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ON THE FERTILIZATION AND
EARLY PREGNANCY
IN THE MOUSE
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and Akira IRITANI **
(Received for publication on August 10, 1987)

Abstract

Expression of placental specific antigen(s) in unfertilized mouse eggs and early embryos, and the effect
of the antibody on the fertilization and early pregnancy in the mouse were investigated. The antisera against
mouse placenta were obtained from rabbits 10 days after the six injections of placental extracts with Freund’s
complete adjuvant. Anti-placenta antibody was purified from non-absorbed and kidney- and liver-absorbed
antisera. In indirect immunofluorescent antibody assay, unfertilized eggs and early embryos were treated
with anti-mouse placenta antibody and FITC-conjugated anti-rabbit Y-globulin antibody. The antigen(s)
similar to the mouse placental specific antigen(s) were expressed on the cell surface of 2-cell embryo and
also on 4-cell embryo, morula and blastocyst. By contrast, no fluorescence was detected on the unfertilized
egg and 1-cell embryo, suggesting that they do not have antigens reacting with the anti-placenta antibody.
In the next experiment, the effect of the antibody on the fertilization and early pregnancy was examined by
passive immunization. Non-absorbed antibody decreased the fertilization rate but kidney- and liver-absorbed
anti-placenta antibody had no effect on the fertilization and early pregnancy (days 3-S5 of gestation). These
results show that the ovulated eggs do not have the placental specific antigen(s) and thus the anti-placenta
antibody has no effect on the fertilization. Although the early embryos have the placental specific antigen(s),
the antibody has no effect on their development in vivo. This suggests that the early embryos may have
specific protective mechanisms against the antibody.

Introduction

The fetuses of mammals are immunologicaly
allografts, but they are not rejected by maternal
immune system during pregnancy. The me-
chanism involved in the maintenance of preg-
nancy has not been clear. It has been suggested
that placenta may be the functional interference
between mother and fetuses®!®) The placenta
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contains many specific antigens which are not
detected in other tissues!), Although their
functions are still unknown, these placental
specific antigens may play a role for maintenance
of pregnancy. In the previous study®, we
detected three specific antigens in mouse
placenta on day 14 or 15 of gestation, and found
that the anti-mouse placenta antibody produced
in rabbits interrupted the pregnancy on days
7 — 10 of gestation. The present study was
undertaken to examine the expression of the
placental specific antigens in the unfertilized
eggs and early embryos with indirect immuno-
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fluorescent antibody assay, and the effects of
antibody against placental specific antigens on
the fertilization and early pregnancy in the
mouse were also examined.

Materials and Methods

1. Preparation of Anti-Mouse Placenta Anti-
body

The antiserum against mouse placenta was
produced in Japanese White rabbits. Mouse
placentae were collected on day 14 or 15 of
gestation from JCL — ICR mice. They were
washed with phosphate buffered saline (PBS,
pH 7.3) and homogenized in PBS with glass
and ultrasonic homogenizers (Nihon Seiki Co.).
The homogenate was centrifuged at 10,000x g
for 30 min, and the supernatant was emulsified
with an equal volume of Freund’s complete
adjuvant. The emulsion was injected six times
into female rabbits at an interval of 10 days.
Ten days after the last injection the blood was
collected, clotted at room temperature, and
antisera were obtained by centrifugation at
1,500xg for 20 min. An aliquot of antisera
was absorbed with mouse kidney and liver
homogenates to react with only placental specific
antigens, since they reacted with not only
placenta but other tissue antigens®.  The
absorbed and non-absorbed antisera were decom-
plemented at 60°C for 30 min and 7Y-globulin
fraction was isolated by salting out (46% of
saturated ammonium sulfate®)) and gel chroma-
tography (Sephadex G-100, 3.2x45cm). The
resulting antibody solution (12mg protein/mg)
was stored at —20°C before use.

2. Indirect Immunofiuorescent

Assay

The expression of the placental specific
antigens in the unfertilized mouse eggs and early
embryos was investigated with indirect immuno-
fluorescent antibody technique. Female mice
were induced to superovulate by an intra-
peritoneal injection of pregnant mare’s serum
gonadotropine (PMSG, 5 iu) followed 48 hr later

Antibody

by a similar injection of human cholionic
gonadotropine (hCG, 5 iu). After 15 hr of hCG
injection, unfertilized eggs were collected from
oviducts. After 24—96 hr of hCG injection,
early embryos at various stages of development
were collected from the oviducts and uteri of
female mice caged overnight with males. The
unfertilized eggs and early embryos were washed
with PBS and dehydrated with ethanol quickly.
They were treated with liver- and kidney-
absorbed antibody solution at 37°C for 20 min
and washed with PBS thoroughly. Then they
were treated with diluted FITC-conjugated goat
anti-rabbit IgG antibody (1 : 80, Miles Labora-
tories, InC.) for 20 min. They were washed well
and examined under fluorescent microscope
(Nicon fluorescence microscope). Control
preparation were treated by the same manner
with placenta-absorbed antibody solution.

3. Passive Immunization

The effect of anti-placenta antibody on
fertilization was examined by passive immuni-
zation based on the method developed for the
test of inhibitory action of anti-zona pellucida
antibody on fertilization!”,  Mature female
mice (JCL — ICR) were induced to superovulate
as described above. After 5 hr of PMSG injec-
tion, each mouse received an intraperitoneal
injection of 0.3 mf non-absorbed or absorbed
antibody solution. Control animals received
IgG solution form non-immunized rabbits as the
same manner. The female mice were mated with
males and 21-22 hr after hCG injection the
eggs were collected from oviducts. The eggs
were mounted in toto, stained with 0.25%
lacmoid, and examined for fertilization®). Eggs
which had male and female pronuclei in the
vitellus were considered to be undergoing fertili-
zation. Eggs which had fragmented or
degenerated vitellus were considered to be
abnormal. Effect of anti-placenta antibody on
early pregnancy in the mouse was also examined
by passive immunization. Female mice were
mated and the day on which vaginal plugs were



Plate 1
Immunofluorescent microphotographs of mouse unfertilized egg and embryos at
various stages of development. They were treated with anti-mouse placenta antibody
and FITC-conjugated anti-rabbit IgG antibody.
Fig. 1 Unfertilized egg  Fig. 2 Fertilizedegg  Fig. 3 2-cell embryo
Fig. 4 4-cellembryo  Fig. 5 Morula Fig. 6 Blastocyst
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Table 1 Effect of anti-mouse placenta antibody on the fertilization in the mouse

No. of No. of No. of eggs No. ofal
Treatment’ TS exemBhedtoiliatonts) ‘D
Normal rabbit IgG 5 85 72 (84.7) 12 (14.1)
Anti-placenta antibody 6 146 98 (67.1)% 43 (29.5)*
Anti-placenta antibody
(absorbed with 6 113 100 (88.5) 13 (11.5)

kidney & liver)

+ Single injection of 0.3 ml antibody solution was made into each mouse
5hr after injection of PMSG. 2
+ Statistical difference from control ; P <0.01 (x* test)

Table 2 Effect of anti-mouse placenta antibody on the early pregnancy in the mouse

No. of No. of Total Total no. of
Treatment* mice pregnant no. of abnormal
mated mice (%) fetuses fetuses(%)
Normal rabbit serum 9 7 (78) 73 4 (5.5)
Anti-placenta antibody
(absorbed with 11 8 (73) 1 5 (6.5)

kidney & liver)

* Three injections of antibody solution, 0.6 ml in total were made into
each mouse on days 3, 4 and 5 of gestation.

observed was designated day 1 of gestation. On
days 3 — 5, each mouse received intraperitoneally
with 0.2mf of kidney- and liver-absorbed anti-
body solution daily. On day 14 of gestation,
mice were killed and examined for the interrup-
tion of pregnancy. Control animals received
nonimmunized rabbit serum as described above.

Results

The expression of mouse placental specific
antigens on unfertilized eggs and early embryos
was examined with indirect immunofluorescent
antibody technique. = No fluorescence was
observed either in unfertilized eggs or in 1-cell
embryos (Plate 1, Figs. 1 and 2). On the other
hand, weak immunofluorescence was observed
on the surface of 2-cell embryo (Plate 1, Fig. 3),
and also on the 4-cell embryo, morula and
blastocyst (Plate 1, Figs. 4, 5 and 6). At any
stages, no fluorescence was observed on the zona
pellucida.  These results suggested that the

antigen(s) similar to the mouse placental specific
antigen(s) were expressed as early as 2-cell
stage embryo.

Table 1 summarized the effect of anti-mouse
placenta antibody on the fertilization after
passive immunization. In the control mice
received non-immunized rabbit IgG, 72 eggs from
85 were fertilized.  Non-absorbed antibody
inhibited the fertilization significantly. But
fertilization rate of the eggs from the mice
received kidney- and liver-absorbed antibody
was similar to that in the control group.
Abnormal eggs were increased by the treatment

- with non-absorbed antibody, but absorbed anti-

body has no effect on the incidence of abnormal
eggs.

Table 2 shows that the inhibitory effect of
absorbed anti-placenta antibody on early
pregnancy was not observed. The incidence of
abnormal fetuses was not different between
control and experimental animals.
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Discussion

The present study made it clear that mouse
unfertilized eggs and 1-cell embryos did not
have the placental specific antigen(s), while
the antigen(s) were expressed on the cell surface
of as early as 2-cell embryo (Plate 1). We
have shown that the antisera against mouse
placenta on day 14 or 15 of gestation react
with three placental specific antigens after
absorption with mouse kidney and liver
homogenates®), Although the absorbed anti-
body reacted with the surface antigen(s) of
early embryos, it is uncertain which one of the
three specific antigens is responsible.

There are several reports concerning the
specific surface antigens of mouse early embryos.
WILEY and CALARCO!? detected the placental
specific antigen(s) on the cell surface of early
embryos using the absorbed anti-placenta anti-
serum.  According to them, the antiserum
reacted with the ovarian and ovulated eggs and
embryos throughout preimplantation develop-
ment. These results differ from ours in recogniz-
ing the specific antigen(s) on unfertilized eggs or
I-cell embroys. MOSKALEWSKI and KOPROW-
sk1%) detected oocyte specific antigen(s) on the
cell surface of oocytes and early embroys.
MENGE and FLEMING?) reported that ovary
absorbed anti-mouse sperm antiserum reacted
with the embryos at the 4-cell stage to the
blastocyst. Since these two reaction patterns
of the antisera were different from our results,
it seems that we detected the different angiten(s)
from the oocyte or sperm specific antigens.
or sperm specific antigens.

In the passive immunization test, the absorbed
anti-placenta antibody had no effect on the
fertilization (Table 1). This may be due to the
absence of the placental specific antigen(s) on
the surface of ovulated eggs as shown in the
indirect immunofluorescent antibody assay.

The anti-placenta antibody did not influence
the early development of mouse embryos in vivo

(Table 2). Since placental specific antigen(s)
were present on the surface of embryos in this
stage of development, the antibody must interact
with the antigen(s). The reason why no effect
was observed is not clear, but early embryos
before implantation might have a defensive
mechanism against maternal immune attack.
JAMES®) suggested that the zona pellucida
deffended the embryos from the maternal
immune system. However, this seems unlikely
in the present case, since hatched embryos are
exposed to the antibody.

CALARCO and BANKA? examined the effect
of antiserum to an embryonal carcinoma cell
line on the early development of mouse embryos.
They detected the same antigens on the surface
of preimplantation embryos, but they found no
effect of antiserum on the development of
embryos in vitro. They suggested that the
antigens might loosely associate with the
membrane or shed in the response to the anti-
body binding. The same possibility cannot be
excluded in the case of the placental specific
antigen(s) on the surface of embryos.
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