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Abstract
AIM: To study the expression and serum level of HBxAg,
Fas and FasL in tissues of HCC patients, and to assess the
relationship between HBxAg and Fas/FasL system.

METHODS: Tissues from 50 patients with HCC were tested
for the expression of HBxAg, Fas and FasL by S-P
immunohistochemistry. Serum levels of sFas/sFasL and
HBsAg/HBeAg were measured by ELISA assay. HBV X gene
was detected by PCR in serum and confirmed by automatic
sequencing. Fifty cases of liver cirrhosis and 30 normal
controls were involved in serum analysis.

RESULTS: The expression of HBxAg, Fas and FasL in
carcinoma tissues was 96 %, 84 % and 98 %, respectively.
Staining of HBxAg, Fas and FasL was observed predominately
in cytoplasms, no significant difference was found in intensity
between HBxAg, Fas and FasL (P>0.05). HBxAg, Fas and FasL
might express in the same area of carcinoma tissues and this
co-expression could be found in most patients with HCC. The
mean levels of sFas in serum from HCC, cirrhosis and normal
controls were 762.29±391.56 µg·L-1, 835.36±407.33 µg·L-1 and
238.27±135.29 µg·L-1. The mean levels of sFasL in serum
from HCC, cirrhosis and normal controls were 156.36±9.61
µg·L-1, 173.63±18.74 µg·L-1 and 121.96±7.83 µg·L-1.
Statistical analysis showed that both sFas and sFasL in HCC
and cirrhosis patients were significantly higher than those
in normal controls (P<0.01). Serum HBV X gene was found
in 32 % of HCC patients and 46 % of cirrhotic patients.
There was no significant relationship between serum level
of sFas/sFasL and serum X gene detection (P>0.05). Eight
percent of HCC patients with negative HBsAg and HBeAg in
serum might have X gene in serum and HBxAg expression
in carcinoma tissues.

CONCLUSION: Our data suggest that HBxAg and Fas/FasL
system plays an important role in the development of human
HCC. Expression of HBxAg can leads to expression of Fas/
FasL system which and reverse apoptosis of hepatocellular
carcinoma induced by FasL.
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INTRODUCTION
Chronic infection with hepatitis B virus (HBV) is a major risk
factor for the development of hepatocellular carcinoma (HCC).
The pathogenesis of HBV-induced malignant transformation
is incompletely understood[1-3]. HBV X gene encodes a 154
amino acid protein called HBV X protein (HBxAg)[4]. This
protein is suspected as an oncogenic molecule responsible for
hepatocarcinogenesis because of its multifunctional activities
affecting gene transcription, intracellular signal transmission,
cell proliferation and apoptotic cell death[5-7]. Of these activities,
the best known is its promiscuous transactivation activity[8],
which is subjected to complex mechanisms such as protein-protein
interaction, regulation of phosphorylation, mRNA stablization and
alteration of nucleocytoplasmic translocation[9-11]. Several
transgenic mice experiments indicate that mice harboring HBV
X gene either develop liver cancer or have accelerated
development of neoplasms when they are exposed to other
carcinogens[12,13]. HBxAg inhibits the function of tumor
suppressor protein P53, which is thought to be an early event in
hepatocyte transformation before the later accumulation of
inactivating P53 point mutations[14]. HBxAg inhibits apoptosis
but also exerts pro-apoptotic effects[15,16]. In addition, HBxAg
activates cell signaling cascades involving mitogen-activated
protein kinase (MAPK) and Janus family tyrosine kinase (JAK)
signal transducer and activators of transcription (STAT)
pathways[17,18].
     The signaling pathway mediated by “death factors”
including TNFR1, Fas and TRAILR1 and their cognate ligands
is an important mechanism to regulate apoptosis[19]. Fas is the
first identified member of “death receptors” and the
crosslinking of Fas by its ligand FasL binding leads to
conformational changes of Fas, which result in formation of
DISC (death induced signaling complex) followed by
activation of Caspase-8 and finally induce apoptosis by
cleaving their substrates. The Fas/FasL system is likely to play
an important role in the regulation of apoptosis including
apoptosis of tumor cells[20]. Up-regulation of Fas in the liver
has been demonstrated in active viral hepatitis[21]. Human HCC
cell lines have been shown to be resistant to Fas-mediated
apoptosis[22], but very limited data are available on FasL
expression in HCC tissue and its relationship with HBxAg.
We investigated the immunohistochemical expression of
HBxAg, Fas and FasL in specimens of HCC. The serum level
of sFas, sFasL and HBV X gene was also determined.

MATERIALS AND METHODS

Tissue and blood samples
Tumor samples were randomly collected from 50 patients
undergoing hepatic resection at the Affiliated Union Hospital
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of Fujian Medical University from 1999-2001. Formalin-fixed
and paraffin embedded tissues from these samples were used
for immunohistochemical analysis. The diagnosis of each
tumor was confirmed by pathologists. Blood samples of the
tumor patients were taken from the cubital vein on day 3 of
hospital admission before the tumor resection. Serum was
separated within 30 minutes in a refrigerated centrifuge at 4 ,
centrifuged at 1 000 g for 5 minutes and stored at –70  until
analysis of sFas/sFasL and HBsAg/HBeAg. Anti- HCV
analysis was also performed in order to exclude HCV-positive
HCC. The sera of 50 patients with hepatic cirrhosis and 30
normal controls from the blood donators were enrolled in this
study. Diagnosis of cirrhotic patients was made on the basis of
clinical history, clinical examinations, laboratory findings,
gastroscopy and ultrasonography. All the patients had
decompensated cirrhosis complicated with ascites, variceal
bleeding, or hepatic encephalopathy without infection. All the
cirrhotic patients had no HCV infection and alcoholic cirrhosis.

Immunohistochemical analysis
Immunohistochemical staining of HBxAg, Fas and FasL was
performed by S-P method. Paraffin embedded sections of 4 µm
thickness were cut from the resected tumor samples and
transferred onto glass slides. The slides were dewaxed and re-
hydrated through a graded descending alcohol series (100 %,
90 %, and 70 %). The slides’ endogenous peroxidase activity
was blocked by covering the sections with freshly prepared
0.5 % H2O2 in methanol, the slides were incubated with horse
serum (Vector Laboratories) to block non-specific binding of
antibodies. Then, the slides were incubated with a 1:100
dilution of mouse anti-HBx monoclonal antibody, a 1:100
dilution of rabbit polyclonal anti-Fas and anti-FasL antibodies
(Maixin-Bio) respectively, washed and incubated with
secondary antibody. The slides were subsequently incubated
with a freshly prepared 0.1 % v/v diaminobenzidine/TBS
solution and counter-stained with haematoxylin. Stained slides
were differentiated in acid alcohol prior to blueing in Scott’s
solution (Sigma), followed by a wash in running tap water.
Finally, the sections were dehydrated through a graded
ascending (70 %, 90 %, and 100 %) alcohol series and mixed
xylenes on the resulting slides, the sites of immunoperoxidase
activity were stained brown and nuclei were blue. As a negative
control for HBxAg immunohistochemistry, we used nonimmune
mouse serum instead of HBxAg antibody. As negative controls
of Fas and FasL, we used nonimmune sera of rabbits. The
reaction for immunohistochemistry was evaluated as strong
(3+), moderate (2+), weak (+) or negative (­).

DNA extraction and PCR amplification
DNA was extracted from the serum by using phenol-chloroform
extracting method. In brief, the serum was mixed with phenol-
chloroform-iso-pentanol (volume fraction 25:24:1). After
centrifugation at 10 000 g for 10 minutes at 4 . The supernatant
was stored in 0.1 M sodium citrate and 100 % ethanol for 30
mintues at -20 . The resulting pellet was dissolved in sterilized
water. The sequences of oligonucleotide primers optimized to
X region were 5’-ACGGAATTCATGGCTGCTAGGCTGTG-
3’, 3’-ATCCTGCAGAGGTGAAAAAGTTGCAT-5’,
respectively. PCR was carried in a final volume of 50 µl
containing 5 µl of DNA solution, 20 pmol of each primer,
50 mM of each dNTP, PCR buffer (10 mmol·L-1 Tris-HCl,
50 mmol·L-1 KCl, 1.5 mmol·L-1 MgCl2, 0.001 % gelatin), and
2.5 units of Taq DNA polymerase. Each PCR was as follows:
35 cycles of at 93  for 30 seconds, at 55  for 1 minute and
at 72  for 1 minute. The resulting PCR products were
separated in a 1 % agarose gel. Assessment of the positive results
of PCR was essentially performed on ethidium bromide-stained

gel. To confirm the results, PCR products of a positive sample
were analyzed by automatic sequencing (Shanghai Shenggong).

Enzyme-linked immunosorbent assay
Serum level of sFas, sFasL, HBsAg and HBeAg was measured
using a sandwich enzyme-linked immunosorbent assay
(ELISA). Commercially available ELISA kits of sFas, sFasL,
HBsAg and HBeAg (MBL) were used. ELISA was performed
according to the manufacturer’s instructions. Briefly, diluted
serum samples were added in duplicate to 96-well plates coated
with antibody and incubated at 37  for 2 hours. After each
well was washed five times with washing buffer (saline
containing 0.05 % Tween20), peroxidase-labeled secondary
antibody was added to each well and the plate was incubated
at 37  for 1 hour. After each well was washed in a similar
manner, the plate was incubated with tetramethylbenzine at
room temperature for 20 minutes. The reaction was stopped
by adding 1 N sulfuric acid. Optical density was measured at
450 nm using a spectrophotometric microtiter plate reader. The
concentration of sample was determined from a standard curve.

Statistical analysis
The expression of HBxAg, Fas and FasL was analyzed using
Redit analysis. The sFas and sFasL levels were expressed as
mean ±SD, and analyzed using t-test. P value less than 0.05
was regarded as significant.

RESULTS

Expression of HBxAg and Fas/FasL system
HBxAg, Fas and FasL were detected in the majority of
specimens from HCC patients. The results are summarized in
Table 1. In most specimens HBxAg, Fas and FasL were
detectable in a large number of carcinoma cells(Figures 1-3).
No significant differences were found in the expression degrees
of HBxAg whether the HCC patients were sero-positive in
HBsAg/HBeAg or not (P>0.05). Staining of HBxAg, Fas and
FasL was observed predominantly in cytoplasms, but no
significant difference was found in intensity between HBxAg
and Fas/FasL system (P>0.05). HBxAg could also express in
membrane of carcinoma cells. Surprisingly, we found that
HBxAg, Fas and FasL might express in the same area of HCC
tissues and this co-expression could be found in most patients
with HCC.

Table 1  Expression of HBxAg, Fas and FasL in HCC (n=50)

Expression          HBxAg (%) Fas(%)             FasL(%)

­   2 (4)   8 (16)   1 (2)

+   5 (10)   9 (18)   4 (8)

++ 11 (22)   9 (18) 12 (24)

+++ 32 (64) 24 (48) 33 (66)

Table 2  Serum levels of sFas and sFasL in patients with HCC
and Cirrhosis (µg·L-1)

Group  n                    sFas                              sFasL

HCC 50   762.29±391.56a 158.36±9.67a

Cirrhosis 50   835.63±407.33a 173.63±18.74a

Control 30   238.27±135.29 121.96±7.83

aP<0.01, vs control.

Serum level of sFas and sFasL
Concentrations of sFas and sFasL in HCC, cirrhotic patients
and normal controls are shown in Table 2. The serum levels of



sFas and sFasL in both HCC and cirrhotic patients were
significantly higher than those of normal controls (P<0.01),
but there was no significant difference between cirrhosis and
HCC patients in serum level of sFas and sFasL (P>0.05). In
addition, we did not find a correlation between sFas/sFasL
concentrations and serum HBV X gene detection (P>0.05).

Figure 1  Positive expression of HBxAg in plasma of hepato-
cellular carcinoma (S-P stain, ×400).

Figure 2  Positive expression of Fas in plasma of hepatocellu-
lar carcinoma (S-P stain, ×400).

Figure 3  Positive expression of FasL in plasma of hepatocellu-
lar carcinoma (S-P stain, ×400).

Table 3  Positive rates of HBV X gene, HBsAg and HBeAg in
HCC and cirrhotic patients (%)

Group HBV X gene HBsAg HBeAg

HCC          32     86     34
Cirrhosis          46     82     38

Determination of X gene and HBsAg/HBeAg
The positive rates of HBV X gene, HBsAg and HBeAg in
HCC and cirrhotic patients are shown in Table 3. Serum HBV

X gene was found in 32 % of HCC patients and 46 % of
cirrhotic patients. Eight percent of HCC patients with negative
HBsAg and HBeAg in serum might have X gene in serum and
HBxAg expression in carcinoma tissues.
       The PCR products of X gene positive samples were analyzed
by automatic sequencing and the resulting sequence was proved
by Genebank.

DISCUSSION
HBV is one of the several agents causing infectious hepatitis,
such as acute and chronic viral hepatitis. A strong association
was found between chronic HBV infection and the
development of HCC in our study. Multiple factors including
damage caused by inflammatory cytokines, integration of viral
DNA into host cell genomes, host genomic instability,
activation of cellular oncogenes, and induction of cell survival
pathways have been implicated as causes leading to HCC.
However, HBV X gene and HBxAg play a major role in viral
infection and carcinogenesis. X gene was the most frequently
integrated protein of HBV DNA found in hepatocyte
chromosomes during the development of HCC[23]. HBxAg was
expressed in these integrated fragments, although no other viral
proteins were present in most tumor cells. Recent studies using
cDNA microarray analysis revealed that HBxAg expression
in HepG2 cells could up- or down-regulate the expression of
39 genes[24]. These genes have a variety of cellular functions
including oncogenesis, cell cycle regulation and cell adhesion.
Our results demonstrated high levels of HBxAg expression in
cirrhotic and HCC cells. Intracellular localization showed that
HBxAg was predominant in cytoplasms. Serum levels of sFas
and sFasL in both HCC and cirrhotic patients were significantly
higher than those in controls. This could be explained by
previous observations that X gene was greatly correlated with
the development of cirrhosis and integrated into host
chromosomes during chronic infection. It seems likely that
HBxAg contributes to the initiation of tumor formation in the
liver during the process of chronic active hepatitis and cirrhosis.
However, whether this process is induced by Fas/FasL system
remains to be elucidated.
     With PCR detection, we found that some HBsAg and
HBeAg negative HCC patients were X gene positive. These
results were consistent with a previous report that circulating
HBV X gene was detectable in a high proportion of Japanese
HCC patients without HBsAg[25]. It could be explained as
follows: First, a low level of viremia might exist and hardly
result in expression[26]. Second, variant HBV clones might
predominantly emerge, the variant HBV might have lost its
common “A” determinant of HBsAg and result in loss of
HBsAg[27]. Third, disrupted form of HBV was integrated into
cellular chromosomes, resulting in failure to produce viral
protein translated from deleted DNA[23]. Our results suggested
that negative HBsAg and HBeAg HCC patients were required
to examine HBV DNA in serum or in liver tissues in order to
better understand HBV involvement in the etiology.
       Our results indicated that HCC cells could strongly express
both Fas and FasL in the same area of carcinoma. What is the
target of this ligand? There are some hypotheses. First, because
HCC cells can co-express Fas and FasL, they may undergo
apoptosis induced not only by activated FasL-positive
lymphocytes but also by their own FasL in an autocrine or
paracrine manner. Such a fratricide mechanism may be involved
in chemotherapeutic drug-induced death of HCC cells, as
evidenced by the observations that bleomycin upregulated the
expression of Fas and FasL in HepG2 cells, and that apoptosis
induced by this drug was almost completely inhibited by
antibodies that interfere with Fas/FasL interaction[28]. Second,
FasL expressed on HCC cells might be important in their
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infiltration as well as dissemination into the liver[29], as has
been demonstrated in the hepatic metastasis of colon cancer
cells[30]. The third possibility is the so-called “counterattack”
hypothesis. FasL expressed on tumor cells may be engaged
with Fas receptors expressed on the surfaces of antitumor immune
cells, causing them to undergo apoptosis. Strand et al[31]

reported that HepG2 cells, expressing FasL after treatment with
cytostatic drugs, could kill Fas-positive Jurkat lymphocytes,
providing the first evidence that FasL is functional on HCC.
Although the idea that tumor cells counterattack immune cells
and escape from antitumor immunity has attracted popular
attention, several investigators reported that the presence of
surface FasL might be only an inflammatory response. The
presence and function of FasL on HCC cells have become the
subject of hot debate[32,33]. But why this happened only in HCC?
Ito et al[34] examined the expression of Fas/FasL system in
human HCC tissues and found that FasL expressing HCCs
were moderately or poorly differentiated carcinomas. But FasL
expression was not a critical factor in determining intrahepatic
tumor spread. Fukuzawa et al[35] reported some conflicting
results. They examined the expression of Fas and FasL in
human HCC tissues, and found that Fas/FasL expression
decreased in proportion to the malignancy of tumor cells.
According to the concept that tumor cells become resistant to
apoptosis during disease progression, their observation implies
that FasL expressed on HCC may be involved in a self-
regulatory mechanism of apoptosis, rather than being involved
in a counterattack against immune cells or infiltration into the
liver. Indeed, so far, HCC cells have often been found to be
resistant to Fas-mediated apoptosis, despite their expression
of Fas receptors[36]. Thus, there is no clinical evidence to directly
support the idea that FasL expressed on HCCs was involved
in their immune escape or infiltration into the liver. Because
the mitochondrial death pathway was predominantly involved
in Fas-mediated apoptosis in liver cells[37], overexpression of
HBxAg might contribute to FasL-resistance in HCC. We found
that Fas, FasL and HBxAg might express in the same area of
HCC tissues. The precise mechanism of the co-expression of
HBxAg and Fas/FasL system remains to be established.
Recently Terradillos et al[38] reported that the proapoptotic
activity of HBxAg could overcome or bypass the inhibitory
effect of Bcl-2 against Fas cytotoxicity. The inability of Bcl-2
to protect HBxAg-expressing hepatocytes against Fas
cytotoxicity might be resulted either from inactivation of Bcl-
2 or from execution of a Bcl-2-independent death pathway.
These indicate that the dominant function of HBxAg upon Bcl-
2-regulated apoptosis might play an important role in
carcinogenesis. It is known that HBxAg could activate various
cellular transcription factors such as AP-1 and NF-kB[39]. In
addition, HBxAg may induce FasL expression through
activation of cellular transcription factors. Although there is
no confirmative report of transcription factors regulating FasL
expression, it has been found that the enhancer region of FasL
gene has a putative binding site of NF-kB[40] and the important
role of NF-kB has been reported in FasL gene activation.
Because HBxAg could activate NF-kB, it is possible that
HBxAg might induce FasL expression through NF-kB
activation[41,42]. Our results also suggest that the expression of
HBxAg can lead to expression of Fas/FasL system, which
might not reflex apoptosis of hepatocellular carcinoma induced
by FasL. This implies that Fas/FasL expression by itself, cannot
be used as a reliable marker of apoptosis in HCC.
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