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Abstract

AIM: To determine whether dendritic cells (DCs) from
chronic hepatitis B patients could induce HBV antigen-
specific T cell responses or not.

METHODS: DCs were generated from peripheral blood
mononuclear cells of patients with chronic hepatitis B (CHB)
infection and healthy donors. We compared the phenotypes
of these DCs and their ability to secrete cytokines and to
participate in mixed lymphocyte reactions. In addition,
autologous lymphocytes were cultured with DCs loaded with
HBV core region peptide HBcAg8-27, an epitope recognized
by cytotoxic T lymphocytes (CTL), and bearing human leucocyte
antigen (HLA)-A2 for 10 d. Cytokine secretion and lytic activity
against peptide-pulsed target cells were assessed.

RESULTS: DCs with typical morphology were generated
successfully by culturing peripheral blood mononuclear cells
(PBMCs) from CHB patients with AIM-V containing GM-CSF
and IL-4. Compared with DCs from normal donors, the
level of CD80 expressed in DCs from CHB patients was
lower, and DCs from patients had lower capacity of
stimulate T cell proliferation. When PBMCs isolated from
patients with chronic or acute hepatitis B infection and from
normal donors were cocultured with HBcAg18-27 peptide,
the antigen-specific memory response of PBMCs from acute
hepatitis B patients was stronger than that of PBMCs from
chronic hepatitis B patients or normal donors. PBMCs
cocultured with DCs treated with HBcAg18-27 CTL epitope
peptide induced an antigen-specific T cell reaction, in which
the level of secreted cytokines and lytic activity were higher
than those produced by memory T cells.

CONCLUSION: DCs from patients with CHB can induce
HBV antigen-specific T cell reactions, including secretion
of cytokines essential for HBV clearance and for killing cells
infected with HBV.
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INTRODUCTION
In patientsinfected by hepatitis B virus (HBV), the virus may
eadily escapefrom immune surveillance, thusinducing tolerance
and becoming a persistent infection. Persistently infected
patients produce a weak or undetectable HBV-specific CTL
response¥. Therefore, when treating chronically infected patients
with HBV, the population of T cellsrecognizing HBV should be
increased, thus producing an effective immune response.
Dendritic cells (DCs) are the most potent antigen presenting
cells throughout the body. These cells express high levels of
MHC class| and Il antigens, aswell ascostimulatory molecules,
and play essential roles in triggering primary immune
responses??, The use of DCs, as atype of natural adjuvant,
has been applied to the immunotherapy of melanomas and
prostate gland carcinomag®. In addition, administration of DCs
activated by cytokines to transgenic mice has been shown to
break CTL immunetolerance and induce specific CTL reactions
against HBV®™. The aim of this study wasto compare the anti-
HBYV activity of DCsderived from patientsinfected with HBV
with those from healthy donors. DCs derived from different
individualswere cultured, reacted with a peptide specific to the
HBV antigen, HBcAg18-27, and cocultured with autogeneic
PBMCsto determineif this procedure could induce antigen-
specific CTL, which could then be utilized to kill target cells
loaded with HBV antigens or to secrete specific cytokines.

MATERIALS AND METHODS

Patients
Of the HBV patients, four were studied during an episode of
acute hepatitis B, and 12 (8 males, 4 females, average age, 38.3
years) were chronically infected with HBV. In addition, 20
patients were HLA-A2 positive, and 4 patientswere HLA-A2
negative. We also included eight uninfected healthy volunteers
(4 males, 4 females; average age, 35.2 years) ashormal controls, of
them six wereHLA-A2 positive and two were HLA-A2 negative.
The diagnosis of acute and chronic hepatitis B was based
on standard diagnostic criteria, asformulated by the 5" China
Infection Disease and Parasitology Conferencein 2000. HBV -
infected patients had no complications of other organs. Normal
controls had no clinical history of HBV infection and were
serologically negative for HBV markers. All patients and
normal controlswere serologically negative for antibodies to
HIV andHCV.

Cytokines and regents

Recombinant human GM-CSF was purchased from Leucomax
Corp (Germany), and recombinant human IL-4 and TNF-a were
purchased from Peprotech Corp (England). Ficoll-Hypaguefluid
was from Dingguo Corporation, Beijing. Mouse anti-human
HLA-A*02 monoclonal antibody (BB7.2 cell line) was a gift
from Professor. Wei-Feng Chen, and T, cell linewasagift from
Professor. Yan-Fang Sui. FI TC-conjugated mouse monoclonal
antibodies to human CD86, CD14, and CD3, and PE-labeled
mouse monoclona antibodiesto human CD80, HLA-DR, CD54,
CD11c, and CD19, were obtained from B-D Corp (USA). Mouse
monoclona antibodiesto human CD83 and CD1a, FITC- and
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PE-labeled goat anti-mouse |g (H+L) antibodies, PE-labeled
mouse anti-human IFN-g, TNF-a, and IL-2 were all purchased
from Pharmingen Corp (USA). CytoTox 96 non-radioactive
cytotoxicity assay kitswere from Promega Corp (USA). AIMV
and RPMI 1640 werefrom GIBCO Corp (USA), andIL-12ELISA
kit wasfrom Endogen Corp (USA).

Synthetic peptide

HLA-A2 restricted HBcAQg18-27 CTL epitope peptide,
FLPSDFFPSV, was synthesized by Saibai sheng Biological
Corporation(Beijing) and purified to >90% homogeneity by
HPLC. The lyophilized peptide was dissolved in DMSO at a
concentration of 2 mg/mL, and stored at -20 C.

Isolation of PBMCs

Following informed consent obtained from each subject, 200 mL
anticoagulated venous blood was obtained from each, and
peripheral blood mononuclear cells (PBMCs) wereisolated by
Ficoll-Hypaque dendity gradient centrifugation (density, 1.077).
Cdllsat theinterface weretransferred to RPMI 1 640 incomplete
mediumcontaining 200U/mL penicillinand 100U/mL streptomycin,
and washed twice.

Generation of DCs from PBMCs

DCs were cultured as described previously!®” with slight
modifications. PBM Cswere suspended in DC culture medium
(AIMV), plated at a density of 2x107 cells/well in 6-well
polystyrene culture plates, and cultured overnight at 37 C in
950 ml/L air/50 ml/L CO,. Nonadherent cellswere removed by
gently swirling the plate, and the adherent cells were cultured
in AIMV containing 1 000 U/mL recombinant human GM-CSF
and 500 U/mL recombinant human IL-4 at 37°C in 950 mi/L
air/50ml/L CO, andrefed daily with haf volumesof fresh medium.
Cells and culture supernatants were harvested on d 3,5,7,9,11,
13, and 15. Whereindicated, TNF-a (20 ng/mL) was added on
d 7, and the cells and supernatant were harvested on d 9.

Flow cytometric analysis

The phenotype of harvested DCswas analyzed by flow cytometry
(Becton Dickinson, FACScalibur). Cells (5x10°) were sugpended
in PBS, centrifuged at 313 r/minfor 5 min a 4°C, incubated for
30minat 4°C with fluorescent monoclonal antibody, and fixed
in 4 g/L paraformaldehyde.

IL-12 detection
IL-12 concentration in cell supernatantswas assayed by ELISA,
using sandard curves according to the manufacturer’ singructions.

Allogeneic mixed lymphocyte reaction

Totest T cell stimulatory function of DCs, DCswereirradiated
with®Co (3000rad), suspendedin AIMV and placed in 96-well
flat bottom culture plates at densities of 0.5, 1.0, and 2.5x10*
cells/well. Responder T cells were added to each well, at a
density of 5x10°cells/well, and cultured for 120 h. Theratio of
DC:T was1:20, 1:50, and 1:100, and each assay was performed
intriplicate. T cellsplated without DCswere utilized asnegative
controls. During the last 16 h of incubation, 1Ci/well of [*H]
thymidinewasadded. Ond 5, the cellswere harvested, and the
amounts of [*H] thymidine incorporated into responder cells
were counted with a beta counter.

Isolation of CD8* T cells

Purified populationsof T cellswereisolated from PBMCsusing
magnetic beads. Briefly, PBM Cswereincubated with anti-CD8
MACS (Miltenyi Biotech, Germany) according to the
manufacturer’ sprotocol. Cellsretained by MACS beadswere
regarded as CD8 positive cells, with purity greater than 90%.

Stimulation of PBMCs with synthetic peptide

PBMCsfrom patientsand normal donorswere plated in 24-well
plates at densities of 2x10° cells/well, in 2 mL RPMI1 640
containing IL-2 (50 mg/L). Synthetic peptides were added to
thecdl culturesat afind concentration of 20mg/L. Asanegative
control, DM SO a one was added to the wells. After 1 h, 0.7 m_
Golgistopwasadded per mL culture medium, cellswerecollected
4 hlater, and intracellular cytokine stain (ICCS) was applied.

Intracellular cytokine stain assay

Harvested cells were washed twice with PBS, 10 L. FITC-
|abelled mouse anti-human CD8 Ab was added to each tube,
and the tubes were incubated in the dark on ice for 30 min. To
each tube 250 mL. FACS permeabilization solution was added,
and thetubeswereincubated for 20 min oniceinthedark. Cells
were washed twice with 1 mL/tube FACS perm-wash and
incubated with PE-conjugated mouse monoclonal antibody to
human IFN-g, IL-2, or TNF-a for 30 min oniceinthedark. The
cellswere washed with FACS perm-wash solution, PBS+ 1 g/L
BSA was added, and the cellswereloaded onto a FACS calibur
flow cytometer within 24 h, with dataanalysis performed using
Cell Quest software (Becton Dickinson). A total of 400 000
eventswere measured in each analysis. PE-conjugated mouse
Ab was used as isotype controls. A lymphocyte gate was set to
exclude monocytes, debris and dead cells.

CTL generation

CD8* respondersfor peptide-specific CTL were generated from
nonadherent PBMCs. CD8* T cells were stimulated with DCs
|oaded with peptide at a stimulator-to-responder (S:R) ratio of
1:30. These cells were cultured in RPMI containing 100 g/L
fetal calf serum (FCS) and IL-2 (50 mg/L). Responders were
restimulated every 5 d with DCs pulsed with peptide. As
controls, CD8" T cellswere stimulated with unpulsed DC. Six h
beforeharvesting, 0.7 m. Golgistop wasadded to per mL culture
medium. Ond 10, CD8'T cellswereharvested, ICCSwasapplied,
and CTL cytotoxicity assays were performed.

CTL cytotoxicity assay

HLA-AZ2 restricted antigen recognition by CTL was assessed
by a standard cytotox 96 non-radioactive cytotoxicity assay.
Recognition of HBCAg18-27 peptide by CTL was assessed
using T2 cells preincubated for 4 h with 20 ng/mL peptide.
Target cells were resuspended at adensity of 1x10°cells/mL,
thus making the ratios of effectorsto target cells 30:1, 10:1,
and 3:1, with atriplicate set of wells prepared for each ratio and
for the controls. The percent of lyses was calculated as:

100xA (experimental-effector
spontaneous-target spontaneous)
Percent of lysis (%)=

A (target maximum-target spontaneous)

Statistical analysis
Result were expressed as mean+SD and analyzed using the
Student’ st test. P<0.05 wasregarded as statistically significant.

RESULTS

Detection of DC surface markers

PBMCs were isolated from patients and healthy donors and
cultured overnight. After removal of the nonadherent cells, the
remaining adherent monocytes were cultured in AIMV
containing GM-CSF and | L-4. Cell cultureswere observed after
24 h, becoming larger after 48 h and exhibiting DC morphology
with veiled processes and dendrites (Figure 1). The yields of
DCsfrom hepatitis B patients and normal donorsdid not differ
significantly.
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Figure 1 Morphology of dendritic cells after 7 and 9 d. A: Cluster of DCs after 9 d (light microscope, x100); B: A DC on day 7
(scanning electron microscope, x5 000); C: A DC on day 7 (transmitting electron microscope, x5 000).

DCs were identified by their typical morphology and by
CD86/HLA-DR double positive expression. These cells were
harvested and counted, and surface markers were measured
over time. The number of DCs peaked on d 9, decreasing
gradually thereafter. The expression of DC- related cell markers
was first detected on d 3. After cultured for 7 d with GM-CSF
and IL-4, these DCs expressed costimulatory and MHC
molecules, showing that cells derived from both patients and
controls were morphologically compatible with DCs. Among
the MHC and costimulatory molecules examined, we found
that CD80 expression in patients with hepatitis B was weaker
than that in normal donors (Table 1).

Table 1 Phenotype of DCs from HB patients and normal do-
nors (n=10,%, meantSD)

DC Antigen  Positive DCs of HB  Positive DCs of normal P
patients donors

CD86 89.89+1.14 91.17+3.41 0.633

CD80 36.86+2.30 59.87+6.31 0.021

CDla 23.25+7.04 32.92+4.58 0.405

HLA-DR 97.29+1.09 97.11+1.14 0.852

CD83 23.25+7.34 33.18+11.12 0.265

Responsesto TNF-a in DCs from HBV patients and healthy donors
Following addition of 20 ng/mL TNF-a to the culture medium
on the 5" d of culture, the cells and culture supernatants were
harvested 48 h later. When cell phenotypes were assayed by
flow cytometry, we found that the expression of CD83 was
weaker in cells cultured in the absence of TNF-a than in its
presence. However, culture in the presence of TNF-a did not
alter the expression of CD86, CD80 or HLA-DR. While
production of IL-12 by cultured DCsfrom hepatitis B patients
and healthy donors did not differ, the secretion of IL-12 was
significantly increased in cells cultured with TNF-a (Figure 2).
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Figure 2 Effect of TNF-a on DC secretion of I1L-12.

DCsfrom HB patients and healthy donors were cultured
for 5d, at which time TNF-a was added to some of the cultures

(TNF-D7) but not to others (NTNF-D7), and incubation was
continued for an additional 2 d. IL-12 secretion was measured
ond5 and 7. Each bar represents mean+SD of DCs from 6
different individuals.

Immune stimulatory activity of DCs

When wetested T cell-stimulatory activity of DCsin alogeneic
MLR, we found that patientswith chronic hepatitis B tended to
have decreased T cell-stimulatory activity compared with
normal donors, but the difference did not attain statistical
significance (Figure 3).
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Figure 3 MLR of DCs against allogeneic T cells.

Each MLR was set up in triplicate in flat-bottom 96-well
plates. The responder T cells were obtained from a healthy
donor, whileirradiated DCswere used as stimulators at different
ratios to T cells. Each point represents the mean+SD. of
measurements from 6 different individuals.

T cell memory response to HBcAg18-27 CTL epitope
PBMCsisolated from patients with chronic hepatitis B (CHB)
and acute hepatitis B (AHB) and from normal donors were
incubated with HBcAg 18-27 peptide for 6 h, and ICCS was
used to determine the frequency of HBcAg 18-27 peptide
reactive T cells secreting cytokines. We found that stimulated
PBMCsfrom the AHB group produced significantly stronger
T cell memory reactions than PBM Csfrom either of the other
groups (P<0.05) (Table 2).

DCs from CHB patients induced specific immune responses of
CD8* T cells

DCs primed with HBcAg18-27 peptide were cultured with
lymphocytesfor 10 d to determine whether peptide-reactive T
cells were able to secrete various cytokines, including IFN-g,
IL-2 and TNF-a. Using the ICCS assay, we found that DCs
from CHB patientsinduced peptide-reactive T cellsto secrete
cytokines (Figure 4), to asignificantly greater degree than that
secreted by peptide-stimulated PBMCs (P<0.05). We also
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observed significant differences between DCsand PBMCs of
CHB patients (Table 3).

Table 2 Memory immune responses of PBMCs from patients
with chronic hepatitis B (CHB), acute hepatitis B (AHB) and
normal donors (meanzSD)

Percent CD8+T cells secreting cytokines

Group n

IFN-g/CD8 IL-2/CD8 TNF-a/CD8
CHB 7 0.18+0.14 0.13+0.05 0.37+0.18
AHB 4 4.26+2.49 4.80+2.23 4.57+2.29
Donor 6 0.28+0.13 0.59+0.27 0.68£0.33
P value? 0.019 0.024 0.010
P value® 0.013 0.031 0.010

P<0.05 AHB vs CHB. °P<0.05 AHB vs Donor.

Table 3 CD8*T cell immune responses induced by peptide-
pulsed DCs (meanzSD)

Percent of CD8+ T cells secreting cytokines (%)

Group n

IFN-g/CD8 IL-2/CD8 TNF-a/CD8
CHB* 7 0.28+0.15 0.46+0.13 0.68+0.15
CHB? 4 0.59+0.39 0.74+0.16 1.52+0.38
P value? 0.043 0.049 0.028

1: T cells induced by unpulsed DCs; 2: T cells induced by pep-
tide-pulsed DCs; a: comparison of CHB! and CHB?2,
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Figure 4 Cytokine secretion of peptide-reactive T cells induced
by DCs from one CHB patient. T cells from one CHB patient
was incubated with autologous DCs pulsed with the HBV-
specific peptide HBcAg 18-27 (Peptide) or without peptide (No
peptide), and T cell response was detected by flow cytometry
by measuring cytokine secretion by the activated T cells. The
dot-plots show levels of intracellular staining for IFN-g, IL-2
and TNF-a (y-axis) and surface CD8 molecule (x-axis). The
number in the upper-right quadrant indicates the percentage
of CD8-positive T cells that secret cytokines.

CTL cytotoxicity induced by DCs loaded with peptide

Target cellswere divided into 2 groups, with one group incubated
with peptide and the other group without. CTL cytotoxicity of
the DCsfrom CHB patientsagaingt T cellsincubated with peptide
was (57.28+20.00)%, (47.54+20.70)%, and (21.38+12.86)% at
effector to target cell ratiosof 30:1, 10:1, and 3:1, respectively,
while CTL cytotoxicity of these same DCs against T cells
incubated without peptidewas (30.38+10.00)%, (26.99+12.72)%,
and (13.74+3.22)%, respectively (Figure5).
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Figure 5 T cell cytotoxicity induced by DCs in CHB patients.
DC+pep+T, T cells induced by DCs loaded with specific peptide;
DC+T, T cells induced by DCs without peptide; T,+pep, pep-
tide-loaded target cells; T,, target cells.

DISCUSSION

DCs are the most potent antigen presenting cells crucial for
activating CD8*killer T cellsand CD4"helper T cells. DCsrelease
bioactive cytokine IL-12, which can stimulate NK cells, induce
Th1 type cytokine production and foster the development of
cytotoxic T lymphocytes. DCs may thus be a powerful natural
adjuvant for the treatment of tumors and viral infections. It is
now known that the function of DCsisnot fixed, depending on
alterations in the cellular environment. Alterations in DC
function may result from the effects of anti-inflammatory
cytokines, including IL-10 and TGF-b, and on the characteristics
of pathogens.

It was observed that, the functional activity of DCs was
decreased, as measured by the stimulation of allogeneic T cell
proliferation. In patients with chronic hepatitis B, however, it
was unclear if DCs could act as natural adjuvants. In HBV
transgenic (Tg) mice, DC function was normal, and there were
CTLs specific for HBsAg, which were functionally quiescent.
When cytokine-activated DCs were administered to these Tg
mice, tolerance was broken, and antiviral reactions were
induced?. In contrast, the expression of MHC 1 (I @) and CD86
and the ability of DCsto induce cell proliferation werelower in
Tgthanin normal mice®.

In this study, weisolated PBM Cs from the peripheral blood
of patientswith chronic hepatitis B infection and from healthy
donors and compared the functional activity of their DCs. We
found that, while CD80 expression was lower on DCs from
patients than on those from healthy donors, other surface
markers including HLA and costimulatory molecules were
expressed to an equal extent. Functionally, DCs from CHB
patients were able to stimulate the proliferation of allogeneic T
cells, but to alower extent than observed with DCsfrom non-
CHB donors.

T cell activation requires costimulatory molecules (e.g.,
CD28-B7), which provide a second signal. The B7 family is
comprised primarily of B7-1 (CD80) and B7-2 (CD86). Although
their function is not fully known, several studies have shown
that CD80 signals preferentially promote development of Thl
cells, whereas CD86 signal s promote Th2 development. While
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CD80 gene knockout mice have a normal immunoglobulin
superfamily repertoire, acomplete deficiency of CD86 would
destroy humora immunity. B7 receptorshavetwo ligands. CD28
provides a costimulatory signal essential to T cell activation,
whereas CTLA-4 blocks T cell proliferation. CTLA-4 bound
with greater affinity to CD80 than to CD86, suggesting that the
binding of CD80 tends to inhibit T cell proliferation!®Y. Our
finding, that CD80 expression by DCsfrom patientswith chronic
hepatitis B wasweaker than that from healthy donors, might be
related to theinhibition of T cell activation seen in these patients
and to the decreased function of DCs from these patients
observed in our MLR assay. In addition, our results confirmed
Akbar’ s study!™ , in that the decreased functiona activity of
patient DCsresultsin theinability of these cellsto present antigens
to T cells, thusleading to reduced induction of aspecific cytotoxic
reaction. This, in turn, resulted in alower rate of killing of
infected cells and a reduction in the suppression of viral
replication, finally leading to a state of persistent infection.

When pathogens invade a host, a potent immune response
is produced to eliminate the pathogens. At the end stage of
this immune response, the majority of effector T and B cells
gradually undergo apoptosis, whileasmaller number differentiate
into long-lived memory T or B cells. Memory T cells produce
vigorous secondary responses to antigen and rapidly eliminate
pathogens. For example, the infected cells were cytolysed by
CTLs. On the other hand, the primary difference between
memory and nai ve T cellsisthat, when they are activated, the
former had higher reactivity to antigens and secreted more
cytokines>*4, Thus, when anindividual isinfected with HBV,
certain soluble products of the immune response, especially
IFN-g, IL-2, and TNF-a, can suppressHBV gene expression, as
well asreplication in vivo.

Hepatocellular HBV gene expression has been shown to be
profoundly suppressed by non-cytolytic regulatory signals
delivered by HBsAg-specific CTL through their secretion of
IFN-gand induction of TNF-a following antigen recognition.
These effectswere mediated by a posttranscriptional mechanism
that selectively accel eratesthe degradation of cytoplasmic HBV
MRNA™, We therefore assayed the cytokines secreted by
CD8'T cellsto illuminate the immune response of individuals
to viral infection. We found that PBM Cs from patients with
CHB and AHB and from normal donors could be stimulated by
HBCAg18-27 peptide. However, stimulated PBM Csfrom patients
with AHB produced stronger memory reactions than those
from patients with CHB or healthy donors, suggesting that
AHB PBMCs have potent memory immune reactions to this
specific antigen, whereas CHB PBMCs are at least partially
tolerant to this antigen. The mechanism of tolerance includes
factors from the host and from the virus. New-born babies
contaminated by HBV transmitted from their motherswereina
gtate of immunetoleranceto HBV and about 90% carry HBV as
a persistent infection.

T cells play an important role in the immune system. Not
only do they have effector functions, but also they are the major
regulators of immune function. T cell activation requires two
signds, onefromthe T cell receptor that recogni zesthe complex
of MHC and antigen on the surfaces of antigen presenting
cells (APCs), and the other from costimulatory molecules such
as CD28-B7. To determine whether the immune tolerance of
DCsfrom CHB patients could be broken, we primed DCswith
HBCcAQ18-27 and incubated them with lymphocytes, and we
assayed CTL generation. Our finding, that an antigen-specific
T cell reaction was induced when these peptide-primed DCs

were co-cultured with CD8+ T cells, and that the cytotoxic
activity of CTLs againgt target cells cultured with peptide was
higher than that against target cells cultured without peptide,
suggested that DCsfrom patientswith CHB could break immune
tolerance and induce an HBV antigen-specific T cell reactions.

DCs have great potential in anti-viral therapy as antigen
presenting cells. Our findings showed that, although the function
of patient DCswas lower than that of control DCs, the former
still expressed signals necessary for T cell activation, released
of IL-12 and stimulation of allogeneic T cell proliferation.
Moreover DCsfromthesepatients could break immunetolerance
toinduceHBV antigen-specific T call responses. IL-12isacritica
cytokine secreted by DCs, which can induce the production of
specific T cells, suggesting that TNF-a is an important factor
in immunotherapy. Thus, our findings suggest that DCs
originating from cytokine activated PBMCs of CHB patients
can be utilized in immunotherapy, which will be a potential
treatment for hepatitis B.

REFERENCES

1  Chisari FV. Cytotoxic T cells and viral hepatitis. J Clin Invest
1997, 99: 1472-1477

2 Hart DN. Dendritic cells: unique leukocyte population which
control the primary immune response. Blood 1997; 90: 3245-
3287

3 Steinman RM. The dendritic cell system and its role in
immunogenicity. Annu Rev Immunol 1991; 9: 271-296

4 Rescigno M, Granucci F, Ricciardi-Castagnoli P. Dendritic cells
at the end of the millennium. Immunol Cell Biol 1999; 77: 404-410

5  Shimizu Y, Guidotti LG, Fowler P, Chisari FV. Dendritic cell
immunization breaks cytotoxic T lymphocyte tolerance in hepa-
titis B virus transgenic mice. J Immunol 1998; 161: 4520-4529

6 Romani N, Reider D, Heuer M, Ebner S, Kampgen E, Eibl B,
Niederwieser D, Schuler G. Generation of mature dendritic cells
from human blood. An improved method with special regard
to clinical applicability. J Immunol Methods 1996; 196: 137-151

7 Romani N, Gruner S, Brang D, Kampgen E, Lenz A,
Trockenbacher B, Konwalinka G, Fritsch PO, Steinman RM,
Schuler G. Proliferating dendritic cell progenitors in human
blood. J Exp Med 1994; 180: 83-93

8  Akbar SM, Inaba K, Onji M. Upregulation of MHC class 11
antigen on dendritic cells from hepatitis B virus transgeneic
mice by interferon-g abrogation of immune response defect to
a T-cell-dependent antigen. Immunology 1996; 87: 519-527

9  Freeman GJ, Boussiotis VA, Anumanthan A, Bernstein GM,
Ke XY, Rennert PD, Gray GS, Gribben JG, Nadler LM. B7-1and
B7-2 do not deliver identical costimulatory signals, since B7-2
but not B7-1 preferentially costimulates the initial production
of IL-4. Immunity 1995; 2: 523-532

10 Kuchroo VK, Das MP, Brown JA, Ranger AM, Zamvil SS,
Sobel RA, Weiner HL, Nabavi N, Glimcher LH. B7-1and B7-2
costimulatory molecules activate differentially the Th1/Th2
developmental pathways: application to autoimmune disease
therapy. Cell 1995; 80: 707-718

11 Coyle AJ, Gutierrez-Ramos JC. The expanding B7 superfamily:
increasing complexity in costimulatory signals regulating T
cell function. Nat Immunol 2001; 2: 203-209

12 Ahmed R, Gray D. Immunological memory and protective
immunity: understanding their relation. Science 1996; 272: 54-60

13 SprentJ, Surh CD. Generation and maintenance of memory T
cells. Curr Opin Immunol 2001; 13: 248-254

14 Champangne P, Dumont AR, Sekaly RP. Learning to remember:
generation and maintenance of T-cell memory. DNA Cell Biol
2001; 20: 745-760

15 Chisari FV. Viruses, immunity, and cancer: lessons from hepa-
titis B. Am J Pathol 2000; 156: 1117-1132

Edited by Wang XL and Xu CT Proofread by Xu FM



