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IMPLANTATION: RECENT APPROACHES TO UNDERSTAND A CELL BIOLOGICAL
PARADOX
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Concepts of implantation physiology developed on the basis of
previous work postulate that embryo implantation is initiated when
trophoblast invasiveness coincides with astate of 'receptivity' of
the endometrium, the latter being controlled by steroid hormones.
However, neither trophoblast invasiveness nor endometrial receptivity
are well understood in terms of their cell biological basis: a role
of trophoblast-dependent proteinases in implantation has been well
documented, but it remains unclear whether they are directly involved
in invasion in the strict sense (4). The concept of endometrial
'receptivity' (15,16) has been developed on the one hand on the basis
of heterochronous embryo transfer experiments, although these could
not equivocally discriminate between generally hostile (embryo-toxic)
effects of the uterine milieu and specific inaccessibility of the
endometrium for trophoblast attachment and invasion. On the other
hand, work on the hormonal control has largely concentrated on
decidualization, a process whose significance for trophoblast
invasion is far from clear (9,15). We are discussing here new data on
cell-cell interactions in embryo implantation which may shed some new
light on involved mechanisms. These data have in part been derived
from experiments with a novel endometrial organ culture system allow­
ing the study of trophoblast attachment and invasion, in vitro (6,8).

The initial events in embryo implantation involve an inter­
action of two epithelia, trophoblast and uterine epithelium, via
their apical cell poles, resulting in adhesion, followed (in invasive
types of implantation) by penetration of the trophoblast through the
uterine epithelium into the endometrial stroma. Acquisition of,mut~al
adhesiveness of apical plasma membranes of trophoblast and uterine
epithelium appears to be a critical step in implantation initiation.
It can be regarded as a cell biological paradox since epithelia are
normally no~-adhesive a~ their apical cell pole (5). A side-view at
certain other phenomena observed during embryogenesis, however, the
so-called embryonic 'fusion' processes (closure of the neural tube,
formation of the secondary palate, etc.), shows that in certain cases
epi~helia can indeed interact with each other and attach via their
apical cell poles. It appears that such a side-view can teachus a
lot about general mechanisms involved which may in part also apply to
trophoblast-uterine epi~helial interactions at embryo implantation
(5) •

Does the uterine epithelium, like epithelia involved in
embryonic 'fusion' processes, show a behavior tha~ is non-typical for
well-polarized epithelia (like transporting epithelia)? Does it
perhaps loose certain of the typical epithelial properties that would
preclude trophoblast a~tachment, .specifically in the phase when it is
hormonally prepared for trophoblast attachment ('receptive phase')?
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TABLE 1
ENDOMETRIAL 'RECEPTIVITY' FOR BLASTOCYST IMPLANTATION: PARTIAL LOSS/
DESTABILIZATION OF APICO-BASAL POLARITY OF THE UTERINE LUMINAL
EPITHELIUM

Properties of plasma membranes

Apical

Lateral

Basal

loss of marker enzymes (3)
changed lectin binding proper ti es (1,2,14)
increased density of intramembranous protein
particles (= basolateral membrane) (12,18)
acquisition of new proteins (10)
(redistribution of proteins that were restricted
to the basolateral membrane in the pre-receptive
phase? )

proliferation~f tight junctional strands towards
basal ce11 pole (13,18)

reduced adhesion to basal lamina (rat) (17)
defective basal lamina (rabbit) (11)

Intracellular/transcellular transport

changed activity and direction of endocytosis and
trans epithelial transport (13)

changed sorting of membrane precursors (inferred
from membrane changes, see above)

Organization of cytoskeleton (7)

Recent results from studies based on this concept give
evidence that this may indeed be the case (see Table 1). In the
'receptive phase', the uterine epithelium of the rabbit shows

drama tic changes in the cornposition and properties of plasma rnem­
branes not only at the apical cell pole but also in the basolateral
membrane domain.

All the phenomena listed in Table 1 are characteristics of the
apico-basal polarity of epithelial cells. ,It appears rernarkable that
there is a general trend towards a reduction in the expression of
such characteristics, in the 'receptive phase'. As one would expect,
ac tivi ty and direction of endocytosis and transcellular transport
must then also change during this phase. This may not only be seen in
the context of requirements for a changed uterine milieu as discussed
be fore (13), but it may, in addition, indicate that the cell physio­
logical state of the uterine epithelium is indeed grossly altered at
this stage, probably including changes in the intracellular sorting
pathways for membrane precursor molecules, towards the apical or the
basolateral membrane domain. Changes in the polar organization of the
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uterine epithelium should be reflected in the organization of the
cytoskeleton. This is at present being investigated in our laboratory
(7) •

In conclusion,. analysis of endometrial receptivity on the
basis of recent cell biologicalconcepts reveals that there is
partial loss of elements of polar organization of the epithelium.
Expression of adhesion molecules at the apical cell membrane, in this
phase, may be part of this general reorganization. This hypothesis
offers a new explanation for the cell biological paradox of tropho­
blast attachment to an intact-appearing epithelium. The presented
concept should open a number of new approaches for studying the
molecular basis of endometrial receptivity for embryo implantation.

ACKNOWLEDGEMENTS

The author wishes to express his gratitude to the colleagues
and members of his group, who have contributed substantially to the
reviewed work: M. von Bentheim, A. Bükers, Dr. I. Classen-Linke, A.
Donner, R. Grümmer, G. Helm, Dr. H. -P. Hohn, L. Hölscher, Dr. B.
Nalbach, M. Marx, Dr. E. Winterhager. Thanks are due to Ms. G.
Mathieu for typing the manuscript. These investigations were sup­
ported by Deutsche Forschungsgemeinschaft grants No. De 181/9-6, Ho
1059/1-7 and Minister für Wissenschaft und Forschung NRWNo. IVB5-500
022 86.

REFERENCES

1. Anderson TL, Olson GE, Hoffman LH (1986) Stage specific
al tera tions in the apical membrane glycoproteins of en­
dometrial epithelial cells related to implantation in rabbits.
Biol Reprod 34:701-720

2. Chavez DJ, Anderson TL (1985) The glycocalyx of the mouse
uterine lumina 1 epithelium during estrus, early pregnancy, the
peri-implantation period, and delayed implantation. I.
Acquisition of Ricinus communis I binding sites during
pregnancy. Biol Reprod 32:1135-1142

3. Classen-Linke I, Denker H-W, Winterhager E (1987) Apical
plasma membrane-bound enzymes of rabbit uterine epithelium:
pattern changes during the peri-implantation phase. Histo­
chemistry (in press)

4. Denker H-W (1983) Basic aspects of ovoimplantation. In: Wynn
RM (ed). Obstetrics and Gynecology Annual, Vol 12. Appleton­
Cent~y-c~o~ts, No~walk,Connecticut, pp l5-j_2 .

5. D~.!l~~H-W (1986) ~pithel-g:pithel-:rl1~~~k_ti()!len bei der Embryo­
Implanta tion: Ansätze zur Lösung eines zeJ,lbiologischen
Paradoxons. Verh Anat Ges 80, Anat Anz Suppl 160:93-114

6. Denker H-W, Busch LC, Kühnel W (1984) Endometrial organ
culture: development of an in-vitro model for embryo implanta­
tion. Anat Anz 156:142

7. Hochfeld A, Giesen U, Beier HM, Denker H-W (in preparation)
8. Hohn H-P, Denker H-W (1985) Attachment and invasion of rabbit

blastocysts confronted with endometrium in organ culture.
Europ J Cell Biol, Suppl 7 (vol 36) :28

9. Kennedy TG (1986) Intrauterine infusion of prostaglandins and
decidualization in rats with uteri differentially sensitized
for the decidual cell reaction. Biol Reprod 34:327-335



240

10. Lampelo SA, Ricketts AP, Bullock DW (1985) Purification of
rabbit endometrial plasma membranes from receptive and non­
receptive uteri. J Reprod Fertil 75:475-484

11. Marx M, Winterhager E, Denker H-W (1987) Changes in the basal
lamina structure of the uterine epithelium at implantation.
Europ J Cell Biol, Suppl 17 (vol. 43):36

12. Murphy CR, Swift JG, Mukherjee TM, Rogers AW (1982) Changes in
the fine structure of the apical plasma membrane of en­
dometrial epithelial cells during implantation in the rat. J
Cell Sci 55:1-12

13. Murphy CR, Swift JG, Mukherjee TM, Rogers AW (1982) The
structure of tight junctions between uterine luminal epithel­
ial cells at different stages of pregnancy in the rat. Cell
Tissue Res 223:281-286

14. Nalbach BP (1985) Lektinbindungsmuster in Uterus und Blas­
'tozyste des Kanichens während der Präimplantationsphase und
der frühen Implantation. Histochemie und Methodenkritik.
Dissertation, Med Fak RWTH Aachen (FRG)

15. Psychoyos A (1973) Endocrine control of egg implantation. In:
Greep RO (ed) Handbook of Physiology, Section 7 (Endocrinol­
ogy) Vol II (Female Reproductive System) Part 2. American
Physiological Society, Washington, DC, pp 187-215

16. Psychoyos A (1976) Hormonal control of uterine receptivity for
nidation. J Reprod Fert, Suppl 25:17-28

17. Tachi S, Tachi C, Lindner HR (1970) Ultrastructural features
of blastocyst attachment and trophoblastic invasion in the
rat. J Reprod Fert 21:37-56

18. Winterhager E (1985) Dynamik der Zellmembran: Modellstudien
während der Implantationsreaktion beim Kaninchen. Habilita­
tionsschrift, Med Fak RWTH Aachen (FRG)



HUMAN
REPRODUCTION
Current status/future prospect

Proceedings of the Vlth World Congress on Human Reproduction,
held in Tokyo, Japan, 25-30 October 1987

Editors:

R. IIZUKA
Keio University

Tokyo, Japan

Co-editors:

T.OHNO
Tokyo Dental College

Ichikawa, Japan

T. TOMINAGA
Fukui Medical School

Fukui, Japan

@1988

K. SEMM
Kiel University
Kiel, F.R.G.

L. METTLER
Kiel University
Kiel. F.R.G.

S. SUZUKI
Keio University

Tokyo, Japan

EXCERPTA MEDICA, Amsterdam - New York - Oxford



© 1988 Elsevier Seienee Publishers B.V. (Biomedieal Division)

All rights reserved. No part of this publieation may be reprodueed, stored in a retrieval
system or transmitted in any form or by any means, eleetronie, meehanieal, photoeopying,
~eeording or otherwise without the prior written permission of the publisher, Elsevier
Seienee Publishers B.V., Biomedieal Division, P.O. Box 1527,1000 BM Amsterdam, The
Netherlands.

No responsibility is assumed by the Publisher for any injury and/or damage to persons or
property as a matter of produets liability, negligenee or otherwise, or from any use or
operation of any methods, produets, instruetions or ideas eontained in the material herein.
Beeause of rapid advanees in the medieal seiences, the Publisher reeommends that in­
dependent verifieation of diagnoses and drug dosages should be made.

Special regulations for readers in the USA - This publieation has been registered with the
Copyright Clearanee Center Ine. (CCC), 27 Congress Street, Salem, MA 01970, USA. In­
formation ean be obtained fram the CCC about eonditions under wh ich photoeopies of
parts otthis pu~lieation may be made in the USA. All other copyright questions, ineluding
photoeopying outside the USA, should be referred to the copyright owner, Elsevier
Seienee Publishers B.V., unless otherwise speeified.

International Congress Series No. 768
ISBN 0444810048

Published by:
Elsevier Seienee Publishers B.V.

(Biomedieal Division)
P.O. Box 211
1000 AE Amsterdam
The Netherlands

Sole distributars for the USA and Canada:

Elsevier Seienee Publishing Company Ine.
52 Vanderbilt Avenue

New York, NY 10017
USA

Printed in The Netherlands


