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Galectin-3 and asialoglycoprotein receptor are lectins belonging to the classes of soluble lectins and
of membrane C type lectins respectively. Conflicting results have been reported concerning their
transcription level in the time course development of tumours. In the present study we investi-
gated the abnormalities and the transcription levels of galectin-3 and asialoglycoprotein receptor
genes in liver-targeted SV40 large T transgenic mice related to normal mice. In the strain express-
ing the highest level of large T, 100% of the male mice reproducibly developed an hepatocarcin-
oma. We provide evidence that the galectin-3 and asialoglycoprotein receptor genes are stable in
such mice. The galectin-3 gene is weakly transcribed and its level is identical and constant in nor-
mal and transgenic mice, suggesting a lack of involvement in the development of large T-induced
hepatocarcinoma. The asialoglycoprotein receptor gene is actively transcribed and its level remains
high all along the development of the tumour; therefore, in such an hepatocarcinoma the asialogly-
coprotein receptor could be used to take up drugs, genes or oligonucleotides associated with glycos-
ylated carriers bearing galactose residues in a terminal non-reducing position. (© Elsevier, Paris)
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INTRODUCTION

Animal lectins are recognised as molecules playing
important roles in a variety of biological processes
through binding to glycoconjugates (Drickamer,
1988; Sharon and Lis, 1989). Within the past few
years, lectins became a well-established means for
understanding varied aspects of cancer and meta-
stasis and evidence is now emerging that lectins are
dynamic contributors to tumour cell recognition
(Hébert and Monsigny, 1993; Mody et al, 1995). To
increase the understanding of these lectin-depen-
dent processes, attempts are made to measure lec-
tin gene expression in the time course development
of various tumours. Among lectins, galectins are

Abbreviations: ASGR, asialoglycoprotein receptor; BSA, bovine
serum albumin; EDTA, ethylene diamine tetraacetic acid; SDS,
sodium dodecylsulfate; SSC, sodium salt citrate buffer; Tris,
tris-[hydroxymethyl]aminomethane.
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members of a growing family of -galactoside-bind-
ing lectins and galectin-3 is one of the most exten-
sively studied members (Barondes ef al, 1994a, b).
In vitro, it has been found that virally or oncogene-
transformed mouse or human cells express a higher
level of galectin-3 as compared with untransformed
cells (Moutsatsos et al, 1987; Hébert and Monsigny,
1994; Hébert et al, 1996).

The relationship between galectin-3 expression
and neoplastic transformation is particularly note-
worthy. Increased galectin-3 expression has been
related to the metastatic potential of several tumouri-
genic cells (Raz et al, 1990). However, in human
colorectal carcinomas, galectin-3 has been reported
to increase (Irimura ef al, 1991) or to decrease (Cas-
tronovo et al, 1992; Lotz et al, 1993) with progression
towards a metastatic state. Several highly metastatic
melanoma cell lines express galectin-3 at a level simi-
lar to that of normal human melanocytes (Mey et al,
1994). Conversely, its expression was implicated in
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the metastatic potential of murine melanomas
(Inohara and Raz, 1994). Moreover, it is reported
that galectin-3 is down-regulated in human breast
cancer in association with the acquisition of the
invasive and metastatic phenotype (Castronovo et
al, 1996) whereas other data (Le Marer and Hughes,
1996) suggest that galectin-3 expression in human
breast cancer is not correlated directly with their
invasive potential in vitro.

In the light of these controversial findings for
which one explanation could be related to heteroge-
neity of the tumours during their development, we
were prompted to study galectin-3 gene modifica-
tion and/or transcription in an highly reproducible
in vivo model system with regard to tumour develop-
ment.

Hepatic lectins may also be involved in malig-
nant transformation; they are plasma membrane
receptors which bind asialoglycoproteins and
actively mediate their endocytosis. The major rat
hepatic lectin, the asialoglycoprotein receptor
(ASGR) mediates the endocytosis of desialylated
glycoproteins in mammalian hepatic parenchymal
cells and rare hepatoma cells such as the hepato-
blastoma cell line HepG2 (Ashwell and Harford,
1982). ASGR expression usually declines in parallel
with a malignant transformation (Stockert and
Becker, 1980). Furthermore, it has been shown the
ASGR expression was repressed in response to
enhanced rates of HepG2 proliferation in vitro
(Theilmann et al, 1983).

In the present study we investigated a putative
modification and the level of expression of the
galectin-3 and ASGR genes at the mRNA level in
SV40 T harbouring transgenic mice in relation with
those of normal mice. A precise targeting of the
SV40 T early expression region in the liver of trans-
genic mice was obtained by using 700 bp of the anti-
thrombin III regulatory sequences to control onco-
gene expression. In the strain expressing a high
level of large T antigen, the incidence of hepatocar-
cinoma was 100% in males. The transgene was
indeed integrated in the Y chromosome, in order
that the hepatocarcinomas are restricted to the male
mice. The evolution was reproducible and charac-
terised by a marked cytolysis starting at about
4 weeks of age, a preneoplastic state marked by a
progression from hyperplasia to proliferative nodules
which are able to elicit a tumour formation in nude
mice and to proliferate in vitro; this hepatocellular
carcinoma is associated, in 10% of the cases, with
lung metastases. The mice usually die at 7 months
corresponding to the latest stage of tumour progres-
sion (Dubois et al, 1991). These transgenic mice are
therefore a good model to study the modulation of
expression of protein genes putatively involved in
the development of a spontaneous tumour.
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We provide evidence that the galectin-3 and
ASGR genes are neither qualitatively nor quantita-
tively altered in transgenic mice developing hepato-
carcinoma. Galectin-3 gene is weakly transcribed
without variation of the transcript level between
1 and 7 months suggesting a poor involvement, if
any, in the development of such hepatocarcinoma.
The ASGR gene is also transcribed without any
modification along the development of the tumour.
This constant level of expression could provide a
useful way of ASGR-mediated gene delivery in
advanced tumours.

MATERIALS AND METHODS

Animals

Transgenic mice were obtained from Dr P Briand. In the
line used, the transgene was integrated on the Y chromo-
some, which facilitates the obtention of a large number of
offspring and the screening procedure (Dubois et al,
1991). Both normal and transgenic animals were B6/D2
F1 hybrids. Animals were killed and hepatectomized at
various ages ranging from 1 to 7 months. Tissue samples
were obtained from non-nodular pieces of the liver as
well as from nodules with a size corresponding to 5 to
100 mg.

DNA and RNA extraction

Genomic DNA was prepared from Ultra-Turrax®-
homogenized tissues by phenol extraction (Sambrook et
al, 1989). After ethanol precipitation, the DNA samples
were dissolved in 10 mM Tris-1 mM EDTA (pH 7.4) and
stored at -20°C. Total RNA was extracted according to
Chomczynski and Sacchi (1987), redissolved in 10 mM
Tris buffer (pH 7.4), and stored at -70°C.

DNA analysis

DNA (10 ug) was digested with HindIII or EcoRI and
electrophoresed through a 0.8% agarose gel. The DNA
was blotted onto Hybond-N membrane (Amersham,
Buckinghamshire, UK) and cross-linked by alkaline treat-
ment of the membrane in 0.4 M sodium hydroxide.
Hybridisation was performed according to the method of
Mahmoudi and Lin (1989): briefly, the membrane was
hybridised at 68°C overnight with 2 x 106 cpm mL-!
radiolabelled probe in 2 mM EDTA, 0.5 M sodium phos-
phate buffer containing 70 mg/mL SDS and 10 mg/mlL
BSA. The blot was then washed to high stringency (0.2
SSC at 68°C) and autoradiographed for 1-10 days at
-70°C using Fuji medical X-ray film.

RNA analysis

Total RNA (50 ug per lane) was analysed by electropho-
resis in 1.4% agarose glyoxal gels (McMaster and Carmi-
chael, 1977) transferred to nylon membranes, hybridised
with radiolabelled probe and washed according to the
above-described method for DNA analysis.

Hébert and Monsigny



Biology of the Cell (1997) 89, 467-473

Probes

For Southern and Northern blot analysis, the 950 bp frag-
ment of the galectin-3 excised from the pM5 plasmid
(Raz ef al, 1987) or a plasmid containing the mouse asialo-
glycoprotein receptor cDNA MHL-1 (Takezawa et al,
1993) were used. The p91 plasmid containing f-actin
cDNA (Minty et al, 1981) was used as a control for DNA
and RNA loading and for a quality control.

Probes were radiolabelled with [o-32P]dCTP (3000
Ci mmol') by the random primer method of Feinberg
and Vogelstein (1984).

Densitometric scanning of the gels

The quantification of the autoradiographs intensities was
carried out using a Bioprint® densitometric scanning
apparatus (Vilbert-Lourmat, France) equipped with
Image Quant® software.

RESULTS AND DISCUSSION

Our purpose was to investigate the galectin-3 and
ASGR gene structure and transcription during the
development of large T-induced hepatocarcinoma
in transgenic mice.

Southern blot of transgenic mice liver DNA

It is widely accepted that multiple genetic altera-
tions are essential for the development of malig-
nant tumours, including hepatocarcinoma. The
gene alteration frequently found in cancer is a gene
amplification (Brison, 1993) and, for instance, c-ryc
oncogene amplification has been reported in rat
hepatocarcinoma (Pascale et al, 1996). In order to
rule out any increase of lectin RNA content in
tumour which could be due to gene amplification
we performed a study of the galectin-3 and ASGR
gene organisation.

DNA extracted from various liver biopsies,
including tumour nodules of various sizes from
large T transgenic male mice and from female mice
of the same strain was digested with HindIlI restric-
tion enzymes and analysed with a galectin-3 probe
or digested with EcoRI restriction enzyme and ana-
lysed with a ASGR probe.

The digestion pattern obtained from HindIII
digestion of DNA of two different 7-month-old
transgenic males and of two different reference
7-month-old females is shown in figure la. This
pattern showed in each case three bands corre-
sponding to DNA fragments of 4.6, 3.3 and 1.3 kb
in line with literature data (Raz et al, 1987; Voss et
al, 1994); these bands correspond to the HindIII-
generated fragments of the mouse galectin-3 gene
which can hybridise with the mouse galectin-3
cDNA probe we have used (fig 1c) (Raz et al, 1987).

The digestion pattern obtained from EcoRI diges-
tion of DNA of two different 7-month-old trans-
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Fig 1. a, b. Southern blot analyses of 7-month-old female
mice (lanes 1 and 3) and of 7-month-old transgenic mice
(lanes 2 and 4). DNA was digested with Hindlli restriction
enzyme, transferred on nylon membrane and hybridised
with a 32P-labelled galectin-3 probe (a) or a 32P-labelled
Bactin probe (b). The star indicates the position of the
well; signals at this position in some lanes are due to
some insoluble labelled material left in the well but not to
solubilised undigested DNA as can be shown on ethidium
bromide stained gel (data not shown). ¢. Schematic repre-
sentation of the murine galectin-3 gene (after Rosenberg
et al (1993)). The non-coding first exon (I} and coding
exons (Il to VI) are depicted as open boxes related to the
950 bp cDNA probe (Raz et al, 1987} used in Southern
blot experiments. Location of Hindlll (H) restriction endonu-
clease sites are indicated as well as the size of the DNA
fragments generated.

genic males and of two different reference 7-month-
old females screened with a mouse ASGR cDNA
probe (Takezawa et al, 1993) is shown in figure 2. In
all cases the pattern revealed only one band corre-
sponding to about 3.5 kb DNA fragment which can
not be precisely assigned as the mouse ASGR gene
sequence is not known.

The patterns obtained with any of the samples
examined, 50 transgenic tissues and 20 non-trans-
genic female tissues, were alike, independent of the
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Fig 2. Southern blot analysis of 7-month-old female mice
(lanes 1 and 3) and of 7-month-old transgenic mice (lanes
2 and 4). DNA was digested with EcoRl restriction enzyme,
transferred on nylon membrane and hybridised with a 32P-
labelled asialoglycoprotein receptor probe.

age of the transgenic mice or of the reference female
and irrespective of the localisation, nodular or not,
and of the size of the biopsy in the liver. The differ-
ences in intensity between the fragments in differ-
ent lanes reflected the differences in loading of tis-
sues DNA as controlled by the densitometric
scanning of the bands obtained, in line with litera-
ture data (Minty et al, 1983), after rehybridisation
with the B-actin probe (fig 1b for the galectin-3
experiment).

The data reported suggest that neither an
amplification nor a drastic rearrangement of the
galectin-3 and ASGR genes took place in the
tumour tissue of transgenic mice developing a large
T-induced hepatocarcinoma. However, tumours
are known to be heterogeneous: first, within the
same tumour sample, tumour cells can be found at
different stages of tumour progression and could
therefore display different abnormalities; second,
tumour cells are associated with other cells which
are not expected to present genomic abnormalities.

The fact that the DNA signal intensity from a
tumour is very similar to that of non-tumorigenic
tissues whatever the liver localisation or the size of
the nodule, ranging from 1 mm in diameter for
4-month-old animals to more than 1 cm in diameter

Galectin-3 and ASGR transcription in transgenic mice
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Fig 3. Northern blot analysis of liver tissues from two
7-month-old transgenic mice (lanes 1 and 3) and from a
reference 7-month-old female mouse (lane 2). Total RNA
was electrophoresed in a glyoxal agarose gel and trans-
ferred to a nylon membrane as described under Materials
and methods. A galectin-3 transcript of 1.6 kb was
detected when the membrane was hybridised with a 32P-
labelled galectin-3 probe (a). A Bactin transcript of 2.1 kb
was detected upon a subsequent hybridisation with a 32p-
labelled p91 plasmid (Minty et al, 1981) (b).

for 7-month-old animals, supports the lack of
amplification of the lectin genes investigated in
large T-induced hepatocarcinoma.

Northern blot

We first analysed total RNA extracted from nodu-
lar and non-nodular tissues of several transgenic
males for the latest stage of tumour progression, ie
for 7-month-old animals and of several reference
non-transgenic females. An apparently normal size
transcript (1.6 kb) (Raz ef al, 1987) was detected
after several days of autoradiography exposure
when total tissue RNA was subjected to Northern
blot analysis with galectin-3 probe (fig 3a). The dif-
ferences in intensity between the bands of different
lanes again reflected the differences in loading of
tissue RNA as controlled by the densitometric scan-
ning after rehybridisation with the B-actin probe
(fig 3b) indicating that the galectin-3 gene is tran-
scribed weakly but at the same level in normal tis-
sue and in tissue from the most advanced stage of
the hepatocarcinoma, ie for 7-month-old transgenic
mice.
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When samples of RNA from 7-month-old trans-
genic mice and non-transgenic females were sub-
jected to Northern blot analysis with a ASGR probe,
the already reported ASGR 1.4 kb transcript was
detected (Stockert, 1993) at the same level in trans-
genic and female mice as indicated by rehybridisa-
tion with a B-actin probe and densitometric-scan-
ning (fig 4a, b, lanes 7 and F).

We then performed a study of galectin-3 and
ASGR transcription during the time course devel-
opment of the tumour: the densitometric analysis of
the autoradiography of the Northern blots con-
ducted as above indicates that the level of tran-
scription remains constant for galectin-3 (data not
shown) or ASGR (fig 4, lanes 1 to 7) at any step of
the hepatocarcinoma development between 1 and
7 months. These observations were found in
50 transgenic mice and 20 non-transgenic female
control mice again irrespective of the liver localisa-
tion, nodular or not, and of the size of the tissue
sample investigated.

As far as galectin-3 is concerned, the lack of vari-
ation of RNA level we observed may be surprising
in the light of the well documented literature
reporting either an increased or a decreased expres-
sion of galectin-3 in tumour of various sources (Raz
et al, 1990; Irimura et al, 1991; Castronovo et al, 1992,
1996; Lotz et al, 1993; Inohara and Raz, 1994; Mey et
al, 1994; Le Marer and Hughes, 1996). Nevertheless,
it should be noticed that the RNA signal of galectin-
3 is very weak in the liver tissues we examined,
even in the non-transgenic animal, and was only
detectable after a long autoradiography exposure.
This observation reflects a very low transcription
level of the galectin-3 gene in any cell type of the
mouse liver. In line with this result is the reported
apparent lack of galectin-3 transcript in both the
tumoral and the normal mouse liver tissue (Raz et
al, 1987).

These data suggest that the galectin-3 modula-
tion of transcription is poorly involved, if at all, in
the development of SV40 large T-induced hepato-
carcinoma. Because of limited availability of
tumour tissues we have not measured the level of
galectin-3 RNA in the lung metastases. Therefore
we can not rule out the possibility that an increase
in galectin-3 gene transcription occurs only in the
metastatic cells emerging from the hepatocarcin-
oma as has been reported for pulmonary metasta-
sis-derived cell lines (Raz et al, 1987, 1989) or meta-
static carcinomas (Lotan et al, 1994; Schoeppner et
al, 1995).

The limited availability of tumour tissue did not
allow us to investigate the galectin-3 protein level
in liver tissues but, in mouse cells, galectin-3 was
shown to belong to the immediate early class of
genes (Agrwal et al, 1989) for which the regulation
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Fig 4. Northern blot analysis of liver tissues from 7-month-
old nontransgenic female mouse (lane F) and from 1-7-
month-old transgenic mice {lane 1 to 7): lane 1 corre-
sponds to 1-month-old mouse; lane 2 to 2-month-old
mouse and so on. An ASGR transcript of 1.4 kb was
detected when the membrane was hybridised with a 32P-
labelled ASGR (a}. A B-actin transcript of 2.1 kb was
detected upon a subsequent hybridisation with a 32pP-
labelled p91 plasmid (Minty et al, 1981) (b).

of expression occurs mainly at the RNA level
(Marcu et al, 1992).

It has been reported that galectin-3 gene has an
internal promoter activity down-regulated by the
wild type p53 but not by a mutated form of p53
(Raimond et al, 1995). SV40-induced damages in
cellular proliferating program rely mainly on SV40
large T interactions with various cellular proteins
involved in the regulation of the cellular cycle
among which is the p53 protein (Lane and Craw-
ford, 1979; Linzer and Levine, 1979). Because such
an interaction could be involved in the develop-
ment of the hepatocarcinoma in the transgenic mice
we studied, SV40 large T may have an indirect
effect on the internal promoter of galectin-3. So far,
it is not known whether p53 is mutated or not in
the mice hepatocarcinoma and such a role of SV40
large T on galectin-3 transcription remains putative.

In the case of ASGR, it is known that its gene
expression regulation takes place mainly at the RNA
level (Stockert, 1993). There is a repression of ASGR
expression in response to enhanced rates of prolifera-
tion of rat hepatocytes (Conti Devirgiliis et al, 1994) or
of the human hepatoblastoma cell line, HepG2 (Stock-
ert, 1993). The few in vivo results are more controver-
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sial because a down modulation of ASGR content in
chemically-induced hepatocarcinoma has been
reported (Stockert and Becker, 1980) whereas ASGR
messenger RNA levels did not significantly differ
from controls in neoplastic rat liver (Huber et al, 1986).

Although our analysis has been performed on
tissues containing various cell types (see above)
and we can not rule out that some sparse tumoural
cells display a down modulation which could be
masked by normal RNA content in the surrounding
cells, tumoural or not, our data suggest that the
ASGR gene transcription is not significantly down-
regulated in SV40 large T-induced hepatocarcin-
oma. Even taking into account that ASGR is already
expressed by normal hepatocytes, its constant level
of expression in advanced tumour suggests that it
could be used to perform in vivo hepatocarcinoma
gene therapy via an ASGR-mediated gene delivery.
Various glycosylated carriers were indeed shown to
efficiently transfer DNA via ASGR to hepatocytes
as well as to hepatocarcinoma cells in a sugar-
dependent manner (Wu ef al, 1991; Plank et al, 1992;
Midoux et al, 1993; Monsigny et al, 1994).
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