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Abstract: Objective: This study is to investigate the immunostimulatory activities of dendritic cells (DCs) transfected
with HBcAg and/or HBsAg recombinant adenovirus (rAd). Methods: DCs were transfected with rAd (DC/Ad-C+Ad-S,
DC/Ad-C, and DC/Ad-S), or pulsed with HBcAg antigen (DC/HBcAg). Flow cytometry was used to detect the pheno-
type of DCs and the cytokine production of T lymphocytes. Mice were vaccinated with DCs transfected with rAd or
pulsed with antigen, and DNA vaccine. Mixed lymphocyte reaction (MLR) was used to evaluate the T-cell stimula-
tory capacity, and HBcAg-specific cytotoxic T lymphocyte (CTL) activity was assessed. Results: Phenotypic analysis
showed that DCs transfected with rAd or pulsed with HBcAg antigen exhibited mature phenotypes. MLR indicated
no significant differences in stimulating T-cell proliferation between the DC/rAd and DC/HBcAg groups. When mixed
with DCs, Th and Tc cells mainly secreted IFN-y, indicating type | immune responses. In vaccinated mice, DCs
transduced with rAd and pulsed with HBcAg induced significantly more IFN-y secretion from Th cells, compared with
DNA vaccine, indicating stronger Th1 response. Moreover, DCs transduced with rAd stimulated Tc cells to produce
more IFN-y, indicating stronger Tcl response. In vaccinated mice, HBcAg-specific CTL activities were decreased in
the following order: the DC/Ad-C+Ad-S, DC/Ad-C, DC/Ad-S, DC/HBcAg, and DNA vaccine groups. Conclusion: DCs
transfected with rAd induce stronger Th1/Tc1 (type ) cell immune responses and specific CTL response than HBcAg-
pulsed DCs or DNA vaccine. Our findings suggest that DCs transfected with rAd-C/rAd-S might provide an effective
approach in the treatment of persistent hepatitis B virus infection.
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Introduction 6]. Moreover, in studies concerning cancer
treatments and other anti-virus vaccines, DCs

Chronic hepatitis B virus (HBV) infection is
associated with insufficient generation of spe-
cific CD8* cytotoxic T lymphocyte (CTL) [4].
Accordingly, (therapeutic vaccination inducing
HBV-specific CTL response represents promis-
ing therapeutic strategy to control the viral
infection. At present, immunotherapeutic vac-
cines against HBV infection mainly include
recombinant antigens (proteins and/or pep-
tides) [2, 3], DNA vaccines [4], and antigen-
pulsed dendritic cells (DCs). DCs have been
shown to be superior to recombinant antigens
and DNA vaccines in causing CTL responses [5,

transfected with recombinant adenovirus carry-
ing antigens could cause stronger CTL immune
response than antigen-pulsed DCs [7].

Patients with persistent HBV infection are char-
acterized by specific CTL responses with narrow
spectrum, and the peripheral blood mononucle-
ar cell-derived DCs are deficient in antigen-pre-
senting function, which cannot deliver the sig-
nals of the viral antigens to the immune system,
resulting in insufficient CTL response [8, 9].
Therefore, immunotherapeutic treatment stud-
ies and vaccine development are mainly aiming
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at enhancing the antigen presentation and
inducing effective immune responses. DCs are
currently known as the strongest antigen-pre-
senting cells (APCs), which can directly activate
naive T cells in vitro and in vivo, playing a key
role in the immune response [10]. Compared
with hepatitis B virus surface antigen (HBsAg)-
pulsed macrophages, HBsAg-pulsed DCs could
initiate stronger MHC I-restricted CTL response
[11], and HBV-specific CTL response is an
important player in controlling the persistent
viral infection and in the clearance of virus. It
has been shown that immunization of DCs
transfected with adenovirus vector carrying
HBsAg (Ad-S) generates type | immune
response in mice, and induces stronger Thil
and Tcl responses, compared with HBsAg-
pulsed DCs and DNA vaccines, indicating more
effective cellular immunity against HBV infec-
tion [12]. Hepatitis B virus core antigen (HBcAg)
is the strongest antigen produced by HBV, func-
tioning in both T cell-dependent and -indepen-
dent pathways. In self-limited HBV infection,
HBcAg facilitates the proliferation of Th and
CTL cells, which is involved in viral control
[13-16].

In this study, the immunostimulatory activities
of DCs transfected with adenovirus vector car-
rying HBcAg (DC/Ad-C) or HBsAg (DC/Ad-S)
were investigated, both in vitro and in vivo, in
comparison with HBcAg-pulsed DCs and DNA
vaccine. Our findings provide theoretical and
experimental evidence for the application of
DC/Ad-C and/or DC/Ad-S in the treatment of
persistent HBV infection.

Materials and methods
Animals, cell lines, and plasmids

Female 8-10-week old BALB/c (H-2% mice,
weighing 18-20 g, and female 8-10-week old
C57BL/6 (H-2K") mice, weighing 20-22 g, were
all provided by the Vital River Laboratory Animal
Technology Co., Ltd (Beijing, China). P815 cell
line was kept by our laboratory

Recombinant adenovirus carrying HBcAg (Ad-C;
a replication-deficient type 5 adenovirus with
deletion in E1 and E3 genes, HBV genotype C,
subtype ayw), recombinant adenovirus carrying
HBsAg (Ad-S), as well as control adenovirus
(Ad-lacZ) and pcDNA3.1 (+)-C were all con-
structed by our laboratory. The pcDNA3.1 (+)
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vector was purchased from Invitrogen (Carl-
sbad, CA, USA).

Dendritic cell culture and adenoviral transfec-
tion

Dendritic cell culture and adenoviral transfec-
tion were performed according to previously
published protocols [5, 17]. Briefly, bone mar-
row cells were harvested from the femur and
tibia tissues of BALB/c mice, and the red blood
cells were lysed with Tris-NH,CI. Cells were re-
suspended with cRPMI 1640 culture medium,
containing 10 ng/ml granulocyte/macrophage
colony-stimulating factor (GM-CSF; R&D,
Minneapolis, MN, USA), 2 ng/ml interleukin (IL)-
4 (R&D), 10% FCS, 100 U/ml penicillin, and 100
pug/ml streptomycin, and then planted onto
6-well plates. On Day 3, suspension cells were
discarded, and the culture medium was
replaced by fresh cRPMI 1640 medium con-
taining GM-CSF and IL-4. On Day 6, three quar-
ters of the medium was changed by cRPMI
1640 medium containing GM-CSF, IL-4, and
500 U/ml TNF-a (PeproTech, Rocky Hill, NJ,
USA). On Day 8, non-adherent and loosely
adherent cells were collected and planted onto
culture plates. After 1 h, adherent mononuclear
macrophages were discarded, and the remain-
ing cells were DCs.

For the adenoviral transfection, DCs were
washed with PBS, and re-suspended with RPMI
1640 medium containing 1% FCS. These cells
were treated with LipofectamineTM 2000
(Invitrogen) and incubated with rAds (Ad-C,
Ad-S, Ad-C+Ad-S, Ad-lacZ, and Ad-GFP) at 100
MOlI, in the hybridization oven (60 rolls/min) at
37°C for 2 h. DCs without rAd transfection were
used as the negative control. For the HBCcAg-
pulsed (DC/HBcAg) group, on Day 6, 1 ug/ml
HBcAg (National Vaccine&Serum Institute,
Beijing, China) was added into the culture medi-
um. On Day 8, DCs were incubated with 100
pug/ml HBcAg at 37°C for 2 h. After treatments,
DCs were subjected to the following assess-
ments.

Flow cytometry

Flow cytometry was performed for the pheno-
typic analysis of DCs. Cells were washed with
PBS, and then incubated with fluorescence-
labeled anti-CD11c, I-Ad, H-2Kd, CD80, CD86,
CD40, CD54, and DEC-205 monoclonal anti-
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bodies (all from Pharmingen, San Diego, CA,
USA), respectively, in dark at room temperature
for 20 min. The expression of DC surface mol-
ecules was analyzed by a flow cytometer
(EPICS-XL; Beckman-Coulter, Fullerton, CA,
USA). To block Fc receptor-mediated antibody
binding, the cells were pre-treated with anti-
CD16/32 antibody for 10 min (1 ug/106° cells).

Cytokine production

Cells were re-suspended with cRPMI 1640
medium at a density of 5x10°8 cells/ml, and
incubated with 25 pug/ml PMA, 1 yg/ml ionomy-
cin, and 1.7 yg/ml monensin, at 37°C for 6 h.
The cells were subsequently treated with anti-
mouse CD16/32, TC-CD3, and FITC-CD8 mono-
clonal antibodies (all from Caltag, Burlingame,
CA, USA), rupture agent, and anti-mouse
PE-IFNy and PE-IL-4 monoclonal antibodies, in
dark at room temperature. The cytokine expres-
sion was detected with flow cytometry.

Animal grouping and vaccination

For DC vaccination, 1x10° DCs were suspend-
ed in 100 pl PBS, and inoculated into BALB/c
mice via tail vein injection. After 3 w, the same
immunization procedure was repeated once.
Mice were divided into the following groups: (1)
the PBS control group (n = 4); (2) the DC group
(n =4); (3) the DC/HBcAg group (n = 10); (4) the
DC/Ad-C group (n = 10); (5) the DC/Ad-S group
(n = 10); (6) the DC/Ad-C+Ad-S group (n = 10);
and (7) the DC/Ad-lacZ group (n = 4).

For DNA vaccination, 100 ug pcDNA3.1 (+)-C or
pcDNA3.1 (+) was dissolved in 50 pl PBS with
25% sucrose, and then used to immunize
BALB/c mice trough multi-point injection in
bilateral hindlimb muscles. After 3 w, the same
immunization procedure was repeated once.
The mice were divided into the pcDNA3.1 (+)-C
group (n = 8) and the pcDNA3.1 (+) control
group (n = 4).

Mixed lymphocyte reaction (MLR)

Mouse splenocytes were collected from immu-
nized C57BL/6 (H-2b) mice and BALB/c (H-29)
mice, respectively, and isolated by filtration
through a nylon wool column. Allogeneic and
autologous T lymphocytes were re-suspended
with the cRPMI 1640 medium, and then react-
ed with DCs (treated with 25 pg/ml mitomycin
C for 30 min) from the indicated groups, at dif-
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ferent responder/stimulator (R/S) ratios, in a
96-well U-bottom dish for 4 d. 0.5 uCi [*H] thy-
midine was added into each well at 8 h before
the assessment. Cells were smeared onto the
filter paper, and the [3H] radioactivity (cpm) was
detected. On the other hand, autologous T lym-
phocytes were mixed with CDs from the indi-
cated groups at a R:S ratio of 5:1 on a 12-well
plate for 5 d, and then the cytokines in prolifer-
ating T cells were detected with flow cyto-
metry.

HBcAg-specific cytotoxic T lymphocyte (CTL)
activity

After 2 w or 4 w after the last vaccination, sple-
nocytes were collected from the immunized
mice. After co-cultured with P815/c cells (treat-
ed with mitomycin C), these splenocytes were
used as effectors. The P815 and P815/c cells
were used as target cells. The target cells were
planted in 96-well plates at a density of 1x10%/
ml cells/well. Effector cells were incubated with
target cells at various effector/target (E/T)
ratios (5:1, 10:1, 20:1, and 40:1, respectively)
for 4 h. The HBcAg-specific CTL activity was
assessed by the lactate dehydrogenase (LDH)
release assay. Absorbance values from the
supernatants were recorded at 490 nm. CTL
activity was calculated according to the follow-
ing equation: CTL activity (%) = [(Experimental
release-Effector spontaneous release-Target
spontaneous release)/(Target maximum rele-
ase-Target spontaneous release)]x100%. The
HBcAg-specific CTL activity was then calculated
as follows: HBcAg-specific CTL activity (%) =
CTL -CTL

P815/C target cells P815 target cells”

Statistical analysis

Data were expressed as mean + SD. SPSS 20.0
software was used for statistical analysis. F
analysis and Student-Newman-Keuls (SNK)
test were performed for pair-wise comparison.
P < 0.05 was considered statistically signi-
ficant.

Results

Culture and phenotypic analysis of transduced
dendritic cells

Mouse bone marrow-derived DCs were cultured
and induced by GM-CSF and IL-4. On Day 3, DC
colonies showed up; on Day 5-6, DCs displayed
typical morphology with elongated dendritic
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Figure 1. Mouse dendritic cell (DC) culture and adenoviral transfection. A-C: Mouse bone marrow-derived DC culture
on Day 3 (A, 100x; B, 200x%) and Day 8 (C, 200x%). D: DCs transfected with recombinant adenovirus carrying GFP
(200x).
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Figure 2. Phenotypic analysis of transduced DCs with flow cytometry. DCs were pulsed with HBcAg antigen (DC/
HBcAg), or transfected with rAds (DC/Ad-C, DC/Ad-S, DC/Ad-C+Ad-S, and DC/Ad-lacZ), for 2 h, and then cultured for
another 24-48 h. Then the expression patterns of DEC-205, CD11c, I-Ad, H-2KD, CD80, CD86, CD40, and CD 54

were determined with flow cytometry.

processes (Figure 1A-C). On Day 8, under fluo-
rescence microscope, strong green fluores-
cence was observed in more than 90% DCs
transfected with recombinant adenovirus at
100 MOI (Figure 1D). According to the flow
cytometry analysis, the average proportion of
DCs with fluorescence was as high as 93.72+
3.01%, with the average fluorescence intensity
of 246.18+43.81 MnX.

Phenotypic analysis of these DCs was per-
formed with flow cytometry. DCs were pulsed
with HBcAg antigen (DC/HBcAg), or transfected
with rAds (DC/Ad-C, DC/Ad-S, DC/Ad-C+Ad-S,
and DC/Ad-lacZz), for 2 h, and then cultured for
another 24-48 h. Our results indicated that,
when induced by cytokines, nearly 80% of the
DCs expressed DEC-205, CD11¢c, MHC | and 1l
molecules, and the expression levels of adhe-
sion molecules (CD80, CD86, CD40, and CD54)

3459

were elevated, indicating phenotypic features
of mature DCs. No significant differences were
observed between these DC groups (Figure 2)
(P> 0.05). These results suggest that the matu-
ration of DCs would not be affected by HBcAg
stimulation or rAd transfection.

T-cell stimulatory capacity of transduced DCs

To investigate the T-cell stimulatory capacity of
these transduced DCs, the mixed lymphocyte
reaction (MLR) was performed. DCs obtained
from BALB/c (H-2%) mice were treated with
HBcAg antigen or rAds, and then subjected to
allogeneic and autologous MLR involving T cells
from C57BL/6 (H-2KP) mice and BALB/c mice,
respectively. After 4 d, T cell proliferation was
assessed by the [3H] incorporation assay. Our
results showed that in allogeneic or autologous
MLR, no significant differences were observed

Int J Clin Exp Med 2015;8(3):3456-3464
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Figure 3. Mixed lymphocyte reaction (MLR). T-cell stimulatory capacity of transduced DCs was assess with MLR.
DCs obtained from BALB/c (H-29) mice were treated with HBcAg antigen (DC/HBcAg) or rAds (DC/Ad-C, DC/Ad-S,
DC/Ad-C+Ad-S, and DC/Ad-lacZ), and then subjected to allogeneic (A) and autologous (B) MLR involving T cells from
C57BL/6 (H-2K") mice and BALB/c mice, respectively, at various R/S ratios. After 4 d, T cell proliferation was as-

sessed by the [3H] incorporation assay.
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Figure 4. Cytokine production of T lymphocytes in vitro and in vivo. A, B: The cytokine production of T lymphocytes
in vitro was evaluated in autologous MLR. DCs were mixed with autologous T cells at a R/S ratio of 10:1 for 4 d,
and then incubated with 25 pyg/ml PMA, 1 ug/ml ionomycin, and 1.7 pg/ml monensin for 4 h. The production of
IFN-y and IL-4 was detected in CD3* CD8 Th cells (A) and CD3* CD8* Tc cells (B) with flow cytometry. C-F: Cytokine
production by splenocytes from vaccinated mice was assessed. After vaccination, the production of IFN-y and IL-4
was detected in CD3* CD8 Th cells (2 w, C; 4 w, E) and CD3* CD8* Tc cells (2 w, D; 4 w, F). Compared with the DC/
Ad-lacZ group, P < 0.05; compared with the pcDNA-C group, #P < 0.05; compared with the DC/HBcAg group, 4P <
0.05; compared with the DC/Ad-S and DC/Ad-C groups, *P < 0.05.
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Figure 5. HBcAg-specific cytotoxic T lymphocyte (CTL) activity assessment. HBcAg-specific CTL activities were mea-
sured at 2 w (A) or 4 w (B) after vaccination, with various effector/target (E/T) ratios. Compared with the DC/Ad-lacZ
group, “P < 0.05; compared with the pcDNA-C group, *P < 0.05; compared with the DC/HBcAg group, 4P < 0.05;

compared with the DC/Ad-S and DC/Ad-C groups, *P < 0.05.

in stimulating T-cell proliferation between these
CD groups (Figure 3) (P > 0.05). These results
suggest that neither HBcAg stimulation nor rAd
transfection could affect the T-cell stimulatory
capacity of DCs.

Cytokine production of T lymphocytes in vitro

The cytokine production of T lymphocytes in
vitro was next evaluated in autologous MLR.
DCs were mixed with autologous T cells at a
responder/stimulator (R/S) ratio of 10:1 for 4 d,
and then incubated with 25 ug/ml PMA, 1 pg/
ml ionomycin, and 1.7 yg/ml monensin for 4 h.
The production of IFN-y and IL-4 was detected
in CD3*CD8" Th cells and CD3*CD8* Tc cells
with flow cytometry. Our results showed that,
when mixed with DCs, CD3*CD8  Th cells main-
ly secret IFN-y, exhibiting Th1 immune response;
moreover, CD3* CD8" Tc cells also generally
secret IFN-y, indicating Tc1 immune response.
However, no significant differences were
observed in T cell responses between these DC
groups (Figure 4A, 4B) (P > 0.05). Taken togeth-
er, these results suggest that DCs could induce
type | T cell response in vitro, which could not
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be influenced by either HBcAg stimulation or
rAd transfection.

Cytokine production of T lymphocytes in vivo

Cytokine production by splenocytes from vac-
cinated mice was then assessed. At 2 wor 4 w
after vaccination, the production of IFN-y and
IL-4 was detected in CD3* CD8 Th and CD3*
CD8* Tc cells, respectively. As shown in Figure
4C, 4D, at 2 w after vaccination, DCs trans-
duced with rAds and pulsed with HBcAg induced
significantly more IFN-y secretion from Th cells,
compared with the DNA vaccine, indicating
stronger Thl response (P < 0.05). Moreover,
the strongest stimulating effect was observed
in the DC/Ad-C+Ad-S group (P < 0.05). On the
other hand, rAd-transduced DCs induced Tc
cells to produce significantly more IFN-y than
DC/HBcAg and DNA vaccine, indicating stron-
ger Tcl response (P < 0.05). In addition, at 4 w
after vaccination, compared with DC/HBcAg
and DNA vaccine, rAd-transduced DCs induced
increased secretion of IFN-y in Th and Tc cells
(Figure 4E, 4F) (P > 0.05 for Th cells, and P <
0.05 for Tc cells). These results suggest that,

Int J Clin Exp Med 2015;8(3):3456-3464
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DC vaccination could stimulate the Th1 cell pro-
liferation, while rAd-transduced DC enhances
the Tcl response.

HBcAg-specific CTL response

To evaluate the specific cytotoxicity of T lym-
phocytes in these vaccinated mice, HBcAg-
specific CTL activities at various effector/target
(E/T) ratios were measured. As shown in Figure
5, at 2 w after vaccination, for all the E/T ratios,
HBcAg-specific CTL activities were decreased
in the following order: the DC/Ad-C+Ad-S, DC/
Ad-C, DC/Ad-S, DC/HBcAg, and pcDNA3.1 (+)-C
groups; with statistical significance between
groups (P < 0.05). Similar results were obtained
for the time point at 4 w after vaccination.
These results suggest that, compared with DC/
HBcAg and DNA vaccine, mice immunized with
rAd-transduced DCs develop stronger HBcAg-
specific CTL responses.

Discussion

In recent years, DC vaccine attracts increasing
attention in inducing cellular immune response
in the treatment of HBV infection [5, 6], includ-
ing DCs pulsed with antigens and loaded with
antigen genes. Studies concerning tumor vac-
cines [12] and HCV vaccines [7] have shown
that DCs loaded with antigen genes induce
stronger CTL response than antigen-pulsed
DCs. In this study, mouse DCs were transfected
with adenovirus carrying HBcAg and/or HBsAg,
and the in vitro immune stimulating activity and
in vivo immune regulating function were investi-
gated, in comparison with HBcAg-pulsed DCs
and DNA vaccine. Our results showed that, no
significant differences were observed in the
regulation of DC maturation, stimulation of
autologous and allogeneic T-cell proliferation,
and induction of Th1/Tcl (type I) cellular
responses, between DCs transfected with Ad-C
and Ad-lacZ control vectors. In line with the pre-
vious reports, rAd-transfected DCs, no matter
with or without target genes, could not influ-
ence DC phenotype, IL-12 production, or MLR
[18-20].

We found that, the vaccination of DC/Ad-C
induced stronger Th1l and Tcl responses and
resulted in enhanced HBcAg-specific CTL cyto-
toxicity, compared with DC/HBcAg and DNA
vaccine. It has been accepted that, Th and Tc
cells could further differentiate into type | and
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type Il cells, respectively, depending on the pat-
tern of cytokine production. Thl and Tcl cells
produce IL-2 and IFN-y, while Th2 and Tc2 cells
secret IL-4 and IL-5. Type | cells are related to
the cellular immunity, and type |l cells are asso-
ciated with the humoral immunity. Therefore,
Th1/Tcl cells play a key role in facilitating CTL
in tumor and viral clearance [21]. Miquelena-
Colina et al. [19] have reported that, mature
DCs transfected with rAd carrying antigen gene
stimulate CD8* T-cell responses, more effi-
ciently than antigen-pulsed DCs. Herein, we fur-
ther found that rAd-transfected DCs mainly
stimulated Tcl cells that secreted IFN-y. In
addition, Chaput et al. [5] have found that, at 2
w after vaccination, HBcAg-pulsed DCs induce
stronger CTL response than DNA vaccine, which
is also consistent with our results. Based on
these results, DC/Ad-C is superior to DC/HBcAg
and DNA vaccine, in inducing type | immune
response and stimulating HBcAg-specific CTL.
On the other hand, Ad-C-transfected or HBcAg-
pulsed DCs resulted in reduced anti-HBc
responses, compared with DNA vaccine. In the
latter case, all the immunized mice were posi-
tive for the antibody detection, and the average
antibody level was higher than that in mice
treated with DCs. This is probably due to the
fact that DNA plasmids could express target
proteins to cause humoral immune response.

APCs activate CD8* T cells through two differ-
ent pathways, i.e., the direct (endogenous) pre-
sentation and the cross-presentation (exoge-
nous presentation). Endogenous presentation
refers to the process in which APCs (especially
DCs) deliver the endogenous antigens (from
protein degradation) to MHC | molecules, pre-
senting to CD8* T cells. Exogenous presenta-
tion defines that, APCs capture exogenous virus
or proteins produced by transduced cells, which
are then presented to CD8" T cells through
MHC | molecules. Recent studies have shown
that, the epitopes presented through the
endogenous pathway could not be necessarily
presented trough the exogenous pathway. Virus
and tumor-associated antigens may be dam-
aged during the cross-presentation, which
could not be recognized by CD8* T cells [22,
23]. Therefore, vaccine design should focus on
maximizing the generation of MHC | molecule-
binding peptidestoinduce CD8* T cell response.
In this study, DC/Ad-S could function through
the direct presentation pathway, inducing
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stronger Tcl and CTL responses than DC/
HBCAg (cross-presentation) or DNA vaccine
(partial cross-presentation).

Our results showed that the rAd-transduced
DCs induced potent Thl and Thl responses
and specific CTL response, and the potencies
were decreased in the following order: DC/
Ad-C+Ad-S, DC/Ad-C, and then DC/Ad-S. HBcAg
is the most immunogenic antigen produced by
HBV, which could easily induce Thl cellular
immune response [13-16, 24]. In chronic HBV
infection, HBcAg is the only antigen that is able
to trigger significant immune response [25].
The strong antigenicity of HBcAg relies on its
special three-dimensional structure, consisting
of classical antibody binding sites and interact-
ing domains for the immunoglobulin. Moreover,
HBcAg holds epitopes for CD4* T cells and
packaged nucleic acids.

In conclusion, our results showed that DCs
transfected with rAd or pulsed with HBcAg anti-
gen exhibited mature phenotypes. No signifi-
cant differences were observed in stimulating
T-cell proliferation between the DC/rAd and
DC/HBcAg groups. Moreover, DCs could induce
type | T-cell response, despite of HBCcAg stimu-
lation or rAd transfection. Furthermore, DC vac-
cination stimulated Th1 cell proliferation, while
rAd-transduced DCs enhanced Tcl response.
In vaccinated mice, the HBcAg-specific CTL
activity was decreased in the following order:
the DC/Ad-C+Ad-S, DC/Ad-C, DC/Ad-S, DC/
HBcAg, and DNA vaccine groups. Our findings
suggest that DCs transfected with HBcAg/
HBsAg might provide an effective approach in
the treatment of persistent HBV infection.
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