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proteins and oTP-1 appears to be limited (Cross & Roberts, 1988), but their respective interferon-
like activities suggest functional relationships.

Although the period of maximal synthesis of the pig trophoblastic proteins has not been exten-
sively characterized during early pregnancy, their expression within the time of blastocyst oestro-
gen synthesis raises the question of the possible role of local oestrogen production in their synthesis
and secretion. Changes in blastocyst, rather than plasma, oestrogen concentrations are temporally
correlated with the induction of uterine endometrial secretory activity (Geisert ef /., 1982b), and
proteins of conceptus origin may respond similarly to this signal. Alternatively, the endometrial
proteins secreted in response to local oestrogen may act in a paracrine fashion to trigger the synthe-
sis and release of these conceptus-derived macromolecules. However, since studies to date have
utilized blastocysts cultured in vitro in the absence of oestrogen, it is also possible that the tropho-
blastic proteins represent gene products whose expression is regulated as a function of embryo-
logical stage rather than by specific hormones per se. The nature of these signals at best remains
speculative.

Other blastocyst proteins

Pig blastocysts recovered between Days 10 and 18 of pregnancy and cultured in vitro also
release a number of other proteins whose identities and functions are currently unknown (Godkin
et al.,, 1982; Powell-Jones er al., 1984). These proteins are differentially expressed as a function
of conceptus development. While the major secreted products at Days 10-5-12 are acidic, low
molecular weight (M 20 000-25 000) polypeptides, the major proteins detected between Days 13
and 16 are basic and in the molecular weight range of 35 000-50 000 (Goedkin et al., 1982; Powell-
Jones et al., 1984). After Day 18, still another group of polypeptides in the 50 000—70 000 molecular
weight range are synthesized.

One of the pig blastocyst proteins released at Day 16 is a high molecuiar weight glycoprotein
which is also a major secretory product of cow and sheep blastocysts (Masters er af., 1982). In the
sheep and the pig, this protein is also synthesized during the period of rapid blastocyst elongation
(Godkin er al., 1982; W. G. Gray & R. M. Roberts, unpublished results). The function of this
glycoprotein in early pregnancy is not known although, on the basis of its extremely high carbo-
hydrate composition, it is postulated to provide a protease-resistant or immunologically tolerant
coating over the expanding blastocysts (Masters er al., 1982).

Temporal relationships: secreted proteins and hormonal environment

The molecular mechanisms regulating the synthesis and secretion of maternal and conceptus
secretory proteins, although largely unclear, have been partly elucidated by using bialogical
reagents and specific cDNA probes. For maternal secreted proteins, correlation of their temporal
expression with.the hormonal environment of the uterus suggests two general mechanisms of con-
trol (Fig. 3). The first mechanism relates to the control by blastocyst-derived oestrogen and appears
to be operative in the synthesis and secretion of the growth factor IGF-1, the plasmin inhibitor Pl
and of ULFM. The second mechanism, largely under progesterone control, although possibly
modulated by oestrogen, appears to be responsible for the induction of the synthesis of IGF-I1,
IGF-BP, uteroferrin, ALP and other endometrial proteins (e.g. lysozyme, uteroferrin-associated
proteins).

Obviously, the postulated mechanisms are not as straightforward as suggested. Protein produc-
tion can be regulated at the levels of transcription and translation, and both levels of control may
be differentially influenced by the same hormonal environment. Similarly, the secretory processis a
complex event which may be altered in its timing and/or direction by its environment. Uteroferrin
represents an excellent example of a uterine-derived protein whose expression at the levels of
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Fig. 3. Temporal expression of specific uterine mRNAs or protcins at pregnancy. The expres-
sion of mRNAs (Superscript 1) for specific proteins was detected by corresponding cDNA
probes. Amounts of ULFM and of plasmin/trypsin inhibitor (P1) were quantified by [*H)-
thymidine incorporation into mouse AKR-2B fibroblastic cells and by inhibition of fibrino-
lysis (Fazleabas er al., 1982), respectively (Superscript 2). Shaded bars indicate higher relative
levels of expression compared 1o open bars. Plasma concentrations ol oestrogen, progesterone
and growth hormone are derived from the data of De HofT et af. (1986). Days of pregnancy are
indicated by numbers preceding vertical lines and the day of parturition (Day 115) is indicated
by the arrow.

mRNA and protein is differentially regulated by progesterone. Although uteroferrin protein
secretion is directly related to the ratio of progesterone 1o oestrogen concentrations in the serum,
uteroferrin mRNA synthesis appears not to be so. The growth factor IGF-I which is expressed
throughout pregnancy, is another example, Whereas in early pregnancy, IGF-I mRNA synthesis
and protein secretion appear to be induced by blastocyst-derived oestrogen, IGF-I mRNA expres-
sion in mid- and late pregnancy cannot be directly correlated with the circulating concentrations
of oestrogen or progesterone (De Hoff er al., 1986). Uterine IGF-I mRNA levels also do not
paralilel the serum concentrations of growth hormone in sows (De Hoff er al., 1986), despite direct
demonstration of growth hormone-induced synthesis of IGF-I mRNAs in other species (Roberts
et al., 1987; Murphy & Friesen, 1988).

The above discrepancies may be related in part to the dependence of uterine endometrial and
conceptus secretory activities on other proteins which are synthesized in response to steroid
hormones. Indeed, it has been suggested that the secretion of specific uterine proteins may be
associated more with the progesterone-dependent differentiation state of endometrial cells than lo a
direct effect of progesterone. To date there is little information as to the nature of the proteins
involved in these processes. However, understanding of the programme of uterine endometrial
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differentiation and gene expression is ultimately required to elucidate its subsequent effects on
secrelory aclivity,

It is important to note that, despite the apparent major role of blastocyst-derived oestrogen in
controlling endometrial secretory activity in early pregnancy, the endometrial tissue is also under
progesterone regulation. The functional interaction of these steroid hormones is reflected in the
differentiation of the uterus and the synthesis of its associaled secretory products at this stage of
pregnancy. Similarly, in late pregnancy, although progesterone may be the major factor in the
synthesis and secretion of uterine proteins, placental or fetal-derived factors acting sysiemically
may also be involved.

The current limited studies on the nature of conceptus-derived proteins preclude elucidation of
their regulation. Based on their differential expression in early pregnancy, however, their functional
importance during the period of maternal recognition of pregnancy and implantation is implied. It
is possible that synthesis is related to the progesterone-dependent differentiation of endometrial
cells whose secretory proteins may act as signals for the initiation of the programme of embryonic
differentiation, It is equally possible that secretory activity is initiated by factors implicated in the
activation of gene expression in other systems (Braude er al., 1988).
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