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ABSTRACT

Sixteen castrated male Large White x Landrace pigs were injected intramuscularly with recom-
binant porcine growth hormone (rpGH, 4mg.d"!, n=8) or saline (n=8) for 28 days. Animals were
slaughtered 4 h after the final injection for tissue and blood sampling. RIA and semi-quantitative
RT-PCR were employed for determining hormone and mRNA contents, respectively. rpGH admini-
stration enhanced average daily weight gain by 26.07% (P<0.05), elevated serum IGF-I concentra-
tion by 70.94% (P<0.01) but decreased serum level of leptin by 34.52% (P<0.01). The relative abun-
dance of GH-R mRNA was increased by 24.45% (P<0.05) in liver, 50.66% (P<0.05) in adipose tis-
sue, 21.29% (P<0.05) in semitendinosus (ST), but not in longissimus dorsi (LD) muscle. Coordinate-
ly, IGF-1 mRNA expression was enhanced by 45.30% (P<0.01) in liver, 27.82% (P<0.05) in adipose
tissue, 41.04% (P<0.05) in ST, but not in LD muscle. The IGF-1 content in liver and ST were incre-
ased 2.97 and 5.53-fold, respectively. A significant (2.93-fold) increase of IGF-1 content was found
in LD muscle too, uncoupling with the change in mRNA level. Moreover, rpGH administration au-
gmented IGF-IR mRNA expression by 48.08% (P<0.01) whereas abated leptin mRNA expression by
28.19% (P<0.05) in adipose tissue. These results suggest that the effect of rpGH on GH-R and IGF-I
gene expression is tissue-specific and rpGH administration may down-regulate leptin mRNA expres-
sion in adipose tissue either directly or via the mediation of local IGF-I/IGF-IR system.
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INTRODUCTION

Growth hormone (GH) plays an important role in regulation of animal growth.
Numerous studies have shown that exogenous GH can increase average daily
weight gain, improve feed efficiency, stimulate protein deposition and decrease li-
pid accretion rate (Etherton and Bauman, 1998). The original somatomedin hy-
pothesis suggested that GH interact with hepatic GH-R and stimulate hepatic pro-
duction of IGF-1 that is essential for normal growth and development (Florini et
al., 1996). However, this hypothesis was challenged by the recent results gleaned
from a liver-specific IGF-I gene knockout mouse model, which enabled investiga-
tors to re-evaluate the role of liver-derived IGF-I and circulating IGF-I on postna-
tal growth and development. It was surprising that despite 75% of reduction in se-
rum IGF-I concentration, the liver-specific IGF-I-knockout mice were born with
normal body weight and grew at a normal rate (Siogren, 1999; Yakar, 1999; Roith
etal., 2001), suggesting an endocrine IGF-I independent pathway of growth regu-
lation. Therefore, the autocrine and/or paracrine fashion of IGF-I action is propo-
sed to play a more important role in growth regulation.

It is well established that adipose tissue represents an important target tissue for
GH. Administration of GH to growing pigs reduced adipose tissue mass (Chung et
al., 1985; Campbell et al.,1989). The effects of pGH on lipogenesis appear to be a di-
rect action because essentially all effects that occur with in vivo pGH treatment can
be mimicked when adipose tissue explants are cultured chronically with pGH, whe-
reas administration of insulin-like growth factor I for 28 d did not mimic the effects
of pGH administration on carcass composition in pigs (Etherton, 2000). However,
pGH administration significantly increased IGF-1 mRNA expression in subcutane-
ous adipose tissue (Coleman et al., 1994; Brameld et al., 1996). Treatment with pGH
or IGF-I resulted in a similar decrease in proliferation of preadipocytes from Lar-
ge White and Meishan pigs in primary culture (Gerfault et al., 1999). Although adi-
pose tissue possesses both GH-R and IGF-IR, no response of GH-R mRNA to GH
administration was found in adipose tissue (Brameld et al., 1996). The response of
IGF-IR mRNA expression to pGH administration has not been reported, much less
is known about the relationships among GH-R, IGF-IR and leptin expressed in adi-
pose tissues and their coordinated response to GH administration.

Leptin is a protein encoded by ob gene, and can serve as an endocrine marker
for total body fat deposition. More and more data are emerging to indicate that
leptin is involved in the regulation of many physiological functions. The inter-
actions between leptin and GH/IGF-1 axis have been discussed (Wauters et al., 2000).
There are evidences that leptin is involved in the regulation of GH secretion, whe-
ther leptin secretion is also influenced by GH is not yet clear.

Therefore, the present study was aimed to elucidate the mechanisms underlying
the action of rpGH on growth and adiposity through examination of growth-rela-
ted genes responding to rpGH administration in the pig.
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MATERIAL AND METHODS

Material

Recombinant porcine growth hormone (rpGH) was obtained from Shenzhen
Lupeng Agricultural Hi-tech Co. Ltd. (P.R. China). IGF-I peptide (catalog no.
810288, Cida-Geigy, Switzerland) was donated by Dr. H. H. Peter and IGF-I anti-
body was a gift from Prof. Louis E. Underwood, Bucknell University (USA). IGF-I
was iodinated in Shanghai Institute of Biotechnology. Leptin RIA kit was purcha-
sed from Beijing North Institute of Biotechnology. The avian myeloblastosis vi-
rus (AMV) reverse transcriptase, Taqg DNA polymerase and other related reagents
were products of Promega (USA). Agarose was a product of Roche Applied Scien-
ce (Switzerland; catalog no. 1441). The Quantum RNA 18S Internal Standards kit
(catalog no. 1716) containing primers and competimers were purchased from Am-
bion Inc. Austin, Texas (USA).

Animals and experimental design

Sixteen castrated male Large White x Landrace pigs with average initial body
weight of 50.8 kg (from 48 to 55 kg) were housed individually in floor pens and
fed according to the Breed Standards of USA (NRC, 1998). Pigs were randomly
allotted to treatment or control group. The treatment group was injected intramu-
scularly with recombinant porcine growth hormone (rpGH, 4 mg-d') and the con-
trol group with vehicle at 09.00 for 28 days. Animals were slaughtered 4 h after
the final injection. Blood and samples of liver, longissimus dorsi (LD) and semi-
tendinosus (ST) muscles and subcutaneous adipose tissue were taken immediately
(within 5-10 min of death). Tissue samples were frozen in liquid nitrogen and then
stored at -70°C. Serum was prepared and stored at -20°C. The experiment was un-
dertaken following the guidelines of the regional Animal Ethics Committee.

Radioimmunoassay for serum IGF-I and leptin

Serum and total tissue IGF-I were measured by a double-antibody RIA as pre-
viously described by Liu et al. (1999) after acid-ethanol extraction to disassociate
bound IGF-I from binding protein(s). Serum leptin level was determined by sin-
gle-antibody RIA with a commercial kit. Bradford (1976) assay was employed to
determine the tissue protein content.

RNA extraction

Total RNA was extracted from the tissue samples with acid guanidinium thio-
cyanate-phenol-chloroform method (Chomczynski and Sacchi, 1987) and the RNA
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concentration was then quantified by measuring the absorbance at 260 nm and the
quality of RNA was examined through 1.4% agarose-formaldehyde gel electro-
phoresis.

Reverse transcription (RT) and polymerase chain reaction (PCR)

2 ug total RNA was reverse transcribed by incubation at 42°C for 1 h in
a 20 pl mixture consisting of 10 U avian myeloblastosis virus reverse trans-
criptase, 20U RNase inhibitor, 5 pmol random primers, 50 mmol tris-HCI 1!
(pH 8.3), 10 mmol MgClL, I'!, 50 mmol KCI I, 10 mmol DDT I, 0.5 mmol sper-
midine I and 0.5 mmol each ANTP I\, The reaction were terminated by heating
at 95°C for 5 min and quickly cooling on ice. 2 pl (liver and adipose tissue sam-
ple) or 4 ul (LD and ST samples) RT reaction mix was used for PCR in a final
volume of 50 pl containing 0.1U Taq DNA polymerase pl!, 5 mmol tris-HCI 1!
(pH 9.0), 10 mmol NaCl I''; 0.1 mmol DDT I, 0.01 mmol EDTA 1!, 5% (w/v)
glycerol, 0.1% (w/v) Triton X-100, 0.2 mol each dNTP I, 1.0-2.0 mol MgCl,
I, 0.5 pmol each of PCR primers for GH-R or IGF-I I}, and 0.4 pmol mixture
of primers for 18S rRNA internal standard and competimer 1''. The PCR primers
for GH-R, IGF-I, IGF-IR and leptin were designed using Primer Premier 5.0 and
were synthesized by Haojia Biotech. Ltd. The nucleotide sequences of these pri-
mers were shown in Table 1. Different controls were set to monitor the possible
contaminations of genomic DNA and environment DNA both at the stage of RT
and PCR. The pooled samples made by mixing equal quantity of total RNA from
all samples were used for optimizing the PCR condition and normalizing the
intra-assay variations. All samples were included in the same run of RT-PCR and
repeated at least for 3 times.

TABLE 1

Nucleotide sequences of PCR primers for GH-R, IGF-I, IGF-IR and leptin

Target  cDNA PCR . PCR

Primer sequence
gene  sequence product program

GH-R Gene bank 344 F: 5’-CTCGATATTGATGACCCTGA-3’ 94°C 3055, 52°C
P X54429 (1059-1405) R:5-GATGAGTTGAGTCAGTTCCA-3  30s,72°C60s

IGE-1 Gene bank 222 F: 5>-GGAGCTGTGATCTGAGGA-3’ 94°C 305, 56°C
p AB00362 (255-457)  R:5’-ACAGTAACCTCGTGCAGA-3’ 305, 72°C 60 s

IGF-1R Gene bank 362 bp F: 5>-CGAGAGACATCTATGAGACA-3*  94°C30s, 52°C
P M31175  (3497-3859) R:5’-TCCTCACTGTAGTAGAAGGA-3> 30s,72°C60s
pLeptin Gene bank 253 bp F: 5’-CGATTCCTGTGGCTTTGG -3’ 94°C 30's, 52°C

U59894 (22-274) R: 5’-TGGAAGGCAGACTGGTGAG -3>  30s,72°C60s
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Quantitation of PCR products and statistical analysis

An aliquot (10-20 pl) of PCR products was analyzed by electrophoresis on
2% agarose gels. The gel was stained with ethidium bromide and photographed
with digital camera. The net intensities of individual bands were measured using
Kodak Digital Science 1D software (Eastman Kodak Company Rochester, NY,
USA).

The 18S primer pair amplifies a 488bp fragment, and the competimers are
modified at their 3” ends to block the extension of DNA. By adjusting the ratio
of 18S primers to competimers, the overall PCR amplification efficiency of 18S
rRNA can be reduced to the level comparable to that of target gene. The ratios
of net intensity of target genes to 18S bands were used to represent the relative
level of target gene expression. The average level of three repeats was used for
statistical analysis. All data were expressed as mean £ S.E.M. Differences were
considered significant when P<0.05 tested by ANOVA with STATISTICA for
Windows 5.0 (StatSoft, Inc.).

RESULTS
Body weight

The initial and final body weights of pigs were 50.5+£3.5 kg and 71.5+5.1 kg
in rpGH treatment group, 51.2+4.5 kg and 67.8+5.0 kg in control group, respec-
tively. Administration of rpGH enhanced the average daily weight gain by 26.1%
(P<0.05; Table 2).

TABLE 2
Effect of rpGH administration on serum concentrations of IGF-I and leptin
Daily body weight gain Serum IGF-I Serum leptin
g/d ng.mL"! ng.mL"!
Control 594.6+17.3 7415+ 7.77 1.68 £0.06
rpGH treatment 749.6 £31.5* 126.75 £ 25.17** 1.10 £0.03**

*P<0.05, **P<0.01 compared with control

Serum levels of IGF-I and leptin

rpGH administration increased serum concentration of IGF-I by 70.94%
(P<0.01) while decreased leptin concentration by 34.8% (P<0.01) compared to
control group.
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GH-R and IGF-1 mRNA expression in liver

GH administration up-regulated hepatic GH-R mRNA and IGF-I mRNA expres-
sion by 24.45% (P<0.05) and 45.30% (P<0.01), respectively (Table 3, Figure 1).

TABLE 3
The relative mRNA abundance of target genes in liver, longissimus dorsi muscle (LD), semitendinosus
muscle (ST) and adipose tissue of growing pigs in response to rpGH administration

. Control rpGH treatment
Tissue Target mRNA (relative to18S rRNA) (relative to18S rRNA)
Li GH-R 1.333+0.033 1.659 +0.092*

iver

v IGF-1 0.662 +0.029 0.961 £ 0.064**
GH-R 1.470 £0.022 1.617+£0.013
LD muscle
IGF-1 0.736 + 0.049 0.840 +0.056
GH-R 0.785 +0.045 0.955 + 0.050*
ST muscle
IGF-1 1.115+0.135 1.573 £0.123%*
GH-R 0.529 +0.038 0.797 +0.023*
. . IGF-1 0.902 +0.020 1.153 £0.032*
Adipose tissue
IGF-IR 0.626 +0.015 0.927 +£0.031%**
Leptin 0.907 +0.047 0.626 + 0.042*
*P<0.05, **P<0.01 compared with control
a) b)
~—18S 188
«—GH-R «IGF-1

123456789 123456789

Figure 1. Representative electrophoresis showing the effect of rpGH on hepatic GH-R (a) and IGF-
I (b) mRNA expression in the pig. Lane 1: DNA marker PUC19, Lanes 2-5: rpGH treatment group,
lanes 6-9: control group

GH-R and IGF-I gene expression in LD muscle

No marked changes of relative abundance of GH-R and IGF-I mRNA in LD
muscle between GH-treated group and control group were observed. However,
in ST muscle, GH-R and IGF-1 mRNA were significantly up regulated by 21.29
(P<0.05) and 41.04% (P<0.01), respectively (Table 3).
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Tissue IGF-1 content in liver, longissimus dorsi and semitendinosus muscles
rpGH administration increased concentration of IGF-I in liver, LD and ST mu-

scle by 2.97-fold (P<0.01), 2.93-fold (P<0.01) and 5.53-fold, respectively (P<0.05;
Figure 2).
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Figure 2. Effect of rpGH administration on content of IGF-I in liver, longissimus muscle (LD) and
semitendinosus (ST) muscles. *P<0.05, **P<0.01 compared with control group

GH-R, IGF-1, IGF-IR and leptin mRNA expression in adipose tissue

Administration of rpGH up-regulated GH-R and IGF-1 mRNA expression by
50.66 (P<0.05) and 27.83% (P<0.05), respectively. IGF-IR mRNA expression in
adipose tissue was augmented by 48.08% (P<0.01), whereas the relative abundan-
ce of leptin mRNA was reduced by 28.19 % (P<0.05) in adipose tissue (Table 3).

DISCUSSION

Two pathways have been suggested to be involved in the growth promoting ac-
tion of GH (Etherton and Bauman, 1998). One is through the mediation of endo-
crine IGF-I produced mainly in the liver and secreted into circulation (Florini et
al., 1996), the other is through the autocrine or paracrine functions of IGF-I pro-
duced locally in extra-hepatic tissues. It was commonly accepted that GH exerts
its growth-promoting function mainly via the first pathway. However, recent re-
sults gleaned from a liver-specific IGF-I knockout mouse model, in which 75% de-
crease of circulating IGF-I did not affect growth rate (Siogren, 1999; Yakar, 1999;
Roith et al., 2001) aroused a debate upon the function of endocrine IGF-I (Floria
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et al., 2001). In present study, the growth-promoting effect of rpGH was accom-
panied with significantly increased circulating IGF-I level, which seems to be mo-
stly contributed by GH-R mediated upregulation of IGF-I mRNA expression in
liver. This result suggests that the endocrine pathway of GH action could not be
completely ruled out.

The previous reports regarding effects of GH on IGF-I mRNA in skeletal mu-
scles were inconsistent. Both increase (Brameld et al., 1996, Lewis et al., 2000)
and no change (Grant et al., 1991; Coleman et al., 1994; Brameld et al., 1996; Du-
naiski et al., 1999) of IGF-I mRNA in skeletal muscles responding to GH admi-
nistration have been reported. In our experiment, expression of IGF-I mRNA was
found to be GH responsive in ST but not in LD muscle. But the IGF-I content was
dramatically boosted up both in ST (5.53-fold) and to a lesser extent in LD muscle
(2.93-fold). This indicates that muscle IGF-I expression can be regulated at the le-
vel of transcription and/or post-transcription by exogenous GH administration.

The effect of GH on adipose tissue has been investigated extensively both in
vivo (Chung et al., 1985, Campbell et al., 1989) and in vitro (Boone et al., 1999;
Gerfault et al., 1999). GH reduces adiposity through inhibition of lipogenesis and
stimulation of lipolysis. Both preadipocytes and mature adipocytes possess GH-R,
but expression of GH-R mRNA in adipose tissue was not responding to GH
treatment (Brameld et al., 1996). In contrast, however, we observed a marked in-
crease of GH-R mRNA in subcutaneous adipose tissue with rpGH treatment. Sin-
ce both experiments were carried out in the pig of the same genetic background,
this discrepancy could not be explained by species specificity. The possible expla-
nation can be the length of GH administration (28 vs 7 d), the method for detec-
ting the mRNA (RT-PCR vs RNase protection assay) or the animal condition (ca-
strated vs intact).

Regarding the role of IGF-1 on metabolism of adipose tissue, there are some
controversial results. Administration of IGF-1 in peripubertal Meishan barrows for
28 days failed to show significant changes in growth and carcass measures com-
pared to controls, in spite of a 60% increase in serum concentrations of IGF-1 re-
sulted from IGF-1 administration. Furthermore, the effect of IGF-1 and pGH in
combination on back fat thickness was inferior to that of pGH alone (Klindt et al.,
1998), suggesting that the effect of GH on adipose tissue is not mediated by IGF-1.
However, administration of pGH significantly increased IGF-1 abundance in sub-
cutaneous adipose tissue of growing pigs (Coleman et al., 1994; Brameld et al.,
1996). The IGF-1 mRNA expression in white adipose tissue of rats was found to
be very high, far above the levels in other tissues and comparable to that in liver,
the major source of serum IGF-1 (Peter et al., 1993). Taking together the eviden-
ces that IGF-I is able to affect the proliferation of preadipocytes in vitro (Gerfault
et al., 1999; Hausman et al., 2001), it is suggested that locally produced IGF-I, ra-
ther than circulating IGF-I, plays a crucial role in adiposity. In present study, we
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found significant increase in the expression of IGF-I and IGF-IR mRNA accom-
panying the marked up-regulation of GH-R mRNA in adipose tissue. This result
suggest that signal relay pathway of GH-R/IGF-I/IGF-IR system for GH action is
functional locally in adipose tissue, all these genes respond proportionally to GH
administration to mediate the effect of GH on adiposity. The current study is the
first to show the IGF-IR mRNA expression in adipose tissue up-regulated by rpGH
treatment and also the first to exhibit the coordinated response of these target ge-
nes for GH action to GH administration in adipose tissues.

The available reports on the effects of exogenous GH on leptin expression and
secretion are conflicting. Isozaki et al. (1999) reported an inhibitory effect on lep-
tin mRNA level in visceral but not subcutaneous fat of the rat, while Housknecht
et al. (2000) found that young castrated male cattle treated with bovine GH sho-
wed increased level of adipose tissue leptin mRNA, but incubation of subcuta-
neous adipose tissue explants for 24 h with GH had no effect on bovine leptin gene
expression. Broiler chickens infused with recombinant chicken GH displayed a
dose-dependant increase in liver leptin gene expression, whereas leptin expression
in adipose tissue was unchanged (Ashwell et al., 1999). In this study, we observed
that administration of rpGH for 28 days remarkably reduced serum leptin level and
leptin gene expression in subcutaneous adipose tissue of growing pigs, which is in
agreement with the finding of Spurlock et al. (1998) that acute GH administration
significantly reduces leptin mRNA abundance of porcine. The down-regulation of
leptin expression in adipose tissue could be a direct effect of GH or mediated via
IGF-I/IGF-IR system, since this decrease was accompanied by the up-regulation
of GHR, IGF-I and IGF-IR mRNA as observed in the present study.

CONCLUSIONS

The present study provides evidence that GH/IGF-I pathway is involved in
both systemic and local effect of IGF-I in growth regulation. The enhanced hepa-
tic IGF-I expression and serum IGF-I level by rpGH administration represent the
systemic function in an endocrine manner, while the increased local production of
IGF-I in muscle and adopise tissue suggest an functional GH/IGF-I pathway in-
volved in paracrine/autocrine function. GH can act both at the level of transcrip-
tion and/or post-transcription to regulate IGF-I expression in muscle. The coor-
dinated changes of GHR, IGF-I, IGF-IR and leptin mRNA expression in adipose
tissue indicate that the local IGF-I/IGF-IR system may mediate the effect of rpGH
on leptin expression.
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STRESZCZENIE

Wplyw stymulacji rpGH na specyficzna tkankowo ekspresje¢ genéw zaleznych od hormonu
wzrostu u §win

Wieprzki $wini wielka biata x landrace przez 28 dni otrzymywaly domig$niowo iniekcje rekom-
binowanego $winskiego hormonu wzrostu (rpGH w dawce 4 mg/dzien, n=8) lub iniekcje soli fizjo-
logicznej (n=8). Cztery godziny po ostatniej iniekcji zwierze¢ta ubito, pobierajac krew do analiz RIA
oraz tkanki do analiz poziomu mRNA metoda potilosciowego RT-PCR. Stwierdzono, ze rpGH pod-
wyzszyt zarowno $redni dzienny przyrost masy ciata (26,07%; P<0,05), jak i stgzenie osoczowego
IGF-1 (70,94%; P<0,05), obnizajac jednoczesnie stezenie leptyny w osoczu (34,52%; P<0,01). Po-
ziom mRNA dla receptora GH (GH-R) wzrést w watrobie (50,66%), tkance thuszczowej (21,29%;
P<0,05) i mig$niu potéciggnistym (ST, 24,45%; P<0,05), nie ulegl natomiast zmianie w migs$niu naj-
dhuzszym grzbietu (LD). Jednoczesnie stwierdzono podwyzszona ekspresjg IGF-1 mRNA w watro-
bie (45,30; P<0,05), w tkance thuszczowej (27,82%; P<0,05) oraz w migs$niu ST (41,04%; P<0,05),
czemu towarzyszyt blisko trzykrotny (2,97x) wzrost zawarto$ci IGF-1 w watrobie, ponad pigciokrot-
ne (5,53x) jego zwigkszenie w migéniu ST oraz znaczacy (2,93x) wzrost zawartosci IGF-1 w mig$niu
LD, w ktérym nie stwierdzono jednak istotnych zmian w poziomie IGF-1 mRNA. Ponadto, w tkance
thuszczowej egzogenny rpGH spowodowat jednoczesnie podwyzszenie ekspresji genu dla receptora
IGF-1( IGF-1R mRNA),(48,08%; P<0,01) i obnizenie poziomu mRNA dla leptyny.

Uzyskane wyniki wskazuja, ze dzialanie rpGH na ekspresj¢ genow dla GH-R 1 IGF-1 jest spe-
cyficzne tkankowo, oraz ze obnizajace dziatanie rpGH na ekspresj¢ genu dla leptyny moze odbywac
sig¢ zarowno bezposrednio jak i posrednio przy udziale lokalnego systemu IGF-1/IGF-1R.



