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ABSTRACT: A phosphatidylinositol 3-kinase (PI3K) is a upstream component of insulin signaling by which protein synthesis can be
stimulated in many systems. To elucidate involvement of PI3K and its downstream mammalian target of rapamycin (mTOR) in the
insulin signaling in preimplantation mouse embryos, 8-cell embryos were cultured to blastocysts in the presence or absence of insulin
and / or inhibitor drugs. The number of blastomeres per blastocyst, protein synthesis, and protein phosphorylation were examined. There
was significant difference in embryonic development to blastocyst stage and hatching was potentiated by the insulin supplementation.
The increase in the mean cell numbers per blastocyst was apparent in the insulin culture. Wortmannin, a PI3K inhibitor and rapamycin,
an inhibitor of mTOR abolished the stimulatory effect of insulin on morphological development, mitosis and protein synthesis. In
autoradiography, phosphoproteins pp22 and pp30 which undergo phosphorylation in response to insulin were identified. Taken together,
it can be suggested that PI3K and mTOR engaged in insulin signaling in the mouse embryo 8-cell onward and mediate embryotropic
effect of insulin.
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growth factor-l (IGF-I) receptors was found in 8-cell mouse
embryo onward (Heyner et al., 1989b; Rappolee et al., 1990;
Schultz et al., 1990). Insulin and IGF family have been known
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to promote cell proliferation (Paria & Dey, 1990; Gardner &
Kaye, 1991; Harvey & Kaye, 1992), inhibit apoptosis (Herrler et
al, 1998; Moley et al, 1998), stimulate synthesis of nucleic
acids and protein (Heyner et al., 1989a; Harvey & Kaye, 1988;
Rao et al., 1990), glucose uptake (Pantaleon & Kaye, 1996), and
morphological development (Gardner & Kaye, 1991) of
preimplantation embryos. On the other hand, the increased cell
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death and expression of clusterin, a gene associated with the
apoptosis were reported in the blastocysts exposed to maternal
diabetes (Pampfer et al, 1997). Howéver, the molecular
evidences supporting the embryotropic effect of insulin was
poorly understood in mammals.

When a stimulatory agonist molecule binds at the exterior of
the cell membrane, a second messenger transduces the signal to
the interior of the cell. Second messengers can be derived from
phospholipids in the membrane by the action of the
phospholipase C or phosphoinositide-3-OH kinase (PI3K) (Toker
& Cantley, 1997). It has been suggested that the PI3K is
involved in the insulin signaling pathway, one branch leading
through protein kinase C (PKC) zeta to general protein synthesis
and one, through protein kinase B (Akt) and the mammalian
target of rapamycin (mTOR), to growth-regulated protein
synthesis and cell cycle progression (Mendez et al, 1997,
Yenush & White, 1997). PI3K is composed of two subunits
(Carpenter & Cantley, 1996), a regulatory 85 kDa subunit, which
contains the SH2 domains, and a 110 kDa subunit displaying the
catalytic site that confers sensitivity to wortmannin, a potent
inhibitor of PI3K (Arcaro & Wymann, 1993). Although the role
as second messengers of the 3-phosphorylated inositol lipids is
still not fully understood, it is clear that PI3K is found in
virtually all cell types (Carpenter & Cantley, 1996; Shpetner et
al., 1996). At the molecular level, PI3K has been reported to
affect the activities of p70S6 kinase (Karnitz et al., 1995), a
number of PKC isoforms (Toker and Cantley, 1997) and
mitogen activated protein kinase (MAPK) (Cross et al., 1994).
To uncover the insulin signaling in preimplantation mouse
embryo, the development, protein synthesis, and protein
phosphorylation were examined in the presence or absence of
PI3K inhibitor or mTOR inhibitor in combination with insulin.

MATERIALS AND METHODS

1. Embryo retrieval and culture

Six weeks-old mice (ICR strain) were injected with 5 TU of
pregnant mare serum gonadotropin (PMSG) and followed by
injection of 5 IU of human chorionic gonadotropin (hCG) 48 h
later, Hormone injected mice were mated with 3 months-old
males. Eight-cell embryos were collected by flushing the oviduct
and uterus with M2 medium (0.4% BSA) 68 h after hCG
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injection, placed in HTF medium (0.4% BSA, insulin-free) under
mineral oil, and cultured at 37°C, 5 % CO; in air and 100%
humidity. Embryos were cultured in the presence or absence of
insulin (Sigma, 400 ng/ml) and wortmannin (Sigma, 100 nM) or
rapamycin (Sigma, 1 uM) in the HTF medium (Quinn et al,
1985) for 60 h. Development of embryos to blastocysts was
recorded 12 h interval, and mean cell numbers per blastocyst
were evaluated at the end of culture. More than 56 embryos
were subjected to culture and chi square independence test was

done for statistical analysis.

2. Nuclear staining of blastocysts

Zona pellucidae was removed by brief incubation in acid
Tyrode solution (Hogan et al., 1994). After rinse in M2 / BSA,
zona-free blastocysts were fixed in 1% glutaraldehyde in
phosphate buffered saline (PBS), washed in PBS, and stained
with bisbenzamide (Sigma, 10 g g/mi in PBS) for 10 min. After
several washing in PBS, embryos were mounted in glycerol and
observation was done under epifluorescence microscope (BX50,
Olympus, WU filter block). More than 30 embryos per group
were evaluated for their cell numbers. Mean cell numbers per

embryo were statistically analyzed by Student's f-test,

3. Peptide labeling with radicisotopes

To label the newly synthesized peptides, 8-cell embryos
developed from 2-cell were preincubated for 15 min in the
presence  of [”S] Met (I mCiml, specific activity >
1000Ci/mmol}) in HTF. After brief washing in HTF, insulin and
inhibitors were introduced to culture, and embryos were
incubated for 2 h. At the end of labeling, 20 embryos were
washed with M2 and directly lysed in the sample buffer
(Laemmli, 1970). For the analysis of protein phosphorylation,
embryos were placed in phosphate-free HTF for 15 min before
labeling. Labeling was conducted in the presence of [’P]
orthophosphate (1 mCi/ml, specific activity > 1000Ci/mmol) and
1 mM sodium orthophosphate for 2 h in the presence or absence
of insulin and inhibitors. After labeling, embryos were washed
with M2 and directly lysed in the sample buffer (Laemmli,
1970). For fluorography, labeled samples were boiled for 5 min
at 100C and separated by SDS-PAGE in 10% acrylamide gel.
After electrophoresis, gel was stained with silver nitrate (Merril
et al., 1981) and followed by fluorography according to Bonner
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and Lasky (1974). For the autoradiography of labeled samples,
SDS-PAGE in 8% acrylamide gel and direct exposure to X-ray
film were conducted. Densitometric analysis of image on the

X-ray film was done using the Bioprofil (France) software.

RESULTS

1. Effects of insulin on the development of 8-cell embryos

Effects of insulin on the development of 8-cell embryos were
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summarized in Table 1. At the end of culture, there was a
significant difference in the embryonic development beyond the
blastocysts between insulin culture and control one (p<0.05). In
addition, in the presence of insulin, hatching was faster than
control one and percent of degenerated embryos decreased.
Developmental retardation and degeneration of embryos were
apparent in the presence of wortmannin (100 nM) or rapamycin
(1 uM) regardless of insulin. Rapamycin was the most potent in

degeneration of embryos regardless of insulin.

Table 1. The development of embryos in the presence or absence of insulin or inhibitor drugs

Total No. of embryos (% development)
Post hCG Treatment
Embryos M EB LB H D
C 56 52 (92.6) 2 (18) 2 (18)
I* 58 50 (86.2) 5(86) 3(52)
80he w 57 56 (98.2) 1(18)
+W 57 55 (96.5) 239
R 56 54 (96.4) 2 (36)
HR 56 54 (96.4) 2 (3.6)
C 56 22 (393) 4 (1) 31 (55.4)
I 58 16 (27.6) 5 ( 8.6) 37 (63.8)
92hr w 57 23 (404) 5(88) 29 (50.9)
I+W 57 27 (474) 4 (7.0 24 (42.1) 2 (35
R* 56 28 (50.0) 6 (10.7) 21 (37.5) 1 (18
HR* 56 28 (50.0) 6 (10.7) 21 (37.5) 1(18)
o 56 5 (89) 3 (54) 41 (132) 4 (7.1 3(53)
I* 58 4 ( 69) 1 (17 50 (86.2) 2 (34) 1 (17
104t W 57 10 (17.5) 4 (1.0 36 (63.2) 3 (53) 4(170)
T+ W* 57 13 (22.8) 1 (17.5) 32 (36.1) 2 (3.5) 10 (17.5)
R* 56 7 (125) 4 (11 32 (57.1) 13 (232
I+R* 56 8 (14.3) 32 (57.0) 2 ( 3.6) 14 (25.0)
c 56 1(18) 37 (66.1) 11 (19.6) 7 (12.5)
1 58 2 (34 38 (65.5) 14 (24.1) 4 (69
6 W 57 2 (3.5 33 (57.9) 9 (15.8) 13 (22.8)
+W 57 1(18) 31 (54.4) 10 (17.5) 15 (26.3)
R 56 2 (3.6) 26 (46.4) 8 (143) 20 (35.7)
+R 56 1(18) 2 ( 36) 22 (39.3) 10 (17.9) 21 (37.5)
C 24 14 (58.3) 4 (16.7) 6 (25.0)
I* 24 16 (66.7) 6 (25.0) 2 (83)
1280 w 24 19 (79.2) 5 (20.8)
+W 24 1 ( 42) 14 (583) 9 (37.5)
R* 24 14 (58.3) 1(42) 9 (31.5)
R 24 12 (50.0) 3 (12.5) 9 (37.5)

The compacted 8-cell mouse embryos collected at 68 h post hCG and cultured for 60 h. M, morula; EB, early blastocyst; LB, late blastocyst; H,
hatching; D, degencration; C, control; I, insulin; W, wortmannin; I[+W, insulin plus wortmannin; R, rapamycin; [+R, insulin plus rapamycin. Values
were obtained from three independent experiments. Significant difference between experimental groups was analyzed by chi-square test. *, p<0.05.
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2. Effects of insulin on the cell numbers of mouse
blastocysts

The effects of insulin and inhibitor drugs on the mean cell
numbers per blastocyst were summarized in Table 2. Insulin
treatment significantly increased the mean cell numbers of the
blastocyst compared to control culture (102.8+21.2 vs. 904+
17.9, respectively) (p<0.05). In the presence of wortmannin (100
nM) or rapamycin (1 uM), the mean cell numbers of the
blastocysts were significantly decreased (78.8+27.4 and 83.8+
19.7, respectively) (p<0.05). Inclusion of wortmannin or
rapamycin in the presence of insulin significantly (p<0.05)
decreased the mean cell numbers of the blastocysts (82.4+25.8
and 88.0+9.8, respectively) compared to insulin-treated embryos
(102.8+21.2) (p<0.05).

3. Protein synthesis and phosphorylation of embryos
Eight-cell in total

incorporation in response to insulin treatment (Fig. 1A). Insulin

embryos showed increase protein
increased general protein synthesis 1.2 fold. However, in the
presence of wortmannin or rapamycin, the potentiation of protein
synthesis by insulin was not observed (Fig. IB). Insulin
(Fig. 2A). Wortmanin slightly decreased the total protein
phosphorylation when compared to insulin treatment (Fig. 2B).
There was a specific increase in the phosphoproteins of embryos

treated with insulin. For example, phosphorylation of a 30 kDa

Table 2. The number of the blastomeres per blastocyst in the
presence or absence of insulin or inhibitor durgs

No. of Blastomere

Treatment No. of Embryos per Blastocyst
C 40 9040179
[ 38 1028 +21.2*
w 44 78.8027.4*%*
HW 30 82.40125.8**
R 35 83.80£19.7+*
+R 46 88.00 £9.80**

The compacted 8-cell mouse embryos collected at 68 h post hCG
cultured for 60 h and followed by nuclear staining. C, control; I, insulin;
W, wortmannin; I+W, insulin plus wortmannin; R, rapamycin; 4R,
insulin plus rapamycin. Values are represented by meantSE and
obtained from three independent experiments. Significant difference
between experimental groups was analyzed by Student's #-test. * and **
, p<0.05; *(vs. C); **(vs. I).
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Fig. 1. Protein synthesis of 8-cell embryos in response to insulin.
(A) Fluorography of 8-cell embryos after the culture in the presence
or abesence of insulin and/or wortmannin and rapamycin for 2 h. C,
control culture (no supplementation of insulin); I, insulin (400 ng/ml)
supplementation in culture; I+W, insulin+wortmannin (100 nM); I+R,
insulin + rapamycin (I uM). (B) Densitometric analysis of
fluorography. Relative density of each lane was analyzed by Bioprofil
system.

protein (pp30) increased 1.7 fold, and phosphorylation of a 22
kDa protein (pp22) increased 1.8 fold after insulin treatment
(Fig. 2B).

DISCUSSION

Results from this study showed that insulin treatment
significantly potentiated the development of 8-cell embryos to
blastocysts and increased the mean cell numbers per embryo. It
was reported that embryonic expression of insulin receptor
which mediates biological effect of insulin initiated at 8-cell
stage in mouse embryos (Heyner et al., 1989b; Rappolee et al,,
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Fig. 2. Protein phosphorylation of 8-cell embryos in response to
insulin. (A) Autoradiography of 8-cell embryos after the culture in the
presence or abesence of insulin and/or wortmannin and rapamycin for
2h. C, control culture (no supplementation of insulin); I, insulin(400
ng/ml) supplementation in culture; W, wortmannin(100 nM); [+W,
insulintwortmannin. (B) Densitometric analysis of autoradiography.
Relative density of each lane was analyzed by Bioprofil system. Total,
protein phosphorylation in total; pp30, phosphoprotein of Mr. 30 kDa
protein; pp22, phosphoprotein of Mr. 22 kDa protein.

1990). Therefore, it can be suggested that the embryotropic
effect of insulin was temporally coincident with the onset of
embryonic expression of cognate receptor at 8-cell stage. It has
been known that short term effect of insulin was metabolic
{Harvey & Kaye, 1988; Gardner & Kaye, 1991) and mitogenic
in long term (Harvey & Kaye, 1992) in mouse embryos.

However, even the absence of insulin supplementation, most of
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embryos developed to blastocysts. It suggested that the
development of embryo was not impaired in the absence of
insulin supplementation. Because of the embryonic expression of
receptor for some growth factors (Paria & Dey, 1990), it might
be resulted from paracrine or autocrine action of growth factors
in our experimental condition. The increment in cell number of
insulin-treated embryos was apparent, suggesting the mitogenic
effect of insulin in preimplantation mouse embryos. It has been
known that the morphological development of the early embryos
depends on the embryonic clock rather than cell number per
embryo (Satoh, 1982; Valdimarsson & Kidder, 1995). Taken
together, it can be suggested that culture condition which
guarantees paracrine and autocrine actions of embryo-derived
factor is sufficient for morphological development to blastocyst.
On the fluorography, there was 1.2 fold increase in total
amount of protein synthesis in insulin culture, coinciding with
Shi et al. (1994). However, no detectable increase in specific
peptides in response to insulin supplementation was found in
short term. The total protein phosphorylation in embryo
increased 1.3 fold by insulin. Intersetingly, the phosphorylations
of Mr. 30 and 22 kDa proteins were significantly enhanced by
insulin. It suggested that these proteins might be mediator or
target of insulin signaling in 8-cell embryos. Taken together, it
can be suggested that the embryotropic effect of insulin was
related to the changes in protein synthesis and phosphorylation.
Under the insulin supplementation, wortmannin attenuated the
development and the increase in cell mass of embryos in
response to insulin. It suggested that PI3K involved in insulin
signaling leading to mitotic activity in the mouse embryos.
When the rapamycin, an inhibitor of mTOR that is a
downstream target of insulin receptor signaling in animal cells
(Yenush et al.,, 1997) was added to embryo in the presence of
insulin, embryonic development was significantly impaired and
the mean cell numbers of blastocyst were also greatly reduced.
Inclusion of wortmannin or rapamycin in the presence of
insulin abolished effect of insulin on the protein synthesis and
phosphorylation. It suggested that PI3K and mTOR were closely
related to insulin signaling leading to potentiation of embryonic
development.
In summary, it suggested that insulin supplementation is not
essential for embryonic development to blastocyst. However,

insulin potentiated the mitotic activity, morphological develo-
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pment over the blastocyst, and protein synthesis and phosphor-
ylation of 8-cell embryos, suggesting the possible benefit of
insulin supplementation of in vitro culture of preimplamtation
embryos. Inhibition of embryotropic effect of insulin by wort-
mannin or rapamycin suggested that potentiation of embryonic
development by insulin might be mediated by upstream PI3K
and downstream mTOR and that insulin signaling was highly

conserved in animal development.
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