Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation,
Economic Development Canada
Canadian Intellectual Property Office

CA 2861917 C 2021/03/23

N 2 861 917

12 BREVET CANADIEN
CANADIAN PATENT
13 C

Science and

(86) Date de dépo6t PCT/PCT Filing Date: 2013/01/17

(87) Date publication PCT/PCT Publication Date: 2013/07/25
(45) Date de délivrance/lssue Date: 2021/03/23

(85) Entrée phase nationale/National Entry: 2014/07/18

(86) N° demande PCT/PCT Application No.: CN 2013/070573
(87) N° publication PCT/PCT Publication No.: 2013/107355
(30) Priorité/Priority: 2012/01/21 (CN201210019389.5)

(51) CLInt./Int.Cl. A67K 39/29(2006.01),
A61P 1/16(2006.01)

(72) Inventeurs/Inventors:
YUAN, QUAN, CN;
SONG, LIUWEI, CN,;
ZHOU, WENBIN, CN;
WENG, ZUXING, CN,;
XU, FEIHAI, CN;

GE, SHENGXIANG, CN;

(73) Propriétaires/Owners:
XIAMEN UNIVERSITY, CN,;
XIAMEN INNOVAX BIOTECH CO., LTD., CN

(74) Agent: SMART & BIGGAR LLP

(54) Titre : PROCEDE DE DETECTION QUANTITATIVE D'ANTI-HBC ET UTILISATION DE CELUI-CI DANS LA
SURVEILLANCE DE LA PROGRESSION DE LA MALADIE CHEZ DES PATIENTS SOUFFRANTS D'HEPATITE B
CHRONIQUE ETPREDICTION DES EFFETS THERAPEUTIQUES

(54) Title: METHOD FOR QUANTITATIVE DETECTION OF ANTI-HBC AND USE THEREOF IN MONITORING DISEASE
PROGRESSION OF CHRONIC HEPATITIS B PATIENTS AND PREDICTING THERAPEUTIC EFFECTS

23

2_|

2 o ® e o
— 21; '.
g 4
2 20 ®
-2 . 2,50 1U/mL

o 2.1_ ’,

g2
[ = -
=3 2-2._‘ ',Q
zg ('/
@ 273 K
£C R?=0.99

4 L
m 25 ¢

o @ *
25 0.04 fU/mL
T T T T T T T T T T T T T
N o N &3 ) 3 ©
DR A A A S I L A I A
Anti-HBc concentration (1U/ml)

(57) Abrégé/Abstract:

The present invention relates to a method for quantitative detection of anti-HBc and its use in monitoring disease progression of
chronic hepatitis B patients and predicting therapeutic effects. By quantitative detection of antibodies against hepatitis B core
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protein (Anti-HBc), it is able to monitor disease progression of chronic hepatitis B patients, effectively predict therapeutic effects in
chronic hepatitis B patients who accept a therapy against hepatitis B virus (especially, a therapy based on interferon and a therapy
based on nucleoside/nucleotide analogue anti-HBV drug), and thus guide the patients to reasonably choose drugs.
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Abstract

- The present invention relates to a method for quantitative detection of
anti-HBc and its use in monitoring disease progression of chronic hepatitis B
patients and predicting therapeutic effects. By quantitative detection of
antibodies against hepatitis B core protein (Anti-HBc), it is able to monitor
disease progression of chronic hepatitis B patients, effectively predict
therapeutic effects in chronic hepatitis B patients who accept a therapy against
hepatitis B virus (especially, a therapy based on interferon and a therapy
based on nucleoside/nucleotide analogue anti-HBV drug), and thus guide the
patients to reasonably choose drugs.
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Method for quantitative detection of Anti-HBc and use thereof in
monitoring disease progression of chronic Hepatitis B patients and
predicting therapeutic effects

Technical Field

The present invention relates to detection of Hepatitis B virus (HBV) and clinical
diagnosis of viral hepatitis type B, more specifically relates to a method of using
quantitative detection of antibodies against hepatitis B core protein (Anti-HBc) for
monitoring disease progression of chronic hepatitis B in patients, effectively
predicting therapeutic effects in chronic hepatitis B patients who accept a therapy
against hepatitis B virus (especially, a therapy based on interferon and a therapy
based on nucleoside/nucleotide analogue anti-HBV drug), and thus guiding the
patients to reasonably choose drugs.

Background Art

Infection of hepatitis B virus, especially chronic infection of hepatitis B virus, is
one of the most important public health problems in the world. At present, there are
more than 0.35 billion patients with chronic infection of hepatitis B virus in the world.
Chronic infection of hepatitis B virus may result in liver diseases such as chronic
hepatitis B (CHB), liver cirrhosis (LC) and primary Hepatocellular carcinoma (HCC),
and more than 1 million people died each year in the world due to chronic infection of

hepatitis B virus and associated diseases caused thereby!'.

At present, drugs for treatment of chronic infection of hepatitis B virus are
mainly divided into two groups: interferons (IFNs) and nucleoside/nucleotide
analogues (NAs). The former includes normal interferon (IFN) and peginterferon™
(Peg-IFN, also called as long-acting interferon), which brings about effects of
inhibiting HBV and treating CHB primarily by overall enhancing immunocompetence
of patients; while the later mainly includes 5 drugs: lamivudine (LMV), adefovir
dipivoxil (ADV), Entecavir (ETV), Telbivudine (LdT), and Tenofovir, which inhibit HBV
replication by directly inhibiting polymerase activity of HBV. For chronic infection of
hepatitis B virus, the final object of using the above drugs for treatment of chronic
hepatitis B is to get serological negativity or seroconversion for Hepatitis B surface
antigen (HBsAg) (HBsAg loss or HBsAg seroconversion) in patients. However, the
above existing drugs have limited potency to achieve HBsAg loss or HBsAg
seroconversion, and continuous treatment for several years is usually required.
Further, hepatitis B virus E antigen seroconversion (HBeAg seroconversion) is
another important event during the procedure of chronic infection of hepatitis B virus,
which usually accompanies with remittal and good prognosis of clinical hepatitis, and
thus clinical doctors and researchers commonly use “whether HBeAg
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seroconversion occurs in patients after treatment” as primary indicator for
determining whether treatment is effective or not. Besides HBeAg
seroconversion, sustained virological response (SVR) is also used as a
secondary indicator for determining therapeutic effects of clinical treatment of
hepatitis B %%

In view of the end point of therapy that patients with chronic hepatitis B
achieve HBeAg seroconversion, there are significant differences in terms of
therapeutic effects and drug compliance between IFNs and NAs. IFNs (mainly
referring to Peg-IFN or long-acting interferon) have therapeutic effects superior
to "NAs, 30-50% of HBeAg positive patients could achieve HBeAg
seroconversion after one year (52 weeks) treatment with the former, while only
10-30% of HBeAg positive patients could achieve HBeAg seroconversion with
the treatment of the later. However, the side-effects of IFNs therapy are usually
greater than those of NAs, the subjects usually are accompanied with adverse
reaction such as fever, headache, weakness, epilation, leukopenia, and some
patients could not stand with these side effects. In contrast, oral drugs of NAs
have less side-effects, and good compliance. In term of price, the drug cost for
one year treatment with IFNs (mainly referring to Peg-IFN or long-acting
interferon) is about 15,000 RMB, while the drug cost for treatment with NAs is
usually less than 10,000 RMB. In view of the above differences of the two
groups of drugs, it is of fundamental significance to perform effective
evaluation and forecasting before treatment of patients and then select an
optimized drug for treatment of chronic hepatitis B.

The achievement of HBeAg seroconversion in a patient mainly depends
on whether the patient per se has sufficient specific immunocompetence
against HBV, or whether the patient could obtain sufficient specific
immunocompetence against HBV via drug therapy. Thus, quantitative assay of
specific immunocompetence against HBV of a patient with chronic hepatitis B
could be used to predict the probability of HBeAg seroconversion occurred in
the patient with chronic hepatitis B to be treated. For a long time, serum ALT
level of a chronic hepatitis B patient is used as an indirect surrogate marker for
evaluation of host immunocompetence against HBV. This is because serum
ALT level of chronic hepatitis B patient reflects inflammation/necrosis level of
liver cells of the patient, while HBV is immune causative virus, which induces
liver inflammation or necrosis of liver cells due to immunological response
mediated by anti-HBV T cells, so that there is certain correiation between
serum ALT level and host anti-HBVY immunocompetence. In general, it is
believed that patients with serum ALT level greater than the upper normal limit
(ULN) by 2 times usually have better therapeutic effects in anti-HBV treatment
(referring to probability of HBeAg seroconversion achieved by treatment) than
those without hepatitis reaction, i.e., chronic hepatitis B patients with serum
ALT level less than the upper normal limit, while patients with serum ALT level
greater than the upper normal limit (ULN) by 5 times usually have better
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therapeutic effects in anti-HBV treatment than those patients who have
hepatitis reaction but have relatively lower ALT level. Nevertheless, the serum
ALT level primarily represents degree of liver inflammation, ALT level is not a
HBV specific index and may readily affected by other factors (such as
accompanied autoimmune hepatitis, alcoholic liver diseases, infection of HCV
or other hepatitis viruses), its half-life period is short, and thus it is not very
reliable to use ALT level to predict therapeutic effects in treatment of chronic
hepatitis B. Besides serum ALT, assay for HBV specific T cell immunologic
response (e.g., in vitro stimulation cytokine release test) may also be used for
prediction of therapeutic effects in treatment of chronic hepatitis B, but its
operation is relatively complicated, its clinic practice and promotion are very
difficult, it involves high requirements for test samples (fresh whole blood
sample is required), and thus its application prospect is very limited. In sum,
there is still not an effective method of evaluation of therapeutic effects before
therapy in the art.

Antibodies against hepatitis B core protein (Anti-HBc) are one of most
typical serological indicators for HBV infection, and qualitative detection of
anti-HBc (determining whether anti-HBc is positive) has been used for more
than 35 years in clinic diagnosis of infection of hepatitis B virus. Serum
anti-HBc positive result suggests that the subject had been or is being infected
with HBV, and this antibody usually continuously exists in serum of HBV
infected person for life. At present, the developed methods for detection of
anti-HBc antibodies are primarily based on mechanism of competitive or
suppressive immunodetection, and these methods can be effectively used for
qualitative detection of anti-HBc. However, being restricted with technical
mechanism, their detection dynamic linear range is usually narrow (generally
within a range of one order of magnitude), and their detection stability is poor
and cannot be satisfactorily applied for quantitative detection of anti-HBc.
According to the related reviews, there is not an effective method and reagent
for quantitative detection of anti-HBc before the publication of the present
invention; and the clinical values and corresponding uses of quantitative
detection of anti-HBc are unknown so far.

Contents of the Invention

Since hepatitis B virus core protein has very strong immunogenicity, its
serum antibody level indicates capability of humoral immune response (B cell
immune response) specifically against HBV in host individual, and reflects
whole immunologic competence of host against HBV. To this end, the
inventors of the present invention believe that precise detection of serum
anti-HBc level of chronic hepatitis B patients could indicate competence of
specific immune response against HBV in patients, and can predict final
therapeutic effects of treatment with drugs (including interferon drugs,
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nucleoside/nucleotide analogues) to be accepted by the patients. The present
invention relates to a method for precisely quantitative detection of antibody
level of anti-HBc in serum/plasma of a patient with infection of hepatitis B virus,
and a use of guantitative detection of anti-HBc in monitoring progression of
chronic hepatitis B in patients, as well as predicting therapeutic effects of
treatment in chronic hepatitis B patients.

Specifically, the present invention relates to an immunological detection
method for precisely quantitative detection of serum anti-HBc level, the
method being able to be fulfilled by enzyme-linked immunosorbent assay or
chemiluminescent detection method.

The method has advantages that the linear dynamic range of a single
detection is 1.5 orders of magnitude or more, that is, the upper limit of precise
quantitation for single detection is at least 32 times higher than the lower limit
of precise quantitation. This feature is a basis for precise quantitative detection
of serum anti-HBc level, and is not possessed by the methods for detection of
anti-HBc in the prior art before the present invention.

The results obtained by applying the method to sampies of patients of
different stages of chronic infection of hepatitis B virus and series samples of
natural progression of disease course of patients showed that quantitative
level of serum anti-HBc is highly correlated to hepatitis activity and host
immune state of patients, and the quantitatively measured value of anti-HBc
could be used to effectively discriminate whether patients are of stage of
immune activation or hepatitis activity. This suggests that clinic use of the
method for quantitative detection of anti-HBc as disclosed by the present
invention or equivalent methods thereof are conducive to monitoring and
determining disease progression of chronic hepatitis B patients.

The results obtained by applying the method to cohort samples of
chronic hepatitis patients accepting treatment of adefovir dipivoxil and
long-acting interferon showed that basic anti-HBc level was in positive
correlation with therapeutic response rate. This suggests that clinic use of the
method for quantitative detection of anti-HBc as disclosed by the present
invention or equivalent methods thereof can evaluate and predict therapeutic
effects before chronic hepatitis B patients accept treatment of drugs such as
adefovir dipivoxil, long-acting interferon or those with similar mechanism, and
are conducive to guiding the selection of therapeutic drugs and therapeutic
time, thereby improving therapeutic efficiency.

On the other hand, the present invention relates to a use of a reagent for
quantitative detection of level of antibody against hepatitis B virus core protein
in manufacturing a diagnostic agent for monitoring disease progression of
chronic hepatitis B patients and/or effectively predicting therapeutic effects
before chronic hepatitis B patients accept treatment against hepatitis B virus.
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In one specific embodiment, the quantitative detection of antibody
against hepatitis B virus core protein is performed by one or more of the
following methods: enzyme-linked immunosorbent assay, chemiluminescent
immunodetection method, time-resolved fluorescence detection method,
immunoturbidimetry method, immunochromatographic method,
immuno-percolation method.

" In one specific embodiment, single detection of level of antibody against
hepatitis B virus core protein has a linear dynamic range of 1.5 orders of
magnitude or more, that is, the upper limit of precise guantitation for single
detection is 32 times or more higher than the lower limit of precise quantitation.

~ In one specific embodiment, the quantitative detection of antibody
against hepatitis B virus core protein comprises the following steps:

a) providing a hepatitis B virus protein capable of specifically binding an
antibody against the hepatitis B virus core protein, the protein can comprise
full-length of amino acid sequence of hepatitis B virus core protein (from the 1t
amino acid to the 183" amino acid), or can comprises only an amino acid
sequence of primary immune-dominant zone of hepatitis B virus core protein
(for example, from the 1°' amino acid to the 149" amino acid), the protein is
immobilized on a solid support, acts as a solid phase antigen, and is used for
capturing an antibody against hepatitis B virus core protein existing in a serum
sample;

. b) providing a labeled antigen capable of specifically binding to the
antibody against hepatitis B virus core protein that is captured on the solid
phase antigen, the labeled antigen can comprise full-length of amino acid
sequence of hepatitis B virus core protein (from the 18t amino acid to the 183"
amino acid), or can comprises only an amino acid sequence of primary
immune-dominant zone of hepatitis B virus core protein (for example, from the
1%t amino acid to the 149" amino acid), the signal generating substance on the
labeled antigen can be horse radish peroxidase, alkaline phosphatase, or
acridinium ester,;

¢) providing quantitation standard samples with known concentrations for
drawing a quantitation standard curve, which usually consist of 3-6 samples
containing antibody against hepatitis B virus core protein in different
concentrations. The unit of concentration can be [U/ml, PEIU/mI, or other units
of concentration or titer which source can be traced,

d) contacting the sample (sample to be tested or quantitation standard
sample) with the solid phase antigen so that an antibody against hepatitis B
virus core protein, if exists, in the sample is captured to form a complex of solid
phase antigen-antibody against hepatitis B virus core protein;

e) contacting the labeled antigen with the product of step d), i.e, the
complex of solid phase antigen-antibody against hepatitis B virus core protein,
5
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so as to form a complex of solid phase antigen-antibody against hepatitis B
virus core protein-labeled antigen;

f) contacting a substrate or a solution capable of activating signal
generation with the complex of solid phase antigen-antibody against hepatitis
B virus core protein-labeled antigen as formed in step e), so as to generate a
measurable signal, and measuring the intensity of the generated signal with a
corresponding measurement instrument;

g) performing linear regression fit of the measured signals of quantitation
standard samples (usually 3-6 samples) with their corresponding
concentrations, to obtain a mathematical formula for calculating sample
concentration from a measurement signal;

h) introducing the measured signal of sample to be tested into the
formula of step @), and calculating the concentration of antibody against
hepatitis B virus core protein in the sample to be tested;

i) when the concentration of antibody against hepatitis B virus core
protein as calculated in step h) is higher than the upper limit of precise
quantitation of the detection method, the sample to be tested is diiuted, and
steps a) to h) are repeated, until the measured concentration falls in the range
between the upper limit and lower limit of precise quantitation of the
corresponding detection method. The concentration of antibody against
hepatitis B virus core protein contained in the sample to be tested is obtained
with calculation of multiplying the measured value after dilution by the dilution
ratio.

In one specific embodiment, the diagnostic agent of the present
invention is used in chronic hepatitis B patients who accept different
therapeutic drugs, the drugs include: long-acting interferon (pegylated
interferon, Peginterferon), normal interferon (interferon), lamivudine (LMV),
adefovir dipivoxil (ADV), entecavir (ETV), telbivudine (LdT), tenofovir, or other
drugs useful in treatment of chronic hepatitis B.

In one specific embodiment, the common criterion for predicting
therapeutic effect of a therapy in patients before the therapy is: the therapeutic
effect (response rate) obtained by patients with higher level of antibody against
hepatitis B virus core protein in serum of patients before the therapy is superior
to that of patients with lower level of antibody against hepatitis B virus core
protein in serum of patients before the therapy; the criterion of therapeutic
effect can be hepatitis B virus E antigen seroconversion (i.e., conversion from
HBeAg(+)/anti-HBe(-) to HBeAg(-)/anti-HBe(+) in chronic hepatitis B patients
who accept therapy), or can be virology response (i.e., serum HBV DNA load
falling to 1000 Copies/m! or less in chronic hepatitis B patients), or other
clinical indicators that can indicate remission of disease condition or good
prognosis.
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In one specific embodiment, the common criterion for monitoring disease progression
of chronic hepatitis B patients is: abnormal increase of level of antibody against hepatitis B
virus core protein which suggests occurrence of liver inflammation of patients and activation
of host immune response specifically against hepatitis B virus.

In one specific embodiment, the present invention relates to a use of anti-HBc in
manufacturing a kit for evaluating response in chronic hepatitis B patients who accept
therapy of adefovir dipivoxil and pegylated interferon.

In one specific embodiment, the present invention relates to a use of anti-HBc in
manufacturing a kit for monitoring disease progression of chronic hepatitis B patients.

In one specific embodiment, the present invention relates to a use of anti-HBc in
rhanufacturing a kit for predicting disease stage of hepatitis B patients.

The present invention as claimed relates to use of a nucleoside or nucleotide
anélog for treating chronic hepatitis B in a patient, wherein the patient has a level of total
antibodies against hepatitis B virus core protein (HBc) higher than 29000 iU/mL as
determined by quantitative detection of a serum sample of the patient, the nucleoside or
nucleotide analog is adefovir dipivoxil (ADV).

Brief Description of Drawings

Fig.1 shows dynamitic linear range of anti-HBc ELISA quantitation method.

Fig.2 shows intra-experimental (A) and inter-experimental (B) preciseness of
anti-HBc ELISA quantitation method. '

Fig.3 shows consistency of anti-HBc ELISA quantitation detection results of

- 104 samples.

Fig.4 shows dynamitic linear range of anti-HBc CLEIA quantitation method.

Fig.5 shows dynamitic linear range of anti-HBc CLIA quantitation method.

Fig.6 shows distribution of serum anti-HBc level of patients infected with HBV of
different stages: .

(A) serum anti-HBc level and ALT level of patients infected with HBV of different
stages;

(B) serum -HBV DNA level and HBsAg level of patients infected with HBV of
different stages;

(C) ROC curve analysis for determining immune activation state of subject based
on serum anti-HBc leve!;

(D) average anti-HBc level of different ALT stratified patients;

(E) correlation analysis of serum anti-HBc level and ALT level.
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" Notation of acronyms: PBI, patients of before infected; IT, patients in
immune tolerance phase; IC, patients in immune clearance phase; LR,
patients in low replication phase; ENH, HBeAg negative hepatitis; LC, patients
of liver cirrhosis; HCC, patients of primary liver cancer.

Fig.7 shows dynamic changes of levels of serum anti-HBc, ALT, HBV
DNA and HBsAg during natural progression of chronic hepatitis B virus
carriers.

_ Fig.8 shows post-treatment HBeAg seroconversion rate as predicted
with serum anti-HBc level of chronic hepatitis B patients before therapy:

(A) using anti-HBc level before treatment to predict HBeAg
seroconversion of chronic hepatitis B patients after accepting therapy of
adefovir dipivoxil,

(B) using anti-HBc level before treatment to predict HBeAg
seroconversion of chronic hepatitis B patients after accepting therapy of
pegylated interferon:

(C) using serum anti-HBc level to predict HBeAg seroconversion
occurrence rate in patients after accepting therapy of adefovir dipivoxil;

(D) using serum anti-HBc level to predict HBeAg seroconversion
occurrence rate in patients after accepting therapy of pegylated interferon;

(E) using anti-HBc level before treatment to predict HBeAg
seroconversion rate in stratified patients of different baseline ALT levels;

Fig.9 shows HBeAg seroconversion occurrence rates in stratified
patients of different baseiine anti-HBc levels after accepting therapy of adefovir
dipivoxil and pegylated interferon;

Fig.10 shows dynamic changes of quantified levels of serum markers in
patients during and after therapy of adefovir dipivoxil.

Specific Models for Carrying Out the Invention

- Unless other defined, all technical or scientific terms used in the present
text have common meanings known by those skilled in the art associated with
the present invention.

In Example 1 of the present invention, an anti-HBc ELISA
(enzyme-linked immunosorbent assay, microwell plate method) quantitative
detection method was established, this method could precisely determine
content of anti-HBc in serum sample, the linear dyramic range for precise
quantitation of single detection was up to 1.8 order of magnitude (0.04-2.5
IU/ml), and such a feature was not possessed by the known methods for
detection of anti-HBc ],
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In Example 2, an anti-HBc CLEIA (chemiluminescent enzyme-linked
immune assay, microwell plate method) quantitative detection method was
established, this method could precisely determine content of anti-HBc in
serum sample, the linear dynamic range for precise quantitation of single
detection was up to 2.7 order of magnitude (0.04-20 IU/ml). The linear dynamic
range of this method is broader than that of the anti-HBc ELISA quantitative
detection method as described in Example 1, so that the number of dilution
required for detection of samples with high anti-HBc was remarkably reduced,
and efficiency was improved.

" In Example 3, an anti-HBc CLIA (direct chemiluminescent immune assay,
microparticle method) quantitative detection method was established, this
method could precisely determine content of anti-HBc in serum sample, the
linear dynamic range for precise quantitation of single detection was up to 3.02
order of magnitude (0.02-20.8 IU/ml). This method significantly broadened
linear dynamic range for single detection in comparison with the anti-HBc
ELISA quantitative detection method as described in Example 1, so that the
number of dilution required for detection of samples with high anti-HBc was
remarkably reduced, and efficiency was improved. This method differs from
the anti-HBc CLEIJA quantitative detection method as described in Example 2
in that single tube for detection is used, and when full automatic equipment
was mounted, it could be used for pick-up detection at any time in clinic.

In Example 4, the above anti-HBc quantitative detection method was
applied for evaluation of serum anti-HBc level distribution of HBV infected
persons of different phases. The evaluation results showed that in chronic
hepatitis B virus infected persons, serum anti-HBc level related to hepatitis
activity and host immune state of the infected persons. Thus, anti-HBc level
could be used for determining whether chronic hepatitis B virus infected
persons were in immune activation state or hepatitis active state, diagnostic
accuracy (AUROC) was 0.918 (95%Cl: 0.888-0.948), and threshold value for
determination was 7400 IU/ml. These results showed that the detection results
obtained by the anti-HBc quantitative detection method disclosed in the
present invention can help clinic doctors to determine disease phase of
patient.

~In Example 5, the above anti-HBc quantitative detection method was
applied to evaluate dynamic changes of anti-HBc level during natural
progression of chronic hepatitis B virus infected persons and its relations with
other indexes. The evaluation results showed that when chronic hepatitis B
virus infected persons had liver inflammation activity, anti-HBc and ALT
increased almost at the same time, anti-HBc peak value usually appeared 3-8
weeks later than ALT peak value, but sometimes could appear before or at the
same time as the appearance of ALT peak; during recovery phase of hepatitis,
ALT returned normal quickly, while anti-HBc returned to baseline ievel 12-20
weeks later. This result further suggests the anti-HBc level of chronic hepatitis

9
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B virus infected persons as measured by the quantitative detection methcd of
the present invention could be used as a complementary index for ALT
measurement, which can help clinic doctors to determine whether patients are
in hepatitis active phase or have had hepatitis activity within the last 3-4
months.

in Example 6, the anti-HBc quantitative detection method was applied to
evaluate response of chronic hepatitis B patients accepting therapy of adefovir
dipivoxil and peglyated interferon. The results showed that the anti-HBc level
before the therapy in the chronic hepatitis B patients positively correlated to the
HBeAg seroconversion rate after the therapy: the patients with high anti-HBc
level (229000 IU/ml in the Example) before therapy could achieve desired
effects even with adefovir dipivoxil that was cheap and had less side effects
but poor therapeutic effects; while for the patients with middle level
(9000-29000 IU/ml in the Example) or lower level (<9000 |U/ml in the Example)
of anti-HBc before therapy, the therapeutic effects of adefovir dipivoxil were
significantly inferior to long-acting interferon that was expensive and had high
side effects but was more potent. In patients with high anti-HBc level (229000
IU/ml in the Example) before therapy, the inhibition effect of adefovir dipivoxil
against virus replication was significantly superior to that in the patients with
low anti-HBc level (<29000 1U/ml) before therapy. This result suggested that
using the quantitative detection method of the present invention to measure
the anti-HBc level of chronic hepatitis B virus infected persons before they
accept therapy could predict the expected therapeutic effects after they accept
therapy of adefovir dipivoxil, long-acting interferon or other drugs having
similar mechanism, this is conducive to guiding the choice of therapeutic drug
and therapeutic time, thereby improving therapeutic efficiency.

" The following examples further describe and illustrate the preseit
invention. The examples are intended to illustrate the present invention, and all
reagents, chemicals or biological active material concentrations, the used
patients and other variants in the examples are merely to exemplify the
application of the present invention, rather than to limit the scope of the
present invention.

Example

1. Dual antigen sandwich assay Anti-HBc quantitative enzyme-linked
immunosorbent assay (ELISA) method

1.1 Preparation of immobilized antigen and labeled antigen

In the method, the immobilized antigen and labeled antigen as used
were hepatitis B virus core antigen (HBcAg) capable of specifically binding to
anti-HBc¢ antibodies in a sample, the antigen could comprise full-length amino
acid sequence of HBcAg (Cp183), or could merely comprise an amino acid

10
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sequence of primary immune-dominant zone of HBcAg (Cp149). The HBcAg
used in the present invention was obtained by recombinant expression with E. coli
and purification. As to the expression and purification methods for Cp149
recombination antigen, one may refer to the methods disclosed by Adam Zlotnick, et
al® while as to the expression and purification methods for Cp183 recombination
antigen, one may refer to the methods disclosed by An Li, et al'®. In the present
invention, Cp149 recombination antigen was usually used as immobilized antigen,
while Cp183 recombination antigen was used as labeled antigen.

1.2 Preparation of reaction plate

(1.2.1) Cp149 antigen was diluted with 50mM CB buffer solution pH9.6
(NaHCO3/Na,COj; buffer solution, final concentration was 50mM, pH value was 9.6),
and final concentration was 3 pg/mil.

(1.2.2) 100ul of coating solution was added to each well of a 96-well ELISA
plate, coating at 2-8°C for 16-24 h, then coating at 37°C for 2 h.

(1.2.3) PBST washing solution (20mM PB7.4, 150mM NaCl, 0.1% Tween™ 20)
was used to perform washing once. Then, 200ul of blocking solution (pH7.4, 20mM
NaHPO4/NaH,PO, buffer solution containing 20% of fetal bovine serum and 1% of
casein) was added to each well, blocking at 37°C for 2h; and discarding the blocking
solution. After drying, the plate was placed in aluminum foil bag and stored at 2-8°C
for standby use.

1.3 HRP labeling of Cp183 antigen

Improved sodium periodate method was used. Example of labeling 10mg
Cp183 recombination antigen was as follows.

(1.3.1) Cp183 recombination antigen (5ml) with concentration of 2mg/l was
loaded in a dialysis bag, dialyzed with 50mM CB buffer solution at 4°C for 4h, and
dialysis buffer solution was changed once per 2 h during the dialysis.

(1.3.2) 40mg of HRP was precisely weighed, dissolved in 2ml of ddH,0, after
dissolution, 2m! of 20mg/mi NalO, solution was added, reacted at room temperature
for 30 min; then 40ul of ethylene glycol was added, reacted at 4°C for 30min to obtain
a HRP activation solution (10mg/mi, 4ml).

(1.3.3) the HRP activation solution obtained in step 1.3.2 was added to a
dialysis bag loaded with Cp183 recombination antigen, mixed homogenously and
then dialyzed with 50mM CB buffer solution at 4°C under dark condition for 6-8 h,
and dialysis buffer solution was changed once per 2 h during the dialysis.

(1.3.4) 0.4ml of NaBH, solution (5mg/ml) was prepared, added to the label
reaction solution obtained in step 1.3.3, mixed homogeneously, reacted at 4°C for 2 h
under dark condition.

11
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(1.3.5) after step 1.3.4 was completed, the label reaction solution was
loaded into a new dialysis bag, and dialyzed with PBS buffer solution at4°C for
4h..

(1.3.6) after step 1.3.5 was completed, purification was performed with
Sephacryl S-300 HR chromatography column as produced by GE Company,
so as to separate out Cp183-HRP label.

(1.3.7) the Cp183-HRP label as separated and purified in step 1.3.6 was
concentrated to 2mg/ml, then glycerol was added at a volume ratio of 1:1,
mixed homogeneously and stored at -20°C for standby use.

(1.3.8) the Cp183-HRP label obtained in step 1.3.7 was diluted with
enzyme label dilution buffer (pH7.4, 20mM Na,HPO, /NaH,PQO4 buffer solution
containing 20% of fetal bovine serum, 1% of casein, 10% of sucrose, 0.05% of
aminopyrine) at a volume ratio of 1/4000 to obtain an enzyme label reaction
solution, which was mixed homogeneously and stored at 2-8°C for standby
use.

1.4 Quantitative standard samples

The quantitative standard samples for anti-HBc quantitative detection
consisted of a series of samples of hepatitis B virus core protein antibody with
different concentrations. The unit of concentration could be 1U/ml, PEIU/mI, or
could be any other units of concentration or titer which source can be traced. In
the present invention, common international unit (IU/ml) was used as unit for
anti-HBc quantitation, anti-HBc WHO standard sample (Code: 95/522,
501U/ampoule) disclosed by NIBSC!"! was diluted serially to reach 40 IU/mL,
20 1U/mL, 10 1U/mL, 5 1U/mL, 2.5 IU/mL, 1.25 IU/mL, 0.625 1U/mL, 0.3125
IU/mL, 0.156 |U/mL, 0.078 1U/mL, 0.039 IU/mL, 0.02 IU/mL, 0.01 IU/mL, i.e.,
total 13 different concentrations. The substrate solution used for diluting the
standard sample could be blood plasma or serum from anti-HBc negative
health blood donor, or could be PBS solution containing 20% of fetal bovine
serum.

1.5 ELISA quantitative detection of anti-HBc

One serum sample (No.: P1) of chronic hepatitis B patient was provided,
and anti-HBc quantitative detection was performed according to the following
steps. In view of the fact that chronic hepatitis B patients usually had relatively
high'level of anti-HBc, the sample was diluted with PBS solution containing
20% of fetal bovine serum to reach 4 dilution rates: 1:500, 1:2500, 1:12500,
1:62500, and then used for quantitative ELISA detection.

(1.5.1) Sample reaction: one coated ELISA plate was provided, 90ul of
sample dilution solution was added to each well, 10ul of sample or standard
sample was also added to each well, shaken and mixed, then incubated and
reacted at 37°C for 30min.

12
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(1.5.2) Enzyme label reaction: after step 1.5.1 was completed, the ELISA
plate was washed with PBST washing solution (20mM PB7.4,150mM NaCl,
0.1% Tween 20) for 5 times, each well was added with 100ul of the enzyme
label reaction solution as obtained in step 1.3.8, incubated and reacted at 37°C
for 30 min.

(1.5.3) Color development reaction: after step 1.5.2 was completed, the
ELISA plate was washed with PBST washing solution (20mM PB7.4, 150mM
NaCl, 0.1% Tween 20) for 5 times, each well was added with 50ui of TMB color
developing agent (provided by Beijing Wantai Biological Pharmacy Co., Ltd.),
incubated and reacted at 37°C for 15 min.

(1.5.4) Stopping reaction and reading value: after step 1.5.3 was
completed, each well of the ELISA plate was added with 50ul of stop solution
(provided by Beijing Wantai Biological Pharmacy Co., Ltd.), and ODasose30

value of each well was detected with a plate reader.

(1.5.5) Drawing quantitative standard curve: after step 1.5.4 was
completed, the measured values of 13 quantitative standard samples and
corresponding concentrations thereof were subjected to linear regression, and
the quantitative standard curve of Fig.1 was drawn. According to Fig.1, the
anti-HBc ELISA method had an upper limit of 2.5 IU/mi and a lower limit of 0.04
IU/ml for precise quantitation, and its linear dynamic range was 1.8 order of
magnitude. The formula for calculating anti-HBc concentration from measured
OD450/630 value was: Conc-anti—HBc (IU/mL) =1.2104 X OD450/530 - 0.011.

(1.5.6) Obtaining anti-HBc concentration of sample to be tested: the
serially diluted samples of P1 serum were subjected to steps 1.5.1 to 1.5.5,
then the measured ODgso630 value for dilution rate of 1:500 was 3.899; the
measured ODyso630 value for dilution rate of 1:2500 was 3.801; the measured
ODys0ie30 Value for dilution rate of 1:12500 was 2.988, the measured ODassoi30
value for dilution rate of 1:62500 was 0.301; the above measured values were
introduced into the formula for calculating anti-HBc concentration as obtained
in step 1.5.5, and the concentration value for dilution rate of 1:500 was 4.71
IU/ml, the concentration value for dilution rate of 1:2500 was 4.59 iU/ml, the
concentration value for dilution rate of 1:12500 was 3.61 IU/ml, the
concentration value for dilution rate of 1:62500 was 0.35 IU/ml. The measured
concentration value for dilution rate of 1:62500 was within the linear dynamic
range (0.04-2.5 IU/ml) for precise quantitation of ELISA method. Therefore, the
original anti-HBc concentration of the sample was 0.35x62500 = 22083 1U/ml.

(1.5.7) Evaluation of intra-assay preciseness of the detection method: 6
samples with known concentrations were provided, which had anti-HBc
quantitated values of 5 |U/ml, 2.5 {U/ml, 1.25 1U/ml, 0.625 IU/ml, 0.3125 [U/ml,
0.156 IU/ml, and in the same test, each of the samples were repeatedly
detected in 16 wells according to steps 1.5.1 to 1.5.4, and the intra-assay
variable coefficient of measured ODyspe3 values of each sample was

13
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separately calculated after detection, and shown in Fig.2A, which indicated
that the intra-assay variable coefficients of 6 samples were between 2.8% and
10.1%.

(1.5.8) Evaluation of inter-assay preciseness of the detection method: 6
samples with known concentrations were provided, which had anti-HBc
quantitated values of 5 IU/ml, 2.5 IU/m}, 1.25 1U/ml, 0.625 [U/ml, 0.3125 IU/ml,
0.156 IU/ml. The above 6 samples were subjected to 16 independent detection
tests according to steps 1.5.1 to 1.5.4, after all tests were completed, the
inter-assay variable coefficient of measured ODasos30 Values of each sample
was separately calculated, and shown in Fig.2B, which indicated that the
inter-assay variable coefficients of 6 samples were between 4.4% and 10.5%.

(1.5.9) Evaluation of repeatability of the anti-HBc quantitative detection:
104 serum samples of chronic hepatitis B patients (anti-HBc level was
between 2.23 logip 1U/mI to 5.37 logie 1U/ml) were randomly selected, and
subjected to anti-HBc quantitative detection according to steps 1.5.1 to 1.5.6,
the detection was independently repeated for twice, and the results of two
detection tests were subjected to regression analysis, and shown in Fig.3,
which indicated that the results of two detection tests were highly consistent,
R?=0.988.

2. Dual antigen sandwich assay Anti-HBc quantitative chemiluminescent
enzyme-linked immunoassay (CLEIA) method

2.1 Preparation of immobilized antigen and labeled antigen

The method of section 1.1 of Example 1 of the present invention was
used to perform the preparation.

2.2 Preparation of chemiluminescent reaction plate

| The method of section 1.2 of Example 1 of the present invention was
used, with exception that chemiluminescent reaction plate was used as the
solid support for the antigen.

2.3 HRP labeling of Cp183 antigen

The method and steps of section 1.3 of Example 1 of the present
invention were used.

. 2.4 Quantitation standard sample

The quantitative standard samples were the same as those of section
1.4 of Example 1 of the present invention.

2.5 CLEIA quantitative detection of anti-HBc
One serum sample (No.: P1) of chronic hepatitis B patient was provided,

14



CA 02861917 2017-01-27

70201-80

and anti-HBc quantitative detection was performed according to the following
steps. In view of the fact that chronic hepatitis B patients usually had relatively high
level of anti-HBc, the sample was diluted with PBS solution containing 20% of fetal
bovine serum to reach 3 dilution rates: 1:500, 1:.2500, 1:12500, and then used for
quantitative CLEIA detection.

(2.5.1) Sample reaction: one coated chemiluminescent reaction plate was
provided, each well was added with 90ul of sample dilution solution, each wall was
then added with 10yl of sample or standard sample, shaken and mixed
homogeneously, then incubated and reacted at 37°C for 30 min.

(2.5.2) Enzyme label reaction: after step 2.5.1 was completed, the
chemiluminescent reaction plate was washed with PBST washing solution (20mM
PB7.4,150mM NaCl, 0.1% Tween20) for 5 times, each well was added with 100ul of
the enzyme label reaction solution as prepared in step 1.3.8, incubated and reacted
at 37°C for 30 min.

(2.5.3) Luminescent reaction and measurement. after step 252 was
completed, the chemiluminescent reaction plate was washed with PBST washing
solution (20mM PB7.4,150mM NaCl, 0.1% Tween20) for 5 times, each well was
added with 100ul of PICO Chemiluminescent Substrate as manufactured by Pierce
Company, and luminescence value (RLU) of each reaction well was immediately read
with Orin™ [ chemiluminescent detector.

(2.5.4) Drawing quantitative standard curve: after step 2.5.3 was completed, the
measured values of 13 quantitative standard samples and corresponding
concentrations thereof were subjected to linear regression, and the quantitative
standard curve of Fig.4 was drawn. According to Fig.4, the anti-HBc CLEIA method
had an upper limit of 20 IU/ml and a lower limit of 0.04 1U/ml for precise quantitation,
and its linear dynamic range was 2.7 order of magnitude. The formula for calculating

anti-HBc concentration from measured RLU value was: Conc.anti-HBc (IU/mL)
=1 O(Log1 O(RLW) X 0.9337-5.3006)'

(2.5.5) Obtaining anti-HBc concentration of sample to be tested: the
serially diluted samples of P1 serum were subjected to measurement of steps 2.5.1
to 2.5.4, the measured RLU value for dilution rate of 1:500 was 12115100; the
measured RLU value for dilution rate of 1:2500 was 5067890; the measured RLU
value for dilution rate of 1:12500 was 889610; the above measured values were
introduced into the formula for calculating anti-HBc concentration as obtained in step
2.5.4, and the concentration value for dilution rate of 1:500 was 20.56 U/ml, the
concentration value for dilution rate of 1:2500 was 9.114 1U/ml, the concentration
value for dilution rate of 1:12500 was 1.795 IU/ml, wherein the measured values for
dilution rates of 1:2500 and 1:12500 were within the linear dynamic range (0.04-20
[U/ml) for precise quantitation of the present CLEIA method. Accordingly, when the
measured value for dilution rate of 1:2500 was used for calculation, the original anti-
HBc concentration of the sample was 9.114x2500 = 22784 IU/ml; while when the
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measured value for dilution rate of 1:12500 was used for calculation, the
original anti-HBc concentration of the sample was 1.795x12500 = 22442 1U/ml.
The average concentration of the two measured values was 22613 |U/ml, and
this concentration value and the concentration value of 22083 IU/ml as
measured by ELISA method for the sample had an error of 2.4%, which was in
normal variation range.

3. Dual antigen sandwich assay Anti-HBc quantitative tubular
microparticle chemiluminescent immunoassay (CLIA) method

3.1 Preparation of immobilized antigen and labeled antigen

The method of section 1.1 of Example 1 of the present invention was
used to perform the preparation.

3.2 Preparation of chemiluminescent reaction plate

(3.2.1) 1mg of magnetic beads were provided, washed twice with 1m/ of
activation buffer system (50mM MES 5.0), and supernatant was discarded.
1mg EDC and 1mg NHS agent (each was prepared with 50mM MES 5.0 to
reach 10mg/ml) were added, mixed homogeneously, shaken at rcom
temperature and activated for 20 min.

(3.2.2) the activated magnetic beads was washed twice with 1ml of
activation buffer system (50mM MES 5.0), and supernatant was discarded.
25ug of Cp149 antigen was added, mixed homogeneously, shaken at room
temperature and reacted for 3 h.

(3.2.3) PBST washing solution (20mM PB7.4, 150mM NaCl, 0.1% Tween
20) was used to perform washing for 3 times. Then, each well was added with
2500ul of preserving solution (20mM PB7.4, 0.1% BSA, 100mM Gly, 0.05%
TW-20, 0.1% Proclin), and stored at 2-8°C for standby use.

. 3.3 Acridinium ester labeling of Cp183 antigen

(3.3.1) 50ug of protein Cp183 was provided, added to 300pl of label
buffer system (50mM phosphate buffer, pH8.0), added with 8ul of acridinium
ester (5mM NHS-SAE), and reacted under dark condition at room temperature
for 30 min.

(3.3.2) 1004l of stop buffer solution (phosphate buffer containing 100mM
glycine, pH8.0) was added to the reacted mixture in step (3.3.1), and reacted
under dark condition at room temperature for 30 min.

(3.3.3) the labeled protein obtained in step (3.3.2) was loaded in a
dialysis bag, dialyzed with dialysis buffer solution (20mM phosphate buffer
solution, pH 7.4) at 4°C under dark condition for 6-8 h, in which dialysis buffer
solution was changed once per 2 hours.
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(3.3.4) the labeled protein obtained in step (3.3.3) was transferred to a
preserving tube, added with 2% BSA and 50% glycerol, and stored at -20°C for
standby use.

(3.3.5) the Cp183-SAE label obtained in step 3.3.4 was diluted at a
volume ratio of 1/500 with acridinium ester label dilution buffer solution (20mM
Na,HPO./NaH,PO4 buffer solution containing 20% of fetal bovine serum, 1%
of casein, 10% of sucrose, 0.05% of aminopyrine, pH7.4) to form a
luminescent label reaction solution, which is mixed homogeneously and stored
at 2-8°C for standby use.

3.4 Quantitative standard sample

The sample P1 with known concentration of anti-HBc (anti-HBc = 22083
IU/ml) was provided, diluted in series manner with PBS solution containing
20% of fetal bovine serum, and separately diluted to reach 4000 IU/mL, 1333
IU/mL, 333 [U/mL, 83.3 IU/mL, 20.8 IU/mL, 5.21 IU/mL, 1.30 IU/mL, 0.33
IU/mL, 0.08 1U/mL, 0.02 IU/mL, 0.005 1U/mL, as quantitative standard samples
of CLIA method.

3.5 CLIA quantitative detection of anti-HBc

One serum sample (No.: P2) of chronic hepatitis B patient was provided,
and anti-HBc quantitative detection was performed according to the following
steps. In view of the fact that chronic hepatitis B patients usually had relatively
high level of anti-HBc, the sample was diluted with PBS solution containing
20% of fetal bovine serum to reach 2 dilution rates: 1:500, 1:2500, and then
used for quantitative CLIA detection. The P2 sample was subjected to anti-HBc
ELISA quantitative detection method of Example 1 and its anti-HBc
concentration was determined as 8069 1U/ml.

(3.5.1) Sample reaction: 50p! of magnetic beads was provided and
added to a reaction tube, each well was then added with 10pi of sample or
standard sample, shaken and mixed homogeneously, incubated and reacted
at 37°C for 15 min.

(3.5.2) Luminescent label reaction: after step 3.5.1 was completed, a
chemiluminescent reaction plate was washed for 5 times with PBST washing
solution (20mM PB7.4, 150mM NaCl, 0.1% Tween 20), each well was added
with 50ul of the luminescent label reaction solution as prepared in step 3.3.5,
incubated and reacted at 37°C for 10 min.

(3.5.3) Luminescent reaction and measurement: after step 3.5.2 was
completed, the chemiluminescent reaction plate was washed for 5 times with
PBST washing soiution (20mM PB7.4, 150mM NaCl, 0.1% Tween 20), injected
in-situ with excitation solution using Sirius-L single tube chemiluminescent
detector, and light intensity was detected at the same time.

(3.5.4) Drawing quantitative standard curve: after step 3.5.3 was
17
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completed, the measured values of 11 quantitative standard samples and
corresponding concentrations thereof were subjected to linear regression, and
the quantitative standard curve of Fig.5 was drawn. According to Fig.5, the
anti-HBc microparticle chemiluminescent detection (CLIA) method had an
upper limit of 20.8 IU/ml and a lower limit of 0.02 IU/m! for precise quantitation,
and its linear dynamic range was 3.02 order of magnitude. The formula for
calculating anti-HBc concentration from a measured RLU value was:
ConC.anti-HBc (IU/mL) =10(Log10(RLU) X 1.1409-5861)'

(3.5.5) Obtaining anti-HBc concentration of sample to be tested: the
serially diluted samples of P2 serum were subjected to measurement of steps
3.5.1to0 3.5.4, the measured RLU value for dilution rate of 1:500 was 1571400;
the measured RLU value for dilution rate of 1:2500 was 380560; the above
measured values were introduced into the formula for calculating anti-HBc
concentration as obtained in step 3.5.4, and the concentration value for dilution
rate of 1:500 was 16.16 IU/ml, the concentration value for dilution rate of
1:2500 was 3.204 1U/ml, both of which fell into the linear dynamic range
(0.02-20.8 1U/ml) for precise quantitation of the CLIA method. Accordingly,
when the measured value for dilution rate of 1:500 was used for calculation,
the original anti-HBc concentration of the sample was 16.16x500 = 8078 1U/ml;
while when the measured value for dilution rate of 1:2500 was used for
calculation, the original anti-HBc concentration of the sample was 3.204x2500
= 8010 IU/ml. The average concentration of the two measured values was
8044 |U/ml, and this concentration value and the concentration value of 8069
IU/ml as measured by ELISA method for the sample had an error of 3.1%,
which was in normal variation range.

4. Distribution of serum anti-HBc levels of HBV infected persons of
different phases

4.1 Selection of cross-section patients serum samples

In the present invention, in order to study the distribution of serum
anti-HBc levels of HBV infected persons of different phases, 350 serum
samples of health persons who had past HBV infection and healed and 488
serum samples of chronic hepatitis B patients were coliected, and all serum
samples were stored at -80°C after serum was separated. Among 488 patients,
109 patients were patients with primary liver cancer, 63 patients were patients
with liver cirrhosis, residual 316 patients were patients with simple chronic
hepatitis B, and all patients were chosen to exclude possibility of having
accompanied infection of hepatitis C virus (HCV), human immunodeficiency
virus (HIV), hepatitis D virus (HDV), hepatitis E virus (HEV), and have no
clinical medicine evidence of having accompanied autoimmune or metabolic
liver diseases.
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According to the Guide for Chronic Hepatitis B Clinic Management (2009)
of European Association For The Study Of The Liver, the 316 simple chronic
hepatitis B patients were divided into different infection phases, in which 52
patients were in immune tolerance phase (IT), who were featured with age of
less than 35, HBeAg positive, serum HBV DNA load of greater than 5x10°
copies/ml, ALT level as measured during the past 12 months of always less
than the upper limit of normal (ULN, i.e., 40 U/L in the present invention); 104
patients were in immune clearance phase (IC), who were featured with HBeAg
positive, serum HBV DNA load of greater than 1x10* copies/ml, ALT level of
greater than 2 times ULN; 75 patients were in low-replicative phase (LR), who
were featured with HBeAg negative, serum HBV DNA load of less than 1x1 o*
copies/ml, ALT level as measured during the past 12 months of always less
than ULN; 85 patients were in HBeAg negative hepatitis phase, who were
featured with HBeAg negative, serum HBV DNA load of greater than 2x10*
copies/ml, and ALT level of greater than 2 times ULN.

4.2 Clinical examination method

Serum ALT level and other liver function biochemical indices of patients
were measured 24 h after sample collection; serum HBV DNA load and HBV
genotype detection were performed by using methods as reported in prior art
documents; HBsAg quantitation was performed by using HBsAg
chemiluminescent quantitation kit of Beijing Wantai Biological Pharmacy Co.,
Ltd.; HBeAg and anti-HBe were measured with Architect chemiluminescent
automatic detection system of Abbott Laboratories of US.

* 4.3 Anit-HBc quantitation of serum samples of patients

It was performed using the methods of Example 1, Example 2, or
Example 3 of the present invention.

4.4 Statistical Method

Comparison of continuous variables among groups was performed using
unpaired t-test, or Kruskal-Wallis ANOVA; comparison of classified variables
among groups was perfcrmed using Mantel-Haenszel x? test or Fisher exact
test: and Pearson test was used for correlation analysis. Diagnostic accuracy
analysis was performed using receiver operating characteristic (ROC), and
diagnostic efficiency was calculated (area under ROC curve, AUROC). P value
of less than 0.05 was deemed as having significant statistic difference.

4.4 Basic features of patient cohort

The background data of population statistics, clinical virology and blood
biochemistry of the HBV past infected persons and chronic HBV carriers as
described in section 4.1 are shown in Table 1.
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4.5 Serum anti-HBc levels of HBV infected persons of different phases

Fig.6A/B showed distribution situations of serum anti-HBc level, ALT
level, HBsAg level and HBV DNA load of cross-section patients of different
disease phases. The past infected persons had serum anti-HBc level
significantly lower than that of the chronic HBV carriers (median value: 0.4 vs.
4.1 logyg IU/mi, p< 0.001, lower more than 1000 times); among simple chronic
hepatitis B patients of different infection phases, serum anti-HBc levels were
significantly different. The median value of serum anti-HBc level of patients of
immune tolerance phase was 3.4 logqo IU/ml, the median value of serum
anti-HBc level of patients of immune ciearance phase was 4.4 log1o IU/ml, the
median value of serum anti-HBc level of patients of low-replicative phase was
3.3 logso IU/ml, and the median value of serum anti-HBc level of patients of
HBeAg negative hepatitis phase was 4.4 logse 1U/ml. The analysis of the above
data shows that the serum anti-HBc levels of patients of immune clearance
phase and HBeAg negative hepatitis phase are significantly higher than those
of the patients of immune tolerance phase and low-replicative phase (p <
0.001); there is no statistic difference between the serum anti-HBc levels of
patients of immune clearance phase and HBeAg negative hepatitis phase (p >
0.05), and there is no statistic difference between the serum anti-HBc levels of
patients of immune tolerance phase and low-replicative phase, either (p >
0.05). The above results show that serum anti-HBc levels of chronic hepatitis B
patients are highly correlative to host immune state. High level of anti-HBc
indicates that patients are of immune active state of anti-HBV, when anti-HBc
level is used for determining whether a subject individual is of immune active
state (immune clearance phase or HBeAg negative hepatitis phase),
diagnostic efficiency (AUROC, area under curve) is 0.918 (95% confidence
interval: 0.888-0.948) via ROC curve analysis (see: Fig.6C). When the
optimized Cutoff value of 7400 IU/ml as calculated using ROC curve is used as
the threshold value, diagnostic sensitivity is 87.3%, and diagnostic specificity is
83.5%.

Serum anti-HBc levels of hepatitis B cirrhosis patients and hepatitis B
primary liver cancer patients were analyzed and the results are shown in
Fig.6A/B. Among hepatitis B cirrhosis patients, the serum anti-HBc level of 39
patients having ALT ZULN (LC-b group) was significantly higher than that of 24
patients having ALT<ULN (LC-a group) (median value was: 4.2 logyg vs. 3.8
logso IU/mI, p = 0.016); while among hepatitis B primary liver cancer patients,
the serum anti-HBc level of 80 patients having ALT = ULN (HCC-b group) was
significantly higher than that of 29 patients having ALT < ULN (HCC-a group)
(median value was: 4.1 logso vs. 3.8 logip IU/ml, p = 0.006). The above results
further confirm the serum anti-HBc level of chronic hepatitis virus infected
persons is significantly correlated to ALT level and host immune state.

4.6 Correlation of anti-HBc level and ALT level in chronic hepatitis B virus
carriers
21
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- The serum anti-HBc levels of different ALT stratified patients among all
488 chronic hepatitis B virus carriers (including simple chronic hepatitis B
patients, hepatitis B cirrhosis patients and hepatitis B primary liver cancer
patients, n = 488) were analyzed, and the results are shown in Fig.6D. Among
patients with ALT<5xXULN, the average anti-HBc level of patients increased
with the increase of ALT level (p trend < 0.001); while when ALT reached
5xULN, the serum anti-HBc level reached the highest value and did not
increase further (p trend = 0.63). The analysis of correlation shows (Fig.6E)
that in patients with ALT<5xULN (n = 328), the average serum anti-HBc level
was in positive correlation with ALT level (single factor analysis: r = 0.52,
p<0.001; muitiple-factor analysis: R=0.53, p<0.001), but not in correlation with
HBV DNA level (p = 0.25) or HBsAg level (p = 0.33). In patients with
ALT=5xULN, the quantitative correlation between anti-HBc level and ALT level
always exists in either male patients (r=0.53, p<0.001) or female patients
(r=0.43, p<0.001); in either patients infected with HBV genotype B (r=0.49,
p<0.001) or patients infected with HBV genotype C (r=0.53, p<0.001); in either
HBeAg positive patients (r=0.57, p<0.001) or HBeAg negative patients (r=0.50,
p<0.001). When ALT>5xULN (n=160), anti-HBc level has not statisticaily
significant correlation with ALT level (p=0.43), and is not correlative to HBV
DNA level (p=0.63) or HBsAg level (p=0.43), either.

5. Dynamic change of serum anti-HBc level and relationship thereof with
other indicators during natural progression of chronic hepatitis B virus carriers

5.1 Patient cohort

In this Example, a series of serum samples for vertical observation of
natural progression from 9 patients in total who did not accept anti-HBV
therapy were studied, average observation period was 103+38 weeks (57-168
weeks), follow-up visits was performed for 5-17 times, and 77 serum samples
were used.

5.2 Clinical detection method

It was performed according to the method described in section 4.2 of
Example 4.

5.3 Anti-HBc quantitation of serum samples of patients

It was performed according to the method described in section 4.3 of
Example 4.

5.4 Statistic methods

Vertical data analysis was performed using generalized estimating
equations (GEE), and other statistic methods were performed according to
those described in Example 4.
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5.5 Dynamic changes of serum markers and relationship therebetween
during natural progression of chronic hepatitis B virus carriers

The dynamic changes of anti-HBc levels, ALT levels, HBsAg levels and
serum HBV DNA load of 9 patients (A to G) during follow-up observation period
were shown in Fig.7. Patient A was of immune tolerance phase during
follow-up observation period, whose serum HBV DNA load and HBsAg were
always at very high levels, while ALT level and anti-HBc level were always at
very low levels. Except for Patient A, other patients (B to G) were all subjected
to one or more times of hepatitis activation. By observing these patients, it was
found that the increase of anti-HBc level was always accompanied with the
increase of ALT level, i.e., accompanied with the occurrence of hepatitis. In
most situations, when acute attack of hepatitis occurred, the serum anti-HBc
level of patients usually reached peak value 3-8 weeks later than ALT level
(Fig.7, for example, the situations of Patient C, first period of Patient D, first
period of Patient F, and Patients G and I); in some cases, the serum anti-HBc
level of patients could reach peak value earlier or at the same in comparison
with ALT level (Fig.7, for example, the situations of Patient B, Patient D,
second period of Patient F and Patient H, Patient E). During recovery phase of
hepatitis, the decrease of anti-HBc was slower than ALT, and anti-HBc usually
returned to baseline level 12-20 weeks after ALT returned to normal.

In general, multiple-factor vertical data analysis shows serum anti-HBc
level are independently correlated with ALT level (3=0.65, p<0.001), but has no
staﬁstically significant correlation with serum HBV DNA load (8 = -0.006, p
=0.98) and HBsAg level (= -0.034, p = 0.45).

6. Anti-HBc level can be used to predict therapeutic effects of antiviral
therapy in chronic hepatitis B patients.

6.1 Patient cohort

Patient cohort A: 49 HBeAg positive patients, all patients accepted
therapy of adefovir dipivoxil (10mg/day), for 96 weeks in total, and were
follow-up visited for 12 weeks after stop of therapy.

" Patient cohort B: 48 HBeAg positive patients, all patients accepted
therapy of peginterferon alpha-2a (long-acting interferon 0-2a, 180ug/week),
for 24 weeks in total, and were follow-up visited for 24 weeks after stop of
therapy.

The above patients before therapy all met the criteria of disease
adaptable for therapy as recommended by the Guide of Clinical Management
of Chronic Hepatitis B of APASL: HBsAg was positive for consecutive 1 year or
more, HBeAg was positive and anti-HBe was negative, serum ALT level was
higher than 2 times of ULN; the patients were chosen to exclude possibility of
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having accompanied infection of hepatitis C virus (HCV), human
immunodeficiency virus (HIV), hepatitis D virus (HDV), hepatitis E virus (HEV),
and have no clinical medicine evidence of having accompanied autoimmune or
metabolic liver diseases.

6.2 Clinical detection method

It was performed according to the method described in section 4.2 of

Example 4.

6.3 Anti-HBc quantitation of serum samples of patients

It was performed according to the method described in section 4.3 of

Example 4.

6.4 Definition of therapeutic end

Main therapeutic end was defined when HBeAg seroconversion

occurred at follow-up visit end.

6.5 Statistic methods.

" Al statistic methods were performed according to those described in

Example 4.

6.6 Basic features of patient cohort

As shown in Table 2.

Table 2: Baseline features of HBeAg positive chronic hepatitis B patients accepting therapy of

adefovir dipivoxil (Cohort A) and PEG-interferon (Cohort B)

CohortA Cohort B P value
No 49 48 -
Treatment strategy ADV 96-week Pegasys 24-week -
Age, yrs, median (range) 35 (26~~48) 35 (15~57) 0.80
Gender, males/females 44/5 35/13 0.06
Genotype, B/IC 11/38 29/19 <0.001
ALT strata, >5xULN/<5xULN 12/37 16/32 0.34
ALT, U/L, median (range) ® 110 (44~402) 168 (32~626) 0.008
HBV DNA, log1o copies/ml|, median (range) 7.58 (3.97~9.29) 7.55 (3.44~9.59) 0.50
HBsAg, logsc IU/mi, median (range) 4.44 (2.35~5.47) 4.06 (1.53~5.35) 0.005
Anti-HBc-IgM, S/CO value, median (range) 2.10(0.31~12.7) 1.78(0.25~12.2) 0.45
Anti-HBc, log1o 1U/ml, median (range) 4.29 (3.08~5.11) 3.98(2.41~5.36) 0.15

Notation: # all patients were HBeAg positive and had ALT level of greater than

2xULN during screening before therapy; when therapy starts, the ALT levels of 11 patients
(5 patients of Cohort A, and 6 patients of Cohort B) dropped to 2xULN or lower. ADV:
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adefovir dipivoxil; Pegasys: pegylated interferon a-2a; ULN, upper limit of normal.

6.7 Baseline anti-HBc level correlates to occurrence rate of HBeAg
seroconversion after therapy.

~ After therapy and follow-up observation, 9 of 49 patients of Cohort A
(accepting therapy with adefovir dipivoxil) had occurrence of HBeAg
seroconversion at follow-up visit end, therapeutic effective rate was 18.4%
(95% ClI: 8.8-32.0%); while 23 of 48 patients of Cohort B (accepting therapy of
long-acting interferon) had occurrence of HBeAg seroconversion at follow-up
visit end, therapeutic effective rate was 47.9% (95% Cl: 33.3-62.8%).

The clinical indicators of patients for whom the therapy was effective and
patients for whom the therapy was ineffective in two cohorts before accepting
the therapy were analyzed, and the results were shown in Table 3. For either
patients treated with adefovir dipivoxil or patients treated with long-acting
interferon, there was no statistically significant difference between patients for
whom the therapy was effective and patients for whom the therapy was
ineffective in terms of age, gender ratio, ALT level, serum HBV DNA load,
HBsAg level and anti-HBc-IgM level. However, the baseline anti-HBc level of
patients for whom the therapy was effective was significantly higher than that
of patients for whom the therapy was ineffective: in Cohort A, 4.58+0.28 vs.
4.15+0.42 log10 IU/mL, p=0.005; in Cohort B, 4.32+£0.66 vs. 3.81+0.68
log10 1U/mL, p=0.011. This result suggests that the anti-HBc level before
therapy could predict expected therapeutic effects of patients. ROC analysis
shows that the AUROC value for prediction of HBeAg seroconversion at
follow-up visit end using baseline anti-HBc level was 0.810 in Cohort A (95%,
Cl: 0.675-0.948, p =0.004, see: Fig.8A), the best cutoff value was 29000 IU/ml,
with which the diagnostic sensitivity was 77.8%, the diagnostic specificity was
77.5%: the AUROC value in Cohort B was 0.710 (85% CI: 0.564-0.855,
p=0.013, see: Fig.8B), the best cutoff value was 9000 1U/ml, with which the
diagnostic sensitivity was 69.6%, and the diagnostic specificity was 60.0%.
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6.8 Prediction of occurrence rate of HBeAg seroconversion after therapy
using baseline anti-HBc level

The cutoff value as calculated in section 6.7 could be used before
therapy to predict occurrence rate of HBeAg seroconversion after patients
accept therapy. In Cohort A, as shown in Fig.8C, 7 of 16 patients with baseline
anti-HBc level of greater than 29000 IU/mi had occurrence of HBeAg
seroconversion at follow-up visit end (effective rate: 43.8%), while only 2 of 33
patients with baseline anti-HBc level of less than 29000 1U/ml had occurrence
of HBeAg seroconversion at follow-up visit end (effective rate: 6.1%), the ratio
of occurrence rates (Risk Ratio, RR) of HBeAg seroconversion between high
and low anti-HBc groups was 7.22 (95% Cl: 1.69-30.9, p=0.008). In Cohort B,
as shown in Fig.8D, 16 of 25 patients with baseline anti-HBc level of greater
than 9000 IU/m| had occurrence of HBeAg seroconversion at follow-up visit
end (effective rate: 64.0%), while only 7 of 23 patients with baseline anti-HBc
level of less than 9000 1U/ml had occurrence of HBeAg seroconversion at
follow-up visit end (effective rate: 30.4%), the ratio of occurrence rates (Risk
Ratio, RR) of HBeAg seroconversion between high and low anti-HBc groups
was 2.10 (95% Cl: 1.06-4.17, p=0.006).

The effects of baseline anti-HBc for prediction of HBeAg seroconversion
after therapy in patients with different ALT levels were further analyzed, and
the results were shown in Fig.8E. In two cohorts, as for subgroups of patients
with baseline ALT level of either <5xULN or >5xULN, the patients with higher
anti-HBc level had higher occurrence rate of seroconversion after therapy in
comparison with the patients with lower anti-HBc level. The patients accepting
therapy of adefovir dipivoxil and long-acting interferon were combined for
analysis, and all patients were divided into 3 groups: high anti-HBc level
(229000 1U/ml), middle anti-HBc level (9000-29000 1U/ml) and low anti-HBc
level (<9000 IU/ml), and the HBeAg seroconversion rates of patients of the 3
groups after therapy were analyzed, and the results were shown in Fig.9.
Among patients with baseline anti-HBc level of 229000 IU/ml, 9 of 16 patients
accepting therapy of adefovir dipivoxil had HBeAg seroconversion after
therapy, the response rate was 43.8%, while this rate in 15 patients accepting
therapy of long-acting interferon was 66.7% (10/15), there was not statistically
significant difference between them (p=0.82); as for patients with baseline
anti-HBc level of 9000-29000 |U/ml, only 2 of 19 patients accepting therapy of
adefovir dipivoxil had HBeAg seroconversion after therapy, the response rate
was 10.5%, while this rate in 10 patients accepting therapy of long-acting
interferon was 60.0% (6/10), there was statistically significant difference
between them (p=0.018); as for patients with baseline anti-HBc level of <9000
IU/ml, none of 16 patients accepting therapy of adefovir dipivoxil had HBeAg
seroconversion after therapy, while 7 of 23 patients accepting therapy of
long-acting interferon had HBeAg seroconversion (30.4%), there was
statistically significant difference between them (p<0.001).
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6.9 Dynamic changes of anti-HBc level of patients during and after
therapy of adefovir dipivoxil

According to dynamic changes of anti-HBc level of patients during and
after therapy of adefovir dipivoxil (see: Fig.10A), the whole therapy and
observation period could be divided into 3 phases: (1) baseline to 60 weeks
after beginning of therapy, in this phase, the average serum anti-HBc level of
patients presented a linear decline with the continuation of therapy (r=0.99,
p<0.001), declining 0.20+0.05 logso IU/mL per 12 weeks; (2) 60 weeks after
beginning of therapy to therapy end (96 weeks), the average serum anti-HBc
level of patients reached a platform, not declining with the continuation of
therapy (p=0.87); (3) after therapy of drug (108 weeks), the average serum
anti-HBc level of patients presented a significant bounce in comparison with
that at therapy end (96 weeks), average increase being 0.29 log1o 1U/mi
(p<0.001). In general, the anti-HBc level decreased slower than ALT level,
HBV DNA level and HBsAg level during therapy procedure, the former reached
platform phase 60 weeks after beginning of therapy, while the later 3 indicators
reached platform phase 24 weeks after beginning of therapy. Multiple-factor
vertical analysis showed anti-HBc level independently correlated to ALT level
(B ='0.830, p<0.001), but had no statistically significant correlation with HBV
DNA level (B = 0.003, p = 0.94) or HBsAg level (B = -0.061, p=0.52).

According to the clinical cutoff values determined in section 6.7 of the
present Example, all patients accepting therapy of adefovir dipivoxil were
divided into 2 groups: 229000 1U/ml (n=16, HBc-High) and <29000 1U/ml (n=33,
HBc-Low), the dynamic changes of serum anti-HBc, HBV DNA, ALT and
HBsAg levels during and after therapy between the two groups were compared,
and the results were shown in Fig.10B. There was no statistic difference
between HBc-High and HBc-Low groups in terms of HBV DNA level (7.61%
1.15 vs. 7.50+1.22 logyo copies/mL, p=0.77) and HBsAg level (4.341-0.31 vs.
4.38+0.69 logie IU/mL, p=0.83); while the baseline ALT jevel of HBc-High
group was higher than that of HBc-Low group, but without statistically
significant difference. During therapy, the decline curves of ALT level and
anti-HBc level of two groups showed no significant difference either in analysis
of each of monitoring points or in vertical analysis; however, after therapy of
drug, the anti-HBc of HBc-Low group had a remarkable bounce in comparison
with that of HBc-High group (p=0.039), and ALT level was in a similar situation,
but without statistical significance (p=0.09). As for HBV DNA level, the patients
of HBc-High group had serum HBV DNA level significantly lower than that of
HBc-Low group (p<0.05) either during or after therapy (except baseline). At
follow-up end, the average HBV DNA level of the patients of HBc-High group
was decreased by 3.48+2.24 log1o copies/mL in comparison with that before
therapy; while the average HBV DNA level of the patients of HBc¢-Low group
was decreased by 1.69+2.05 logso copies/mL (p=0.008) in comparison with
that before therapy. The HBsAg level alterations of the two groups showed no
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significant difference.
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CLAIMS:

1. Use of a nucleoside or nucleotide analog for treating chronic hepatitis B in
a patient, wherein the patient has a level of total antibodies against hepatitis B virus core
protein (HBc) higher than 29000 |U/mL as determined by quantitative detection of a
serum sample of the patient, the nucleoside or nucleotide analog is adefovir dipivoxil
(ADV).

2. The use of claim 1, wherein the quantitatiVe detection of the level of
total antibodies against HBc is performed by a method selected from the group
consisting of enzyme-linked immunosorbent assay, chemiluminescent immunodetection
method, time-resolved fluorescence detection method, immunoturbidimetry method,

immunochromatographic method, and immuno-percolation method.

3. The use of claim 1, wherein single detection of the level of the total

antibodies against HBc has a linear dynamic range of 1.5 order of magnitude or more.

4. The use of claim 3, wherein the upper limit of precise quantitation for single

detection is 32 times or more higher than the lower limit of precise quantitation.

5. The use of claim 1, wherein the quantitative detection of the level of total

antibodies against HBc comprises the following steps:

a) providing a solid phase antigen capable of specifically binding an antibody
against HBc, wherein the solid phase antigen comprises the primary immune-dominant
zone of HBc, wherein the solid phase antigen is immobilized on a solid support and
captures antibodies against HBc existing in a serum sample, the primary immune-
dominant zone of HBc¢ is the amino acid sequence of from the 1st amino acid to the
149th amino acid of hepatitis B virus core protein; '

b) providing a labeled antigen capable of specifically binding to antibodies against
the HBc captured by the solid phase antigen, wherein the labeled antigen comprises the

primary immune-dominant zone of HBc;
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c) providing quantitation standard samples with known concentrations of antibodies

against HBc;
d) contacting:

(1) a test sample with the solid phase antigen, thereby forming first complexes of
the solid phase antigen with antibodies against HBc present in the serum sample; and

(2) the quantitation standard samples with the solid phase antigen, thereby forming
second complexes of the solid phase antigen with antibodies against HBc present in the

quantitation standard samples;

e) contacting the labeled antigen with the first and second complexes formed in
step d), thereby forming third complexes of the labeled antigen with the first complexes

and fourth complexes of the labeled antigen with the second complexes;

f) contacting a substrate or a solution capable of activating signal generation with
the complexed formed in step e), thereby generating a measurable signal, and
measuring the intensity of the generated signal with a corresponding measurement

instrument;

g) performing linear regression fit of the measured signals of the quantitation
standard samples with their corresponding concentrations to obtain a mathematical

formula for calculating sample concentration from a measurement signal;

h) introducing the measured signal of the test sample into the formula of step g),
and calculating the concentration of antibodies against the HBc in the test sample; and

i) if the concentration of the total antibodies against HBc as calculated in step h) is
higher than the upper limit of precise quantitation of the detection method, the sample to
be tested is diluted, repeating steps a) to h) until the measured concentration falls in the
range between the upper limit and lower limit of precise quantitation of the corresponding
detection method, and the concentration of antibodies against HBc contained in the test
sample is obtained with calculation of multiplying the measured value after dilution by the

dilution ratio.
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6. The use of claim 5, wherein the solid phase antigen in step a) comprises
the 1st amino acid to the 183t amino acid or the 15t amino acid to the 149" amino acid of
HBc.

7. The use of claim 5, wherein the labeled antigen in step b) comprises the 1st

amino acid to the 183t amino acid or the 15t amino acid to the 149" amino acid of HBc.

8. The use of claim 5, wherein the labeled antigen comprises horseradish
peroxidase, alkaline phosphatase, or acridinium ester.
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