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Hepatocellular carcinoma
and liver transplantation:

an animal model

Abstract The objective of this
study was to develop an animal
model to evaluate the biology of
hepatocellular carcinoma (HCC)
recurrence after liver transplanta-
tion. HCC was induced in Brown
Norway {BN) rats (n = 45) by diet-
hylnitrosamine (DEN) adminis-
tered continuously through the
drinking water. Starting from

day 14, rats were sequentially au-
topsied or syngeneically transplant-
ed according to Kamada’s cuff tech-
nique. After 74 days of DEN ad-
ministration, neoplastic liver lesions
appeared and after a mean of

102 days (SD % 6) the animals died
of abdominal haemorrhage from
liver tumours. At this time lung me-
tastases were present in three-fifths
animals. Transplantation success

was dependent on the DEN con-
sumption and thereby the tumour
stadium. After 74 days of DEN ad-
ministration BN rats could no longer
be transplanted because of anaes-
thetic problems or technical prob-
lems due to tumour adhesion to sur-
rounding tissues. No recurrence was
found in the transplants. In conclu-
sion, we believe that timing of the
operation in this HCC model is es-
sential because the physical condi-
tion of the animals prohibits ortho-
topic liver transplantation in an ad-
vanced tumour stage. With a differ-
ent DEN dosage scheme this prob-
lem may be solved.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignant neoplasms world wide. The inci-
dence varies geographically from 2 per 100000 inhabit-
ants per year in low-risk areas (north-west Europe and
North America) to 30 per 100000 inhabitants per year
in high-risk areas (south-east Asia and South Africa)
[11]. The most important risk factors are HBV and
HCV infections [12]. However, in patients with alcohol-
iccirrhosis and liver disease due to congenital metabolic
disorders an increased incidence of HCC has also been
reported [8]. Because the majority of HCC develops in
cirrhotic livers (90 %) [3], these patients are considered
to be a population at risk. Intensive screening of pati-
ents at risk may increase the number of HCCs detected

early. It remains open to debate whether resection or
transplantation is the preferred treatment for early
HCC. Surgical resection as well as orthotopic liver
transplantation (OLT) offer potentially curative treat-
ment [2]. For various reasons OLT for HCC remains
controversial. Strict patient selection has decreased the
mortality of liver resections to an average of 10% [4].
But HCC is known as an organ disease and, as surgical
resection does not prevent the development of new
HCC foci in the remaining liver tissue, a high number
of recurrences has been observed. OLT does eliminate
the primary cancer and addresses the underlying liver
disease. However, OLT also has a mortality rate of
13-38% and demands life-long immunosuppressive
therapy which is associated with a wide range of mor-
bidity [4]. Furthermore, an increasing donor shortage
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and high recurrence rates of HCC after OLT are reasons
to be reluctant to perform OLT for HCC. The incidence
of tumour recurrence in the transplant liver was initially
comparable to tumour recurrence rates after surgical re-
section [9, 10]. As recent studies [1, 5, 7] showed signifi-
cantly decreased recurrence rates in selected patient
groups with OLT for HCC, the use of donor livers for
patients with HCC is still open to debate. However, be-
cause of a wide variety of clinical parameters, the biolo-
gy of recurrence in transplanted HCC patients has been
difficult to assess. The effects of the surgical procedure
and immunosuppressive therapies on tumour recur-
rence cannot be studied on their own in man. The objec-
tive of this study was to develop an animal model for
HCC and liver transplantation to evaluate tumour re-
currence under well-defined conditions.

Materials and methods

Animals

A total of 45 male Brown Norway (BN) rats were obtained from
Harlan Laboratory, Zeist, Holland. At the start of the study the
BN rats weighed 158 g (£ 11). The rats were housed in a conven-
tional animal facility. They were kept in threes in type 3 macrolon
cages from Techniplas with Alpha-dri bedding material from Shep-
herd Specialty Papers, Michigan, USA. in a separate room at 20°C,
50-55% relative humidity and 12-h dark and light cycle. The basic
dict of AM-2 from Hope Farms was given ad libitum. The facility
operates under the supervision of an Institutional Animal Care
and Utilisation Committee.

Chemicals and exposure

Diethylnitrosamine (DEN; bulk package 0.95 g/ml) was obtained
from Sigma-Aldrich Chemie BV, Zwijndrecht. Holland. The ani-
mals were administered DEN dissolved (100 ppm) in drinking wa-
ter, pH 2.5-2.8, continuously ad libitum through 250 ml macrolon
bottles from Techniplas. Water consumption was measured
throughout the experiment.

Methods

The rats were exposed to DEN for maximally 12 weeks. From
day 14, every 10 days rats (n = 5) were either autopsied for macro-
scopic and microscopic examination or transplanted. At different
stages of tumour development syngeneic OLTs were performed ac-
cording to Kamada’s cuff technique {6] with donor livers of normal
BN rats. No immunosuppressive therapy was applied and no arte-
rial anastomosis was made. Blood samples were drawn weekly for
biochemical analysis. Normal BN rats (# = 5) underwent syngeneic
OLT to compare transplantation success. All rats were weighed
weekly throughout the experiment.

Macroscopic examination

At time of the killing, macroscopically visible foci of the liver were
measured, counted and described. Lungs and oesophagus, tissues

that have been described to be sensitive to tumour induction by
DEN, were examined in a similar manner. In transplanted animals
the liver was inspected after hepatectomy and the other organs at
time of death.

Histological examination

Standard slices were taken from each lobe of the liver and of the
lungs and oesophagus for routine histological examination. All
specimens were fixed in 10% neutral-buffered formalin, embed-
ded in paraffin and processed for H & E and PAS staining. Hepato-
cellular altered foci were identified by the presence of an altered
nuclear vs cytoplasm ratio, loss of cellular coherence and loss of
liver structure.

Biochemical examination
Blood samples were taken at the time of autopsy. Hepatic en-

zymes, SGOT, SGPT, AF and GGT, and total bilirubin and albu-
min were measured in the samples.

Results

Clinical course

After an initial decrease during the 1st month of the ex-
periment, water and therefore DEN consumption re-
mained stable. From the start of DEN administration a
growth retardation was visible (starting from week 2:
P <0.002 with a one-tailed Student’s ¢-test) and rat
weights decreased after 90 days of DEN consumption
(Fig.1). Liver weights increased, absolutely as well as a
percentage of body weight, exponentially after 74 days
of DEN administration. Continuous liver damage was
evident through continuously elevated serum levels of
liver enzymes: GGT levels showed a remarkable rise
and total bilirubin level a detectable rise after 74 days
of DEN consumption (Fig.2).

Tumour development
Macroscopy

From day 54 multiple (7.5 + 3) solid nodules larger than
2 mm were visible on the liver surface in four out of five
rats. At 74 days solid nodules larger than 5 mm were vis-
ible in five out of five rats exposed to continuous DEN
administration. After 84 days the livers showed exten-
sive necrosis and adhesion to surrounding tissues. All
rats died of abdominal haemorrhage from liver tumours
after amean of 102 days (£ 6) (Table 1). White lung foci,
0.5 mm in diameter, were seen in three out of five rats
from group 9.
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Fig.1 Body weights of diethylnitrosamine (DEN)-treated rats and
a control group
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Fig.2 Serum levels of total bilirubin and y GT during DEN treat-
ment

Microscopy

Apoptosis, judged by the condensed nuclear material,
and necrotic foci were visible from day 34 of DEN ad-
ministration. Preneoplastic liver lesions were visible
from day 54. Neoplastic liver lesions were detected
from day 74. The histological aspects of HCCs varied in
different areas of the same tumour and showed a mix-
ture of trabecular, glandular and solid type, with marked
atypia and often with abnormal mitoses (Table 1). Lung
tumours in the animals from group 9 exhibited the same
histological pattern as HCC detected in the liver.

Transplantation
BN rats (n = 6) tolerated liver transplantation well until

day 74 of DEN administration. The animals survived at
least 169 (169—>249) days after operation (Table 2).

Table 1 Results of macroscopic and microscopic inspection

Group Observed
in no. of rats

Macroscopic aspect

Microscopic aspect

3 5/5 Irregular dull Condensed nuclear
surface material, foci of ne-
Crosis
5 4/5 Multiple (7.5 +/- 3) Severe necrosis,
solid nodules condensed nuctear
>2mm material
7 Solid nodules Possibly cirrhosis,
larger than 5 mm preneoplastic le-
sions
8 5/5 Multiple foci of Nuclear polymor-
necrosis and adhe-  phism and fields
sion to surrounding  and strands of tu-
tissue. Multiple mour tissue
tumours > 1 cm
9 5/5 Tumour with Severe necrosis and
central necrosis fields and strands of
tumour tissue
3/5 White lung foci Lung metastases of

hepatocellular car-
cinoma

Their survival was significantly longer than that of
DEN rats that were not transplanted (102 £ 6 days). Af-
ter 74 days of DEN administration, liver transplanta-
tions (1 =6) were not successful because of the pro-
gressed tumour stadium. In all rats that were transplant-
ed in group 8, extensive adhesion of the corroded liver
to intestines caused technical problems and a relevant
delay in operation time. Perioperative mortality, de-
fined as death within 6 h of operation, was 100 % in this
group and was caused by the deteriorated condition of
the animals. No perioperative mortality was found in tu-
mour stages before day 74. Five out of six rats trans-
planted after 74 days of DEN administration died with-
in 2 days of the operation. One rat from group 3 died of
graft failure 169 days after the operation and 213 days
after the start of the experiment. The successfully trans-
planted rats all regained a normal weight. One control
rat (119 days after syngeneic OLT) and one transplant-
ed DEN rat (169 days after syngeneic OLT) from
group 3 died of cholestatic liver disease. One control
rat died of renal failure 100 days after OLT. No recur-
rence of the tumour was found in transplanted rats
(Table 2).

Discussion

Although cirrhosis and its aetiological factors in humans
are not involved in the pathogenesis of liver cancer pro-
duced experimentally by chemicals, many other aspects
of the process in laboratory animals are similar to those
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Table 2 Transplantation results (DEN diethylnitrosamine, BN Brown Norway rats)

Group Days of DEN No. of BN Survival after operation Cause of death Recurrence
administration transplanted (days)

1 14 0 - - -

2 24 1 > 249 - 0

3 34 2 169, > 237 Technical failure 0

4 44 2 >228,> 231 - 0

S 54 0 - - -

6 64 1 > 199 -

7 74 3 1,2, 66 Pulmonary insufficiency (1 = 2) 0

Lung tumour (n =1)

8 84 3 All rats died peroperatively ~ Pulmonary dysfunction

9 94 0 - Haemorrhage from liver tumour

Control 0 5 > 267, > 469, > 470

100, 119

Renal failure (n = 1) and cholestatic
liver disease (n =1}

occurring in the human disease. Hepatic tumours in ro-
dents tend to have a male preponderance, be resistant
to iron accumulation and resemble an alteration of hep-
atocytes within the human cirrhotic parenchyma that
has been described as hepatic dysplasia. The rodent
HCCs often display the invasiveness and metastases of
malignant tumours [reviewed in 13].

In our experiment, HCC could be detected after
74 days of DEN administration and animals died be-
cause of the liver tumour after 102 £ 6 days. Although
the time of death differs somewhat from that observed
in Lew rats, as described by Yano et al. [14], the se-
quence of events seems to be comparable. The survival
time of Lew rats with continuous DEN administration
was 138 + 5.3 days. Weight loss, considered to be a pa-
rameter of physical condition, started in Lew rats after
120 days whereas the BN rats appeared to lose weight
after 74 days. In addition, from this moment on, liver
weight started to increase exponentially and GGT levels
showed a significant increase simultaneously with de-
generative changes within the liver. These findings cor-
related with a deterioration of the physical condition of
the animals which was probably caused by a consider-
able loss of functional liver tissue. An HCC was induced
in the rat liver while at the same time the functional res-
idue of the liver had decreased to critical levels due to
extensive necrosis.

Before day 74 of DEN administration no periopera-
tive mortality was found and rats showed long-term sur-
vival after hver transplantation. Transplantations per-
formed after more than 74 days of DEN administration,
however, were not successful. The deteriorated physical
condition of the animals probably made them more sus-
ceptible to anaesthesia and perioperative mortality was
caused by pulmonary dysfunction during or within 6 h
of operation. Thus far the DEN-induced liver tumour

in this experiment not only exhibits local aspects of a hu-
man HCC, but also the pattern of tumour spread to the
lungs.

The fact that no recurrence was found in any of the
successfully transplanted rats maybe due to the absence
of circulating tumour cells before or during the opera-
tion. Another possible explanation is that the liver
transplant without immunosuppressive therapy does
not provide a good environment for tumour cells to
seed or grow. As no arterial anastomoses were made in
our transplantation model, we cannot exclude the fact
that the mechanism of tumour growth and seeding after
liver transplantation is influenced by dearterialisation.
Further experiments to investigate the role of arterial li-
gation on tumour growth in a transplanted liver in a rat
model are in progress. In addition, the role of allogene-
icity and immunosuppressive therapy is being investi-
gated.

In conclusion, the timing of the operation is essential
for the success of liver transplantation as the progres-
sion of the tumour stadium deteriorates the condition
of the animals to the extent that they become inopera-
ble. Although the induced HCC did metastasise to the
lungs, no hepatic recurrence of the tumour was found
in our transplantation model for HCC.

Therefore, we conclude that the transplanted liver
may not be the ideal “soil” it is believed to be for recur-
rence of hepatic tumours. The role of allogeneicity and
immunosuppressive therapy in this needs to be evaluat-
ed. A different, lower-dosed, DEN scheme may induce
a better physical condition of the animals at a more ad-
vanced tumour stadium. Transplantation in an advanced
tumour stadium improves the probability of distant me-
tastases.
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