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SUMMARY

Patients with chronic hepatitis C (CHC) are unable to prime and maintain vigorous T cell responses that
are initiated during the acute phase of hepatitis C virus (HCV) infection. As dendritic cells (DCs)
induce and regulate both innate and adaptive immune responses, the aim of this study was to analyse
two critical functions of DCs: firstly, production of interferon (IFN)-o and, secondly, polarization of T
helper 1 lymphocytes. The frequencies of plasmacytoid DC (PDC) and myeloid DC (MDC) were esti-
mated in 63 patients with CHC and 34 normal controls using four-colour flow cytometry. Circulating
DCs were isolated from peripheral blood of CHC patients (n = 10) and normal controls (n = 10). These
DCs were cultured with herpes simplex virus-1 to evaluate their capacity to produce IFN-o. The capac-
ity of DCs to induce polarization of autologous naive CD4* T lymphocytes to IFN-yproducing effector
T lymphocytes was also assessed. The frequencies of PDCs producing intracellular IFN-¢ (P < 0-01) and
the levels of IFN-a in culture supernatant of PDCs (P < 0-01) were significantly lower in patients with
CHC compared to those of normal controls. The numbers of MDC were significantly lower in patients
with CHC (82 (6-0)/ul, median (interquartile range), n = 63) compared to normal control (11-7 (7-8)/ul,
n=34) (P <0-01). Moreover, DCs from patients with CHC induced significantly lower numbers of IFN-
¥-producing effector T lymphocytes compared to that of controls (P < 0-01). This study indicates that the
low IFN-o~producing capacity and impaired T helper 1 polarization ability of DCs from patients with
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CHC might be responsible for the typical low anti-HCV immune responses in these patients.
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INTRODUCTION

Hepatitis C virus (HCV), a single-stranded RNA virus of Flavivir-
idae family, is notorious for causing a high rate (70%-85%) of
chronicity that, in 20% of cases, eventually leads to severe com-
plications like liver cirrhosis and hepatocellular carcinoma [1,2].
A vigorous T-cell response encompassing a large numbers of
HCYV epitopes that are rapid, strong and maintained are required
for clearance of HCV in infected humans and chimpanzees [3,4].
Unfortunately, patients with chronic hepatitis C (CHC) either
mount an early and vigorous T cell response that temporarily con-
trols viral replication but eventually wanes or do not develop
detectable CD4* and CDS8" T cell-mediated responses during
acute infection [3-5]. Moreover, the ability of HCV to outpace
the T cell response may explain its tendency to persist [6,7]. These
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features suggest that some defects in priming and maintenance of
the HCV-specific immune responses occur in patients with CHC.

Induction and maintenance of HCV-specific immune res-
ponses requires active participations of host antigen-presenting
cells, the most potent of which are dendritic cells (DCs) because
of their professional competency to recognize, capture, internal-
ization, processing and presentation of viruses to induce both
innate and adaptive immune responses against the viruses [8,9].
Some studies, conducted to have insights about DC/HCV inter-
actions, have documented HCV RNA in monocyte-derived DCs
and impaired allostimulatory capacity of those DCs from patients
with CHC [10-13]. They have suggested that infection of DCs by
HCV might be responsible for impaired HCV-specific immune
responses in these patients. However, recent advances in DC
research indicate that this is an oversimplification of a very com-
plex issue. Mere presence of HCV RNA does not explain the
impaired HCV-specific immune responses in these patients
because DCs are committed to capture and internalize HCV as
professional antigen-presenting cell. Accordingly, it is natural that
HCV RNA would be detected in DCs. Moreover, DCs infected
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with measles virus and influenza do not cause chronic and persis-
tent infections [14,15]. This indicates that it is important to eval-
uate the functional consequences that arise from infection of DCs
with HCV in patients with CHC.

Among different subpopulation of circulating DCs, plasmacy-
toid DCs (PDCs) produce abundant amounts of type-1 interfer-
ons (IFNs) in response to microbial agents [16,17] and are critical
for antiviral immune responses. PDCs perform two major func-
tions during their life time:

e killing of microbial agents;
e initiation and dictation of adaptive immune responses [18,19].

DCs also capture microbial agents and present those to naive T
cells for production of antigen-specific effector T cells [20].

In this study, we evaluated the capacities of circulating PDCs
to produce IFN-a and circulating DCs to polarize naive CD4' T
cells to IFN-yproducing effector T cells from patients with CHC.

MATERIALS AND METHODS

Clinical characteristics of patients

Sixty-three patients with CHC were enrolled in this study. These
patients were attending our hospital for periodic follow up and
management. Various data regarding the clinical background of
these patients is supplied in Table 1. All patients enrolled in this
study did not receive any antiviral therapy during last six months.
Thirty-four HCV-seronegative age and sex matched normal vol-
unteers were also included as control subjects. The numbers of cir-
culating DCs, PDCs and MDCs were estimated in these patients
by flow cytometry.

The production of IFN-o by PDCs and the capacity of DCs to
polarize naive autologous CD4" T cells to IFN-j~producing effec-
tor T cells were studied in 10 patients with CHC (Table 2). In
these studies, 10 normal volunteers with no evidence of liver dis-
eases served as controls.

Informed consent was obtained from each patient included in
the study and the study protocol was approved by the Human
Research Committee of Ehime University.

The frequencies of DCs, PDCs and MDCs in the

peripheral blood

Peripheral blood mononuclear cells (PBMCs) were isolated from
heparinized peripheral blood by density gradient separation

Table 1. Clinical profile of the patients and the normal controls

Patients with

chronic Normal

hepatitis C controls
Numbers 63 34
Age (years) 56+12 50£18
Sex (male: female) 36:27 21:13
Total bilirubin (0-1-1-1 mg/dl)* 0-7£0-3 07£02
Alanine aminotransferase (9-37 U/l) * 63-4 +60-9 28-8+14-9
Asparate aminotransferase (3-49 U/1) * 47-0+£31-2 27-4+£89
y-glutamyl transpeptidase (6-71 TU/) * 41-4 £32-8 322 +£14-0
HCV RNA serotype (1: 2: unknown) 32:17:14 N.T.

*Normal values are shown in the parenthesis. N.T., not tested.

method using Ficoll-Conray (Pharmacia, San Jose, CA, USA) and
suspended in RPMI 1640 (Iwaki, Chiba, Japan) plus 10%
heat-inactivated fetal calf serum (Filtron Pty. Ltd, Brooklyn,
Australia).

The frequencies of DCs, PDCs and myeloid DCs (MDCs) in
the peripheral blood were calculated by incubating PBMCs with a
cocktail of fluorescein isothiocyanate-conjugated (FITC) mono-
clonal antibodies to CD3, CD14, CD16, CD19, CD20 and CD56,
peridinin chlorophyll protein (PerCP)-conjugated antibody to
CD4 (clone SK3), phycoerythrin (PE)-conjugated antibody to
CD123 (IL-2R) (clone 9F5) and allophycocyanin (APC)-
conjugated antibody to CD11c (clone S-HCL-3) (all from Becton
Dickinson, San Jose, CA, USA). Isotype-matched antibodies
were used as controls. The cells were incubated on ice for 30 min,
and were then washed with phosphate-buffered saline. Four-
colour staining profiles were analysed on FACS Calibur (Becton
Dickinson) after the removal of dead cells and debris. In each
case, 5000 lineage CD4* DCs were counted by flow cytometry.
The relative frequencies of PDCs and MDCs in blood were
expressed as lineage"CD4*CD11¢"CD123"*" DCs and lineage™
CD4*CD11¢*CD123%™ DCs, respectively. The absolute numbers
of PDCs and MDCs were calculated from the following formula;
absolute number of PDCs or MDCs=% of PDCs or
MDCs x numbers of PBMCs in the blood.

Isolation of circulating DCs and naive CD4* T lymphocyte

Circulating DCs were isolated from the peripheral blood by
immunomagnetic cells sorting using commercial kit (Blood Den-
dritic Cells Isolation Kit, Miltenyi Biotec GmbH, Bergisch Glad-
bach, Germany), exactly as described [21]. Briefly, T cells,
monocytes and natural killer cells were depleted from PBMCs
using magnetic beads coated with monoclonal antibodies against
CD3 (clone BW264/56), CD11b (clone M1/70-15-11-5) and CD16
(clone VEP-13) by magnetic-activated cell sorter (MACS, Milte-
nyi Biotec GmbH). Circulating DCs were isolated from the
depleted cell fractions by a positive selection step using a mono-
clonal antibody against CD4 (clone M-T321, Miltenyi Biotec
GmbH). The purity of isolating DCs was more than 90%. The
ratio of PDC and MDC in isolated DCs varied considerably

Table 2. Clinical characteristics of patients with chronic hepatitis C

Sex/age ALT Viral load HCV RNA Prior

No. (year) (rany (KIU/ml) serotype therapy
1. M/56 141 240 1+2 None
2. M/53 59 >850 1 None
3. M/60 59 >850 1 None
4. M/50 55 6 1+2 None
5. M/45 46 >850 1 IFN-o
6. M/54 29 1 2 IFN-o
7. M/48 47 2-4 2 None
8. M/46 72 140 2 None
9. M/30 92 130 2 None
10. M/51 55 94 2 None

Production of interferon-a. by plasmacytoid DCs due to stimulation
with herpes simplex virus-1 and the capacity of DCs to polarize autolo-
gous naive CD4" T lymphocytes to IFN-y-producing effector T lympho-
cytes were evaluated in these patients. M, male; ALT, alanine
aminotransferase.
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Fig. 1. Flow cytometric profile showing the method of detection of circulating dendritic cells (DCs), myeloid DC and plasmacytoid DC.
The flow cytometric profiles of isotype controls have been shown in part (i) of (a), (b) and (c). (i) Circulating DCs were detected as lineage
negative and CD4" lymphocytes of peripheral blood mononuclear cells (ii). Plasmacytoid DCs and myeloid DCs were enumerated by the
expression of CD123 and CD11c on circulating DCs (iii). Circulating DCs expressed high levels of HLA-DR (iv). (b) Plasmacytoid DCs
were stimulated with no HSV-1 (ii), 1 x 10° (iii) 5 x 10° (iv) and 1 x 10° (v) plaque forming units/ml of HSV. DCs were then stained for
intracellular IFN-¢, as described in Method. Plasmacytoid DC expressing intracellular IFN-ozshowed a right shift in the histogram depending
on the dose of HSV-1. (c) Intracellular expression of IFN-y by CD4* T lymphocytes due to stimulation of naive CD4" T cells with 1 x 10°
(iii) 3 x 10° (iv) and 1 x 10* (v) of DC or without DCs (ii). The culture was done for 7 days to evaluate the polarization of naive CD4* T
lymphocytes by DCs. The numbers of IFN-yproducing T lymphocytes increased as the amounts of DCs were increased in the cultures.

among controls and patients with CHC. About 20-40% of the iso-
lated DCs expressed CD123 and 60-80% DCs expressed CD11c.

Naive CD4* T lymphocytes were isolated using a commercial
kit (CD4" T cell isolation kit, Miltenyi Biotec GmbH), exactly
according to the description of the manufacturer. In short, CD8",
CD11b*, CD16", CD19*, CD36" and CD56" cells of the PBMCs
were depleted by a cocktail of monoclonal antibodies supplied
with the kit. Naive CD4" T lymphocytes were isolated by incubat-
ing CD4" T lymphocytes with monoclonal antibody to CD45RA
(clone L48)-coated magnetic beads. The purity of naive T cells
were about 95%.

Production of IFN-o. by PDCs

To evaluate the production of IFN-¢ by PDCs, circulating DCs
(5% 10%ml) were cultured with 1x10°, 5x10°, 1x10° plaque
forming units (PFU)/ml of herpes simplex virus (HSV) [22]
(kindly provided by Dr Masaki Yasukawa, First Department of
Internal Medicine, Ehime University School of Medicine, Japan)

for 5h, as described [22]. After 4 h of incubation, brefeldin A
(10 ug/ml, Sigma, St. Louis, MO, USA) was added to the culture
to block IFN-a secretion from PDCs. The cells were then incu-
bated with PE-labelled monoclonal antibody to CD123 (IL-2R ),
fixed and permeabilized using a commercial kit (FIX and PERM
kit; Caltag Laboratories, Burlingame, CA, USA). PDCs
stimulated with HSV-1 were then stained with mouse antihuman
IFN-a monoclonal antibody (MMHA-11, PBL Biomedical
Laboratories, Piscataway, NJ, USA) as primary antibody and
FITC-conjugated goat antimouse IgG F(ab’), (Jackson Immuno-
Reserach Laboratories, Inc, West Groove, PA, USA) as sec-
ondary antibody. The relative frequencies of PDCs expressing
intracellular IFN-a were estimated by flow cytometry.

The levels of IFN-« in the culture supernatants of HSV-
stimulated DCs were measured using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit (Human IFN-
o multi-Species ELISA kit, PBL Biomedical Laboratories, Piscat-
away, NJ, USA).

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:559-565
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Fig. 2. Impaired production of intracellular IFN-« in plasmacytoid DCs from patients with chronic hepatitis C due to stimulation with
various doses of herpes simplex virus-1. The numbers of plasmacytoid DCs expressing IFN-¢ from individual normal control (O) and
patient with chronic hepatitis C (@) are plotted in (A). Mean and standard deviation of the data of Figure in (a) is shown in (b). *P < 0-01

compared to normal controls.

Differentiation of naive CD4*T lymphocytes into
IFN-y-producing T lymphocytes by DCs

This was done according to a published study with some modifi-
cations [23]. Autologous CD4'CD45RA" naive T lymphocytes
(1 x 10°/ml) were cultured with graded doses of DCs in a 96-well
plate in 200 ul of culture media. After 7 days culture, the T lym-
phocytes were washed and subsequently stimulated with phorbol
12-myristate 13-acetate (PMA) (40 ng/ml, Sigma) and ionomycin
(2 pg/ml, Sigma) for 8 h. Brefeldin A (5 ug/ml, Sigma) was added
to the cultures for the last 4 h. T lymphocytes were then stained
with Per CP-labelled CD3 (SK7, Becton Dickinson) monoclonal
antibody, and then fixed, permeabilized, and stained with FITC-
conjugated mAbs to IFN-y (clone 25723-11, Becton Dickinson)
and PE-conjugated interleukin-4 (clone 3010-211, Becton
Dickinson).

Statistical analysis

The data were expressed as mean + standard deviation. Means
were compared with unpaired #-test. In case of differences (as
assessed by an F-test), t-tests were adjusted for unequal variances
(Mann-Whitney’s U-test). P < 0-05 was considered to be statisti-
cally significant. Statistical calculations were performed using the
Stat View (version 5-0) statistical program in Intel Computer
(Pentium 4).

RESULTS

Characterization of DCs

Circulating DCs were lineage™ and CD4" (Fig. la(ii)). These DCs
also expressed HLA DR (Fig. 1a(iv)) and either CD11c or CD123.
PDCs and MDCs were detected from the gated DCs by staining
with antibodies to CD123 and CD11c, respectively (Fig. 1a(iii)).

Functionally, circulating DCs stimulated allogenic T lymphocytes
in a dose dependent manner. On the other hand, PDCs expressed
intracellular IFN-¢ in response to HSV-1 (data not shown).

Impaired production of IFN-o. by PDC from patients with CHC
The capacity of PDCs to produce IFN-o was assessed by two
methods [1]; counting the numbers of PDCs expressing intracel-
lular IFN-« and [2] measuring the levels of IFN-¢ in the culture
supernatants of HSV-stimulated DCs.

Stimulation of DCs with HSV-1 induced intracellular IFN-oin
PDCs in a dose-dependent manner (Fig. 1b). As shown in Fig. 2a,
0-7%-5-7% PDCs from CHC patients expressed intracellular IFN-
o those were stimulated with 1 x 10° PFU/ml of HSV-1. However,
42%-13-4% PDCs from normal controls expressed intracellular
IFN-o under the similar conditions. This trend persisted when
5% 10° or 1 x 10° PFU/ml of HSV-1 were used to stimulate DCs
from patients with CHC or control subjects. The mean numbers of
PDCs expressing intracellular IFN-o were significantly lower in
patients with CHC compared to control subjects (P <0-01)
(Fig. 2b). Although the levels of ALT and HCV RNA varied con-
siderably among patients (Table 2), there was no relationship
between the IFN-o-producing capacities of DCs from CHC
patients and these clinical parameters (data not shown).

The levels of IFN-« in culture supernatants of HSV-1-
stimulated DCs were significantly lower in patients with CHC
(723 £ 741 pg/ml, n=10) compared to control subjects
(520-7 £ 2971 pg/ml, n=10) (P <0-01) (Table 3).

DCs from patients with CHC had decreased capacity to induce
Thl polarization

DCs induced polarization of naive CD4" T cells into IFN-y
producing T cells. In this study, to evaluate the T cell polarization

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:559-565
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Table 3. Expression of intracellular interferon-o in plasmacytoid DCs due to stimulation with herpes simplex virus-1

IFN-o" cells in Mean Levels of
Dose of HSV-1 plasmacytoid fluorescence IFN-«
Diagnosis Numbers (PFU/ml) DCs (%) intensity (pg/ml)
Patients with chronic 10 1x10° 3-4£2:2% 339+ 67 N.T.
hepatitis C 5x10° 9-9 +5-0% 420 + 69* N.T.
1x10° 14-7 £ 6:5* 460 + 67* 72:3£74-1%
Normal controls 10 1x10° 9-5+2-8 432+96 N.T.
5%x10° 267 £ 6-0 578 +£109 N.T.
1x10° 350+7-6 610 +109 520-7 +£297-1

DCs were stimulated with various doses of plaque forming units (PFU) of herpes simplex virus (HSV)-1 for 5 h and the levels of expression of
intracellular IFN-o in plasmacytoid DC were estimated from flow cytometric profiles. The levels of IFN-o in the culture supernatants were estimated by
enzyme-linked immunosorbent assay. The results were expressed as percentage of IFN-o" cells in plasmacytoid DCs, its mean fluorescence intensity and
the levels of IFN-o in the culture supernatants. Data are shown as mean*-standard deviation. *P < 0-01 compared to normal controls of the same dose of

HSV-1. N.T., not tested.
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capacity of DCs, we cultured naive CD4" T cells and DCs in an
autologous mixed leucocyte reaction. As shown in Fig. 1c, the
polarization of naive CD4* T cells was dependent on the numbers
of DCs in the culture. As shown in Fig. 3a, the numbers of MDCs
varied considerably among individual patients with CHC (2-9-
16-1 MDCs/ul of blood) and individual normal controls (6-1-26-6
MDCs/ul of blood). The median (interquartile range) ratio of
MDC:s to total PBMC was significantly decreased in patients with
CHC (0-38 (0-20)%, n =63) compared to normal controls (0-49
(0-27)%, n =34) (P < 0-01). The absolute numbers of MDCs/ul of
blood were also significantly lower in patients with CHC (8-2
(6:0)/ul, n=63) compared to normal controls (11-7 (7.8)/ul,
n=34) (P <0-01, Fig.3). However, the numbers of PDCs in the
blood did not vary considerably among patients with CHC (4-0

(2.8)/ul, n=64) and normal controls (40 (2:0)/ul, n=234)
(P=0-55).

The most important function of DCs is to induce polarization
of naive autologous CD4* T lymphocytes to IFN-yproducing
effector CD4* T lymphocytes. These effector lymphocytes possess
various types of antiviral properties. In order to assess the capac-
ity of DCs from CHC to induce IFN-y-producing T lymphocytes,
we cultured naive autologous CD4" T lymphocytes with DCs from
patients with CHC.

As shown in Fig.4, DCs from patients with CHC induced
significantly lower numbers of IFN-y-producing CD4* T lympho-
cytes compared to that of DCs from normal controls. The data
shown in Fig. 4a was adjusted according to the numbers of MDCs
in each patient. The mean numbers of IFN-yproducing CD4* T

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:559-565
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lymphocytes were significantly lower in patients with CHC com-
pared to control subjects irrespective of the numbers of MDCs
used to induce T helper polarization (Numbers of MDCs; 1 x 10%,
P <0-05, No. of MDCs; 3 x10°, P<0-01; numbers of MDCs;
1x10% P<0-01) (Fig. 4b).

DISCUSSION

The nature of immune response of HCV-infected patients is
poorly understood. Patients who spontaneously clear the virus
mount vigorous T cell responses encompassing large numbers of
viral epitopes and these responses are maintained after the clear-
ance of HCV infection in these patients. On the contrary, vigorous
T cell responses that were developed during acute phase of HCV
infection wane in patients with CHC in spite of presence of high
levels of HCV genomes in the sera and the liver [3-7]. In general,
virus particles activate innate as well as adaptive immune
responses. Thus, it is elusive why patients with CHC are unable to
maintain or initiate proper anti-HCV immune responses in situ.

To address these issues, we decided to study the functions of
DCs in patients with CHC because DCs play critical roles during
induction and maintenance of antiviral immune responses. This
study is completely different from previously described investiga-
tions about DC/HCV interactions in CHC patients [10-13]. First,
we used circulating DCs, not monocyte-derived DCs, because
monocytes seldom convert to DCs and very high levels of selec-
tive cytokines that are required for conversion of monocytes to
DCs in vitro are not usually available in vivo. Circulating DCs
were used because these DCs represent the functional DCs in
vivo. They mobilize to the sites of microbial infection, capture
those and induce microbial agent-specific immune responses
[24,25]. The next, although most of the investigators have checked

the allostimulatory capacity of DCs from CHC patients [10-13],
we analysed two critical functions of DCs: firstly,IFN-o-producing
capacity of PDCs and secondly, IFN-ypolarization capacity of
DCs. These two antiviral capacities of DCs have not been inves-
tigated in patients with CHC by any investigators till now [8-10]

PDCs from patients with CHC did not produce IFN-¢ spon-
taneously although they were stimulated by HCV in vivo indicat-
ing that HCV is a poor inducer of IFN-o. When stimulated with
HSV-1, PDCs from CHC patients produced significantly lower
levels of IFN-¢ compared to that of control subjects. Low IFN-o-
producing capacity of PDCs from patients with CHC was con-
firmed by two methods: checking the numbers of PDCs express-
ing intracellular IFN-or and measuring the levels of IFN-¢ in
supernatants of cultures containing PDCs and HSV-1.

As most of the capsulated virus such as HSV, Sendai virus,
cytomegalovirus and influenza virus induces IFN-o from PDCs
[10], it is elusive why HCV could not induce IFN-¢ in PDCs from
patients with CHC. It is also unknown why PDCs from patients
with CHC were refractive to the stimulation of HSV-1. We could
not study the capacity of PDCs to produce IFN-o due to direct
stimulation with HCV due to non availability of HCV virus par-
ticles, however, the low IFN-o~producing capacity of PDCs from
CHC patients should be evaluated using other viruses. However,
it appears that the levels of ALT and HCV RNA did not have any
significant role in this regard. PDC represents a unique cell lin-
eage within immune system, which performs two major functions
during their life time [1]: killing of viruses and [2] initiation and
dictation of adaptive immune response [10,17-19]. Moreover,
IFN-o enhances the cytotoxic effect of natural killer cells and
macrophages, induce T cell activation and play a vital role in the
survival of activated T cells. The incapability of PDCs from
patients with CHC to induce adequate IFN-o partly explains why

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:559-565
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these patients were unable to destroy HCV completely and why
vigorous T cell responses that are initiated during acute phase of
HCYV infection are not maintained in patients with CHC.

Impaired ability of DCs from patients with CHC to induce
polarization of naive T lymphocytes to IFN-yproducing effector
T lymphocytes would hinder their ability to maintain HCV-
specific immune responses in vivo.

In general three mechanisms are proposed to justify the viral
persistence in a host:

e the integration of the virus into the genome of the host cells;
e the alteration of replication of the virus;
o the disruption of the immune system.

The possibility of integration of HCV into the genome of the
host is not so evident in HCV infection. We have provided two
important evidences which explain why patients with CHC are
unable to trigger and maintain efficient antiviral immune
responses.

Patients with CHC are treated with antiviral drugs like type-
1 IFN and ribavirin. This study indicates that manipulation of
function of PDCs in vivo in patients with CHC might represent a
unique therapeutic approach for these patients. Vaccines and anti-
gen-pulsed DCs are now used to activate DCs and to treat
patients with chronic viral infection such as chronic hepatitis B
[26] and malignancies [27].

In summary, IFN-o-producing capacity and T helper 1 polar-
ization ability of DCs were impaired in patients with CHC, which
might account for weak and waning T cells responses of these
patients. Further studies are warranted to investigate the methods
of up-regulating the functions of these DCs in vivo for developing
novel therapeutic strategies for treating these patients.
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