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(57) ABSTRACT

The persistence of covalently closed circular (ccc) DNA of
Hepatitis B Virus (HBV) in liver cells is believed to be the
major reason for relapse after completion of HBV antiviral
therapy. Up to now, there is no sensitive method to quantify
cceDNA in infected liver cells. A set of primers were
designed to specifically amplify DNA fragments from HBV
cccDNA but not from viral genomic DNA. A good linear
range was obtained when 100 to 107 copies of HBV cccDNA
were used as template in the quantitative real-time PCR. Not
only is this method rapid, economical, highly sensitive, it
can be used to monitor HBV cccDNA in infected human
liver biopsies and to guide patients undergoing long-term
anti-HBV therapy.
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ASSAY FOR THE DETECTION AND
QUANTIFICATION OF HBV CCCDNA BY
REAL-TIME PCR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon provisional appli-
cation serial No. 60/383,953 filed on May 29, 2002 wherein
priority is claimed under 35 U.S.C. 119e.

BACKGROUND

[0002] Chronic Hepatitis B virus (HBV) infection is one
of the leading causes of death in the world. In Asia, more
than 10% of the population is chronic infected by HBV See
Seeger C. & Masson, W. S. (2000) Hepatitis B Virus Biology
Micro Molec Biol Review 64, 51-58; and Orito E. et al
(2001) Geographic Distribution of Hepatitis B Virus (HBV)
genotype in patients with chronic HBV infection in Japan
Hepatology 34, 590-594. See also He et al (2002) A New and
Sensitive Method for the Quantification of HBV cccDNA by
real time PCR, Academic Press: Biochemical and Biophysi-
cal Research Communications 295, 1102-1107 incorporated
herein by reference. It is believed that HBV covalently
closed circular DNA (cccDNA) contributes to the relapse
after discontinuation of antiviral therapy See Yokosuka O. et
al (1985) Changes of hepatitis B virus DNA in liver and
serum caused by recombinant Leukocyte interferon treat-
ment: analysis of infrahepatic replicative hepatitis B virus
DNA, Hepatology 5, 728-734. To better treat this disease, it
is necessary to monitor individual patients virologic profile
in the antiviral therapy, especially the change of cccDNA
level in the infected hepatocytes.

[0003] The replication of HBV undergoes an unusual
intermediate form-cccDNA. In the viral particles, viral
genome is partially double-stranded open circular DNA.
Upon infection, the virus transports its DNA to the hepato-
cyte nucleus and converts it to a cccDNA using host cell
enzymes. See Newbold, J. E. et al. (1995) The covalently
closed duplex form of the hepadnavirus genome exists in situ
as a heterogenous population of viral minochromosomes,
Jornal of Virology 69, 3350-3357; see also Seeger and
Masson (2000). Then the HBV cccDNA serves as the
template to transcribe viral RNAs, which serve either as
viral pregenome RNAs, or as mRNAs coding for the mul-
tifunctional polymerase, core, X and envelope (S) proteins.
The pregenomic RNA is encapsulated by the virion core
particle and reversely transcribed by the viral polymerase,
forming a single-strand DNA (negative strand). There is a
great probability to generate HBV variants at this step since
the reverse transcriptase lacks proofreading activity. Sum-
mers J. and Mason W. S. (1982) Replication of the genome
of a hepatitis B-like virus by reverse transcription of an
RATA intermediate. Cell 29, 403-415; See also Seeger, C. &
Masson, W. S. (2000).

[0004] Subsequently, the pregenome is degraded and the
minus-strand DNA acts as a template for synthesis of a
plus-strand DNA with variable length. Finally, HBV genome
is either encapsulated to produce virions and be secreted out,
or recycled back to the nucleus to maintain a pool of
cccDNA molecules, resulting in the formation of a steady-
state population of 5-50 ccc DNA molecules per infected
hepatocyte see Tuttleman J. S. et al (1986) Formation of the
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pool of covalently closed circular viral DNA in hepadnavi-
rus-infected cells, Cell 47, 451-460. All the HBV protiens
play crucial roles in the HBV gene transcription, replication,
viral packaging and recycling. Thus, monitoring HBV
cceDNA level will provide more direct evidence to reflect
the HBV activity in the body.

[0005] The HBV cccDNA pool in the nucleus is thought to
be the major reason of antiviral drug resistance. It was
shown that the cccDNA form was not eliminated in patients
upon completion of antiviral therapy with interferon alpha,
leading to a relapse See Yokosuka O. et al (1985). As HBV
replication does not employ a semi-conservative mecha-
nism, any nucleotide analogue-based therapy would not
directly affect the pre-existing cccDNA template. This was
confirmed in the animal model studies. See Dean, J. et al.
(1995) Reversion of Duck Hepatitis B virus DNA replication
in vivo following cessation of trearment with the nucleotide
analogue ganciclovir, Antiviral Res 27, 171-178; See also
Morelda, G. et al (1997) Lack of effect of antiviral therapy
in nondividing hepatocyte cultures on the closed circular
DNA of woodchuck hepatitis virus. J Virol 71, 9392-9399.

[0006] Accumulated evidence suggests that the eradica-
tion of chronic HBV infection require the elimination of the
viral cccDNA from infected hepatocytes. See Locarni, S. A.
et al (1996) Hepatitis B: New approaches for antiviral
chemotherapy, Antiviral Chemistry and Chemotherapy 7,
1-12. It is important to develop a fast, sensitive method to
measure cccDNA in the infected liver cells. The level of
cccDNA in hepatocytes may be an important parameter in
the decision of when to stop therapy in patients receiving
long-term nucleoside analogue therapy.

[0007] Monitoring the level of cccDNA in the infected
liver cells will provide useful information to the efficacy of
treatment and long-term response. Quantification of HBV
cccDNA by conventional techniques such as Southern
hybridization is not sensitive enough because of the limited
amount of clinical material available and the low copy
number of cccDNA molecules in the liver cells. Recently,
quantitative real-time PCR assay has successfully been used
to monitor viral load in HBV, HCV, and HIV infections.
Lewin, S. R. et al. (2001) Analysis of hepatitis B viral load
decline under potent therapy: complex decay profiles
observed. Hepatology 34, 1012-1020; Mitsunaga S. et al
(2002) High-thoroughput HBV DNA and HCV RNA detec-
tion system using a nucleic acid purification robot and real
time detection PCR; its application to analysis of posttrans-
fusion hepatitis. Transfusion 42, 100-106; Cote, H. C. et al
(2002) Changes in mitochondiral DNA as a marker of
nucleoside toxicity in HIV-infected patients. N Engl J. of
Med. 346, 811-820. It can accurately detect as low as 500
copies of virus in serum/ml, while the limitation for com-
monly used Digen Hybrid Capture II assay is 1.4x10°
viruses in serum/ml Lau, G. K. et al. (2002) High hepatitis
B virus (HBV) DNA viral load as the most important risk
factor for HBV reactivation in patients positive for HBV
surface antigen undergoing autologous hematopoietic cell
transplantation. Blood 99, 2324-2330. Since HBV viral
DNA has a gap in the minus-strand and an incomplete
plus-strand of variable length, selective cccDNA primers
can be designed to amplify the region corresponding to the
gap and incomplete region in the partially double-stranded
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virion DNA Littlejohn, M. et all (2001) Selective PCR for
hepatitis B virus cccDNA: Validation fo real time assays.
Hepatology 34, 311A.

SUMMARY

[0008] The invention relates to a new method for the
quantification of hepatitis B virus (HBV) of covalently
closed circular (ccc) cccDNA by real time polymerase chain
reaction or PCR. Pairs of primers to specifically amplify
DNA fragments from HBV cccDNA but not the genomic
DNA were used. A good linear range was observed from 100
to 107 copies of cccDNA templates in a real-time PCR
reaction. This new method provides a rapid and sensitive
assay for quantification of cccDNA in infected hepatocytes,
which will provide guidance for patients undergoing long-
term anti-HBV therapy.

[0009] More specifically, the invention relates to a method
for detecting covalently closed circular cccDNA of a Hepa-
titis B virus HBV 1in the form of a HBV cccDNA genome.
The method starts by wherein a sample of liver cells infected
with HBV ccecDNA virus is obtained from a patient. Next, at
least one primer is prepared for applying to at least one end
of the HBV cccDNA virus. Next, the HBV cccDNA virus is
amplified by a polymerase chain reaction (PCR) using the at
least one primer. Next, at least one probe is prepared for
applying to the HBV cccDNA gnome, wherein the probe
comprises a dye and a dye quencher. Next, a second poly-
merase chain reaction is conducted to bind the at least one
primer to the at least one probe so that the dye and the dye
quencher in the probe are separated allowing the HBV
cccDNA to be detected via the dye.

[0010] The sequence of the HBV can be any full-length
HBV genomic sequence in the GeneBank. The HBV
sequence used was published in Science in China in 1986
and is also listed as (SEQ ID NO. 11). The plasmid infor-
mation can also obtained from a published paper (Fu, L.,
Wu, X., Kong, Y. & Wang, Y. Regulation of HBV gene
expression by core promoter and its upstream sequence.
Chin J. Virol., 13, 215-223, 1997).

[0011] With respect to the sequences, in a DNA sequence,
B means nucleotide C, G, or T; W means nucleotide A or T.

[0012] Essentially the invention relates to a method for
detecting covalently closed circular cccDNA of a Hepatitis
B virus HBV in the form of a HBV cccDNA genome. The
method can contain the following steps; obtaining a sample
of liver cells infected with HBV cccDNA virus from a
patient. Next, the process involves preparing at least one
primer for applying to at least one end of the HBV cccDNA
virus. The next step includes amplifying the HBV cccDNA
virus by a polymerase chain reaction (PCR) using the at least
one primer. Next, the process involves preparing at least one
probe for applying to the HBV cccDNA gnome, wherein the
probe comprises a dye and a dye quencher. The next step
involves conducting a second polymerase chain reaction to
bind the at least one primer to the at least one probe so that
the dye and the dye quencher in the probe are separated
allowing the HBV cccDNA to be detected via the dye.

[0013] The invention also relates to a kit comprising for
the detection of HBV cccDNA in a patient comprising a
plurality of forward amplification primers for detecting
cccDNA wherein the forward primers consist of: (5'-(SEQ
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ID NO: 1)-3) (5-(SEQ ID NO: 2)-3) (5'(SEQ ID NO:
3)-3"). There are also a plurality of reverse primers wherein
these reverse primers consist of: (5' (SEQ ID NO: 4)-3%;
(5'(SEQ ID NO: 5)-3"; and (5' (SEQ ID NO: 6)-3". This kit
is used to perform the steps described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Other objects and features of the present invention
will become apparent from the following detailed descrip-
tion considered in connection with the accompanying draw-
ings, which disclose at least one embodiment of the present
invention. It should be understood, however, that the draw-
ings are designed for the purpose of illustration only and not
as a definition of the limits of the invention.

[0015] In the drawings, wherein similar reference charac-
ters denote similar elements throughout the several views:

[0016] FIG. 1 shows the structure of the HBV genome.
The HBV genome is composed of partial single-stranded,
partial double-stranded and partial triple-stranded DNA in
the viral particle;

[0017] FIG. 2A is the diagram of detection of HBV
cccDNA wherein HBV cccDNA can be detected by real-
time PCR;

[0018] FIG. 2B is a diagram of detection for HBV
cccDNA wherein HBV genomic DNA cannot be detected by
real-time PCR;

[0019] FIG. 3 is a photo of a primer selection wherein
PCR was performed to select primer pairs which can spe-
cifically amplify a DNA fragment from HBV cccDNA but
not genomic DNA in the PCR reaction;

[0020] FIG. 4 shows the real-time PCR profile of primer
pairs using 10° copies of cccDNA as template;

[0021] FIG. 5A shows a real-time PCR performance of
primer pair HBV-CCC-F1/HBV-CCC-R1 when 100 to 107
copies of HBV cccDNA were used as template;

[0022] FIG. 5B shows a standard curve wherein a good
linear range was obtained when 100 to 107 copies of HBV
cccDNA were used as template;

[0023] FIG. 6 shows a graph of real-time PCR which can
quantitatively differentiate HBV genomic DNA from repli-
cation intermediate DNA,;

[0024] FIG. 7A shows a table of a reading of a first
patient; and

[0025] FIG. 7B shows a table of a reading of a second
patient.

DETAILED DESCRIPTION

[0026] Referring in detail to the drawings, FIG. 1 shows
the structure of the HBV genome. The HBV genome is
composed of partial single-stranded, partial double-stranded
and partial triple-stranded DNA in the viral particle. The
length of the plus strand is variable, but the negative strand
has a definite 5' end and 3' end near position nucleotide
1800. The principle of quantitative measurement of HBV
cccDNA occurs wherein in an HBV genome, the incomplete
plus strand has a variable 3' end but a defined 5' end around
position 1600 near DR2, while the complete minus strand
has defined 5' and 3' ends with a terminal redundancy of 9
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bases. See Zuckerman, A. J. et al Viral Hepatitis Harcourt
Publishers Ltd Press, USA 1998. There is a gap around
position 1800 near DR1 as shown in FIG. 1. Therefore,
primers can be designed and selected to specifically amplify
DNA fragments from replication intermediate cccDNA but
not from viral genome DNA. As shown in FIG. 1, the circle
shows the primase while the diamond shape shows the DNA
polymerase. In this case, both strands are closed with no
overhang.

[0027] The primers and probe are applied to the cccDNa
simultaneously during the real time PCR. However, the
probe cannot become a new strand in the PCR reaction
because the 3'-end of the probe is blocked by the quencher
linked at the 3' end. As shown in FIG. 1, the Tag DNA
polymerase will extend the primers and become a new
strand during the PCR reaction. The TagDNA will finally
meet and cut the probe, and the dye gets released and
detected by the machine when the cccDNA is used as a
template as shown in FIG. 2A. However, the dye will not be
released and detected by a machine when HBV genomic
DNA was used as a template because a chain extension
cannot go through the gap to meet the probe as shown in
FIG. 2B.

[0028] FIG. 2A and FIG. 2B highlight the difference
surrounding the detection of HBV cccDNA vs HBV
genomic DNA. For example, FIG. 2A is the diagram of
detection of HBV cccDNA, wherein HBV ¢cccDNA can be
detected by real-time PCR. In contrast, FIG. 2B is a diagram
of detection for HBV cccDNA wherein HBV genomic DNA
cannot be detected by real-time PCR.

[0029] During this process, a TagMan probe is used for
detection of ccc DNA. This TagMan probe binds to DNA
when PCR is performed, and is composed of dye and dye
quencher. As shown in FIG. 2A, the fluorescence signals are
released and detected by ABI 7900 Sequence detector when
Tag DNA polymerase meet and cut the probe to separate the
dye and quencher. In contrast, as shown in FIG. 2B, PCR
cannot proceed properly if viral genome DNA is used as a
template because the dye and quencher are not separated. To
reduce the background, the primer was designed to bind the
negative strand on one side of the gap, and the probe to bind
the same strand on the other side. As shown in FIG. 2B, Taq
DNA polymerase will not be able to reach the probe if the
viral genome DNA is used as template in a real-time PCR
reaction. In this case, no signal can be detected no matter
how the plus strand is amplified in the reaction.

[0030] Thus, to detect the presence of HBV cccDNA, sets
of primers that specifically amplify HBV DNA from
cccDNA but not from virus genome DNA were created.
Over 150 known sequences of HBV were aligned in Gen-
Bank, including all the genotypes (A to G). According to the
sequence conservation, three forward primers (HBV-CCC-
F1, HBV-CCC-F2, HBV-CCC-F3) and three reverse primers
(HBV-CCC-R1, HBV-CCC-R2 and HBV-CCC-R3) were
designed. To cover different genotypes, some primers were
degenerated. Different primer combinations were used in the
primer selection PCR experiments.

[0031] Both cccDNA and viral genome DNA were used as
templates for primer selection. The cccDNA was obtained
by isolation of supercoil plasmid containing the full-length
HBYV genome and its concentration was determined mea-
surement of OD260 and verified by agarose gel electro-
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phoresis. See Fu, L. et al. (1997) Regulation of HBV gene
expression by core promoter and its upstream sequence.
Chinese J. Virology 13, 216-223; Ausubel, F. et al, ed (1998)
Current Protocols in Molecular Biology, John Wiley &
Sons, Inc.). The viral genomic DNA was obtained from a
derivative of HepG2 cell line (HepAD38), which constantly
produces HBV viral particles in the medium without tetra-
cycline See Ladner, S. K. et al. (1999) The hepatitis B virus
M539V polymerase variation responsible for 31C resistance
also confers cross resistance o other nucleoside analogues.
Aantivir Chem Chemother. 9, 65-72. The copy number of the
isolated genome was determined by real-time PCR using a
commercial HBV detection kit (PG Biotech. Com., Ltd.,
China).

[0032] The 10° copies of plasmid DNA or 1.6x10° copies
of viral DNA were used as templates. The results showed
that four primer combinations (HBV-CCC-F1/HBV-CCC-
R1, HBV-CCC-F1/HBV-CCC-R3, HBV-CCC-F3/HBV-
CCC -R1, and HBV-CCC-F3/HBV-CCC-R2) gave rise to
specific band from plasmid template samples while no band
from viral genome DNA samples after PCR amplification.
All the combinations containing HBV-CCC-F2 gave rise to
some background. In addition, the primer HBV-CCC-F3/
HBV-CCC-R3 combination also gave a smear band for
unknown reasons.

[0033] For example, FIG. 3 shows a photo of a primer
selection wherein PCR was performed to select primer pairs
which can specifically amplify DNA fragment from HBV
cccDNA but not genomic DNA in the PCR reaction. 10°
copies of cccDNA from a plasmid containing HBV genome
were used as template in lane 1,2, 3,7, 8,9, 13, 14 and 15;
while 1.6x10° copies of virus DNA isolated from AD38
condition medium were used as template in lane 4, 5, 6, 10,
11,12, 17, 18, 19. The primer pairs that were used were: 1,
4, HBV-CCC-F1/HBV-CCC-R1; 2, 5, HBV-CCC-F1/HBV-
CCC-R2; 3, 6, HBV-CCC-F1/HBV-CCC-R3; 7, 10, HBV-
CCC-F2/HBV-CCC-R1; 8, 11, HBV-CCC-F2/HBV-CCC-
R29, 12, HBV-CCC-F2/HBV-CCC-R3; 13, 16, HBV-CCC-
F3/HBV-CCC-R1; 14, 17, HBV-CCC-F3/HBV-CCC-R2;
15, 18, HBV-CCC-F3/HBV-CCC-R3.

[0034] FIG. 4 shows the real-time PCR profile of primer
pairs using 10° copies of cccDNA as template, wherein F1
is HBV-CCC-F1; while R1 is HBV-CCC-R1, while R3 is
HBV-CCC-R3. Real-time PCR can accurately measure
cccDNA of HBV. Thus, the primer pairs with good speci-
ficity in the PCR experiments were used to test the perfor-
mance in the real-time PCR reaction. The results showed
that HBV-CCC-F1/HBV-CCC-R1, HBV-CCC-F1/HBV-
CCC-R3 and HBV-CCC-F3/HBV-CCC-R1 gave satisfac-
tory performance when 10° copies of supercoil plasmid were
used as templates.

[0035] In addition, HBV-CCC-F1/HBV-CCC-R1 primer
pair was chosen for further experiments wherein FIG. 5A
shows a real-time PCR performance of primer pair HBV-
CCC-F1/HBV-CCC-R1 when 100 to 107 copies of HBV
cccDNA were used as template. These results showed a
good linear range when 100 to 107 copies of plasmid DNA
were used as templates. Thus, FIG. 5B shows a standard
curve wherein a good linear range was obtained when 100
to 107 copies of HBV cccDNA were used as template.

[0036] To confirm whether the HBV-CCC-F1/HBV-CCC-
R1 primer pair can specifically and quantitatively differen-
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tiate cccDNA and genomic DNA, real-time PCR experi-
ments were performed using HBV DNA isolated from
HepAD38 conditioned medium or patient liver biopsy as
templates for cccDNA detection. The result showed that no
signal was detected using DNA templates isolated from
HepAD38 conditioned medium, while 2.3x10* copies of
cccDNA were detected using DNA templates isolated from
patient liver biopsy Thus, FIG. 6 shows a graph of real-time
PCR which can quantitatively differentiate HBV genomic
DNA from replication intermediate DNA.

[0037] Clinically, the cccDNA level of HBV in infected
hepatocytes may be an important parameter for antiviral
therapy. A set of primers can specifically amplify replication
intermediate cccDNA of HBV but not genomic DNA. These
primers gave rise to a good linear range in the quantitative
real-time PCR reaction when 100 to 107 copies of HBV
cccDNA were used as templates, while zero background was
observed using HBV viral genome DNA as template.

[0038] The quantitative measurement of cccDNA in liver
is not fully developed due to the lack of primer specificity to
cccDNA and genomic DNA. The selectivity of the HBV
cccDNA primers is not absolute; partial elongation products
can be produced from the PCR of non-ccc forms of HBV
DNA along with high levels of background. To overcome
this problem, the design of the primers and probe involved
a unique strategy. In the assays, the probe could not be cut
by Taqg DNA polymerase to release the signal using genomic
DNA templates. Therefore, this assay can perfectly differ-
entiate between the genomic DNA and cccDNA as shown by
the results in FIG. 6.

[0039] The primers and probe may also be used to quan-
tify HBV cccDNA with multiple genotypes. To overcome
the difference among the sequences, over 150 known
sequences in the GenBank and designed degenerated probe
and primers. Blast assay (NCBI) showed that HBV-CCC-F1
fits genotype A (GenBank accession. No. AJ309371,
AJ309370), genotype B (No. AF121250), genotype C (No.
AF461358), and genotype A/D (No.AF297620). Primer
HBV-CCC-R1 also fits multiple genotypes, including geno-
type A, genotype B, genotype C, genotype G (No.AF3-
63962) and genotype F (No.AB036920). This allows our
assay to cover over 90% of patients in the Asia-pacific area.

[0040] This novel quantitative real-time PCR assay for
HBV cccDNA will provide a powerful tool for clinical
studies. The results from the studies on cccDNA kinetics of
infected hepatocytes should provide useful guidance for
patients undergoing long-terms anti-HBV therapy.

[0041] Experimental Protocol: Experiment 1

[0042] cccDNA preparation: Chinese HBV DNA (geno-
type C) cloned in pBS vector (p3.6I) was a gift from
Professor Yuan Wang (16). The supercold plasmid
(cccDNA) was isolated by CsCl purification Ausubel, F. et
al, ed (1998) Current Protocols in Molecular Biology, John
Wiley & Sons, Inc.

[0043] Cell culture and HBV wviral DNA isolation:
HepAd38 cells were obtained from Professor Stephen
Locarnini and were cultured at 37 C in DMEM medium
supplemented with 10% (v/v) fetal bovine serum, 100 IU/ml
penicillin/streptomycin, 500:g/ml G418, and 1:g/ml tetracy-
cline. To obtain HBV viral DNA, HepAD38 cells were
seeded in 12-well culture plates. After three days, the
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medium was removed and replaced by fresh medium lacking
tetracycline. Viral genome DNA was extracted from either
AD38 conditioned medium after another two days of culture
or a patient liver biopsy (HBeAg+) using a QIAamp DNA
Blood Mini Kit (QIAGEN, Hilden, Germany) according to
the manufacturers instructions.

[0044] Primers and PCR: Several pairs of primers were
designed to amplify HBV DNA fragment using p3.6II
supercoid plasmid or HBV genome DNA as templates. The
forward primers were HBV-CCC-F1: 5'-(SEQ ID NO: 1)-3%
HBV-CCC-F2: 5-(SEQ ID NO: 2)-3'; HBV-CCC-F3:
5-(SEQ ID NO: 3)-3'; the reverse primers were HBV-CCC-
R1: 5-(SEQ ID NO: 4)-3'; HBV-CCC-R2: 5'-(SEQ ID NO:
5)-3'; HBV-CCC-R3: 5'<(SEQ ID NO: 6)-3". The PCR prim-
ers and probe are conserved among over 150 known
sequence obtained from GenBank corresponding to different
genotypes. PCR was performed using combined primer
pairs under the following conditions: 94x2 min, [95x15
sec—54x30 sec—72x1 min]x40 cycles, 72 5 min.

[0045] Quantification of HBV viral DNA and cccDNA
using Real-time PCR: For HBV DNA quantification by
real-time PCR, PCR amplification was performed with a set
of PCR primers and a probe, which covers the HBV genome
from nucleotide 1500-2100, corresponding to the surface
antigene gene (S gene) of the HBV. The PCR primers were:
HBV-S-F: 5'-(SEQ ID NO: 7)-3', HBV-S-R: 5'-(SEQ ID NO:
8)-3'. The TagMan probe was 5'-TET-(SEQ ID NO:
9)-TAMRA-3'". The PCR were performed according to the
manufacture instructions (PG Biotech. Ltd, China) using
ABI 7900HT Sequence Detection System. For quantifica-
tion of HBV cccDNA by real-time PCR, 250 nM of the
probe (5-FAM-(SEQ ID NO: 12)-TAMRA-3' and 900 nM
of the two PCR primers were used. FAM is the fluorescence
die linked at the 5' end, and TAMRA is a quencher linked at
the 3' end. As shown in FIG. 1, the Tag DNA polymerase
will extend the primers and become a new strand during the
PCR reaction. The PCR reaction was carried out in a 20:1
volume using Master Mix (ABI, USA). The PCR cycling
program consisted of an initial denaturing step at 95° C. for
10 min, followed by 45 amplification cycles at 95° C. for 15
sec., 61.5° C. for 1 min. Essentially, the Taq DNA poly-
merase will finally meet and cut the probe and the dye gets
released and detected by the machine when cccDNA is used
as a template as shown in FIG. 2A. However, the dye will
not be released and detected by a machine when HBV
genomic DNA was used as a template because the chain
extension cannot go through the gap to meet the probe as
shown in FIG. 2B.

[0046] Experimental Protocol: Experiment 2
[0047] Materials and Methods

[0048] cccDNA standard: A plasmid containing Chinese
HBV genome (PHBV-adr) was a gift from Professor Yuan
Wang. The supercoid plasmid (cccDNA) was isolated by
CsCl purification. The cccDNA concentration was deter-
mined by measurement of OD260 and verified by agarose
gel electrophoresis. The copy number was determined by its
molecule weight.

[0049] HBV viral DNA preparation: HBV viral DNA was
extracted from either 200 ul of patient sera or weighted liver
biopsies using a QIAamp DNA Blood or Tissue Mini Kit
(QIAGEN, Hilden, Germany) according to the manufactur-
er’s instructions.
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[0050] Quantification of HBV cccDNA using Real-time
PCR: The method for HBV cccDNA and genomic DNA
quantification was described by He et al. (BBRC., 2002)
with minimor modification. Briefly, a pair of primers (for-
ward primer: 5'-(SEQ ID NO: 1) 3/, reverse primers 5'-(SEQ
ID NO: 4)-3"), which can specifically amplify a DNA
fragment from HBV cccDNA, but not viral genomic DNA
by PCR, were used for real-time PCR. In a typical real-time
PCR reaction, 250 nM of the probe (5-FAM(SEQ ID
N0:10)-3") and 900 nM of the two PCR primers were used.
For total HBV quantification, PCR amplification was per-
formed with a HBV DNA diagnostic kit (PG Biotech. Ltd,
China) using ABI 7900HT Sequence Detection System. The
PCR program consisted of an initial denaturing step at 95°
C. for 10 min, followed by 40 amplification cycles at 95° C.
for 15 sec, 61.5° C. for 1 min.

[0051] Patients samples: The patients were treated with
chemotherapy at Queen Mary Hospital, Hong Kong SAR
China from Jan. 2000 to May 2002. In accordance with the
standard protocols, all patients who received chemotherapy
were screened for HBsAg, HBsAb, human immunodefi-
ciency virus antibody (HIV Ab), HBV DNA by PCR and
hepatitis C antibody (anti-HCV) using commercially avail-
able enzyme immunoassays (Abbott Laboratories, Chicago,
111., U.S.A)) and HBcAb was tested by RIA (Corab; Abbott).
For all HBsAg positive patients, further serological testing
for hepatitis B ¢ antigen (HBeAg), hepatitis B e antibody
(HBeAb) and serum HBV DNA by PCR and were per-
formed chemotherapy with lamivudine. All these HBsAg
positive recipients were tested at 2-weekly interval for liver
function tests (including serum alanine aminotransferase,
serum albumin and bilirubin) and serum HBV DNA during
chemotherapy. Hepatitis serology (HBsAg, HBeAg,
HBeAb, HBV DNA by PCR, and HCV RNA by RT-PCR)
were performed on the serum collected preceding and during
the events whenever there was any clinical suspicion of liver
damage due to hepatitis B infection. The occurrence of
hepatic events (acute hepatitis, chronic hepatitis, anicteric
and icteric hepatitis, hepatic failure) were recorded. Hepa-
titis was defined as a more than three-fold elevation of serum
aminotransferase above the upper limit of normal, on two
consecutive determinations at least five days apart. HBV
reactivation was defined when preceded or accompanied by
an elevation of serum HBV DNA to more than ten times that
of the pre-exacerbation baseline, the serum HBV DNA
turned from negative to positive, or the HBsAg became
positive and remained so for two consecutive readings five
days apart.

[0052] All serum and biopsy samples were stored at =70°
C. All patients who had post-chemotherapy hepatitis due to
HBYV reactivation were treated with lamivudine 100 mg
once daily.

[0053] Result:

[0054] The HBV cccDNA exists in all the patients’ hepa-
tocytes but only in a subset of patients’ sera. To elucidate the
cccDNA status in the HBV patients, the cccDNA and total
HBV DNA level was quantified in the liver biopsies. The
total DNA was isolated from weighted liver biopsies and
quantified with a HBV diagnostic kit by real-time PCR. The
HBYV cccDNA was also measured by real-time PCR. Our
results showed that the HBV cccDNA was detected in all the
HBYV patients’ liver biopsies. The copy number of cccDNA
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in the patient hepatocytes is from 0.05 to 168 per cell. The
copy number of the total HBV DNA in the patient hepato-
cytes is from 0.08 to over 3000 copies per cell. The ratio of
the cccDNA to the total HBV DNA is from 1 to 10,000
(Table 1), indicating that the cccDNA in patient hepatocytes
have active replication and relative silent status. The HBV
cccDNA may also be in the patients’ sera because of liver
inflammation and necrosis. To test this hypothesis, the HBV
DNA was isolated from patients’ sera and there was per-
formed quantitative PCR. The results showed that the
cccDNA could only be detected in a subset of patients’ sera
though the HBV DNA was detected in all the patients’ sera
(Table 1). The ratio of the cccDNA to the total HBV DNA
is 0 to 1.7%.

[0055] Conclusion: The cccDNA is an early signal of liver
damage To investigate the medical significance of the
ccecDNA in sera, longitudinal studies were performed.
Patients with or without HBV reactivation during lamivu-
dine treatment were chosen for this study. The patients’ sera
were collected every two weeks and the HBV DNA was
isolated for the quantification of the HBV cccDNA and total
HBYV DNA. The results showed that the HBV cccDNA was
not detectable by sensitive real-time PCR in the patients
without the HBV reactivation. However, the cccDNA was
detected in the patients with the HBV reactivation (FIGS.
7A and 7B). The cccDNA level was correlated with viral
load, which occurred earlier than the ALT. Before the ALT
value increased, the cccDNA level and viral load had
elevated to a high level. With the ALT increases, the
cccDNA level dropped rapidly. These results suggested that
the patients with cccDNA in sera have high risk for HBV
reactivation, and the occurrence of the HBV cccDNA in the
sera comes carlier than the ALT elavation.

[0056] The results suggest that the cccDNA level in the
sera may be an important parameter for anti-HBV treatment,
and low level of cccDNA in hepatocytes be an end point of
treatment.

TABLE 1

HBYV cccDNA in the patients’ hepatocytes and sera

HBV DNA in the Biopsies HBV DNA in the sera

(copy/cell) (copy/ml)
HBV  HBV/ HBV cee/
Patients cccDNA  DNA®  cec® cccDNA DNA® HBVY
1 2.05 195.5 98.7 3.4x10° 4.8x 10 0.01%
2 0.03 0.17 5.8 UN 6.6 x 107 —
3 173.1 799.5 4.6 3.1x10° 6.0x 10 0.001%
4 0.16 8.13 51.7 UN 1.9 x 107 —
5 0.03 0.08 2.8 UN 5.4 x 10° —
6 16.02 17.4 1.1 24x10° 53x10%  0.46%
7 18.03 3717 206  3.1x 107 1.8 x10% 0.02%
8 0.79 13.1 16.5 UN 2.4 x 10—
9 0.05 1533 3406 2.8 x 10° 3.0x 10° 0.01%
10 2.06 16.4 8 2.7 x 10° 7.5x 10°  1.77%
Legend:

The total HBV copies per cell in the patient’s liver biopsies;

The ratio of total HBV DNA to cccDNA in the patient’s liver biopsy;
“The total HBV copies in serium per ml in the patient’s sera; and
9The ratio of cccDNA to total HBV DNA in the patient’s sera.

[0057] Accordingly, while at least one embodiment of the
present invention has been shown and described, it is to be
understood that many changes and modifications may be
made thereunto without departing from the spirit and scope
of the invention as defined in the appended claims.
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<160>

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 12

SEQ ID NO 1

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 1

actcttggac tcbcagcaat g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 2

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 2

tgttcaccag caccatgce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 3

gcggwctcee cgtctgtgcee

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 4

ctttatacgg gtcaatgtcc a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 5

acagcttgga ggcttgaaca g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic DNA

SEQUENCE: 6

gtccatgcece caaagccacce

21

18

20

21

21

20
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<210> SEQ ID NO 7
<211> LENGTH: 18

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

cctcttcatce

ctgctgcet

<210> SEQ ID NO 8
<211> LENGTH: 19

<212> TYPE:

DNA

synthetic DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic DNA

<400> SEQUENCE: 8

aactgaaagc

caaacagtg

<210> SEQ ID NO 9
<211> LENGTH: 27

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 9

tcccatccca tcatcctgect gggettt

<210> SEQ ID NO 10
<211> LENGTH: 33

<212> TYPE:

DNA

synthetic DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic DNA

<400> SEQUENCE: 10

ctttttcacc tctgcctaat catctcwtgt tca

<210> SEQ ID NO 11
<211> LENGTH: 3215

<212> TYPE:

<213> ORGANISM: Hepatitis B virus

DNA

<400> SEQUENCE: 11

aactccacaa
gctggtgget
tcaatcttct
ctaggacccce
ccacagagtc
cttggccaaa
tgtcctggtt
ctatgcctca
ctacttccaa

caaggaacct

cattccacca
ccagttccgg
cgaggactgg
tgctegtgtt
tagactcgtg
attcgcagte
atcgttggat
tcttettgtt
gaacatcaac

ctatgtttce

agctctgcta
aacagtaaac
ggaccctgca
acaggcgggg
gtggacttect
cccaacctcece
gtgtctgcgg
ggttcttctg
taccagcacg

ctcttgttge

gaccccagag
cctgttccga
ccgaacatgg
tttttcttgt
ctcaattttce
aatcactcac
cgttttatca
gactaccaag
ggaccatgca

tgtacaaaac

tgaggggect
ctactgcctce
agagcacaac
tgacaagaat
tagggggage
caacctcttg
tattcctcett
gtatgttgcce
agacctgcac

cttcggacgg

atactttcct
acccatatcg
atcaggattc
cctcacaata
acccacgtgt
tcctccaatt
catcctgetg
cgtttgtecect
gattcctgct

aaactgcact

18

19

27

33

60

120

180

240

300

360

420

480

600
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—continued
tgtattccca tcccatcatc ttgggctttce gcaagattce tatgggagtg ggcctcagte 660
cgtttctcecct ggctcagttt actagtgcca tttgttcagt ggttcgtagg gctttcccce 720
actgtttgge tttcagttat atggatgatg tggtattggg ggccaagtct gtacaacatc 780
ttgagtccct ttttacctct attaccaatt ttcttttgte tttgggtata catttgaacc 840
ccaataaaac caaacgttgg ggctattccc ttaatttcat gggatatgta attggatgtt 900
ggggtacttt accgcaagaa catattgtac taaaaatcaa gcaatgtttt cgaaaactgc 960

ctgtaaatag acctattgat tggaaagtat gtcagagaat tgtgggtctt ttgggctttg 1020
ctgccccttt tacacaatgt ggctatcctg ccttgatgce tttatatgca tgtatacaat 1080
ctaagcaagc tttcactttc tcgccaactt acaaggcctt tctgtgtaaa caatatctga 1140
acctttacce cgttgecccgg caacggtcag gtctetgeca agtgtttget gacgecaacce 1200
ccactggatg gggcttggct attggccatc gccgcatgecg tggaaccttt gtggctccte 1260
tgccgatcca tactgcggaa ctcctggcag cctgttttge tcgcagccgg tctggagcaa 1320
aacttatcgg aaccgacaac tctgttgtcc tctctcggaa atacacctcc tttccatgge 1380
tgctcgggtg tgctgccaac tggatcctge gcgggacgtc ctttgtctac gtccecgtcgg 1440
cgctgaatcc cgcggacgac ccgtctcggg gccgtttggg cctctatcgt ccccttette 1500
atctaccgtt ccggccgacc acggggcgca cctctcttta cgcggtctcecce cecgtectgtge 1560
cttctcatct gccggaccgt gtgcacttcg cttcacctct gcacgtcgca tggagaccac 1620
cgtgaacgcc caccaggtct tgcccaaggt cttacataag aggactcttg gactcgcagce 1680
aatgtcaacg accgaccttg aggcatactt caaagactgt ttgtttaagg actgggagga 1740
gttgggggag gagattaggt taaaggtctt tgtactggga ggctgtaggc ataaattggt 1800
ctgttcacca gcaccatgca actttttcac ctctgcctaa tcatctcatg ttcatgtcct 1860
actgttcaag cctccaagct gtgccttggg tggctttggg gcatggacat tgacccgtat 1920
aaagaatttg gagcttctgt ggagttactc tcttttttge cttctgactt cttteccttet 1980
attcgagatc tcctcgacac cgcctcagct ctgtatcggg aggccttaga gtctccggaa 2040
cattgctcac ctcaccatac cgcactcagg caagctattc tgtgttgggg tgagttgatg 2100
aatccggcca cctgggtggg aagtaatttg gaagacccag catccaggga attagtagtc 2160
agctatgtca atgttaatat gggcctaaaa atcagacaac tactgtggtt tcacatttcc 2220
tgtcttactt ttggaagaga aactgttctt gagtatttgg tgtcttttgg agtgtggatt 2280
cgcactccte ctgcttacag accaccaaat gcccctatct tatcaacact tccggaaact 2340
actgttgtta gacgacgagg caggtcccct agaagaagaa ctccctcgcce tcgcagacga 2400
aggtctcaat cgccgcgtcg cagaagatct caatctcggg aatctcaatg ttagtatccce 2460
ttggactcat aaggtgggaa actttactgg gctttattct tctactgtac ctatctttaa 2520
tcctgagtgg caaactccct cctttcectca cattcattta caggaggaca ttattaatag 2580
atgtcaacaa tatgtgggcc ctcttacagt taatgaaaaa aggagattaa agttaattat 2640
gcctgctagg ttctatccta accttaccaa atatctgcce ttggacaaag gcattaaacc 2700
atattatcct gaacatgcag ttaatcatta cttcaaaact aggcattatt tacatactct 2760
gtggaaggcg ggcattctat ataagagaga aactacgcgc agcgcctcat tttgtgggtce 2820

accatattct tgggaacaag agctacagca tgggaggttg gtcttccaaa cctcgacaag 2880
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—continued
gcatggggac gaatctttct gttcccaatc ctctgggatt ctttcccgat caccagttgg 2940
accctgcgtt cggagccaac tcaaacaatc cagattggga cttcaacccc aacaaggatc 3000
actggccaga ggcaaatcagqg gtaggagcgg gagcattcgg gccagggttc accccaccac 3060
acggcggtct tttggggtgg agccctcagg ctcagggcat attgacaaca gtgccagtag 3120
cacctcctce tgcctccacc aatcggcagt caggaagaca gcctactccc atctctccac 3180
ctctaagaga cagtcatcct caggccatgce agtgg 3215
<210> SEQ ID NO 12
<211> LENGTH: 25
<212> TYPE: DNA
<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 12
ttcaagcctc caagctgtge ctttg 25

What is claimed is:

1. A method for detecting covalently closed circular
cccDNA of a Hepatitis B virus HBV in the form of a HBV
cccDNA genome, the method comprising the steps of:

a) obtaining a sample of liver cells infected with HBV
cccDNA virus from a patient;

b) preparing at least one primer for applying to at least one
end of the HBV cccDNA virus;

¢) amplifying said HBV cccDNA virus by a polymerase
chain reaction (PCR) using said at least one primer;

d) preparing at least one probe for applying to said HBV
cccDNA gnome, wherein said probe comprises a dye
and a dye quencher; and

¢) conducting a second polymerase chain reaction to bind
said at least one primer to said at least one probe so that
said dye and said dye quencher in said probe are
separated allowing said HBV cccDNA to be detected
via said dye.
2. The process as in claim 1, wherein said step of
preparing said at least one primer comprises preparing at
least one forward primer.

3. The process as in claim 1, wherein said step of
preparing said at least one primer comprises preparing at
least one reverse primer.

4. The process as in claim 1, wherein said step of
preparing at least one primer comprises preparing at least
one primer pair including at least one forward primer and at
least one reverse primer.

5. The process as in claim 4, wherein said step of
preparing at least one primer includes using between 100
and 10° copies of plasmid HBV cccDNA as a template.

6. The process as in claim 4, wherein said step of
preparing at least one primer includes using between 100
and 107 copies of plasmid HBV cccDNA as a template.

7. The process as in claim 1 wherein said step of preparing
at least one primer comprises preparing at least one primer
pair including at least three different forward primers and at
least three different reverse primers.

8. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 1)-3")

9. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 2)-3".

10. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 3 -3).

11. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 4) -3".

12. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 5) -3').

13. The process as in claim 1, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 6) -3".

14. The process as in claim 1, further comprising the step
of:

quantifying a presence of both HBV viral and HBV
cccDNA wherein said primer and said probe corre-
spond to a surface antigene (Sgene) of said HBV.

15. The process as in claim 14, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: (5'-(SEQ ID NO: 7) -3".

16. The process as in claim 14, wherein said step of
preparing at least one primer includes preparing a primer
consisting of: 5'<(SEQ ID NO: 8)-3'.

17. The process-as in claim 14, wherein said step of
preparing at least one probe includes preparing a probe
consisting of: (5'-TET-(SEQ ID NO: 9)- TAMRA-3").

18. The process as in claim 14, wherein said step of
preparing at least one probe includes preparing a probe
consisting of: (5'-FAM-(SEQ ID NO: 10)-TAMRA-3").

19. A kit for the detection of HBV cccDNA in a patient
comprising:

a) a plurality of forward amplification primers for detect-
ing cccDNA wherein said forward primers consist of:
(5'-(SEQ ID NO: 1) -39%; (5'«(SEQ ID NO: 2) -39,
(5'-(SEQ ID NO: 3)-3"; and
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b) a plurality of reverse primers wherein said reverse 21. The kit as in claim 20, wherein said probe comprises:
primers consist of: (5'-(SEQ ID NO: 4)-3"); (5'«(SEQ ID 5'-TET«(SEQ ID NO: 9)-TAMRA-3'.
NO: 5)-3"; (5'-<(SEQ ID NO: 6)-3". 22. The kit as in claim 20, wherein said probe comprises:

20. The kit as in claim 19, further comprising at least one (5'-FAM~(SEQ ID NO: 12) -TAMRA-3)).
probe. % ok x ok



