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INTRODUCTION

Epidermal growth factor(EGF), a heat-sta-
ble, single chain polypeptide of 6045 daltons,
was first discovered by Cohen(1962) in the
submaxillary gland of mice. Human EGPF,
also known as urogastrone, was discovered in
human urine and is very similar to mouse
EGF in molecular structure(Gregory, 1975;
Cohen and Carpenter, 1975). Both human
and mouse EGF elicit the same biological
responses and compete for the same cell
membrance receptors(Hollengerg and Grego-
ry, 1977).

The recognized biological actions of EGF
are stimulation of cellular proliferation and
inhibition of gastric secretion, but its physio-
logic funetion has not been well defined. The
EGF receptor, a cell surface polypeptide of
170,000~180,000 daltons, binds specifically
to cell membranes derived from a variety of
human(Rao et al., 1984), rat{O’keefe et al.,
1974), mouse(Adamson and Meek, 1984),
chicken(Savage and Cohen, 1973) and bovine
(Gospodarowicz et al,, 1977) tissue.

Some investigators have postulated that
EGF has a role in stimulating embryonic and
feto-placental growth(Nexc et al., 1980;
Adamson et al.,, 1981; Thorburn et al,, 1981)
and in stimulation of secretion of chorionic
gonadotropin and placental lactogen(Wilson
et al., 1984; Morrish and Siy, 1985). Howev-
er, there are no published data on EGF influ-
ence for implantation. Thus, we carried out
study and report the results of our investiga-
tion to determine the relationship between
binding EGF receptors and implantation of
rabbit blastocyst.

MATERIALS AND METHODS

Materials

Adult female New Zealand white rabbits
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weighing between 2.7 and 3.2kg were mated
with fertile bucks. The day of mating was
designated as day O. Eight groups of rabbits
were studied. In the control group, non-
pregnant unmated female rabbits were used
and pregnant groups were divided according
to the days after coitus(day 3, 5, 7, 14, 18, 24
and 27). Uterine horns were recovered by lap-
arotomy (Khan-Dawood and Dawood, 1984)
and the implantation sites of uterine horns
were separated from the interimplantion sites
as described by Wide and Wide(1979) and
placentae were dissected free of fetal mem-
branes and decidua basalis and divided to
fetal and maternal placenta. All these speci-
mens were frozen at -70°C.

Receptor Preparation

All tissues were thawed quickly and was-
hed with chilled 0.9 percent saline just before
homogenization. The tissue was then homoge-
nized for 30 sec. with a Tissumizer homoge-
nizer(Tekmar Company, Cincinati, Ohio) at 4
C in 10mM Trishydrochloride buffer(pH7.0),
containing 250mM sucrose and 1mM CaCl,.
The homogenate was centrifuged at 800 xg
at 4°C for 15 minutes. The resulting superna-
tant was again centrifuged at 100,000 xg at
4C for 60 minutes to get the plasma mem-
brane fraction. The 100,000 xg pellet was
then resuspended In 5mM Tris-HCI buffer
(pH7.0), containing 125mM sucrose, 0.5mM
CaCl,;, 75mM NaCl and 0.5% bovine serum
albumin. The protein content in homogenate
aliquots was determined by the method of
Lowry et al(1951) using BSA as the stan-
dard and stored at -70°C until used.

Reagents

Mouse EGF and rabbit EGF antisera were
obtained from Collaborative Research Inc.
(Bedford, Massachusetts). Sodium iodide I -
125 solution was obtained from Amersham
Corp.(Arlington Height, Illinois).



Receptor Binding Studies

125 1 -mouse EGF was prepared by iodina-
ting mouse EGF with '® 1 (specific activity
16.9mCi/pg iodine; Amersham Corp.) accord-
ing to the chloramine-T method(Hunter et
al., 1963). Free unincorporated iodine was re-
moved by absorption with Hycel resin beads
(Hycel Inc., Houston, Texas). The radioiodi-
nated mixture was purified by gel filtration
on a Sephadex G-25 column(0.9 by 17Cm).
The specific activity of final purified ®1 -
mouse EGF varied between 160 and 2104Ci/
ug.

Fifty microliter aliquots of plasma mem-
brane preparation containing 300-600xg ho-
mogenate protein were incubated for 2 hours
at 22°C with 50l of increasing concentration
of 1 -EGF (about 3,000-50,000cpm), 5mM
Tris-HCl buffer(pH7.0; containing 125mM
sucrose, 0.5mM CaCl,;, 75mM NaCl and 0.5%
bovine serum albumin) with or without 504l
of 100-fold excess unlabelled EGF. The total
incubation volume was 200gl. The reaction
was terminated by the addition of 200l
chilled 10mM Tris-HC] buffer(pH7.0). The
mixture was then centrifuged at 10,000 xg
for 30 minutes at 4C. The supernatant was
aspirated and the pellets were counted for 1
minute In a r-counter(Beckman Instruments
Inc., Palo Alto, California) with a counting
efficiency of approximately 93% for ®1.
The EGF receptor specific binding to *1 -
mouse EGF was analyzed by five point
Scatchard plots(Scatchard, 1949) for each in-
dividual tissue specimen and the respecitive
binding parameters, including the number of
binding sites, the association constant(Ka)
and the dissociation constant(Kd) were deter-
mined.

Statistical analysis

Differences in EGF receptor concentrations
before and after mating, from one day to an-

other, between implantation and interimp-
lantation sites of the uterus and between fetal
and maternal placentae were analyzed for
statistical significance by means of nonpaired
Student’s t test and a two-tailed p value. P
values>0.05 were considered to be not signif-
icant.

RESULTS

Epidermal growth factor receptors in
uterine tissues

The levels of EGF binding capacity in the
implantation and Interimplantation sites of
rabbit uterus are shown in Fig. 1. The mem-
brane fraction of uterine tissue had det-
ectable EGF receptors as measured by the
specific binding of 1 -labeled EGF. The
EGF receptor level was 1.77 £0.39 X 10 *mol
/ug prorein before mating and increased sig-
nificantly to 4.72+0.16 X 10" mol/ug of pro-
tein 3 days after mating(p<0.01) and de-
creased to 1.88+0.21 X 107 *mol/ug of protein
5 days after mating and increased again
markedly to 20.33 £6.58 X 10™*mol/ug of pro-
tein 7 days after mating(implantation time)
in the implantation sites(p < 0.05), but re-
mainde low(1.85+0.51) 7 days after mating
in the interimplantation sites. At day 7 pos-
tcoitum, embryonic implantation sites were
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Fig. 1. *** 1 -EGF binding to implantation and
interimpantation site of rabbit uterus.
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Fig. 2. EGF receptor binding to fetal and ma-
ternal placenta of rabbit.

observed from all pregnant uterine tissues. At
day 14 postcoitum, the EGF receptor concen-
tration of implantation sites was 4.73+0.73 X
107 ®mol/ug of protein, showing marked de-
crease compared to day 7 postcoitum. And
thereafter EGF receptors remained signifi-
cantly higher in implantation sites than in
nonpregnant control group and interim-
plantation sites on days 18, 24 and 27(p<0.
01, p<<0.05).

Epidermal growth factor receptors in
placental tissues

Fig. 2. shows the number of EGF receptors
in the fetal and maternal placental tissues of
rabbits. At days 14 after mating, fetal and
maternal placenta were separated from
uterine implantation site. EGF receptor num-
ber was measured from all placental tissues
excluding maternal placental tissue on days
18 after mating. On day 14, the number of
EGF receptors measured from the fetal pla-
centa was 11.94+£1.97 x10 ®mol/ug of pro-
tein, which was significantly higher than the
control group and the maternal placental tis-
sue(p<0.01), but a decreasing value was ob-
served on day 18, 24 and 27. However, specif-
ic binding of iodinated EGF was not present
on day 18 of maternal placenta and binding
capacity of maternal placenta showed de-
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creased levels compared to fetal placenta
from days 14 through 24 after mating. But,
on day 27, immediately before delivery, ma-
ternal placenta showed the higher EGF recep-
tors compared to fetal placenta.

DISCUSSION

Recently there are new methods introduced
in dealing with infertility such as in vitro fer-
tilization and embryo transfer that are well
accepted. However, further development has
been limited due to difficulty in embryonal
implantation as well as rather high failure
rate of pregnancy even after successful fer-
tilization and in vitro development(Edwards
and Fishel, 1987). The exact mechanism of
implantation is not fully understood but it is
postulated that embryo, uterine tissue and
intrauterine secretion are interrelated by
well organized hormonal control that may
regulate the embryo implantation(Biggers,
1981). Especially, around the time of im-
plantation, maternal blood flow has no direct
effect on fetus and there 1s no any embryon-
ic blood flow itself. Thus, it may be autoc-
rine or paracrine hormonal effect rather
than endocrine.

It bas been postulated that rabbit embryo-
nal implantation occurs on days 7 after mat-
ing and that implantation site is controlled
by chorionic gonadotropin, chorionic gonado-
tropin like structure(Haour and Saxena,
1974; Fujimoto et al.,, 1975; Asch et al,
1979; Ellinwood et al., 1979), or estrogen
secreted by embryo itself(Dickman et al,
1976; Psychoys, 1976; Dickman, 1979).
However, the recent studies done by Khan-
Dawood and others with the rabbit con-
firmed that F-HCG and F-HCG receptors
are present in embryo but not f~-HCG recep-
tors In uterine tissue(Khan-Dawood and
Dawood, 1984). The same authors additio-
nally suggested that there were the signifi-



cantly increased level of estrogen receptors
in the implantation site and the estrogen
concentration in cellular fluid at the same lo-
cation was not increased(Khan-Dawood and
Dawood, 1984). Furthermore, Martel and
Psychoyos(1981) reported that mouse em-
bryo did not produce estrogen and there
were a few estrogen receptors in embryonal
implantation sites.

In our experiment, the number of EGF re-
ceptors was significantly higher than that in
non-pregnant control group at day 3 after
mating(p<0.01). These data are in agree-
ment with Khan-Dawood and Dawood
(1984) in which estrogen and estrogen re-
-ceptors measured from rabbit uterine flush-
ing and uterine tissue showed similarly in-
creased levels on days 3 after mating. This
characteristics as well as the marked in-
creasing EGF receptors on day 7{(implanta-
tion time) of Implantation sites suggests
that EGF may play an important role in the
preparation of embryonal implantation on
uterine tissue.

The exact mechanism of EGF effect on
embryonic implantation is unclear. But Wil-
son et al.(1984) and Morrish and Siy(1985)
reported that EGF stimulates the secretion
of HCG and HPL from cultured term human
placenta and Bahn et al.(1980) confirmed
that EGF in cultured choriocarcinoma cell
causes increased production of progesterone
and Greene and Lloyd(1985) also empha-
sized that EGF stimulates mesenchymal cell
of embryonic palate to increase the capacity
of prostaglandin synthesis. Thus, further
studies on the interaction between EGF and
other hormones such as HCG, HPL, estro-
gen, prostaglandin and progesterone may
broaden the knowledge on embryonic im-
plantation. Moreover, in the present investi-
gation with placenta, the level of EGF recep-
tors in fetal placenta were significantly
higher than the maternal placenta especially
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on days 14 after mating. Thus, we postulate
that the source of EGF may be derived from
fetal side rather than maternal one. Howe-
ver, our results contradicts with Rao et al.
(1985), who confirmed that EGF receptors
are present on the microvillous plasma mem-
brane near the maternal blood flow at term
human placenta using autoradiography. This
contradiction may be the result of using
only term placenta. Because we obtained
similar result on term rabbit maternal pla-
centa(day 27) having higher EGF receptors
to fetal placenta.

Smith and Talamantes(1986) revealed
that the EGF receptors of mouse placenta
were lowest in number on days 14 after
mating compared to day 10 and day 17.
Brown et al.(1987) measured the EGF re-
ceptors in 35 human placentas at last tri-
mester and confirmed that EGF receptor
binding capacity increased with respect to
the duration of pregnancy. Our results also
reveals that the EGF reseptors of fetal pla-
centa were maximum in number on days 14
after mating and had a decreasing levels on
day 18, 24 and 27. On the other hand, the
EGF receptors of maternal placenta was
maximum in number on days 27 after ma-
ting.

In conclusion, our study In the rabbit indi-
cates : (1) Specific EGF receptor binding
was detected from uterine and placental tis-
sues; (2) On day 3 postcoitum{(before im-
plantation). EGF receptors of uterine tissue
were significantly higher in number than
control group’s(unmated); (3) On day 7
postcoitum (implantation time), the number
of EGF receptor was maximum at the im-
plantation site of uterine tissues; (4) On
day 14 after mating(after implantation), the
EGF receptors of fetal placenta was mark-
edly higher in number compared to maternal
placenta; (5) Thus, our data suggest that
EGF plays a major role in the implantation



of rabbit embryo and the source of EGF is

derived from fetal side.
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