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Intactness of Zona Pellucida Does Not Affect the Secretion of a

Trypsin-like Protease from Mouse Blastocyst

Assisted hatching (AH), which is known to improve the hatching potential of
mammalian embryos, has been used to increase the pregnancy rate in in vitro
fertilization cycles. However, the effect of AH on a trypsin-like protease, which
is known to be associated with the hatching process, has not been studied.
In this study, we evaluate whether the intaciness of zona pellucida affects the
secretion of a frypsin-like protease from mouse blastocyst. Four- to 8-cell stage
mouse embryos were collected at 66- to 68 hr after hCG injection and divided
into 3 groups according to the manipulation of zona pellucida. The groups are
no treatment (control), drilling of zona pellucida (ZD) and thinning of zona
pellucida (ZT). The activity of a trypsin-like protease, blastocyst development
and hatching rate were compared among the three groups at 110 and 135 hr
after hCG injection, respectively. The protease activity and blastocyst develop-
ment were not significantly different among control, ZD and ZT groups at 110
and 135 hr after hCG injection, respectively. However, the hatching rate of ZD
and ZT groups was significantly higher than that of control group at each time,
respectively (p<0.001). Even in the zona pellucida removed embryos, the
protease activity did not differ from the control group. In conclusion, the secretion
of a trypsin-like protease from mouse blastocyst does not seem to be affected
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INTRODUCTION

Despite the efforts to improve the pregnancy rate, the
implantation rate following in vitro fertlization-embryo
transfer (IVE-ET) program remains low (1). One of the
proposed limiting factors is impaired hatching caused by
zona pellucida (ZP) hardening. Zona pellucida hardening
is known to be the result of fertilization, cryopresetva-
tion, in vitro culture and aging process (2). Although ZP
hardening can beneficial by blocking polyspermy, pto-
tecting the embtyo from immunologic attack and aiding
in oviductal transpott, it can also be disadvantageous by
impeding embryonic hatching and attributing to mono-
zygotic twinning (3).

Mammalian embtyos must escape from ZP to be able
to implant in the uterus at the blastocyst stage (4, 3).
One of the main mechanisms for embtyonic hatching is
lysis of the ZP by a trypsin-like protease secreted from
either the embtyo or female reproductive tract (6). A
trypsin-like protease secreted from mouse blastocyst has
been known to play an important role in embtyonic
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hatching (7, 8). A few assisted hatching (AH) methods
have been used to clinically improve the hatching poten-
tal and pregnancy rate (9, 10). However, the exact
mechanism of AH has not been elucidated.

Undet the hypothesis that AH treatment improves the
hatching potential by increasing a trypsin-like protease
secretion from mouse blastocyst, this study was undet-
taken to investigate whether intactness of ZP affects the
secretion of a trypsin-like protease associated with embty-
onic hatching.

MATERIALS AND METHODS

Preparation of embryos

C57BL/6 (§) X CBA () F1 hybrid female mice at 7
weeks of age were superovulated with 5 TU of pregnant
mare’s setum gonadotropin (PMSG, Sigma). Forty-eight
hours later, 5 TU of human chorionic gonadotropin (hCG,
Sigma) was administrated intraperitoneally, followed by
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mating overnight. At 66-68 hr after hCG injection, 4-
to 8-cell stage embryos were collected by flushing of
dissected oviducts of plugged female mice using Ham’s
F-10 supplemented with 3 mg/mL bovine setum albumin
(culture medium). About 40 embtyos in each group pet
expetiment were cultured in a micro-droplet of the cul-
ture medium (embryo/0.5 yL) under paraffin oil at 37°C
in a humidified atmosphere of 5% CO, in air.

Manipulation of zona pellucida

Two treatment methods (ZD: zona drilled; ZT: zona
thinned) wete used. Zona drilled method using acid
Tytode solution (pH 2.5) was performed as described by
Gotden and Talansky (11). To make the ZT, the acid
solution was applied to the ZP. The embryos that rup-
tuted during ZT wete excluded.

For the ZP-removed (ZR) embtyos, four- to 8-cell
stage embryos were collected and cultured by the same
method. At 80 hr after hCG injection, half of the morula
stage embryos were used as ZR embryos. The embtyos
were introduced to 0.1% (v/w) protease solution (P-8811,
Sigma), washed 3 times with fresh medium, and then
transferted to the culture drop. The last embryos wete
used as a control group.

Protease activity assay

The conditioned medium was collected at 110 and 135
ht after hCG injection, respectively, and frozen at -70C
until protease assay. The protease activity was measured
as described previously (8) with a slight modification. The
reaction of the protease was immediately started after
adding 10 4L of the thawed medium into 0.5 mL of 0.1
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Fig. 1. Comparison between hatching rate and activity of a
trypsin-like protease in the control, ZD and ZT groups at 110
hr after hCG injection. The value of each column was obtained
from three replications of experiments and expressed as mean
+standard error. ZD, drilling of zona pellucida; ZT, thinning of
zona pellucida; *vs t'1: p<0.001; Tvs 't p<0.01

S.8. Hwang, E.Y. Lee, Y.C. Chung, et al.

mM  t-butoxycatbonyl (Boc)-Leu-Set-Thr-Arg-4-methyl-
coumatyl-7-amide (MCA) (Peptide Institute, Inc., Japan)
in 50 mM Tris/HCl (pH 9.0) and the initial velocity was
detected at 37C. The protease activity was measured by
spectrofluotophotometer (excitation: 380 nm, emission:
460 nm; RE-5301PC, Shimadzu, Japan). In the control
study, the protease activity showed good cotrelation with
the MCA, the reaction product (data not shown). And
the protease activity was not increased by the substrate
only.

Statistical analysis

Using chi-squate analysis, development and hatching
rate were compated, and the enzyme activity was com-
pared by ANOVA. p value of less than 0.05 was con-
sidered as statistically significant (p<0.05).

RESULTS

At 110 hr after hCG injection, the protease activity
of ZP-treated groups was not significantly different
compated to that of control group. Howevet, the hatch-
ing rate of ZP-treated groups was significantly higher
than that of control group (p<<0.001, Fig. 1). Particu-
latly, ZT group showed highet hatching rate than ZD
group (p<<0.01).

At 135 hr after hCG injection, the protease activity
of ZP-treated groups was not significantly different com-
pared to that of control group. However, the hatching
rate of ZP-treated groups was significantly higher than
that of control group (p<0.001, Fig. 2). Unlike at 110
ht, the hatching rate between ZP-treated groups was not
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Fig. 2. Comparison between hatching rate and a protease
activity in control, ZD and ZT groups at 135 hr after hCG injec-
tion. The value of each column was obtained from three repli-
cations of experiments and expressed as mean=standard
error. ZD, drilling of zona pellucida; ZT, thinning of zona pel-
lucida; *vs "1 p<0.001; Tvst: p>0.05
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Fig. 3. Comparison between blastocyst development and a
protease activity in the ZR embryos compared to control group.
The value of each column was obtained from three replications
of experiments and expressed as a meanZstandard error. ZR,
zona pellucida removed

different at 135 hr after hCG injection (p>0.05).

To evaluate whether protease secretion was related
with the presence of ZP, the protease activity of the ZP-
removed (ZR) embryos was assessed. The protease act-
vity of the control and ZR embryos was not significantly
different at 135 hr after hCG injection (Fig. 3).

The percentage of embtyos developed to blastocyst
was not different among the three groups at each time
point (Tablel).

DISCUSSION

Mammalian embtyos are known to exhibit delayed
development, and they have lower hatching rates in vitro
than in vivo because of inadequate culture condition.
Because in vitro culture system may induce ZP hardening
and reduce hatching potential, AH methods have been
used to improve the hatching potential. Although effects
of AH on hatching and implantation remain to be elu-
cidated, AH methods have imptoved pregnancy rate in
patients with old age =38, elevated basal FSH, increased
ZP thickness, ptiot IVF failure in any program and
excessive fragmentation (2). Also, AH methods have been
reported to advance the hatching time (9, 12). Liu et al.
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(13) suggested that the efficiencies of AH could be pos-
tulated as follows: First, AH facilitated implantation by
allowing earlier embryo-endometrial contact. Second, eat-
liet contact might increase chances of endometrial expo-
sute and enhance embtyo developmental potential by
permitting eatlier exposute of the embryo to vital growth
factots derived from the endometrium. Last, earlier con-
tact might also optimize synchronization between embryo
and endometrium, tesulting in improved implantation
efficiency. Therefore, eatlier hatching time is important
to higher implantation in in vitro culture system.

In the present study, we reconfirmed that the ZP-
treated groups had higher hatching rate and eatlier
hatching time than the control group. Particulatly, be-
tween the two treated methods, ZT method may be
mote effective than ZD method, because the ZT group
showed significantly higher hatching rate than the ZD
group at 110 hr after hCG injection.

Hatching is an indispensable procedure to implan-
tation. One of the main hatching mechanisms is lysis of
ZP by enzyme secteted from either embtyo or female
reptoductive tract (6). A trypsin-like protease secreted
from mouse blastocyst has been known to play an im-
portant role in hatching. Perona and Wassarman (7)
showed that the protease (strypsin) was found in cells of
mural trophectoderm, not in polar trophectoderm or
inner cell mass, and that the hatching of mouse blasto-
cyst in vitto was initiated by the ZP region ovetlying
mural trophectoderm. However, there are some contro-
versies about the location of the protease expression (14,
15). Sawada et al. (8) revealed that a trypsin-like pro-
tease, which most efficiently hydrolyzed t-butoxycarbonyl-
Leu-Set-Thr-Arg-4-methylcoumaryl-7-amide, detected in
hatching medium played a key role in mouse blastocyst
hatching, probably as a hatching protease. Alchough the
protease did not completely dissolve the ZP, it partially
digested or weakened the ZP at a stage before hatching.
Therefore, the protease secreted from mouse blastocyst
might be a prerequisite for embryo hatching. In in vitro
culture system, howevet, the in vitro hatching rate was
lower than in vivo due to the dilution effect of culture
medium (6, 16).

In this study, although the hatching rate of the ZP-

Table 1. Development rate in the control, ZD and ZT groups according to culture time

No. of embryos developed to blastocyst (%)

Group No. of embryos examined

At 110 hr* At 135 hr*
Contral 17 90 (76.9) 96 (82.1)
ZD 121 95 (78.5) 99 (81.8)
ZT 114 99 (86.8) 102 (89.5)

The value of each column was obtained from three replications of experiments
ZD, driling of zona pellucida; ZT, thinning of zona pellucida; *, time after hCG injection
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treated groups was significantly higher than that of
control group at both 110 and 135 hr after hCG injec-
tion, tespectively, the ptotease activity among control,
ZD and ZT groups was not different. Even in the ZR
embryos, there was no difference in the protease acti-
vity compated to the control group. These tesults sug-
gest that the hatching rate is not affected by the secre-
tion of a trypsin-like protease in in vitro culture system
and that the protease is secreted regardless of intact-
ness of ZP.

In conclusion, AH treatment improves the hatching
potential not by the mechanism of an increased trypsin-
like protease secretion from mouse blastocyst.
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