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INTRODUCTION

Growth factors produced by the preim-
plantation embryo and/or the reproductive tract
are available 1o influence embryonic de-
velopment and function in an autocrine/para-
rine manner (Rappolee et af., 1988; Paria and
Dey, 1990; Gandolfi, 1994; Harvey et al,
1995). Addition of physiological levels of
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growth factors from the various gene family
such as insulin, EGF, TGF to the culture medi-
um of early mouse embryos results in a broad
range of effects that include stimulation of
RNA and protein synthesis, increased rate of
cell division, increase in the cell number in
blastocysts and increase in the percentage of
cultured embryos that hatch from the zona pel-
lucida (Heyner et al., 1989; Wood and Kaye,
1989; Werb, 1990). Among the growth factors,



EGF is one of the most biologically potent mi-
togen (Carpenter and Cohen, 1979). Also, Wi-
ley et al. (1992) demonstrated that EGF-R is
expressed throughout preimplantation de-
velopment. It is already known that EGF
directly affect the rate of blastocoel expansion
through the EGF-R (Dardik and Schultz,
1991). Paria and Dey (1990) demonstrated that
the effect of EGF at blastocyst stage was con-
fined to trophectoderm (TE) cell by au-
toradiographic immunolocalization of using
'"“I-EGF binding. Recently, it reported that the
EGF-Rs were also expressed in inner cell
mass (ICM) cell as well as TE cell by using
immunosurgery and reverse transcription-po-
lymerase chain reaction (Dardik er al., 1992;
Brison and Schultz, 1996), although the direct
effect of EGF on ICM at preimplantation em-
bryo development was not proved yet. Howev-
er, our previous results showed that exogenous
EGF can stimulate the cell number of ICM
(1997).

Therefore, this study was carmried out to de-
termine whether EGF-R was expressed to
ICM cell obtained from mouse IVF/IVC blas-
tocyst by immunosurgery and indirect im-
munofluorescence.

MATERIALS AND METHODS
1. Production of mouse blastocysts in vitro

In vitro fertilization (IVF) and blastocysts
production were performed as the method des-
cribed by Kim et al. (1997). Briefly, animals
for IVF, from four to six week old F1 hybrid
female mice (C57BL/6 x CBA) and from
eight to ten week old F1 hybrid male mice of
the same strain, were used. For induction of
superovulation of female mice, 7.5 TU preg-
nant mare's serum gonadotrophin (Sigma) and
7.5 IU human chorionic gonadotrophin (Sigma)
were injected with 50 h interval. Also, IVF
and culture were undertaken in 50 ul drop of
M16 medium at 5% CO’ and 37°C incubator.
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Assessment of fertilization after IVF was con-
firmed by 2-cell cleavage on day 1. Blas-
tocysts used for this experiment were clas-
sified to early (ErB), middle (MB) and hatch-
ing blastocyst at 96 h after IVF according to
the developmental morphology (Kim et al,
1996).

2. Isolation of inner cell mass cells (ICMs)
by immunosurgery

ICMs were isolated from blastocysts by im-
munosurgery (Solter and Knowles, 1975) fol-
lowing removal of the zona pellucidae with 0.5
% pronase solution. The embryos were handl-
ed during immunosurgery in HEPES- buffered
Tyrode's medium (TALP-HEPES; Parrish et al,
1988) at 37C. To optimize the condition of
immunosurgery, firstly, blastocysts were treat-
ed in 10% of rabbit anti-mouse serum
(Antiserum, Sigma) for 15 - 30 min., secondly,
embryos were treated in 20% of guinea pig
serum {Complement, Sigma) for 15 - 60 min.
Also, several steps were taken to remove com-
pletely contaminating TE cells from the ICMs;
blastocysts were incubated for 30 min. in
working medium following immunosurgery to
allow the lysed TE cells to slough off; a series
of pipettes of progressively smaller internal di-
ameter were used to strip away all of the re-
maining TE cells. Then, isolated ICMs were
assayed immediately for cell viability and cell
surface expression of EGF-R.

3. Assessment of viability of isolated
ICMs by live/dead staining

To confirm the viability following im-
munosurgery, ICMs were treated in live/dead
assay (Molecular Probes, Inc). Briefly, the as-
say permits the simultaneous determination of
live and dead cells with two proves that meas-
ure two recognized parameters of cell viability,
intracellular esterase activity and plasma mem-
brane integrity. Live cells are distinguished by
the presence of intracelluar esterase activity.



Esterase activity is measured by the flu-
orescence generated by the enzymatic hy-
drolysis of calcein-AM. The substrate hy-
drolysis yields the intensely fluorescent pro-
duct, calcein. Fluorescence microscopy has
shown that live cells generate an intense un-
iform green fluorescence. Also, dead cells are
distinguished by the staining of nucleic acids.
The nucleic acid stain, ethidium homodimer, is
excluded from live ceils. The nuclei of cells
with damaged membranes label rapidly and
fluoresce red. Assays were performed at room
temperature. Preincubated 1CMs were treated
with live/dead staining solution (final con-
centration; 2uM of calcein-AM and 4uM of
ethidium homodimer) for 20 min. Then, ICMs
were thoroughly washed with TALP-HEPES,
transferred on a slide glass and observed im-
mediately with an inverted phase-contrast mi-
fitted with il-

croscope epifluorescence

lumination.

4. Detection of EGF-R on ICMs by
indirect immunofluorescence

To detect EGF-R, ICMs were treated with
mouse EGF (Sigma), control medium (TALP-
HEPES), rabbit anti-mouse EGF (Sigma) and
FITC- conjugated goat anti-rabbit IgG (Sigma).
Assays were performed at 4. All antibody
solutions were centrifuged immediately prior
to use. Living embryos were processed through
the following steps; (1) 100 ng/ml EGF in
PBS, 1h; (2) washing sufficiently; (3) antibody
to EGF diluted 1:50 with TALP-HEPES, 2h;

Table 1. Rates of fertilization and development of
mouse IVF embryo (r=4)

No. of Development to blastocysts
No. of * i at 96 h after IVF (%)
oocytes
(%)  >Bla. EfB MB HgB
324 255 24 27 51 146
(78.7) (87.8) (12.1) (22.8) (65.2)

Bla.; Blastocyst, ErB; Early blastocyst, MB; Middle
blastocyst, HgB; Hatching blastocyst
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(4) washing completely; (5) FITC-conjugated
goat anti-rabbit IgG diluted 1:50 with TALP-
HEPES, 4h. And then they were washed com-
pletely, transferred on a slide glass and ob-
served immediately with fluorescence mi-

Croscope.
5. Statistical analysis

Difference in recovery rate of ICMs ac-
cording to the time variation of cytotoxicity
treatment was compared using the Chi-square
test (p<0.05).

RESULTS AND DISCUSSION

1. Development of mouse preimplantation
embryos

In vitre fertilization rate of mouse eggs
through the 4 replicated experimentation was
78.7% and blastocysts rate at 96 h after IVF
was 87.8% from the 2-cell embryos. Blas-
tocysts used in this experiment were selected
from middle to hatching blastocysts and de-
velopment rates of each blastocysts were 22.8%
and 65.2%, respectively.

2. Optimization of recovery of ICMs
following immunosurgery

Determination of exposure time to antiserum
Table 2. Cytotoxicity of rabbit anti-mouse serum

(antiserum) and guinea pig serum (complement)
against mouse IVF/IVC blastocyst

Exposure time No. of ICMs
(min.) separated/Total no. of .Cfﬁ.l .
e . viability
Anti-  Comple- embryos examined %)
serum ment (%)
15 15 2/25 ( 8.0) 2 (100.0)
15 30 11/35 (3147 11 (100.0)
30 30 20/35 (57.1f 19 ( 95.0)
30 60 32/38 (84.2) 30 ( 93.8)

*Cell viability was defined as the intense uniform
green fluorescence formed on surface of ICM by
live/dead staining method

*'Means in the column without common superscripts
are significantly different (P<0.05).



IVC blastocysts by immunosurgery. (B) L/13 with calcein
corresponding phase micrograph {A). It shows that trophe
post immunosurgery (arrow, B). (D) IIF with the binding be

srn maouse TVE/
:r {dead-ved), and
o of dead on ICMs
responding phase

micrograph (C). All ICMs show that EGF-Rs are expressed on oeli s

and complement for immunosurgically iso-
lating ICMs was presented in Table 2. As
shown in Table 2, when blastocysts were ex-
posed to antiserum for 15 - 30 min. and then
transferred them to;complement for 15 - 60
min., recovery rates of isolated ICMs were 8.0
- 84.2%. Especially, the best recovery (84.2%)
of ICMs was obtained when exposure time to
antiserum and complement was 30 min. and 60
min., respectively. In addition, when viability
of isolated ICMs after immunosurgery was as-
sessed by live (calcein; green) and dead
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{ethidium honudimer; ted} ataining method, in
all groups viability (93.% - 100.0%) of isolated
ICMs were noi damaged if separated from TE
cell (Table 2 and Fig. 1B).

3. Detection of EGF-R on ICMs by
indirect immunofluorescence

Expression of EGF-R on ICMs recovered
from blastocysts post immunosurgery was ex-
amined. As indicated in Table 3, fluorescence
emission of EGF treatment group was 89.3%
when compared with control group (0.0 %). In



Table 3. Expression of EGF-R on ICM of mouse
IVEF/IVC blastocyst

Rate (%) of

. No.of No. (%) of
Treatment blastocysts isolated ICM ﬂuor.es:cent
: emission
Control .25 18 (72.0) 0 (00
EGF (+) 35 28 (80.0) 25 (89.3)

“Control; ICMs were treated with TALP-HEPES,
rabbit anti-mouse EGF and FITC-conjugated goat
anti-rabbit IgG.
EGF(+); ICMs were treated with mouse EGF,
rabbit anti-mouse EGF and FITC-conjugated goat
anti-rabbit IgG.

our previous study (Kim ef al., 1997), we de-
monstrated that stimulating effect of EGF with
the development level was significantly in-
creased after 4-cell stage and that ICM pro-
portion also showed the increased pattern with
the developmental level in the EGF treatment
group although there is not significantly dif-
ferent. Also, we indicated that the expression
of EGF-R by indirect immunofluorescence
(IIF) was detected after 4-cell stage. In this
study, we detected the expression of EGF-R
on ICM cell obtained from mouse IVEAVC
blastocyst by IIF (Fig. 1D). This result is con-
sistent with study described by Wiley er al.
(1992) and Dardik et al. (immunogold EM
methods, 1992). In addition, Brison and Schultz
(1996) indicated the quantitative information
on relative levels of mRNA of EGF-R in the
ICM cells and TE cells by using reverse tran-
scription-polymerase chain reaction. Possibly,
exogenous EGF and EGF-R, ligand-receptor
pair, are likely to play a role in ICM since our
previous results (Kim et al, 1997) showed
that EGF could stimulate the cell number of
ICM cell as well as the that of TE cell. There-
fore, in basis of these results, we indicate that
EGF-R expression on the ICMs can stimulate
the higher usablity of exogenous EGF to im-
prove the preimplantation embryo develo-
pment in vitro.
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SUMMARY

-This study was undertaken to examine the
expression of EGF-R protein on ICM obtained
from mouse IVF/IVC blastocyst by
munosurgery and indirect immunofluorescence
(IF). ICM cells used for this experiment were
obtained from immunosurgery of mouse blas-
tocysts produced at 96 h after IVF, and re-
covered ICMs were assayed for cell viability
and expression of EGF-R. The results obtained

im-

in this experiment were summarized as fol-
lows: when blastocysts were exposed to rabbit
anti-mouse serum (antiserum) for 15 - 30 min.
and then transferred them to guinea pig serum
{complement) for 15 - 60 min., recovery rates
of isolated ICMs were 8.0 - 84.2%. Especially,
the best recovery (84.2%) of ICMs was ob-
tained when exposure time to antiserum and
complement was 30 min. and 60 min., respec-
tively. In addition, when viability of isolated
ICMs after immunosurgery was assessed by
live/dead staining method, in all groups vi-
ability (93.8 - 100.0 %) of isolated ICMs were
not damaged if separated from TE cell. Also,
we detected the expression of EGF-R on ICM
cell by IIF. Therefore, these results suggest
that EGF-R expression on the ICMs can stimu-
late the higher usablity of exogenous EGF to
the
velopment in vitro.

improve preimplantation embryc de-
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