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Summary

Objectives: The preS1 region plays an essential role in hepatitis B virus (HBV) infection.
We construct an antibody that binds to preS1 and a measurement system for serum
preS1 in chronic HBV-infected patients.

Methods: Hybridoma clones that produce anti-preS1 antibodies were obtained by the
iliac lymph node method. Epitope mapping was conducted, and an enzyme-linked
immunosorbent assay (ELISA)-based method was developed. Using this ELISA system,
serum preS1 levels were measured in 200 chronic HBV-infected patients.

Results: Eight types of hybridomas were obtained, of which antibody 3-55 using amino
acids 38-47 as the epitope showed high binding affinity to preS1. Serum preS1 levels
measured by ELISA using 3-55 antibody were correlated with HBsAg, HBcrAg and HBV
DNA levels. Among HBeAg-negative patients without antiviral therapeutic objective
(HBV DNA <3.3 log IU/mL or alanine aminotransferase <30 U/L), preS1 was
significantly higher in subjects who had progressed to the point of requiring antiviral
therapy compared to subjects who had maintained their status for the preceding three
years (p<0.01).

Conclusions: We constructed an antibody against preS1 and an ELISA system capable of
measuring serum preS1 levels. PreS1 may serve as a novel tool to predict the need for

antiviral therapy in HBeAg-negative HBV-infected patients.
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Introduction

Hepatitis B virus (HBV) is a DNA virus that
causes chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma (HCC) [1]. The
HBV envelope contains three membrane
glycoproteins, the large (LHBs), middle
(MHBSs), and small (SHBs) surface proteins.
These proteins are translated from a single
open reading frame via different in-frame start
codons [2]. SHBs, also known as hepatitis B
surface antigen (HBsAg), contains an S
domain, MHBs have an extra N-terminal
preS2 domain, and LHBs have a preS1 region
in addition to the S and preS2 domains. LHBs
play an important role in the viral life cycle on
both sides of the viral envelope: binding to a
virus receptor on the outside and to the
nucleocapsid on the inside [3]. HBV cell entry
begins with attachment of HBV to the cell
membrane via the interaction between viral
envelope sulfate

proteins and heparin

proteoglycans, followed by high-affinity
binding of viral envelope proteins to a specific
receptor, the bile-acid export pump sodium-
taurocholate  cotransporting
(NTCP) [4]. As preS1 is critical for the

binding of viral particles to NTCP, LHBs are

polypeptide

essential for viral invasion. LHBs could also
increase the copy number of covalently closed
circular DNA (cccDNA) minichromosomes
and initiate replication of cccDNA [5]. The
HBV genome encodes two transcriptional
activators: the HBx protein and the preS2-
activator L protein. Both proteins trigger
activation of the c-Raf-a/MEK kinase cascade
[6], suggesting that LHBs promotes viral

replication. Thus, LHBs seems to be a marker
of viral infection and replication.

Following seroconversion of the hepatitis B e
antigen (HBeAg) to hepatitis B e antibody
(HBeAbD),

subsequently persist as

chronic HBV infections may
HBeAg-negative
chronic infection or result in HBeAg-negative
chronic hepatitis B (CHB) [7]. HBeAg-
negative chronic infection is referred to as the
inactive carrier (IC) phase, with minimal HBV
replication and no inflammation [8]. Recently,
it was reported that the composition of HBsAg,
LHBs, MHBs and SHBs significantly changes
across different stages of HBV infection [9].

In this study, we constructed a monoclonal
antibody that effectively binds to HBV preS1,
and we developed an enzyme-linked
immunosorbent assay (ELISA) system for
measuring preS1 antigen levels. Using this
ELISA system, we measured serum preS1
antigens in CHB patients and analyzed the
relationship between preS1 and the clinical

course of HBV.

Materials and Methods

Producing monoclonal antibodies

Genotype C is the most prevalent type of HBV
infection in Japan. We designed monoclonal
antibodies that react to aa 21-35 (region 1), aa
31-40 (region 2), or aa 37-48 (region 3)
regions in preS1 of HBV genotype C (Fig. 1A).
Creation of hybridomas and production of
monoclonal antibodies that react to preS1
regions 1 or 3 and region 2 were performed by
ITM Co., Ltd (Nagano, Japan) and SCRUM
Inc. (Tokyo, Japan), respectively. Hybridomas



were obtained by the iliac lymph node method
[10]. In brief, mice were immunized with
preS1 aa 21-35 peptide for region 1, aa 1-40
and aa 31-60 peptides for region 2, or aa 34—
48 and aa 37-55 peptides for region 3. At 2-3
weeks postimmunization, the iliac lymph
nodes of the mice were collected, and the
Ilymphocytes obtained from the iliac lymph
nodes were fused with myeloma cells. The
fusion cells were cultured in 96-well plates,
and the activity of the antibody secreted in the
culture supernatant was screened. Hybridoma
clones that produced the most reactive

antibodies for each region were selected.

Sequencing of the variable region of
antibody

Total RNA was extracted from each
hybridoma cell using the RNeasy Mini Kit
(Qiagen, Hilden, Germany). RNA sequencing
of immunoglobulin G was accomplished
using the 5°-Full RACE Core Set (TaKaRa,
Shiga, Japan) according to the manufacturer’s
instructions. The first cDNA was synthesized
with Oligo(dT)12-18 primer phosphorylated
on the 5° end (Thermo Fisher Scientific,
Waltham, USA). The first and second PCRs to
amplify the immunoglobulin sequences were
performed wusing the primers shown in
Supplementary Table 1. The hybridoma cells
used in this study expressed not only normal
mRNA for the light chain of immunoglobulin
G but also junk mRNA corresponding to the
same gene. For sequencing of the normal
mRNA, PCR primers specific to the normal

gene sequence for each hybridoma were

designed. Sequencing was performed using
BigDye™ Terminator v3.1 Cycle Sequencing
Kit (Thermo Fisher Scientific) according to
the manufacturer’s instructions. Sequences of
the immunoglobulin were obtained using the
3100-Avant Genetic Analyzer (Thermo Fisher
Scientific).

Prediction of the variable region and the
complementarity determining region (CDR)
were performed on the abYsis website

(http://www.abysis.org/) [11] using the

Chothia numbering method.

Peptide preparation

Since the selected monoclonal antibodies
bound with both peptides 34—48 and 37-55
as described above, the epitopes of the
antibodies were considered to be contained
within the intersection of the two peptides
(NSNNPDWDEFNPN), so 8 to 10-mer
peptides shifted by one amino acid from the
N-terminus to the C-terminus of the common
sequence were synthesized by BEX
CO.LTD. (Tokyo, Japan). They were
dissolved with nuclease-free water (Thermo
Fisher Scientific) or dimethyl sulfoxide to 1

mM and stored at -80°C until use.

Comparison of preS1 detection sensitivity
among the monoclonal antibodies

First, the binding ability of the antibody to the
preS1 peptide was investigated. Two hundred
microliters of 2% glutaraldehyde in 100 mM
NaHCOs; buffer (pH 9.6) was added to each
well of the 96-well ELISA Plate Amino
(Sumitomo Bakelite Co., LTD, Tokyo, Japan)



to activate amino residues on the plate, and
then incubated at room temperature (RT) for 2
hrs and washed twice with Milli-Q water. One
hundred microliters of 200 nM preS1 peptide
(1-68) solution in 100 mM sodium hydrogen
carbonate solution (pH 9.6) was added
immediately to the wells, and then the plates
were incubated overnight at 4°C. The wells
were washed with TBS, 120 uL of ChonBlock
Blocking / Sample Dilution Buffer (Chondrex,
Redmond, WA, USA) was added as a blocking
buffer, and the plates were incubated at 37°C
for 1 hr. After blocking, the wells were washed
with PBST (10 mM NaHPO,, 1.8 mM
NaH;PO,, 140 mM NaCl and 0.05% Tween-
20). The antibodies
hybridoma and control antibody (mouse IgG3;
MO078-3, Medical & Biological Laboratories
Co., Ltd. Nagoya, Japan) were diluted to 1
pg/mL, 0.1 pg/mL, 0.01 pg/mL and 0.001
pg/mL with the blocking buffer. One hundred

produced by each

microliters of the antibody dilution were
added to the wells in duplicate and incubated
at 37°C for 1 hr. The wells were washed with
PBST and then goat anti-mouse IgG H&L,
HRP conjugate (Proteintech, IL, USA) was
added at a dilution of 1:2000 in ChonBlock
Antibody Buffer
(Chondrex). After incubating at 37°C for 1 hr,
each well was washed with PBST, and 100 uL.
(TMB)

solution was added. The wells were then

Detection Dilution

of  3,3'.5,5'-tetramethylbenzidine

incubated at RT for 15 min. The chromogenic
reaction of the TMB catalyzed by HRP was
stopped by addition of 100 uL 2N H,SO4

solution. The absorbance at 450 nm of each

well was measured using Mithras LB940
(Berthold Technologies, Bad Wildbad,
Germany).

Subsequently, non-specific binding of
antibody to serum was examined. Activation
of the amino residues on the ELISA plate was
achieved as described above. Immobilization
of preS1 on the ELISA plate and subsequent
blocking was performed following the same
procedure as above. 10% of the diluted sera of
a healthy donor and 1.0 pg/mL and 0.1 ug/mL
of each of the monoclonal antibodies was
mixed and added to wells in triplicate and
incubated at RT for 1 hr. The plate was washed
with PBST. HRP conjugated Goat anti-mouse
IgG (H+L) (Proteintech) were diluted to
1:2000 with the detection antibody dilution
buffer. One hundred microliters of each
dilution were added to the wells. The plate was
incubated at RT for 1 hr and washed with
PBST. The detection procedure of preS1 was
the same described above. Furthermore, the
HBV-detection ability of each antibody was
tested. Serum from a patient infected with
HBV genotype C with 90000 IU/mL of
HBsAg and 8.9 log IU/mL of HBV DNA was
used as the standard serum in this study. The
HBV preS1 sequence in the serum was the
same as that of the peptides used for the mice
immunization. The preS1 value in the serum
was determined by the ELISA method
described below by drawing a calibration
curve with recombinant preS1 antigen (Beacle,
Inc. Kyoto, Japan). The activated ELISA plate

was coated with 2 pg/mL of the monoclonal

and control antibodies at 4°C overnight. Each



well of the plate was washed with PBS, 100
uL of the blocking buffer was added, and the
plate was incubated at RT for 1 hr. The serum
was diluted to 1:250, 1:1000, 1:4000, 1:16000,
and 1:64000 with the blocking buffer. Fifty
microliters of the diluted serum were added to
the wells in duplicate, and the plates were
incubated at RT for 1 hr and then washed with
PBST. Peroxidase labeled Hyb-824 (IgG3)
(Institute of Immunology Co., LTD, Tokyo,
Japan) was diluted to 1:500 (approximately 2
pg/mL) with the detection antibody dilution
buffer. One hundred microliters of the dilution
were added to each well. The plate was
incubated at RT for 1 hr and washed with
PBST. The detection procedure for HBV
binding to anti-preS1 monoclonal antibody

was the same as described above.

Epitope mapping

Epitope mapping was performed in triplicate
for each antibody secreted by hybridoma
clones 3-7, 3-10, 3-13, 3-39 and 3-55. The
activation of the amino residues on the ELISA
plate was achieved as described above. One
hundred microliters of 100 pM peptide
solution in 0.2 M phosphate buffer (pH 6.0)
was added immediately to the wells and
incubated at 4°C for overnight. The wells were
washed with PBS, 200 uL of 5% skim milk in
PBST were added as a blocking buffer, and the
plate was incubated at 37°C for 1 hr. After
blocking, the wells were washed with PBST.
The antibodies secreted by each of the
hybridomas were diluted to 1 pg/mL with the

blocking buffer. One hundred microliters of

the antibody dilutions were added to the wells
and incubated at 37°C for 1 hr. The wells were
washed with PBST, followed by addition of
the HRP labeled goat
(Proteintech) at a dilution of 1:2000 in the
blocking buffer, and incubated at 37°C for 1 hr.
After incubation, each well was washed with
PBST, 100 uL of TMB solution was added,

and the plate was incubated at RT for 15 min.

anti-mouse IgG

The detection procedure for absorbance was

as described above.

Patients

We selected 200 CHB patients who had
visited Hiroshima University Hospital
between January 2010 and March 2017 and
who did not receive antiviral treatment and
whose serum samples were available. Of the
200 CHB patients, 23, 29 and 138 patients
were infected with genotype A, B, and C
HBY, respectively. HBV genotypes in
remaining 10 patients were unknown.
Twenty-five patients with past HBV infection
(negative for HBsAg, positive for HBsAb
and/or HBcAb and negative for HBV DNA)
and 55 subjects without HBV infection
(negative for HBsAg, HBsAb, and HBcAb)
were also measured. All participants provided
written informed consent for their
participation in the study, according to the
process approved by the ethics committee of
Hiroshima University Hospital (project
identification code number No. E-2323) and
conforming to the ethical guidelines of the

Declaration of Helsinki.



Detection of preS1 in the serum

The detection of preS1 in the serum was
performed by the sandwich ELISA method
using the antibody secreted by hybridoma
clone 3-55 and the commercially available
anti-HBsAg Hyb-824 (IgG3)
(Institute of Immunology Co., LTD). After

antibody,

activation of the amino residue on the ELISA
plate as described above, the microtiter plate
was coated with 2 pg/mL of Hyb-824 diluted
in PBS (pH 6.0) at 4°C overnight. Each well
of the plate was washed with PBS, 100 uL of
the blocking buffer was added, and the plate
was incubated at RT for 1 hr. Sera were diluted
to 1:10 with buffer. The standard described
above was used for standardization of the
preS1 values in the sera. The standard serum
was diluted to 1:500, followed by two-fold
dilutions. One hundred microliters of the
serum samples and the standard dilutions were
added to the wells, and the plates were
incubated at RT for 1 hr. The plate was washed
with PBST. Then the peroxidase-labeled IgG
of hybridoma clone 3-55, which had been
diluted to 1:1000 with the detection antibody
dilution buffer, was added to the wells. The
plate was incubated at RT for 1 hr and washed
with PBST. The detection procedure of preS1
was the same as described above. From the

standard curve drawn with the standard serum,

the preS1 value of each sample was calculated.

For those above the detection sensitivity, they
were diluted to 1:100 and 1:1000 and
measured again. The detection was performed
in duplicate, and the preS1 value was defined

as its average. The limits of blank, detection,

and quantification for the value of preS1 was
determined according to the EP-17 guidelines
of the Clinical and Laboratory Standards
Institute [12]. The functional sensitivity is
defined as 15% of the coefficient of variance.
The intra-assay coefficient of variation was
6.75%.

Measurement of HBV markers

HBsAg and HBeAg levels were measured by
the chemiluminescence enzyme immunoassay
(CLEIA) method using a commercially
available = enzyme  immunoassay kit
(Lumipulse, Fujirebio Inc, Tokyo, Japan).
HBV DNA level was measured using a real-
time PCR assay (COBAS TagMan HBV Test;
Tokyo, Japan). The

detectable ranges for HBV DNA quantitation

Roche Diagnostics,

using these methods is from 1.3 to 8.2 log
IU/mL. Serum hepatitis B core-related antigen
(HBcrAg) level was measured by a CLEIA
HBcrAg assay kit with a fully automated
analyzer system (Lumipulse System,
Fujirebio Inc). The detection limit for the

assay was 3.0 log U/mL.

Statistical analysis

Correlation between preS1 and other markers

was investigated using regression models. All

variables were compared between the groups

correlation
HBeAg

seroconversion were divided into 4 groups as

using the Spearman rank

coefficient test. Cases after
shown above and tested by the Steel-Dwass
method. Furthermore, the Wilcoxon test was

performed for comparison between the two
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Figure 1. Construction of anti-preS1 antibodies. (A) HBV genotype C preS1 amino acid sequences and
the regions involved in immunization in mice. The amino acid sequence of preS1 region of genotype C
is shown. In this study, we obtained mouse hybridoma antibodies that react with region 1 (aa 21-35),
region 2 (aa 31-40), and region 3 (aa 37- 48) of the 21st to 59th amino acids of preS1. (B) The variable
region sequences of the anti-preS1 antibodies. The complementarity determining regions (CDRs) that
are expected to be the variable regions of the heavy and light chains of each antibody are shown. The
antibodies in region 3 were highly homologous to each other. Within the CDR sequence, one or two

amino acids were different between the heavy chain and the light chain for each antibody.
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Figure 2. Affinities of constructed anti-preS1 antibodies. (A) Reactivity of the anti-preS1 antibodies to



preS1 peptide. Antibodies that react with regions 1 and 2 are less reactive than antibodies that react

with region 3, and a higher concentration of antibody was required to obtain a signal. The reactivity of

an antibody that reacts to region 3 to preS1 was similar. Mean values of duplicate measurements are

shown. (B) Detectability of preS1 in serum from an HBV patient. The antibody that reacts with region

3 had the highest preS1 detection ability in serum, and all the antibodies showed the same detection

ability. 2-1 was slightly inferior to the detection ability of the antibody in region 3, and 1- 41 had the

lowest preS1 detection ability. Mean values of duplicate measurements are shown.

groups. Values less than the limit of
quantification were replaced by small values
(half of the minimum positive value in the
original data). All p values less than 0.05 were
considered significant. Numerical data were
calculated using JMP Pro, version 15 (SAS

Institute Inc., Cary, NC).

Results

Hybridoma and amino acid sequences of
the variable region of antibodies

Eight types of antibodies were obtained:
antibody 1-41 reacted to region 1 (preS1 aa
21-35), antibody 2-1 reacted to region 2
(preS1 aa 31-40) and antibodies 3-7, 3-10, 3-
13, 3-39, 3-55 and 3-63 reacted to region 3
(preS1 aa 37-48) (Fig. 1A). All of the
antibodies were IgG1 and contained a kappa
light chain. Amino acid sequences of the
variable regions of each hybridoma IgG are
shown in Figure 1B. The variable region of the
light chain was between aa 21 and aa 135 and
that of the heavy chain was aa 20-137.
Hybridoma clones 3-7 and 3-10, and clones 3-
39 and 3-55 had the same CDR in the light
chain, whereas clones 3-10 and 3-39 had the
same CDR in the heavy chain. There were no
clones that had the same CDR for both the

light and heavy chains.

Comparison of preS1 detection sensitivity
among the monoclonal antibodies

The reactivity of each antibody with the preS1
peptide was examined. The antibodies that
reacted to region 1 and region 2 were less
reactive than the antibodies that reacted to
region 3, and a higher concentration of
antibody was required to obtain a signal. The
reactivities of antibodies that reacted to preS1
region 3 were similar (Fig. 2A).
Subsequently, we confirmed the specificity of
the antibodies for the preS1 peptide in the
presence of human serum. Although there was
an antibody whose absorbance was
significantly increased in the presence of
serum, no apparent decrease was observed,
suggesting that nonspecific reaction between
the antibody and serum components rarely
occurs (Supplemental Fig. 1). Furthermore,
the detection ability of each antibody for
preS1 in the serum of the highly HB V-infected
patients was investigated. The preS1 level in
the serum was 240.24 ng/mL, and the
concentration of the serum diluted at a ratio of

1:250 was 1.0 ng/mL. Similar to the results of
detecting the preS1 peptide by each antibody,



the antibodies reacting with region 3 had the
highest detectability of preS1 in the serum,
and all the antibodies showed the same
detectability. PreS1 detectability of antibody
2-1 reaction to region 2 was slightly inferior,
and the detectability of antibody 1-41 was the
lowest (Fig. 2B). Based on these results,
antibodies against preS1 region 3 seem to
have high binding affinity for HBV and react
nonspecifically with serum to a lesser extent
than antibodies against regions 1 and 2.
Therefore, antibodies against region 3 were

used in subsequent epitope mapping.

Epitope mapping

ELISA of the N-terminal deletion peptides
using the antibody generated by clone 3-13
showed that the antibody bound to the aa 39—
47 peptide (NNPDWDFNP) weakly, while it
retained full binding activity to the preS1 aa
38-47 peptide (SNNPDWDFENP), indicating
that aa 38 is necessary for the antibody
binding (Fig. 3). In the case of the C-terminal
deletion peptides, the antibody bound to the
preS1 aa 38-46 peptide (SNNPDWDFN)
weakly, while it retained the full binding
activity to aa 38-47 peptide. These results
indicate that the epitope of antibody 3-13 is
located within aa 38—47 (SNNPDWDFNP) of
preS1. For clones 3-39, 3-7, 3-10 and 3-55,
epitope mapping was also performed, and we
found that the epitope was aa 38—47, the same
as in clone 3-13. Although each antibody
against region 3 had the same epitope, the
antibody productivity of 3-55 was higher than

the others, so antibody 3-55 was used in

subsequent experiments.

Correlation between preS1 antigen and
HBY markers

Using the constructed preS1 antibody, serum
preS1 antigen was measured in 200 CHB
patients, 25 patients with past HBV infection,
and 55 subjects without HBV infection by the
sandwich ELISA method. Each R? value of the
standard curve was 0.99 or more. The limits of
blank and detections of the ELISA system was
0.53 and 2.02 pg/mL, respectively, and the
limit of quantification was calculated as 4.48
pg/mL. The median value of preS1 in CHB
patients was 2.82 log pg/mL, and that of
subjects with HBsAg-negative patients and
without HBV infection were 1.13 and 1.10 log
pg/mL, respectively (Fig. 4A). To identify the
cutoff value, a receiver operating
characteristic (ROC) curve was created. The
area under the curve (AUC) value was 0.89,
and the preS1 value at the point closest to the
ideal value (0, 1), 1.7 log pg/mL (51.3 pg/mL),
was set as the cutoff value. The sensitivity and
specificity were 0.79 and 0.93, respectively
(Fig. 4B). We next analyzed the relationship
between levels of preS1 and HBV markers
such as HBsAg, HBeAg, HBcrAg, and HBV
DNA in 200 CHB patients. PreS1 values were
correlated with all HBV markers, especially
with HBsAg (R*=0.851 and p<0.0001) (Fig.
5). Significant correlation between serum
preS1 and HBsAg values was observed in all
genotypes, including genotypes A, B, and C
(Supplemental Fig. 2). Therefore, subsequent

analysis was performed by including all HBV
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preS1 38-46 1.638 1.286 1.736 0.816 0.405 0.212

Figure 3. Epitope mapping of region 3 antibodies. The absorbance of the reaction 545 between peptides
of various lengths and region 3 antibodies is shown. Peptides of aa 34- 48 and aa 37-55 served as positive
controls. Among the amino acids of NSNNPDWDFNPN (37-47) containing the epitope, when the second
amino acid from the N-terminal (S) was excluded, the signal of all antibodies decreased. In addition,
when the second amino acid from the C-terminal side (P) was excluded, all antibodies showed 550 a
remarkable decrease in signal. Since no decrease in signal was observed with SNNPDWDFNP, this

sequence was considered to be the epitope of each antibody.

A B
54 =
a4 E
g sontiecs
£ L 0.6
34 EEE Z
o ol =
o S5sss, @
= dest. . S 04
g 24 == - 3 o=
g 17 ---““"“-..m-.- --------------- emmmmeomoeeeees 0
0 - ) 0.0 T T T T T
HBsAg- Past HBV Subjects without 0.0 0.2 0.4 0.6 0.8 1.0
positive infection HBYV infection
1-Specificity

Figure 4. Distribution of preS1 value. A) PreS1 levels were measured in patients with chronic HBV
infection (n=200), patients with past HBV infection (n=25), and subjects without HBV infection (n=55).
The horizontal dotted line indicates the cutoff value. B) Cutoff value of preS1. To determine the cutoff
value, ROC curves were created for 55 subjects without HBV infection and 200 patients with chronic
HBs-positive HBV infection. The AUC value was 0.89, indicating moderate accuracy. The preS1 value
at the point closest to the ideal value (0, 1), 1.7 log pg/mL (51.3 pg/mL), was set as the cutoff value. At

that time, the sensitivity was 0.79 and the specificity was 0.93.
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Figure 5. Correlation between preS1 and HBV markers. Correlations between preS1 and HBsAg

(n=200), HBeAg (n=32), HBcrAg (n=200) and HBV DNA (n=200) levels were investigated. In the

regression model of preS1 and HBsAg, the R? value was 0.865 and the p value was <0.0001. suggesting

that preS1 level is highly correlated with HBsAg level. A high correlation was found between preS1 and

HBcrAg, with R 2=0.663 and p<0.0001. In addition, a correlation was found between preS1 and HBV

DNA levels with R 2 =0.605 and p <0.0001.

genotypes.

Characteristics of preS1 in patients with
different HBV statuses

The flowchart of the study population is
shown in Figure 6. Among the 200 CHB
patients, 168 patients were negative, and the
remaining 32 patients were positive for
HBeAg. Both HBsAg and preS1 levels in
HBeAg-positive patients were significantly
higher than those in HBeAg-negative patients
(p<0.001) (Supplemental Fig. 3). HBeAg-
negative CHB patients were classified into
four groups depending on HBV DNA and ALT

levels: I) HBV DNA <3.3 log IU/mL and ALT
<30 U/L; II) HBV DNA >3.3 log IU/mL and
ALT <30 U/L; III) HBV DNA <3.3 log IU/mL
and ALT >30 U/L; and IV) HBV DNA >3.3
log TU/mL and ALT >30 U/L (Table 1).
Although the HBsAg values

significantly different among groups, the

were not

value of HBcrAg was significantly higher in
group IV than in groups I (p=0.0001) and III
(p=0.0154) (Supplemental Fig. 4). The value
of preS1 was significantly higher in group IV
(p=0.0010) than in group I.

We next analyzed the relationship between the

HBsAg and preS1 levels and prognosis of the
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Figure 6. Overview of the study population.

Table 1. Clinical and virological characteristics of each patient group.

HBeAg status Negative (n=168) Positive (n=32)
Group I (n=89) 1I (n=39) III (n=19) IV (n=21)

ALT (U/L) <30 <30 >30 >30

HBV DNA (log IU/mL) | <3.3 233 <33 >3.3

Gender (male/female) 37152 14/25 12/7 15/6 14/18

Age (years) 60 (15-82) 51(27-72) 51 (27-72) 47 (6-70) 38 (4-68)
ALT (U/L) 17 (4-29) 18 (10-30) 38 (31-73) 44 (31-135) | 36 (11-404)
HBV DNA (log IU/mL) |2.3(0.8-3.2) 3.9(3.3-5.7) 2.0(0.8-3.1) 4.3(3.4-7.6) |8.3(2.9-9.0)
HBcrAg (log U/mL) 2.72.7-44) 272.7-5.0) 272.7-33) 33(27-65) |7.5(4.6-8.4)
HBsAg (log IU/mL) 3.2(-0.1-4.5) 3.2(1.0-44) 3.4(-0.1-4.5) 3.7(1.7-4.6) | 4.1(0.1-5.0)
PreS1 (log pg/mL) 2.6(04-42) 29(04-42) 3.0(04-40) 3.3(1.9-43) |42(0.4-5.2)

Data are shown as median (range)

progression to the status of antiviral

therapeutic objective in HBeAg-negative
patients. Of 168 HBeAg-negative patients,
147 patients were in group I, II, or III and
remaining 21 patients were in group IV (Fig.
6). Of the patients with group I, II, or III,
patients who had remained in group I, 11, or III
for the subsequent three years were defined as
the follow-up group, and patients who
progressed to group IV were defined as the
antiviral therapeutic objective group. Of 147
patients with group I, II, or III, 40 patients

were followed up within three years and 107

patients were followed up for more than three
years. Of 107 patients who were followed up
for more than three years, 89 patients had
remained in group I, II, or III (follow-up
group), and the remaining 18 patients
progressed to group IV (therapeutic objective
group) during the median 3.8 years of follow-
up. Although the value of log HBsAg and
HBcrAg was similar between the two groups,
the level of preS1 was significantly higher in
the antiviral therapeutic objective group
(p=0.0068) (Fig. 7A). As shown by the ROC

curve analysis, preS1 better predicted
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Figure 7. Correlation between preS1 and exacerbation of hepatitis in HBeAg-negative CHB patients.

(A) Comparison of HBsAg, HBerAg and preS1 in the follow-up (n=89) and treatment-indication groups

(n=18). In these box-and-whisker plots, lines within the boxes represent median values; the upper and

lower lines of the boxes represent the 75th and 25th percentiles, respectively; and the upper and lower

bars outside the boxes represent the 90th and 10th percentiles, respectively. Points indicate outliers.

(B) Predicted PreS1 value for treatment indication within three years. An ROC curve shows the ability

of the linear model to differentiate individuals who had been indicated for HBV eradication in 3 years.

The AUC value was 0.723, indicating moderate accuracy. The preS1 value at the point closest to the

ideal value (0, 1) was 2.8 log pg/mL. At that time, the sensitivity was 0.83 and the specificity was 0.55.

N.S., not significant; **, p<0.01

progression to requiring an antiviral treatment
within three years among HBeAg-negative
CHB patients (Fig. 7B). AUC was 0.723, and
when a preS1 cutoff of 2.8 log pg/mL (622.3
pg/mL) was used, the sensitivity was 0.83 and
the specificity was 0.55 to predict progression

to requiring anti-viral treatment.

Discussion

In this study, monoclonal antibodies specific
for preS1 were obtained and subjected to
epitope mapping, and a preS1 measurement

system by ELISA was constructed. The limit

of quantification of this system was 4.48
pg/mL, lower than that of a commercially
available system (0.1 ng/mL, Beacle, Inc.).
Because genotype C is the most common
genotype in Japan, the sequence of genotype
C was adopted in this study. We obtained one
antibody against region 1 (aa 21-35), one
antibody against region 2 (aa 31-40), and 6
antibodies against region 3 (aa 37-48) of the
preS1 region, but antibodies against regions 1
and 2 were less sensitive to preS1. As a result
of the epitope mapping performed on region 3,

the epitope of the antibody was determined to



be aa 3847 (SNNPDWDEFENP). The epitopes
of two HBV-neutralizing antibodies, KR359
and KR127, produced by Ryu et al. were aa
19-26 and aa 37-45, respectively, and both
antibodies showed a high sensitivity to preS1
[13,14]. The epitope of the antibody against
region 3 in the present study was aa 38—47,
which was similar to KR127 and was
consistent with high sensitivity. In genotype B,
the sequence corresponding to the epitope site
is SENNPDWDL, which has two amino acid
substitutions relative to genotype C, whereas
genotype A has the same epitope sequence as
genotype C. However, preS1 showed a high
correlation with HBsAg in each of the HBV
genotypes examined, so analysis was
performed using all three genotypes. Jimin et
al. reported that the combination of improved
antibodies HzKR359-1 and HzKR127-3.2
effectively neutralized genotypes A-D and G-
J HBV preS1, so it is thought that different
sequences can be bound in spite of these two
amino acid substitutions [15]. On the other
hand, Peiffer et al. showed that composition of
HBsAg differed according to HBV genotype
[16].

Further analysis is needed to clarify the

in HBeAg-negative CHB patients

relationship between the composition of
HBsAg and HBV genotype using a larger
number of patients.

Previous studies showed that preS1
was correlated with HBsAg, HBeAg, and
HBV DNA [17-21]. In this study, preS1 was
correlated not only with these HBV markers,
but also with HBcrAg. HBcrAg consists of
the hepatitis B core antigen, HBeAg, and a

22 kDa pre-core protein encoded by the pre-
core/core gene. HBcrAg has been reported as
a serum marker that could be used to estimate
the extent of the intrahepatic HBV cccDNA
pool via production of viral proteins
reflecting transcription of messenger RNA
from cccDNA [22]. The correlation between
preS1 and HBcrAg was consistent with a
previous report showing that LHBs plays an
important role in increasing the copy number
of cccDNA [5].

Cases of high preS1/HBsAg in
patients with chronic active hepatitis with high
ALT levels have been reported, and it was
suggested that this pattern might be associated
with liver tissue damage [23], but the actual
condition has not been  clarified.
Distinguishing patients in stable, inactive
"carrier" status compared to patients at risk of
disease activity or reactivation (IC and CHB)
is of paramount importance in clinical practice.
In HBV genotype D, Brunetto et al. identified
ICs with a sensitivity of 91.1% and a
specificity of 95.4% when the patients had
HBV DNA <2000 IU/mL and HBsAg <1000
IU/mL [24]. Liu et al. used the same cutoffs in
genotypes B and C of Asian cohorts, with
sensitivity and specificity of 71% and 85%,
respectively [25]. Pfefferkorn et al. reported
that although HBsAg levels were similar
between IC and CHB, components of HBsAg
in LHBs and MHBs were significantly higher
in the CHB group in patients with HBsAg
>1000 IU/mL [9]. Furthermore, they argued
that the components of HBsAg in LHBs and

MHBs were more accurate than HBsAg for



predicting IC and were useful markers for
distinguishing inactive and active forms of
CHB. In the present study, we showed that
preS1 was higher in cases with high HBV
DNA levels in HBeAg-negative CHB patients.
Furthermore, even in cases with low hepatitis
activity at the time of measurement, a high
preS1 level was associated with a high risk of
progression of hepatitis and the requirement of
antiviral therapy within the following three
years. The cutoff value of preS1 was 2.8 log
pg/mL, with sensitivity 0.83 and specificity
0.55, which seems to be a useful marker to
predict progression in HBeAg-negative CHB
patients.

The reason for the differences in
HBsAg composition at various stages of HBV
infection is unknown. LHBs transactivates
signal transduction and promotes viral
replication [3,6] and also plays an important
role in increasing the copy number of
cccDNA [5]. Therefore, it is estimated that a
higher LHBs ratio is associated with a higher
virus proliferation ability. In addition, the
preS1 region is essential for virus entry and
proliferation, as binding to the NTCP receptor
occurs within this region [4]. Furthermore,
HBsAg is present both in the infectious Dane
particles and in noninfectious spherical and
filamentous particles. In contrast, LHBs is less
detectable in spheres, while it is enriched in
filamentous and Dane particles [2]. Thus, it
appears that preS1 reflects the amounts of
virions more directly than HBsAg. Patients
with high HBV proliferative ability have high

preS1 levels and are likely to require antiviral

therapy. It was reported that the composition
of HBsAg provides a better prediction of
response to antiviral therapies such as
pegylated interferon and nucleos(t)ide analogs,
and that reduction of the LHBs ratio during
treatment was associated with subsequent
HBsAg loss, which reflects stable remission
[26, 27]. It would be interesting to investigate
the change of preS1 levels in CHB patients
who received antiviral therapy using our
ELISA system.

In conclusion, we established an
ELISA system capable of measuring preS1
levels. Using this ELISA system, we measured
preS1 levels in CHB patients and showed that
high preS1 is associated with an increased risk
of developing CHB. PreS1 levels may serve as
a novel tool for predicting progression to the
need for antiviral therapy in HBeAg-negative

CHB patients.
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