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Nature and possible functions of interferons secreted by the
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In several ungulate species, the preimplantation trophoblast, among various
secretions, produces large amounts of antiviral activity that was identified as
interferon (IFN). IFNs (types I and II) are pleiotropic cytokines, which in addition
to a potent antiviral activity, exert multiple effects on cell growth and differ-
entiation, in particular on the cells of the immune system. In ruminants, tropho-
blastic IFN, or trophoblast protein-1 (TP-1), was found to consist of a multigenic
family related to type I IFN-w. These IFNs exert hormone-like effects through
receptors present on the endometrium, leading to the prolongation of luteal life-
span and hence to sustained progesterone secretion. In pigs, a species in which
the maternal recognition of pregnancy is controlled by conceptus-derived
oestrogens, two IFNs have been found in the preimplantation trophoblast. The
major species is I[FN-y (type II), that so far had been found only in activated T
lymphocytes and natural killer (NK) cells. Transcription of the IFN-y gene in the
pig trophoblast differs from that in mature lymphocytes, since two mRNAs are
present. The other component with antiviral activity is a novel type I IFN, dis-
tant in sequence from IFN-a, B, @, and containing seven cysteines in its deduced
mature protein. These two unrelated [FNs are temporally co-induced, with maxi-
mal secretion at day 16 of pregnancy. Specific receptors for both IFNs have been
found on endometrial epithelial cells, but not on the preimplantation trophoblast,
suggesting a paracrine effect on the uterus. Different hypotheses as to their
role(s) in the establishment or maintenance of implantation are discussed.
Whereas an indirect anti-infectious (antiviral) protection of the conceptus by
IFNs cannot be ruled out, arguments are presented that do not favour a role in
the immune tolerance of the conceptus.

Introduction

It has become well established that conceptuses from several ungulate species, before and at the time of
implantation, secrete proteins that belong to the interferon families (Imakawa ef al, 1987). Simmen and
Simmen (1990) briefly reviewed data obtained in ruminants. Since that time, a great deal of work has been
done and published in sheep and cattle, giving a more precise view on the structure and function(s) of
ruminant trophoblastin protein-1 (TP-1) {see below). Trophoblastic interferons have also been found and
identified in pigs.

This paper will review most of the comprehensive literature on embryonic interferons in farm animals,
their source, molecular structure and role(s), whenever possible, paying particular attention to pigs, which
as yet represent a unique species as far as the nature and possible role of embryonic interferons are
concerned. For the sake of clarity, some basic properties of the two components of this secretion, namely
the trophoblast and the interferons will be briefly reviewed.
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Fig. 1. The polarized epithelial phenotype: functionally and biochemically distinct plasma membrane domains. The
apical domain of the plasma membrane faces the lumen and carries out uptake of ions and nutrients from this
biological compartment via specific ion channels and transporters. In secretory epithelial cells, the apical plasma
membrane is usually the site of regulated secretion (pathway A). The lateral membrane is the site of cell—ell contact
and communication, which are mediated by specialized components of the junctional complex. Tight junctions
(zonula occludens, ZO) block the paracellular pathway between lumen and serosa and form a diffusion barrier in the
plane of the lipid bilayer. Cell—<ell communication is mediated by gap junctions (G]), specialized intercellular channels
for small solutes. The basal plasma membrane is attached to the basement membrane {basal lamina) through specific
receptors for laminin, type [V collagen and proteoglycans. Enzymes, bransport activities and receptors localized to
the basal-lateral plasma membrane are involved in the generation of ion gradients across the apical plasma membrane
in signal reception and transduction, and in the constitutive secretion (pathway B). (Reproduced from Rodriguez-
Boulan and Nelson, with permission).

Functional Properties of the Trophoblast

A polarized cell

The formation of trophectoderm is the first overt sign of differentiation in early embryonic
development. One of the most important morphological features to appear in the outer cells of the early
compacting embryo is the presence of intercellular junctional complexes (Enders, 1971; Rodriguez-Boulan
and Nelson, 1989). This permeability barrier initially plays an essential role in the establishment of a
distinct microenvironment within the embryo, so that the blastocoelic fluid can initially accumulate in
the interstices between the cells, and then induce the blastocyst expansion (Kaufman, 1983). Thus, the
trophoblast is a typical polarized epithelial cell, capable of a variety of functions reflected by a polarized
distribution of enzymes and transport systems to specific domains of the plasma membrane. A generic
model of this phenctype, as proposed by Rodriguez-Boulan and Nelson, is shown (Fig. 1). A capacity to
actively transport water and solutes is well illustrated in trophoblastic vesicles, spheroids that form and
swell up from freshly fragmented trophoblast (Fig. 2). Only trophoblastic vesicles with two cell layers
(endoderm plus trophectoderm) swell up and secrete IFN into the surrounding medium. In ruminants,
trophectoderm vesicles have been used successfully as vectors in vive of conceptus secretory proteins
(Heyman et al., 1982). In pigs, they constitute useful tools for ultrastructural studies (Whyte et al., 1986),
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activator of such cells, but do embryonic IFNs reach the endometrial stroma and how can the paradox of
the stimulation of the maternal cytotoxic effects by the conceptus be explained?

However, the classical mechanisms of transplantation biology do not seem to be involved in the
maternal response to implantation (see King and Loke, 1991). Moreover, the work by the group of B. A.
Croy showing that scid. /scid. be/bg mice, which are deficient in B, T and NK cells are normally fertile and
fecund (Croy and Chapeau, 1990), casts a serious doubt on models whereby the maternal immune
response to paternally derived antigens on the conceptus would play a major role in successhul
pregnancy.

This caution should a fortfiore apply to species with epitheliochorial placentation like pigs, in which
there is neither invasive trophoblast, nor uterine decidualization.

Conclusion

Much work remains to be done before the role(s} played by cytokines, particularly IFNs, in implantation
can be understood. Clearly, in ruminants, [FN-1/TP-1 proteins are antiluteolysins. But is it relevant to
address the question of another possible role, that would be common to (at least) ruminants and Suidae,
First, there is a very close time coincidence of I[FN secretion in sheep and pigs. Second, both species have
developed specific trophoblastic expression of IFN with sophisticated means of amplification of secretion
{different isoforms in the sheep, two mRNA for [FN-y in the pig) or activity (possible synergy between
types I and [T IFN in the pig). This argues for a strong requirement for the presence of highly active [FNs
at the exact period of implantation. If one admits that IFNs are not antiluteolysins in pigs, then the
understanding of the role(s) played by trophoblastic [FNs in this species could probably be valid in sheep
and cows. We want to stress here that [FNs are defensive molecules against infections, and this must be
considered when discussing their possible effects at the uterus—conceptus interface.

A comparison of species like ruminants and pigs with mice is very difficult since so many parameters
related to early pregnancy differ, among which are the delay between hatching and implantation, and
the type of placentation. In any case, no consistent antiviral activity was found in mice at the implan-
tation period, and this is unfortunate as the mouse is the only species in which evaluation of specific
functions by inactivation of the corresponding genes is possible. Concerning domestic species, exper-
iments could be carried out to neutralize in vivo the activity of IFNs, using antibodies to either the
cytokine or its receptor.
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