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Abstract
AIM: To investigate the expression of growth hormone
receptor (GHR) and mRNA of GHR in cirrhotic livers of rats
with the intension to find the basis for application of
recombinant human growth hormone (rhGH) to patients with
liver cirrhosis.

METHODS: Hepatic cirrhosis was induced in Sprague-
Dawley rats by administrat ion of thioacetamide
intraperitoneally for 9-12 weeks. Collagenase IV was
perfused in situ for isolation of hepatocytes. The expression
of GHR and its mRNA in cirrhotic livers was studied with
radio-ligand binding assay, RT-PCR and digital image
analysis.

RESULTS: One class of specific growth hormone-binding
site, GHR, was detected in hepatocytes and hepatic tissue
of cirrhotic livers. The binding capacity of GHR (RT, fmol/mg
protein) in rat cirrhotic liver tissue (30.8±1.9) was significantly
lower than that in normal control (74.9±3.9) at the time
point of the ninth week after initiation of induction of cirrhosis
(n=10, P<0.05), and it decreased gradually along with the
accumulation of collagen in the process of formation and
development of liver cirrhosis (P<0.05). The number of
binding sites (×104/cell) of GHR on rat cirrhotic hepatocytes
(0.86±0.16) was significantly lower than that (1.28±0.24)
in control (n=10, P<0.05). The binding affinity of GHR among
liver tissue, hepatocytes of various groups had no significant
difference (P>0.05). The expression of GHR mRNA (riOD,
pixel) in rat cirrhotic hepatic tissues (23.3±3.1) was also
significantly lower than that (29.3±3.4) in normal control
(n=10, P<0.05).

CONCLUSION: The growth hormone receptor was
expressed in a reduced level in liver tissue of cirrhotic rats,
and lesser expression of growth hormone receptors was
found in a later stage of cirrhosis. The reduced expression
of growth hormone receptor was partly due to its decreased
expression on cirrhotic hepatocytes and the reduced
expression of its mRNA in cirrhotic liver tissue.
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INTRODUCTION
Liver cirrhosis is a common pathway of a variety of chronic
liver diseases[1] and is associated with high protein catabolism,
low anabolism and negative nitrogen balance[2] resulting in
hypoproteinemia which contributes to ascites, dysfunction of
coagulation and suppressed immune reponses [3] as
pathophysiological outcomes. In fact, progressive nutrition
deficiencies and muscle wasting are universal problems and
critical predictors of morbidity, mortality and survival[4, 5] after
surgical intervention. Early reports showed that cirrhotic
patients requiring emergency abdominal surgery exhibited a
higher mortality[6]. In retrospective studies of liver transplant
recipients, protein-calorie malnutrition had been associated with
adverse outcomes in patients with end-stage liver diseases[7, 8].
A prospective study showed that cirrhotic patients with
hypermetabolism and body mass loss had a much higher
mortality rate after liver transplantation than those with
normometabolism[9]. Nutritional support is critical for patients
with hepatic cirrhosis. Yet, studies have shown that aggressive
nutritional support is essential but not effective enough to
prevent protein loss and optimize the care of these patients in
severe catabolic illness, including cirrhosis[10, 11].
    Recent research has investigated the role of exogenous
growth factor therapy in catabolic illness. Recombinant
human growth hormone (rhGH) has been used in catabolic
states such as after abdominal operation [12],  organ
transplantation[13], major trauma[14]  and severe burns[15] to
enable them to survive an aggressive surgery and gain access
to a new life[16]. After treatment of rhGH, donor site healing
rate in children with severe burns enhanced and thus
decreased a 14-day hospitalization time[17-19], Mortality rates
in severely burned adults dropped 26 %[20]. Cell-mediated
immunity significantly enhanced, wound infection rates and
length of hospitalization in a large group of post surgical
patients decreased[21]. Some clinical trial reported that growth
hormone enhanced nitrogen retention in patients with chronic
obstructive lung diseases[22], severe sepsis[23, 24] and wasting
status of AIDS[25, 26] and in fasted adult volunteers. Although
there are many controversies[27-31], it has been confirmed that
rhGH is an effective drug to accelerate protein anabolism[32]

and plays a central role in metabolic intervention with a
significant cost-effect benefit[33].
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     The action of growth hormone depends on its binding with
growth hormone receptor on cell membrane[34]. Whether the
cirrhotic hepatocytes express growth hormone receptors
(GHR), and the relationship between the GHR expression and
the staging of liver cirrhosis are not clear. So, we adopted
multiple techniques such as radioligand binding assay and RT-
PCR to measure the changes of GHR and its mRNA in an
experimental liver cirrhosis model at cellular and histological
levels for understanding of biological feature of expression of
GHR in cirrhotic hepatocytes.

MATERIALS AND METHODS

Induction of liver cirrhosis
Liver cirrhosis in rats was induced by daily intraperitoneal
injection of 3 % thioacetamide (TAA, Shanghai, China) 50 mg/
kg for 9 to 12 weeks[35, 36]. Two hundreds male Sprague-Dawley
rats (200-300 g, Medical Animal Center, Sun Yat-Sen
University) were randomized and allotted to two groups,
normal group (n=82) received saline intraperitoneally
everyday; and cirrhotic group (n=118) received drugs for
induction of hepatic cirrhosis. From each group, 80 rats were
available for analysis. Rats were fed with regular chow and
water ad libitum in cages placed in a room with 12-hour light-
dark cycle and constant humidity and temperature (25 ).
     At the 3rd, 6th, 9th, 12th week and the 15th week (3 weeks
after withdrawal of TAA) after induction of liver cirrhosis 10
rats from each group were fasted overnight and sacrificed. Liver
tissue samples were obtained after hepatic sinusoids were
flushed by perfusion of liver with normal saline through the
portal vein. Tissue samples from the right major liver lobe
were obtained and frozen in liquid nitrogen immediately and
then stored at -80  until use, or fixed in 10 % neutral buffered
formaldehyde solution and dehydrated and embedded in
paraffin for regular pathological examination.

Digital image analysis
Liver collagen content was calculated by histomorphometric
measurement in 4-µm sections with Masson’s trichrome stain.
Under photographic analytic microscope (Carl Zeiss Axiotron,
OPTON, Germeny), three random areas in each section of liver
slide were chosen and captured in RGB format with 24-bit
true colors at a resolution of 768×512 in real time by the JVC
ky-F30B 3-CCD color video camera with digital conversion
connected with a computer system of Kontron IBAS2.5
(OPTON, Germeny) for digital image analysis. The total area
and the area of fibrosis with positive staining were
automatically selected, outlined and evaluated by planimetry.
The relative content of collagen (RCC %) was expressed as a
percentage of positive staining area in the total area[37, 38].

Hepatocyte isolation
At 9-12 weeks of the study, livers in 10 rats from each group
were perfused in situ through portal vein with collagenase (type
IV, 90 or 120 U/ml)[39, 40]. Hepatocytes were isolated at 4  by
centrifugation (50×g, 5 min or 1×g, 10 min). Cells were re-
suspended for radio-ligand binding assay in RPMI 1640
medium without serum to a final concentration of 1.0×106 cell/
ml with a purity of more than 98 % and a viability of more
than 90 % determined by trypan-blue exclusion.

Total RNA isolation
Total RNA of liver tissue was prepared from 10 rats in each
group at the 9th week during the induction of cirrhosis by a
single-step method[41]. Integrity and quality of RNA were tested
by electrophoresis in 1 % agarose-formaldehyde gels stained
with ethidium bromide. The RNA concentration was evaluated

at spectrophotometric absorbance at 260 nm.

Primers for RT-PCR
Primers for the PCR amplification of GHR transcripts were
purchased from Sangon Co. (Shanghai, China). The primers
used for detection of GHR mRNA by RT-PCR were specific
for the intracellular domain of the rat GHR, thus excluding
detection of the smaller transcripts encoding GH-binding
protein (GHBP)[42]. The forward primer (GHR4548) was 5’-
*ATGTGAGATCCAGACAACG-3’ with the first base *A at
the 5’ end as an unmatched base of the original G and spanned
from 876 to 894 located in exon 7 and the reverse one 5’-
ATGTCAGGGTCATAACAGC-3’ spanned from 1 356 to
1 374 located in exon 10. The PCR product was supposed to
be 499 bp in length.

RT-PCR
RT-PCR was performed using the MasterAmpTM RT-PCR kit
(Epicentre, Madison, USA) for detection of GHR mRNA[43].
The procedure of RT-PCR was similar to that of literature[44].
Negative controls in RT-PCR included reactions in the absence
of RNA sample or primers or RT reaction to detect possible
contamination of genomic DNA in RNA samples. The
experiment was considered ineffective if there was any incidental
band in lane of negative control. 10 µl of each PCR products
was subjected to electrophoresis for about 1 hour on 1 % agarose
gel using electrophoresis apparatus (Bio-Rad, UK) and visualized
by staining with ethidium bromide. The bands were observed
using a ultraviolet gel device (UVI, UK) and captured into its
computer system for digital image analysis. The level of GHR
mRNA in each sample was expressed as: iOD (pixel)=the
average optical density of each band×its area (pixel).

Membrane microsome preparation
The microsomal liver membrane fraction was prepared by
differential centrifugation of liver homogenate according to
Papotti[45]. About 1 g tissue from rat livers was chopped and
homogenized with an electric homogenizer (Vorsicht,
Malaysia) in ice-cold (4 ) phosphate buffer (PBS) containing
0.25 M sucrose. The mixture was centrifuged at 1 500×g for
15 minutes. The supernatant was collected and centrifuged at
30 000×g for 30 minutes. The pellet was re-suspended in 3M
MgCl2 for 5 minutes to remove endogenous GH binding[46]

and centrifuged, the pellet was suspended in PBS. Protein
concentration of the solution was determined by Lowry method.

GH binding assay
In radioreceptor assay, 100 µl (approximately 20 000 cpm) of
125I-hGH (NEN Inc, Boston, USA) with a specific activity of
about 108 µCi/µg, 100 µl of unlabeled hGH in PBS and 100 µl
of liver membrane microsomes or liver cells were mixed and
incubated at 4  over night. Parallel incubations were performed
with various amounts of hGH (0-3nM divided into 7-9
concentration gradients) in duplicate. An excess of hGH was
used to determine nonspecific binding. At the end of the
incubation, bound and free hormones were separated by filtration
(0.18 µm mesh filters, Shanghai, China)[47]. The pellets on
membrane were subjected to a gamma counter (SNγ682, Rihuan,
Shanghai, China). GH binding affinity constant (Kd, nM) and
binding capacity (RT, fmol/mg protein) or numbers of 125I-GH
binding sites of hepatocytes (×104/cell) were calculated by
Scatchard analysis using the LIGAND program[48, 49].

Statistical analysis
Results were expressed as the mean ± SEM (x±s) and analyzed
by ANOVA and least significant difference (LSD) method with
an acceptance of significance as P<0.05.



RESULTS
Changes of lobular structure and RCC in the development of
liver cirrhosis
In control group, no evident pathological change of lobular
structure was found in liver tissue over 15 weeks. In cirrhotic
model group, 4 stages of pathological changes were manifested
during the development of liver cirrhosis: (1) scattered necrosis
and cellular degeneration at the 3rd week; (2) fibrous
proliferation at the 6th week; (3) pseudo-lobule formation at
the 9th week; (4) massive nodule formation at the 12th week
and (5) partial reversion of cirrhosis at the 15th week.
     In control group, there was no significant change of RCC
(P>0.05) among the different time points during the period of
15 weeks (Table 1). While compared with that of the control
group at the same time point, RCC kept no significant change
at the 3rd week (P>0.05) and increased significantly at the 6th,
9th, 12th and 15th week respectively (P<0.05) in the cirrhotic
model group. When compared among the different time points
in the cirrhotic model group, RCC increased gradually at the
3rd, 6th, 9th week and reached to its turning point at the 12th

week (P<0.05), then went down, but still above normal level
at the 15th week.

Table 1  Dynamic alteration of RCC, RT and Kd in cirrhotic
liver tissues

             RCC (%)         RT (fmol/mg protein) Kd (nM)
Time

   Control         Model       Control      Model      Control         Model
    Group         Group        Group       Group       Group         Group

3rd week   1.29±0.23     1.56±0.35     75.8±5.1    55.2±4.5b       0.62±0.03     0.61±0.07

6th week   1.19±0.21     10.8±2.5ab    77.3±4.3     42.6±2.1ab     0.64±0.05     0.58±0.06

9th week   1.16±0.18     20.2±3.6ab    74.9±3.9     30.8±1.9ab     0.61±0.09     0.60±0.04

12th week   1.27±0.25     28.0±4.3ab    73.2±5.4     17.5±2.5ab     0.60±0.08     0.59±0.07

15th week   1.13±0.24     15.2±2.6ab    71.5±4.9     20.8±1.6b      0.58±0.06     0.61±0.09

aP<0.05 vs a previous time point, bP<0.05 vs control group.  RCC:
relative content of collagen (%) indicating severity of liver fibrosis;
RT: total binding capacity of receptors (fmol/mg protein) corre-
sponding to the quantity of receptors;  Kd: dissociation constant
in equilibrium (nM) which is equal to the affinity of receptors.

GH binding in the development of liver cirrhosis
GH binding assay was carried out using liver membrane
microsomes from rats at different time points in various groups
and specific binding for 125I-hGH was detected in all samples.
The Scatchard analysis of GH binding capacity (RT) and affinity
(Kd) on each sample was performed and a single class of
specific GH-binding sites on liver cell membranes, that is GHR,
was revealed in both normal and cirrhotic liver tissue samples
by linear Scatchard plots (Figure 1).
     No significant change of RT and Kd was found in liver tissue
samples during the period of 15 weeks in control group (P>0.05)
(Table 1 and Figure 1). While compared with that of the control
group at the same time point, RT decreased significantly (P<0.05)
at the 3rd, 6th, 9th, 12th and 15th week although no change of Kd
was observed in cirrhotic model group. When compared among
the different time points in the cirrhotic model group, RT

decreased gradually at the 3rd, 6th, 9th week and reached to its
lowest point (P<0.05) at the 12th week, then increased but still
under normal level at the 15th week.
    The correlation analysis manifested a significant negative
linear correlation between RT and RCC in rat liver cirrhotic
tissue (r=-0.82, n=50, P<0.05) (Figure 2).

Quantitative analysis of GH binding sites on rats hepatocytes
There were linear Scatchard plots of normal and cirrhotic
hepatocytes, which indicated the presence of a single class of

specific GH-binding sites, GHR, on hepatocyte membranes.
The quantity of GH-binding sites (×104/cell) on hepatocytes
of cirrhotic model group (0.86±0.16) was significantly less
than that (1.28±0.24) in normal control group (n=10, P<0.05)
while the affinity (Kd, nM) of hepatocytes from model group
(0.56±0.08) and control group (0.61±0.11) was similar (n=10,
P>0.05).

Figure 1  Scatchard analysis of GH-binding in rat liver tissue.
Microsomes of liver tissues were incubated with 125I-labeled hGH
and increased concentrations of unlabeled hGH. The bound/
free radioactivity ratio (Y axis) was plotted as a rectilineal func-
tion of bound hormone (X axis). GH binding capacities
(Bmax=intercept on X axis, RT=Bmax/protein concentration) and
affinities (Kd=negative reciprocal of slope) were calculated from
the competition assays by Scatchard analysis.

Figure 2  Correlation between RT (quantity of GHR) and RCC
(degree of cirrhosis) in rat cirrhotic liver samples.

GHR mRNA detected by RT-PCR
A specific band of RT-PCR products (499 bp in length) was
detected in liver tissue samples from both control group and
cirrhotic model group, indicating that GHR mRNA was
expressed in both groups. The level of GHR mRNA (iOD, pixel)
in cirrhotic liver (23.3±3.1) was lower than that (29.3±3.4) in
normal liver (n=10, P<0.05) (Figure 3).

Figure 3  Comparison of GHR mRNA expression in liver tis-
sue in normal control group and cirrhotic model group (the
result of RT-PCR). Lane M: 100 bp DNA ladder;  Lane 1: Nor-
mal control group; Lane 2: Cirrhotic model group.
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DISCUSSION
Much has been done regarding the expression of GHR and
signal transduction[34, 47, 50, 51], but the expression of GHR in
some pathological states such as cirrhotic hepatocytes,
malignant cells is not clear. Chang[52] reported that 125I-rhGH
binding activity in 6 cases of hepatocellular carcinoma and
adjacent cirrhotic liver tissue could not be detected and believed
that the GHR in cirrhotic hepatic tissue disappeared although
the study only examined one aspect of the GHR, GH binding.
Another study[53] showed that specific binding of 125I-hGH in
liver tissue from liver transplant of 17 cases with end-stage
liver diseases was lower than that in normal control, but only
in 3 cirrhotic livers Scatchard analysis was performed for
calculation of GH binding capacity and affinity. In this setting
of tissue-based GH binding assay, it was not convincing enough
to clear up the controversy about the expression of GHR on
cirrhotic liver cells. So, GH binding assay at cellular level was
used to analyze the expression of GHR on hepatocytes or in
liver tissue of rats with cirrhosis. We have demonstrated that
the growth hormone receptor was expressed on cirrhotic
hepatocytes and lesser expression of GHR was found in a later
stage of cirrhosis.
    In present study, 125I-hGH binding activity of cirrhotic
hepatic tissue was studied with radioligand binding assay, and
a single class of growth hormone specific binding sites with
normal affinity was detected in the cirrhotic hepatic tissue,
which indicated the expression of GHR in cirrhotic hepatic
tissue. These results were compatible with those of clinical
specimens from liver transplants[53].
     The relationship between the GHR expression in cirrhotic
tissue and the stage of liver cirrhosis has not been reported. In
our study, 125I-hGH binding capacity (i.e. the quantity of GHR)
decreased significantly even in the early stage of cirrhosis,
and gradually decreased during the development of liver
fibrosis and dropped to the lowest level in late stage of cirrhosis
on week 12 after induction of hepatic cirrhosis, then increased
but still below the normal level after withdrawal of TAA. This
implicated that the quantity of GHR in liver tissue altered
dynamically without any significant change of GH binding
affinity over the development or recovery of liver cirrhosis. In
other words, GHR expression was suppressed in the process
of formation of liver cirrhosis. The more severe the cirrhosis
was, the more significant the down regulation of GHR
expression would be.
     GH binding varied among liver samples[47,53]. Our results
indicated that GH binding capacity in rat cirrhotic liver tissue
differed in various stages of liver cirrhosis, and only slight
variation (data not listed) of such binding was found in liver
tissue with the same time point during the development of
cirrhosis. Therefore, histological staging of liver cirrhosis was
one of the important factors predisposing the down-regulation
of GHR expression[54].
     Fibrotic tissue accumulated in the portal area during the
reconstruction of lobule of cirrhotic liver while hepatocytes
regenerated continuously after repeated necrosis in the
development of liver cirrhosis. The fibrous structure,
hepatocytes and interstitial cells with heterogeneous
distribution and various combination in cirrhotic tissue should
be considered respectively as we analyzed the expression of
growth hormone receptor. In the present study, the result of
GH-binding capacity (RT) in cirrhotic liver tissue indicated
the GHR expression on membrane microsomes in hepatocytes
and interstitial cells and could be affected by non-parenchymal
cells rather than fibrotic tissue[53]. The quantitative measurement
of GH binding sites on parenchymal cells from cirrhotic livers
had not been reported previously. Therefore Scatchard analysis
was resorted to again and a single class of growth hormone

specific binding sites with normal affinity was detected in
isolated cirrhotic hepatocytes, suggesting the expression of
GHR on cirrhotic hepatocytes disassociated in vitro. It was
found that the binding sites on cirrhotic hepatocytes was
significantly decreased as compared with that on normal
hepatocytes, which implied that cirrhotic hepatocytes expressed
GHR in a reduced level without any significant difference of
binding affinity. So, the decreased expression of GHR in
cirrhotic liver tissue should be attributed not only to
accumulation of interstitial cells but to the reduced expression
of GHR on cirrhotic hepatocytes themselves also.
     It is possible that the reduced level of GH binding is partly
owing to the reduced population of hepatocytes and increased
numbers of interstitial cells in cirrhotic livers. But the
mechanisms of the reduced GHR expression on cirrhotic
hepatocytes has not been defined yet. The reduced GH binding
level was unlikely due to changes in the receptor itself.
Occupancy of the receptors by endogenous GH and ligand-
induced internalization of GHR may affect the measurement
of the binding, since dissociation of GH from its receptor and
recycling of GHR is incomplete in several hours[55]. Therefore,
GH binding was determined on microsomes that had been
desaturated by exposure to 3M MgCl2 for 5 minutes[46]. It was
reported that the specific binding of 125I-labelled bovine GH to
a GHR-enriched low density membrane fraction from
regenerating rat liver was reduced to 10-35 % between 12 and
24 h and remained low until 48 h after partial hepatectomy[46],
which indicated the amount of functional GHR on hepatocytes
was decreased with repeated degeneration, necrosis and
regeneration in the microenvironment of cirrhosis. In this
situation several cytokines such as IL-1β , TNF-α and
glucocorticoids seemed to be involved in the likely mechanism
of the reduced GHR expression[40, 56, 57].
    It is necessary to investigate the changes of GHR and its
mRNA simultaneously in order to understand the biological
events at different levels. Shen[53] reported that the reduced
expression of GHR mRNA identified by ribonuclease
protection assay in human cirrhotic livers was in the similar
order of magnitude as reduction in GH binding. Relative
quantity of GHR mRNA in liver tissue of cirrhotic rats was
tested with RT-PCR assay and a similar result of our study
indicated that the expression of GHR mRNA in cirrhotic liver
tissue was lower than that in normal controls. Accordingly, it
was suggested that the reduced GH binding may be secondary
to reduced GHR gene expression and decreased GHR synthesis.
     In summary, GH binding assay with staging analysis of liver
cirrhosis was applied and our study showed that the growth
hormone receptor was expressed with normal binding affinity
on cirrhotic hepatocytes and expression of growth hormone
receptors in a later stage of cirrhosis reduced significantly.
These results implicated that there was a physiological basis
of GHR for GH action in cirrhotic livers, but the sensitivity of
cirrhotic hepatocytes to growth hormone might be decreased.
Further investigations should be concentrated on the signal
transduction of GHR in cirrhotic hepatocytes[58].

REFERENCES
1 Strong RW. Liver transplantation: current status and future

prospects. J R Coll Surg Edinb 2001; 46: 1-8
2 Dichi JB, Dichi I, Maio R, Correa CR, Angeleli AY, Bicudo MH,

Rezende TA, Burini RC. Whole-body protein turnover in mal-
nourished patients with child class B and C cirrhosis on diets
low to high in protein energy. Nutrition 2001; 17: 239-242

3 Sobhonslidsuk A, Roongpisuthipong C, Nantiruj K, Kulapongse
S, Songchitsomboon S, Sumalnop K, Bussagorn N. Impact of liver
cirrhosis on nutritional and immunological status. J Med Assoc
Thai 2001; 84: 982-988

4 Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, Boffo G,

768                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4



Caregaro L. Nutrition and survival in patients with liver cirrhosis.
Nutrition 2001; 17: 445-450

5 Mendenhall CL, Tosch T, Weesner RE, Garcia-Pont P, Goldberg
SJ, Kiernan T, Seeff LB, Sorell M, Tamburro C, Zetterman R. VA
cooperative study on alcoholic hepatitis. II. Prognostic signifi-
cance of protein-calorie malnutrition. Am J Clin Nutr 1986; 43:
213-218

6 Maull KI, Turnage B. Trauma in the cirrhotic patient. South Med
J 2001; 94: 205-207

7 Moukarzel AA, Najm I, Vargas J, McDiarmid SV, Busuttil RW,
Ament ME. Effect of nutritional status on outcome of orthotopic
liver transplantation in paediatric patients. Transplant Proc 1990;
22: 1560-1563

8 Harrison J, McKiernan J, Neuberger JM. A prospective study on
the effect of recipient nutritional status on outcome in liver
transplantation. Transpl Int 1997; 10: 369-374

9 Muller MJ, Lautz HU, Plogmann B, Burger M, Korber J, Schmidt
FW. Energy expenditure and substrate oxidation in patients with
cirrhosis: the impact of cause, clinical staging and nutritional state.
Hepatology 1992; 15: 782-794

10 Streat S, Beddoe A, Hill GL. Aggressive nutritional support does
not prevent protein loss despite fat gain in septic intensive care
patients. J Trauma 1987; 27: 262-266

11 Le Cornu KA, McKiernan FJ, Kapadia SA, Neuberger JM. A pro-
spective randomized study of preoperative nutritional supple-
mentation in patients awaiting elective orthotopic liver
transplantation. Transplantation 2000; 69: 1364-1369

12 Wong WK, Soo KC, Nambiar R, Tan YS, Yo SL. The effect of
recombinant growth hormone on nitrogen balance in malnour-
ished patients after major abdominal surgery. Aust N Z J Surg
1995; 65: 109-113

13 Rodeck B, Kardorff R, Melter M, Ehrich JH. Improvement of
growth after growth hormone treatment in children who undergo
liver transplantation. J Pediatr Gastroenterol Nutr 2000; 31: 286-290

14 Petersen SR, Holaday NJ, Jeevanandam M. Enhancement of pro-
tein synthesis efficiency in parenterally fed trauma victims by
adjuvant recombinant human growth hormone. J Trauma 1994;
36: 726-733

15 Singh KP, Prasad R, Chari PS, Dash RJ. Effect of growth hor-
mone therapy in burn patients on conservative treatment. Burns
1998; 24: 733-738

16 Iglesias P, Diez JJ. Clinical applications of recombinant human
growth hormone in adults. Expert Opin Pharmacother 1999; 1: 97-
107

17 Herndon DN, Hawkins HK, Nguyen TT, Pierre E, Cox R, Bar-
row RE. Characterization of growth hormone enhanced donor
site healing in patients with large cutaneous burns. Ann Surg 1995;
221: 649-656

18 Aili Low JF, Barrow RE, Mittendorfer B, Jeschke MG, Chinkes
DL, Herndon DN. The effect of short-term growth hormone treat-
ment on growth and energy expenditure in burned children.
Burns 2001; 27: 447-452

19 Hart DW, Herndon DN, Klein G, Lee SB, Celis M, Mohan S,
Chinkes DL, Wolf SE. Attenuation of posttraumatic muscle ca-
tabolism and osteopenia by long-term growth hormone therapy.
Ann Surg 2001; 233: 827-834

20 Knox J, Demling R, Wilmore D, Sarraf P, Santos A. Increased
survival after major thermal injury: the effect of growth hormone
therapy in adults. J Trauma 1995; 39: 526-530

21 Vara-Thorbeck R, Guerrero JA, Rosell J, Ruiz-Requena E, Capitan
JM. Exogenous growth hormone: effects on the catabolic response
to surgically produced acute stress and on postoperative immune
function. World J Surg 1993; 17: 530-537

22 Pape GS, Friedman M, Underwood LE, Clemmons DR. The ef-
fect of growth hormone on weight gain and pulmonary function
in patients with chronic obstructive lung disease. Chest 1991; 99:
1495-1500

23 Koea JB, Breier BH, Douglas RG, Gluckman PD, Shaw JH. Ana-
bolic and cardiovascular effects of rhGH in surgical patients with
sepsis. Br J Surg 1996; 83: 196-202

24 Li W, Li J, Xu B, Yin L, Wang L, Gu J, Ren JA, Quan ZF. Effect of
recombinant human growth hormone with total parenteral nu-
trition on albumin synthesis in patients with peritoneal sepsis.
Zhonghua Waike Zazhi 1998; 36: 643-645

25 Schambelan M, Mulligan K, Grunfeld C, Daar ES, LaMarca A,
Kotler DP, Wang J, Bozzette SA, Breitmeyer JB. Recombinant
human growth hormone in patients with HIV-associated wasting.
A randomized, placebo-controlled trial. Serostim Study Group.
Ann Intern Med 1996; 125: 873-882

26 Waters D, Danska J, Hardy K, Koster F, Qualls C, Nickell D,
Nightingale S, Gesundheit N, Watson D, Schade D. Recombi-
nant human growth hormone, insulin-like growth factor 1, and
combination therapy in AIDS-associated wasting. A randomized,
double-blind, placebo-controlled trial. Ann Intern Med 1996; 125:
865-872

27 O’Leary MJ, Ferguson CN, Rennie M, Hinds CJ, Coakley JH,
Preedy VR. Effect of growth hormone on muscle and liver pro-
tein synthesis in septic rats receiving glutamine-enriched
parenteral nutrition. Crit Care Med 2002; 30: 1099-1105

28 Losada F, Garcia-Luna PP, Gomez-Cia T, Garrido R N M, Pereira
JL, Marin F, Astorga R. Effects of Human Recombinant Growth
hormone on Donor-site Healing in Burned Adults. World J Surg
2002; 26: 2-8

29 Carroll PV, Van den Berghe G. Safety aspects of pharmacologi-
cal GH therapy in adults. Growth Horm IGF Res 2001; 11: 166-172

30 Takala J, Ruokonen E, Webster NR, Nielsen MS, Zandstra DF,
Vundelinckx G, Hinds CJ. Increased mortality associated with
growth hormone treatment in critically ill adults. N Engl J Med
1999; 341: 785-792

31 Jeschke MG, Barrow RE, Herndon DN. Recombinant human
growth hormone treatment in pediatric burn patients and its role
during the hepatic acute phase response. Crit Care Med 2000; 28:
1578-1584

32 Raguso CA, Genton L, Kyle U, Pichard C. Management of ca-
tabolism in metabolically stressed patients: a literature survey
about growth hormone application. Curr Opin Clin Nutr Metab
Care 2001; 4: 313-320

33 Wilmore DW. Postoperative protein sparing. World J Surg 1999;
23: 545-552

34 Carter-Su C, Schwartz J, Smit LS. Molecular mechanism of growth
hormone action. Annu Rev Physiol 1996; 58: 187-207

35 Dashti H, Jeppsson B, Hagerstrand I, Hultberg B, Srinivas U,
Abdulla M, Bengmark S. Thioacetamide and carbon tetrachlo-
ride-induced liver cirrhosis. Eur Surg Res 1989; 21: 83-91

36 Jeong DH, Jang JJ, Lee SJ, Lee JH, Lim IK, Lee MJ, Lee YS. Ex-
pression patterns of cell cycle-related proteins in a rat cirrhotic
model induced by CCl4 or thioacetamide. J Gastroenterol 2001;
36: 24-32

37 Huang J, Cai MY, Wei DP. HLA class I expression in primary
hepatocellular carcinoma. World J Gastroenterol 2002; 8: 654-657

38 Noutsias M, Pauschinger M, Ostermann K, Escher F, Blohm JH,
Schultheiss H, Kuhl U. Digital image analysis system for the quan-
tification of infiltrates and cell adhesion molecules in inflamma-
tory cardiomyopathy. Med Sci Monit 2002; 8: MT59-71

39 Imanishi H, Kothary PC, Bhora FY, Eckhauser FE, Raper SE.
Impaired phorbol ester-induced hepatocyte proliferation in
cirrhosis. J Surg Res 1995; 58: 435-440

40 Thissen JP, Verniers J. Inhibition by interleukin-1 beta and tu-
mor necrosis factor-alpha of the insulin-like growth factor I mes-
senger ribonucleic acid response to growth hormone in rat hepa-
tocyte primary culture. Endocrinology 1997; 138: 1078-1084

41 Chomczynski P, Sacchi N. Single-step method of RNA isolation
by acid guanidinium thiocyanate- phenol- chloroform extraction.
Anal Biochem 1987; 162: 156-159

42 Wolf M, Bohm S, Brand M, Kreymann G. Proinflammatory
cytokines interleukin 1 beta and tumor necrosis factor alpha in-
hibit growth hormone stimulation of insulin-like growth factor I
synthesis and growth hormone receptor mRNA levels in cultured
rat liver cells. Eur J Endocrinol 1996; 135: 729-737

43 Rzucidlo SJ, Bounous DI, Jones DP, Brackett BG. Acute acetami-
nophen toxicity in transgenic mice with elevated hepatic
glutathione. Vet Hum Toxicol 2000; 42: 146-150

44 Zhao J, van Tol HT, Taverne MA, van der Weijden GC, Bevers
MM, van den Hurk R. The effect of growth hormone on rat pre-
antral follicles in vitro. Zygote 2000; 8: 275-283

45 Papotti M, Ghe C, Cassoni P, Catapano F, Deghenghi R, Ghigo
E, Muccioli G. Growth hormone secretagogue binding sites in
peripheral human tissues. J Clin Endocrinol Metab 2000; 85: 3803-
3807

Wang HT et al. GHR expression in rat liver cirrhosis 769



46 Husman B, Andersson G. Regulation of the growth hormone
receptor during liver regeneration in the rat. J Mol Endocrinol 1993;
10: 289-296

47 Hocquette JF, Postel-Vinay MC, Kayser C, de Hemptinne B,
Amar-Costesec A. The human liver growth hormone receptor.
Edocrinology 1989; 125: 2167-2174

48 Golda V, Fickova M, Pinterova L, Jurcovicova J, Macho L, Zorad
S. Terguride attenuates prolactin levels and ameliorates insulin
sensitivity and insulin binding in obese spontaneously hyper-
tensive rats. Physiol Res 2001; 50: 175-182

49 Reynaud D, Demin P, Pace-Asciak CR. Hepoxilin A3-specific
binding in human neutrophils. Biochem J 1996; 313: 537-541

50 Husman B, Andersson G, Norstedt G, Gustafsson JA. Character-
ization and subcellular distribution of somatogenic receptor in
rat liver. Endocrinology 1985; 116: 2605-2611

51 van Neste L, Husman B, Moller C, Andersson G, Norstedt G.
Cellular distribution of somatogenic receptors and insulin-like
growth factor-I mRNA in the rat liver. J Endocrinol 1988; 119:
69-74

52 Chang TC, Lin JJ, Yu SC, Chang TJ. Absence of growth-hormone
receptor in hepatocellular carcinoma and cirrhotic liver.
Hepatology 1990; 11: 123-126

53 Shen XY, Holt RI, Miell JP, Justice S, Portmann B, Postel-Vinay
MC, Ross RJ. Cirrhotic liver expresses low levels of the full-length
and truncated growth hormone receptors. J Clin Endocrinol Metab
1998; 83: 2532-2538

54 Wang H, Chen S, Ou Q, Deng M, Liu X. Expression of growth
hormone receptor and its mRNA in cirrhotic livers. Zhonghua
Yixue Zazhi 2002; 82: 168-171

55 Allevato G, Billestrup N, Goujon L, Galsgaard ED, Norstedt G,
Postel-Vinay MC, Kelly PA, Nielsen JH. Identification of pheny-
lalanine 346 in the rat growth hormone receptor as being critical
for ligand-mediated internalization and down-regulation. J Biol
Chem 1995; 270: 17210-17214

56 Tonshoff B, Mehls O. Interactions between glucocorticoids and
the growth hormone-insulin-like growth factor axis. Pediatr Trans-
plant 1997; 1: 183-189

57 Wang P, Li N, Li JS, Li WQ. The role of endotoxin, TNF-α, and
IL-6 in inducing the state of growth hormone insensitivity. World
J Gastroenterol 2002; 8: 531-536

58 Wang H, Deng M, Ou Q, Wei J, Liu X, Chen S. Effects of rhGH on
the expression of growth hormone receptor of liver cells in a
murine experimental cirrhosis model. Zhonghua Putong Waike
Zazhi 2002; 17: 93-95

Edited by Ren SY

770                   ISSN 1007-9327          CN 14-1219/ R         World J Gastroenterol    April 15, 2003   Volume 9   Number 4


