





























Implantation cascade 161

Prereceptive Receptive
stage | stage
I CSF-1  IL-1g
TGFE1  IFN-y
£ “ 9
A\ { m
—-—— !
AT, @ e
i‘" m ‘\\ 7] (\\tl \H ! = -".” ] sl o N\ i

1,
AN %
oh\¢ N ) ® 0
3
® N © A
Biological signal or
physical association

Selectin-like
3 Muc-1 (0 Integrin (Al protein [} lalHa
= Tight junctional~, _ Extracellular N o PGP30
complex matrix l] LNF-1

Fig. 6. Implantation as an adhesion cascade. Transition of uterine luminal epithelium from pre-receptive
to receptive requires the downregulation of the anti-adhesive mucin, Muc-1, thought to inhibit the
interaction of the embryo with adhesion molecules at the interface of the blastocyst and uterine
epithelium. The sequential events of implantation (1-4) resemble events of other adhesion cascades. (1)
The progesterone-induced structural changes resulting in reduction of epithelial polarity is indicated by
loss of apical microvilli, alteration of tight junction organization, and close apposition of conceptus and
apical uterine epithelium. {2) Initial interaction between the two genetically distinct cell types occurs with
triggering molecules that are either induced or constitutively expressed but unavailable until ioss of
Muc-1. The triggering molecules that initiate the implantation cascade are involved in low affinity and
weak molecular interactions. (3) Transduction of signals from the triggering molecules can include a
diverse array of biochemical and physical interactions, including Ca?* fluxes, protein phosphorylation, or
cytoskeletal alterations. (4) The final adhesion event is mediated by the high-affinity integrin-ligand
interactions. Potential integrin heterodimers that are candidates for the implantation cascade are all
members of the fibronectin and vitronectin family of receptors. LNF-1: lacto-N-fucopentaose; IalH4:
inter-trypsin inhibitor heavy chain-like protein; GM-CSF: granulocyte-macrophage colony-stimulating
factor; TGFp1: transforming growth factor B1; TL-1p: interleukin 1p; CSF-1: colony stimulating factor 1.

factor B1 (TGF-B,), interferon gamma (IFN-y), granulocyte-macrophage colony-stimulating factor
(GM-CSF), and interleukin 1p (IL-1B) (Robertson et af., 1994), all of which are secreted by pig
trophectoderm during the peri-implantation period. These and other cytokines could initiate
integrin activation during signalling events.

It should also be noted that changes in the polarized functions of uterine epithelium that occur
during the receptive phase result in cytoskeletal alterations and changes in the distribution of plasma
membrane proteins and lipids partitioned by tight junctions. These changes may contribute to
conformational alterations in the integrins which could lead to their activation (Conforti ¢t ai., 1990).

As discussed previously, the involvement of integrins in adhesion, migration, and invasion, and
their numerous effects on the organization of the cytoskeleton and bi-directional signalling are
consistent with these adhesion molecules as dominant participants in the implantation cascade. The
upregulation of several integrin subunits and exposure of others upon loss of Muc-1 during the
receptive period provide a number of heterodimer combinations that are members of the fibronectin
and vitronectin family of integrin receptors. The redundancy in the potential integrin receptors
present and the variety of potential triggering molecules and ligands highlight the physiological
complexity of the implantation cascade in mammals.
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