Cancer Res 50: 89-96. 

35. Nishimori I, Perini F, Mountjoy KP, Sanderson SD, Johnson N, 
Cerny RL, Gross ML, Fontenot JD, Hollingsworth MA (1994) 
Cancer Res 54: 3738-44. 

36. Devine PL, Warren JA, Ward BG, Mackenzie IFC, Layton GT 
(1990) J Tumor Marker Ontology 5: 11-26. 

37. Hilkens J, Buijs F (1988) J Biol Chem 263: 4215-22. 
38. Campbell S, Seif MW, Aplin JD, Richmond SJ, Haynes P, 

Allen TD (1988) Human Reprod 3: 927-34. 
39. Enders A, Hendrickx AG, Sdhlafke S (1983) Am JAna t  167: 

275-98. 
40. John NJ, Linke M, Denker H-W (1993) In Vitro Cell Dev Biol 

29A: 461-68. 
41. Babiarz BS, Hathaway HJ (1988) Biol Reprod 39: 699-706. 
42. Dutt A, Tang J-P, Carson DD (1988) J Biol Chem 263: 

2270-79. 
43. Dutt A, Carson DD (1990) J Biol Chem 265: 430-38. 
44. Carson DD, Tang JP, Julian J, Glasser SR (1988) J Cell Biol 

107: 2425-34. 
45. Zhu ZM, Kojima N, Stroud MR, Hakomori S, Fenderson BA 

(1995) Biol Reprod 52: 903-12. 
46. Rohde LH, Carson DD (1993) J Cell Physiol 155: 185-96. 
47. Carson DD, Tang JP, Julian J (1993) Devel Biol 155: 

97-106. 
48. Campbell S, Swann HR, Self MW, Kimber S J, Aplin JD 

(1995) Mol Human Reprod 1: 1571-78. 
49. Ligtenberg MJL, ICxuijshaar L, Buijs F, van Meijer M, Litvinov 

SV, Hilkens J (1992) J Biol Chem 267: 6171-77. 


