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Abstract

AIM: To improve the immunogenicity of receptor binding site
of hepatitis B virus (HBV) on preS1 antigen using HBV core
antigen as an immuno-carrier.

METHODS: One to 6 tandem copies of HBV preS1 (21-47)
fragment were inserted into HBcAg at the sites of aa 78 and
82, and expressed in E£.coli, ELISA, Western blot and animal
immunization were used to analyze the antigenicity and
immmunogenicity of purified particulate antigens. The ability
to capture HBV by antibodies elicited by chimeric particles was
detected with immuno-capture PCR.

RESULTS: Recombinant antigens CI, CII, CIII carrying 1-3
copies of HBV preS1 (21-47) individually could form virus-
like particles (VLPs), similar to HBcAg in morphology. But
recombinant antigens carrying 4-6 copies of HBV preS1
(21-47) were poorly expressed in £.coli. Chimeric antigens
were lacking of immunoreactivity with anti-HBc monoclonal
antibodies (McAbs), but still reserved good immunoreactivity
with anti-HBe McAbs. CI, CII, CIII could strongly react with
anti-preS1 McAb, suggesting that preS1 (21-47) fragment
was well exposed on the surface of chimeric VLPs. Three
chimeric VLP antigens (CI, CII and CIII) could stimulate
mice to produce high-level antibody responses, and their
immunogenicity was stronger than non-particulate antigen
21-47*6, containing 6 copies of preS1 (21-47). Mouse
antibodies to CI, CII and CIII were able to capture HBV virions
in immuno-capture PCR assay in vitro.

CONCLUSION: Chimeric particulate antigens of receptor
binding site-core antigen of HBV can elicit strong antibody
responses to preS1. They have a potential to be developed
into prophylactic or therapeutic vaccines against HBV infection.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Chronic hepatic diseases and hepatocellular carcinoma (HCC)
caused by HBV infection are the public health problem of
worldwide importancel'!. It is estimated that there are 350 million
HBV carriers worldwide!. Though prophylactic vaccines against
HBYV have been proved to be a great success, approximately
5-10% of individuals are non-responsive or poorly responsive
to conventional HB vaccines™). Meanwhile, there are still more
than 350 million adult chronic HBV carriers and tens of million
patients with chronic hepatic diseases in the world. If they
could not be treated, it means that tens of million people would
die of hepatocirrhosis or HCC in the next 20-30 years!%.
Unfortunately, there are no satisfactory measures to treat HBV
infection so far!"''*!, It is necessary to develop new anti-virus
methods, such as therapeutic vaccines.

Previous studies have shown that HBV preS1 (21-47) region
is assigned to the hepatocyte receptor binding site, and antibody
topreS1 (21-47) is virus-neutralizing!**!l. The anti-preS1 antibody
could represent an early serological marker for HBV clearance
and health improvement or recovery from the disease™*. It
seems reasonable that incorporation of preS1 (21-47) into
prophylactic or therapeutic vaccines might be a potential
strategy to overcome non-responsiveness to HBsAg vaccines
or to develop new therapeutic vaccines against HBV*4. Some
reports have mentioned the effect of vaccines carrying preS1,
but the antibody responses against preS1 are very weak!#>2¢,
The introduction of preS1 did not lead to obvious improvements
in the present HBsAg vaccines*”.

HBcAg is often used as an immuno-carrier to develop
immunogens and vaccines because it could auto-assemble into
VLPs in vitro®34, The region between positions 78 and 83 of
HBcAg (major immunodominant region, MIR) is surface
accessiblel®>**, After foreign peptides are introduced into this
position, the assembly of HBcAg is unaffected and inserting
peptide could be exposed on the surface of VLPs?**¢l. Thus
the position is an ideal site for foreign epitope inserting. Some
reports have mentioned the features of chimeric HBe-preS1 VLPs,
and shown that the immunogenicity of preS1 epitope could be
improved when fused in MIR of HBcP), Based on these
advantages, several peptide fragments containing different copies
of preS1 (21-47) were inserted into MIR of HBcAg to further
improve the immunogenicity of preS1 (21-47).

MATERIALS AND METHODS

Bacterial strains and plasmids

E.coli strain ER2566 and pMD 18-T vector were purchased
from New England Biolabs Inc. and TAKARA Co. respectively.
Expression vector pTO-T7 was constructed in our laboratory™ .
Clones containing genes of HBV adw2 strain (GenBank accession
number: AF233236) in vector pMD 18-T were preserved in our
laboratory. They were plasmid pT-C183 containing full-length
HBYV core gene; plasmids pT-21-47*1, pT-21-47*2, pT-21-47*3,
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pT-21-47*4, pT-21-47*5, pT-21-47*6 containing one to six
copies of HBV preS1 (21-47) individually; and tandem preS1
(21-47) fragments spaced by GS-encoding linkers.

Immunological reagents

Recombinant protein 21-47*6, composed of six tandem copies
of HBV preS1 (21-47), was prepared in our laboratory. McAbs
to HBcAg and HBeAg were provided by Beijing Wantai Biological
Medcine Co. Goat anti-mouse IgG-alkaline phosphatase conjugate
and substrates BCIP, NBT were purchased from Boehinger
Mannheim. McAb (4D11) to HBV preS1 (21-47) and HRP-
conjugated 4D11 were prepared in our laboratory.

A synthetic peptide encompassing the 21-47 amino acids of
HBV adw?2 preS1 (PLGFFPDHQLDPAFG ANSNNPDWDFNP)
was synthesized by MMG Co. (Germany), purified on a C18
column by HPLC, lyophilized and freshly resuspended in PBS
before use. The peptide composition was confirmed by amino
acid analysis. The purity of the peptide was higher than 95%.

Plasmid construction
Plasmid pC149/wt was constructed by cloning the N-terminus
of HBcAg (aal-149) encoding sequence into pTO-T7 at the
BamH 1/EcoRI sites. Site-directed mutagenesis was performed
by PCR using Taqg DNA polymerase, pC149/wt and the following
primers:5’-GTGGTACTGGATCCGGTGGTGGAGGTTCAGGA
GGAGGTGGTAGGGAATTAGTAGTCAG-3’ (sense) and 5°-
CCGGATCCAGTACCACCACCTCCAGAACCACCTCCACCAT
CTTCCAAATTACTTCC-3’ (anti-sense), and two HBc terminal
primers 5’-GGATCCCATATGGACATTGACCCA and 5’-
GAATTCTTAAAAACAGTAGTTTCCGG-3’. Theaminoacid-
encoding sequence of PCR product (C149/mut) was HBc (1-
78)-G,SG4T-GS-G4SG,4-HBc (82-149). In fragment C149/mut,
amino acid 79-81-encoding sequence of HBcAg was replaced
byalinker (G,SG,T-GS-G4SGy), in which GS-encoding sequence
was a BamH I site. Plasmid pC149/mut was constructed by cloning
fragment C149/mut into pTO-T7 at the Nde I/EcoR T sites.
Plasmids pC149/21-47*1, pC149/21-47*2, pC149/21-47*3,
pC149/21-47*4, pC149/21-47*5 and pC149/21-47*6 were
constructed by cloning the Bgl II/BamH I digested fragment of
pT-21-47*1,pT-21-47%2,pT-21-47*3, pT-21-47*4,pT-21-47*5and
pT-21-47*6 into pc149/mut at the BamH I sites. The construction
method of each of the recombinant plasmids pC149/21-47*6 is
shown in Figure 1.

78-GSGT-  -G,SG,82

149
W214776 M |

HBV core [
T7

f1 origin

Kan
pC149/21-47*6 lac |

Figure 1 Construction of plasmid pC149/21-47*6. The hori-
zontal bar represents the chimeric HBc-preSl (21-47) protein.
The insertion foreign DNA designed such that the 21-47*6
sequence, was flanked on both sides by glycine-rich linkers,
and inserted into the major immunodominant region (MIR)
of truncated, assembly-competent core protein derivative core
1-149. The authentic amino acids of 79-81 were removed.

Expression of recombinant HBV proteins in E.coli

The fresh overnight culture of ER2566 (DE3) (2 mL) carrying
recombinant expression plasmids was diluted with 200 mL of
fresh LB medium in the presence of 100 mg/L kanamycin and
grown to Ago= 0.8 at 37 “C at a shaking speed of 210 r/min. The
culture was induced by adding IPTG to a final concentration of
0.2 mmol/L at 32 “C for 3 h. The culture (1 mL) was harvested by
centrifugation, cell pellets were resuspended in 400 uL. SDS-PAGE
loading buffer, aliquots were run on 13.5% SDS-PAGE gels.

Purification of recombinant HBV proteins

The harvested bacterial pellets were resuspended in PBS. After
ultrasonication and high speed centrifugation, supernatants
were collected and precipitated by 40% saturated ammonium
sulfate. Precipitates were resuspended with PBS (pH 7.4) and
then dialyzed four times in PBS. The obtained proteins were
further purified with TSK-GEL SW3000 column for gel filtration
and then with DEAE-5PW column (TOSOH) for anion exchange
chromatography. The concentration of proteins was determined
by Bradford assay. The purified recombinant proteins were
stored at -20 “C prior to use.

Western blot analysis of recombinant proteins

Total cell lysates were run on SDS-PAGE gels and transferred
electrophoretically to nitrocellulose membrane for 1 h under the
voltage of 100 V. Then the membrane was incubated in blocking
solution (5% skim milk in Tris-buffered saline, TBS) for 1 h at
room temperature followed by incubation at room temperature
for 2 h with anti-preS1 (21-47) McAb 4D1 1 that was prediluted
to 1:200 with blocking solution. The membrane was washed
three times with TTBS (0.05% Tween 20 in TBS) for 10 min, and
alkaline phosphatase-labeled goat anti-human IgG antibodies
diluted in TTBS (1:2 000) were exposed to the membrane at
room temperature for 1 h, and washed three times for 10 min
with TTBS, and the membrane was visualized with a substrate
solution of BCIP and NBT.

Electron microscopy

After high speed centrifugation, the purified recombinant proteins
were analyzed by negative staining electron microscopy.
Samples were absorbed to 200 mesh copper grids for 5 min. The
grids were washed twice with ddH,O and air-dried. Specimens
were negatively contrasted using 1.5% uranyl acetate for 5 min.

Immunizations

Eighteen female BALB/c mice aged from 7 to 12 wk were randomly
assigned to one of groups, 3 each group. Four groups were
immunized with 20 pg of CI, CII, CIII or 21-47*6 absorbed onto the
Freund’s adjuvant at wk 0 and 5. The other two groups were
immunized with 20 pg of CII or 50 pg of 21-47*6 without adjuvant
atwk 0, 5 and 16. Sera were collected by tail bleeding and assayed
for immuno-PCR or anti-preS1 (21-47) and anti-HBc by ELISA.

ELISA

Five VLP antigens (C149/wt, C149/mut, CI, CII and CIII) were
coated to microplates in a quantity of 1 pg each well in 50 mmol/L
carbonate buffer (pH9.6) for 2 h at 37 °C and overnight at 4 °C.
Lysate of E.coli ER2566 carrying pGFP was used as a negative
coating sample (10 pg/well). Plates were washed with PBS
containing 0.05% Tween 20 and blocked with blocking buffer
(0.05% Tween 20 and 1% bovine serum albumin in PBS) for 2 h
at 37 'C. Three McAbs to HBe and 3 McAbs to HBc (1:1 000)
were applied for 30 min at 37 “C. Peroxidase-conjugated goat
anti-human IgG used as secondary antibody was incubated for
30 min at 37 ‘C and visualized with o-phenyl-diamine-2HCI
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(10 g/L in 5 mmol/L Tris-HCI, pH7.0). Between each step wells
were washed 5 times with PBST (0.05% Tween 20 in PBS). The
reaction was stopped with 50 puL of 2 mol/L H,SO,. Absorption
was measured at Ausoe20-

Synthetic peptide of preS1 (21-47) was used as a coating
antigen (0.3 pg/well), and HRP-conjugated goat anti-mouse
IgG was used as secondary antibody to develop indirect ELISA
for detecting antibodies to preS1 in the pooled sera. A positive
result was defined as an absorbance value of great than 2-fold the
absorbance of negative control with a cut-off of 0.05. Anti-preS1
titers for a group of animals were expressed as geometric mean
titers (GMT) of individual animal values, which were themselves
the average of triplicate assays. Seroconversion was defined
as atiter =100.

HBcAb in the pooled sera was detected with HBV ELISA
kit (Beijing Wantai Biological Medicine Co.).

Immuno-capture PCR

Virus capture capability of antibodies in immune sera was carried
out by immuno-capture PCR, based on the method of affinity
capture detection of HCV with a few modifications. Briefly, 0.5 mL
microcentrifuge tubes were coated with 25 puL goat anti-mouse
IgG incubated at room temperature for 1 h. After blocking with 5%
skim milk in PBST for 15 min at 37 ‘C and overnight at4 °C, tubes
were aspirated and washed with 250 uL. PBST. The mouse antisera
were adjusted to same titer of 1:100 by dilution with PBS, to avoid
variations of the results caused by different antibody titers in
different samples. Tubes were subsequently loaded with 25 pL
properly diluted mouse immune antisera and 25 puL purified
HBV particles (1x10” HBV genome Equivalent per mL, purchased
from Institute of Virology, Wuhan, China) diluted 1:50 in PBS. The
mixtures were mixed gently and incubated for 1 h at room
temperature and overnight at 4 “C. Tubes were then washed five
times with 250 uL PBST. Captured viruses were detected with
HBYV PCR which specifically amplifies a 360 bp fragment in the 5’-
terminus of HBV core gene. HBV, which was captured directly by
a McAb to HBsAg a. epitope (kindly provided by Dr. Qiu, Beijing
Wantai Biological Medcine Co.) was used as positive control.

RESULTS

Expression and purification of recombinant proteins

One to 6 tandem copies of HBV preS1 (21-47) fragment were
inserted into HBcAg at the sites of aa 78 and 82. As a result, two
plasmids containing HBV core gene and another six plasmids
containing HBV core gene and preS1 (21-47) region were
constructed (Table 1). The eight plasmids were transformed
into E.coli ER2566 and induced with IPTG. SDS-PAGE showed
five of them efficiently expressed (data of C149/wt not shown).
The yields of them were about 20% in total bacterial proteins
(Figure 2) and the productions were in soluble form (data not

C149/wt

shown). The other three recombinant proteins CIV, CV and CVI
could not be produced obviously.

Table 1 Source of inserted fragment of expression vectors

Number Plasmid Recombinant Insertion fragment
antigen
pC149/wt C149/wt -
pC149/mut C149/ mut -

pC149/21-47*1 CI
pC149/21-47*2  ClII
pC149/21-47*3  CIII
pC149/21-47*4 CIV
pC149/21-47*5 CV
pC149/21-47*6  CVI

Single copy of preS1 (21-47)
Two copies of preS1 (21-47)
Three copies of preS1 (21-47)
Four copies of preS1 (21-47)
Five copies of preS1 (21-47)
Six copies of preS1 (21-47)

g N U N

Recombinant proteins C149/mut, CI, CII and CIII in the
supernatants were precipitated by 40% saturated ammonium
sulfate, and further purified by using TSK-GEL columns and
with DEAE-5PW columns. Finally, the degrees of purity of all
the proteins were over 85% (Figure 2).

The five putative particles C149/wt, C149/mut, CI, CII and
CIII were demonstrated by negative-stain electron microscopy.
Numerous empty core-like particles with an average diameter
of 30 nm were observed (Figure 3). All of them looked much
more uniform and regular.
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Figure 2 SDS-PAGE analysis of purified recombinant antigens.
1: protein MW marker; 2: C149/mut; 3: purified C149/mut; 4:
CL 5: purified CI; 6: CII; 7: purified CII; 8: CIIL; 9: purified CIII.

Immunoreactivity with anti-HBc, HBe and preS1 McAbs

To test the immunoreactivity of five VLP antigens with anti-
HBc, HBe and preS1, ELISA was performed as described in
“Materials and Methods”. The negative control (E.coli lysates
containing GFP protein) did not react with all seven McAbs
(Figure 4). All of five VLP antigens had a good reactivity with
three anti-HBe McAbs, but their immunoreactivity with anti-

Figure 3 Transmission electron microscopy of VLP antigens purified from E.coli. The VLPs were stained with 1.5% uranyl acetate

and photographed at 67 000 magnification.
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HBc McAbs was very different. Native HBc VLPs (C149/wt)
reacted strongly with all three anti-HBc McAbs. However,
variant HBc VLPs (C149/mut) only reacted weakly with one of
the anti-HBc McAbs. The three HBe-preS1 (21-47) chimeric VLPs
also reacted weakly with one of the anti-HBc McAbs similar to
C149/mut. Above results indicated that the dominant B cell
epitope of HBc was destroyed because of the deletion of MIR
and further destroyed by insertion of foreign epitopes. Three HBc-
preS1 (21-47) chimeric VLPs had good immunoactivity with anti-
preS1 McAb, indicating that foreign epitope preS1 (21-47) could
be displayed on the surface of HBV core-like particles.

O eAb-1 O eAb-2 @ eAb-3 @ cAb-1 ® cAb-2 W cAb-3 ™ 4D11

GFP  Cl49/mut C149/wt CIII I a
Antigens

Figure 4 Reactivity of recombinant antigens with different HBV
McAbs by ELISA. GFP: cell lysates containing recombinant GFP
protein at 100 mg/L as negative coating control; recombinant
proteins C149/wt, C149/mut, CI, CIl and CII at 10 mg/L as
coating antigens; eAb-1, eAb-2, and eAb-3: three HBe-specific
McAbs; cAb-1, cAb-2, and cAb-3: three HBc-specific McAbs;
4D11: anti-preS1 McAb.

Western blot of chimeric VLP antigens with anti-preS1 McAb

Purified antigens CI, CII and CIII were separated by SDS-PAGE
and transferred electrophoretically to nitrocellulose for
immunoassay with HRP-conjugated McAb against preS1 (4D11).
As shown in Figure 5, all three antigens could react with 4D11
under either reducing or non-reducing conditions. Under non-
reducing conditions, there appeared two bands on the membrane
indicating chimeric HBc-preS1 (21-47) dimer might be connected
by disulfide bonds. The result illustrated that CI, CII and CIII had
good immunoactivity specific to antigen preS1 (21-47).

Dimer -—

Monomer  w.

Figure 5 Western blot analysis of recombinant proteins CI,
CII and CIII against anti-preS1 McAb (4D11) under reducing
or nonreducing conditions. Lanes 1, 3, and 5: purified CI, CII
and ClII treated with 500 mmol/L DTT; lanes 2, 4, and 6: puri-
fied CI, CII and CIII not treated with DTT.

Immunogenicity of chimeric VLP antigens in BALB/c

BALB/c mice were immunized with VLP antigens CI, CII, CIII or
with non-VLP antigen 21-47*6. As Figure 6 shows, in contrast
to 21-47*6, anti-preS1 antibody responses induced by CI, CII
and CIII were rapid and strong. When Freund’s adjuvant was
used, immunization of mice with VLP antigens gave 100%
seroconversion (anti-preS1 titer>100) and these had high
antibody titers (>600) at wk 1. While the titer of 21-47*6-injected
mouse sera was lower than 1:100 at wk 1. When no adjuvant

was used, CII gave anti-preS1 titer 200 times higher than 21-
47%6 at wk 20 (P<0.05). The immunogenicity of three VLP
antigens was similar, and CII was a little better than the others.
It was noteworthy that anti-HBc antibodies were not detected
in sera of the mice immunized with three chimeric VLPs during
the whole observation.
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Figure 6 Dynamics of anti-preS1 responses of BALB/c mice
immunized with CI, CII, CIII or 21-47*6 with Freund’s adju-
vant (FA) at wk 0 and 5 (arrows) or immunized with CII and
21-47*6 without adjuvant at weeks 0, 5 and 16 (arrows). Mice
were immunized by i.m. injection of proteins: 20 pg CI, CII,
CIII or 50 pg 21-47*6.

Immuno-capture of anti-Cll sera to HBV virions

To evaluate the specificity of anti-preS1 antibodies elicited by
chimeric particles, immuno-capture PCR was applied (Figure 7).
The results indicated that all the three sera from mice immunized
with CII were able to capture HBV virions in vitro, while that of
immunized with C149/mut could not capture HBV virions in vitro.

Figure 7 Detection of HBV captured by mouse antisera by
PCR. After immuno-capture of HBV from purified HBV virions,
by antisera from three mice immunized with CII alone, HBV
DNA was detected by PCR. 1: molecular markers 2: the posi-
tive control using anti-HBs monoclonal antibody 3: mouse
serum injected with C149/mut 4-6: mouse sera immunized
with CII alone at wk 2, 10 and 28 respectively.

DISCUSSION

After foreign epitopes were inserted into several areas of HBc
shells, HBc could correctly fold and self-assemble into VLPs in
all viable prokaryotic and eukaryotic expression systems?*!~°l.
Meanwhile, foreign epitopes were often exposed to the
protruding spike of VLPs. HBc carrier could provide a high
level of B cell and T cell immunogenicity for foreign epitopes.
Being a display carrier for foreign epitopes, HBc has more
advantages over other proposed particulate carriers®. HBc
protein consists roughly of assembly domain (1-149) and RNA-
binding domain (150-183)%. After deletion of RNA-binding
domain, the rest of HBc still could assemble into VLPs. In this
study, assembly domain-encoding (1-149) sequence of HBc
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was cloned and three amino acids were deleted (79-81) in the
MIR in order to minimize the interfering of HBc MIR to foreign
epitope-specific immunoresponse. The construct (antigen
C149/mut) eliminates the major immunodominant epitope of
HBcAg as well as the reactivity with three HBe-specific McAbs,
while it still reserves the reactivity with HBe-specific McAbs.

One to 6 serial copies of HBV preS1 (21-47) fragment were
inserted into the MIR-encoding region of pC149/mut and expressed
in E.coli. Recombinant antigens carrying 1-3 copies of preS1 (21-
47)(CI, CII, and CIII) could form VLPs analogous tonative HBcAg
morphologically, but the three recombinant antigens carrying
4-6 copies of preS1 (21-47) were expressed poorly. In one study
of Kratze et al**, after GFP was inserted into HBc MIR, the chimeric
protein was still efficiently expressed in E.coli. Contrary to GFP of
238 amino acids in length, the full length of four preS1 (21-47) was
only 164. These results reveal that HBc MIR has different
capability of accepting different foreign epitope insertions.

In the Western blot analysis for VLP chimeric antigens, only
the monomer band could be seen after treatment with DTT, while
an additional band of dimer appeared in the absence of DTT.
The observation suggested disulfide bonds might be responsible
for the formation of dimers of chimeric HBcAg. This conclusion
is in agreement with the previously reported results! '+,

The fact that antigens CI, CII and CIII could be strongly
recognized by anti-preS1 McAb indicates that epitope preS1
(21-47) can be well displayed. In this study, three VLP antigens
could stimulate mice to produce high-level antibody responses,
and their immunogenicity was prior to non-particulate antigen 21-
47*6. Moreover, immuno-capture PCR assay shows multiclonal
antibody elicited by chimeric VLP antigen (CII) could capture HBV
virions in vitro. These data indicate that the three VLP antigens
CI, CII and CIII have a potential to be developed into assistant
prophylactic or therapeutic vaccines. It may be a feasible strategy
for vaccine designs to improve the immunogenicity of specific
peptides in virtue of the display capability of HBcAg.
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