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Effects of Fas-mediated liver cell apoptosis on
diethylnitrosamine-induced hepatocarcinogenesis in
mice
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Summary The present study was designed to investigate the effect of Fas-mediated liver cell apoptosis, induced by a hamster monoclonal
antibody against mouse Fas antigen, on diethylnitrosamine (DEN)-induced hepatocarcinogenesis in mice. DEN (10 ug g™, intraperitoneally
(i.p.)) was given to 15-day-old male C3H/HeJ mice. Three weeks after DEN treatment, Fas-mediated liver cell apoptosis induced by anti-Fas
antibody resulted in a biphasic effect on induction of liver cell tumours, depending on dosage and time of antibody administration. Single or
multiple treatment with high dose anti-Fas antibody (5 pg animal™), induced gross liver cell damage and decreased the incidence of liver cell
tumours in DEN-treated mice. In contrast, five treatments with low dose anti-Fas antibody (2 pug animal), induced dispersed localized liver
cell damage and promoted the number of large-sized liver cell adenomas and hepatocellular carcinomas. These findings suggest that high
dose anti-Fas antibody has a marked effect on the clearance of DEN-initiated liver cells, whereas repeated administration of low dose
anti-Fas antibody promotes hepatocarcinogenesis. It is concluded that Fas-mediated liver cell apoptosis has a biphasic effect on
hepatocarcinogenesis. © 2000 Cancer Research Campaign
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Viral infection such as hepatitis C or B virus is the major cause fopossesses cytolytic activity against cells expressing mouse Fas
chronic hepatitis or liver cirrhosis, which enhances the risk ofantigen) induces apoptotic liver cell death (Ogasawara et al, 1993;
developing hepatocellular carcinomas (Dusheiko, 1990; Matsudilishimura et al, 1997).

et al, 1995). It has been demonstrated that apoptotic cell death ofin the present study, we examined the in vivo effects of Fas-
liver cells occurs in acute or chronic hepatitis and that Fas-medmediated apoptosis, induced by intraperitoneal (i.p.) administra-
ated liver cell apoptosis accounts for T-cell-mediated cytotoxicitytion of a monoclonal antibody against mouse Fas antigen, on
against liver cells (Hiramatsu et al, 1994; Mita et al, 1994). UpDEN-induced hepatocarcinogenesis of C3H/HeJ mouse hepato-
regulation of Fas occurs in acute or chronic liver diseases due tytes. We also evaluated the effect of this antibody on acute liver
viral infections (Okazaki et al, 1996; Ando et al, 1997; Saile et alcell damage, using the terminal dUTP-biotin nick end labelling
1997). It has been suggested that apoptotic cell death induced BUNEL) method (Gavrieli et al, 1992).

Fas/Fas ligand system plays a critical role in the clearance of virus-

infected liver cells (Mochizuki et al, 1996; Hayashi and Mita,

1997). Thus, apoptotic cell death of virus-infected hepatocytes MATERIALS AND METHODS

an integral component of the disease process in chronic hepatitis

or liver cirrhosis (Jiang et al, 1997). Mice

In animal models, sustained or repeated liver cell damagg3H/HeJ mice were purchased from Japan SLC Inc. (Hamamatsu,
induced by frequent partial hepatectomy or carbon tetrachloridgapan). Only male C3H/HeJ mice were used in this study. The
administration is known to stimulate cell proliferation and animals were housed in plastic cages under controlled conditions
influence the promotion phase of hepatocarcinogenesis, therely 23+ 2°C, 50+ 10% humidity and a 12 h light/dark cycle. They
increasing the number of preneoplastic lesions and tumourgere fed commercial pellet CE-2 diet (Nippon Clea Co., Tokyo,
(Pound and McGuire, 1928 Lindroos et al, 1991). It has been japan). The animal studies were carried out with the approval of

hypothesized that Fas-mediated apoptosis, induced by Fas ligaggy institutional committee of the care and use of laboratory
expressed by cytotoxic T-cell in chronic hepatitis or liver cirrhosis gnimals.

is critical step in hepatocyte proliferation and promotion of hepa-
tocarcinogenesis. Recently, it has been reported that intraperi-

toneal administration of monoclonal anti-Fas antibody (WhichEV"‘j‘Luegion of acute liver damage induced by anti-Fas
antibody

The acute liver damage 12 h after i.p. administration of Jo2
Received 25 February 1999 antibody at high (fig animat?) or low (2ug animat?) dose was
Revised 7 July 1999 assessed histologically using haematoxylin and eosin (H & E)
Accepted 9 July 1999 staining and TUNEL methods. The rationale for using these doses
Correspondence to: A Hara was based on preliminary studies showing that administration of
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Jo2 at 10 and 100g animat* in C3H/HeJ mice resulted in 50% 100
and 0% survival respectively, and that 5 angg2animat* Jo2

antibody treatment induced gross or scattered liver cell damay
respectively. Male C3H/HeJ mice at 5 weeks of age received

single i.p. administration of Jo2 antibody at a dose of 50y 2 75 4
animat! in physiological saline. The mice were sacrificed 12 h
after the treatment, and the livers were removed and prepared fo
histological examination. Five animals were used for each dose
the antibody to analyse liver damage. Five animals were also us
as negative controls.

Apoptosis (%)
0
o

In situ labelling of DNA fragmentation of acute liver

25
damage

The TUNEL assay was performed using some modification of th
method of Gavrieli et al (Gavrieli et al, 1992; Hara et al, 4995
199%). After incubation with 2Qug mI? proteinase K (Sigma), 0 I 1
the liver sections were immersed in TDT buffer (30 firizma 0 2
base, pH 7.2, 140msodium cacodylate, 1vcobalt chloride). Jo2 (ug body")

TDT (Boehringer Mannheim GmbH, Mannheim, Germany) anckigure 1 Mean apoptotic rates of Jo2-induced acute liver damage 12 h
biotinylated dUTP (Boehringer Mannheim GmbH) were diluted inafter i.p. administration of Jo2 antibody at the doses of 0, 2 and 5 ug

TDT buffer at concentrations of 0.15 euir and 0.8 Mol 1eSPeC- TUNEL positve fve cells as a proportion of the ente cell umber of fver

tively. The solution was placed on the sections, and then incubatparenchymal cells

at 37C for 60 min. The sections were covered with streptavidin

peroxidase (Dako Co., Carpinteria, CA, USA), and stained with

3,3-diaminobenzidine as a substrate for the peroxidase. Finall\gtudies of liver tumours

counter staining was done using Mayer's haematoxylin. The . . .
percentage of TUNEL-positive cells in liver was determined byt 40 weeks of age, all mice were killed by ether anaesthesia.
measuring the number of liver cells possessing dark-brown nuclefVers were excised, weighed and examined for the presence of

as a proportion of the entire cell number of liver parenchymaY!Sible lesions. The number and location of the lesions were
cells recorded. Livers were sliced at 2-mm intervals, following fixation

in 10% phosphate-buffered formalin for 48 h. The number of
grossly visible lesions were reconfirmed in the sliced livers. The
formalin-fixed livers were dehydrated and embedded in paraffin
for histological studies.

Fas-mediated apoptosis on DEN-induced
hepatocarcinogenesis

At 14 days of age, a total of 125 male C3H/HeJ mice (group 1-5) . . .

received i.p. injection of DEN (Sigma Chemical Co., St Louis,'_“s““og'c{jII analysis

MO, USA) dissolved in physiological saline at a dose oid@*  From each paraffin-embedded specimennBthick sections
body weight. All mice were weaned 3 weeks after birth. Controlvere cut. Deparaffinized sections were stained with H&E. The
mice (group 6-8) at the same age received i.p. injection of physidncidences of hepatocellular carcinomas and adenomas were histo-
logical saline. At 5 weeks of age, groups 1, 2 and 6 were treatddgically discriminated and quantified by two pathologists using
i.p. with hamster monoclonal antibody (Jo2 antibody) againstriteria defined previously (Frith and Ward, 1979; Lipsky et al,
mouse Fas antigen (Pharmingen, San Diego, CA, USA) at a dog@81; Klaunig et al, 1987). Furthermore, adenomas were classified
of 5 pg animat* in physiological saline. Group & € 24) received  into two subgroups; small-sized adenomas which are less than
a single administration of this antibody, whereas groups=22Q) 5mm in diameter and large-sized adenomas that are more than
and 6 ( = 20) received five i.p. injections at every 3 weeks.5 mm in diameter. Differences of liver tumour incidences among
Groups 3, 4 and 7 were treated i.p. with Jo2 antibodyg(2 the groups were analysed statistically by Studesiést.

animat* in physiological saline). Group 8 € 24) received single
administration of the antibody, whereas groups14= (25) and

7 (n = 21) received five i.p. injections every 3 weeks. Group 5
(n=25) received only i.p. injection of DEN, and groum&:(10)
was non-treated control. The survival rate of mice receiving on
dose of 5ug animat* of Jo2 antibody was 90%, while 100% of Histologically, livers of mice 12 h after exposure tpdpanimat:
animals survived the 2g animai' dose. The mice that did not Jo2 antibody (high dose), showed many areas of focal haemor-
survive the antibody treatment died within 12 h after the injectionrhage, and abundant hepatocytes with eosinophilic swollen
Histologically, acidophilic cytoplasm, pyknotic cell nuclei and cytoplasm and pyknotic nuclei. Only hepatocytes localized in the
severe haemorrhage were present in the livers of all the mice theéntrolobular regions survived. In TUNEL staining, positive
died from injection of fug animat* of Jo2 antibody. In Groups 2 reaction was evident in most hepatocytes associated with apoptotic
and 6, no mice died following four injections ofi§ animat* of  cell nuclei, although a few non-apoptotic cells remained in the
Jo2 antibody. centrolobular regions. In contrast, acidophilic cells with pyknotic

RESULTS

@cute liver damage induced by Jo2
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Table 1  Tumour induction in DEN-initiated mice treated with Jo2 anti-Fas antibody

Group DEN Dose of No of times No. Mean no. Mean no. of Mean no. of Mean no. of
Jo2 of Jo2 of of liver tumours adenomas (< 5 mm) adenomas (> 5 mm) carcinomas
(ug animal %) treatment mice per mouse per mouse per mouse per mouse
1 + 5 1 24 6.0 + 5.42P 50+3.7° 1.0+23 0.1+0.3
2 + 5 5 22 5.6 +4.5¢ 46+2.6° 1.0+23 0.0+0.0
3 + 2 1 24 10.2+79 7.4+59 28+33 0.1+0.2
4 + 2 5 25 146 £11.0 9.7+52 4.0 +55¢ 09+1.5°
5 + - - 25 10.9+5.0 9.2+38 16+24 0.1+0.3
6 - 5 5 20 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
7 - 2 5 21 0.0+0.0 0.0 £0.0 0.0+0.0 0.0+0.0
8 - - - 10 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

2 Values are mean * s.d. b¢¢¢ Significantly different from mice treated with DEN alone by Student’s t-test (°P < 0.01, ¢P < 0.001, P < 0.05, ¢P < 0.02).

nuclei were found scattered throughout the liver of mice treategyijscusSION
with 2ug animat! Jo2 antibody (low dose). In addition, no

specific zonal distribution of these cells was noted. TUNELFas which is a member of the tumour necrosis factor/nerve growth
staining revealed that apoptotic cells were distributed sparsely iyctor receptor family (Smith et al, 1994), is expressed in varied
the liver tissue. Control mice without Jo2 treatment had neithefypes of tissues, particularly in liver (Watanabe-Fukunaga et al,
damaged hepatocytes nor apoptotic cells in the liver. The meafygp: | eithauser et al, 1993). Fas-mediated apoptosis may serve t
number of apoptotic cells per 500 hepatocytes of mice at the highiminate liver cells in which hepatocarcinogenesis has been
dose and low dose of Jo2, and that of negative controls weigitiated by carcinogens. However, carcinogen-exposed liver cells
84.4+ 9.3, 10.6+ 3.8 and Gt O respectively (Figure 1). which survive Fas-mediated programmed cell death may acquire a
potential for neoplastic transformation due to a regenerative
) response of the remaining liver tissue. Hence, it could be argued

Development of liver tumours that differences in sensitivity of initiated and non-initiated liver

As summarized in Table 1, the liver tumours were only detected if€lls to Fas-ligand results in the cells developing different
the groups treated with DEN (groups 1-5). All the neoplasms werBotentials for neoplastic transformation. In fact, the differential
histologically determined as having a hepatocellular origin. JoZensitivity to Fas-mediated apoptosis has been demonstrated fol
antibody administered five times at high (group 6) or low (groupboth carcinoma cells and normal liver cells (Higaki et al, 1996).

7) dose, without DEN administration, induced no liver tumours. [N this study, dose-related liver cell damage by Jo2 antibody in
male C3H/HeJ mice was evaluated. High dose of Jo2 antibody

generated hepatocytes with typical characteristics of apoptosis,
Effects of Jo2 at high dose on DEN-induced namely eosinophilic swollen cytoplasm, pyknotic nuclei and
hepatocarcinogenesis apoptotic bodies. These morphological features appeared to be

coincident with those of the human fulminant hepatitis

Total ngmber of liver tumours of mice. receiving single (group 1) Ogasawara et al, 1993). In contrast, low dose of Jo2 antibody
or multiple (group 2) treatments of high dose Jo2 antibody Waéroduced acidophilic cells with pyknotic nuclei throughout the

S|gn|f_|cantly lower P_< 0.01 andP < 0.001 respectively) than that liver tissue without specific zonal distribution. Such finding is
of mice treated with DEN al_one_ (group_ 5). Importantly, thesimilar to that of human chronic hepatitis (Jiang et al, 1997). The
number of adenomas < 5mm in dlameter_ln _bOth groups 1 and optotic liver cell death was confirmed by TUNEL staining.

were less than that of group B £ 0.001), |nd|cat|ng that h'gh, Interestingly, high dose of Jo2 antibody suppressed DEN-
dose ‘]02_ antlboqy markedly reduced the DEN-'|r!duce.d l'Ver duced liver tumours independent of the frequency (single or
tumours, |rrespec_t|ve of the frequency Of the adm|n|strat|on an times) of administration. The suppressive effect of Jo2 occurred
that the suppressive effect was apparent in small-sized adenomaﬁrimarily in small-sized adenomas, and while the numbers of
large-sized adenomas and carcinomas were also decreased by th
treatment the effects did not reach statistical significance. Thus,
while gross liver damage by Fas-mediated apoptosis reduced the
number of liver tumours, the process of the hepatocarcinogenesis
In contrast to high dose Jo2, the effect of low dose antibody giveitself may not be markedly affected. On the other hand, low dose
5 times (group 4) significantly increased both the number obf Jo2 antibody increased the number of large-sized adenomas anc
adenomas > 5 mm in diametd? € 0.05), and also carcinomas carcinomas, and the effect was particularly apparent with multiple
(P < 0.02). Treatment of Jo2 had no effect on the number o&dministration of the antibody. This suggests that frequent or
adenomas < 5 mm in diameter (group 5). The single administratiochronic induction of sparsely-distributed apoptotic cell death in
of Jo2 (group 3), however, showed no effect on the number diver provokes the development of large-sized adenomas and
small- and large-sized adenomas and carcinomas. These findingarcinomas, or the malignant progression of liver neoplasms.
suggest that frequent administration of low dose of Jo2 increased Difference of the sensitivity to induction of Fas-mediated
the DEN-induced liver tumours and that the effect of Jo2 waspoptosis between normal hepatocytes and neoplastic cells or
apparent in large-sized adenomas and carcinomas. virus-infected cells has previously been reported. It is known that

Effects of Jo2 at low dose on DEN-induced
hepatocarcinogenesis
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some human neoplastic liver cells show resistance to Fas-mediatéelumbano A, Endoh T, Denda A, Noguchi O, Nakae D, Hasegawa K,
apoptosis in vitro (Natoli et al, 1995). SV40 T-antigen contributing ~ -edda-Columbano GM, Zedda Al and Konishi Y (1996) Effects of cell

. .. . . proliferation and cell death (apoptosis and necrosis) on the early stages of rat
to viral pathogenesis is also known to protect the infected liver hepatocarcinogenesiSarcinogenesid 7: 395-400

cells against the host apoptotic defence mechanism (Rouquet et glagani TA, Manenti G and Della Porta G (1986) Enhancing effects of carbon
1995). Furthermore, Higaki et al (1996) demonstrated a relation- tetrachloride in mouse hepatocarcinogeneisicer Let81: 171-179

Sh|p between Fas expression and apoptotic cell numbers in humahsheiko G_M (1990) Hepa_ltocellqlar carcinoma associated with chronic viral
hepatocellular carcinomas and related liver tissues. They estap- hepatitis. Aetiology, diagnosis and treatm@itMed Bull46: 492-511

. . . . . CH and Ward JM (1979) A morphologic classification of proliferative and
lished that apoptotic cell counts were S'gn'flcantly hlgher n neoplastic hepatic lesions in mideEnvironmen Pathol Toxic8t 329-351

Fas-expressing tissues than in Fas-negative tissues, and tlgtrieli Y, Sherman Y and Ben-Sasson SA (1992) Identification of programmed cell
hepatocellular carcinoma tissues expressed Fas less frequently and death in situ via specific labeling of nuclear DNA fragmentatiogell Biol
more weakly than noncancerous tissues. These findings imply that 1% 493-501 _

lastic liver cells may be less sensitive to Fas-media’[e'(_:\ara A, Yoshimi N, Hirose ¥, Ino N, Tanaka T and Mori H (189BNA
neop . y o . fragmentation in granular cells of human cerebellum following global
apoptosis than non-neoplastic liver cells. In the present study, high ischemiaBrain Ress97 247-250
dose of Jo2 antibody suppressed occurrence of liver tumourBara A, Yoshimi N, Mori H, Iwai T, Sakai N, Yamada H and Niwa M (1§95
whereas low dose promoted the tumorigenesis. Our data suggest Hypothermic p'revention of nyclear PNA fragmentation in gerbil hippocampus
that high dose of Jo2 antibody induces apoptosis in both non-inithay following transient forebrain ischemisleurol Redl7: 461-464

L . . ashi N and Mita E (1997) Fas system and apoptosis in viral hepatitis.
ated and initiated liver cells, but low dose of Jo2 antibody ~ ;Gastroenterol Hepatdi2: S223-226

produces apoptosis in only non-initiated liver cells, which makesiigaki K, Yano H and Kojiro M (1996) Fas antigen expression and its relationship
initiated cells survive and regenerate after the frequent exposure to with apoptosis in human hepatocellular carcinoma and noncancerous tissues.

low dose Jo2 antibodly. ~ Am J Patholl4g 429-437 o o
Tumour-suppressing effects are recoanized not onlv in FaSH_lramatsu N, Hayashi N, Katayama K, Mochizuki K, Kawanishi Y, Kasahara A,
pp 9 9 y Fusamoto H and Kamada T (1994) Immunohistochemical detection of Fas

mediated apoptosis but apoptosis induced by chemical agents. Itis antigen in liver tissue of patients with chronic hepatitisiEpatology19:
hypothesized that lead nitrate decreases the number of hyper- 1354-1359
plastic lesions in DEN-treated rats by inducing apoptotic cell deatfang Z, Liu Y, Savas L, Smith L, Bonkovsky H, Baker S and Banner B (1997)

s Frequency and distribution of DNA fragmentation as a marker of cell death in
of initiated hepatocytes (Columbano et al, 1991). Contrary to chronic liver diseasesirchows Archi31: 189194

apopt05|s-rglateq Suppressing effects, it is known t_hat Stlmu"”moﬂaaunig JE, Weghorst CM and Pereira MA (1987) Effect of the age of B6C3F1 mice
of cell proliferation greatly influences the promotion phase of  on phenobarbital promotion of diethylnitrosamine-initiated liver tumors.
carcinogenesis, and then increases the number of preneoplastic Toxicol Appl Pharmacd0: 79-85

lesions and tumours (Pound and McGuire, 19187&: Dragani Leithauser F, Dhein J, Mechtersheimer G, Koretz K, Bruderlein S, Henne C,

- . . . . Schmidt A, Debatin KM, Krammer PH and Moller P (1993) Constitutive and
et al, 1986; Lindroos et al, 1991). Liver is essentially a quiescent induced expression of APO-1, a new member of the nerve growth factor/tumor

organ with respect to hepatocyte proliferation. Liver cell prolifera-  necrosis factor receptor superfamily, in normal and neoplastic catidnvest
tion is usually stimulated by partial hepatectomy or carbon tetra- 69 415-429
chloride-induced acute liver damage in rodent models ofindroos PM, Zarnegar R and Michalopoulos GK (1991) Hepatocyte growth factor

hepatocarcinogenesis (Pound and McGuire, 497@droos et al (hepatopoietin A) rapidly increases in plasma before DNA synthesis and liver
. . . o ’ regeneration stimulated by partial hepatectomy and carbon tetrachloride
1991). Regenerative growth following liver injury has been shown  ,yministrationHepatologyl 3 743-750

to promote hepatocarcinogenesis in mice (Pound and McGuireipsky MM, Hinton DE, Klaunig JE and Trump BF (1981) Biology of
1978&; Dragani et al, 1986). Our results suggests that low dose Jo2 hepatocellular neoplasia in the mouse. Ill. Electron microscopy of

antibody induces the regenerative growth foIIowing apoptotic liver safrole-induced hepatocellular adenomas and hepatocellular carcinomas.
cell injury and then promotes DEN-induced hepatocarcinogenesis, > 2, Gancer Ins67. 393-405
jury p p g ?/Iatsuda Y, Amuro Y, Higashino K, Hada T, Yamamoto T, Fujikura M, Yamaguchi

In conclusion, our results suggest that high dose of anti-Fas anti-  , shimomura s, liima H and Nakano T (1995) Relation between markers for
body induces gross liver cell apoptosis and plays an important role viral hepatitis and clinical features of Japanese patients with hepatocellular
in the clearance of DEN-initiated liver Ce”S, and that frequent carcinoma: possible role of alcohol in promoting carcinogenesis.
treatment of low dose of anti-Fas antibody generates scattered Hepato-Gastroenterot2: 151-154

X . I E, Hayashi N, lio S, Takehara T, Hijioka T, Kasahara A, Fusamoto H and
liver cell apoptosis and exert a promoting effect on the DEN- Kamada T (1994) Role of Fas ligand in apoptosis induced by hepatitis C virus

induced hepatocarcinogenesis. Accordingly, Fas-mediated liver infection.Biochem Biophys Res Comun204: 468-474
cell apoptosis plays a biphasic effect on hepatocarcinogenesigochizuki K, Hayashi N, Hiramatsu N, Katayama K, Kawanishi Y, Kasahara A,
Eurther studies are warranted to elucidate the difference of sensi- Fusamoto H and Kamada T (1996) Fas antigen expression in liver tissues of

L. L L . . patients with chronic hepatitis B.Hepatol24: 1-7
tivity of initiated and non-initiated liver cells to Fas/Fas “gand Natoli G, lanni A, Costanzo A, De Petrillo G, llari I, Chirillo P, Balsano C and

system. Levrero M (1995) Resistance to Fas-mediated apoptosis in human hepatoma
cells.Oncogendl: 1157-1164
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