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Hepatocellular carcinoma (HCC) is the third most common cause of
cancer-related death, and its incidence is increasing worldwide. Due
to the known risk factors (mainly hepatitis B and C viruses), we believe
there is a rationale for a chemopreventive approach to treat HCC. Here,
based on described in vitro data, we evaluated the preventive effects
of lanreotide, a somatostatin analog, on the induction of early
carcinogenic events. We monitored preneoplastic foci induced by a
two-stage initiation/promotion model of hepatocarcinogenesis in
male Wistar rats, using diethylnitrosamine and 2-acetylaminofluorene.
Lanreotide was given starting the day after the first diethylnitrosamine
injection. By quantitative morphometry, we showed that lanreotide
significantly decreases the size of induced preneoplastic foci. Analysis
of proliferation and apoptosis assessed by immunohistochemistry,
showed decreased proliferation and increased cell death in rats
treated with lanreotide. As these events were associated with a
significant decreased expression of the cell cycle regulator cyclin D1
and an increased expression of the cyclin-dependent kinase inhibitor
p27kip1 compared to the non-treated group, it is tempting to speculate
that these factors are involved in the favorable effect of lanreotide.
In conclusion, lanreotide significantly decreases early carcinogenic
transformation in a two-step rat model. As lanreotide has a low
toxicity profile, we believe it would be interesting to evaluate its
effect in chemoprevention of HCC. (Cancer Sci 2007; 98: 1831–1839)

HCC represents a major public health problem. Its incidence
is in constant progression, with 2–5 new cases per 100 000

inhabitants/year in western countries and more than 20 per
100 000 inhabitants/year in Asia.(1,2) Curative treatment can only
be proposed in 10–20% of cases.

The main risk factors of HCC development are cirrhosis and
hepatitis B and C that induce genetic alterations leading to preneo-
plastic, then neoplastic changes. The persistence of infection and/or
cirrhosis often leads to tumoral relapse after surgical resection,
observed in approximately 20% per year. Therefore, chemopre-
vention could play an important role in the therapeutic strategy
of this disease.

In experimental carcinogenesis, preneoplastic foci of altered
hepatocytes emerge weeks or months before the appearance
of hepatocellular adenomas and HCC.(3) Similar progression has
been described in human hepatocarcinogenesis.(4) This fact has
led to the development of a number of in vivo systems to study
early neoplasia in rat liver.(5) The initiation-promotion or two-stage
model of cancer development mimics the early events of the
latent period of human carcinogenesis. The initiation stage of
cancer development can be produced in rat liver by injection
of DEN,(6) a carcinogen that causes DNA ethylation and muta-
genesis.(7) Furthermore, DEN has been shown to induce tumors
in rodents that closely mimic a subclass of human HCC.(8)

Injection of promoting agents, such as AAF, induces selective
enhancement of proliferation of the initiated cell populations
over non-initiated cells in the target tissue.(9)

Somatostatin analogs (octreotide and lanreotide) are molecules
that are widely used to control symptoms in patients with endocrine

and growth hormone-producing tumors. They have also been shown
to have antiproliferative activity in several tumor models (for a
review, see Susini and Buscail(10)). Direct antitumor effect is
mediated through their binding with one of the five somatostatin
receptors (sstr1–5), which are expressed with variable density
among the different tumor types.(11) Binding to sstr can lead to
inhibition of the cell cycle, inhibition of growth factor production,
and pro-apopotic effects.(10) It was recently shown that human
HCC express sstr,(12) mainly sstr2,(13) sstr3, and sstr5.(14) In rats, sstr
have been shown to be expressed in activated hepatic stellate
cells in CCl4-treated rats(15) and low levels of sstr2 mRNA were
present in normal liver and hepatoma.(16) Somatostatin analogs
also exert indirect antitumor activity mainly by inhibiting tumoral
neo-angiogenesis(17) and inhibition of growth factor release.
They have shown antitumoral effects in liver cancer cell lines in
vitro(18–21) and in in vivo animal models(22) but showed conflicting
results in clinical trials on humans with advanced cancer.(23–27)

Lanreotide has not been tested in a prophylactic setting.
In this study, we aimed to evaluate the effects of lanreotide on

the early carcinogenic events induced by a two-stage initiation/
promotion model of hepatocarcinogenesis in rats. We studied its
effects after initiation by DEN, and after initiation/promotion
induced by DEN and AAF, on the formation of preneoplastic
foci both in terms of number and size. These foci are best iden-
tified by the antibody raised against the placental form of rat
GSTp. This isozyme has been described as the most effective
single marker of hepatic preneoplasia in rat.(28)

We evaluated the effect of lanreotide on proliferation and
apoptosis in the preneoplastic foci and the surrounding liver to
gain insight into the mechanisms of the drug effects. We also
focused on the expression of cyclins and cell cycle regulators
p21waf1 and p27kip1, known to inhibit CdK and block the cell
cycle in the G1 phase in liver cancer cell models in vitro.(29)

Materials and Methods

Animals and treatment. Male Wistar rats (180 ± 20 g) were
purchased from Charles River Laboratories, Brussels, Belgium.
They were maintained on an automatic 12 h light/dark cycle.
All animals received humane care in compliance with the
regulations of the Université catholique de Louvain.

All animals were subjected to a two-phase carcinogenic model,
as described elsewhere.(30) Briefly, initiation was induced by
DEN (Sigma Chemical, St. Louis, MO), injected intraperitoneally
at a dose of 150 mg/kg body weight dissolved in saline, at
weeks 0 and 2. The promotion phase was carried out using AAF
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(Sigma Chemical), dissolved in methyl sulfoxide then sus-
pended in tricaprylin (Sigma Chemical) to a final concentration
of 8 mg/mL. The rats received 20 mg/kg body weight of AAF/
tricaprylin suspension by gavage for 4 consecutive days per
week for 3 weeks or 6 weeks The rats were randomly assigned
to one of the two experimental groups after the first DEN injec-
tion. A scheme of the experimental set-up is shown in Fig. 1.
Rats received either lanreotide (lanreotide group, n = 15), or no
injection (induced group, n = 30). Lanreotide (gift from Ipsen,
Merelbeke, Belgium) was dissolved in saline at a 3 mg/kg
concentration, according to Ipsen–Beaufour toxicology data,
and injected in the right thigh muscle, starting the day after the
first DEN injection, then every 14 days. Food and water were
accessible ad libitum. Ten rats of the induced group and five rats
from the lanreotide group were killed at the end of the initiation
period (DEN), after 3 weeks of the promotion course (DEN
+3 weeks AAF) and after 6 weeks of the promotion course
(DEN +6 weeks AAF). Rats were anesthetized by ether inhalation,
livers were excised and samples of anterior and posterior lobes
were immersed in 4% buffered formaldehyde for histological
and immunohistochemical analyses. The remaining livers were
snap-frozen in liquid nitrogen and stored at –80°C for western
blotting and RTq-PCR. Rats matched for age were killed at
the same time points and served as controls (CTL) for western
blot and RTq-PCR analyses.

Histology and immunohistochemistry. Liver sections were stained
with hematoxilin–eosin according to standard procedures and
analyzed by an expert liver pathologist (C. Sempoux).

Identification of preneoplastic foci. Immunohistochemical
staining was carried out with an antibody raised against GSTp
(1:100 dilution; MBL, Nagoya, Japan) revealed by the En-Vision
system (Dako, Denmark). Sections were counterstained with
hematoxylin. For each animal, several low magnification fields

(2.75 μm/pixel) that covered 1–1.5 cm2 of the liver sections were
taken at random in a representative area and digitized through a
Zeiss microscope using a KS-400 system (Zeiss, Munich, Germany)
coupled with a Dage MTI CCD72 camera (Michigan City, IN).
The images were segmented by the operator in order to define
GSTp-labeled foci. The mean surface size of each focus and the
ratio of stained area to total area were then measured and expressed
as area percentage of liver section. The number of preneoplastic
foci per square cm was derived from the digitized images using
the Foci 3D estimation software (kind gift of Dr Xu and Dr
Pitot, McArdle Laboratory for Cancer Research, Madison, WI) as
described.(31) Both number and area percentage of liver section
as preneoplastic foci were determined, because each of these
parameters measures different stages in the carcinogenic process.

Determination of proliferative index. Liver sections (5 μm
thick) from each animal were stained using an anti-Ki67 antibody
(1:50 dilution; Dako) and counterstained with hematoxylin.
Using a 10× magnification field, at least 1000 hepatocytes were
assessed for Ki67 labeling. Proliferative index was expressed as
positive cells scored per 100 hepatocytes. Proliferative index was
also determined using an antibody against the phospho-Histone
H3 (Ser10) (1:100 dilution; Cell Signaling Technology, Beverly,
MA). To assess the proliferation activity in GSTp positive foci
compared to surrounding hepatocytes between the experimental
groups, slides were also examined after a double immuno-
histochemical staining with anti-GSTp revealed in red with
Fast Red (Sigma Chemical) and anti-Ki67 antibody revealed in
brown. The number of proliferating cells within GSTp-positive
foci and surrounding liver tissues was determined by examining
at least 1000 and 5000 hepatocytes, respectively.

Determination of apoptotic index. Quantitative analysis
of apoptotic index was determined by double immunostaining
using an antibody against cleaved caspase 3 (1:100 dilution,

  

  

  

  

Fig. 1. Scheme of the two-stage carcinogenic model. Rats were randomly assigned to no treatment (induced, n = 30) or treatment with lanreotide
(n = 15). Lanreotide was injected intramuscularly in the thigh, 3 mg/kg diluted in saline, once every 2 weeks, starting the day after the first
diethylnitrosamine (DEN) injection (black arrows). Each group was submitted to DEN intraperitoneal injections at week 0 and week 2 (DEN, open
arrowheads), followed by 1 week of rest. Then 2-acetylaminofluorene (AAF; gray bars) was given by gavage four times per week for 3 weeks
(DEN + 3 week AAF) or 6 weeks (DEN + 6 week AAF). Ten rats from the induced group and five rats from the lanreotide group were killed (vertical
white arrows) at the end of initiation (DEN), after 3 weeks promotion (DEN + 3 week AAF) or after 6 weeks promotion (DEN + 6 week AAF).
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Cell Signaling Technology) revealed in brown with diaminoben-
zidine and anti-GSTp revealed in red with Fast Red (Sigma
Chemical).(32) For the measurement of proliferative index, at
least 1000 and 5000 cells were counted in preneoplastic foci and
surrounding tissues, respectively. Apoptotic index was expressed
as the number of apoptotic cells per 100 hepatocytes.

Western blot analysis. Liver homogenates (50–100 μg of proteins)
were resolved on a sodium dodecyl sulfate–polyacrylamide gel
and transferred to a polyvinylidene difluoride membrane (Hybond
P; Amersham Pharmacia, UK). The following antibodies and
incubation conditions were used: mouse polyclonal anticyclin
D1 antibody (clone M-20; Santa Cruz Biotechnology, Santa Cruz,
CA) 1/2000 for 2 h at room temperature; rabbit polyclonal
antip21waf1 (C-17; Santa Cruz Biotechnology) 1/1000 overnight
at 4°C; and rabbit polyclonal antip27kip1 (C-19; Santa Cruz
Biotechnology) 1/1000 overnight at 4°C. All incubations were
carried out in Tris-buffered saline containing 1% skimmed milk.
The antigen–antibody reaction was visualized using an enhanced
chemiluminescence detection system (Amersham Pharmacia) or
the Renaissance Enhanced Luminol Reagent (NEN Life Science)
and exposure of the membranes to X-Omat Blue XB-1 films
(Kodak Scientific Imaging, Rochester, NY). All membranes were
stripped and reprobed with β-actin antibody to assess equivalence
of protein loading. The amount of immunoreactive protein was
quantified using a Gel Doc 2000 scanning device and software
(Bio-Rad, Nazareth, Belgium) and normalized to the β-actin signal.

RNA isolation, reverse transcription and real-time polymerase chain
reaction. Total RNA was prepared from the frozen liver tissue
using TriPure Isolation Reagent (Roche Diagnostics, Indian-
apolis, IN). RTq-PCR was carried out as previously described

by our group.(33) The following primers were used: p21waf1 sense
CCTGTTCCACACAGGAGCAA, antisense GATTGCGATGC-
GCTCATG; p27kip1 sense CTTCCGCCTGCAGAAAC, antisense
CTAACCCGGGACTTGGAGAAG; and RPL19 sense AAGCG-
GATTCTCATGGAACA, antisense TGGTCAGCCAGGAGCT-
TCTT. Normal liver was used as CTL, with its value set to 1.

Statistical analysis. All results are expressed as mean + SE. Data
were compared using the Mann–Whitney U-test, with a P-value
less than 5% being considered as significant.

Results

There was no mortality during the experimental period. Body and
liver weight were not affected by lanreotide, however, mean liver
to body weight ratio was significantly less in lanreotide-treated rats
after DEN + 6 weeks AAF (3.7 ± 0.3% vs 5.1 ± 0.3%, P < 0.01).

At the pathological examination, in the induced group, after
DEN alone, the architecture of the liver was normal, and the liver
parenchyma was homogeneous with almost all hepatocytes show-
ing an acidophilic granular cytoplasm. Some apoptotic bodies were
seen. After DEN + 3 weeks AAF, the aspect of the parenchyma
became more heterogeneous, due to the apparition of groups of
hepatocytes with either a clear cytoplasm or a less granular aci-
dophilic cytoplasm. Apoptotic bodies were more frequently seen.
After DEN + 6 weeks AAF, the liver parenchyma contained
large confluent areas of either clear or acidophilic hepatocytes
with ground-glass features separated by small strands of vacuolated
hepatocytes mixed with apoptotic bodies.

The lanreotide-treated livers showed roughly the same appear-
ance at all time points.

Fig. 2. (a) Representative photomicrographs of the placental form of glutathione S-transferase (GSTp) staining of induced rat livers after
diethylnitrosamine (DEN) (A), DEN + 3 weeks 2-acetylaminofluorene (AAF; C), and DEN + 6 weeks AAF (E), and in lanreotide-treated rat livers after
DEN (B), DEN + 3 weeks AAF (D), and DEN + 6 weeks AAF (F). Magnification 25×, GSTp antibody 1 : 100 dilution. (b) Graphs representing the area of
GSTp positively stained foci as percentage of liver sections from rats after initiation (DEN), short (DEN + 3 weeks AAF) and long (DEN + 6 weeks AAF)
promotion periods, in non-treated rats (white bars) and rats treated with lanreotide (dashed bars). Each bar is mean + SE of five rats (*P < 0.05).
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Lanreotide inhibits the growth of preneoplastic foci induced by
DEN and AAF. In the induced group, preneoplastic foci represented
2% of the area of liver section after DEN. This increased to 21% and
63.5% after 3 and 6 weeks of promotion, respectively (Fig. 2a,b).
Conversely, because of the confluence of the foci, the number
of preneoplastic foci per liver significantly decreased, from
23 × 104 after DEN to 7.7 × 104 after DEN + 6 weeks AAF
(Fig. 2a).

Lanreotide treatment did not affect the surface of the preneo-
plastic foci after DEN (Fig. 2a,b). After DEN + AAF, lanreotide
decreased by 30% the area of the preneoplastic foci (21 ± 8% vs
14 ± 4%, NS). This decrease was significant after DEN + 6 weeks
AAF (63.5 ± 14% vs 42 ± 19%, P < 0.05).

In terms of number of preneoplastic foci per square cm, no
significant difference was observed between the two groups at
any time point (data not shown).

Increase in size of the preneoplastic foci is due to increased pro-
liferation of transformed hepatocytes, which is inhibited by lanreotide.
Proliferation indices determined by Ki67 are shown in Fig. 3a,b.
Induced rat livers showed significant proliferation, with a Ki67
expression in 13%, 14%, and 18% of hepatocyte nuclei in DEN,
DEN + 3 weeks AAF and DEN + 6 weeks AAF, respectively.
Lanreotide-treated rat livers showed high proliferative indices
after DEN, similar to that of the induced group, but the pro-
liferation decreased to 9% (NS) and 5% (P < 0.01) after DEN +
3 weeks AAF and DEN + 6 weeks AAF, respectively. Proliferation

assessed by phospho-Histone H3 (Fig. 3c), showed a decrease in
the lanreotide-treated group compared to the animals receiving
the induction scheme: 2.1 ± 0.2% versus 3.5 ± 1.5% (P < 0.05)
and 2.7 ± 0.4% versus 3.8 ± 1.9% (NS) after DEN + 3 weeks
AAF and DEN + 6 weeks AAF, respectively. In response to
DEN, proliferative hepatocytes were found at random in the
liver in both induced and lanreotide groups (Fig. 3a/A–B)
with no clustering. On the contrary, after promotion by AAF, in
the induced group (Fig. 3a/C–E), clusters of positive cells were
found throughout the liver slices, with no predisposition for a
specific lobular area, suggesting the preferential proliferation
of some hepatocytes clones. This clustering was found in the
lanreotide group, but the clusters were much smaller, with only
groups of 2–3 cells found (Fig. 3a/D–F).

We carried out a double immunostaining detecting both Ki67
and GSTp expression, to see if the clustering of proliferative
cells colocalized with the area of transformed hepatocytes.
Indeed, as shown in Fig. 4(a,b) and Table 1, we observed that
in the induced group after DEN + 3 weeks AAF, significantly
more hepatocytes expressed Ki67 in preneoplastic foci com-
pared to the surrounding liver. An enhanced proliferation was
also found in the preneoplastic foci of the induced group after
DEN + 6 weeks AAF, but the difference was not significant.

Lanreotide-treated animals showed decreased proliferation in
preneoplastic foci after DEN + 3 weeks AAF and DEN + 6 weeks
AAF compared to the induced group (Fig. 4c,d, Table 1), though

Fig. 3. (a) Representative photomicrographs of Ki67 staining of induced rat livers after diethylnitrosamine (DEN) (A), DEN + 3 weeks 2-
acetylaminofluorene (AAF; C), and DEN + 6 weeks AAF (E), and in lanreotide-treated rat livers after DEN (B), DEN + 3 weeks AAF (D), and
DEN + 6 weeks AAF (F). Magnification 100×, Ki67 antibody 1:100 dilution. Positive nuclei are brown, shown by white arrows. Note the cluster
pattern of staining in (C) and (E). (b) Percentage of hepatocyte nuclei labeled with Ki67 in induced (white bars) and lanreotide-treated (dashed
bars) rats after DEN, DEN + 3 weeks AAF, and DEN + 6 weeks AAF. Data are expressed as mean + SE, as percentages. **P < 0.01. (c) Percentage of
hepatocyte nuclei labeled with phospho-Histone H3 in induced (white bars) and lanreotide-treated (dashed bars) rats after DEN + 3 weeks AAF
and DEN + 6 weeks AAF. Data are expressed as mean + SE, as percentages. *P < 0.05 for induced versus lanreotide.
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not significantly due to inter-individual variability. In contrast
to the induced group, there was no significant difference in the
lanreotide-treated group between preneoplastic foci and surround-
ing parenchyma, either at DEN + 3 weeks or 6 weeks AAF.

Lanreotide inhibits the expression of cyclin D1 presumably by
increasing the expression of the CdK inhibitors p21waf1 and p27kip1. To
understand the mechanisms by which lanreotide decreased
proliferation, we analyzed the protein expression of cyclin D1,
involved in the G1–S cell cycle transition phase, and two CdK
inhibitors, p21waf1 and p27kip1.

Figure 5(a,b) shows the differential effect observed on cyclin
D1 at the three time points of the experiment. Compared to the
induced group, lanreotide induced a strong inhibition of cyclin
D1 expression after DEN and DEN + 6 weeks AAF. However,
after DEN + 3 weeks AAF, cyclin D1 expression was increased
in the lanreotide group compared to the induced group, though
not significantly.

p21waf1 mRNA and protein expression are shown in Fig. 6. In
the induced group after DEN (Fig. 6a), p21waf1 mRNA was
initially significantly overexpressed compared to normal liver
taken as CTL (P < 0.05). After DEN + 3 and 6 weeks AAF,
it progressively decreased to the CTL level. In the lanreotide
group, after DEN + 6 weeks AAF, p21waf1 mRNA expression
was four times higher than in the induced group, as well as in
CTL (P < 0.005). Protein expression of p21waf1 was down-

regulated in both the induced and lanreotide groups after DEN
(Fig. 6b). Promotion by AAF resulted in progressive overexpres-
sion that resulted in a twofold increase compared to CTL after
DEN + 6 weeks AAF in the induced group, and a threefold
increase in the lanreotide group (NS for induced vs lanreotide).

In contrast to p21waf1, DEN + AAF did not significantly alter
the expression of p27kip1 mRNA compared to CTL (Fig. 7a). It
was significantly reduced in induced rats after DEN + 3 weeks
AAF compared to lanreotide and CTL (P < 0.005). No differ-
ences were noticed between the two groups after DEN or DEN
+ 6 weeks AAF. p27kip1 protein expression showed a progressive
decrease in the induced group compared to CTL. However,
although significantly decreased in the lanreotide group com-
pared to the induced group after DEN, p27kip1 was significantly
overexpressed in the lanreotide-treated group after DEN + 6 weeks
AAF compared to rats receiving the induction scheme, main-
taining a level similar to CTL (Fig. 7b).

Effect of lanreotide on apoptotis. In induced rats, the apoptotic
index was lower in preneoplastic foci than in surrounding liver
after DEN + 3 weeks AAF (Table 2). This finding was confirmed
after a longer promotion period (DEN + 6 weeks AAF), with a
threefold increase in the number of cleaved caspase 3 positive
cells in the surrounding liver compared to preneoplastic foci
(P < 0.005). This difference in the apoptotic index between
preneoplastic foci and surrounding liver was not found in the

Fig. 4. Representative photomicrographs of Ki67
and placental form of glutathione S-transferase
(Gstp) double immunostaining of induced rat liver
sections after diethylnitrosamine (DEN) + 3 weeks
2-acetylaminofluorene (AAF; a), DEN + 6 weeks AAF
(b) and lanreotide-treated rat livers after DEN
+ 3 weeks AAF (c), and DEN + 6 weeks AAF (d).
Magnification 50×, Ki67 antibody 1:100 dilution,
GSTp antibody 1 : 100 dilution. Positive Ki67 nuclei
are black. GStp positive areas are highlighted by
white dashed lines.

Table 1. Proliferation indices in preneoplastic foci and surrounding liver in rats treated with diethylnitrosamine (DEN) and 2-acetylaminofluorene (AAF)

DEN + 3 weeks AAF DEN + 6 weeks AAF

Induced Preneoplastic foci (%) 25.5 ± 1.9 19.7 ± 3.9
Surrounding liver (%) 13.3 ± 3.0* 11.5 ± 4.5

Lanreotide Preneoplastic foci (%) 18.0 ± 3.0 9.0 ± 4.2
Surrounding liver (%) 15.0 ± 0.5 5.3 ± 2.5

Percentage of nuclei labeled with Ki67 in preneoplastic foci and surrounding liver after the short (DEN + 3 weeks AAF) and long (DEN + 6 weeks 
AAF) promotion course. DEN was injected at a dose of 50 mg/kg IP twice, 2 weeks apart. Then AAF was given by gavage at a dose of 20 mg/kg 
for 3 or 6 weeks. Rats received either lanreotide dissolved in saline at a 3 mg/kg concentration, injected intramuscularly (lanreotide group, n = 15), 
or no injection (induced group, n = 30). All values are mean ± SE. *P < 0.05 for preneoplastic foci versus surrounding liver in the induced group.
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lanreotide-treated group. Compared to the rats receiving the induc-
tion scheme only, we observed a dual effect in the lanreotide-
treated group: first, a moderate and non-significant decrease of
apoptosis after DEN + 3 weeks AAF; then a significant increase
after DEN + 6 weeks AAF, both in preneoplastic foci and
surrounding liver.

Discussion

There is a solid rationale to justify a chemopreventive approach
to treat HCC. The disease is gaining incidence, the etiologic factors
are known (mainly alcohol, and hepatitis B and C viruses), and
the surveillance program of patients is increasingly common.
However, no established drug has proved unequivocally efficient
in the chemoprevention of HCC. Interferon showed some effect
in hepatitis C cirrhotic patients in primary(34) and secondary(35–37)

prevention, only in Japanese patients. With less evidence, acyclic
retinoids also showed some effect in secondary prevention.(38)

Here, we analyzed the inhibitory effect of lanreotide on the
appearance of early hepatic preneoplastic events, using a two-

stage carcinogenic model combining DEN and AAF in rats. This
model, and other similar models using carcinogens to induce
preneoplastic changes, have already been used many times to
assess chemoprevention (e.g., de Lujan Alvarez M et al., (30) Nakaji
M et al.,(39) and Sakakima Y et al.(40)). Athough not perfect, we
believe the model allows a sequential analysis of the effect
of chemoprevention after cell initiation, sometimes called the
“first hit”, by DEN injection; then the clonal expansion of these
modified cells through promotion, leading to the formation
of preneoplastic, reversible, foci.(41) The “second hit”, also called
progression, has voluntarily not been assessed. The number of
these preneoplastic foci reflects the amount of cells capable of
undergoing clonal expansion, whereas the surface percentage
reflects the growth rate and total cellular population of the pre-
neoplastic foci.(42) We observed the formation of preneoplastic
foci, revealed by GSTp positive staining, after the injection of
DEN. Their size increased in parallel with the duration of
subsequent AAF injections. Due to the confluence of the foci,
the number of preneoplastic foci decreased along the promotion
phase.

 

Fig. 5. (a) Western blots showing cyclin D1
expression in normal liver taken as control (CTL),
induced and lanreotide-treated rats after initia-
tion by diethylnitrosamine (DEN), initiation followed
by 3 weeks promotion with 2-acetylaminofluorene
(AAF) (DEN + 3 weeks AAF) or 6 weeks promotion
with AAF (DEN + 6 weeks AAF). (b) Cyclin D1 protein
expression assessed by western blot, in induced
(white bars) and lanreotide (dashed bars) treated
rats after initiation by DEN (DEN), initiation
followed by 3 weeks promotion with AAF (DEN +
3 weeks AAF) or 6 weeks promotion with AAF
(DEN + 6 weeks AAF). CTL (gray bar) represents
normal rat liver taken as the control. Each bar is
mean + SE of five rats. *P < 0.05 for induced versus
lanreotide; **P < 0.01 for induced versus lanreotide. 

Table 2. Apoptotic indices in preneoplastic foci and surrounding liver in rats treated with diethylnitrosamine (DEN) and 2-acetylaminofluorene (AAF)

DEN + 3 weeks AAF DEN + 6 weeks AAF

Induced Preneoplastic foci (%) 0.54 ± 0.21 0.22 ± 0.04
Surrounding liver (%) 0.81 ± 0.37 0.65 ± 0.06*

Lanreotide Preneoplastic foci (%) 0.33 ± 0.04 1.06 ± 0.45**
Surrounding liver (%) 0.35 ± 0.06 1.02 ± 0.16***, ****

Percentage of nuclei labeled with cleaved caspase-3 in preneoplastic foci and surrounding liver after the short (DEN + 3 weeks AAF) and long 
(DEN + 6 weeks AAF) promotion course. DEN was injected at a dose of 50 mg/kg IP twice, 2 weeks apart. The AAF was given by gavage at a dose 
of 20 mg/kg for 3 or 6 weeks. Rats received either lanreotide dissolved in saline at a 3 mg/kg concentration, injected intramuscularly (lanreotide 
group, n = 15), or no injection (induced group, n = 30). All values are mean ± SE. *P < 0.005 for preneoplastic foci versus surrounding liver in the 
induced group. **P < 0.05 for induced versus lanreotide in preneoplastic foci. ***P < 0.05 for induced versus lanreotide in surrounding liver. 
****P < 0.05 for DEN + 3 weeks AAF versus DEN + 6 weeks AAF in surrounding liver.
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We showed that lanreotide significantly decreased the size of
these preneoplastic foci after a long promotion period, that is,
after 6 weeks of AAF and five lanreotide injections.

At all time points, the carcinogenic process was associated
with high levels of hepatocyte proliferation, as shown in Fig. 3.
This proliferation rate was mainly seen in preneoplastic foci,
compared to surrounding liver, as already described when AAF
is used as the promoting agent, in contrast with other agents
such as phenobarbital.(43) Lanreotide did not decrease the prolif-
eration rate after the DEN injections, suggesting that it is not
active during the initiation phase, that is, the induction of trans-
formed hepatocytes. However, we could see an inhibitory effect,
proportional to the AAF promotion duration, suggesting that
lanreotide had a specific growth control effect on hepatocytes
selected by AAF. Indeed, by using double immunostaining, we
could show that lanreotide specifically decreased proliferation in
preneoplastic foci after promotion with AAF, to values observed
in the non-preneoplastic surrounding liver.

An alternative explanation for this inhibitory effect could be
an interference with the metabolism of AAF by lanreotide.
However, it seems not to be the case. Indeed, AAF is a mutagen
that is activated through critical enzymatic steps involving cyto-
chrome P450 (CYP1A2).(44) To our knowledge, lanreotide does
not interfere with CYP1A2, neither directly nor through growth
hormone (GH) inhibition.(45,46)

In vitro studies have proposed that somatostatin analogs might
control liver cancer cell proliferation by inducing the expression

of CdK inhibitors, particularly p27kip1(47) and our in vivo data
supports this view. Selective promotion of preneoplastic hepato-
cytes through AAF is accompanied by a progressive decrease in
p27kip1 protein expression in the induced group compared to nor-
mal liver, where it is known to be expressed constitutively.(48)

Lanreotide treatment was associated with a significant increase
of 27kip1 expression compared to the induced group after DEN +
3 and 6 weeks AAF, but not after DEN only, where a significant
decrease was observed. This again favors the hypothesis that
lanreotide is active during the promotion phase, rather than
during the emergence of transformed hepatocytes. In contrast,
although p21waf1 mRNA expression was induced in the lanreotide
group compared to the induced group after DEN + 6 weeks AAF,
this increase was not associated with a significant difference in
p21waf1 protein expression between the induced and lanreotide-
treated groups, both being increased compared to CTL. Thus it
appears that the effect of lanreotide is not mediated through
a p21waf1-dependent inhibition of the cell cycle. As it has been
shown that cyclin D1 mRNA expression is higher in preneoplas-
tic foci than in surrounding liver(40) we speculate that the decreased
cyclin D1 expression we found in the lanreotide group reflected
its inhibition in the preneoplastic foci. Discrepancies between
the results observed after DEN + 3 weeks AAF (no significant

Fig. 6. Graphs representing p21waf1: (a) mRNA expression determined
by reverse transcription–quantitative polymerase chain reaction in the
induced (white bars) and lanreotide (dashed bars) groups after
initiation by diethylnitrosamine (DEN), initiation followed by 3 weeks
promotion with 2-acetylaminofluorene (AAF) (DEN + 3 weeks AAF) or
6 weeks promotion with AAF (DEN + 6 weeks AAF). CTL represents
normal rat liver taken as the control. Each bar is mean + SE of five rats.
§P < 0.05 for induced versus lanreotide; *P < 0.05 for induced and
lanreotide versus CTL; **P < 0.01 for lanreotide versus induced. (b)
Protein expression, assessed by western blot, in induced (white bars)
and lanreotide (dashed bars) groups after initiation by DEN (DEN),
initiation followed by 3 weeks promotion with AAF (DEN + 3 weeks
AAF) or 6 weeks promotion with AAF (DEN + 6 weeks AAF). CTL
represents normal rat liver taken as the control. Each bar is mean + SE
of 5 rats. #P < 0.05 for induced and lanreotide versus CTL; *P < 0.05,
induced versus lanreotide; $P < 0.05 for induced versus CTL.

Fig. 7. Graphs representing p27kip1: (a) mRNA expression determined
by reverse transcription–quantitative polymerase chain reaction RTq-
PCR in the induced (white bars) and lanreotide (dashed bars) groups
after initiation by diethylnitrosamine (DEN), initiation followed by
3 weeks promotion with 2-acetylaminofluorene (AAF) (DEN + 3 weeks
AAF) or 6 weeks promotion with AAF (DEN + 6 weeks AAF). CTL
represents normal rat liver taken as the control. Each bar is mean + SE
of five rats. §P < 0.05 for induced versus lanreotide; *P < 0.05 for
induced and lanreotide versus CTL; **P < 0.01 for lanreotide and CTL
versus induced. (b) Protein expression assessed by western blot, in
induced (white bars) and lanreotide (dashed bars) after initiation by
DEN (DEN), initiation followed by 3 weeks promotion with AAF
(DEN + 3 weeks AAF) or 6 weeks promotion with AAF (DEN + 6 weeks
AAF). CTL represents normal rat liver taken as the control. Each bar is
mean + SE of five rats. #P < 0.05 for induced and lanreotide versus CTL;
*P < 0.05, induced versus lanreotide; $P < 0.05 for induced versus CTL.
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difference in proliferation or cyclin D1 expression) and DEN +
6 weeks AAF (significant decrease in proliferation and cyclin
D1 expression, increase in p27kip1 expression) suggest the neces-
sity of a prolonged exposure to lanreotide to benefit from its
antiproliferative effect.

Thus, our data are consistent with the hypothesis that p27kip1

is a factor associated with the inhibitory effect of lanreotide on
the proliferation of preneoplastic cells, through a decrease of
cyclin D1. This is the first time the in vivo effects of lanreotide in
controlling growth in a liver carcinogenic model have been shown.

Cell death by apoptosis is another mechanism that could
explain the reduced proportion of transformed hepatocytes under
lanreotide treatment in our model. Somatostatin analogs have
shown pro-apoptotic activity in many cancer types, through
p53-dependent or independent pathways.(10) p53 is a well-known
tumor suppressor gene activated by DNA damaging. The
production of p53 protein leads to the activation of DNA repair
or, when impossible, to apoptosis. Our results show enhanced
apoptosis in the surrounding liver of induced animals compared
to preneoplastic foci after DEN + 6 weeks AAF. This is in con-
tradiction with previous reports(30) but favors the hypothesis that
initiated cells selected by AAF have a survival advantage.(9,43)

The findings that liver preneoplastic foci do not accumulate p53
in response to DNA damage induced by DEN further supports
this view.(49) Lanreotide induced apoptosis both in preneoplastic

and surrounding liver after DEN + 6 weeks AAF. As we could
not show a difference in p53 mRNA and protein expression in
the lanreotide-treated group compared to the induced group
(data not shown) at that time point, we suggest that p53 does not
play a major role in the apoptotic effect of lanreotide. p21waf1

has been shown to induce apoptosis in p53-deficient models.(50)

As we observed an increased p21waf1 expression in the lanreotide
group after DEN + 6 weeks AAF, the enhanced apoptotic activ-
ity induced by lanreotide in both preneoplastic foci and sur-
rounding liver might be related to p21waf1.

In conclusion, lanreotide showed activity in inhibiting the
development of preneoplastic foci in a carcinogenic animal liver
model using DEN and AAF. This resulted from a reduction in
the size of the preneoplastic foci rather than in their number,
suggesting that lanreotide controls the growth of preneoplastic
foci but not the emergence of cell transformation. Our data sug-
gest that these effects on proliferation and apoptosis might be
mediated through an increased expression of the CdK inhibitor
p27kip1, which occurred during the promotion phase of this two-
stage model, and through apoptosis. It would be interesting to
evaluate its effect in chemoprevention of HCC in animal models
to confirm these results. Lanreotide, together with an agent able
to reduce the preneoplastic transformation of hepatocytes (such
as interferon alpha(30)), might have a synergistic effect on the
control of HCC development.
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