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Introduction 

I Jepatocellular carcinoma (HCC) causes appropnately 
450,000 1,000,000 deaths a year worldwide and is the 
third to fourth leading cause of cancer deaths in the 
world. J ICC is one of the most common cancers, par­
acularly in developing countries such as certain parts 
of Africa and Asia. I lowever, the incidence has recently 
increased remarkably 1J1 developed counu:ies (faylor­
Robinson et al., 1997; Okuda, 1987; El-Serag & Ma­
son, 1999). The ma1or risk factors are chronic infec­
tion with hepatitis B vii:us (HBV) and heparins C virus 
(I ICV), alcohol consumption, sex hormones Q)oth an­
drogens anJ progestins), metabolic disorders of the 
liver (e.g. haemochromatosis, \'<filson's disease) and ex­
posuti;; to the mycoloxm, aflaroxin B1 (Qian et al., 1994; 
Yeh et ul, l 989; Lunn u al., 1997). 

l lCC is an c.xtremdy difficult disease to ma1rnge. 
At present., medical rbcrapies are unsatisfactory. Sw:gi­
cal resection 1s the ouly curauve therapy for J ICC. 
Unfortunately, the vast ma1or1ty of HCC are 
unrescctablc ,ince muse patients present late and the 
associated curhosis res mets the cxtcm of surgical re­
secrion (Bruix el al., 1996). Moreover, the residual liver 
1s still at extremely high nsk for recurrent disease 
(Yamanaka cl al, 2000). The lack of progress m Lhe 
treatment of HCC compared to other cancers ID the 
p:tst 10 year 1s alarming. Therefore, it 1s important ro 
clucidate ihc mecharusm that control cell growth, dif­
ft>rendauon and metn�tasis io hepacocarcmogencsis in 
order to develop new straccgics lo manage this diffi­
cult disease. The moleculru: mechamsms underlying 
hepatocarcinogencsis are poorlv understood. A com-

TabJ 1. Event that lead to hepatocellular carcinoma 

man feature of chroruc hepatitis and liver cirrhosis is 
che long-lasting 1nflammation. The filil1 of this review 
is co give an updace on t.be viral and host factors that 
may contribute to multistep hepatocarcinogenes1s. 

Hepatocarcinogenesis 
Carcinogenes1s is believed co be a multistage process 
aod is currently conceptualized as occurring through a 
sequence of steps, termed 'irutiacion, promotlon and 
progression' winch need not occur either sequentia.11y 
or simultaneously (Table 1). The dis.ruption of the 
normal cellular mechanisms, the mutations tn the 
growth regulatory genes and proliferation of the i;:ells 
in the liver remain unresolved. Tumour initiation can 
be a consequence of exposure to carcinogens, micro­
bial agents (hepatitis vrruses) or necroinflammatory 
processes such as cellular 1njury due to free radical or 
ionismg irr:adiauon. Tumour prornorion results 1n mu­
ta.t.ions and enhanced genetic d:image. The severe, pro­
longed cellular mjuzy induces a preneoplastic prolif­
erative response that fosters secondary genetic events 
that program ihc cell for unrestrained growth (Chisarj 
el aL, 1989). During tumour progression, premaligoant 
cells continue to develop pheootypic changes and ge­
nomic instability such as chromosomal aberrations, 
gtne amplification and altered gene expression. 

Kew el aL(I 997) has suggested that the indirect ef­
fect may be achieved f.com the accelerated rate of divi­
sion of hcpatocytes that typifies cirrhosis and chronic 
hepatitis. Continuous or recur.ring cycles of necrosis 
of hepaLOcytes followed by regeneration render the 

Initiation: 

Promotion: 
Progression: 

carcinogens, microbial agenr- (hepatitis B virus, hepatitis C virus) 
chroruc inflammauon � alterations in cell growth and regulation 
cellular dysplasia 
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DNA of these cells more susceptible to spontaneous 
mutation, damage co DNA by mutagens and integra­
uon by oncogen1c virus. Moreover, the faster rate of 
cell turnover may leave rnsufficient time for damaged 
DNA to be repau:cd before the cell divides again, 
thereby fixing the altered DNA in the progeny. Thus, a 
seoes of mutations may accumulate over time. 

Molecular basis of viral hepacocarcinogenesis 
HB T 'infechon 
HBV 1s one of the maJor aeuological agents respon­
sible for the appearance of chronic liver diseases and 
HCC (l\RC, 1994). (,lobally, abouc 80% of llCC are 
associated with HBV ln Malaysia, 95 4°,'o of HCC have 
been found to be HB\ posiuve (Smn.iah & 001, 1993). 
In Asia, 300 nullion people suffer from chronic J IBV 
and they have 100-300-fold greater risk of HCC than 
the general population (Beasley el al., 1981; Maynard, 
1990) 

Due to the high percentage of HCC cases associ­
ated with HBV, it lS critical co explore how rmv infec­
tion can confer or accelerate transformation of hepa­
cocyrcs. To date, the mechanism o f  HBV 
hepatocarcmogencsis in human HCC is poorly under­
stood. J Iowever, recent studies suggest that there are 
some relevant molecular pathways that may contribute: 
to the de,·elopment of HBV-assooaced HCC. 

!11t8f.ra1io1J of l-iB V DI\1.•1. 
The integrauon of l lBV DNA Jnto the hepacocytc 
genome with subse9uL11t chcomosomal reru:r11ngcment: 
and gencraoon of trnns-acuvators may be a cruaal 
event for HBV-assocrnted hepacocarctnogeocsls (Su et 
11/., 1998) Vtral DNA integration is consideted a ran­
dom event 10 most f ICC (Okuda, 1992). In addition, 
evi<lence of HBV DN .\ msert.ional mutagenesls (dele­
tion, duplication or translocation) has been demon­
strated (Brcchot, 1996; Patetltm et al., 1994). Acternpts 
have been made to 1denrify the cellular sequences adja­
cent to the sites of HBV DNA integrabon that might 
act as HCC inioators or promoters (Brechot., 1996). 
Eumples of cellular sequence affected are r-,1ryc and 
cyclin A genes. Viral integration, however, is not the 
only mechanism respons1blc for the development of 
HCC l t has been reported rbat viral DNA integnl:lon 
resulting in alteratiom in cell growth accoun t for very 
limited cases (Matsubara & Toklna, 1990) and p53 
murauon does not re,1uire the genomic integration of 
HBY se9uenccs in r 1 BV-assoc1aced HCC (Hsu et al., 
1993). 

Contriblftton by l-!BX 
Another relevant molecular pathway that HBV may 
con tribute to the hepatocaronogenesis may be through 
one or the HBV genes, the X gene. The expression of 
HBV X gene, HBX, is a transcriptional tran s -accivalor 
and can upregulate the activ.1ty of the HBV genome 
(Scagliom tt al., 1996). It may interfere Wlth the degra­
dation of cellular proteins, alter cell cycle regu1'ttion, 
and disrupt functions governing DNA repair. growth 
arrest, and apoptosis (Poussin et aL, 1999). Ao enhanced 
expression of the HBX to liver provokes a progressive 
morpholog1cal change starting with the development 
of mulcifoci altered hepacocytes, followed by the ap­
pearance of bc1ugn adenomas and, eventually, the de-­
velopment of ru1 overt IICC (Kim el al., 1991). Re­
centl}', 1t has been demonstrated that express10n of 
I IBX enhances liver cell susceptibility to caronogen­
.induccd mutage::.nesis, possibly through alterations rn 
the b:ibnce becween DNA repair and apoptosis (Sohn! 
et al., 2000). Furthermore, it bas been reported that Lhe 
enhance.c-X region alone 1s the key contrJbutor to the 
mabgnnnt change of pre-mahgoant liver cells in HBV 

carr.iets through activation of some specific genes 
(M.iyakt el al., 2000). 

At present, ancncion on HBX has focused on its 
capacity in influencing cellular apoptos1s. inc l lBX 
effect on apoptost\i may depend on the cell cypcs, or 
other genetJc issues sucb as the p53 status, or on exter­
nal sumult (Elmore et ul.. t 997). HBX is noted to pre­
venL cell apoptosts via mlubitmg a common effector 
for :ipoptosiS, caspase 3 (Gotllob el al., 1998). It is pro­
posed that HBX/p53 complex formation represents 
one of several steps ,vhcreby I mv contrtbute� LO the 
dt.-velopmcnt of I ICC (f'eicelson, 1998). Recent stUU) 

suggest that the shift of the rcoprocal inlubttory ac­
uvmcs ac the levels of prore111 protcm mtcraccion and 
u:a.nsccipuon bet.ween I IBX and p53 may play a deci­
sive role 10 the HBV-related hepatocarcmogeoesis (Lee 
& Rho, 2000). in vrtro, I IBX can funcuonally disrupt 
p53--med1ated repression of alpha-fetopi:otem tran­
scnpuon through protem-proteUJ intc.racuon and I IBX 
moclifical:lon of p53 gene regulation (Ogden et al., 
2000). p53 bound to a regulatory elemcnc within the 
HBV enhancer is able to repress transcripcion in the 
presence of vu-al-enhancer- bound acuvators (Ori el tJI., 
1998). The centrality of p53 co genomic stability, cell 
cycle ru:ccsL, mduccion of apoptosts, rui<l m senescc:nce 
related pathways (Oz lurk et al. 1999), suggests that HS 
disrupt.ion by f !BX will result u, genomic U1stabilicy, 
loss of cell cycle controL a lower apoptotic rate, and 
an exccns1on in the life span of HBY.•rnfectcd cells. 
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To further support the contribuaon of IIBX co the 
development of HCC, HBX can c1rcurnvent the loss 
of p53 functions and induce critical downstream regu­
laLOry events leacling to the transcriptional acavaaon 
of the cycl.t.n-dependt•nt kinase mhibiror p2 l (\lv'A F / 
ClPl). In stable o.r transient HBV-X transformed 
I fep3B cells, a p53-mucant human HCC cell line, HBV­
X tncreascd protein and mRNA levels of p21(\X'AF/ 
CJP l). Increased brn<ling of p21(WAP/CIP1) w1th 
cyclm-dcpendent kinase 2 (CDK2) and promoter mu­
tation analysis have shown that the HBV-X responsive 
site co1nc1de� with the binding sites of the factor wluch 
regulate transcnptional initiat1on from a variety of cel­
lular and viral gene promoter and enhancer elements. 
This indicates that HHX can prolong Gl ➔ S transi­
t.ion V1a a p53-indcpendent pathway (Park et al., 2000). 
The Jntracellular distribution patterns of p53 and HBX 
has been showed to be clifferent, with the fo.rmer lo­
cated wtthm nuclei and the latter confined to the cyto­
plasrruc compartmem. HBX has been found not to 
co-1mmunoprec1pita1c with p53, suggesting that p53-
IJBX brnding is infm1uenr in l lBV-infected bcpato­
cytes, and lhac it can11ot be a common mechanism of 
l lBV-associated hepa tocarcmogencs1S (Su et al., 2000). 

Another mechanism that HBX contnbuces to the 
dcvdopmelll of f lC( is via mteracoon with the rer­
inoblastOma (Rb) gene. The Rb gene plays an impor­
tant role m regulating the cell cycle and functions as a 
tumour suppressor gene. HBX is able to increase the 
expression level of Rb in Hep G2 cell ltne (Farshid et 
"'·· 1997). 

Inretcstingly, sevcrnl reports on l lCC cases showed 
that a substantial proport.too of HBs negative with or 
without anti-HCV was positive for HBX. suggest.mg 
thar I IBV is also ns�octatcd with these HCC cases 
(Yotsuyanagi el al., 2000, Tamori el ,1/., 1999). The s1g­
nificance of I IBV m these cases 1s still unclear because 
another study has ind1cnce<l that the copy number of 
1 iBV D'1 A may be v�·ty low in these cases (Shintani et 
al., 2000). To furtheI substantiate rhe importance oi 
HBX, there 1s evidence that ovcrexpresSJ.on of the I IBV 
X gene tu crnn:;gen1c m1ce leads t() 11cc (Kim el al., 
J 99 I). 

\poptos1s or programmed cell dt.-ath is of cricical 
importance in norm;1( development and homeostasis. 
Liver hyperplasia or regeneration may be aided by the 
inhibition of apoptos1s; excessive apoproslS of hepa­
tocytes can cause fulmmant bepauc failure. HBX has 
been 1mpucntcd 111 indudng :tpoptosts through 
senm1sauon of cells le., apoptotic stimuli such as tu· 
inour necrosis factor (Kim et c1/., 1998). A recent re-
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port shows that HBX may specillcally activate the Bcl-
2 scnswve pathway leading to apoptosis, hence sup­
pressing the transformation of primary rat embryo f i ­
broblasts (Schusrei; et al., 2000). Thus, the potential role 
of the Lransactivating HBXin transformation by IIBV 
1s controversial. More studies are required to define 
the role of the X gene product in the process of ma­
lignant t.J:ansformatioo in chronic HBV infection. Since 
J IBX h11s been found to inactivate a number of key 
negative regulatory pathways such as p53, p2 I (WAF / 
CIPl), alter cell cycle regulation, disrupt the function 
of ge11es in DNA repair, gro,vth arrest and apopros1s, 
ic is worthwhile further mvestigacing the role of HBX 
in the process of multis(ep hepatoc.arcioogenesis. 

Co11trib11ho11 lry other vzral protmu of FIB V 
J\nothe.r important viral proteJ.n encoded by HBV 
which may con tribute to hepatocaranogenests is the 
precore nnagen (HBe). The precore/core mutant has 
been observed with increasing frequency from acute 
hc:pauus to chronic hepatitis, non-tumour and HCC. 
'I he difference 111 frequency was stgntficant between 
l I CC and acute hepatilis .B groups, suggesting that the 
precore/ core mutant ot hepatocytes harbouring this 
mutant rnay be under unmune selection and that such 
mutauons may facilitate integration and subse9uent 
tumour devclopmeot (Zhong et al., 2000). Another in­
vesugauon also supported that precore/ core tnutam 
is related to the development of HCC (Cho etdl., 1999). 

,\n cacher study has shown that cransgcruc rruce 
which overproduce the H.BV large envelope polypep­
tick \vtthtn the hepatocytes develop HCC. Tbis 111di­
c11 tl'li th.it the inappcoprfate expression of a SJ.ogle Slnlc­
tu1-:u ,•1ml gene is suffioent to cause HCC in this model. 

\!though, chcoruc llBV infecuon is one of the 
aruulogtcal risk factor for the dcvelopmenr of HCC, a 
dirl·c1 role for IIBV in l.tver cell transformauon still 
t'cm,,in:- speculative. 

f !Cl' 11!(,.-1z,111 

In contrast to IIBV, 80 % of those exposed to HCV 
devdnp chrome HCV infection. There are approxi­
imnclv 200 million chronic HCV carr1ers worldwide. 
Globnlly, 15% of HCC cnscs are associated with HCV 
(Hu::utttl & Farmer, 1996; Kew ti al., 1997; Donato et 
ul., 1998; Colombo, 1992). The prevalence of HCV 
:111 tibod} postuve patients with HCC was found to be 
13.8% in Malaysia (Sinn.iah & 001, 1993), 29% in the 
USA, 62 65% in Europe, 29% 10 South Afoca and 70-
90� u 111 J:ip11n (Edamato el al., 1996). Thus, chronic HCV 
infection accounts for a high number of f 1CC cases in 
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Japan, Europe, US�\ .111d South Africa. Alt.hough nu­
lllt!rous genorypes vi HCV exist, some invescig:uors 
luve suggesred that infection wtth the genoi:ype I ICV-
1 b 1 • ;1 ·:-ocintcd with a rugher madcoce of ev-ere liver 
disea�e (chronic active hepatiti and ct.rrhosis) and HCC 
� fahaney ti al, 1 994: l(Ato ti al, 1 993). 

Unlike HBV, H \ c:mnor integr:ttc into th ho · c  
g<.-nomc becaL1se i t  i� itn RNA virus tha t  lacks a rc­
verse- transcrip ta c enzyme Therefore, mserttonal 
muragrncs 1s can be c.·xc luded as a carcinogenic mecha­
rusm for thr: developmen t of HCV-associa t cd HCC. 
Desp1 1e mnny efforts ,  chc molecular  mechanisms bf 
which I lCV contribu tes to cell lran sform;ition remain 
undc:i r. 

lJCV rore pro1ti11 
HCV core, envelope .tad non -struc tural protein S) 
3 and S5, nnd repticacive f !CV in t ermediates, nega­
tive- · u-and HCV RN \  are detected in HCC and adja­
cen t  tissue of HCV- rcla ted HCC (l-laruna el al., 1 994; 
Gerber ti a.'. , 1 992. J loriike ti ,1L , 1 993). Since the core 
protein of HCV has been <lctected in the nuclei of t h  
in fected cell (Shih rt ,I , 1993; Lo ti al., 1 998), i t  has 
been ug-gesred that I IC core protem mny in teract 
w1th p53 an<l modul:1 1 e  p53 dcpcnclcn c promoter ac­
ci\·itie du.cing HCV 111 iecuon 'Oc · uka ,r a/., WOO). The 
occurrence of p53 g, ·n e abnormali tie� in pat ients with 
HCV-a soci:i r ·d HC. • unplu.-d that I !CV migh t affect 
t ilt' p:uhw-ays lea.din , tu hepa toca.rcinogenesi� via a p53 
mechanism (feramnt · ti 11/. , 1 994). HCV core protein 
may have :m impor t .  nt biological role in rht promo­
uon o cell growth by downrcg-ularing human p53, thus 
weakening the celJulnr  rumour suppressor funcuon 
l t  can also exer t rran s regularory functJons oo cellu l ar 
and viral promoter . :ind in co-opc:rauoo with l J.nzs. 
t rans o r m  p rimary ra t  m b ryo fib robla s t  to a 
tumourigenic phenot, pe (Ray ti al. , 1 997 ;  hih ti 11/ . • 
1 99 ; Ray tt .J/, 1 996a1 . 

Auuther possible mecbnnism by which I JCV co1·e 
protdn ma · ·ontnbu tc to the developmen t of HC i 
via it e ffec t s  on npop tos 1s . l"xprcs ion of I ICV core 
prott:1 11 c11n Inhibit ci. plalln-media ted apoptosis 1n hu­
m.1n ccrVl . I cpitbd1. 1 l  cells nnd apoptosis mduced by 
!he ovcrc..xprcssion ol° Nll ·t in Chinese ruimster ovary 
cell a ,  a :1/. , 1 996b) r n nuce cran. •enic for the f !CV 
core gene, :1. his tologt lt::1turc cbarac terisl.ic of cbroruc 
hepatitis C, h patic s 1eato i. , then I ICC ( foriya ti al, 
1 998) h:i:i been obscn·ecl. This evidence indicates tha t  
HCV core protein rnn u:ibute to both chronic infec­
tion and the development of HC In con lr.\St, an  
othl!r tudy ha _  found t hn t  t ransgenic mic xp rcss t ng 

I.be full-length core protein show no hi ' tologic v1dcncc 
of HCC, su csting t hat the lICV core protctn alone 
ts 1nsufficien t to induce HC � {Kaw:unura ti al. , 1 997; 
Pasqumelli II ,/. , 1 997). 

The oon - cocliog regions of the viru s nre a l so 
though t ro be irnpor rnnt in vital replication .  These :i re 
found :i t  e:ich end of  the vil'lll cnome (Smith & 
Poo u sso, 1 996). There is \..'Vidcn cc th,i t  p70, a p ro te in 
cncodcc.1 by the • $3 region ol HCV. has hdicas1.: ,1c 
tivity, and may be involved in D A recombination 
(faka11 1 1sawa ti ,al. . 1 991). Truncatt·cl NS3 pro t c:1sc 
tran.  c rmcd rnuc:ine fibrobb t , caus HCC in immu­
nodeficient m:ilc nucc (Saknmuro tf ,,/., 1 995) 

Coh�ttio11 l!J I fB V, HCV 111ul HG V 
Coinfoction by hepatCJtropic ,·irusc) can occur due to 
the foci thdt I mv an<l HCV share similar rou te of 
transmission. '11te co-occutrcncc of ant

i

bodic.-; to HCV 
{anci� r I • nd hepaucis B core anc.ibodj' (:m u-H l3c) 
was observed in 54% of f IBs,\g-neg:itive HCC patien t · 
(Kew ti al. , 1 997) and co-mfecaon of  I IBV and I ICV 
was 1 .3 . 8% in I ICC in t\falaysia �•sing ensit.ivc rccom­
bin:t.t l l  D A second g neration enzyme unmunoassay 
1c: · r kits ( inniah & Ooi, 1 993). Co- infccrion with bot h  
I I B  :i n cl  I I V may cause n more serious livcr discn.i;e 
than in� ct.ion w1rh el l h er agen t alone (Donato ti 1/. , 
t 998; Colombo, 1 992; Rowle ·, 1 990; Bl l1m, 1 994). 'm1 1e 
1udies have im.i.icau:d thar I £13\' and I !CV hll\'c a ::;yn ­

crgi. tic effect in hepntocarcinc,gene i {Don :Ho ti :1 . ,  

1 998; �huang ti al., t 993; Bcn\'egnu ti rd, 1 994) , Th ' 
sync.r t tic cffcc1 mcchani. m of du, I infection \\i th 
HBV and T ICV m 1hc dcvdopmcn t of HC i.s prob• 
able chat HB\" acts as an "iruuator' '  of I J through 
its capncicy to insert int o  the gcnom · and disarrange 
ccllul:ir genes; HGV t hen act .:is  a "promo(er' '  by caus­
ing pc: . is tcn t liver nccroinflarnmation and regenera­
tion. 

I Jcp,uius , \ i.rus (1 IG'V) vircmia ha been found 
in pa tien ts wi t h liver di c,  se of Ji ffc rcn t aetiology 
(hep titi B .  nd q. The prev:11 nee of HGV in fect.ion 
has been repor ted to be significant ly higher in pacicnts  
with I IC( compared l<J Lite health� popuhcirm or p:i­
ucm \\1 th chrome hep mi. (Kao cl l. 1 997 : IuUcr ·•/ 
fJI., 1 997) . 1-lowcvcr, th ere art• other reports t h  1 t  HGV 
infect.ion is n!J l  s,,ciated wi th H C n<l docs not 1 1 1  
crease 1he  severi ty of the liver di sea. ·c (Yu:m 6/ u/., 2000: 
Chiesa ti al, 2000). Thu , the p:uho cnic capacity of 
HGV ts quc$tJonable and fin<ling accumula ted so L1r 
·uggcs t  thnt 1 1  V may induce a h1:patit.is-likc ilh1es� 
on! • in !. )me rar ci. c: and under ccruun circum. uinc • 
(Mu l l c 1  ti (J/. , 1 997). 
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The molecular basis of AFBl bepatocarcinogenesis 
Aflatoxm ingestion j:,; an important risk factor m the 
aetiology of HCC (Yeh et al, 1989). The use of expen­
mental models and spcc1fic biomarkers for aflatoxin 
exposure, such as urinary metabolites or aflatoxin ad­
ducts, have validated these findings (Qian et al., 1994; 
Lunn el al., 1997). So far, the mechanism of AFBl­
induced HCC bas not been fully elucidated. 

I l 1s believed that . \FBlexerts its effects through 
its reacttve epoxide. fhe formation of AFBl-8, 9-
expoxide and Its subscguenc covalent btndtng to DNA 
to form Al:;"J31-DNA adducts are critical steps leading 
to its hcpatocarcinogc:ncsis (Eaton & Gallagher, 1994). 
This epox1de and ON.\ complex often result to G:C 
➔ T:A transverstons (Greenblatt et 1.1L, 94). AFB I u:car­
men t of human hepa wcytes causes the same trans\'>'er­
sion in the p53 gene and occurs preferentially at the 
thu:d base m codo11 '.2.-49 (Aguilar el al., 1993). One re­
port has shown that glutath.ione S-transfcrase Ml, and 
microsomal cpoxide hydro lase are implicated in detoxi­
fication of AFBl ancl mcrensed frequency of mumnt 
alleles are present in patients with HCC {McGlynn el 
al., 199 5). A large fracuon of the tumour tissues and 
adjacent non-malignant liver tissues Crom f ICC patients 
m certain geographic areas where both HBV and AFB 1 
are risk factors also contain this mutatton (Greenblatt 
et <II., 1994; Aguilar ,1 al., 1994). Tlus contrasts dra­
macically with the heterogeneity of p.53 mutation which 
occurs 111 low anaww, exposure areas (l<azachkov et 
al., 1996; Hayashi el c1I. 1993; Unsal ti al., 1994: ChAllen 
et al, 191)2) fhus, it is now considered chat the muta­
tion :H codon 249 is n lingerpr.t.nt for 1\FBl -mduced 
I ICC. These data also suggest that p53 mutation play 
an important role tn hcparocarcinogcnests in human. 
1 lowever, codon 249 e9u1v:1lcnt mutations were not 
observed tn AFBl-induced HCC 10 non-human po­
ma tcs, rfl.ts, ground s9uirrcls, woodchuck, and ducks 
(Fuiunoto el aL. 1992; r Iulla el al., 1993; Rlvkina cl t1I, 
1994; lmazeki et al, 1995). Moreover, chts mutation 
has been detected only 10 relatively advanced HCC (Ng 
ti al., I 99.J.: Piao el al.. 1997; Ilonda ti al., 1998), sug­
gesung that although .\ FB l may induce the p53 muta­
tion, additional factors are required for the develop­
ment or human HCC. 

An cp1dcmi0Jogical i11vest1gation JO parts of Africa 
llllcl South-East Asi.a and a prospcctJve srudy of HCC 
in China have providcJ t'\'Jdcnce of a synergy between 
I IBV and aflatoxtn rn hepatocarcinogcoesis (Ross ti 
ul., 1992; Qian el ol., 1994). Several arumal model stUd­
ies also s upportcd t.hi, finding (Ll el c1/., 1999; Yan el al., 
t 996; Banna�ch el al., 1995). 

1 1  

The cellular and molecular mechanisms belund 
these observed synergies are not well understood. One 
possible mecharusm of interaction between HBV and 
chemical carcinogens 1s an alteration of carcinogen 
metabolism resulcing from vital infection (De Flora el 
al., 1989). 

Using the Pekin duck model, there is evidence that 
AFB 1 exposure leads to an Increase in virus gene ex­
pression associated w11h mtrahepatic accumulauon of 
duck HBV large envelope protein and enhanced liver 
pathology (Banaud el al., 1999). HBsAg expression and 
chemical caranogens can also exert sy1.1ergistic effects 
on hcparocarc10ogenesis (Sell et al., 1991). 

The molecular alterations of host factors related 
to HCC 
T'Jfn1011r oncogenes 
The ras ptoto-oncogenc encodes a small GTP-brnd­
ing protein and has a key role in controlling cell growth 
and cliffcrcnt:Jation through its mtrinsic GTPase activ­
ity (l<1oller & Hall, 1999). Molecular switches mediate 
the activation of Ras. The GDP-bound inactive and 
the GTP-bound active forms are regulated by guanine 
nucleoude exchange factors (Bourne el al., 1991; Bollag 
el al., 199]; Quilliam et aL, 1995). Point mutations that 
activate ch.eras protein and its downstream cascade have 
been observed 10 human rumours (Serrano ti al., 1997). 
Recent studies demonsrrarnd that the activauon of Ras 
expression 1s relevant to the development of cirrhotic 
nodules and J ICC, but that iu; susuuned elevauon is no 
longer requu-ed for cell prol.tferatton or progression 
after tumour development (Nonomura el al., 1987; 
Radosevich el al., 1993). The expression of ras genes 
can interact with p53 protein (Chen & Dcfrndi, L 992). 

Besides ras, over-expression of another protocogen 
,·-myt 1s common in most cases of I lCC (Tabor, 1994). 
The activation of oncogenes such as ras and t-111yt, not 
only 1ncluces proltf erauon and trans formauoo, but also 
as apoptouc signal mediated by the tumour suppres­
sor, p53. 

TJ1mo11r .mpprmors 
The p53 gene is located on human chromosome l 7p 13. 
Ths gene encodes a nuclear prole111, p53. Because of 
the prolonged half-ufe of the mutated protein, it accu­
mulates m the nuclct and becomes detectable with con­
ventional irnmunohtstochem1c.,l tccbrugues. Recent evi­
dence 1ndtc,-i1es chat these alterations in p53 gene ex­
pression are common m human HCC. Both rhe fre­
quency and the type of p53 mutations i11 HCC vary 
:iccordmg lo the geographical location of tumours. 
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Over-expression of p53 1n HCC has occurred in 61% 
of paac::nts from China (Hsia t!I aL, 1992), 38% of pa­
uents from Mexico (Soini et al., 1996a), and 29% of 
Jcaltan pal:l.ents (Caruso & Valentini, 1999) 

p53 mu ration is more frequently detected m tumours 
with poorer cellular differenriacion, greater tumour me 
and presence of giant cclls, a shorter rumour-free in ­
terval and survival ume 1l1 rumours (Ng el al., 1995; 
Piao el al., l 997; Honda r.t al., 1998). These features 
llllply that mutanon or the p53 gene probably occurs 
after the 1nitial stages of hepatocarcmogenes1s, and 11 

1s not a prere9u1sttc for malignant transformation. 
Other genomic alterauons exist dunug an carbcr phase 
of carcinogenesis. 

HCC from countries with lugh aflatoxin exposure 
shows a charactensuc mutauon in p53 at codon 249 
where there 1s an argmmc to serine substin1tion. Most 
of these cp1dem1olog1cal srudics on the p53 gene mu­
tauoo have been performed on liver tissues. Recently, 
th1s mutation has been detected in cell-frt'e DNA iso­
lated from the scrum or plasma of patients with IlCC. 
One sru<ly 10 the Gambia showed chat Lltts mutauon in 
plasma DNA 1s strongly associated with HCC. Th 1s 
muLacion has also been detected in I 5% of pauents 
with c1rrbos1s, and 6°" of control subiecls (Kirk e/ al., 
2000), suggesting that this mutallou can be an early 
gene:nc event in hepntocnrctnogenes1s. Tl11S 1s consis­
ten I w11 h a previous � t udy ( AguLlru: d al., L 99.J). 

Altlwugh p53 murn.cion is related to a later stage of 
the disease, reports un the prognostic s1gn.ificancc of 
over-expression of p53 gene m r ICC are few (Soini et 
,1/, 1996; Hsu et al.. 1993; Ng el al., 1995). It has been 
reported that p53 gen<; mutation 1S an independent risk 
factor for recurrence (ffayasru ti al., 1995), but this 1S 
inconsistent '>vtth another study (Ng 1/ al., 1995). 

p53 gene controls ceU cycle, apoptosJ:i, and cellular 
differentiation (Ozturk, 1999) ,\ccurnulntion of p53 
can lead ro cell cyck arrest (at Gl)(Lc,•ine, 1991) IL 
can me<llate the transcriptional activnuon of FasL lead­
ing co p53 -dcpendent llpopt0sis. 

p53 can also mduce the i:ranscripnon of downstream 
genes, rnch as the c, din-dependent kmase inh1b1tor 
p2 l (1\uulau:c ti rd, :WOO). The p2 I also can bmd to 
prolLlt:rnung cell nuclear autigcn to mlubn DNA repli­
cation (Roulrure ti al, WOO), thus leading to a qu1e�­
ccnt stare. it ha::. also been reported rhat expression of 
the cdl cycle regular, •ry transcripuon factor DP l is 
strongly inhibited by p53, at the level of t.raoscnpuon 
(Gopalkr:tshnan el al., 1998). 

As mcmt.ionecl above, there is interaction between 
I £BX and p53. The normal p53 gene 1s able lo regulate 
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X gene expression negatively (Takada eta/., 1 996). Thus, 
the tntcracnon between llBX and p53 may be one of 
mechll111sms that p53 contributes lo the development 
of HBV-�sociated HCC. 

Several other turnout suppressor gene� have also 
been descnbcd m HCC, such as Rb gene (Ashida et al., 
1997) and pl6 (INK4A) (Liew el al., 1999). The Rb 
gene plays an important role 111 regulaung the cell cycle 
au<l functions as a rumour suppressor gene. Mutation, 
deletion or nltcrcd express.1011 of Rb have been reported 
m I ICC' (Asludn et al., 1997). h has been found chal 
711% of HCC showed p16 INK4 gene alterations sug­
gesuog a role for pl6 in HBV-mediated n1mour pro­
gression (Liew el al., 1999). The cyclm A gene 1s Im­

portant in both S and G2-M phases of the cell cycle. Lt 
hn-.; been 1denufied as Lhe site for HBV integ.raaon 
(Paterllm el al., 1995). The deregulaoon of cycl.in J\ 
expression could affect the modulation of cell pi:olif­
e:ratloo and regulation of oncogene/LUmour suppres­
sor proteins m progression of hcpatocarcinogenes.ts. 
Mutation or loss of the cyclin-dependem k.1nase in­
h1bi tor, p 16  will allow the cancer cells to enter the cycle, 
to marnr:un its progress and ro growth-arrest stimulus. 

'Je/0111m1J·e ,1dwi!)· 

I he tclomcre is rhc sLrucrurc at the end of the ch.ro­
mosomc whose length is cono.nuously reduced because 
of mcompleLe replicnuon al the ti.me of ceU chv1S1on, 
which cvcntunUy lc�ds w cclluhr senescence when the 
tdomere length is reduced beyond the cmical level 
(Sedivy, 1998). Telomcrnse is an e112yme which bmds 
anc.1 extends tclomere ends (Greider & Blackbum, 
11)89). Normal human somauc cells express low or 
undetectable telomerase activity, but the activity of 
tclomc:rase 1s decectecl iu germ cell, stem cells, and can­
cer ceUs (Greider, 19'98; Breslow el al., 1997; Sh�y & 
Ga7dar. 1997), suggesting thal telome.rase actJ.v1ty cor­
relates wuh the unlirmtcd prol.tferauon o( cancer cell. 
Tclomcrase activity 1s also extremely high 1n I 1CC 

(fabara el al., 1995, lde ttl ul., 19%; Huang el al., 1998). 
Recently, three telomerase component genes: hu­

man tdomerasc reverse human telomer:ase reverse Lmn­
scnpt."lse (hTERT). human tclomerase RNA compo­
nent (hTERC), and telomcrase-associ:ued pn::>tetn I 
(l'EPl) havt• been 1clcnuficd (Nugent ti al .• 1998). 
Tdomerasc re;1cuon dur111g hepatocarcinogencs1:. may 
be regulated by h'fe.RT (Takahashi et al, 2000, 
J'oslukuni el al., 2000) anJ an mcre�e in tclomerase 
activity levcl in tumour progressmn may be regulated 
by both hTERT and hTERC (Takahashi tt al., 2000). 
D<>wn regulation of cyclin D 1,  cdk2, cclk-l proLctn 1s 
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correlat t·<l with celomcras · acci ·i1y (H ich ti 11/., 2 ( 0). 
· r h e  mech :i n 1 s m  o C  :i c □va l lon o f  tc l o m ern� c  in 
hcpa t oc:u-cinogcoc · 1 s remains unkno\l.'11 , h1rthcr invcs-

gat.ion on the  conu·ol of telomcra-,e expression and 
acuvity will be ben eli 1 :tl for the prevenlion of HCC 

u/Fa L 
Fas (,\po- 1 , CD95) i a type I t l'ansmembra ne pro 1 ci11 ,  
:t membe r o f  the nc1Tc growth factor/ tumour necru-
1 factor receptor fom1 ly. l e  l e .-q,rc -se<l in a ,-anCl)" 0 

cell 1ypes including h epa tocyr c , acciva rcd B and T c  Us 
(N agata el t1I., 1 995 ;  Kramme r  di al., 1 994: N aga t a  & 
Gol-: ccin, 1 995). Fas h ,and (I•asL. D951..) is a type 1 1  
transmcmbrane pro c m .  a membCJ: o f  the tumour ne­
C t0lii�  f:, c t or familr a n d  in d u ces cel l s  lo !i end a n  
:tpoptonc .ign.-il t o  cells exp ressing Fa ag:ua t · al., 
1 995; Krammer cl al. , 1 994) 

Previous iiwcsuga r 1 m1 s have cll'mons t ra ted l ha t  hu; 
anJ FasL mediated :.i pupto · 1� are involved .in organ 
llcvclopmcn r incl in pa tbolov,ical chaur,c indudinl! 
c;mcer (Nriga ta & ( 1 11 l s 1cin, 1 995 ;  Thompson, 1 995) . 

on -cancerous hepa tl)cytes, wel l  or moderately diffcr­
cn uated I ICC cxpr · , Fa: anug •n, but lo c th.i ability 
whrn 1 hey twcome poorly di fferen tiatcJ HCC (Ito ti 

al., 1 998) . ccordingl � another  s 1 u<ly aJso indicated t hat 
hcpatocy tc c:ui co-express F:b and FasL in the an•a:; 
OI imer ace hcpatiu and adjacen t to I ICC. but ex• 
p res · iot 1  uf Fas/Pasl .  was s igni ficantly d�·cn:ascd \\1 thin 
1 lw tmnour (Rosk am: ti al., 2000) l r  hn been >rO• 
po.ed that htpa om.1 cells m:1v elinum te Pa c.xpr • • 
s 1011 a n d  a l l<>W rh c lwpa wcy1 cs ,1 11d 1 11 ii l 1 ra ting mouo­
nucle� r ... dl · to gcnu:1 1  solubk I a� 10 or<l r to csc. pt 
from rh .. immune urveillancc system agao ti ,,/. , 

1 �99) ,  

lnr11/i,. 1,rowthfar�r II (JGF-ll) 
1 J l · - I l  i. :1 7 .5  kDa polrpcpmlc known lO be im•olved 
in th e re l l lat.ion of rnwrh a11d differcn u.-t tion (Baker  
ti al. , 1 993). IGF- I I  ha been rcponecl to play � I nifi­
can t  rol in hver regcneratioa and hepatoc:trcinogcnc is. 
l <i ! · - I I  gen e  cxpre· sion level i!> si nific:m tly higher in 
i he dy-pl.1 uc noduJ • compared o Lhc con uol li..-cr , 
bur ll s1 •n i ficant iuc rca :;e in I 1 · - 1 1 r.:n r.:xpre Jon 
h a, not bn·n obsernd in wcU- nnd mc>1.kra tdy d1ff c r­
cn tia1ed 1 1  C a ·  c ,mpared wllh the con t rul b ·er,, 
sugges u11g that I GF- 1 1 may p!.ty a role in the arly ,-rage 
o f hep:1 tocarcinogcne  is (.\drnra 1Jf 1/ , l 998) .  Usi1 1 • a 
t: II line ,  ml chick mhr  · s. Hae ti al. reporicd that ci.:U 
culture n tairu.i1 I C J I  I [  from rhc hum, n HCC cell • 
l lcp .,, 1 1 11:.luced a n  1 • wenes 1 s  un the  clwr10al la 11 101c 
mem bra ne: ( - \_ 1) o t  h ick embryo ·.  bur the  norm,J 
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human UYcr cells. Ch an� liver cells did not induce an­
g1ogmes1� i n  the CA�! (Bae et al., 1 998) . Tiu · rcs uh 
indicared that  JGF-1 1 ma · act a. an :mgiog me factor 
r.c.,r 1he h) p xvascularization of f ICC Rcccntlr, it h a� 
been repor ted tha t  I G F- r I tran11cnpbo1 1  may be acu 
vn tcd by p53 mutant  249 which induced by .-\ FB 1 'Le 
ti al., :?.000). This m:iy pro\·iclc an explanation for the 
mechanism of hepa t oca rcinogcnc.:s 1s induced by AFBl . 

FGF md ErbB .2 
Epn.lc:rma l growth factor (E 1 F) i� a h urmone th:t t 
s t imufates the m trin · ic rycosinc kinase activity o f  he 
epidermal growth factor receptor (EG rR) (Ullich ti 
al., 1 984) . Th e EGFR (crbB- 1 ) is a 1.ran.smcmbrane gly• 
ctiprowin with inlri.t1s1c tyrosine kinase ac uvity in i t s 
cytopL · cruc domain anJ 1S member of recep tor 
f:un ilr rha 1 i n clude. tlt t s truccu rallr rd:i t d trbB 2, 
crb B-3 rt ml c rbB-4. I l tghly meta s tatic l lLC. cel ls dc­
ri\'cd from surgical specimen. of  late L'lgc I ICCs or 
hvc r metasta e e: pre. �cd 1 0 - 20- fold higher stead •. 
s t a t e mRN ,\ l evels or EG P-R compa red with low 
mcra ' tatic cell lines dcnved from early- · rage HC s. 
l mmunohi tochemical raining of th es highly mcl:1• 
t .  uc I · 1 1 2SM cells demon. 1 ra ccc.l uniform and i n­

t� 1 1 ::;e s UutU11 , for towl EG F-R. l n  con i.rast, low meta­
s 1 a uc pru:en tnl KM1 2C cells showed hncrogencous  
E , F-R stain ing, with less th an 1 0% of cells s taining 
po. i tive (R;idmsky tf al. 1 995) .  r l CC cel l e pressing 
incre.1:;e<l LG I · -R  levels have n elective adv.tatagc in 
the  producuun of hvcr metastases  in a thymic nude mice 
(Ra<l1nsky el ,JI 1 995; 'ingh ti 11/. 1 997) . These indic,m· 
1h .H 1he produc 1 1on of liver mct .1 . .  t:ise b • I ICC ma · 
<l pend. in pan, on the activation . tarus oi I �GP- R. 

1\mpb fic. lion of <: rb B-2 hns a lugh degree of  car 
rchumn \\. l lh <lisea c rccurren and peior survh·al  
(1 [u kahy ti  t1!. , 1 985) Both din1cal and basic research 
s t udies indicme a role lor erbB-2 amplilicnaon in i ni­
t 1 :1 l  trnns for mation tv1:n c  and in progrc · ton ro me-

ca c · (Satoh ti al, 1 990: S::ttoh ti ,JI.. 1 992). 

Tramformi1(?,.!/0Wlh Jae/or 11/pha """ beta 
Tran forming growth fnctor-u (TGF-a) i though t co 
b tmp ort :in t for growth and dcvelopm n t  of normal 
cell. T t  was reported 1ha t  TG F-a rnRN ,\ kvels were 
t:X t rcmclr hi her in par icnts wi th f fCC compared wi th 
paueu ts wuh chronic viral hr.:p:uiti . .u, ,J  normal con ­
trols,  :ind th • levels i n  patients  wi th chronic viral hcpa• 
ti l l  also wcr cleYated comparc<l with norm:11 con lrols ,  
111c lev I o l  fG F a mRN_\ w1crc over- xpressed 1 1 1  

the underlymg livers o f  pauen ts witli H CC compnrcd 
,•1 th paucn with ch rome viral hcp:uicis. !though they 
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we.re lower than those found in HCC tissues. The lev­
els of TGF-o: rnRN.\ were lugher in samples from 
patients with chronic hepauus 13 than 111 samples from 
parients with chronic hepacius C. The over-expressJOn 
of TGF-a mRNA in che liver seems to be associated 
with the regcoerauon of hepatocyces rather than he­
pauc necrosis or virnl replicallon . •  \lso, it may be re­
lated closely to the development or progression of 
HCC, espeoally 10 rhc livers of pallents with chronic 
hepauus B (Chung di .1/., 2000). 

TGF-13, related fi.mcuonally ro acuvins and mh.tbms, 
also regulate cell pro!Jfcratton and cWierentiauon. In­
creased levels of TGF-13 have also been dcmonst..rated 
in HCC tissue and serum of patients with IICC (\bou­
Shady et al., 1999; Sacco el al., 2000). I t  has been sug­
gested that increased secretion of TGF-13 by cells may 
kad to loss of their responsiveness to the growth 1n­
hib1rory activ1ty of TG F-13, facilitating tumour progres­
sion (Factor el al, 19!P). The anti.m..1togenic activity of 
TGF-13 has been shown to be partly mediated through 
induction of the tumour suppressor TNK4b and partly 
through downregulauon of the protooncogcne Myc 
in Mv 1 Lu lung cpithdial cell lines 1.hat condiuonallv 
express levels of hum:m c-Myc (Warner el al., 1999). 
These events appear co be lrnked to the cell-cycle ar­
rest response to TGF-l3. Whether these events occur 
m 11cc IS unknown at this stage. 

-lbc Funcuoo of TGF-13 1s dependeo1. on the inter­
action with surface receptor types I, I I  and III (rGF-
13RsI-Il l). l t  is proposed that Tj3R ill 1s involved 10 
regulaung the access of ligand ro TGF-j3Rs I and IL  
The acovauon of TGr- J3R I I  leads co the phosphory­
lat.Jon of TGF-j3R 1 which, in turn, phosphoryfates 
smad proteins which transduce the signal to tl1e nucleus 
(Nakao el al., 1997; Inagaki er al., 1993; Bass1ng ti al., 
t 994). 

Catcnws 
In recent years, r.here bas been increasing interest in 
catenins. a series of undercoat protein thatimeractw1th 
1he mcraccllular domain of E-cadhcnn, a cell adhesion 
receptor. These include a-catenin. 13-catenm and 5-
catcnin. The 13 -catcnrn is anchored 10 the carboxy-tet• 
rn1nus of E-cndherm v1A the o.-carcnin linked to the 
actin cyt0skeletoo. Besides its function ftS a protein ili;i c 
supports the cell-cell Junction, j3-Cltcnin can also func­
aon a� a co-acuvawr for the transcr1paon factors of 
the lymphocyte cnh1tncer bmchng factor (LEF) family. 
Thus, J3•catenin provides a molecular mechanism for 
the tr11nsmission of -;1gnals, from cell-adbes100 com­
ponents to the nucleus (Behrens et al., 1996). Tbe s e -

lecuve loss of E -cadhenn cxpress1011 ca.n generate dedi­
fferentiauon and tnvas.tVeness of human carcinoma cells 
(hixcn et al., 1991). These studies have been shown m 
cancers such as breast and colorectal can cc.rs (I lazan 81 
11/., 2000; Gofuku di al., 1999). lt is most likely that J3-
caterun 1s also involved in the development of HCC as 
f3-c:uenin murauons have been detected tn -1-1% of 
I ICC associated w1r.h HGV (I luang el al., 1999). An­
other study has shown rha1. UCC patients with 
overexpression of 13-catenin had poor survival rates 
(Endo et al., 2000) . Further studies on E-cadherin and 
catcnins need to be performed to better understand 
the mechanisms associated w1th hepatocaronogcnes1s. 

,,. 1lpha:f imopro/e1i1 

The scrum nlpha-foetoptote.in (AFP) concentra.uon m 
m:in falls rapidly afrer btrth n11d increased level of AFP 
has been detected in greater than 70% of patients with 
1 lCC. There is a slight elevation of serum ArP in pa 
uents with other mahgnanc diseases such as those of 
rhe gastrointesunal w,ct aod benign liver disenses 
(chronic hcpaucis, fulminant hcpautis and Cll'rhosis). 
Therefore, 1he measurement of serum AFP has been 
extensively used for the dercctton of HCC and for 
scrccnmg populations at high risk of J ICC such as those 
wuh cirrhosis or HBV earners. 

An �rly m1dy has suggested that AFP is tndecd 
subjcclcd to hormonal, nutritional, and haematological 
regulation (Belanger ct c1/., 1975), 111ct<" ts :ilso evi­
dence I.hat Af-P may serve co modulare growth factor­
mt!diatcd proliferation during development and neo­
plastn (Leal t:/ al., 1980; Keel�, al., I 991). r\ rP has also 
been unplicatcd 10 regulation of immunc responses of 
the humoral and ccll-medrntcd types (Murgita & 
Wig-tell, 1979; fJoskio & Murg1ta, 1989) The role of 
AFP in the :1.etiology of HCC is unclear. 

Summary 
J\s reviewed above. hepntocarcinogcnesis ts believed 
to be a muluscagc process and some genes arc rclatec.l 
to tht' development of HCC. HBX, the vi.ml protc.tn 
enwdcd by [ IBV, h:t$ the ability to inncl.Ivate a num­
ber of key negative growth regulatory pathway such as 
p53, p21\X/'\F/CIP1,altercell cycle regulation 11nd dis­
rupt funcuons governing DNA repair, growth arrest 
:ind apoptosis. Mutations tn tumour suppressor genes 
and other molecules such :1$ the growth factors and 
:itli1c, 1 1 molecules such a:; the catcuins have also been 
implicated co contribute to hcparocarcinogeocsis. The 
frequencies ()f mutations in oncogtnes and tumom 
suppressor genes and growth factor/ receptors are 



summar1. c<l in Tab! 2. !though abn ,rm:il ge netic 
ch:11 1gt •s have been gr; idually utwcileJ in I I C, molccu­
lnr mechani. m- k:1d1ng lO the development of 11cc is 
. ti ll fragmentary. The funcuo s of I IC -a :octnted 
lt •nc including vm il oncogenes are mostly unknown. 
'I hcrc.: al'C: sull some I sues wh ich need to be explored, 
uch a · h ,,. m:iny enc mu a uon · arc rc,1uired, which 

&t ·ne pby · ·1 key ro te : wlm:lt fono r (  ) ·crvc (') a ·  
promoter( ). how the e f a  tors interact bctw ·en the 
h o  t n es. h •m 1ca l . n d  v i r u sc r n  
hc p.J tt t-i1rc1 nugene . ,t: - \X'heth r there :ire o her •cnes 
rclcv:1 1 1 1 t <i hep:nocar tnog n est: an d the reason fo.r 
th e gre:1 1 \"1l ri:iuon of I ICC de\'dopmcn t from pauent 
10 p,uirn t requires further tnvc Li�tiou . l·urch ci: clu­
cicb uon ,, f  the gc m· uc and  molecu lar mcchaui. m� of 
h ep ;noc rcinogcoc. i wil l • id in th e prc\'l:ncioa a nti 
1.rca un ·n of HCC. 
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