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Abstract

Regulation of the initial phase of embryo implantation may involve the recognition interplay of
glycoconjugates and respective receptors such as endogenous lectins on both cellular surfaces.
Whereas changes in glycoconjugate composition have been detected in preparation for embryo
implantation and described in detail, knowledge on endogenous lectins has remained scant.
Affinity probes (carrier-immobilized carbohydrate structures as ligand part on a histochemically
inert backbone) are used in the present investigation in order to gain further insights in this area.
Cryostat sections of rabbit Fallopian tubes and uteri in nonpregnant and early pregnant [tubes:
3 days post coitum (d p.c.); uteri: 3, 5, 7 and 9 d p.c.] states were studied for binding patterns of
a series of biotinylated (neo)glycoproteins. A high density of binding sites was detected with
[B-galactosides (with decreasing intensity: B-D-galactose-BSA, asialofetuin with its triantennary
glycan chains, lactose-BSA). Considerably less binding (but with the same pattern) was obtained
with B-N-acetyl-D-glucosaminide-BSA and is interpreted to originate from a cross-reactivity of
such sites which may bind physiologically to Gal-B1,%-GlcNAc sequences. In contrast, no evi-
dence for the presence of binding molecules with specificities for a-D-mannose-BSA, maltose-
BSA, N-acetyl-galactosaminide-BSA and N-acetyl-D-neuraminic acid-BSA was obtained in
these tissues under the same conditions. The epithelium of the Fallopian tube showed a high
density of B-galactoside-binding sites at the apical cell poles (including the cytoplasm and mem-
brane region) already in the nonpregnant state. At 3 d p.c., a strong reaction in all epithelial cells
of the isthmus and a marked decrease in the ampulla were noted. The putative lectin(s) appear(s)
to be synthesized and secreted by the tubal epithelium. A physiological role in forming the mu-
coprotein layer of the blastocyst coverings by precipitating the appropriate mucin-type molecules
can be considered. Within the endometrium, the B-galactoside-binding molecules were almost
exclusively localized at the apical cell pole of epithelial cells, whereas there was hardly any bind-
ing in the epithelial cytoplasm or in the endometrial stroma. The reaction was very weak in the
non-pregnant state but increased considerably until 5 d p.c., starting in the luminal-most parts of
the epithelium. While the reaction was rather homogeneous at the surface of the luminal epithe-
lium at 5 d p.c., the degree of heterogeneity increased stepwise from 7 to 9 d p.c. In the implan-
tation chamber, the density of these B-galactoside-specific ‘receptors’ was further enhanced in
particular at the epithelial surface of the placental folds. In contrast, the reaction was less intense
at the antimesometrial uterine epithelium and in interblastocyst segments of the uterus, and it
remained weak in the middle and deep crypts. The rrophoblast showed a high density of galacto-
side-binding sites at its surface, and less in the cytoplasm. Neoglycoprotein binding to the blas-
tocyst coverings observed at 7 d p.c. was strong in particular at the outer and inner surfaces.
Physical factors (e.g. differential texture at surfaces) are discussed to influence the staining pat-
terns of these extracellular coverings. Nevertheless, the observations made on the tubal and the
uterine mucosa suggest that the putative lectin(s) detected here is (are) secreted by these epithe-
lia and could be involved in the structural organization of the various layers of the blastocyst
coverings with their remarkable content of oligosaccharide chains. This effect on topological
aspects of the zona pellucida equivalents may be important for the interplay between trophoblast
and uterine epithelium and the cascade leading to implantation initiation.
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Introduction

For more than two decades, cell surface-bound and se-
creted glycoconjugates have been assumed to be involved
in preimplantation development and in implantation of the
mammalian embryo [for reviews, see Denker, 1970a, b;
Anderson et al., 1986a; Thie et al., 1986; Morris et al.,
1988; Anderson et al., 1990; Biikers et al., 1990; Carson et
al., 1990; Chdvez, 1990; Foidart et al., 1990; Kimber, 1990;
Aplin et al., 1994; Kimber et al., 1995]. Their presence can
involve cell-cell recognition phenomena as well as regula-
tion of cell attachment. Since e.g. large-molecular weight
glycoconjugates like MUC-1 have recently been found to
undergo profound changes in density at the cell surfaces of
uterine epithelial cells during the preimplantation phase,
regulated by maternal sex steroids, it is an intriguing ques-
tion whether and how such marked alterations will translate
into functional aspects [Aplin et al., 1994; Aplin and Hey,
1995; Carson et al., 1995; Surveyor et al., 1995]. It is con-
ceivable that such ‘bulky’ molecules could regulate attach-
ment phenomena by sterically hindering access to cell
surface-bound adhesion molecules. In contrast, such gly-
coconjugates can present developmentally regulated de-
terminants to carbohydrate-binding molecules (lectins, gly-
cosyltransferases), thereby mediating cell-to-cell binding.
Indeed, attachment and/or outgrowth of mouse blastocysts
on endometrial monolayers or various matrices in vitro has
been shown to be inhibitable by the oligosaccharide lacto-
N-fucopentaose I [Lindenberg et al., 1988] and by heparin
[Farach et al., 1987]. Similarly, inhibition experiments per-
formed in a model using human cell lines, JAR (chorio-
carcinoma) and RL9S (uterine epithelial cells) suggested
involvement of heparan sulfate/dermatan sulfate-like mole-
cules in attachment [Rohde and Carson, 1993]. In-vivo
experiments along these lines have also been reported, but
need to be interpreted very cautiously (see Discussion). In
this context, it is noteworthy that such approaches infer
the presence of adequate receptor sites whose further char-
acterization obviously warrants attention. To address this
problem, carrier-immobilized carbohydrate ligands as his-
tochemical tools can provide valuable insights into the
expression of accessible sites on the way to biochemical
and immunohistochemical test series [Gabius and Gabius,
1993, 1997].

In the present communication, we report the results of a
glycohistochemical study on the changing distribution of
carbohydrate-binding molecules (putative lectins) in the
Fallopian tube and the uterus of the rabbit during preim-
plantation and implantation.
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Materials and Methods

Animals

Mixed breed rabbits were kept at a light-dark cycle of 12:12 h and
fed with standardized pellet chow. Does were mated with two fertile
males each. Ateach of the stages 3, 5, 7 and 9 days post coitum (d p.c.)
does were sacrificed by stunning and exsanguination, and the Fallop-
ian tubes and uteri were quickly frozen in liquid nitrogen. Material
from nonmated does (0 d p.c.) was obtained similarly. With those
neoglycoproteins which bound strongly to these tissues, i.e. B-D-
galactose-bovine serum albumin (3-D-Gal-BSA), asialofetuin (ASF)
and lactose-BSA (Lac-BSA), uteri from 2 animals of each stage were
studied in detail, while material from only 1 animal of each stage was
used for the remaining probes which reacted weakly or not at all, and
for the Fallopian tubes.

Neoglycoproteins

Neoglycoproteins used as probes to specifically detect accessible
carbohydrate-binding sites were synthesized by coupling p-amino-
phenyl glycosides of 7 mono- and disaccharides (table 1) to BSA and
were biotin-labelled as described previously [Gabius et al., 1988;
Gabius and Bardosi, 1991]. The oligosaccharide chains of commer-
cial ASF were chemically desialylated by acid hydrolysis at 80 °C and
the resulting ASF was also biotinylated.

Histochemistry

Transvérse cryostat sections (8 um thick) of the uteri and tubes
were mounted and dried at room temperature for 3 min followed by
fixation in acetone at —20°C for 10 min. Nonspecific binding sites
were blocked with 0.2% BSA (Sigma) in phosphate-buffered saline
(PBS) or Tris-buffered saline (TBS), pH 7.4 for 5 min at room tem-
perature. The sections were then dried without rinsing for 3 min at
room temperature and incubated with the biotinylated neoglyco-
proteins in 0.2% BSA solution for 30 min at 37°C [B-D-galactose
(B-D-Gal)-BSA, o-D-mannose (c-D-Man)-BSA and ASF: 140 ug/ml;
lactose (Lac)-BSA, B-N-acetyl-D-glucosamine (B-D-GlcNAc)-BSA,
maltose (Mal)-BSA and B-N-acetyl-D-galactosamine (B-D-GalNAc)-
BSA: 160 pg/ml; N-acetyl-D-neuraminic acid (NANA)-BSA: 180 pg/
ml]. Subsequently, the sections were thoroughly washed with PBS/
TBS (3 x) and processed using the avidin-biotin-chromogen method:
peroxidase-conjugated streptavidin (Histostain-SP Kit, Zymed Labo-
ratories Inc., San Francisco, Calif., USA, Cat. No. 95-6543, or Dako,
Hamburg, Germany, code No. PO397, 1:500=0.2 mg/l) for 5-15 min
at room temperature, 3 x PBS/TBS, 3-amino-9-ethylcarbazole (His-
tostain Kit, see above) 15 min, or diaminobenzidine (Sigma, Stein-
heim, Germany), 0.6 mg/ml 0.05 M Tris buffer pH 7.6 plus 10 ul/ml
3% H,0,, 10 min, incubation at room temperature in the dark, rinsing
with distilled water, mounting in glycerol jelly. Blocking of endoge-
nous peroxidases with H,O, appeared unnecessary in the present ma-
terial and was omitted since controls without streptavidin-peroxidase
remained unstained.

Controls

Two types of controls were run in parallel with all assays: (1) re-
placement of the labelled neoglycoprotein by biotinylated BSA
(140 pg/ml) in order to detect any nonspecific binding sites for the
protein backbone of the carrier. These controls were always negative.
(2) Competitive inhibition: sections were preincubated for 30 min at
37°C with a mixture of the respective unlabelled neoglycoprotein
(approximately 100-fold excess, i.e. 12 ug/ml) plus the appropriate
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Table 1. Neoglycoproteins used ;
Neoglycoprotein

Terminal sugar

B-D-Gal-BSA
Lac-BSA
B-D-GlcNAc-BSA
NANA-BSA
o-D-Man-BSA
Mal-BSA
B-D-GalNAc-BSA
ASF

D-galactose

lactose (GalP(1-4)Glc)

N-acetyl-D-glucosamine

N-acetyl-D-neuraminic acid

mannose

maltose (Gleoy( 1-4)Glc)

N-acetyl-D-galactosamine

galactose; ASF is a desialylated glycoprotein (48 kD) with three
triantennary N-linked chains primarily with terminal LacNAc residues
and three O-linked disaccharide chains (Gal-B1, 3-GalNAc-0i-)

mono- or disaccharide (see table 1; D-galactose 105 mg/ml: lactose
200 mg/ml; N-acetyl-D-glucosamine 130 mg/ml; NANA 37 mg/ml).
After that, sections were treated with a cocktail of the biotinylated
neoglycoprotein plus the respective same two types of unlabelled
competing molecules, using the complete procedure described above.
Suppression of reactivity in these competition experiments was not
always complete; only unequivocal suppression was considered as
evidence for the existence of neoglycoprotein-binding sites in the sec-
tions, whereas it will be mentioned in the Results when no clear sup-
pression was seen.

Since no binding sites were detected for o-D-Man-BSA, Mal-
BSA and B-D-GalNAc-BSA, no inhibition experiments were per-
formed in these cases. In the case of ASF, only unlabelled ASF with-
out any addition of mono- or oligosaccharides was used for the control
experiment.

Results

In the studied material, no evidence for the presence of
accessible binding sites was detected in cryostat sections
with o-D-Man-BSA, Mal-BSA (Glc-01,4-Gle-BSA), B-D-
GalNAc-BSA and NANA-BSA. In contrast, such sites were
detected with B-D-Gal-BSA, ASF, Lac-BSA (Gal-B1,4-
Glc) and B-D-GIcNAc-BSA. Since the spatial reaction pat-
terns were fairly identical with all four reagents, they will
be described together (see also table 2).

Tubal Epithelium

In nonpregnant animals, about 50% of the tubal epithe-
lial cells showed strong binding of the four mentioned
(neo)glycoproteins, concentrated in the apical part compris-
ing the apical plasma membrane region as well as the api-
cal part of the cytoplasm. This was seen in the ampullary
(fig. 1) as well as in the isthmic part (fig.2) of the tube. The
thickness of the used native cryostat sections precluded un-
equivocal identification of ciliated versus nonciliated cells.
At 3 d p.c., the intensity of staining had decreased in the
ampullary part (fig.3), but was enhanced in the isthmus.

Endogenous Lectins and
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The staining in this area comprised nearly all epithelial
cells and extended into the cytoplasm (fig.4). The Fallopian
tube was not studied at any stage later than 3 d p.c. since
thereafter embryos reside in the uterus.

Uterine Epithelium

Binding of the neoglycoproteins was concentrated at the
apical plasma membranes of the uterine epithelium, and
this is also where impressive stage-dependent changes were
seen during early pregnancy. This reaction was clearly di-
minished in the competitive inhibition experiments and will
be described in detail below. Reactivity of the lateral and
basal plasma membranes and of the uterine epithelial cyto-
plasm was low and not as clearly reduced by competitive
inhibition.

In the nonpregnant state, the apical plasma membranes
of uterine epithelial cells showed a low extent of neoglyco-
protein binding which did not markedly differ in the vari-
ous regions of uterine cross-sections (fig.5). Until 3 d p.c.
binding remained low and uniform in the actively prolifer-
ating endometrial crypts but the luminal epithelium showed
regionally increased reactivity (fig.6).

A completely different picture was obtained at 5 d p.c.
when nearly all of the epithelial cells (luminal and cryptal)
of the proliferated endometrium showed a strong apical re-
action (fig.7, 8). There was no difference in reactivity be-
tween the mesometrial and the antimesometrial part of the
endometrium.

At 7 d p.c., differences between those parts of the en-
dometrium which were adjacent to a blastocyst (implanta-
tion chamber) and those located between blastocysts (in-
terblastocyst segments) became discernible. As compared
to the 5 d p.c. stage, reaction intensity had decreased in in-
terblastocyst segments (fig. 10) as well as in certain parts of
the endometrium of the implantation chamber (antimeso-
metrial epithelium and middle and deep crypts in the me-
sometrial parts, fig.9), whereas it remained strong at the
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Fig. 1-4. Neoglycoprotein (3-D-Gal-BSA) binding in rabbit Fallopian tube. In the nonpregnant state, some of the
epithelial cells show strong binding activity at their apical cell pole, while others do not (1 ampullary region; 2 isthmus).
In early pregnancy (3 d p.c.), reactivity is largely lost in the ampullary region (3), but increased in the isthmus, where it

now comprises almost all cells (4). Bar=20 pm.
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Table 2. Major neoglycoprotein-binding sites detected

Uterus

Tube

B-D-Gal-BSA
(up to ++++)

| epithelium (apical plasma membrane region)

- implantation chamber, mesometrial luminal epithelium
(0 d<9dp.c., strongest reaction observed)
— implantation chamber, deep crypts, mesometrial and antimesometrial

epithelial cells of ampulla(0d>3dp.c.)
epithelial cells of isthmus (0 d<3 d p.c.)

(0d<5d>9dp.c.)
ASF
(up to ++++)

| blastocyst coverings (7 d p.c.)
trophoblast (7d<9dp.c.)
Lac-BSA musculature

(up to +++)

— interblastocyst segments (0 d<5d>9dp.c.)

(embryo-maternal symplasms, 9 d p.c.: negative)

(scattered single cells in the endometrial stroma: only ASFE, but inhibition

__| incomplete)

B-D-GlcNAc-BSA as above, but much weaker reaction
o-D-Man-BSA
Mal-BSA
B-D-GalNAc-BSA
NANA-BSA

no binding under the tested conditions

apical plasma membrane of the mesometrial luminal epi-
thelium (fig.12).

The differences between the various parts of the endo-
metrium were even more pronounced at 9 d p.c. There
was little residual reactivity of the uterine epithelium in
interblastocyst segments (fig. 11) and in middle and deeper
parts of the endometrial crypts at implantation chambers
(fig. 13). In contrast, reactivity was strong at the apical
plasma membrane of the luminal epithelium, extending
somewhat into the uppermost parts of the crypts (fig. 17).
However, the extent of the reaction tended to be less in
those parts of the epithelium that had fused to form large
symplasms, and the reaction disappeared nearly completely
where syncytiotrophoblast had fused with the uterine ep-
ithelium (fig. 16), i.e. where the apical plasma membranes
had disappeared due to the fusion process [Enders and
Schlafke, 1971; Denker, 1977]. This is consistent with the
interpretation that the reaction is indeed associated with the
apical plasma membrane. In the antimesometrial region,
where the short-living obplacenta is already degenerating
at this stage [Schoenfeld, 1903], unattached parts of tro-
phoblast and uterine epithelium were moderately stained,
whereas fused parts reacted poorly.

The stroma of the endometrium as well as of the endo-
salpinx generally showed only low-degree $-D-Gal-BSA,
Lac-BSA, B-D-GIlcNAc-BSA and ASF binding. An excep-
tion were single scattered cells that were strongly positive
with ASF but not with any other neoglycoprotein. This

Endogenous Lectins and
Rabbit Blastocyst Implantation

Fig. 5-11. Neoglycoprotein binding in rabbit endometrium. In
the nonpregnant state (5), binding activity of the epithelium is low and
homogeneous. In early pregnancy, binding activity increases: spotty
staining found predominantly at the surface of the luminal epithelium
at 3 d p.c. (6), increased and rather homogeneous reactivity of all epi-
thelial cells at 5 d p.c. (7). At higher magnification (8) staining can be
seen in the apical plasma membrane region (possibly including the
apical cytoplasm) and also in the luminal contents. In most parts of the
uterine epithelium, neoglycoprotein binding decreases again there-
after (9: 7 d p.c., middle parts of endometrial crypts at implantation
site; 10: 7 d p.c., interblastocyst segment; 11: 9 d p.c., interblastocyst
segment). This is in contrast to the luminal epithelium of implantation
chambers where reactivity continues to increase (see fig. 12-17). 5,
7-11: B-D-Gal-BSA. 6 ASF. Bars=50 pm.

Fig. 12-17. Neoglycoprotein binding in rabbit implantation
chambers, mesometrial part. Reactivity has further increased in those
parts of the uterine luminal epithelium which are close to the blasto-
cyst,at 7 (12, 14) and 9 d p.c. (13, 15-17). Staining has decreased in
deeper parts of endometrial crypts (13, 15). Blastocyst coverings
(BC) can be seen in 12 and 14, showing a marked staining at their
outer and inner surface while their main parts remain unstained. Cov-
erings have dissolved at 9 d p.c. (13, 15-17). 16 Broad zone of tro-
phoblast (T) attachment to and invasion into the endometrium (IT =in-
vading trophoblast). 17 A narrow point of incipient fusion. While
nonattached trophoblast (T) binds neoglycoproteins strongly (14,
15), this reactivity cannot be detected anymore in those parts which
have fused with endometrial cells (left hand side of 16, 17). 12, 14,
17 B-D-Gal-BSA. 13, 15, 16 ASF. Bars=50 pum.
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(For legends, see p. 163.)
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reaction was only slightly reduced in competition experi-
ments and may be due to a different binding mechanism.
According to the distribution pattern these stained cells
could be macrophages (see Discussion). Smooth muscle
cells did show a positive reaction which, however, was
variable and will not be discussed in detail here.

Trophoblast

The trophoblast studied at 7 and 9 d p.c. showed rela-
tively strong neoglycoprotein binding as long as it was not
attached to and fused with the uterine epithelium (fig. 14,
15). Since in most parts of the blastocyst the trophoblast is
a very flat epithelium it was difficult to judge at the light-
microscopic level whether there were any differences in re-
activity between the apical, lateral and basal plasma mem-
branes and the cytoplasm. After fusion of the trophoblast
with the uterine epithelium (antimesometrially and meso-
metrially) neoglycoprotein binding could not be detected
anymore (fig. 17).

Blastocyst Coverings

The extracellular blastocyst coverings (equivalents of
the zona pellucida) could be studied only at 7 d p.c. At this
stage, they showed strong staining at their outer and inner
surfaces, while the remainder reacted only weakly (fig. 14).
The strongly reacting layers were much thinner than the
gloiolemma and the neozona previously described on the
basis of morphological and histochemical criteria [Denker
and Gerdes, 1979]. This reaction may be artifactual since it
could not be markedly suppressed in the inhibition experi-
ments (cf. Discussion).

Discussion

Classification of the Sugar-Binding Molecules

With a histochemical approach as used in the present in-
vestigation, it is basically possible to describe spatial pat-
terns of accessible sugar-binding molecules. Although a
lack of conspicuous Ca* dependence argues against a par-
ticipation of C-type lectins, a definitive classification of
the molecule(s) certainly requires a biochemical approach
[Gabius et al., 1987; Gabius, 1988, 1997]. Neoglycopro-
teins are a very useful and versatile tool for the detection
of sugar-binding molecules within tissues [Danguy et al.,
1997; Kannan and Nair, 1997]. From a functional point of
view, this type of approach can be considered more attrac-
tive than e.g. detection by appropriate antibodies since in
the latter case accessibility of binding sites and their func-
tionality are not probed. On the other hand, neoglycopro-
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teins as used in the present studies may not be optimally
designed to compete, at the level of the carbohydrate recog-
nition domain of lectins, with high-affinity endogenous
lectin ligands. Although the presentation of a number of
sugar ligands on the carrier’s surface procures a cluster ef-
fect [Lee and Lee, 1997], the ensuing avidity may not sur-
pass that generated by in situ oligosaccharides. However,
increases of the complexity of the sugar part by chemo-
enzymatic synthesis has been shown to increase the target
selectivity of the probe [Gabius and Gabius, 1992]. In
model studies with organs with preferential expression of
one lectin from a distinct class, the colocalization of the
glycohistochemical probe and the respective antilectin anti-
body underscores the principal validity of this approach
[Bardosi et al., 1989; Gabius et al., 1991].

With respect to the competition experiments performed,
the cluster effect, too, should not be overlooked, since the
use of free mono- or disaccharides (even in high molar ex-
cess) usually did not allow to suppress neoglycoprotein
binding completely [Kuchler et al., 1990]. Moreover, it is a
common phenomenon from solid-phase assays that compe-
tition with the label-free ligand cannot be automatically and
predictably computed, e.g. reaching a reduction of 90% at a
9:1 ratio. Therefore, marked decreases of the staining activ-
ity in the presence of the inhibitor were judged to indicate a
carbohydrate-mediated association. Notably, binding of the
conjugate via biotin or the protein carrier part was rigor-
ously excluded by the use of the labelled carrier protein.
With respect to other possible artefacts, previous studies
[Strunck-Kortenbusch, 1991] had shown that the extracel-
lular coverings of early rabbit embryos show endogenous
avidin-binding sites but this was not apparent in the late
blastocyst stage (7 d p.c.) studied in the present series.

Binding Specificity

The largely identical binding patterns obtained in our
material with B-D-Gal-BSA, ASF, Lac-BSA and B-D-Glc-
NAc-BSA suggest that only one type of sugar-binding site
(putative lectin) has been visualized with these reagents. A
primary specificity for D-Gal is suggested by the fact that
this sugar is terminal in B-D-Gal-BSA, ASF and Lac-BSA.
B-D-GlcNAc-BSA which showed only very weak reactions
could have been bound due to a cross-reactivity with galec-
tins whose prime ligands are Gal-B1,/,-GlcNAc sequences
[Gabius, 1997] or by a different colocalized molecule.

Binding of ASF deviated from the otherwise identical
pattern only in one respect: the strongly positive labeling of
some scattered endometrial stroma cells. According to their
distribution pattern, these may be macrophages [cf. Denker,
1971, 1977], although no additional immunohistochemical
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tests were carried out to confirm this. Macrophages do react
with ASF in the human [Gabius et al., 1987]. The identity
of the binding molecule present in these cells in case of the
rabbit uterus remains to be defined. Galectins and a C-type
lectin with this specificity are known to be present in such
immune cells [for a review, see Gabius, 1997].

Since the detected activities did not require the presence
of Ca* ions, it is pertinent to refer to activities known to
occur in rabbits. Just as in other species, lectins were found
in rabbits some time ago. A lactose-binding lectin from rab-
bit bone marrow, e.g., is thought to play a role in erythro-
poiesis [Harrison et al., 1984]. The same group also found
a galectin in skeletal muscle, smooth muscle and cardiac
muscle, skin, lung, small intestinal mucosa and liver. The
distribution patterns change somewhat during fetal devel-
opment [Catt et al., 1987].

Galectin-1 (‘galaptin’=L 14) was detected in the rabbit
uterus and located immunohistochemically during preim-
plantation and implantation in stroma cells, endothelial
cells, smooth muscle cells and in the basement membrane
region of the epithelium [Hoffman et al., 1993]. The distri-
bution pattern is thus different from the pattern of galac-
tose-binding sites described in this report. Therefore it
appears rather improbable that the same molecule was de-
tected in both studies. Hoffman et al. [1993] found stronger
reactions in the endometrial stroma, where we have ob-
tained only a very weak staining. In contrast, Hoffman et al.
observed no reaction at the location showing strongest neo-
glycoprotein binding in our study, i.e. at the apical plasma
membrane of uterine luminal epithelium during preimplan-
tation and incipient implantation. Therefore, there is no di-
rect evidence for an involvement of galectin-1 studied by
Hoffman et al. in the adhesion phase of implantation. It
must be kept in mind, however, that the methodology used
was different in the two studies (immunohistochemistry vs.
glycohistochemistry aiming at the detection of free sugar
binding sites).

Functional Aspects

A role of carbohydrate-binding molecules in cell-cell
recognition and adhesion phenomena is being discussed for
a variety of biological systems like the extravasation of
white blood cells [Springer, 1990; Harlan and Liu, 1992;
Lasky, 1992; Stoolman, 1992; Springer, 1994; Nelson et al.,
1995], hematogenous tumor metastasis formation [Mareel
et al.,, 1993] and sperm penetration into the egg [Saling,
1989; Wassarman, 1992, for reviews]. As mediators of ad-
hesion not only lectin-like molecules (like the selectins in
case of white blood cell extravasation) have to be consid-
ered, but also e.g. glycosyltransferases, as postulated by

Endogenous Lectins and
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Roseman [1970]. A role of Bl,4-galactosyltransferase in
the penetration of sperm into the egg is discussed [ Youakim
et al., 1994]. High B1,4-galactosyltransferase activity was
found in preimplantation mouse embryos [Sato et al., 1984]
and in the mouse uterus [Moran et al., 1986]. Data on a cor-
relation with attachment phenomena at the cellular level are
yet missing. Experimental evidence suggesting a role of
galactosyltransferase in mouse implantation was presented
by Chédvez [1990]. A possible involvement of galectin-1
present in mouse trophoblast cells in implantation is being
discussed on the basis of a spatio-temporal correlation only
[Poirier et al., 1992]. The same lectin is also detectable in
the mouse uterus. But the observed spatio-temporal distri-
bution pattern does not provide any evidence for a corre-
lation between the presence of this lectin and the initial
phases of implantation [the lectin is present in all tissue
compartments except the luminal and glandular epithelium;
Phillips et al., 1996]. In contrast, another galectin (Mac-
2=galectin-3) was observed in decidual cells of the mouse
immediately after implantation and at later stages of preg-
nancy, and in placental trophoblast. In nonpregnant ani-
mals, there was little evidence for expression of this lectin,
and it was not found in the uterine epithelium at any stage
[Phillips et al., 1996]. A heparin/heparan sulfate-binding
‘receptor’ located at the apical plasma membrane of the
uterine epithelium is proposed to mediate trophoblast at-
tachment at implantation initiation in the mouse [Farach et
al., 1987; Carson et al., 1990; Wilson et al., 1990]. Data
from human cell lines (RL 95 and JAR) used as model sys-
tems for early phases of implantation [John et al., 1992]
also suggest that heparan sulfate proteoglycans may be
involved in embryo implantation [Raboudi et al., 1992;
Rohde and Carson, 1993].

Trophoblast Attachment to the Uterine Epithelium

The impressive increase in neoglycoprotein binding to
the apical plasma membrane of uterine epithelial cells that
was observed in the present studies to occur during the
preimplantation phase could suggest a possible role in im-
plantation initiation. Expression increases at the luminal
epithelium of the placental folds until 9 d p.c. so that there
is a correlation with trophoblast attachment [starting at this
location 8-8.5 d p.c.; Denker, 1977]. At the antimesome-
trial side of the uterus, however, where the trophoblast es-
tablishes its first contact with the endometrium 1 day earlier
(to form the ephemeral yolk sac placenta), this correlation
is not that clear: At this location, staining intensity at the
surface of the uterine epithelium already starts to decrease
at 7 d p.c. The trophoblast attaches to the uterine epithelium
in the rabbit through a process of cell fusion. As soon as
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this fusion has occurred, neoglycoprotein binding disap-
pears suggesting that this molecule is indeed bound to the
apical plasma membranes. The present light-microscopical
investigations do not provide any information as to the fate
of these molecules (degradation) nor to the route of synthe-
sis and insertion into the membrane.

Not only the uterine epithelium but also the trophoblast
of rabbit blastocysts showed accessible neoglycoprotein-
binding sites in our study. This should be seen in the con-
text of other ‘receptor’ molecules identified previously at
the trophoblast of periimplantation blastocysts in various
species, including binding sites for various extracellular
matrix molecules, fibronectin, collagen type IV, hyaluronic
acid and in particular heparin/heparan sulfate proteoglycan
as discussed above [for a survey of the literature, see Car-
son et al., 1990; for data in particular concerning the tro-
phoblast of early placentation stages in the human see
Aplin, 1991; Korhonen et al., 1991; Damsky et al., 1992;
Swann et al., 1993]. Of interest in the context of the present
paper is that galectin-1 was found in trophoblast cells of
mouse blastocysts [Poirier et al., 1992]. It should be in-
teresting to see, in the course of further investigations,
whether galactose-dependent neoglycoprotein binding by
rabbit trophoblast as described in the present communica-
tion may be due to a related molecule.

Any of these ‘receptor’ molecules could, alone or in
combination with others, be involved in attachment of the
trophoblast to the uterine epithelium in the implantation ini-
tiation phase, provided that a corresponding ligand mole-
cule is presented by the uterine epithelial surface [cf. Car-
son et al., 1990]. Terminal Gal and GlcNAc residues are
indeed exposed at the uterine epithelial cell surface in the
monkey [Anderson et al., 1986b] and in the rabbit [Ander-
son et al., 1986a; Nalbach and Denker, 1983; Biikers et al.,
1990]. However, a positive correlation of the expression of
these glycoconjugates at the uterine epithelial surface with
receptivity for trophoblast attachment is by no means as
clear as originally proposed for the mouse: in the rabbit,
where implantation chambers and more remote parts of the
endometrium (interblastocyst segments) can be compared
very easily and where two phases of attachment (antimeso-
metrial and mesometrial) can be studied separately and sub-
sequently, lectin-binding studies rather suggest that reduced
expression of glycoconjugates (including Gal residues) cor-
relates with receptivity, at least at the (mesometrial) placen-
tal folds and at least after local signals from the blastocyst
have completed the phenotypic changes in the uterine epi-
thelium that are necessary for allowing the trophoblast to
attach. This is more consistent with the view already men-
tioned in the Introduction that bulky molecules containing
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carbohydrate antennae exposed at the surface of the uterine
epithelium and/or the trophoblast during the preimplanta-
tion phase may sterically hinder the accessibility of recep-
tor and ligand molecules, and that the reduction in thick-
ness of such a glycocalyx may be an important step towards
attaining receptivity or invasiveness, respectively. It is also
consistent with the view that a reduction of the polar orga-
nization of uterine epithelial cells along the apico-basal axis
is a central element to receptivity [Denker, 1990, 1993].

Functional studies performed either in vivo or in vitro
partly support, but in other cases do not support the view
that carbohydrate-binding molecules may be essential for
implantation initiation. Experiments involving intrauterine
administration of either sugar derivatives or exogenous lec-
tins have been performed in rodents and were interpreted as
evidence for a role of carbohydrate recognition phenomena
[Hicks and Guzman-Gonzales, 1979; Wu and Gu, 1981;
Sretarugsa et al., 1987; Chdvez, 1990]. For technical rea-
sons it is not sure whether the conclusions derived from
these experiments are valid as intrauterine administration of
any substance can very easily produce side effects disturb-
ing implantation in the rodent model: the uterine epithelium
is very easily irritated during receptivity in these species in
contrast to the rabbit. Unfortunately, no detailed morpho-
logical study of the critical phases of trophoblast attach-
ment to the uterine epithelium has been performed in the
above-mentioned investigations [discussed in detail by
Friedrich, 1991, and Griitter, 1992]. Experiments in the
rabbit involving intrauterine administration of the lectins
wheat germ agglutinin and succinylated concanavalin A,
including the morphology of implantation stages and a
study of the fate of the administered lectins, showed that
implantation was indeed not disturbed in this species by
those two lectins [Friedrich, 1991; Griitter, 1992].

In vitro experiments, on the other hand, gave clear
evidence for a highly specific role of certain carbohydrate
chains (lacto-N-fucopentaose 1, Fuc-o(1-2)-Gal-B(1-3)-
GlcNAc-B (1-3)-Gal-B(1-4)-Glc, LNF-1) in attachment of
mouse blastocysts to endometrial cell monolayers [Linden-
berg et al., 1988]. Binding sites for LNF-1 were found at
the abembryonic trophoblast [Lindenberg et al., 1990]. The
pentasaccharide itself is expressed at the surface of the uter-
ine epithelium around implantation [Kimber et al., 1988].
An enzyme involved in the synthesis of LNF-1, o(1-2)-
fucosyltransferase, is highly active in nonpregnant endo-
metrium but its activity decreases during the preimplanta-
tion phase to become undetectable at day 6 [White and
Kimber, 1994].
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Tubal Epithelium and Formation of

Extracellular Embryo Coverings

In contrast to the uterine epithelium, the tubal epithelium
showed strong neoglycoprotein binding already in the
nonpregnant state. Until 3 d p.c. when embryos migrate
through the isthmic part of the tube accompanied with de-
position of a thick mucoprotein layer around their outside,
the reaction decreased in the ampulla but increased consid-
erably in the isthmus. The putative lectin(s) was (were) lo-
calized not only at the apical plasma membrane region but
also in the apical part of the epithelial cell cytoplasm. These
findings suggest that this (these) molecule(s) appear(s) to
be increasingly synthesized and possibly extruded into the
tubal lumen around 3 d p.c.

The early rabbit embryo is surrounded by conspicuous
extracellular coverings, equivalents of the zona pellucida
but much more complex morphologically and histochemi-
cally that are thoroughly transformed during preimplanta-
tion development [Denker and Gerdes, 1979; Leiser and
Denker, 1988; Fischer et al., 1991]. The mechanisms of de-
position of this glycoprotein material forming the mucopro-

tein layer in the tube and the neozona and the gloiolemma
in the uterus are unknown. As discussed previously [Den-
ker, 1983], one possibility is that lectin-like molecules, se-
creted by either the tubal and/or uterine epithelium or the
trophoblast, could be involved in precipitating glycopro-
teins that are likewise secreted. The putative lectin(s) de-
tected in the tubal epithelium as well as that expressed by
the trophoblast and the uterine epithelium could be in-
volved in deposition of the mucoprotein layer, neozona and
gloiolemma, respectively. This assumption will have to re-
main speculative, as long as appropriate in vitro experi-
ments with isolated secretion glycoproteins and the putative
lectin(s) have not been performed.

Acknowledgments

The authors would like to thank Ms. G. Helm, L. Holscher and
U. Tlolka for excellent technical assistance, Ms. G. Bock and Mr. D.
Kittel for darkroom work, and Ms. G. Freise for typing the manu-
script. This work was supported by the Deutsche Forschungsgemein-
schaft.

I T T L L L L L L L L Ll L L L L L Ll

References

Anderson, T.L., G.E. Olson, L.H. Hoffman (1986a)
Stage-specific alterations in the apical mem-
brane glycoproteins of endometrial epithelial
cells related to implantation in rabbits. Biol
Reprod 34: 701-720.

Anderson, T.L., J.A. Simon, G.D. Hodgen (1986b)
Molecular evidence for the window of uterine
receplivity to implantation in the cycling non-
human primate. ] Cell Biol 103: 463A.

Anderson, T.L., J.A. Simon, G.D. Hodgen (1990)
Histochemical characteristics of the endome-
trial surface related temporally to implantation
in the non-human primate (Macaca fascicu-
laris); in Denker H-W, JD Aplin (eds): Tro-
phoblast Invasion and Endometrial Receptiv-
ity. Novel Aspects of the Cell Biology of
Embryo Implantation. Trophoblast Research.
New York, Plenum Medical Book Company,
vol 4, pp 273-284.

Aplin, 1.D. (1991) Implantation, trophoblast dif-
ferentiation and haemochorial placentation:
Mechanistic evidence in vivo and in vitro.
J Cell Sci 99: 681-692.

Aplin, J.D., N.A. Hey (1995) MUC-1, endome-
trium and embryo implantation. Biochem Soc
Trans 23: 826-831.

Aplin, I1.D., M.W. Seif, R.A. Graham, N.A. Hey, F.
Behzad, S. Campbell (1994} The endometrial
cell surface and implantation. Expression of
the polymorphic mucin MUC-1 and adhesion
molecules during the endometrial cycle. Ann
NY Acad Sci 734: 103-121.

Endogenous Lectins and
Rabbit Blastocyst Implantation

Bardosi, A., T. Dimitri, B. Wosgien, H.-I. Gabius
(1989) Expression of endogenous receptors
for neoglycoproteins, especially lectins, that
allows fiber typing on formaldehyde-fixed,
paraffin-embedded muscle biopsy specimens:
a glycohistochemical immunohistochemical
and glycobiochemical study. J Histochem Cy-
tochem 37: 989-998.

Biermann, L. (1995) Endogene Lektine in Uterus,
Tube und Blastozyste des Kaninchens wihrend
der Priimplantationsphase und der frithen Im-
plantation. Histochemische Untersuchungen,
MD thesis, Aachen.

Carson, D.D., O.F. Wilson, A. Dutt (1990) Glyco-
conjugate expression and interactions at the
cell surface of mouse uterine epithelial cells
and periimplantation-stage embryos; in Den-
ker H-W, JD Aplin (eds): Trophoblast Invasion
and Endometrial Receptivity. Novel Aspects of
the Cell Biology of Embryo Implantation. Tro-
phoblast Rescarch. New York, Plenum Med-
ical Book Company, vol 4, pp 211-241.

Caut, I.W., EL. Harrison, 1.S. Carleton (1987) Dis-
tribution of an endogenous B-galactoside-spe-
cific lectin during foetal and neonatal rabbit de-
velopment. J Cell Sci 87 623-633.

Chdvez, D.J. (1990) Possible involvement of
D-galactose in the implantation process; in
Denker H-W, JD Aplin (eds): Trophoblast
Invasion and Endometrial Receptivity. Novel
Aspects of the Cell Biology of Embryo
Implantation. Trophoblast Research. New
York, Plenum Medical Book Company, vol 4,
pp 259-272.

Damsky, C.H., M.L. Fitzgerald, S.J. Fisher (1992)
Distribution patterns of extracellular matrix
components and adhesion receptors are intri-
cately modulated during first trimester cytotro-
phoblast differentiation along the invasive path-
way, in vivo. J Clin Invest 89: 210-222.

Danguy, A., I. Camby, I. Salmon, R. Kiss (1997)
Modern glycohistochemistry: A major con-
tribution to morphological investigations; in
Gabius H-J, S Gabius (eds): Glycosciences:
Status and Perspectives. Weinheim, Chapman
& Hall, pp 547-562.

Denker, H.-W. (1970a) Topochemie hochmoleku-
larer Kohlenhydratsubstanzen in Frithentwick-
lung und Implantation des Kaninchens. 1. All-
gemeine Lokalisierung und Charakterisierung
hochmolekularer Kohlenhydratsubstanzen in
frithen Embryonalstadien. Zool Jahrb Abt allg
Zool Physiol 75: 141-245.

Acta Anat 1997:160:159-171

169



Denker, H.-W. (1970b) Topochemie hochmole-
kularer Kohlenhydratsubstanzen in Frithent-
wicklung und Implantation des Kaninchens.
1I. Beitriige zu entwicklungsphysiologischen
Fragestellungen. Zool Jahrb Abt allg Zool
Physiol 75: 246-308.

Denker, H.-W. (1971) Enzym-Topochemie von
Frithentwicklung und Implantation des Ka-
ninchens. I. Glykogenstottwechsel, II. Glyko-
sidasen, III. Proteasen. Histochemie 25:
256-267, 268-285, 344-360.

Denker, H.-W. (1977) Implantation: The role of
proteinases, and blockage of implantation by
proteinase inhibitors. Adv Anat Embryol Cell
Biol 53: Fasc. 5.

Denker, H.-W. (1983) Basic aspects of ovoimplan-
tation; in Wynn RM (ed): Obstetrics and Gyne-
cology Annual. Norwalk, Appleton-Century-
Crofts, vol 12, pp 15-42.

Denker, H.-W. (1990) Trophoblast-endometrial in-
teractions at embryo implantation: A cell bio-
logical paradox; in Denker H-W, JD Aplin
(eds): Trophoblast Invasion and Endometrial
Receptivity. Novel Aspects of the Cell Biology
of Embryo Implantation. Trophoblast Re-
search. New York, Plenum Medical Book
Company, vol 4, pp 3-29.

Denker, H.-W. (1993) Implantation: A cell biolog-
ical paradox. J exp Zool 266: 541-558.

Denker, H.-W:, H.-J. Gerdes (1979) The dynamic
structure of rabbit blastocyst coverings. L
Transformation during regular preimplantation
development. Anat Embryol 157: 15-34.

Enders, A.C.. S. Schlafke (1971) Penetration of the
uterine epithelium during implantation in the
rabbit. Am J Anat /32: 219-240.

Enders, A.C., S. Schlafke (1977) Alteration in uter-
ine luminal surface at the implantation site.
I Cell Biol 75: 70a.

Farach, M.C., J.P. Tang, G.L. Decker, D.D. Carson
(1987) Heparin/heparan sulfate is involved in
attachment and spreading of mouse embryos in
vitro. Dev Biol /23: 401-410.

Fischer, B., U. Mootz, H.-W. Denker, M. Lam-
bertz, H.M. Beier (1991) The dynamic
structure of rabbit blastocyst coverings. III.
Transformation of coverings under non-phys-
iological development conditions. Anat Em-
bryol 183: 17-27.

Foidart, J.M., Y. Christiane, H. Emonard (1990)
Interactions between the human throphoblast
cells and the extracellular matrix of the endo-
metrium. Specific expression of o-galactose
residues by invasive human trophoblastic cells;
in Denker H-W, JD Aplin (eds): Trophoblast
Invasion and Endometrial Receptivity. Novel
Aspects of the Cell Biology of Embryo Im-
plantation. Trophoblast Research. New York,
Plenum Medical Book Company, vol 4, pp
159-177.

Friedrich, J.H. (1991) Zum Problem der Zell-Zell-
Erkennung in utero: Versuche zur Beeinflus-
sung der Trophoblast-Anheftung durch Glyko-
protein-Blockade mit Lektinen in vivo, MD
thesis, Aachen.

Gabius, H.-J. (1988) Tumor lectinology: At the
intersection of carbohydrate chemistry, bio-
chemistry, cell biology and oncology. Angew
Chem Int Ed 27: 1267-1276.

Gabius, H.-I1. (1997) Animal lectins. Eur J Bio-
chem 243: 543-576.

Gabius, H.-1., A. Bardosi (1991) Neoglycoproteins
as tools in glycohistochemistry. Prog Histo-
chem Cytochem 22: 1-66.

Gabius, H.-J., S. Bodanowitz, A. Schauer (1988)
Endogenous sugar-binding proteins in human
breast tissue and benign and malignant breast
lesions. Cancer 6/ 1125-1131.

Gabius, H.-J., PL. Debagge, R. Engelhardt, R.
Osmers, W. Lange (1987) Identification of
endogenous sugar-binding proteins (lectins) in
human placenta by histochemical localization
and biochemical characterization. Eur J Cell
Biol 44: 265-272.

Gabius, H.-J., S. Gabius (1992) Chemical and bio-
chemical strategies for the preparation of gly-
cohistochemical probes and their application in
lectionology. Adv Lectin Res 5: 123-157.

Gabius, H.-J., S. Gabius (eds) (1993) Lectins and
Glycobiology. Heidelberg, Springer.

Gabius, H.-J., S. Gabius (eds) (1997) Glyco-
sciences: Status and Perspectives. Weinheim,
Chapman & Hall.

Gabius, H.-J., B. Wosgien, U. Brinck, etal. (1991)
Localization of endogenous B-galactoside-spe-
cific lectins by neoglycoproteins, lectin-bind-
ing tissue glycoproteins and antibodies and of
accessible lectin-specific ligands by mamma-
lian lectin in human breast carcinomas. Pathol
Res Pract /87: 839-847.

Griitter, R. (1992) Experimentelle Ansitze zur
Beeinflussung der Embryoimplantation durch
intrauterin applizierte Lektine: Verteilungs-
muster und Methodenkritik, MD thesis,
Aachen.

Harlan, J.M., D.Y. Liu (eds) (1992) Adhesion. Its
role in inflammatory disease. New York, Free-
man.

Harrison, F.L., I.LE. Fitzgerald, J.W. Catt (1984)
Endogenous [-galactoside-specific lectins in
rabbit tissues. ] Cell Sci 72: 147-162.

Hicks, 1.J., A.M. Guzman-Gonzales (1979} Inhibi-
tion of implantation by intraluminal adminis-
tration of concanavalin A in mice. Contracep-
tion 20: 129-136.

Hoffman, L.H., FL. Harrison, G.L. Blaeuer (1993)
Distribution of a -galactoside-specific lectin
in rabbit uteri and conceptuses during early
pregnancy. Biol Reprod 48 (suppl. 1): 78.

John, N.J., M. Linke, H.-W. Denker (1992) Quanti-
tation of human choriocarcinoma spheroid at-
tachment to uterine epithelial cell monolayers.
In Vitro Cell Dev Biol 29A: 461-468.

Kannan, S., M.K. Nair (1997) Lectins and neogly-
coproteins in histopathology; in Gabius H-J,
S Gabius (eds): Glycosciences: Status and
Perspectives. Weinheim, Chapman & Hall,
pp 563-583.

Kimber, S.J. (1990) Glycoconjugates and cell sur-
face interactions in pre- and peri-implantation
mammalian embryonic development. Int Rev
Cytol 120: 53-167.

Kimber, S.J., S. Lindenberg, A. Lundblad (1988)
Distribution of some GalP1-3(4)GlcNAc re-
lated carbohydrate antigens on the mouse uter-
ine epithelium in relation to the peri-implanta-
tional period. J Reprod Immunol /2: 297-313.

170 Acta Anat 1997,160:159-171

Kimber, S.1., LM. Illingworth, S.R. Glasser (1995}
Expression of carbohydrate antigens in the
rat uterus during early pregnancy and after
ovariectomy and steroid replacement. J Reprod
Fertil 103: 75-87.

Korhonen, M., J. Ylinne, L. Laitinen, H.M. Coo-
per, V. Quaranta, [. Virtanen (1991) Distribu-
tion of the ctl-atH integrin subunits in human
developing and term placenta. Lab Invest 65:
347-356.

Kuchler, S., J.-P. Zanetta, G. Vincendon, H.-J.
Gabius (1990) Detection of binding sites for
biotinylated neoglycoproteins and heparin
(endogenous lectins) during cerebellar onto-
genesis in the rat. Eur J Cell Biol 52: 87-97.

Lasky, L.A. (1992) Selectins: Interpreters of cell-
specific carbohydrate information during in-
flammation. Science 258: 964-969.

Lee, R.T., Y.C. Lee (1997) Neoglycoconjugates; in
Gabius H-J, S Gabius (eds): Glycosciences:
Status and Perspectives. Weinheim, Chapman
& Hall, pp 55-77.

Leiser, R., H.-W. Denker (1988) The dynamic
structure of rabbit blastocyst coverings, 1.
Ultrastructural evidence for a role of the tro-
phoblast in neozona formation. Anat Embryol
179:129-134.

Lindenberg, S., S.J. Kimber, E. Kallin (1990) Car-
bohydrate binding properties of mouse em-
bryos. J Reprod Fertil 89: 431-439.

Lindenberg, S., K. Sundberg, S.J. Kimber, A.
Lundblad (1988) The milk oligosaccharide,
lacto-N-fucopentaose 1, inhibits attachment of
mouse blastocysts on endometrial monolayers.
I Reprod Fertil 83: 149-158.

Mareel, M.M., EM. Van Roy, M.E. Bracke (1993)
How and when do tumor cells metastasize?
Crit Rev Oncog 4: 559-594,

Moran, G., G. Kurilla, B, Babiarz (1986) Identifi-
cation of galactosyltransferase activity and its
substrate during murine decidual cell differen-
tiation. J Cell Biol /03: 487a.

Morris, J.E., S.W. Potter (1984) A comparison of
developmental changes in surface charge in
mouse blastocysts and uterine epithelium using
DEAE beads and dextran sulfate in vitro. Dev
Biol /03: 190-199.

Morris, J.E., S.W. Potter, G. Gaza-Bulseco (1988)
Estradiol-stimulated turnover of heparan sul-
fate proteoglycan in mouse uterine epithelium.
I Biol Chem 263: 4712-4718.

Nalbach, B.P., H.-W. Denker (1983) Stage-depen-
dent changes in lectin binding patterns in rabbit
uterus and blastocyst during the preimplanta-
tion period and implantation. Eur J Cell Biol
Suppl 4. 13.

Nelson, R.M., A. Venot, M.P. Bevilacqua, R.J. Lin-
hardt, 1. Stamenkovic (1995) Carbohydrate-
protein interactions in vascular biology. Annu
Rev Cell Dev Biol /1: 601-631.

Phillips, B., K. Knisley, K.D. Weitlauf, J. Dorsett,
V. Lee, H. Weitlauf (1996) Differential expres-
sion of two -galactoside-binding lectins in the
reproductive tracts of pregnant mice. Biol Re-
prod 55: 548-558.

Biermann/Gabius/Denker



Poirier, F., PM. Timmons, C.-T.J. Chan, J.-L.
Guénet, PW.J. Rigby (1992) Expression of
the L14 lectin during mouse embryogenesis
suggests multiple roles during pre- and post-
implantation development. Development //5:
143-155.

Raboudi, N., J. Julian, L.H. Rohde, D.D. Carson
(1992) Identification of cell-surface heparin/
heparan sulfate-binding proteins of a human
uterine epithelial cell line (RL95). J Biol Chem
267: 11930-11939.

Rohde, L.H., D.D. Carson (1993) Heparin-like gly-
cosaminoglycans participate in binding of a
human trophoblastic cell line (JAR) to a human
uterine epithelial cell line (RL95). J Cell Phys-
iol 155: 185-196.

Roseman, S. (1970) The synthesis of complex
carbohydrates by multiglycosyltransferase sys-
tems and their potential function in intercellu-
lar adhesion. Chem Phys Lipids 5: 270-297.

Saling, PM. (1989) Mammalian sperm interaction
with extracellular matrices of the egg; in: Mil-
ligan SR (ed): Oxford Reviews of Reproduc-
tive Biology, Oxford University Press, vol 11,
pp 339-388.

Sato, M., T. Muramatsu, E.G. Berger (1984) Im-
munological detection of cell surface galacto-
syltransferase in preimplantation mouse em-
bryos. Devel Biol 102: 514-518.

Schoenfeld, H. (1903) Contribution a I'étude de
la fixation de 'ccuf des mammiferes dans la
cavité utérine et des premiers stades de la pla-
centation. Arch Biol (Paris) 19: 701-830.

Endogenous Lectins and
Rabbit Blastocyst Implantation

Springer, T.A. (1990) Area code molecules of lym-
phocytes; in Burger MM, B Sordat, RM Zin-
kernagel (eds): Cell to Cell Interaction. Basel,
Karger, pp 16-39.

Springer, T.A. (1994) Traffic signals for lympho-
cyte recirculation and leukocyte emigration:
The multistep paradigm. Cell 76: 301-314.

Sretarugsa, P., P. Sobhon, P. Bubpaniroj, V. Yody-
ingyuad (1987) Inhibition of implantation of
hamster embryos by lectins. Contraception 35:
507-515.

Stoolman, L.M. (1992) Selectins (LEC-CAMs):
Lectin-like receptors involved in lymphocyte
recirculation and leukocyte recruitment; in
Fukuda M (ed): Cell Surface Carbohydrates
and Cell Development. Boca Raton, CRC
Press, pp 71-98.

Strunck-Kortenbusch, B.D. (1991) Zur morpho-
genetischen Rolle von Zell-Matrix-Interaktio-
nen in der friihen Siugetierontogenese: Experi-
mentelle Untersuchungen iiber Furchung und
Blastozystenbildung nach Mikroinjektionen
von Laminin in den perivitellinen Spalt; MD
thesis, Aachen.

Surveyor, G.A., 8.J. Gendler, L. Pemberton, S.K.
Das, 1. Chakraborty, J. Julian, R.A. Pimental,
C.C. Wegner, S.K. Dey, D.D. Carson (1995)
Expression and steroid hormonal control of
MUC-1 in the mouse uterus. Endocrinology
136: 3639-3647.

Swann, H., S. Campbell, M.W. Seif, S.J. Kimber,
1.D. Aplin (1993) A screening study of cell
adhesion molecules involved in implantation
and early placenta development. Placenta /4:
AT76.

Thie, M., R. Bochskanl, Ch. Kirchner (1986)
Glycoproteins in rabbit uterus during implan-
tation. Differential localization visualized us-
ing 3H-N-acetyl-glucosamine labelling and
FITC-conjugated lectins. Biochemistry 25:
5716-5725.

Wassarman, P.M. (1992) Cell surface carbohy-
drates and mammalian fertilization; in Fukuda
M (ed): Cell Surface Carbohydrates and
Cell Development. Boca Raton, CRC Press,
pp 215-238.

White, S., S.J. Kimber (1994) Changes in o 1-2)-
fucosyltransferase activity in the murine en-
dometrial epithelium during estrous cycle,
early pregnancy, and after ovariectomy and
hormone replacement. Biol Reprod 50 73-81.

Wilson, O., A.L. Jacobs, 8. Stewart, D.D. Carson
(1990) Expression of externally-disposed
heparin/heparan sulfate binding sites by uter-
ine epithelial cells. T Cell Physiol 743: 60-67.

Wu, J.T., Z. Gu (1981) The effect of intrauterine in-
jection of concanavalin A on implantation in
mice and rats. Contraception 23: 667-675.

Youakim, A., H.J. Hathaway, D.J. Miller, X. Gong,
B.D. Shur (1994) Overexpressing sperm sur-
face P1,4-galactosyltransferase in transgenic
mice affects multiple aspects of sperm-egg in-
teractions. J Cell Biol /26: 1573-1583.

Acta Anat 1997:160:159-171

171



