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systems include defining essential factors

1. INTRODUCTION necessary for full developmental capacity.

Growth factors are considered to be essential

In vitro development of bovine embryos is components in IVM and IVC and have been
known to be developmentally slower with fewer shown to act in both a paracrine and /or
embryos reaching the blastocyst stage compared autocrine fashion(Heyner et al., 1993; Kane et
to in vivo development. A wide range of studies al., 1991: Nilson-Hamilton, 1989). The addition
have been aimed at improving in wvifro matu- of several growth factors including epidermal
ration (IVM) systems and /or culture systems growth factor, transforming growth factor-a,
(IVC). The improvement of IVM and IVC transforming growth factor-8 and/or insul-
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in-like growth factor-I in IVM or IVC system
for embryo development has been reported in
murine and bovine embryos(Coskun et al., 1991;
Flood et al., 1993; Herrler et al., 1992; Keefer,
1992; Larson et al., 1990; Lorenzo et al., 1993:
Paria and Dey, 1990; Park and Lin, 1993; Yang
et al., 1993).

Transforming growth factor-@(TGF-g)and in-
sulin-like growth factor(IGF-1) are know to be
produced by follicular cells and are involved in
granulosa cell growth ¢n wvitro(Adashi et al.,
1985: Schams et al., 1988; Skinner et al., 1987).
This may account for the beneficial effect of
coculture with granulosa cells in IVM or IVC
system (Berg and Brem, 1990: Critser et al.,
1986. Fukui and Ono, 1989: Goto et al., 1992
Mochizuki et al., 1991: Suh et al., 1993) for the
improvement of embryo development. More-
over, mRNA transcripts for TGF-8 and receptor-
s for IGF-I in bovine preimplantation embryos
were found suggesting a possible role for these
growth factors during embryo development
(Rappolee et al., 1988, 1990; Watson et al., 1991,
1992). Nevertheless, any direct beneficial ef-
fects of these factors is still unclear as a func-
tion of the culture conditions(Herrler et al,,
1992; Keefer, 1992). The purpose of this exper-
iment was to evaluate the effect of TGF-£1 and
IGF-I in bovine oocyte maturation, in the pres-
ence and absence of serum, on fertilization and
subsequent embryo development to blastocyst.
Further, to evaluate various concentration of
these growth factors for the ability to promote
development of 8-cell bovine embryos to blasto-

cyst stage during in vitro culture.

[I. MATERIALS AND METHODS

Transforming growth factor-g1 (TGF-g1, Cal-
biochem. Cat. # 619350) was dissolved in 4mM
HC1 and stored at —80C. The tubes and hand-

ling pipettes for TGF-£1 were siliconized with
dimethyldichlorosilane (Sigma). Insulin-like gro-
wth factor-I (IGF-1, Boehringer Mannheim Bioc-
hem. Cat.# 1048058) was dissolved in 10mM
HC1 and stored at —20<C.

Ovaries were obtained form cows and heifers
at a local slaughterhouse and were transported
in sterile saline(0.9% NaCl) at room tempera-
ture to the laboratory within 3~4 h of slaugh-
ter. Ovaries were washed once with 70% etha-
nol and twice with sterile saline. Cumulus-ooc-
yte complexes (COCs) were recovered in TL-
HEPES (Bavister, 1989) medium by dissection
and subsequent rupture of follicles of 2~6mm in
diameter using a scalpel and the COCs were was-
hed three times with TL-HEPES. Only cumu-
lus-oocyte complexes with evenly granulated
cytoplasm and 3~5 complete layers of compact
cumulus cells were selected and used for this
experiment. The medium used for i» vitro matu-
ration was TCM-199 (Earles salt with L-gluta-
mine and 25mM HEPES. Sigma Cat # M2520)
supplemented with or without 20% fetal bovine
serum (FBS, Hyclone Lab. Inc., Cat # A-1115)
with 0.05.g /ml FSH (NIH-0FSH), 1xg /ml LH
(NIH-bLH) and lpg/ml estradiol-178(Sigma).
Ten cumulus-cocyte complexes were cultured in
each 1 ml drop of medium in Nunclon multidish
(Nunc. Cat # 176740) covered with sterile-filter-
ed paraffin oil at 38.5C in 5% COQ, in air with
maximum humidity for 24 h.

Frozen Wagyu semen (IVF-tested fertile bul-
Is) was thawed at 37C for 1 min, overlaid on top
of 45% and 90% Percoll (Sigma) bilayer and cen-
trifuged at 300X g for 30 min at room tempera-
ture. The sperm pellet was suspended in 10ml of
Sp-TL (Parrish et al., 1985) medium (pH 7.4),
centrifuged at 300X g for 10min and resuspended
in Sp-TL medium to a final concentration of
25X 10° cells /ml. Matured oocytes were washed
three times in TL-HEPES medium, transferred
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to IVF-TL(Bavister and Yanagimachi, 1977)
medium (pH 7.4) containing 5 units /ml heparin
(Elkins-Sinn Inc. NJ) and 6mg/ml fatty acid
free BSA (Sigma. Cat. # A-8806), and fertil-
ized at a final concentration of 1x10°¢ cells /ml
(40 4d of Sp-TL).

After 24 hours of sperm-egg incubation, the
embryos were washed three times in TL-Hepes
medium, transferred to CZB medium without
glucose (Chatot et al., 1989) for 48 h. Cumulus
cells were removed by vortexing for 30 sec and
the resulting embryos were washed 2X in
TL-HEPES. Cleavage retes were determined at
this time for Exiperiment 1. The embryos were
cultured in 1 ml drop of TCM-199/20% FBS
covered with sterile-filtered paraffin oil. Culture
medium was replaced every 48 h and the devel-
opment to the blastocyst stage was observed at
70x magnification during 7 days of incubation.

Experiment 1 was designed to evaluate the ef-
fect of TGF-81 and IGF-I in the presence or ab-
sence of serum during ix vitro maturation on sub-
sequent embryonic development. The concen-
trations of TGF-81 and IGF-I in media were 10

ng /ml each. Experiment 2 was designed to eval-

uate the effect of various concentrations of

TGF-B1 and IGF-I in the presence of serum on
8-cell enbryo development to blastocyst. Ei-
ght-cell embryos obtained following 3 days of
culture after sperm-egg incubation were cul-
tured in the medium for 4 days. Growth factors
were added to the medium in the beginning of
culture in TCM-199 and the concentrations of
TGF-g81 were 5, 10 ng/ml and those of IGF-1
were 5, 10, 50, 100 ng /ml. The data were anal-
yzed by Analysis of Variance using general lin-
ear model{(GLM) procedure of SAS(SAS Inst.
Inc., 1985).

. RESULTS

No significant differences between control and
treated groups in cleavage rete and develop-
ment to blastocyst stage were observed in the
presence of serum (Table 1). In the absence of
serum during bovine oocyte maturation, signifi-
cantly more oocytes cultured in the medium sup-
plemented with TGF- 1 cleaved and developed
to the blastocyst stage when compared to con-
trol (p<0.05). The supplementation of IGF-1 or
TGF- 1 combined with IGF-I in serum-free me-

dia exhibited a trend toward greater develop-

Table 1. Effect of growth factors in in vitro maturation medium on subsequent bovine embryo de-

velopment in vitro

Treatment No. oocytes % cleaved (No.) % Morula (No.) % Blastocyst (No.)
With serum
Control 39 79.5 (31) 58.9 (23) 28.2 (11)
IGF-I 39 66.7 (26) 56.4 (22) 33.3(13)
TGF-81 39 82.1 (32) 66.7 (26) 33.3 (13)
IGF-I+TGF-81 39 89.7 (35) 69.2 (27) 46.2 (18)
Serum free
Control 30 53.3 (16)® 20.0 ( 6) 3.3(1)®
IGF-1 36 52.8 (19)° 22.2( 8) 16.7 { 6)*
TGF-81 42 81.0 (34)® 40.5 (17) 23.8 (10)®
IGF-I+TGF-p1 39 69.2 (27)® 41.0 (16) 17.9 ( 7)%®

&b Different superscripts within the same columns are significantly different (p<0.05)
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Table 2. Effect of growth factors on in vitro development of eight-cell bovine embryos produced by

IVM/IVF
Treatment (ng /ml) No. embryos % Morula (No.) % Blastocyst (No.)
Control 31 74.2 (23) 25.8 ( 8)°
TGF-81 5 28 82.1 (23) 42.9 (12)*
10 28 67.9 (19) 50.0 (14)°
IGF-1 5 37 56.8 (21) 29.7 (11)*
10 28 71.4 (20) 32.1( 9)*®
50 27 5(22) 37.0 (10)%®
100 26 61.5 (16) 30.8 ( 8)®

2® Different superscripts within the same column are significantly different (p<0.05)

ment to blastocyst.

The supplementation of 10 ng /ml of TGF- 1
to the culture medium improved the develop-
ment of 8-cell stage embryos to the blastocyst
stage compared with that of the control group
(p<0.05). There were no significant differences
found between various concentrations of IGF-I
and the control (Table 2). Although no differ-
ences were observed between the treatments of
TGF-8, a concentration of 10 ng /ml of TGF-81
was more beneficial in improving 8-cell develop-
ment to blastocyst in serum-containing medium

when compared to the control.
V. DISCUSSION

This study showed that in the presence of ser-
um, the supplementation of growth factors to
the oocyte maturation medium had no effect on
cleavage and subsequent embryo development
to the blastocyst stage. However, Lorenzo et al.
(1993) reported improved fertilization rate by
the supplementation of IGF-I to a bovine cocyte
maturation medium consisting of TCM-199 con-
taining 10 % estrous cow serum (ECS). They
used a higher concentration of IGF-I (100
ng /ml) in conjunction with EGF (50 ng/ml)
when compared to this study. In a similar exper-
iment, Herrler et al. (1992) added IGF-I (50

ng /ml) to their bovine oocyte maturation me-
dium of TCM-199 + 20% ECS, and found no
beneficial effect on cleavage or development to
the blastocyst stage (20%) compared to control
(16%). The positive results with 10% ECS +
100 ng /ml IGF-I and the absence of an effect in
20 % ECS+50 ng /ml IGF-I, suggests that grow-
th factors addition is dependent on original ser-
um concentration in the medium, Serum is kno-
wn to contain many growth factors(Maurer,
1986). The addition of growth factors to media
containing serum may be ineffective due to the
already high levels present in serum. The res-
ults of this study showed that the addition of
growth factors in the 20% serum-containing
TCM-199 had no effect,

Recently, many researchers have focused on
the expression of growth factor genes and rec-
eptors in preimplantation embryos(Rappolee et
al., 1988, 1990: Watson et al., 1991, 1992). Tran-
scripts for TGF- mRNAs appeared immediately
after fertilization in murine embryos (Rappolee
et al., 1988) and have been detected at all stag-
es of early development in bovine embryos (Wat-
son et al., 1992). The mRNAs encoding the rec-
eptors for IGF-I (Watson et al., 1991), and rec-
eptors for IGF-1 (Watson et al., 1992) have also
been detected throughout bovine preimplanta-

tion development. These findings support the
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result of Yang et al. (1993), which showed the
beneficial effect of TGF-8 on bovine embryo de-
velopment and those of Larson et al. (1990),
which showed the development promoting ef-
fect of TGF-£ beyond the bovine 8-cell block in
defined medium. The development of murine
embryos in culture was improved by the ad-
dition of TGF-£ and EGF, with IGF-I having no
effect on embryo development (Paria and Dey,
1990) which is consistent with the present study
involving bovine embryos. However, the result
of Keefer (1992) showed no improvement in blas-
tocyst development with the addition of TGF-£
in defined medium and that of Herrler et al.
(1992) showed no beneficial effect of IGF-I in
culture medium leaving a question on the role of
growth factors in embryo culture, Although the
imvolvement of growth factors in early embryo
development has been studied in several spec-
ies, additional research is needed in many aspec-
ts including the cooperative action with the com-
ponent(s) in medium to define the action of

growth factors in wvitro.

V. SUMMARY

This experiment was designed to evaluate the
effect of transforming growth factor-g (TGF-8)
and insulin-like growth factor-I (IGF-I) in bov-
Ine oocyte maturation in the presence or ab-
sence of serum on subsequent fertilization and
embryo development. In addition, various con-
centrations of these growth factors were eval-
uated for the ability to promote development of
eight-cell stage embryos to the blastocyst stage.
Cumulus-oocyte complexes were recovered from
2 to 6 mm follicles obtained from slaughterhouse
ovaries and cultured at 38.5C for 24 hours in
TCM-199 (HEPES Modification) with or with-
out 20 % fetal bovine serum (FBS) to which the
following growth factors were added : TGFg,

IGF-1 or TGF-B + IGF-1, all at 10 ng /ml each.
The matured oocytes were fertilized in IVF-TL
medium with frozen-thawed semen at a concen-
ration of 1 x 10° cells /ml of fertilization me-
dium fellowing Percoll separation. After 24 hour-
s of sperm-egg incubation, the embryos weré
transferred to CZB medium without glucose for
48 hours and then cultured in TCM-199 with 20
% fetal bovine serum (FBS) for 96 hours. The
addition of growth factors to IVM medium in
the presence of serum had no effect on cleavage
and subsequent embryo devlopment to blasto-
cyst. In the absence of serum, TGF- improved
cleavage and development to blastocyst compar-
ed to control's(p<0.05) and no synergistic ef-
fect of IGF-1 + TGF-8 was observed. In the
second experiment, eight-cell embryos obtained
by in vitro maturation (IVM) in TCM-199 + 20
% FBS without growth facrors and in vitro fertil-
ization (IVF) were cultured in the in vitro cul-
ture (IVC) medium supplemented with 5, 10
ng /ml TGF-g or 5, 10, 50, 100 ng /ml IGF-I,
Cleavage rate and development to the blasto-
cyst stage was observed during seven days of
incubation. The supplementation of 10 ng/ml
TGF-£ to IVC medium for eight-cell embryos
improved development to blastocyst (p<0.05)
compared to control. In conclusion, these data
indicate that the supplementation of growth fac-
tors to IVM medium in the presence of serum
does not influence cleavage and subsequent em-
bryo development. However, significantly more
oocytes matured in serum-free TCM-199 and eig-
ht-cell embryos cultured in IVC medium devel-
oped to blastocyst with supplementation of 10
ng /ml TGF-8.

VI. REFERENCES

1. Adashi, E. Y., C. E. Resnick, A. Joseph I
ercole, M. E. Svoboda and J. J. Van Wyk.

-115—



10

1985. Insulin-like growth factors as intraov-
arian regulators of granulosa cell growth and
function. Endocrine Rev. 6:400-420.

. Bavister, B. D. 1989. A consistently success-

ful procedure for in vitro fertilization of gol-
den hamster eggs, Gamete Res, 23:139-158.

. Bavister, B. D. and R. Yanagimachi. 1977.

The effects of sperm extracts and energy
sources on the motility and acrosome reac-
tion of hamster spermatozoa in witro. Biol
Reprod. 16:228-237.

. Berg, U. and G. Brem. 1990. Developmental

rates of in wvitro produced IVM-IVF bovine
oocytes in different cell co-culture systems.

Theriogenology 33:195 abstr.

. Chatot, C. L., C. A. Ziomek, B. D. Bavister,

J. L. Lewi and I. Torres. 1989. An improved

culture medium supports development of ran-

dom bred 1-cell mouse embryos in witro. J.
Reprod. Fert. 86:679-688.

. Coskun, S., A. Sanbuissho, Y. C. Linand Y.

Rikihisa. 1991. Fertilizability and subsequent
developmental ability of bovine oocytes mat-
ured in medium containing epidermal growth
factor (EGF). Theriogenology 36:485-494,

. Critser, E. S., M. L. Leibfried-Rutledge, W.

H. Eyestone, N. D. L., Northey and N. L. Fir-
st. 1986. Acquisition of developmental com-
petence during maturation ¢n vitro. Theriog-
enology 25:150 abstr.

. Flood, M. R., T. L. Gage and T. D. Bunch.

1993. Effect of various growth-promoting fac-
tors on preimplantation bovine embryo de-
velopment in witro. Theriogenology 39:823-
833.

. Fukui, Y. and Y. Ono. 1989. Effects of sera,
hormones and granulosa cells added to cul-
ture medium for #n-vitro maturation, fertiliza-
tion, cleavage and development of bovine
oocytes. J. Reprod. Fert. 86:501-506.

. Goto, K., N. Iwai, Y. Takuma and Y. Nak-

1L

12.

13.

14.

15.

16.

17.

anishi, 1992, Co-culture of in wvitro fertilized
bovine embryos with different cell monolay-
ers. J. Amm, Sci. 70:1449-1453.

Herrler, A., A. Lucas-Hahn and H. Niem-
ann, 1992. Effects of insulin-like growth fac-
tor-l on in-vitro production of bovine em-
bryos. Theriogenology 39:151-161.

Heyner, S., N. Shah, R. M. Smith, A. ]J.
Watson and G. A. Schultz. 1993, The role of
growth factors in embryo production. Ther-
iogenology 39:151-161.

Kane, M. T., E. W. Carney and J. E. Ellin-
gton. 1991. The role of nutrients, peptide
growth factors and co-culture cells in devel-
opment of preimplantation embryos i vitro.
Theriogenology 38:297-313.

Keefer, C. L. 1992, Development of in vitro
produced bovine embryos cultured individu-
ally in a simple medium:Effects of EGF and
TGF #81. Theriogenology 37:236 abstr.
Larson, R. C., G. G. Ignotz and W. B. Cur-
rie. 1990. Defined medium containing TGF#g
and bFGF permits development of bovine
embryos beyond the 8-cell block. J. Reprod.
Fertil. Ser. 5:16 abstr.

Lorenzo, P., M. J. lllera and J. Sanchez,
1993. Bovine oocyte maturation and fertiliza-
tion in vitro with growth factors and estrous
cow serum. Theriogenology 39:262 abstr.
Maurer, H. R. 1986. Towards chemically-de-
fined, serum-free media for mammalian cell
culture. In: R. I. Freshney (ed). Animal cell
culture: a practical approach. IRL press,
Oxford, 12-31.

18. Mochizuki, H,, Y. Fukui and H. Ono. 1991.

19.

~116—

Effect of the number of granulosa cells ad-
ded to culture medium for in vitro matu-
ration, fertilization and development of bov-
ine cocytes. Theriogenology 36:973-986.

Nilsen-Hamilton, N. 1989. Growth factor sig-

naling in early mammalian development. In :



20.

21.

22.

23.

24.

25.

Rosenblum, I.Y, and S. Heyner (ed). Grow-
th Factors in mammalian development, CRC
press, Boca Raton, 1989; 135-166.

Paria, B. C. and S. K. Dey. 1990. Preimplan-
tation embryo development in vitro : Cooper-
ative interactions among embryos and role of
growth factors, Proc. Natl. Acad. Sci. USA,
87:4756-4760.

Park, Y. S. and Y. C. Lin, 1993. Effect of
epidermal growth factor (EGF) and defined
simple media on in vitro bovine oocyte matu-
ration and early embryonic development.
Theriogenology 39:475-484.

Parrish, J. J., J. L. Susko-Parrish and N. L.
First. 1985. Effect of heparin and chondroitin
sulfate on the acrosome reaction and fertility
of bovine sperm in witro. Theriogenology
24:537-549.

Rappolee, D. A., C. A. Brenner, R. Schultz,
D. Mark and Z. Werb, 1988. Developmental

expression of PDGF, TGF-a, and TGF-£ gen-

es in preimplantation mouse embryos. Sci-
ence 241:1823-1825.

Rappolee, D. A., K. S. Sturm, G, A, Schul-
tz, R. A. Pedersen and Z. Werb. 1990. The
expression of growth factor ligands and rec-
eptors in preimplantation mouse embryos. In
: Heyner, S. and L. M. Wiley (ed). Early
embryo development and paracrine rela-
tionships. Alan R. Liss, New York, 11-25.
SAS User's Guide: Statistics. SAS Inst,

26.

27.

28.

29.

30.

3L

—-117—

Inc., Cary, NC, 1985.

Schams, D., R. Koll and C. H. Li. 1988. Insu-
lin-like growth factor-l stimulates oxytocin
and progesterone production by bovine gran-
ulosa cells in culture. J. Endocrinol. 116:
97-100.

Skinner, M. K., J. Keski-Oja, K. G. Osteen
and H. L. Moses. 1987. Ovarian thecal cells
produce transformig growth factor- I which
can regulate granulosa cell growth. Endocrin-
ol. 121:786-792.

Suh, T. K., N. Rehman, A. Collins and R.
W. Wright, Jr. 1993. Effect of granulosa cel-
Is from different size follicles in co-culture
with bovine oocytes on maturation, fertiliza-
tion and cleavage. Theriogenology 39:323
abstr,

Watson, A. J., A. Hogan, A, Hahnel, R. M,
Smith, N. Shah, S. Heyner and G, A. Schul-
tz. 1991. Growth factor gene expression in
early cow embryos. J. Cell Biol. 115(Suppl.)
:55a abstr,

Watson, A. J., A. Hogan, A. Hahnel, K, E.
Wiemer and G. A. Schultz. 1992. Expression
of growth factor ligand and receptor genes in
the preimplantation bovine embryo. Mol.
Reprod. Dev. 31:87-95.

Yang, B. K., X. Tang and R. H, Foote. 1993.
The effect of growth factors on development
of IVM /IVF bovine embryos. Theriogenol-
ogy 39:343 abstr.



