
Hepatitis B virus core antigen epitopes presented by HLA-A2

single-chain trimers induce functional epitope-specific CD8
+

T-cell responses in HLA-A2�1/Kb transgenic mice

Introduction

Hepatitis B virus (HBV) infection represents a significant

unmet medical problem worldwide. An estimated 350

million people are chronically infected with the virus;

they can develop chronic hepatitis, cirrhosis and in some

cases ultimately hepatocellular carcinoma. Despite an

effective prophylactic vaccine that has been broadly used,

vaccination is not an effective treatment for established

infection. Attempts at treatment of chronic infection by

interferon-a (IFN-a) and nucleotide analogues have had

limited success in elimination of the virus.1 A combina-

tional strategy of first down-regulating HBV replication

with antiviral chemicals and then stimulating cellular

immunity of the host showed promising results.2 Patients

who successfully clear the virus usually have efficient

HBV core antigen (HBcAg)-specific cytotoxic T-lympho-

cyte (CTL) responses; however, these responses are

reduced or below detection levels in patients with chronic

infection.3–5 Efficient stimulation of HBcAg-specific CTLs

may provide a possibility for virus elimination from chro-

nic HBV carriers.

To date, different strategies have been tried in enhan-

cing HBV-specific CTL responses, including CpG DNA,
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Summary

The potency of CD8+ cytotoxic T lymphocyte (CTL) responses toward

core antigen has been shown to affect the outcomes of hepatitis B virus

(HBV) infection. Since single-chain trimers (SCT) composed of peptide

epitope b2-microglobulin (b2m) and major histocompatiblity complex

(MHC) class I heavy chain covalently linked together in a single molecule

have been shown to stimulate efficient CTL responses, we investigated the

properties of human leucocyte antigen (HLA)-A2 SCTs encoding the

HBV core antigen (HBcAg) epitopes C18)27 and C107)115. Transfection of

NIH-3T3 cells with pcDNA3.0-SCT-C18)27 and SCT-C107)115 leads to sta-

ble presentation of HBcAg epitopes at the cell surface. HLA-A2.1/Kb

transgenic mice vaccinated with the SCT constructs, either as a DNA vac-

cine alone or followed by a boost with recombinant vaccinia virus, were

shown to generate HBcAg-specific CTL responses by enzyme-linked

immunospot assay (ELISPOT) and in vitro interferon-c release experi-

ments. HBcAg-specific CTLs from vaccinated HLA-A2.1/Kb transgenic

mice were able to inhibit HBV surface and e antigen expression as indica-

ted by HepG2.2.15 cells. Our data indicate that a DNA vaccine encoding

a human HLA-A2 SCT with HBV epitopes can lead to stable, enhanced

HBV core antigen presentation, and may be useful for the control of

HBV infection in HLA-A2-positive HBV carriers.

Keywords: cytotoxic T lymphocytes; hepatitis B virus; human leucocyte

antigen A2 single-chain trimer; human leucocyte antigen A2 transgenic

mice

Abbreviations: CTL, cytotoxic T lymphocytes; DMEM, Dulbecco’s modified Eagle’s minimum essential medium; EFU,
EGFP-forming unit; ELISA, enzyme-linked immunosorbent assay; ELISPOT, enzyme-linked immunospot assay; FCS, fetal calf
serum; FITC, fluorescein isothiocyanate; HBV, hepatitis B virus; HBcAg, HBV core antigen; HIV, human immunodeficiency
virus; HLA, human leucocyte antigen; IFN, interferon; MHC, major histocompatibility complex; MOI, multiplicity of infection;
PCR, polymerase chain reaction; SCT, single-chain trimers; SFC, spot-forming cell; VTT, vaccinia TianTan.
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heat-shock proteins, DNA vaccines and various epitope or

protein vaccines.2,6–9 DNA vaccines were shown to elicit

both humoral and cellular immune responses in small ani-

mal models; however, this method has achieved limited

success in large non-human primates.6,10 Antigens are

mainly expressed on muscle cells following routine DNA

vaccination by intramuscular injection, so the CTL-

priming efficiency was relatively low because of the lack of

expression of the costimulatory molecules B7.1 and B7.2

on these cells. Transfer of DNA-coated gold beads via a

gene gun has been shown to efficiently deliver the DNA to

professional antigen-presenting cells (Langerhans cells),

which can greatly enhance the CTL-priming efficiency.11,12

Despite the high efficiency of CTL priming by the gene-

gun method, this application has been limited because of

the low availability of the equipment. Recombinant viral

vectors that contain sufficient adjuvant elements, such as

CpG motifs, have been used for a number of years in

laboratory animals and in human trials, and have been

shown to induce strong humoral and cellular immune

responses for the possible prevention and treatment of

various diseases. DNA vaccines have been used in combi-

nation with attenuated vaccinia virus Ankara (MVA),

NYVAC (derived from the Copenhagen strain of vaccinia

virus), avipoxvirus FP9 and ALVAC (derived from canary-

pox virus), which have been modified to express antigens

from bacteria, parasites, viruses and tumour cells.13–18

Vaccinia TianTan (VTT) was used as a vaccine against

smallpox in China for millions of people before 1980 and

proved to be significantly less virulent than most other

vaccines.19 A study of the CTL-priming ability of VTT

encoding an HBV antigen would be of interest.

Studies on antigen presentation have revealed that differ-

ent major histocompatibility complex (MHC) class I alleles

compete with each other in binding epitopes that may alter

CTL responses.20,21 In addition, different viruses have

acquired the ability to down-regulate the MHC class I

antigen presentation pathway, leading to increased viral

persistence and immune escape. However, single-chain

trimers (SCT), composed of antigenic epitope,

b2-microglobulin (b2m) and MHC class I heavy chain all

covalently joined together via flexible linker sequences,

bypass the requirement for antigen processing and lead to

stable, enhanced presentation of the epitope. A mouse Kb

SCT with an epitope from human papillomavirus type 16

E6 protein was able to protect DNA-vaccinated mice from

lethal E6-expressing tumour challenge, whereas a DNA vac-

cine encoding full-length antigen was much less effective,11

suggesting that SCTs may improve DNA vaccine efficacy.

Similarly, two different human leucocyte antigen (HLA)-

A2 SCTs have been shown to be effective at inducing CD8+

T-cell responses.22,23 Because HBcAg-specific CTLs are

thought to play a vital role in virus resolution, we investi-

gated the efficiency of responses against HLA-A2 SCTs with

HBcAg epitopes C18)27 and C107)115 either as a DNA

vaccine alone or in a DNA-rVTT prime-boost vaccine stra-

tegy in HLA-A2�1/Kb transgenic mice. The effector func-

tion of generated CTLs was studied using HepG2.2.15 cells,

which express HLA-A2 and contain a 1�3-fold HBV

genome (U95551, ayw subtype).

Materials and methods

Cell lines and mice

NIH-3T3 cells and Vero cells cultured in Dulbecco’s

modified Eagle’s minimum essential medium (DMEM)

supplemented with 10% fetal calf serum (FCS) and

antibiotics were used to study the cell surface expression

of SCTs and for recombinant selection and expansion

of vaccinia viruses. HepG2.2.15 cells, which have a

1�3-fold length of HBV genome (U95551, subtype ayw),

were cultured in DMEM supplemented with 10% FCS,

antibiotics and 200 lg/ml G418. Human immunodefi-

ciency virus (HIV) gag epitope (SLYNTVATL), HBcAg

epitopes C18)27 (FLPSDFFPSV) and C107)115 (CLTF

GRETV) were synthesized by GL Biochem (Shanghai,

China) and their purity (> 95%) was confirmed by fast

protein liquid chromatography and mass spectrometry.

HLA-A2.1/Kb transgenic mice were intramuscularly

injected with 100 lg pcDNA3.0-SCT plasmids at 2-week

intervals three times or were boosted with the appropri-

ate recombinant vaccinia virus for the third vaccination.

Mice were killed 14 days after the last vaccination and

splenocytes were dispersed for ELISPOT and in vitro

IFN-c staining analysis directly.

Construction of pcDNA3.0-SCTs

HBcAg-specific SCTs were derived by overlapping poly-

merase chain reaction (PCR) mutation from a pKG5-

A2SCT-HIVgag construct (K. G., unpublished) using the

upstream and downstream primers 50-CAGCTGTGGAAT

GTGTGTCAGTTAG-30 and 50-AATCAGCAAGCTTGGTA

CCGA-30 with the following mutagenic primers: SCT-C18

mutagenic primers (epitope HBcAg 18–27): 50-AACAGAA

GGAAAGAAGTCAGAAGGCAAAAAAGCCTCCAGGCCA

GAAA-30 and 50-TTTTTGCCTTCTGACTTCTTTCCTTCT

GTTGGAGGTGGGGGAGGCGGA-30; SCT-C107 muta-

genic primers (epitope HBcAg107–115): 50-AACAGTTTC

TCTTCCAAAAGTAAGACAAGCCTCCAGGCCAGAAAG-

30 50-TGTCTTACTTTTGGAAGAGAAACTGTTGGAGGT

GGGGGAGGCGGA-30. PCR fragments of SCT-C18 and

SCT-C107 were digested with XhoI/HindIII and cloned

into pcDNA3.0 digested vector. The pcDNA3-SCTs were

sequenced and then subcloned with the following primers

for correct inserting directions in pcDNA3.0 vector: SCT-

50-BamHI primer TGAGGATCCGATATGTCTCGCTCCG

TG and SCT-30-XhoI primer GAGCTCGAGTCACACTTT

ACAAGCTGTGAGAGAC.
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Construction of recombinant vaccinia virus transfer
vector and selection of recombinant vaccinia viruses

Recombinant vaccinia virus (rVTT) was constructed by

homologous recombination of wild-type VTT with a

recombinant transfer vector that contains HA flanking

sequences. Transfer vector AE was constructed by insert-

ing an enhanced green fluorescent protein gene (EGFP)

gene to the vector A · 2d (provided by Dr Zhiwei Chen,

Wuhan University). EGFP was PCR amplified from pEG-

FP-N1 vector (BD Biosciences, San Jose, CA) using a 50

primer: 50-AACAGATCTGGAATGGTGAGCAAGGGCGA-

30 and a 30 primer: 50-GCAGGATCCTTACTTGTACAGC

TCGTC-30 and inserted under the A · 2d promoter

pH 5. Recombinant AE-SCT-C18)27 and AE-SCT-C107)115

were constructed by inserting the corresponding SCTs

under the promoter pSyn of the AE vector separately.

Vero cells were cultured until they reached 40–80%

confluence in six-well plates. Sufficient wild-type virus

to give a multiplicity of infection (MOI) of 0�1 was

diluted in 400 ll DMEM and used to infect the Vero

cells for 1�5 hr. Then, 1 lg transfer plasmid AE or

AE-SCTs was transfected into the infected Vero cells

using Effectene transfection reagent (Qiagen, Valencia,

CA) according to the manufacturer’s protocol. The cul-

tures were left to grow for 24 hr and split into six

60-mm plates. EGFP-positive plaques were selected and

plaque purified for six rounds; finally, the purified

rVTT was harvested by sucrose-gradient centrifugation

before being injected into transgenic mice. The titre of

rVTT was determined by EGFP expression and defined

as EFU (EGFP-forming units per ml virus stock). Vacci-

nia virus rVTT-AE (EGFP only), rVTT-AE-SCTC18)27

(EGFP and SCT-C18)27), rVTT-AE-SCTC107)115 (EGFP and

SCT-C107)115) were injected into HLA-A2.1/Kb transgenic

mice intramuscularly at a dose of 2 · 107 EFU/mouse in

some experiments to boost the immune effects following

DNA priming.

Transfection and cell surface detection of SCTs

NIH-3T3 cells were seeded in six-well plates and incu-

bated at 37� in 5% CO2 for 24 hr to 40–80% conflu-

ence. Transfection was performed using Effectene

transfection reagent (Qiagen) according to the manufac-

turer’s protocol. The cells were cultured for 24 hr and

cell surface expression of SCTs was analysed both by

flow cytometry and confocal microscopy using fluoresc-

ein isothiocyanate (FITC)-labelled anti-HLA-A2 antibody

clone BB7.2.

Elispot

Interferon-c ELISPOT analysis was performed according

to the protocols supplied by the manufacturer (U-Cytech).

Briefly, 96-well polyvinylidene difluoride (PVDF) plates

were preincubated with the coating antibody at 4� over-

night and blocked for 1 hr at 37�. Splenocytes (1 · 105 to

5 · 105 cells/well pulsed with 10 lg/ml peptides sepa-

rately) were added to wells in triplicate and incubated at

37� for 24 hr. Spot-forming cells were counted and ana-

lysed with an ELISPOT plate reader (Biosys, Karben, Ger-

many). Statistical analysis was performed using Student’s

t-test with EXCEL.

In vitro IFN-c staining

Splenocytes were incubated with the corresponding

epitope peptides for 6 hr in the presence of Brefeldin

A (5 lg/ml). Cells were stained according to the proto-

col of the IFN-c staining kit (BD Pharmingen, San

Diego, CA). Briefly, splenocytes were surfaced stained

with anti-CD8a-FITC (BD Pharmingen) for 30 min on

ice then fixed and rendered permeable on ice for

20 min. Cells were then stained with anti-IFN-c-APC at

room temperature for 30 min and washed. Cells

were dispersed in 1% paraformaldehyde and analysed

by flow cytometry using BD FACS software (BD Bio-

sciences).

Functional analysis of CTLs

Splenocytes were cocultured with HepG2.2.15 cells

(1 · 105 cells) at ratios of 20 : 1 and 40 : 1 in a total vol-

ume of 600 ll RPMI-1640 + 10% FCS in 24-well plates

and incubated at 37� for 2 days. Culture media were col-

lected and centrifuged at 500 g for 5 min. HBsAg and

HBeAg expression was tested in triplicate using a com-

mercial HBV S and e antigen detection kit (Shanghai Siic

Kehua Biotech, Shanghai, China) by enzyme-linked

immunosorbent assay (ELISA). Expression differences

were calculated using the following equation: average S or

e down-expression ¼ [(HepG2.2.15 average OD450 ) test

group average OD450)/(HepG2.2.15 average OD450)] ·
100%, where OD450 is the optical density at 450 nm.

Results

Construction of DNA vaccines and vaccinia viruses
encoding HLA-A2-SCTs

HLA-A2-restricted HBcAg-specific epitopes HBcAg18)27

(FLPSDFFPSV) and HBcAg107)115 (CLTFGRETV) were

constructed by PCR mutation from pKG5-SCT-HIVgag

(SLYNTVATL) as described in the Materials and meth-

ods and verified by DNA sequencing. Vectors pcDNA3.0

and pcDNA3.0-SCT-HIVgag were used as controls for

DNA vaccination. Recombinant vaccinia viruses were

constructed by homologous recombination of transfer

vector AE and AE-SCTs with wild-type virus in Vero
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cells and were designated rVTT-AE, rVTT-AE-SCT-

C18)27 and rVTT-AE-SCT-C107)115. The DNA and

vaccinia virus vaccines used in this study are shown

schematically in Fig. 1.

HBV core antigen HLA-A2 SCTs are efficiently
expressed on the cell surface

To test if HBcAg-epitope-encoding SCTs were able to fold

correctly and be expressed at the cell surface, the DNA

vaccines were used to transfect NIH-3T3 cells. Cell surface

expression of SCT-HBcAg18)27 and SCT-HBcAg107)115

was tested by flow cytometry and confocal microscopy

24 hr after transient transfection. Cell surface staining

with conformation-dependent HLA-A2-FITC antibody

(clone BB7.2) showed that HBcAg epitope-encoding

SCTs could be expressed efficiently on the cell surface

(Fig. 2).

Selection of recombinant vaccinia viruses encoding
HLA-A2 SCTs

Recombinant vaccinia viruses were constructed by homol-

ogous recombination of transfer vector AE and AE-SCTs

with wild-type VTT strain in Vero cells and were selected

from plaques that were positive for EGFP expression.

After six rounds of purification, recombinant virus

was expanded in Vero cells seeded in 10-cm plates.

Figure 3(a) shows a representative recombinant vaccinia

virus plaque and the recombinant vaccinia virus-infected

Vero cells. Figure 3(b) shows a transmission electron

micrograph of sucrose-purified recombinant vaccinia

virus.

DNA vaccines encoding HBV core antigen epitope
HLA-A2 SCTs prime HBV core antigen-specific
CD8+ T cells in HLA-A2.1/Kb transgenic mice

HLA-A2.1/Kb transgenic mice were vaccinated with

three injections of pcDNA3.0-SCTs at 2-week intervals

by intramuscular injection. Two weeks after the last

vaccination, spleens were removed and dispersed in

RPMI-1640 medium supplemented with 10% FCS as

described in the Materials and methods. Splenocytes

were stimulated in 24-well plates with the correspond-

ing peptides for 24 hr and then subjected to ELISPOT

analysis for a further 24 hr. In vitro IFN-c production

was tested after 2 days of peptide stimulation followed

by a 6-hr stimulation with the appropriate peptide in

the presence of Brefeldin A. ELISPOT experiments
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Figure 1. Diagrams depicting structure of HBV SCTs and chimeric

DNA and vaccinia virus constructs. (a) SCT which includes a signal

peptide, epitope, b2m and human MHC-I molecule HLA-A2 was

linked by a 15 amino acid GS linker. (b) SCTs containing HBcAg

epitope C18)27 (pcDNA3.0-SCT-C18)27, FLPSDFFPSV), epitope

C107)115 (pcDNA3-SCT-C107)115, CLTFGRETV) and a control epi-

tope from HIV gag (SLYNTVATL) were cloned into pCDNA3.0 vec-

tor separately to make the DNA vaccine in the study. (c) Diagram of

transfer vector AE-SCT-C18)27, which includes an EGFP gene and

SCT-C18)27 gene. (d) Transfer vectors AE (control vaccinia vector

with EGFP), AE-SCT-C18)27 and AE-SCT-C107)115 were constructed

and recombined with wild-type vaccinia virus TianTan strain (VTT)

to make recombinant vaccinia virus (rVTT) in this study.

(a)

(b)

NIH-3T3 cells transfected with pcDNA3-SCTs for 24 hr

NIH-3T3
NIH-3T3-pcDCA3-SCT-HIVgag
NIH-3T3-pcDCA3-SCT-C18–27
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Figure 2. Cell surface expressions of SCTs. (a) Flow cytometry ana-

lysis of cell surface expression of SCTs. The pcDNA3.0-SCT con-

structs were transiently transfected to NIH-3T3 cells. Cell surface

expression was determined by FITC-labelled anti-HLA-A2 antibody

(clone BB7.2). (b) Confocal microscopic detection of the cell surface

expression of SCTs on NIH-3T3 cells. After transient transfection,

NIH-3T3 cells were stained with FITC-labelled HLA-A2 antibody

(clone BB7.2) and analysed using confocal microscopy. NIH-3T3

(negative control), NIH-3T3-pcDNA-SCT-HIVgag (NIH-3T3 cells

transfected with pcDNA3.0-SCT-HIVgag).
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indicated that the DNA vaccines encoding HBcAg and

HIV gag epitope-specific HLA-A2 SCTs were able to

induce epitope-specific CD8+ T-cell responses in HLA-

A2.1/Kb transgenic mice (with P ¼0�002, P ¼ 0�009

and P ¼ 0�007 for SCT-C18)27, SCT-C107)115 and SCT-

HIV gag, respectively, compared to control pcDNA3�0
vaccinated group) (Fig. 4a). Similar results were also

obtained using in vitro IFN-c staining experiments

(Fig. 4b).

Splenocytes from vaccinated mice inhibit
HBV antigen production by HepG2�2.15 cells

The HepG2.2.15 cell line, which is HLA-A2 positive and

stably transfected with a hepatitis B virus genome

(U95551, ayw subtype) and produces all the viral RNAs

and proteins, was used to study the effector function of

splenocytes derived from vaccinated mice as described in

the Materials and methods. Splenocytes from vaccinated

mice were isolated and mixed with 1 · 105 HepG2.2.15

cells at ratios of 20 : 1 and 40 : 1. HBV S and e antigen

expression in culture supernatant was tested by ELISA

after 2 days of cocultivation. The results indicated that

HBV antigen expression was down-regulated when

HepG2.2.15 cells were cocultured with splenocytes from

mice vaccinated with SCTs, and that this down-regulation

was antigen specific because splenocytes from mice vac-

cinated with plasmid vector alone or HIV gag SCT were

less effective at down-regulating the expression of S and e

antigen (Fig. 5).

Boosting with recombinant vaccinia virus greatly
enhances the frequency of specific CD8+ T cells
elicited by SCT DNA vaccine

Our results indicated that HBcAg-specific responses were

primed in HLA-A2 transgenic mice using HLA-A2 SCT

pcDNA3.0 constructs. However, the magnitude of CD8+

T-cell responses generated did not seem to show an obvi-

ous advantage compared to other DNA vaccine strategies

published, and was not at a comparable level to the

responses reported for a mouse SCT DNA vaccine,11

although there are many possible explanations for this

difference in efficiency. To test whether boosting with
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Figure 4. DNA vaccine with SCT constructs elicits epitope-specific

CTL responses in HLA-A2.1/Kb transgenic mice. (a) Four groups of

HLA-A2.1/Kb transgenic mice, each contain four to eight mice, were

vaccinated with 100 lg pcDNA-3.0-SCTs intramuscularly at 2-week

intervals for three injections. Splenocytes were dissected 2 weeks after

the last vaccination. Epitope-specific IFN-c-releasing cells were coun-

ted by ELISPOT experiments. pcDNA3.0-SCT vaccines were able to

prime CD8+ T-cell responses with statistical significance (P ¼ 0�002,

P ¼ 0�009 and P ¼ 0�007 for C18)27, C107)115 and HIV gag, respect-

ively, compared to pcDNA3.0 control group vaccination; SFC, spot-

forming cells). (b) Splenocytes were prestimulated with 10 lg/ml

epitopes for 2 days and then tested by flow cytometry using FITC-

CD8a and APC-IFN-c antibodies. CD8+ IFN-c-expressing cells were

gated against CD8+ T cells.

(a)

(b)

Figure 3. Construction and detection of recombinant vaccinia virus.

(a) Example of recombinant vaccinia virus rVTT-AESCT-C18)27

selection. Vero cells were transfected with 0�1 MOI wild-type VTT

for 90 min in six-well plates, followed by transfection of 1 lg trans-

fer vector AESCT-C18)27 plasmids by Effectene transfection reagent.

Cells were left to grow for 24 hr and then frozen and thawed three

times. Supernatants were planted on six 60-mm plates and cultured

for 24 hr. EGFP-expressing cells were selected using a fluorescent

microscopy and further purified for six rounds. (b) Purification of

rVTT-AESCT-C18)27 was performed using 20–60% sucrose-gradient

centrifugation at 18 000 g and diluted in phosphate-buffered saline.

Purified recombinant virus was subjected to transmission electron

microscopy.
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recombinant vaccinia virus would enhance the generation

of specific T cells, 2 · 107 EFU recombinant vaccinia vir-

uses rVTT-AE, rVTT-AESCT-C18)27 and rVTT-AESCT-

C107)115 were injected into mice 2 weeks after priming

with the corresponding DNA vaccine. ELISPOT and

in vitro IFN-c production were used to determine the

efficiency of specific CD8+ T-cell responses. Our results

confirmed that boosting with VTT strain expressing an

HLA-A2 SCT could greatly enhance the CD8+ T-cell

responses primed by a DNA vaccine encoding the same

SCT molecule (four-fold to seven-fold compared to DNA

vaccine alone) (Fig. 6).

Discussion

HBV infection is a major public-health concern world-

wide because of its association with chronic infection and

the disease progression to liver cirrhosis and hepatocellu-

lar carcinoma. DNA vaccines encoding HBV surface and

core antigens have been shown to elicit both humoral

and cellular responses; however, the application of DNA

vaccination with HBV structural antigens for HBV infec-

tion has its limitations. Kidney and liver damage caused

by circulating immune complexes as a result of the long-

term persistence of antigen and antibody was reported

after DNA vaccination in an animal model.24 In the con-

text of HBV infection, surface antigen and core antibodies

are usually present during acute and chronic HBV infec-

tion; a vaccination strategy for clinical application should

consider the existing over-expressed antigen and persist-

ent antibodies.25 More importantly, HBV recurrence

following dominant epitope mutation after medical treat-
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Figure 5. Epitope-specific CTLs from HLA-A2.1/Kb transgenic mice

inhibit HBV surface and e antigen expression from HepG2.2.15 cells.

Splenocytes were immediately cocultured with HepG2.2.15 cells at

ratios of 20 : 1 and 40 : 1 for 2 days. S and e antigen expression in

the culture media was tested with HBV S and e antigen detection

kits by ELISA. (a) Splenocytes from pcDNA3.0-SCT-C18)27-vaccin-

ated and pcDNA3.0-SCT-C107)115-vaccinated mice were shown to

inhibit HBV S antigen expression of HepG2.2.15 cells with statistical

significance (P < 0�05 compared to mice from control pcDNA3.0-

and pcDNA3.0-SCT-HIVgag-vaccinated groups). (b) HBV e antigen

expression was inhibited by CTLs from core-antigen-specific SCT-

vaccinated mice with statistical significance compared to control

groups.
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Figure 6. A vaccinia virus boost greatly enhanced the magnitude of

HBV core-antigen-specific CTL responses primed by DNA vaccine.

HLA-A2.1/Kb transgenic mice were vaccinated with pcDNA-SCTs

twice and then boosted with 2 · 107 EFU recombinant vaccinia virus

rVTT-AE and rVTT-AE-SCTs. Splenocytes were dissected 2 weeks

after the last vaccination. (a) ELISPOT analysis of HBcAg18)27-speci-

fic and HBcAg107)115-specific CTLs was performed immediately after

the splenocyte dissection. Vaccinia virus boost greatly enhanced the

CTL responses in an epitope-specific manner (with P ¼ 0�01, P ¼
0�002 and P ¼ 0�005 for pcDNA-AE, pcDNA-AE-SCTC18 and

pcDNA-AE-SCTC107, respectively, compared to the pcDNA3.0-

vaccinated group; P ¼ 0�0003 and P ¼ 0�02 for pcDNA-AE-SCTC18

and pcDNA-AE-SCTC107, respectively, compared to the pcDNA-AE-

vaccinated group). (b) Splenocytes were stimulated with correspond-

ing epitopes for 2 days and were then subjected to in vitro IFN-c
staining analysis.
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ment often occurs, and low-affinity (non-dominant)

epitopes that are less likely to be subject to immune selec-

tion and mutation may play even more vital roles in

therapeutic vaccination.26 In addition, vaccination with

full-length antigen does not necessarily induce a poly-

clonal CTL response in vivo, as indicated by a phase I

clinical study on melanoma patients who were vaccinated

with DNA and vaccinia virus encoding intact antigen,

and in which CTL responses were only generated against

one of the reported epitopes.17

Using human MHC class I SCTs encoding HBV core

antigen epitopes, we report here that core antigen-specific

CD8+ T-cell responses were primed by DNA vaccination

and that the magnitude of these responses was greatly

enhanced by boosting with a recombinant vaccinia virus

encoding the same construct. This approach has the

potential advantage that efficient responses may be made

against non-immunodominant, low-affinity epitopes,

because the peptide epitope is covalently linked to the

MHC class I molecule, and the normal requirements for

antigen processing are bypassed. Two other studies have

also successfully used different HLA-A2 SCTs in the form

of DNA vaccines22,23 but the properties of a recombinant

vaccinia virus encoding an SCT have not yet been repor-

ted. In this study, a DNA vaccine encoding the SCT deliv-

ered by intramuscular injection was shown to elicit

specific CD8+ T-cell responses less than a mouse SCT

construct delivered by gold particles.11 There are several

possible reasons for this. First, antigens encoded by plas-

mid DNA given by intramuscular injection are mainly

expressed in muscle cells, which lack the costimulatory

molecules B7.1 and B7.2. Second, the transgenic mice

used in the experiments express heterodimeric HLA-A2.1/

Kb molecules in the context of a background of H-2 class

I molecules, and these transgenic mice were shown to

have a relatively lower efficiency in CTL priming.26–29

However, boosting with recombinant VTT strain enco-

ding the same SCT constructs was shown to significantly

enhance the CD8+ T-cell responses primed by DNA vac-

cines carrying the SCT constructs.

Since an SCT construct can efficiently present the epi-

tope of interest, vaccination with DNA vectors encoding

multiple SCTs presenting different epitopes may show an

advantage in inducing efficient polyclonal CTL responses.

Boosting with VTT strain can greatly enhance the effi-

ciency of DNA priming. This prime-boost strategy of vac-

cination with HLA-A2 SCTs encoding HBV epitopes may

be useful for HBV virus infection control.
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