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Abstract . Despite intensive efforts in the treatment of hepatocellular carcinoma
(HCCQ), its prognosis still remains poor mainly because of intrahepatic metastasis. In the
majority of cases, HCC is found in conjunction with liver cirrhosis. It is, therefore, of great
importance to investigate the invasive and metastatic behavior of HCC not only in the
normal liver but also in the cirrhotic liver. To examine this, a liver cirrhosis model was
produced by injecting thioacetamide intraperitoneally into mice. Murine HCC cells were
labeled with the fluorescent carbocyanine dye, Dil, and implanted directly under the capsule
of the cirrhotic and normal liver of syngeneic mice. Optimal conditions are described for
labeling HCC cells with Dil. Dil-labeled HCC cells in the liver were observed under
fluorescent and confocal microscopy. Histological analysis of the cirrhotic and normal liver
revealed that implanted HCC cells migrated to and invaded the adjacent periportal regions,
but not the adjacent centrolobular areas. This characteristic behavior of HCC was more
evident in the cirrhotic liver compared to the normal liver. Furthermore, intrahepatic
metastasis to unimplanted hepatic lobes was observed in the cirrhotic liver as early as 7
days after the implantation, while it was not detected in the normal liver even 4 weeks later.
Thus, an orthotopic animal model for HCC with cirrhosis described here may be suitable for
investigating the invasive and metastatic behavior of HCC. Furthermore, it is also indicat-
ed that 1abeling tumor cells with a fluoresent dye followed by orthotopic implantation may
be a convenient and useful method to investigate the invasive and metastatic behavior of
various types of cancer. (FEEEiE. J. Nara Med. Ass. 49, 421~436, 1998)
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Fig. 1. Effect of Dil concentrations for labeling HCC
cells. Murine HCC cells were suspended with
the culture medium without serum at a con-
centration of 5X10° cells/ml, and stained by
incubating with various concentrations (5-80
ug/ml) of Dil for 60 minutes at 37°C with
gentle agitation at 10-minute intervals. After
staining, the cells were washed three times by
centrifugation to remove the dye not incorpo-
rated in the cells, and resuspended with the
complete culture medium. Four hours after
plating the cells, 50 cells were selected ran-
domly and gross dye uptake of each cell was
quantitated using a confocal microscope.
Each bar represents the mean=+SD of 3 sepa-
rate experiments. The symbol “*” indicates
that the fluorescent intensity of the cell is
significantly different compared with that
stained with 10 gg/ml Dil at P <0.001 by
Student’s #-test.
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Fig. 2. Cytotoxic effects of Dil on HCC cells. Murine
HCC cells were stained by incubating with
various concentrations (5-80 ug/ml) of Dil
for 60 minutes at 37°C with gentle agitation at
10-minute intervals. After staining, cell via-
bility was assessed by trypan blue exclusion.
Each bar represents the mean+SD of 3 sepa-
rate experiments. The symbol “*” indicates
that the viability of cells is significantly dif-
ferent compared with that incubated without
Dil at P<0.001 by Student’s /-test, respec-
tively.
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Fig. 3. Effects of incubation time for Dil labeling of
HCC cells. Murine HCC cells were stained by
incubating with 20 zg/ml Dil for various time
periods (15-120 minutes) at 37°C with gentle
agitation at 10-minute intervals. Four hours
after plating the cells, 50 cells were selected
randomly and gross dye uptake of each cell
was quantitated using a confocal microscope.
Each bar represents the mean+SD of 3 sepa-
rate experiments. The symbol “*” indicates
that the fluorescent intensity of the cell is
significantly different compared with that
incubated for 15 minutes at P<0.001 by
Student’s #-test.



AR O FFPIBE S & OB B RS o#ea!

M, ML D hRERPRD -7k, B
BB T OB TIIME ¥ AR X 5 L& (Fig. 6B).
DT EMD DI, in vitro IR\ CEEEET % FHEM
FEEBIT LW DRI Rt
6) IEEFFICIs1} 5 Mzl o RERR

Dil e L= v AFHEMREZRR~ v 2 OF £S5
EoWETCEREL, FEOFNBRERRZERICE
Wl B3 A%TE BEESMLC—KL TRVWE
B ETHTEROMREER RO h, RE~0RHE
BRI AT RIEED - 7 (Fig. 7A, B). 18
#%ic13, Dil Y PEMR s BEEIALE S D zone 1 KR
B aEngEIhi. Lirl, zone 3 T ITGEHM
Baxiz s A KD T, zone 2 1ILF T AEORIEHI
®RDDHDHRTH -7 (Fig. 7C, D). #& 2 BB 1z%
H o DIl fefafFEMa %Y zone 1 1K SH T, zone 31T
T E A ERD I - (Fig. TR, B). ¥ 7, Dil Rl
SEAR T CEEMEE T T, ot FE O S & IR
AT B o ERTE, DIl 6T in vivo B\ T HHEEEA

Fluorescent Intensity / Cell (X 105)

6 24
Time after Dil Labeling (Hour)

Fig. 4. Duration of fluorescence of Dil-labeled HCC
cells i vitro. Murine HCC cells were stained
by incubating with various concentrations
(5-40 pg/ml of Dil for 60 minutes at 37°C
with gentle agitation at 10-minute intervals.
Six, 24 and 72 hours after plating the cells, 50
cells were selected randomly and gross dye
uptake of each cell was quantitated using a
confocal microscope. The open bars, dotted
bars, diagonally striped bars and closed bars
represent the fluorescent intensity of the cell
labeled with, 5, 10, 20 and 40 xg/ml Dil,
respectively. Values are means®=SD of 3
separate experiments.
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Fig. 5. Fluorescent microscopic appearances of Dil-

labeled HCC cells. After staining murine
HCC cells with 20 xg/ml Dil for 60 minutes at
37°C, the cells were cultured at 37C in a
humidified atmosphere containing 5% CO, in
air. Six hours (A), 2 days (B) and 4 days (C)
after the culture, the cells were directly obser-
ved using an inverted fluorescent microscope
(Original magnification X 200).



(426) (TTR i

< Dil el AE~NOBERER /R S o
7= (Fig. 8A, B).
7 TAA OBERERBSIC L 5~y ADERFEK

7y PCTAA RO S L ERARST5 L HE
EEFALTy PRIFETEZZ LI ISABRA T
51920, X512, 0.03 %D TAA &%~ v R ICED
BETBHE, 13 7 AR~ Y ARB TS FFEENSE
ET B ERREIRTWB2, S0E, FE X TAA O

IE

BERBE I X > THEEE T A~y AT 5 L%
SRL, ExDEED TAA REERICEEL, <7 20
EERYEBPNCBEE L. <V ADEKE1gYD
0.2, 0.4%X0°0.6mg » TAA % JERENICHE 2 EHL
Lick s, FHIOED>DERLTR2, 5BICTE
D<=y AH, TAA OFEE 525 3 BHAKIET L.
T, TAA % 10 BREE S LcBO~ ¥ 2R DEFER
1%,0.2,0.4 X 0°0.6 mg/g HED TAA HEFF TR

Fig. 6.

Coculture of Dil-labeled and unlabeled HCC cells. Dil-labeled and unlabeled
HCC cells were mixed at a 1 : 1 ratio and cocultured for 24 hours in a culture
dish. Cells were observed under the bright field microscopy (A) and fluores-
cent microscopy (B). Cells marked by arrows under the bright field micros-
copy represent those with fluorescence under the fluorescent microscopy
(Original magnification X 400).

Fig. 7.

Analysis of invasive behavior of Dil-labeled HCC cells in the normal liver.
Murine HCC cells were stained by incubating with 20 xg/ml Dil for 60
minutes at 37°C. After staining, the cells were resuspended with PBS at a
concentration of 4 X107 cells/ml. Ten-microliter inoculum volumes of the cell
suspension were implanted directly into the left-lateral lobe of the liver of
syngeneic mice. Each group consisted of 6 animals. Animals were sacrificed
three days (A), 1 week (C), 2 weeks (E) and 4 weeks (G) after the implanta-
tion, and their livers were sliced into 25-um-thick sections and observed using
an inverted fluorescent microscope. (B), (D), (F) and (H) represent the same
field as (A), (C), E) and (G), respectively, observed under the bright field
microscopy. A representative picture is shown in the figure. The letters
“CV”, “PV”, “IS” and “MT” indicate the central vein, portal vein, implanta-
tion site and metastatic tumor, respectively (Original magnification [A, B, C,
D, E and F] %100, [G and H] X 40).
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Fig. 8. Analysis of migration of Dil-labeled hepatocytes in the normal liver. He-
patocytes were isolated from syngeneic mice according to standard method
and labeled with 20 xg/ml Dil for 60 minutes a 37°C as HCC cells were stained.
Dil-labeled hepatocytes were then implanted into the left-lateral lobe of the
liver of 6 syngeneic mice as HCC cells were implanted. Four weeks after the
implantation, mice were sacrificed and their livers were removed. The liver
was sliced into 25-um-thick sections with a microslicer and observed both
under the fluorescent microscopy (A) and under the bright field microscopy
(B). A representative picture is shown in the figure (Original magnification

X 40).
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Fig. 9. Survival rate of mice intraperitoneally inject-

ed with TAA. Mice received intraperitoneal
injections of TAA at doses of 0.2 (bold line, n
=10), 0.4 (thin line, n=10) or 0.6 (dotted
line, n=10) mg/g body weight twice weekly
for 10 weeks.
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Fig. 10. Histological analysis of the liver of TAA-treated mice. Mice were given
intraperitoneal injections of TAA at a dose of 0.2 mg/g body weight twice
weekly. After 10- and 20-week administration, animals were sacrificed and
their livers were removed for histological analysis. Azan staining of the liver
of animals administered with TAA for 10 weeks revealed that the fibrotic
septa were thin and predominantly restricted to zone 1 (A). Azan staining
of liver sections of animals administered with TAA for 20 weeks revealed
that cirrhosis was manifested by thick fibrotic septa transversing the lobular
parenchyma and the formation of pseudolobuli (B). A representative picture
is shown in the figure (Original magnification X 40).

Fig. 11. Intrahepatic invasion of Dil-labeled HCC cells in the cirrhotic liver. Dil-
labeled murine HCC cells were implanted directly under the capsule of the
cirrhotic liver of syngeneic mice. Intrahepatic invasion of Dil-labeled HCC
cells in the liver was observed under the fluorescent microscopy. One week
after the implantation of Dil-labeled HCC cells into the cirrhotic liver, an
irregular-shaped HCC tumor with intensive fluorescence and marked migra-
tion of HCC cells to adjacent zone 1 were observed (A). (B) represents the
same field as (A) observed under the bright field microscopy. A representa-
tive picture is shown in the figure. The letters “CV”, “PV” and “IS” indicate
the central vein, portal vein and implantation site, respectively (Original
magnification X 40).
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Fig. 12. Migration of Dil-labeled hepatocytes in the cirrhotic liver.
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13. Quantitative analysis of Dil-labeled HCC

cells in the liver. Dil-labeled HCC cells were
implanted under the capsule of the normal
and cirrhotic liver. One and 2 weeks after
the implantation, animals were sacrificed
and their livers were sliced into 25-um-thick
sections. At least 20 different areas within 1
mm from the margin of the implantation site
of Dil-stained HCC cells were randomly
selected both from zone 1 and from zone 3 of
each mouse. FEach group consisted of 6
animals. Quantitation of Dil-labeled HCC
cells in zone 1 or zone 3 was estimated by
measuring the fluorescent intensity of each
area under the confocal microscopy. The
open bars and diagonally stripéd bars repre-
sent the results of cirrhotic and normal mice,
respectively. Values are means=SD of 6
animals. The symbol “#*” indicates that the
values are significantly different between
groups using Student’s {-test.

Dil-labeled
hepatocytes were implanted directly under the capsule of the cirrhotic liver
of syngeneic mice. Intrahepatic migration of Dil-labeled hepatocytes was
observed under the fluorescent microscopy (A) and bright field microscopy
(B). When Dil-labeled hepatocytes were implanted into the cirrhotic liver,
Dil-labeled hepatocytes did not show migration or invasion from the im-
plantation site even 4 weeks later (A) (Original magnification X40).
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Fig. 14. Analysis of intrahepatic metastasis of HCC in the cirrhotic liver. Dil-labeled
murine HCC cells were implanted under the capsule of the left-lateral hepatic
lobe of cirrhotic mice. Metastasis of HCC cells to the right-lateral hepatic
lobe was examined under the fluorescent microscopy. Clusters of Dil-labeled
HCC cells were observed in zone 1 but not in zone 3 of the cirrhotic liver one
week after the implantation (A). (B) represents the same field as (A),
observed under the bright field microscopy. A representative picture is
shown in the figure. The letters “CV” and “PV” indicate the central vein and
portal vein, respectively (Original magnification X 100).
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15. Quantitative analysis of intrahepatic metas-
tasis of HCC in the normal and cirrhotic
liver. Dil-labeled HCC cells were implanted
under the capsule of the left-lateral hepatic
lobe of normal and cirrhotic mice. One and
2 weeks after the implantation, animals were
sacrificed and their right-lateral hepatic
lobes were sliced into 25-um-thick sections.
At least 20 different areas were randomly
selected both from zone 1 and from zone 3 of
each mouse. FEach group consisted of 6
animals. Quantitation of Dil-labeled HCC
cells in zone 1 or zone 3 was estimated by
measuring the fluorescent intensity of each
area under the confocal microscopy. The
open bars and diagonally striped bars repre-
sent the results of cirrhotic and normal mice,
respectively. Values are mean®SD of 6
animals.
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