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Abstract Using in situ hybridization, mRNA encoding(Bassett et al. 1970). Under in vitro conditions, many fetal
the growth hormone receptor (GHR) was localized in pigssues are stimulated by GH (Strain et al. 1987; Swenne
implantation embryos produced by in vitro fertilizatioet al. 1987; Scheven and Hamilton 1991), indicating the
(IVF) as well as in 30- to 70-day-old bovine embryos. presence of functional GHRs during fetal development.
IVF embryos the transcript of GHR was demonstrated in

the inner cell mass of 8-day-old blastocysts. In 30-day-

old embryos, the mesonephros was the first organ to Mhaterials and methods

press the mRNA of GHR. In 40-day-old embryos, t
transcript was found in the neurones of the spinal gan
ons, the splanchnic nerves and the motoneurones of dbeytes were aspirated from 2- to 8-mm ovarian follicles of cows
spinal cord, in the vascular endothelium, and in the dewveding a 20-g needle immediately after slaughter. Maturation and

i ; i i ati tilization of the oocytes were performed as described by Stojko-
oping striated muscle tissue. Colocalization of the prot%?ré etal. (1995). Embryos were cultured in TCM 199 in a 5%

by immunohistochemistry showed an identical distribgp, 594 O, and 90% Iy humidified atmosphere at 39° C. After
tion pattern of GHR in 30- to 70-day-old embryns. 2-15 days, embryos were removed from culture, washed in PBS,
and transferred to 3-aminopropylene ethoxysilane-coated slides.
After drying, fixation in 4% paraformaldehyde, and dehydratation,
the embryos were stored at —70° C.

P_Ilection of oocytes, maturation, fertilization, and culture

Introduction

Pituitary growth hormone (GH) is known to stimulat€ollection of 30- to 70-day-old embryos

postnatal_ development. The role of Fhls hormone In e: rIt\éri of pregant cows were removed immediately after slaughter.
embryonic development, however, is still controversighe age of the embryos was determined by measuring the crown-
Hypophysectomized mouse, rat, pig, and rabbit fetusasp length. Embryos of 30-70 days old, i.e., embryos with

with GH deficiency reveal almost normal growth (Gluckrown-rump lengths of 1.5, 2, 2.5, 4, 5, 6.5, 7, and 7.8 cm were

ingxamined. For in situ hybridization, embryos were fixed in 4%
man etal. 1981). On the contrary, growth of human Ir]a?a(lraformaldehyde in PBS for 14 h. After washing in 0.5 M su-

viduals with Laron-type dwarfism lacking GH eCeptOSose in PBS for 3 h, they were snap-frozen in liquidaNd em-
(GHRs) is significantly reduced (Godowski etal. 198%edded in tissue-freezing medium (Shandon Southern Products,
In the human fetus, GH can be demonstrated in the 1Oftkshire, UK). Sections (Im) were mounted on 3-aminopropy-
week of gestation for the first time and reaches a pealkeﬁ?egtgct’xy%é}”ce'%‘ﬁabesi 5'|':doer5'i nmleﬂoﬁsfgchcer;gtéo mn ;O“Sd
the 20th \_Neek (Chard 198_9)' In fetal lambs, the plas@e fixed in Bouin’s fluid overnight, dehydrated in a éraded se-
GH level is up to tenfold higher than the postnatal lev@ls of ethanol, and embedded in paraffin. Sectionsn(swere

cut on a Leitz microtome.
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human GH affinity-purified rabbit and rat liver GHR as describ f f
by Barnard et al. (1984). MAb 263 recognizes a cross-specieseggs“"s and discussion
terminant with high affinity and does not cross-react with insulin ]
or prolactin receptors (Barnard etal. 1985). This antibody haitie mMRNA encoding GHR was expressed at the early
been validated extensively for immunohistochemical studies éinbryonic age of 8 days in the inner cell mass of the
rats, rabbits, and cattle (Barnard etal. 1988; Lobie et al. 19%9&5,[00 st (Fig. 1). Unlike the transcript, the protein
Kolle et al. 1997). Y g-1). L ISCript, p
could first be shown in the embryonic disc 13 days after

In situ hybridization (ISH) fertilization. Similarly, Ohlsson et al. (1993) were able to

y demonstrate the transcript of GHR in germline compe-

ISH including controls was performed as described in Kolle et al.
(1997) with minor modifications. Dehydration and hydration were
performed in a graded series of ethanol ranging from 30% o 1 In situ hvbridization of an 8-dav-old bovine embrvo bro-
100%_and_10(3)% to 3;0% rtledspﬁcélvely.Péféefr hydratlondth_e slid ggc,:ed by in \Xtro fertilization (><200))/. The mRNA en)::onng

\t,\r/ggtarr?ér?tdilr? gg’ '\p/)IarHaC(?ramna:j t%eyirsclunbation g%aesiﬁcgpotézgnaeée wth hormone receptor (GHR) is localized in the inner cell mass
was shortened to 5 min. Fig. 2 In situ hybridization of a 5-week-old embryo (x170). The

mesonephric tubules reveal the transcript of GHR

Immunohistochemistry Fig. 3 Immunohistochemical localization of GHR in an 8-week-

. . . . doId embryo (x80). The tubules of the kidney show distinct sta:ning
Immunohistochemistry including controls was performed as de-
scribed in Kolle etal. (1997). Incubation in 0.5%0 in PBS Fig. 4 Immunohistochemical localization of GHR in a 40-day-old

was omitted in the slides with preimplantation embryos. Speeimbryo (x180). The spinal ganglions show distinct amounts of
mens were counterstained with Mayer’s hematoxylin. GHR
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tent embryonic stem cells and preimplantation MoUREferences
embryos. The early expression of the GHR gene only a

few days after conception may imply a significant rokarard R, Bundesen PG, Rylatt DB, Waters MJ (1984) Monoclo-
for GHR in the implantation process. nal antibodies to the rabbit liver growth hormone receptor:

In 30- to 70-day-old embryos, the mesonephros wasproduction and characterization. Endocrinology 115:1803-

the first organ .to express the transcrlpt of GHR at tEgrnard R, Bundesen PG, Rylatt DB, Waters MJ (1985) Evidence
early embryonic age of 5weeks (Fig.2). Both the fom the use of monoclonal antibody probes for structural het-
MRNA and the protein showed the same localization of erogeneity of the growth hormone receptor. Biochem J 231:
the protein in the epithelium of the tubules. With the for- 459-468

mation of the definitive kidney in the 7th week, thBarmard R, Haynes KM, Werther GA, Waters MJ (1988) The on-
! togeny of growth hormone receptors in the rat tibia. Endocri-

amount of GHR in th_e mesonephric_ tubules was signifi- nology 122:2562—2569
cantly reduced, but increased within the tubules of tBgsset JM, Thorburn GD, Wallace ALC (1970) The plasma
kidney (Fig. 3). In rabbit fetuses, the highest level of growth hormone concentration of the foetal lamb. J Endocrinol

GHR mRNA of all fetal organs was also found in the 48:251-263 _
. . hard T (1989) Hormonal control of growth in the human fetus. J
kidney (Ymer and Herington 1992). Endocrinol 123:3-9

The_second organ system expressing GHR and d%ﬁc‘fa—Aragén J, Lobie PE, Muscat GEO, Goblus KS, Norstedt G,
transcript was the nervous system. In 40-day-old embry-Waters MJ (1992) Prenatal expression of the growth hormone

0s, strong signals for GHR and its transcript were found (GH) receptor/binding protein in the rat: a role for GH in em-
in the motoneurones of the ventral horn of the spi Lbryonlc and fetal development? Development 114:869-874
el

. . . ) . ckman PD, Grumbach MM, Kaplan SL (1981) The neuroendo-
cord, in the spinal ganglions (Fig. 4), and in the splanch- crine regulation and function of growth hormone and prolactin

nic nerves. Similarly, GHR expression has been found inin the mammalian fetus. Endocr Rev 2:363-395 _
fetal rat ganglia (Garcia-Aragén et al. 1992). The presé&mdowski PJ, Leung DW, Meacham LR, Galgani JP, Hellmiss R,
data support the concept that GH may play a role in theXeret R, Rotwein PS, Parks JS, Laron Z, Wood WI (1989)

Characterization of the human growth hormone receptor gene
development of the nervous system. In 40-day-old em- and the demonstration of a partial gene deletion in two pa-

bryos, GHR and its transcript were also found in devel- tients with Laron-type dwarfism. Proc Natl Acad Sci USA
oping muscle cells, indicating that GHR is involved in 86:8083-8087

growth and differentiation of striated muscle tissugauser SD, McGrath MF, Collier RJ, Krivi GG (1990) Cloning

GHR was also localized in the endothelial cells of ves- aanNQ Mol Goll Endoeri Ofl ?gvl'ge; %r(())(‘)"’th hormone receptor
. - m . 0 e ndocrino . -

sels at the early embryonic age of 8 weeks. Whereas Ilﬂé‘mpt M, Bingham B, Breier BH, Baumbach WR, Gluckman PD

er is known to be rich in GHR after birth, embryonic liv- (1993) Tissue distribution and ontogeny of growth hormone
er did not express GHR until the 6th week of life. In 10- receptor messenger ribonucleic acid and ligand binding to he-

week-old fetuses, single cells showed GHR labelling. ‘{gtz',clgsgﬂioi;‘?the midgestation sheep feius. Endocrinology

Similar results have been found in sheep fetu_ses;_ at @8¥e S, Sinowatz F, Boie G, Lincoln D, Waters MJ (1997) Differ-
95 of pregnancy, muscle cells expressed significantly ential expression of the growth hormone receptor and its tran-

higher levels of GHR mRNA than did liver cells (Klempt script in bovine uterus and placenta. Mol Cell Endocrinol 131:
12

etal. 1993) 127-136
Th f . I h de of . f GHR Lobie PE, Barnard R, Waters MJ (1990) Growth hormone receptor
e tunction as well as the mode of action o N expression in the rat gastrointestinal tract. Endocrinology 126:

the embryo are unknown. The presence of GHR in the 299-306
vascular and nervous system and in muscle tissue hisson C, Lovstedt K, Holmes PV, Nilsson A, Carlsson L,

plies that GH is involved in differentiation processes of Tornell J (15?93). Embrlyct)_nic Stem t.Ce”.S express %ro""_th lhor'
the early embryo. Whether the effects of GH at the em- Jg5/50c>"Fo0t>: FegHiation by reinoic acid. Endocrinoiogy
bryonic GHR are mediated by direct action of the hogcheven BAA, Hamilton NJ (1991) Longitudinal bone growth in
mone or by insulin-like growth factor is currently under vitro: effects of insulin-like growth factor | and growth hor-
investigation. mone. Acta Endocrinol 24:602—607
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