
[CANCERRESEARCH57.426â€”432,February1, 19971

ABSTRACT

InactIvationof the tumor suppressor p53 seemsto be importaist to the
pathogenesis of hepatocellular carcinoma (HCC) associated with chronic
hepatitis B virus infection. Although this Inactivation may be due to
mutations in the p53 gene, recent evidence suggests that the hepatitis B
virus-encoded X antigen (HBxAg) binds to and inacdvates wild-type p53.
Hence, experiments were designed to test the hypothesis that there Is a low
frequency of p53 mutations in HBxAg-posltive 11CC. HBxAg and p53
were assayed by Immunohistochemistry (IHC) in HCC and nontumor
liver from 16 Chinese patients, half of whom were hepatitis B surface
antigen carriers. HBxAg was detectable In tumor and/or nontumor cells
from all patients by mc; six of these samples also had detectable p53. To
determine whether p53 detection by IHC, and hence stabilization, Is
associated with mutation, sequencing of p53 exons 5â€”Swas performed
with each patient sample. Wild-type sequences were found In 13 of 16
HBxAg-posltlve cases (81%). Hence, HBxAg Is a common marker Of HCC
that correlates with the persistence of wild-type p53 among both carriers
and noncarriers. The low frequency of p53 mutatIons in HCC in these
patients implies that p53 InactIvationmay occur predominantly by corn
plex formation with HBxAg.

INTRODUCTION

Risk factors for HCC3 identified by epidemiological studies include
chronic infections with HBV, HCV, and prolonged dietary consump
tion of aflatoxins. In case-control studies, the relative risk for HCC in
chronic HBV carriers was 5â€”30(1, 2), whereas in a large prospective

study in Taiwan, the relative risk for chronic HBV carriers was over
200 (3). More recently, it has been shown that the relative risk for
development of HCC increases synergistically among individuals
exposed to both aflatoxins and HBV (4, 5). Hepatocellular regenera
tion accompanying antiviral inflammatory responses among patients
with chronic active hepatitis is also a critical factor in the pathogenesis
of HCC, although other characteristics of the host-virus relationship,
such as genetic variation in the virus (6), are also likely to contribute
to pathogenesis.

There are many possible mechanisms whereby HBV may cause
HCC (7â€”9).Mechanisms that depend upon cis-activation of cellular
oncogenes, growth factors, growth factor receptors, and so forth have
been reported (10â€”15)but only seem to be operative in a small
percentage of the cases studied. Alternatively, it has been proposed
that the virus-encoded trans-activator, HBxAg, may stimulate the
expression of cellular genes involved in transformation (16â€”20),but
it is not clear what the targets of HBxAg trans-activation are or
whether these presumed targets are consistently activated in the ma
jority of HBV-associated HCCs. A putative role of HBxAg in neo
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plastic transformation is especially appealing in light of the fact that
HBxAg stimulates progression through the cell cycle (21, 22), trans
forms a mouse hepatocyte cell line (23), and causes tumors in at least
one strain of transgenic mice (24, 25). The finding that HBxAg
functions by binding to other cellular proteins but not to nucleic acids
(26â€”29)suggests that HBxAg binding partners in the cell may be
important for transformation. This idea is further supported by the
finding that HBxAg complexes with the tumor suppressor protein p53
both in vivo and in vitro, resulting in p53 inactivation (30â€”32),and
that such inactivation correlates with the blocking of p53-dependent
apoptosis (33). The binding of HBxAg to p53 occurs at the COOH
terminus of the latter in the region responsible for p53 oligomeriza
tion, which, in turn, is important for p53 function (31).

There are several additional lines of evidence implicating that the
integrity of p53 is compromised in HCC. For example, loss of het
erozygosity at chromosome l7p (which includes the p53 locus; Refs.
34 and 35), HBV DNA integration near the p53 locus (36), and p53
mutations (reviewed in Ref. 37) documented in some HCCs disrupt
normal p53 function. In addition, point mutations in thep53 gene have
been found in half of the HCCs associated with long-term
AFB1 exposure (reviewed in Ref. 38) and in 20â€”25%of non-AFB1-
associated HCCs. Whereas in non-AFB1-associated HCCs, a variety
of mutations are seen at different sites within the gene, almost all of
the mutations in AFB1-associated tumors are G:Câ€”@T:Atransversions
at codon 249 (AGGâ€”@AGTchanging Argâ€”*Ser;Refs. 37â€”39).Such
mutations are consistent with patterns of AFB1-induced mutagenesis
in vitro and occur in both HBV-positive and -negative tumors with
equal frequency (37, 40). This specific transversion has also been

documented at higher than expected frequencies in nontumor liver
from patients living in areas of high AFB@prevalence independent of
HBV infection (40â€”42).The finding of p53 mutations in a number of
human hepatoma cell lines (42) and the finding that transfection of

wild-type p53 back into some of these cell lines suppresses the
transformed phenotype (43) further suggest that hepatocellular trans
formation is linked to the loss of both the structural and functional
integrity of p53. The in vitro findings that HBxAg seems to inactivate
p53/ERCC3 complexes associated with transcription coupled repair
(31) and inactivates an UV light-induced DNA repair enzyme by
direct binding (29) are compatible with the hypothesis that HBxAg
may promote genetic instability and the accumulation of p53 muta
tions.

To determine whether HBxAg inactivation of p53 occurs by direct
binding to wild-type p53 and/or by promoting p53 mutations, p53 was
characterized by IHC and exon sequencing from the tumor tissues of
16 HCC patients. These patients were selected from Xi'an province,
a region of China in which aflatoxin contamination of foodstuffs is
low and the mortality from HCC is only one-half to one-third that of
regions with high levels of AFB@contamination (e.g., Qidong, Jiangsu
province). The correlation between HBxAg and p53 in tumors by
mc,combinedwiththelowincidenceofp53mutationsinHBxAg
positive liver and tumor sections, is compatible with the hypothesis
that wild-type p53 is functionally inactivated by binding to HBxAg
and not by mutation in HBxAg-positive livers and tumors.
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Table I SummapyofHBV and p13 markers inindividual HCCpatientsâ€•HBsAgHBxAg

fflC'@p53IHCâ€•Patient

no.serumTNTHBV DNAâ€•(liver)T NTmtDistPatp53 DNA sequencep53 amino acidchange1+++++

+â€”WTNone2+++++
+e+Â±++WTNone3+â€”+++

+e+Â±Â±WTNone4+â€”++Â±

+â€”WTNone5+NDNDND+
+-WTNone6+â€”+â€”+

â€”â€”TACâ€”ITAG at236'@Tyrâ€”@atop7++++â€”
+â€”Wi'None8+â€”â€”NDâ€”

+â€”WTNone9â€”â€”++Â±

+e+Â±Â±WTNone10â€”â€”â€”+â€”

+â€”WTNone11â€”â€”â€”â€”â€”

+â€”w'rNone12â€”NDNDND+

@e+WTNone13â€”NDNDND+

+++ ++ ++ +AGG-+AGT at249Argâ€”@Ser14-NDNDND+
+-GAGâ€”@TAG at298Glu-*stop15â€”â€”â€”â€”â€”

Â±â€”WTNone16â€”NDNDNDÂ±

Â±+++WTNonePositive837711

1563patientswithmutationsTotal1611111016
161616
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primers from the introns flanking each exon, encompassing splice sites. Exons
5â€”8 were analyzed first, and exon 4 was studied if exons 5â€”8 showed a

wild-type sequence. PCR products were purified by electrophoresis through a
4% agarose gel, and bands were excised, eluted in 0.5 M NH4OAc, and
precipitated in ethanol. PCR products were sequenced directly using a modi
fication of the dideoxy chain-termination method of Sanger et aL (47), using
3 pmol of sequencing primers, 3 units of Sequenase (United States Biochem
ical Corp., Cleveland, OH), and 35S-labeleddeoxynucleotide triphosphate
(DuPont,Boston, MA). Eachexon was sequencedin bothdirections,andtwo
separate PCR products were examined for each sample in which a mutation
was found. Complete coding sequences including splice sites were examined.

Statistical Analysis. Comparisons between two characteristics were car
ned out using Fisher's exact test. Relationships were considered statistically
significant when P < 0.05 in a two-tailed analysis.

RESULTS

The Presenceof Markersof HBVInfection.SerumHBsAgwas
determined for all cases. Among the 16 HCC patients, 8 (50%) were

positive for HBsAg in the serum, whereas the others lacked serolog
ical evidence of HBV infection (Table 1). Due to the limited avail
ability of frozen liver tissue, only 10 cases were studied for HBV
DNA by Southern blot hybridization. Seven of these 10 cases (70%)
demonstrated HBV DNA integration by Southern blotting in the liver

and/or tumor (Table 1). Among carriers, most of the livers positive by
Southern blot hybridization also had detectable HBsAg by IHC.
However, only threeof seven tumorsamples from carrierswho were
tested had detectable HBsAg by IHC (Table 1). Hence, HBsAg was a
common marker in the liver but not in the tumor tissue of these

HBsAg carriers. Among patients serologically negative for HBV, two
of four tested were positive by Southern blot hybridization; one of
these also had detectable HBsAg in the liver, but none of those stained
had detectable HBsAg in tumor tissue. These results indicate the
presence of underlying HBV infection in some seronegative patients,
which is in accordance with earlier observations (48, 49).

Both tumor and nontumor tissue, sometimes in the same section,
were available for immunohistochemical evaluation of HBxAg.
Among the 16 cases stained, nontumor tissue from 13 patients (8 1%)
was clearly positive in more than 25% of the hepatocytes, whereas an

a T,@ NT, nontumor, lot, p53 staining intensity; Dist, staining distribution; Pat, pattern of staining; ND. not done; WT, wild-type.
b.@@ of HBV DNA in the liver was determined by Southern blot hybridization using full-length HBV DNA as probe.

C Immunohistochemical staining for HBxAg was evaluated in the following way: â€”, negative; Â±, scattered positive cells (<10% of cells); +. positive (>10% of cells).

d@ staining intensity in tumor cells was evaluated in the following way: â€”, negative; +. positive; + +, strongly positive. The staining distribution was evaluated as follows: Â±,

staining in <10% ofcells; +, staining in 10-70% ofcells; ++, staining in >70% ofcells. The pattern ofstaining was evaluated as follows: Â±.sporadic positive cells; +. focal or
clustered staining; ++, diffuse or widespread staining.

e Liver samples demonstrate HBxAg in the nuclei of tumor cells and in hepatocytes adjacent to the tumor.

1Codonbasechangeandcodonnumberwheremutationsoccur.
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MATERIALS AND METHODS

Tumors. Formalin-fixed paraffin-embedded tissues were obtained from 16
HCCs from Xi'an, People's Republic ofChina. Serial sections from the blocks
were cut and evaluatedby H&E staining,IHC, and microdissectionof tumor
tissue for molecular analysis.

Markers of HBV Infection. HBsAg in serum was detected by a commer
cially available assay (Abbott Laboratories, Chicago, IL). HBsAg in tissue was
detected by staining using a commercially available kit according to the
instructions ofthe manufacturer (histogen-peroxidase-antiperoxidase kits; Bio
genex, Dublin, CA). Integrated HBV DNA was determined by analysis of
cellular DNA by Southern blot hybridization. DNA was extracted from ap
proximately 3 g of liver tissue using the proteinase K-phenol-chloroform
method and then analyzed by electrophoresis on 1% agarose gels, either
untreatedor after digestion with EcoRI or Hindffl. DNA was transferredto
Zetabind membranes (Cuno Corp., Meriden, CT) and hybridized with
[32P]dCFP-labeledfull-lengthHBV DNA probe.

ifiC for HBxAg and p53. Five-@.tmsections were examinedfor HBxAg
and p53 proteinsby peroxidasestainingof an avidin-biotincomplex conju
gaterl to borseradish peroxidase (Vectastain ABC kit; Vector Laboratories,
Burlingame, CA), as described previously (30, 44). Staining was carried out
according to the manufacturer's recommendations. IHC for HBxAg was per
formed using a polyclonal rabbit antibody to a HBx-speciflc synthetic peptide
spanningresidues 100â€”114(anti-99) at a primaryantibodydilutionof 1:400
(45). Localizationof the primaryantibodywas detectedby subsequentappli
cation of a biotinylated goat anti-rabbit antibody. Staining controls were

carried out as described (45).
For p53 staining,samples were dewaxed, endogenousperoxidaseactivity

was inactivated, and the potential backgroundbinding of antibodies was
blocked with normalgoat serum.The sections were then incubatedovernight
at 4Â°Cwith a 1:1000 dilution of the polyclonal rabbit antiserum CM-l (46).
This antibody detected both wild-type and mutant forms of p53. Localization
of the primaryantibodywas detectedby subsequentapplicationof the bioti
nylated goat anti-rabbit antibody, an avidin-biotin complex conjugated to
horseradish peroxidase (Vectastain Elite kit; Vector Laboratories), and diami
nobenzedine with nickel sulfate (44). To better visualize the positive cells,
counterstaining was not performed on CM-l-stained specimens. Positive and
negative controls gave the expected results.

p53 MutatIon Analysis. Microdissected tumor tissue from 50-sm sections
was digested with 1 mg/mi proteinase K and 1% SDS for 18-96 h, followed
by phenol-chloroformextractionof genomic DNA. Exons were amplifiedfor
all samples by two PCR reactions as described previously (44), using nested
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HBxAg AND p53 IN HCC

additional 2 cases (12%) had detectable staining in less than 10% of
the hepatocytes (Fig. I). In all cases, staining was cytoplasmic. In
some cases, the staining was diffuse over many cells in the section,
whereas in other cases, the staining was lobular within clusters of
cells. The 2 cases that had HBxAg detectable in less than 10% of the
cells were characterized by staining in single cells scattered through
out the tissue section (Fig. 1). In patients 2, 3, 9, and 12 (Table 1),
HBxAg was also observed in the nuclei of hepatocytes, especially in
cells adjacent to the tumor (Fig. 1). HBxAg was detected in liver

and/or tumor cells in all patients, regardless of their serum HBsAg
status (Table 1). In cases in which the tumor and adjacent nontu
mor tissues were HBxAg positive, the staining in the nontumor was
almost always more intense than in the adjacent tumor tissue (Fig.
1), suggesting differences in the levels of HBxAg expression in
transformed compared to nontransformed cells. Furthermore, the
finding of HBxAg-negative HCC in five patients who stained
positive for this antigen in surrounding liver (Table 1) is consistent
with the idea that persistent HBxAg expression, as detectable by
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Fig. 1. Patterns of HBxAg staining in tumor and surrounding nontumor liver tissue. A, cytoplasmic staining in many hepatocytes from a HBsAg carrier with chronic active hepatitis
(patient 2). B, cytoplasmic staining in scattered hepatocytes from a HBsAg-negative patient with HCC (patient 10). C. tumor (top) and adjacent nontumor (bottom) tissues from a carrier
(patient 3). Note that some of the intensely stained hepatocytes adjacent to the tumor are also positive for nuclear HBxAg (arrows). D, tumor (left) and adjacent nontumor (right) tissues
from a carrier (patient 5). Note that the staining intensity is much greater in the nontumor compartment. E, normal human liver stained with anti-HBx. F. tumor and surrounding tissue
from the patient in D stained with preimmune serum. Bar in A, 100 nm for all panels.
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HBxAg AND p53 IN HCC

IHC, is not required for tumor maintenance. The specificity of
staining for these experiments was verified by controls (45) in
which: (a) preimmune serum was used in place of primary anti
body; (b) the immunizing X antigen synthetic peptide was used to
block the binding of anti-HBx to the tissue; (c) normal liver
powder failed to reduce the binding of primary antibody to the
sample; (d) irrelevant peptide antibodies did not stain the tissues;
and (e) normal (uninfected) liver did not stain with primary anti
bodies against HBxAg. Examples of some of these controls are
presented in Fig. 1. Hence, HBxAg is a common marker in the liver
and tumors of HCC patients, whether or not they had detectable
HBsAg in the serum (Table 1). These observations are also in
accordance with earlier results (50).

p53 Expression and Mutation. p53 staining was detected exclu
sively in the nuclei of tumor cells from six patients (Fig. 2). In
patients 2, 3, 9, and 16, the staining was detected in single cells and
cell clusters, whereas in patient 12, the staining was detected in a
larger percentage of cells. In patient 13, more than 70% of the
tumor cells had detectable p53 (Table 1). All p53-positive tumors
also had detectable HBxAg (Table 1). Further analysis showed that
there was a statistically significant relationship between p53 and
HBxAg staining in tumor cells (P = 0.039; Table 2). Four of six
patients who had detectable p53 by IHC also had evidence of
nuclear HBxAg in both tumor cells and hepatocytes directly sur

rounding tumor nodules (Figs. 1 and 2). Although this relationship
between nuclear HBxAg and p53 in tumor cells was statistically
significant (P = 0.0036), the staining patterns for these two
antigens in consecutive tissue sections only partially overlapped.
Unlike tumor tissue, the detection of cytoplasmic HBxAg in non
tumor tissue had no predictive value on the possibility of finding
p53 in the tumor by IHC, although tumor cells developed from
nontransformed counterparts (Table 2). The presence of p53 in
tumor tissue also failed to correlate with HBsAg status in the blood
(P = 0.31). Hence, p53 staining occurs in a subset of HCC cases
and correlates with HBxAg in tumor but not with HBxAg in
nontumor or HBsAg in serum.

The status of p53 was further examined by PCR amplification and
direct sequencing of DNA spanning exons 4â€”8extracted from par
affin blocks. p53 mutations were identified in 3 of 16 patients (Table
1). Patient 13, who was most strongly positive for p53 by IHC, had a
mutation in the 3rd bp of codon 249, which resulted in an Argâ€”@Ser
mutation consistent with chronic aflatoxin exposure (Table 1; Fig. 3).
The point mutations in patients 6 and 14 resulted in the creation of a
premature translation stop codon in each case and are consistent with
the corresponding lack of p53 detection by IHC. The detection of p53
by IHC in five patients with wild-type p53 sequences (Table 1),
combined with the lack of correlation between p53 detected by IHC
and mutant p53 detected by sequencing (P > 0.8), is consistent with
the idea that p53 stabilization may be due to mechanisms other than
p53 mutation. These results are consistent with independent findings
describing a lack of correlation between p53 IHC and mutant p53
genotype in neoplastic liver (51).

The finding of a statistically significant relationship between
HBxAg and p53 staining in tumor tissue (Table 2) is consistent with
the hypothesis that the binding of HBxAg to wild-type p53, and not
mutant p53, is relevant to hepatocarcinogenesis. These findings are
further supported by the statistically significant correlation between

HBxAg staining in nontumor and wild-type p53 sequences (Table 2),
suggesting that the persistence of HBxAg in the liver correlates with
the corresponding persistence of wild-type p53 sequences during the
pathogenesis of this tumor type.

429

A:T:J:T@ :.

1I@@ ,@ S

Â¶@@â€˜@

@â€˜--@:
. 4â€¢@@

â€˜

e@if

â€˜@ #@*@

-. aa.@ ._â€œ@ â€˜@. -

â€¢?@ .G@

@â€˜ .@@

-â€˜@

@@@@ â€¢â€˜

â€˜t .
.5

Fig. 2. HBxAg and p53 staining in HCC. A, nuclear staining for p53 from patient 12.
B, nuclear staining for HBxAg in the tumor of the same patient. C, scattered p53 staining
characteristic of patients with wild-type p53 sequences. In this case, the results from
patient 2 are shown. A and C are not counterstained. Bars, 100 nm.

DISCUSSION

This is the first study that compares the immunohistochemical
staining of HBxAg and p53 in HCCs and further extends the analysis
to the sequencing of p53 exons 4â€”8in these same patients. The results
demonstrate that HBV infection seems to be a common feature of
HBsAg-negative HCC, as detected by Southern blot hybridization
and/or immunohistochemical detection of HBxAg. These observa

tions confirm and extend previous findings (48, 50) and suggest that
underlying HBV is associated with HCC in HBsAg-negative cases,
many of which are now being ascribed as being largely due to HCV
(52, 53). The recent finding of HBV enhancer II region deletion
variants in sera from patients serologically negative for HBV markers

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/3/426/2465545/cr0570030426.pdf by guest on 19 M

ay 2023



Table 2 Relationship betweenHBxAg amlp53HBxAg

IHCTumorNontumor+â€”P+â€”Pp53

IHC (tumor)â€•

p53 sequence (in tumor)+
â€”

wild-type
mutant6

5
8
30

5
5
00.039

0.1966
9

13
20

1
0
10.440

0.034a

@53staining was observed only inthe nuclei of tumorcells.

HBxAg AND p53 IN HCC

who also have non-A, non-B hepatitis and cirrhosis (54, 55) is also
consistent with the observation that HBV may be present in a con
siderable proportion ofcases with HBV serologically negative chronic
liver diseases. Although these fmdings do not diminish the important
association between HCV and HCC, the high prevalence ofHBxAg in
the livers of HBsAg seronegative patients with HCC may be of
etiological and prognostic significance.

The fmding that HBxAg binds to both wild-type p53 and several
mutants of p53 (31), in and of itself, does not clarify whether such
binding is biologically relevant to the pathogenesis ofHCC. However,
the statistically significant correlation between HBxAg and p53 stain
ing as well as between HBxAg staining in nontumor cells and wild
type p53 sequences within exons 4â€”8suggests that HBxAg binding to
wild-type p53 plays an important role in the pathogenesis of this
tumor type. Indeed, previous work with fresh liver and tumor samples
from these same patients demonstrated that HBxAg and p53 could be
coimmunoprecipitated with both anti-x and anti-p53 (30), strongly
suggesting that they form physical complexes. The results with human
HCC samples reportedherein also help to validate observations in
other systems in which HBxAg has been shown to inactivate wild
type but not mutant p53 function (31, 56). This is especially pertinent

A

to the binding of HBxAg to p53 in X transgenic mice that develop
HCC(24, 32) because these mice have essentially only wild-typep53.
The correlation between HBxAg and p53 staining in these mice,
however, differs from that in this study, in part because the mice
represent a â€œsynchronizedsystem,â€•whereas human HCC does not.
For example, the X transgene encompassing the entire X open reading
frame is integrated into the same position within resting, fully differ
entiated hepatocytes in the transgenic mice, but none of these char
acteristics apply to different cells in a chronically infected human
liver. These differences may contribute to the apparent lack of exten
sive HBxAg and p53 colocalization in consecutive slides from tumors.
Other work, demonstrating that HBxAg potentially binds a variety of
other host proteins (26â€”29),may also contribute to the apparent
discordance of HBxAg and p53 staining by IHC. Although the X
transgenic mice seem to inactivate wild-type p53 by cytoplasmic
translocation, and little evidence exists to support a predominantly
cytoplasmic localization of p53 in human HCC (51), the fact that
HBxAg binds to and inactivates wild-type p53 serves to link the
pathogenesis of HCC in both the human and murine contexts. In both
cases, persistent high expression of HBxAg was also associated with
the development of HCC (32, 45, 57). Similar observations have also
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Fig. 3. DNA sequence analysis ofwild-type and point mutations in p53 found among some ofthe patients in this study. A, wild-type p53 (patient 2). B, mutation at codon 249 (from
patient 13). C, wild-type p53 (patient 3). D, Mutation at codon 236 (patient 6).
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been reported in human HCC (58, 59). Whether sustained HBxAg
overexpression results in the stabilization of p53 in wild-type or
mutant conformation is an open question but is consistent with pro
vious observations demonstrating a lack of correlation between p53
staining and p53 mutations in HCC (51). The statistically significant
relationship between HBxAg and p53 expression in HCC (Table 2),
especially in the nuclei of tumor cells, is also consistent with the
hypothesis that HBxAg complexes with and stabilizes wild-type p53.

In light of these results, there is considerable support for the
hypothesis that p53 inactivation is important to the pathogenesis of
HCC (37, 60). For example, there is evidence for the appearanceof
p53 mutations both early and late in the pathogenesis of HCC.
Although p53 point mutations have been found in nontumor liver,
suggesting that they occur early in the process of tumor formation.
(41), other studies have suggested that they are associated with tumor
progression (39, 60). However, non-AFB1-exposed populations with
HBV-associated HCC have reportedly low frequencies of p53 mute
tions (37, 61â€”63),as observed in this study (Table 1). The latter result
is supported by the lack of correlation between HBxAg staining in
nontumor cells and missense p53 mutations, as determined by p53
exon sequencing(Table 2), suggesting thatpersistentHBxAg expres
sion does not result in the accumulation of p53 mutations. Given the
importance of p53 structural and corresponding functional integrity to
the pathogenesis of this tumor type, it is proposed that there are two
sequential steps of p53 inactivation that characterize the development
and progression of HCC. The first step would involve inactivation of
wild-type p53 by HBxAg. This would most likely occur in HBsAg
carriers with progressive chronic liver disease, in which increased
integration of HBV DNA fragments (including the X gene) would

occur over a period of many years. It is proposed that when HBxAg
becomes overexpressed over many years of infection (56â€”58),it
would finally saturate the intracellular p53 stores, resulting in uncon
trolled proliferation characteristic of HCC instead of controlled re
generation. The finding that more than 70% of HBsAg carriers with
cirrhosis and dysplasia have pronounced nuclear localization of
HBxAg (57) suggests that in preneoplastic tissues, HBxAg may
complex with andinactivatep53. This saturationof p53 by HBxAg is
short-circuited in the X transgemc mice (32) without the need to have
xgenesequencesintegrateduringthecourseofchronicliverdisease.
If the binding of HBxAg to wild-type p53 alters p53 conformation
and/or increases the half-life of p53 in tissue, it may partially account
for the detection of p53 in tumors by IHC both here (Table 1) and
elsewhere (51) and/or permit the detection of HBxAg-altered p53 by
antibodies against mutant forms. The latter result may explain the
apparent correlation between mutant p53 and HBxAg by NC in
independent work (64).

HBxAg and p53 are only two proteins of a multicomponent system
involved in the control of hepatocellular growth. Other proteins that
bind to HBxAg and to p53 are likely to affect the subcellular local
ization and functional properties of each. In this context, it is likely
that these other binding proteins contributeto the imperfectcorrela
tion between HBxAg and p53 by IHC. For example, the binding of
HBxAg to a putative UV-induced DNA repair protein (29) and its
putative inactivation of the p53IERCC3 coupled transcription-repair
mechanism (31) may allow the accumulation of mutations in p53 and
elsewhere in the genome among rapidly dividing cells. These mute
tions accumulate during tumor progression. At this point in the path
ogenic pathway, it is proposed that p53 inactivation by HBxAg would
no longer provide a selection advantage (i.e. it would not be rate
limiting in the stimulation of hepatocellular proliferation) and that the
correlation between HBxAg and p53 staining would break down.
Some p53 mutants that exhibit oncogenic activity would further
enhance the growth and expansion of their clones, accounting for the

presence of p53 mutations in some cases (three in this study) that stain
positive for HBxAg. In addition, the observation that HBxAg expression
under selected conditions is incompatible with hepatocellular viability4
implies that HBxAg-negative HCC nodules would arise and predomi
nate. The finding of HBxAg-negative HCC nodules in this and previous
studies (57), combined with the lack of HBxAg-positive HCCs and
HBxAg/p53 complex formation among tumors with documented p53
mutations (65), is consistent with this model. Hence, it is proposed that
HBxAg inactivation of wild-type p53 and p53 inactivation by mutation
are important to distinct stages in the pathogenesis of HCC.

Although the observations from this and previous studies (30â€”33,
56) suggest that the binding and inactivation of wild-type p53 by
HBxAg is an important step in the mechanism of hepatocarcinogen

esis, they do not exclude additional steps or completely alternative
mechanisms as being operative in the pathogenesis of this tumor type.
For example, the variable integration of HBV DNA during the course
of chronic infection among different patients who develop HCC may
result in the production of little or no HBxAg in some cases. If
sustained high levels of HBxAg made from an integrated template are
required for inactivation of p53, then the relatively low levels of
HBxAg staining in the livers and tumors of patients 15 and 16 from
this study, for example, suggest that other properties of HBxAg or
other mechanisms of HCC may be more important in these cases. The
uneven geographical exposure of human populations to aflatoxin,
toxins that are metabolized by the liver, alcohol, HCV, and other
chemical hepatocarcinogens further underscores that hepatocarcino
genesis may be mediated by different mechanisms under different
circumstances. The recent finding that HBxAg may block p53-medi
ated apoptosis (33) suggests that if such a mechanism is operative in
HCC, it may facilitate the action of otherviruses and/orchemicals in
the pathogenesis of this tumor type. On the other hand, the finding that
the woodchuck hepatitis virus is a complete carcinogen (66) suggests
that the chronic carrier state and the associated liver disease are
necessary and sufficient for the development of HCC (3, 7â€”9),but that
in nature, one or more of the other factors mentioned above may also
contribute. Hence, the HBxAg-p53 relationship is likely to be one of
several steps important to the development of HCC.
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