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Fig. 2. Attached mousc blastocysts with trophoblastic outgrowths. x 360. (a) Cultured for
120 h in Whitten's medium with 2-3 pg plasmin ml: (b) after 144 h in Whitten's medium with
14-6 pg plasminogen;ml. (¢) cultured for 144 h in a Whitten’s medium with 23-1 pg plasmin/ml:
(dyafter 168 hin Whitten's medium with 10% heat-treated bovine serum.
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culture, respectively, all zonae pellucidae had dissolved. Shed zonae pellucidae remained intact in
all other media. Greater numbers of embryos hatched in media supplemented with plasmin, plas-
minogen and serum than in Medium WM (P < 0-05), but a significant difference was not observed
for Medium WM and Medium WM + 29-1 pg plasminogen/m! and Medium WM + HTBS,
despite differences of 20% and 18%, respectively. The incidence of hatching was generally similar
amongst embryos cultured in media with plasmin, plasminogen and serum (P > 0-05), although
greater numbers of embryos hatched in Medium WM + 2-3 or 23-1 pg plasmin/ml than in Medium
WM + 29-1 pg plasminogen/ml and Medium WM + HTBS (£ < 0:05).

Hatching was closely followed by attachment to the culture dish substratum of most of the
embryos. Attachment was lower in Medium WM + 0-2 or 3-3pg pronase/ml and Medium
WM + 2-2 pg trypsin/ml than in Medium WM (P < 0:05). Significant differences in attachment
rates were not observed amongst Medium WM, Medium WM + 0-1, 0-2 or 1-1 pg trypsin/ml and
Medium WM + 0-3 or 16 ug pronase/ml, despite a 20% reduction in Medium WM + 0-3 ug
pronase/ml when compared to Medium WM (Figs la and b). Attachment was generally similar
(P > 0-05) amongst plasmin- and plasminogen-supplemented media except for Medium
WM + 29-1 ug plasminogen/ml which was significantly less than in Medium WM + 23 g
plasmin/ml. Attachment rates were not different (P > 0-05) when Medium WM was compared to
Medium WM + 29-1 pug plasminogen/ml and Medium WM + HTBS despite differences of 20%
and 18%, respectively.

Attached blastocysts which exhibited adherent trophoblast cells that extended from the central
mass of the embryo in a fashion similar to fibroblasts were scored as exhibiting trophoblastic
outgrowth. The incidences of attached blastocysts which generated trophoblastic outgrowths were
lowest in Medium WM and media supplemented with trypsin and pronase (P < 0-05). Significant
differences in trophoblastic outgrowth were not observed between Medium WM and pronase- or
trypsin-supplemented media, although a greater (P < 0:05) incidence was detected in Medium
WM + [-6 pg pronase/ml when compared to other levels of pronase supplementation (Fig. I¢).
Media supplemented with 46-2 pg plasmin/ml and 29-1 pg plasminogen/ml supported statistically
similar, although greater, incidences of trophoblastic outgrowth than did Medium WM + 1-6 pg
pronase/ml. Similar numbers of embryos attached and formed trophoblastic outgrowths amongst
Medium WM + 2-3, 4:6 or 23-1 pug plasmin/ml, Medium WM + 14-6 or 145-7 pug plasminogen/m]
and Medium WM + HTBS (Figs 1d, 2a, 2b, 2c). Although not statistically significant, a trend
existed whereby greater incidences of trophoblastic outgrowth were supported in media with lower
levels of plasmin and plasminogen.

Discussion

In mouse embryos, plasminogen activator follows a temporally biphasic pattern of secretion
(Strickland et al., 1976). Production of plasminogen activator during the first phase of secretion is
by both trophoblast and inner cell mass and can be detected by Day 6 post coitum (Sherman e? al.,
1976). Trophoblastic production of plasminogen activator corresponds to the period when the
trophoblast is invasive and is believed to be responsible for generating plasmin to facilitate
implantation (Strickland et al., 1976; Sherman et al., 1976). Embryonic plasminogen activator
production, measured indirectly by the formation of plasmin in plasminogen-containing media,
was also observed in this study. Secretion of any other embryonic proteases was not detected using
the caseinolytic agar gel assay since after 10 days of culture proteolytic activity was not observed in
the control medium, WM, or seen to increase in media supplemented with enzymes other than
plasminogen. Since only the medium was assayed in the present experiment, this does not exclude
the secretion of low levels of proteases which are undetectable using the caseinolytic agar gel assay
or the presence of membrane-bound proteases not released into the medium. Using histochemical
techniques, Denker & Hafez (1975) and Denker (1977) have identified a trypsin-like proteinase,
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referred to as blastolemmase, associated with dissolution of the rabbit blastocyst coverings. The
source of this particular enzyme may be the trophoblast, although embryonic uptake of this protein
as a zymogen produced by the uterus followed by trophoblastic activation to the active form is an
alternative proposed by Denker (1977).

Proteases have been reported as inducing growth factor-like effects on various cell types in vitro
(Cunningham, 1981}). Mitogenic effects induced by proteases vary, however, and are dependent on
the protease-cell type combination. Limited proteolysis at the cell surface has been postulated
as resulting in the breakdown of an inhibitor of cell division or the activation of a mitotic
stimulator, both of which can be membrane components (Cunningham, 1981). The significance of a
generalized protease effect stimulating embryo development is not readily evident from the data
presented. Pronase at 0-2 ug/ml possessed a proteolytic activity comparable to plasmin at
23-1 pg/ml, yet the incidence of blastocyst formation was far lower in medium with pronase. A
reasonable explanation may be that the pronase disrupted cell surface proteins integral to
development which were not affected by plasmin. Fewer embryos hatched in Medium with 0-2 pg
pronase/ml than Medium with 0-3 ug pronase/ml despite identical incidences of blastocyst
formation. One reason for this effect may be due to a structural weakening of the zona pellucida in
the higher level of pronase that facilitated blastocyst escape. The higher incidence of attachment
with subsequent trophoblastic outgrowth by embryos cultured in Medium WM + 1:6 pg pronase/
ml over the lower levels is no doubt due to these embryos not requiring hatching since dissolution
of the zona pellucida had previously occurred. Except for the two higher levels, trypsin did not
appear to have much of an effect on embryo development. The addition of trypsin at 0-1 or
0-2 pg/ml to the culture media, although providing a significant quantity of protease, had no
significant effect on embryo development when compared to performance by embryos in control
medium. Trypsin at the two lower concentrations did not affect zona pellucida dissolution as
observed in the two higher levels, and apparently had no influence on zona pellucida integrity since
the rate of hatching was not different from that of the control.

Development in plasmin- and plasminogen-supplemented media was similar to that observed in
medium with serum. In fact, in some instances, e.g. hatching, significantly greater numbers of
embryos completely escaped from the zona pellucida in plasmin-supplemented media than medium
with serum. Plasmin contamination in the plasminogen containing media confounds interpretation
of the results with regards to differentiating between the effects of plasmin and plasminogen on
in-vitro embryo development. It is indeed possible that the similarities observed between media
with plasmin and plasminogen, at least before embryonic activation of plasminogen has occurred,
are due to the 20% plasmin contamination in the media with plasminogen. The observation that
plasmin- and plasminogen-supplemented media supported greater incidences of blastocyst
formation, hatching and trophoblastic outgrowth at proteolytic activities equivalent to pronase
and trypsin suggests a very attractive physiological role for plasmin in early embryo development.
Although detectable levels of plasminogen activator occur by Day 6, this does not preclude earlier
production of this enzyme. Plasminogen is a constituent of the uterine environment, and serves as a
readily utilizable source of protease for the early embryo (Fazleabas et al., 1983). Plasminogen
activation to plasmin may be a mechanism which the embryo uses to effect a ‘sublysis’ (Domon,
Pinsker & Mintz, 1973) of the zona pellucida to facilitate hatching. Menino & Wright (1982) have
observed a decrease in the resistance of the pig zona pellucida to pronase with advancing cell stage.
Hoversland & Weitlauf (1982) have also described enhanced solubility of the mouse zona pellucida
in ovariectomized females treated with oestrogen and progesterone. Qestradiol stimulates uptake
of several serum proteins, including plasminogen (Finlay et al., 1983), and so these sublytic effects
on the zona pellucida may be due to embryonic conversion of plasminogen to plasmin. Plasmin
may also have a growth stimulatory effect on embryos, which could account for the improved
development. Kane (1983a, b) has shown that hatching by rabbit blastocysts in vitro was not
dependent on proteolysis but was enhanced as embryo cell number increased. All embryos cultured
in Medium WM + HTBS and becoming attached generated trophoblastic outgrowths. This did
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not occur in plasmin- or plasminogen-supplemented media in which only some attached embryos
formed trophoblastic outgrowths. Moreover, the extent of the outgrowth, although not
quantitatively scored, was greater in medium with serum (Fig. 2d). Overall, however, there were
few differences in development of embryos in serum-, plasmin- and plasminogen-supplemented
media. These results indicate that plasmin can induce and support trophoblastic outgrowth forma-
tion but some additional serum factors, possibly fibronectin (Ham, 1981), must also be involved
since the extent of the outgrowth is reduced in serum-free media. Strickland er al. (1976) have
observed attachment and trophoblastic outgrowth by embryos cultured in medium supplemented
with plasminogen-depleted serum, and, under those conditions, therefore, plasmin apparently is

not an integral effector of outgrowth.
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