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Abstract

Metastatic human HCC model is needed for the studies
on mechanism and intervention of metastatic
recurrence. By using orthotopic implantation of
histologically intact tissues of 30 surgical specimens,
a patient-like metastatic model of human HCC in nude
mice (LCI-D20) and a low metastatic model of human
HCC in nude mice (LCI-D35) have been established.
All mice with transplanted LCI-D20 tumors exhibited
extremely high metastatic ability including
spontaneous metastasis to liver, lungs, lymph nodes
and peritoneal seeding. Remarkable difference was
also found in expression of some of the invasiveness
related genes and growth factors between the LCI-
D20 and LCI-D35 tumors. PAI-1 increased gradually
following tumor progression in LCI-D20 model, and
correlated with tumor size and AFP level. Phasic
expression of tissue intercellular adhesion molecule-
1 in this model was also observed. Using corneal
micropocket model, it was demonstrated that the
vascular response induced by LCI-D20 tumor was
stronger than that induced by LCI-D35 tumor. Similar
report on metastatic human HCC model in nude mice
and human HCC cell line with metastatic potential
was rarely found in the literature. This LCI-D20 model
has been widely used for the studies on intervention
of metastasis, including anti-angiogenesis, antisense
approach, metallopro teinase inhibitor, differentiation
inducer, etc. It is concluded that the establishment
of metastatic human HCC model in nude mice and
human HCC cell line with metastatic potential will
provide important models for the /n vivo and in vitro
study of HCC invasiveness, angiogenesis as well as
intervention of HCC recurrence.
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INTRODUCTION

Liver cancer is the 4th most common cause of death from
cancer and the 3" most common in men. The highest age-
standardised mortality rate wasin China (34.7/100000), which
alone accounts for 53% of al liver cancer deaths worldwide™.
Surgical resection has been accepted the best treatment
forhepatocellular carcinoma (HCC), the most common type of
primary liver cancer in China However, recurrence and
metastasis remain the major obstacles for further prolonging
survival after resection. Even after curative resection of small
HCC, the recurrent rate remained high'?3. Therefore, studies
on metastasis and recurrence will be an important issue in the
21% century. To thisend, metastatic human HCC mod € in nude
mice and cell line with metastatic potential are needed for the
studies on mechanism, angiogenesis and intervention of
metastatic recurrence.

Brief review of literature

In 1963, thefirst human HCC cell line ( BEL-16 ) wasestablished
by Chen®. At the authors’ institution, the human HCC model
in nude mice (LTNM) was established in 1982, but metastasis
was not found in this model®®. Human HCC nude mice model
and human HCC cell line with metastatic potential were rarely
reported in the literature.

Hepatocellular carcinoma cell line

In the recent three decades, a good number of human HCC
cell lines have been established. Shen et all®, after the
establishment of thefirst human HCC cell linein 1963, reported
aseries of human HCC cell line (BEL-7402, BEL -7404, BEL -
7405) in the ensuing years. In 1973, Alexander et all”
established the famous human HCC cell line (PL C/PRF/5)
which produces HBsAg. Dong!® established the human HCC
cdl line(SMMC-7721) in 1977, which remainsone of thehuman
HCC cdll linethat currently used in China.

Many human HCC cdll lines have been established for the
studies on etiological factors of HCC, such as hepatitis B virus
(HBV)!*4 | hepatitis C virus (HCV)1*¥, hemochromatosis®® ,
thorotrast!?, for the study of alpha fetoprotein (AFP)18.19,
and for other studies?**?. Unfortunately, of the above human
HCC cell lines, metastatic potential was rarely mentioned or
demonstrated.For animal HCC cell lines, the establishment of
such cell linesin rat®, in woodchuck®-34, and in chickenl®
have been reported.

Hepatocellular carcinoma cell line with metastatic potential
Human HCC cell line with metastatic potential was rarely
reported in the literature. Besides Tian et all®37 at the
authors' ingtitution reported two paper in 1998 and 1999, only
one paper has yet been reported. Seki et all®*® (1999)
established a human hepatocellular carcinoma cells with
metastasis to lymph nodes.
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Again, very few papers have been reported concerning
animal HCC with metastati ¢ behavior. Ogawa et al*¥ (2001)
reported the establishment of rat HCC cell lines with differing
metastatic potential in nude mice. Reichner et all“¥ (1996)
reported that interleukin-6 production by rat hepatocellular
carcinomacellsis associated with metastatic potential.

Hepatocellular carcinoma model in animal
In 1976. Shimosato et al“Y reported the establishment of a
series of human tumors in nude mice including HCC. The
same group has used the human HCC nude mice model for
the study of alpha fetoprotein in relation to tumor growth
142, As had mentioned, at the authors’ institution, a human
HCC model in nude mice has been reported in 198251, In
1995, Liu et al* established a nude mice xenograft model
from human HCC. In 1996, Leveille-Webster et all*4
established an intrahepatic xenografts of human HCC in
severe combined immunodeficiency mice for the study of
multidrug resistance.

For animal HCC model, Qian et ali*® (1987) established a
transplan table HCC model in 615-strain mice (H 615).

Hepatocellular carcinoma model in animal with metastatic
behavior

In this paper, we need to focus to human HCC model in nude
mice with metastati ¢ behavior. In 1993, Aruga et al™* reported
the establishment and characterization of liver metastatic model
of human hepatomain nude mice, metastasis was mainly found
in the liver of this subcutaneous tumor model. Sun et al“"#
(1995 and 1996) at the authors’ institution reported the first
patient-like metastatic human HCC model in nude mice with
100% of spontaneous metastasisto lung, lymph node and liver.
Peng et al*¥ (1996) established a human HCC model in nude
mice using orthotopic transplantation, and malignant behavior
(invasion of abdominal cavity) was observed. Tao et all® (1998)
established a human HCC nude mice model using SMMC-
LTNM tumor transplanted into abdominal cavity and liver, the
lung metastatic rate was 59%. Genda et al’®¥ (1999) reported
the construction of metastatic models using orthotopic
implantation of human HCC cell linesinto the livers of SCID
mice, two of the 5 cell lines injected showed vascular tumor
thrombi and intrahepatic metastasis. Zheng et alf*? (2000) establ
ished an orthotopic transplantation tumor model from the
subcutaneous model of human HCC in nude mice, the
spontaneous metastatic rate was 57.8%. Shi et al*® (2001)
established a human HCC model in nude mice with high
metastatic rate in lymph node.

For animal HCC, Masui et al®® (1997) reported a highly
metastat ic HCC in male F344 rats induced by chemical
carcinogens. Li et al®™ (1998) established a lymph node
metastatic model of mouse HCC Hea-F cellsin C3H/He mice.

A synopsis of related studies at Liver Cancer Institute of Fudan
University

At the authors’ institution, studies on recurrence and
metastasis of HCC have been conducted since 1993156601,
Because either metastatic human HCC mode! in nude mice or
human HCC cell line with metastatic potential was not
availuable at that time, therefore, efforts have been made for
the establishment of such model and cell line. At the authors’
institution, the establishment of metastatic human HCC model
in nude mice was reported in 1995 (in Chinese) and 1996 (in
English)"48 and human HCC cell line with high metastatic
potential was reported in 1998 (in Chinese) and 1999 (in
English)31. These might probably be the first metastatic

human HCC model in hude mice and cell line with metastatic
potential. A Synopsis on the establishment and studies of these
models at the Liver Cancer Institute of Fudan University is
reported herein.

Establishment of metastatic human HCC in nude mice
In 1988, development of in vivo models for studies of brain
metastasis has been reported in Fidler’ sgroup™Y. In early 1990s,
“metastatic models constructed in nude mice by orthotopic
transplantation of histologically intact patient specimens’ has
been used in Hoffman’s group, and several such models
including lung cancer, pancreatic cancer, ovarian cancer, etc
have been reported(®2%4. However, patient-like human HCC
model in nude mice with metastatic behavior was not found.
Attheauthors institution, by using orthotopic implantation
of histologically preserved metastatic tumor tissues of 30
surgical specimens, a highly metastatic model of human HCC
in nude mice (LCI-D20) has been established. Thismodel was
obtained through in vivo clonal selection by repeated “lung
foci toliver”. All micewith transplanted LCI-D20 tumorsinthe
liver exhibited 100% transplantability and metastatic ability as
well as various manifestations of tumor behaviour in HCC
patients. These included: local growth, regional invasion,
spontaneous metastasis to liver, lungs, lymph nodes and
peritoneal seeding. The high metastatic ability maintained up
to 120 passages. Histological characteristics of LCI-D20 tumor
were similar to those of the original tumor. Karyotype analysis
reveaded heteroploid cells. Expression of AFP and HBxAg was
shown using immunohistochemistry. The duration between
two passages was around 20 d. At the same period, using
orthotopic implantation of histologically preserved metastatic
tumor tissues, alow metastatic model of human HCC in nude
mice (L Cl-D35) has also been established asacontral. Invasion
to theliver and peripheral organs was not found. Pathological
findings revealed no metastasisin the liver, lung and lymph
node. The duration between the two passages was around
35d. The biological characteristics of this LCI-D35 model
remained unchanged up to 59 passages. Karyotype analysis
revealed diploid cellg474,

Biological characteristics of LCI-D20 and LCI-D35 models
Remarkable difference was found between the LCI-D20 and
LCI-D35tumors: (U High expression of someof theinvasiveness
related genes, such asc-fos, ¢c-jun, N-ras, H-rasand P53 mutation
was found in LCI-D20 tumor but not in LCI-D35 tumor!®, 2)
Using comparative genomic hybridization (CGH) technique,
we have demonstrated that chromosome 8p deletion was
associated with HCC metastasi g%, When comparison was made
between L CI-D20 and LCI-D35 using CGH, it was shown that
8p deletion remains one of the important alterations'®”. 3
Corneal micropocket model has been employed to investigate
angiogensis, it was found that the vascular response induced
by high metastatic model L CI-D20 was stronger than in low
metastatic model LCI-D35%. (@) N-Acetylglucosaminyltra
nsferaseV (GnT V) activity was much higher in LCI-D20 model
when compared with LCI-D35, indicating the close relation
between GnT V activity and HCC metastas ig%.

It was observed that both serum and tissue PAI-1 content
increased gradually following tumor progression in LCI-D20
model, PAI-1 correlated with tumor size and AFP level and
provided potential clinical impact as prognostic marker(™.,
Phasic expression of tissue intercellular adhesion molecule-1
(ICAM-1) in thismodel was aso observed, ICAM-1 increased
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with the progressio n of LCI-D20 tumor, and markedly increased
when metastasis occurrg™.

Establishment of human HCC cell line with high metastatic
potential

M etastatic behavior was not reported in human HCC cell lines
that commonly use d in Chinawhen inoculated into nude mice,
such asBEL-74021¢, PL C/PRF/5!" and SMMC-77211.

In order to conduct in vitro study for metastatic recurrence,
ahuman HCC cell line with metastatic potential (MHCC97)
was established from a subcutaneous xenograft of the above
LCI-D20 tumor using dternating in vivo and in vitro cultivation.
The MHCC97 cells appear as polygonal epithelial cells. The
doubling time was 31 h. Karyotype analysis revealed that the
number of chromosome was 59-65, the median range of
chromosome number was 60-61, which accounted for 73%.
Aberrant chromosomesi(1)(q) and der(4) (pter—q35::?) were
its chromo some markers, which might be related to
carcinogenesis and progression of HCC. Secretion of AFP was
demonstrated in MHCC97 cells. HBsAg and HBxAg were
detected using PCR. Upon intrahepatic inoculation in nude
mice, the xenograft grew and metastasized to the lungs, with
metastatic rate up to 100% at 5" week. The cancer cells of lung
foci were AFP positive. The latency period of tumor nodule
formation after inoculation was 15d-20d. Invasion to the liver,
diaphragm an d abdominal wall was observed after intrahepatic
inoculation. Thebiological characteristics remained stable after
in vitro passages for 2 years. The MHCC97 cell line was
preserved in liquid nitrogen at the 120 passages. RT-PCR
products for integrin a5 and 1, uPA-R, VEGF and nm23-H1
MRNA from MHCC97 cell linewere positive. Immunostaining
showed strongly positivefor c-Met, uPA-R in both of xenografts
and lung me tastatic lesions. However, integrin a5 and 31
were positive only in xenograft but not in lung metastatic
lesions. E-cadherin was not expressed either in xenograft or in
the metastatic lesions. Mutation of p53 at codon 249 was aso
observed in MHCC9 7 cells, but not in LCI-D35 cells (low
metastatic model), indicating p53 mutati on might relate to
HCC metastasig%="72.

Experimental intervention for metastasis using LCI-D20 model
TheLCl-D20modd, apatient-like metastatic human HCC modd,
isauseful model for the studies of experimental intervention.
Two kinds of approach have been used: @ Studies on awell
established model to observe the tumor inhibition rate and
lung metastatic rate. 2 Studies on intervention after curative
resection of the established liver xenograft, which mimicked to
that of curativ e resection of HCC in patient, to observe the
recurrent rate and lung metastatic rate.

Several anti-angiogenic agents have been studied in nude
mice bearing L CI-D20 tumor. (1) Suramin was shown toinhibit
tumor growth and metastasis of human HCC in nude mice,
when compared with control, the tumor volume (cm?®) was 7.5
vs 10.8, and lung metastasis found in 62.5% and 100%
respectively!™. @ Inhibitory effect of the angiogenesis
inhibitor TNP-470 on tumor growth (tumor weight being 0.97 g
vs 2.04 g) and lung metastasis (being 8% vs 50%) was also
demonstrated in L Cl-D20 nude mice model ™. (3) Genetransfer
of dominant-negative flk-1 mutant has been studied and
showed inhibition of angiogenesis, growth and metastasesin
LCI-D20 model, the tumor was 10 folds smaller than the
control, lung metasta sis being 20% vs 100%, and vessels
were hardly visible as compared with rich neovascul arization
in the control!™!. @) Endostatin, a potent anti-angiogenic

agent, has been shown to inhibit tumor growth in LCI-D20
model, and the combination with cisplatin enhanced the
response, the mean tumor volume (mm?®) was 8376 for control,
3777 for endostatin, 1629 for cisplatin, and 463 for endostatin
+ cisplatin(™, & Cytostatic calcium influx inhibitor
carboxyamido- triazole (CAIl) was also proved of effect for
anti-angiogenesig™. & Recently, interferon (1b was proved
effective to prevent the recu rrence in the liver and inhibit
lung metastasis after resection of liver tumor in a dose-
dependent manner. The mechanism was mediated by anti-
angiogenesis™,

The following approaches have also been tried for the
intervention of metastasisin the LCI-D20 model. (D Antisense
H-ras: When antisense H-ras oligodeoxyn ucleotides (ODNS)
was used, specific inhibition of H-ras expression observed.
Antisense H-ras ODNs induced apoptotic cell death, inhibited
thegrowth rate of LCI-D20 cdllsinvitroandin vivo, and aterin
vivo tumorigenesity (being 50% vs 100%) and metastatic
potential (Ilung metastases being 0% vs 100%)™. (2 Heparinis
structurally and functionally similar to that of heparan sulfate,
metabolite of suramin, thereforetherole of heparin on metastasis
was studied in LCI-D20 modél. It has been demonstrated that
heparininhibited tumor growth (tumor sizebeing 1.50+0.61 cm
vs2.98+0.50 cminthe contral), inhibited lung metastasis (being
20% vs 60%) and prolonged survival (50 days survival being
60% vs 0)#%. (3) Metalloproteinase inhibitor-BB94: Effect of
BB-94 on tumor growth and metastasis in the LCI-D20 model
was al o observed, the tumor weight being 2.27g vs3.13 g, lung
metastasis being 44% vs 100%, and survival on day 45 being
100% and 56%!%4. (4 PD-ECGF that expressed in HCC, and
particularly in tumor thrombus, is able to convert more
prodrug (such as Furtulon and X el oda-Capecitabine) into 5-
Fu. Using capecitabine, prevention of lung metastasis as
well as inhibition of tumor growth was observed in nude
mice model of LCI-D20, thus will of potential as “targeting
chemotherapy”®2. & ICAM-1 is closely related to HCC
metastasis. It was demonstrated that  peptide (a
polypeptide designed by authors' institution, which is able
to block ICAM-1) can inhibit recurrencein the liver and lung
metastasisin L CI-D20 model after resection of tumor at early
stage and advanced stage. However, the metastatic recurrent
rate in the liver after resection in the early stage was lower
than that after resection in the advanced stage, being 0%(0/5)
versus 60%(3/5), and 100%(5/5) in the control®. (&) Retinoid
acid was not effective in controlling tumor growth and
metastasisin this particular LCI-D20 model.

The conclusion is that the establishment of metastatic
human HCC model in nude mice and human HCC cdll linewith
metastatic potential will provide an importan t model for the
in vivo and in vitro study of mechanism of HCC metastasi s,
angiogenesis as well as intervention of HCC recurrence after
resection.
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