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The liver is an essential target tissue for growth
hormone (GH) and prolactin (PRL). The aim of this
study was to determine the in situ expression of growth
hormone receptor (GHR) and prolactin receptor
(PRLR)  in hepatocellular carcinomas and to compare
the results with normal liver. For this purpose, in situ
hybridization (ISH) and immunohistochemical tech-
niques were performed and several tests were
conducted to validate the results. By radioactive
ISH, all the hepatocellular carcinomas studied showed
labeling for GHR and PRLR mRNAs. Relative expression
levels, determined by computer-assisted microdensity,
were higher in hepatocellular carcinomas than in nor-
mal liver. Immunohistochemistry led us to confirm the
constant expression of both receptor proteins in hepa-
tocellular carcinomas and normal liver and to demon-
strate their localization not only in the cytoplasm but
also in the nucleus. These results confirm that the liver
is a major GH and PRL target tissue and suggest that in
hepatocellular carcinomas the proliferative effects of
these hormones may be increased by a higher expres-
sion of their receptors.

Key Words: In situ hybridization; immunohistochemis-
try; mRNA expression; hepatocyte; liver.

(1,2). Both receptors show significant homology, share a
common ancestral gene, and belong to the class 1 of the
GH/PRL/cytokine receptor family or hematopoietin recep-
tor superfamily (3–5). GHR and PRLR were shown in many
tissue types (4,6–10), and in recent years multiple factors
have been described that regulate their expression (11,12).
Hepatic actions of GH constitute the greatest number of any
tissue (>120). In the same way, PRL actions are described
in liver (13). These two hormones have a growth factor
role, by acting directly or through growth factor synthesis.
GHR and PRLR, after ligand-induced dimerization, trigger
a cascade of intracellular events leading to cell prolifera-
tion (14,15). It has been reported that hepatoma cells express
PRLR (16). However, controversial results exist about the
expression of GHR in hepatocellular carcinomas (17–20).
The aim of the present study was to determine whether these
receptors show a differential expression in hepatocellular
carcinomas vs normal liver. For this purpose we used two
complementary methods: in situ hybridization (ISH) and
immunohistochemistry. The basal expression of these recep-
tors in the normal tissue led us to use these morphological
methods to distinguish between normal and carcinoma cell
expressions of mRNA and protein.

Results

In Situ Hybridization

In normal human liver, a homogeneous expression of hGHR
and hPRLR mRNAs was found on macroautoradiograms (Fig.
1A,B). No signal was observed with sense probes (Fig. 1C,D).
The microscopic study showed abundant silver grains in the
cytoplasm of hepatocytes (Fig. 1 E). No labeling was
detected when the sense probes were employed (Fig. 1F).
In hepatocellular carcinomas, every sample tested was posi-
tive for the presence of hGHR and hPRLR mRNA. The sig-
nal obtained on macroautoradiograms was heterogeneous
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Introduction

Growth hormone receptor (GHR) and prolactin receptor
(PRLR) were first identified and characterized in the liver
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(Fig. 1G, H, insets), and a diffuse cytoplasmic labeling was
demonstrated in the microscopic observation over the liver
carcinoma cells (Fig. 1G,H).

Semiquantitative Analysis of mRNAs

The measurement of optical density (OD) on
macroautoradiograms allowed us to estimate the relative
expression of the level of hGHR and hPRLR genes. The
hGHR and hPRLR mRNA were significantly increased
in hepatocellular carcinomas in comparison to normal
liver. The results obtained for hGHR mRNA were 30.26
± 2.06 (arbitrary units) in hepatocellular carcinomas and
17.85 ± 1.01 in normal liver (p < 0.000263), and for

hPRLR mRNA, 31.01 ± 1.41 and 17.93 ± 1.09, respectively
(p < 0.000006) (Fig. 2A,B).

Immunohistochemistry

The results obtained by immunohistochemical techniques
were in good agreement with those obtained by ISH. Normal
liver showed a homogeneous positivity for GHR and PRLR
throughout the hepatic lobule. Both the cytoplasm and
nucleus of hepatocytes were immunostained (Fig. 3A,C).
No immunoreactivity was found when the primary antibodies
were substituted by either unrelated monoclonal antibodies
(MAbs) or mouse IgG1directed towards substances not present
in mammalian tissues (Fig. 3B,D). All the hepatocellular car-

Fig. 1. Expression of (A–F) hGHR and hPRLR mRNA in normal liver tissue and (G, H) hepatocellular carcinomas. Macroautoradiograms
from adjacent liver sections showed specific signals for hGHR mRNA in (A) and hPRLR mRNA in (B), whereas liver sections hybridized
under the same experimental conditions with hGHR sense probe and an excess of unlabeled hPRLR probe showed no significant labeling
in (C) and (D), respectively. Microscopic analysis showed epipolarized silver grains for hGHR mRNA (E) and hPRLR mRNA (F) over
all normal hepatocytes. In (G) and (H), microscopic analysis showed a high density of signal over hepatocellular carcinoma cells for
hGHR mRNA (G) and hPRLR mRNA (H) (A–D: ×2, bars: 0.3 cm; E–H ×300, bars: 50 µm).
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Discussion

This study has demonstrated by two complementary mor-
phological techniques—ISH and immunohistochemistry—
the expression of the GHR and PRLR gene and their translation
in normal human liver and hepatocellular carcinomas. Controls
carried out in our study proved the specificity of the ISH
technique for the detection of GHR and PRLR mRNA
transcripts and of the immunohistochemical technique for
the detection of the proteins themselves such as previously
described for GHR and PRLR visualization in normal
(9,21,22) and pathological human tissues (10,23).

Previous reports have shown the expression of GHR and
PRLR in normal liver of rodents (1,2,7) and humans
(9,20,22,24). In agreement with our results, a similar
homogeneous pattern of immunostaining among hepatocytes
of different zones of the hepatic lobules (except for some
around the central veins) was reported for PRLR in rat
liver (25).

Hepatocellular carcinomas are hormone-dependent
tumors whose proliferation can be stimulated by GH (26)
and PRL (27). Moreover, in transgenic mice with the GH
gene put under transcriptional control of the mouse
metallothionein promoter, hepatocellular neoplasms
including both adenoma and carcinoma were frequently
found (28). In the same way, rats treated with GH during
early phases of promotion of liver regeneration after par-
tial hepatectomy showed overexpression of c-myc and
c-fos and promotion of liver carcinogenesis (29). The
expression of PRLR in hepatoma cells was previously
demonstrated (16). However, controversial findings on
the expression of GHR in hepatocellular carcinomas have
been reported with decreasing concentration (17) and
negative (18) or positive results (19,20). In our study,
every tumor sample analyzed showed expression of both
receptors, indicating that this is a general phenomenon.
Semiquantitative analysis of the expression of mRNAs on
macroautoradiograms showed that the levels, although
variable from case to case, were higher in hepatocellular
carcinomas than in normal liver for both GHR and PRLR.

The intracellular localization of GHR and PRLR in both
normal liver and hepatocellular carcinomas is not surpris-
ing given that the members of the GH/PRL/cytokine
receptor family are known to cycle rapidly between the
plasma membrane and a large pool of intracellular recep-
tors (2,30). It has been proposed that the GHR and PRLR
complexes are rapidly internalized by endocytosis (31,32).
In the current study, the receptors for GH and PRL were
found not only in the cytoplasm but also in the nuclei. This
subcellular distribution is to be expected because previ-
ous studies have demonstrated the presence of GHR (33)
and PRLR (34,35) at the nuclear level. Furthermore, the
JAK 2 kinase, which mediates the proliferative effects of
GH and PRL, is localized in the nucleus (36). Once in the
nucleus, GH and PRL can generate signals for gene tran-
scription and cell proliferation (14,37–39).

Fig. 2. Evaluation of (A) hGHR and (B) hPRLR mRNA in normal
liver and hepatocellular carcinomas. Signal density was quantified
on autoradiographic film and expressed in arbitrary units. The
means of the density of signal are about twofold higher in
hepatocellular carcinomas than in normal liver.

cinomas studied exhibited a diffuse positivity for GH
and PRL receptors. In general, the intensity of immuno-
staining was higher than in normal cells. The pattern of
cellular immunoreactivity was similar to that obtained in
normal liver; that is, both the cytoplasm and nucleus were
also positive in malignant cells (Fig. 3E,F).



268 EndocrineGHR and PRLR in Hepatocellular Carcinomas/García-Caballero et al.

The demonstration of an increased expression of GHR
and PRLR mRNA in hepatocellular carcinomas confirms
the role of the liver as the major GH and PRL target tissue,
as well as the proliferative effects of these hormones. GH
induces insulin-like growth factor-1 (IGF-1), transforming
growth factor- , and DNA synthesis (40,41), and PRL
induces IGF-1 and prostaglandin synthesis (13,42). The
increased expression of IGF-1 receptors in hepatocellular
carcinoma cell lines has been demonstrated (43).

In conclusion, we have shown by immunohistochemistry
the presence of GHR and PRLR in normal liver and
hepatocellular carcinomas, and by ISH the higher level of
their specific mRNAs in hepatocellular carcinomas compared
to normal hepatocytes. These findings confirm the direct

effect of GH and PRL in normal human liver and suggest
that in hepatocellular carcinomas, their actions may be
increased by higher expression of their receptors, and lend
evidence to the proliferative effect of GH and PRL in tumors.
Moreover, the demonstration of an increased expression of
GHR and PRLR in hepatocellular carcinomas could raise the
possibility of new therapeutic strategies (by use of specific
antibodies or antagonists) in this agressive type of tumor.

Materials and Methods

Tissues

Surgical samples were selected from the pathology
department files of the Marcel Merieux Institut of Lyon

Fig. 3. Immunoreactivity for GHR and PRLR in (A–D) normal liver and (E–F) hepatocellular carcinomas. Immunoreactivity for GHR
in normal liver was demonstrated in all hepatocytes in both cytoplasm and nucleus (A). In the control performed by substitution of the
GHR antibody with an unrelated antibody of the same class (ER-PR8), no immunostaining was shown (B). Immunoreactivity for PRLR
in normal liver was found in the cytoplasms and nuclei of hepatocytes (C). In the control performed by substitution of the PRLR antibody
with a mouse IgG1 that recognizes an enzyme not present in mammalian tissues, no immunoreactivity was found (D). Immunoreactivity
for GHR (E) and PRLR (F) in hepatocellular carcinomas showed a diffuse pattern, with the positivity observed in the cytoplasms and
nuclei of tumor cells. No nuclear counterstain was used. (×275, bars: 40 µm).
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(France) and the University Hospital of Santiago de
Compostela (Spain). The samples included human normal
liver from transplantation or autopsies (n= 6; 3 men; 3 women;
ages 26–87 yr) and hepatocellular carcinomas (n = 20;
13 men; 7 women; ages 34–82 yr). Tissues were immersion
fixed in 10% buffered formalin for 24 h, dehydrated, and
embedded in paraffin by a standard procedure. Sections
5 µm thick were mounted on sterilized 3-aminopropyl-
triethoxysilane-coated slides and deparaffinized before
processing for ISH or immunohistochemistry.

Probes and Antibodies

Two 30-mer oligodeoxyribonucleotide probes were
synthesized (Molecular Genetic Center, Lyon, France) to
detect hGHR mRNAs. The probes were complementary to
nucleotides 6–35 localized in the exon 3, and 46–75 in the
exon 4, according to the reported hGHR complementary
DNA sequence (44). hPRLR mRNA was detected with a
oligodeoxyribonucleotide probe complementary to
nucleotides 797–827 localized in the intracellular domain of
the hPRLR sequence (16). The probes were 3' end labeled
with [35S]dATP (Amersham, Les Ulis, France) and purified
as previously described (24). The specific activity was 1000
± 108 Ci/mM.

Murine MAb 263 (IgG1) was raised against the
extracellular domain of the GHR (45). It recognizes a
cross-species determinant with high affinity and does not
crossreact with insulin or PRL receptors. B6.2 anti-PRLR
mouse MAb (IgG1) was prepared against a membrane-
enriched fraction of human metastatic breast cancer (46).
Both antibodies have been extensively validated for
immunohistochemistry in human tissues (1,21–23,46,47).

In Situ Hybridization

Deparaffinized sections were digested with 2 µg/mL of
proteinase K (Boehringer, Mannheim, Germany) in a Tris
(20 mmol/L)-CaCl2 (2 mmol/L) buffer for 30 min at 37°C.
The slides were dehydrated in ethanol series and air-dried.
Sections were then covered with hybridization buffer
containing 50% deionized formamide, 10% dextran sulfate,
4X standard saline sodium citrate (SSC) (1X SSC = 0.15
mol/L of NaCl, 0.03 mol/L of sodium citrate, pH 7.0), 1X
Denhardt’s solution (50X Denhardt’s solution = 1% bovine
serum albumin (BSA), 1% Ficoll 400, 1% polyvinylpyrolidone),
250µg/mL of yeast transfer RNA, 10 mmol/L of dithiothreitol,
and labeled probe (2.5 pmol/mL of hybridization buffer). ISH
was performed overnight at 40°C. Sections were washed
sequentially in 2X SSC for 1 h at room temperature, 2X
SSC for 1 h at 50°C, and 1X and 0.5X SSC for 30 min each
at room temperature. To prepare for macroautoradiography,
dehydrated sections were apposed onto autoradiographic
films (Hyperfilm [3H]; Amersham) for 2 to 3 d at room
temperature. For microautoradiographic purposes, the
slides were dipped in NTB2 nuclear emulsion (Kodak,
Paris, France), exposed at 4°C for 5–15 d, and then

developed in D19 (Kodak) and stained with 1% toluidine
blue. Slides were observed under a fluorescent light micro-
scope by epipolarization. Controls on the specificity of the
ISH included the following:

1. Omission of the probe.
2. Hybridization with an excess of unlabeled probe at a ratio

of 200:1.
3. Hybridization with a labeled oligonucleotidic-sense

probe.
4. Hybridization with labeled heterologous 30-mer probes

specific for hGH or hPRL and containing the same
percentage of G-C bases, in the same conditions as for the
homologous probes.

5. Hybridization with an excess of unlabeled heterologous
probes for hGH or hPRL, at a ratio of 200:1.

Semiquantification of ISH

A semiquantitative analysis of gene expression was per-
formed as previously described (7,9,24) on more than 30
macroautoradiograms from 6 samples of normal liver and
10 hepatocellular carcinomas obtained in similar condi-
tions. Detection of hGHR and hPRLR mRNAs was run
through the same hybridization, washing, and detection
assays in order to render the signal levels comparable. The
levels of mRNA in each sample were determined in at least
four separate experiments. Autoradiograms were analyzed
under constant parameters, using a densitometric computer
imaging system (Cambridge Q570 system analysis, Centre
de Quantimétrie, Université Claude Bernard-Lyon I,
France). ODs for each sample were measured on six autora-
diograms, on homogeneous areas, excluding artifacts, and
then averaged. Nonspecific signal in each sample was mea-
sured using the sense probe and subtracted from each mea-
sure. A linear relationship (standard curve) with a slope
depending on exposure time was found by single regres-
sion between OD values of the standards and their corre-
sponding radioactivity. It was then possible to compare the
different radioactivity values, which were expressed in
arbitrary units, by inserting the OD value of each sample
into the standard curve equation. The levels of the signals
obtained after hybridization were expressed as the mean ±
SEM. Statistical analysis was performed using one-way
analysis of variance, followed by student’s t-test. Differ-
ences were considered significant at p < 0.05.

Immunohistochemistry

The streptavidin-biotin-peroxidase complex procedure
was employed for immunohistochemical techniques. The
sections were consecutively incubated as follows:

1. In 0.1% streptavidin (Sigma, St. Louis, MO) and 0.01%
d-biotin (Sigma) for 30 min each, to block endogenous biotin.

2. In MAb 263 (at a concentration of 10 µg/mL) or B6.2 (at
a dilution of 1:250) for 1 h.

3. In 3% hydrogen peroxide for 10 min (Merck, Darmstadt,
Germany) in order to block endogenous peroxidase.
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4. In biotinylated goat antibodies to mouse/rabbit Igs (Duet
kit; Dakopatts) at a dilution of 1:100 for 30 min.

5. In streptavidin-biotin-peroxidase complex (Duet kit;
Dakopatts) prepared according to the manufacturer's
protocol provided, for 30 min.

6. In DAB solution prepared by dissolving 1 DAB-buffer
tablet (Merck) in 10 mL of distilled water for 10 min.

Between steps, the sections were washed twice for 5 min
with phosphate buffered saline (PBS) (0.01 mol/L of
phosphate-buffer, pH 7.4, containing 0.15 mol/L of NaCl),
and after step 6, with distilled water. All dilutions were
made in PBS. This buffer was added with 0.1% BSA
(Sigma) for dilution of the primary antibodies (step 2) and
with 2% normal goat serum (Dakopatts) for biotinylated
antibodies (step 4). No counterstaining was done. Controls
for specificity included the following:

1. Substitution of the MAb 263 and B6.2 with culture super-
natants containing mouse IgG1 (Dakopatts) directed to-
ward Aspergillus niger glucose oxidase, an enzyme that is
neither present nor inducible in mammalian tissues.

2. Substitution of MAb 263 and B6.2 with unrelated MAbs
of the same class (IgG1): MAb 4.3 (gift from Genentech,
South San Francisco, CA) raised against a synthetic
hydrophilic carboxy tail of the recombinant rat GHBP;
IT-KS 20.3 (1:50) (Progen, Heidelberg, Germany) that
recognizes cytokeratin 20; and ER-PR8 (1:5) (Dakopatts)
that recognizes prostatic specific antigen.

3. Alternate use of PBS in place of one of the other
incubation steps.
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