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Abstract

AIM  To study the role of HBV especially HBx
Open Reading Frame (ORF) in the development
of hepatocellular carcinoma (HCC).
METHODS  HBV 3.2 kb fragment was retrieved
by digesting recombinant plasmid pBR322-2HBV
with EcoR I, and HBx 0.59 kb fragments by
digesting HBV-DNA with BamH I and Bgl II. These
fragments were labelled with digoxigenin to get
HBV-DNA and HBx-DNA probes. HBV-DNA was
detected in HCC by dot blot and Southern blot
hybridization with HBV-DNA probe, so the positive
specimens in which HBV-DNA were integrated were
selected. HBx-DNA was subsequently detected in
the selected specimens with HBx-DNA probe.
RESULTS  HBV-DNA was detected in 75% HCC,
among which integrated type, integrated + free
type covered 63.6% and 36.4%. There was no
free type. HBx-DNA was detected in 90.5%
specimens of integrated type.
CONCLUSION  Hepatocarcinogenesis was highly
related to HBV-DNA integration, and HBV-DNA
mainly integrated into chromosome with incomplete
virus DNA fragments among which HBx fragment
was the predominant one.

INTRODUCTION
HBx gene, which is the smallest one of the four open
read ing  f r ames  (ORF)  o f  HBV,  ha s  t he
transactivation function and is closely related to
hepa tocarc inogenes is [1 ,2].  In  the  s tudy  of
hepatocellular carcinoma (HCC) formation, HBx-
DNA probe is needed to investigate HBx gene
integration and its mRNA transcription. We retrieved
HBx-DNA fragment by digesting HBV-DNA and
labeled it with digoxingenin. To study the HBx gene
function in hepatocarcinogenesis, HBV-DNA was
detected first in HCC by dot blot and Southern blot
hybridization, and the positive specimens in which
HBV-DNA were integrated were selected.
Subsequently, integrated HBx-DNA was detected
in the selected specimens with HBx-DNA probe.
This study may provide some fundamental data for
further research into hepatocarcinogenesis.

MATERIALS AND METHODS
Materials
Subjects HCC  tissues were obtained at surgical
resection from Jinan Qianfeshan Hospital, which were
confirmed later by pathology, and stored at -20
immediately after surgical resection for use.

Reagents  Recombinant plasmid pBR322-2HBV is
provided by Professor CB and DIG Hight Prime Labeling
and Detection Starter Kit is product of Boehringer
Mannheim Company, Germany. Restriction
Endonucleases EcoR I, BamH I, Bgl II, Proteinase K
are purchased from Huamei Company.

Methods
HBV-DNA retrieval  Isolation of recombinant
plasmid pBR322-2HBV and HBV-DNA retrieval
were carried out as described by CAO et al [3].
p B R 3 2 2- 2 H B V  w a s  t r a n s f o r m e d  i n t o  t h e
Escherichia coli strain HB101. A 500 mL bacterial
culture was grown to OD600=1.0, chloramphenicol
was added to a final concentration of 170 mg/L,
and the culture was continued for another 4 hours.
The extracted pBR322-2HBV was digested with
EcoR I, and electrophoresis was performed in 1.
2% agarose gel. HBV-DNA 0.59 kb fragment
(n1398-n1992) was retrieved according to the
standard method[4].

DIG DNA  labeling HBV and HBx-DNA labeling
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procedures were described before[3]. Template DNA
(1.0 µg) and sterile redist water were added to a reaction
vial. Denature the DNA and add DIG high prime and
incubate for 20 hours at 37 . Reaction was stopped by
addtion of EDTA. Quantification of labeling efficiency
was performed according to instructions of the
manufacturer.

DNA extraction  Genomic DNA from the tumors were
isolated according to the standard methods[5].

HBV-DNA detection  Denatured genomic DNA 5 µl,
DNA 10 ng, HBV-DNA 10 pg, and 1.0 pg were heated

in a boiling water bath for 5 min-10 min, and chilled quickly
in an ice/ethanol bath for 5 min. They were mixed with
20×SSC and tipped to nitrocellulose filters. The filters were
prehybridized for 8-12 hours, hybridized for 24-36 hours
at 42 , washed and subjected to immunodetection
according to the standard dot blot hybridization
procedures.

Southern blot hybridization  Positive specimens
DNA which had been verified containing HBV-
DNA by dot blot hybridization was then digested
completely with specific restriction endonucleases,
electrophoresed in agarose gels, denatured, and
transferred to nitrocellulose filters. The filters
were performed with standard Southern blot
procedures.

HBx-DNA detection  Selected positive specimens
which had integ rated HBV-DNA only were confirmed
by Southern blot hybridization and standard dot blot
hybridization substituting HBV-DNA probe with HBx-
DNA probe was performed.

RESULTS
HBx-DNA retrieval result
Retrieved HBx-DNA and marker pBR322/Hae III were
subjected to electrophoresis in 1.5% agarose gels. HBx-
DNA was 0.59 kb fragment and its concentration was
0.1g/L (Figure 1).

Probe sensitivity and specificity
Confirmed with homologous DNA by dot blot
hybridization, HBV-DNA probe and HBx-DNA probe
all had a high sensitivity of 1.0 pg, and had high specificity
confirmed with heterologous DNA.

HBV-DNA detection of HCC
Thirty-three cases (75%) were confirmed to be infected
by HBV previously with HBV-DNA probe by dot blot
hybridization, and 11 cases had no evidences of HBV-
DNA existence.

Southern blot hybridization
Based on HBV-DNA integration into chromosome

or free existing in plasma, HBV-DNA positive HCC
specimens can be divided into three types:
integrated type which has integrated HBV-DNA
only; free type which has free HBV-DNA in
plasma;and integrated + free type which has HBV-
DNA both in chromosome and in plasma. In this
study, the integrated type and integrated + free type
covered 63.6% and 36.4%. Free type was not found
(Figure 2).

HBx-DNA detection
Confirmed with HBx-DNA probe by dot blot
hybridization, 19 (90.5%) of 21 cases of integrated
type HCC specimens, showed positive HBx-DNA
(Figure 3).

Figure 1  The electrophoresis result of HBx-DNA fragment. A:
HBx-DNA 0.59 kb, B: pBR322/Hae III.
Figure 2  The result of Southern blot hybridization of liver tissues of
HCC. A, C, D, E: integrated type B: both integrated and free type.
Figure 3  The detected result of HBx fragment of integrated type
HCC. 1D: HBV-DNA 1.0 pg, 1E: HBV-DNA 0.1 pg, 1F: DNA
10 ng, the others: specimens.

GAO Feng-Guang, et al. HBx-DNA probe preparation and its application                                                     321



DISCUSSION
Digoxigenin (DIG), a steroid hapten, is coupled to dUTP
via an alkali-labile ester-bond. For DNA labeling, DIG-
11-dUTP was labeled into HBx-DNA strands. DIG-
labeled HBx-DNA probe was used for hybridization to
membrane blotted nucleic acids and the hybridized probe
was immunodetected with anti-digoxigenin-AP and then
was visualized with the colorimetric substrates NBT/
BCIP. HBx-DNA probe prepared by us can detect 1.
0 pg homologous DNA and had no reaction with
heterologous DNA which indicated a high sensitivity
and specificity. The labeling process need no expensive
equipment and without radioactive pollution. In this
study, the HBx gene integration of integrated type
HCC were detected using HBx-DNA probe, and HBx-
DNA probe was used to observe the transcription
ratio of integrated HBx-DNA. All these may provide
some fundamental data for further research of
hepatocarcinogenesis.
         In our study, 75% HCC patients were found to be
infected with HBV previously. Of all HBV-DNA positive
HCC specimens, the integrated type and integrated +
free type covered 63.6% and 36.4%, which indicated
that HBV-DNA mainly integrated into cell
chromosomes. Robinson et al[6] drew the similar
conclusion. With PCR technique, Unsal H et al[7]

studied the HBx existence in 80 HCC cases from
Europe, Asia and Africa. The results showed that 78%
cases had HBx-DNA including 28 cases from China.
In this study, using intact HBV-DNA probe by Southern
blot hybridization, integrated type HCC was selected
first, and then integrated HBx-DNA was detected from
the selected specimens. Excluding the possibility of
pseudopositive results caused by free type HBV-
DNA existing in plasma, our study can reflect HBx-
DNA integration status exactly and efficiently. Of
the integrated type HCC, 90.5% showed HBx-DNA
integration, which suggest the important role of
HBX gene in the development of HCC. On the other
hand, the difference among HBV subgenic
integration percentage may indicate that HBV-DNA
integration was fragmental and always accompanied

by virus DNA deletion.
         It was reported that the integrated HBx gene can
be transcribed as temple and hence guided HBx protein
synthesis[8]. By now, more and more evidences have
demonstrated that HBx protein has a transactivation
function and integrated HBx-DNA or recombinated one
with flank chromosome sequences has even stronger
transactivation function than wild type one. Benn J et al
[9] discovered that HBx protein deregulated checkpoint
controls and consequently promoted the G0/G1 and G2/
M shift of cell cycle by activating ras or other unknown
factors. Greenblatt MS et al[10] found that HBx protein
can interact with p53 and suppress normal function of
p53 protein. All these findings indicated that HBx function
and the interaction among HBx protein, oncogene and
tumor suppressor gene may play important roles in the
development of HCC associated with HBV infection.
Obviously, HBx mRNA transcription and its relationship
with oncogene activation and tumor suppressor gene
inactivation should be focused in further researches.
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