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Dendritic cells (DCs) show a functional plasticity in determining Th responses depending on their maturational stage or on
maturational signals delivered to the DCs. Human plasmacytoid DCs (PDCs) can induce either Th1- or Th2-type immune re-
sponses upon exposure to viruses or IL-3, respectively. In this study we have investigated the Th-polarizing capacity of PDCs after
short (24-h) or long (72-h) culture with stimuli and have assessed the expression and function of OX40 ligand (OX40L) in
PDC-mediated Th polarization in addition to type I IFN-dependent responses. IL-3-treated PDCs expressed OX40L, but produced
almost no IFN-� in response to T cell stimulation (CD40 ligand or T cell interaction), resulting in the preferential priming of Th2
cells through OX40L-dependent mechanisms. Meanwhile, PDCs were rapidly endowed by viral infection (Sendai virus) with a high
potency to develop IFN-�-producing Th cells depending on their capacity to residually produce IFN-�. Although Sendai virus-
stimulated PDCs simultaneously expressed OX40L in their maturational process, the Th1-inducing effect of endogenous type I
IFNs may overcome and thus conceal the OX40L-dependent Th2 responses. However, during maturation in response to Sendai
virus over the longer 72-h period, the expression level of OX40L was up-regulated, whereas the residual IFN-�-producing ability
was down-regulated, and consequently, the PDCs with prolonged Sendai virus stimulation induced Th2 responses to some extent.
Thus, PDCs have the distinct means to dictate an appropriate response to environmental stimuli. The Journal of Immunology,
2004, 172: 4253–4259.

Several lines of evidence indicate that plasmacytoid cells
(PCs),3 referred to as natural IFN-��-producing cells (1,
2), are dendritic cell (DC) precursors (3, 4). IL-3 or viral

infection can trigger PCs to develop into DCs, which can initiate
Th cell responses (5–7). In immune responses, the functional prop-
erties of PCs are altered during their maturational process; PCs act
as type I IFN producers in enhancing innate immunity at microbial
recognition and develop into DCs (plasmacytoid DCs (PDCs)),
which eventually act as APCs in adaptive immunity (2, 5, 6). To
provide the essential functions in priming naive T cells in lym-
phoid tissues, PDCs require CD40 ligands (CD40L), which are
delivered from T cells and cause the terminal maturation of
DCs (3, 4).

Recent research has clarified the functional plasticity of DCs in
determining T cell responses (8, 9). Most myeloid DC subsets have
some capacity to produce IL-12 and thereby to induce Th1 devel-

opment. However, this capacity varies with their stage of matura-
tion and the environmental stimuli delivered to them (10–12). In
contrast, when PCs sense viruses, they rapidly produce a large
amount of IFN-�� and differentiate into DCs, which can facilitate
Th1 cell development (6, 7). Meanwhile, IL-3-treated PDCs favor
Th2 cell responses (4, 6, 13). However, it remains largely un-
known how PDCs dictate the type of Th cell response. Upon viral
infection, PCs produce IFN-��, which is responsible for IFN-�

production by T cells (6, 7). In contrast, we still do not know which
PDC-derived factors actively induce Th2 development. One pos-
sible mechanism underlying the Th2 development by PDCs is the
default mechanism due to the lack of Th1-inducing cytokines such
as IL-12 or IFN-��. However, a previous study has shown that the
addition of IL-12 to the coculture of Th cells and PDCs preincu-
bated with IL-3 plus CD40L increases the frequency of IFN-�-
producing Th cells, but does not decrease the frequency of IL-4-
producing Th cells (4). Thus, the default mechanism mentioned
above cannot completely explain this issue.

Several studies have pointed to the role of the OX40-OX40
ligand (OX40L) pathway, which selectively regulates Th2 cell de-
velopment in mice (14–19) and humans (20, 21). OX40 is ex-
pressed on activated CD4� T cells (22, 23), whereas OX40L is
induced on activated mouse CD11c� DCs (24, 25) and human
monocyte-derived DCs (23, 26). The stimuli triggered by OX40L
on these DCs elicit a costimulatory role in preferential priming of
Th2 cells (24, 25, 27). However, it is not clear at present whether
OX40L is induced on human PDCs or whether it exhibits costimu-
latory functions in the PDC-mediated Th2 responses.

Monocyte-derived DCs can produce IL-12 for a limited time
soon after activation (10). Similarly, PCs/PDCs can actively pro-
duce IFN-�� only within a limited time after microbial stimulation
(1, 28, 29), suggesting that the Th1-polarizing capacity of PDCs is
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dependent on the duration of the stimulus. In this study we inves-
tigate the kinetics of OX40L expression and IFN-� production in
PDCs in response to the two major PDC-stimulating factors, IL-3
and viruses, and assess their functional roles in the regulation of
the quality of Th responses.

Materials and Methods
Media and reagents

RPMI 1640 supplemented with 2 mM L-glutamine, 100 U/ml penicillin,
100 ng/ml streptomycin, and heat-inactivated 10% FCS (Irvine Scientific,
Santa Ana, CA) was used for the cell culture throughout the experiments.
Recombinant human IL-3 (10 ng/ml; PeproTech EC, London, U.K.), ba-
curovirus-expressed soluble CD40 ligand (sCD40L: trimer form, 1/100
dilution) (30, 31), and UV-irradiated Sendai virus (at 5 hemagglutinating
units/ml; HVJ: Cantell strain, provided by Sumitomo Pharmaceuticals,
Ehime, Japan) were used for cell cultures. The mAb against human
OX40L/gp34, ik-1 (mouse IgG1) (23, 32), was used for analysis of surface
expression on cells and for neutralization of the OX40/OX40L pathway in
DC-T cell coculture.

Isolation of blood PCs

Peripheral blood PCs were isolated according to the modified protocol
described previously (13, 33, 34). Briefly, the DC-enriched population
(CD4�/CD3�/CD14� cells) was obtained from PBMCs by negative and
subsequent positive immunoselection. The CD11c�/lineage�/DR� cells
(PCs) were sorted by an EPICS ALTRA flow cytometer (Coulter, Hialeah,
FL) using PE-labeled anti-CD11c (Leu-M5; BD Biosciences, Sunnyvale,
CA); a mixture of FITC-labeled mAbs against lineage markers, CD3
(M2AB; Exalpha, Boston, MA), CD14 (FWKW-1; Exalpha), CD15 (Leu-
M1; BD Biosciences), CD16 (J5511; Exalpha), CD19 (SJ25C1; BD Bio-
sciences), and CD56 (NCAM16.2; BD Biosciences); and PE-cyanin 5.1
(PC5)-labeled HLA-DR (Immu-357; ImmunoTech, Marseilles, France).
The purity of PCs was �98%.

Analyses of T cell polarization stimulated by PDCs

CD4�/CD45RA� naive T cells were obtained from allogeneic healthy vol-
unteers using a CD4� T cell isolation kit (Miltenyi Biotec, Bergisch Glad-
bach, Germany), followed by positive selection with CD45RA-conjugated
microbeads (Miltenyi Biotec) or sorting with staining of PE-labeled
CD45RA mAb (HI100; BD Biosciences). The purity of the cells was 95%
or greater by reanalysis. PDCs preincubated with IL-3 or Sendai virus for
24 or 72 h were washed and then cocultured with allogeneic CD4�/
CD45RA� naive T cells (105 cells/well; DC-T ratio, 1:5) in 96-well,
round-bottom, tissue culture plates. In some experiments a mixture of neu-
tralizing rabbit polyclonal anti-human IFN-� Ab (2000 neutralization
units/ml), neutralizing rabbit polyclonal anti-human IFN-� Ab (1000 neu-
tralization units/ml), mouse anti-human IFN-�� receptor mAb (20 �g/ml;
PBL Biomedical Laboratories, New Brunswick, NJ), and/or anti-OX40L
mAb (ik-1; 50 �g/ml) was added to the coculture. Heat-inactivated rabbit
serum (Vector Laboratories, Burlingame, CA) and mouse IgG1 (R&D Sys-
tems, Minneapolis, MN) were used as a control. Seven days after coculture,
T cells were washed and restimulated with PMA (50 ng/ml) and ionomycin
(2 �g/ml) at 106 cells/ml for 24 h for ELISA or 6 h for intracellular cy-
tokine staining. ELISA kits for IFN-�, IL-4, IL-5, and IL-13 (R&D Sys-
tems) were used to analyze T cell cytokine production. For intracellular
cytokine analyses, brefeldin A (10 �g/ml) was added during the last 2 h.
The cells were stained with PE-cyanin 5.1 (PC5)-labeled anti-CD4 (Im-
munoTech), then with PE-labeled anti-IL-4 (BD Biosciences) plus FITC-
labeled anti-IFN-� mAb (BD Biosciences) using FIX and PERM kit
(Caltag Laboratories, Burlingame, CA).

Measurements of IFN-� production from PDCs

The sorted blood PCs were cultured with IL-3 or Sendai virus for 24 or
72 h in 96-well, round-bottom, tissue culture plates at 5 � 104 cells in 200
�l of medium/well. After removal of each supernatant and washing, the
adjusted number of cells were recultured with medium alone or restimu-
lated with sCD40L or allogeneic CD4�/CD45RA� cells (5 � 104 PDCs/
5 � 104 T cells/200 �l) for an additional 24 h, respectively, and the su-
pernatants were collected. The production of IFN-� and IL-12 p70 in the
supernatants was determined by ELISA (Endogen, Woburn, MA).

Analyses of expression of OX40L and costimulatory molecules

Total RNA was prepared from freshly isolated PCs and PDCs after culture
using TRIzol reagent (Life Technologies, Grand Island, NY). RT reactions

were performed on 2 �g of total RNA using an oligo(dT) primer with
SuperScript II (Life Technologies). One-microliter aliquots of the DNA
resulting from each RT reaction were subjected to PCR. The temperature
profiles of PCR were as follows: an initial denaturation step of 94°C for 5
min, followed by 30 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 1
min, and a final elongation step of 72°C for 7 min. The sequences of
primers were as follows: OX40L: forward, 5�-CCCAGATTGTGAAGAT
GGAA-3�; and reverse, 5�-GCCTGGTTTTAGATATTGCC-3�; and �-ac-
tin: forward, 5�-GACCCAGATCATGTTTGAGACCTTCAACAC-3�; and
reverse, 5�-TACTTGCGCTCAGGAGGAGCAATGATCTTG-3�. A �X174
DNA-HaeIII digest (New England Biolabs, Beverly, MA) was used as a DNA
size marker. To evaluate surface OX40L expression, the cells were stained
with anti-OX40L mAb (ik-1) or isotype-matched control mAb, followed by
PE-labeled goat anti-mouse IgG (BD Biosciences). To analyze the expression
of costimulatory molecules, the cells were stained with FITC-labeled anti-
CD40 (5C3; BD Biosciences), CD86 (2331; BD Biosciences), or CD80
(BB-1; Ancell, Bayport, MN) and analyzed with a FACScan (BD
Biosciences).

Results
PDCs induce different Th responses depending on the
developmental stimuli and the duration of stimulation

We first analyzed PDC functions in polarizing Th cells when PDCs
were stimulated with IL-3 or Sendai virus for 1 or 3 days. The
costimulatory molecules (CD40, CD80, and CD86), which are the
hallmarks of DC differentiation, were up-regulated modestly on
PDCs by IL-3 during 1-day culture and were further up-regulated
during 3-day culture (Fig. 1A). Sendai virus readily up-regulated
all markers after the 1-day culture, indicating that Sendai virus
rapidly induces PDCs to differentiate into mature DCs. These
PDCs were cocultured with allogeneic CD4� naive T cells for 7
days, and the cytokine profiles of the activated Th cells were ex-
amined by intracellular staining (Fig. 1B) and ELISA analysis of
the culture supernatants (Fig. 1C). PDCs pretreated with IL-3 for
1 day (1d-IL-3-PDCs) could stimulate naive Th cells to develop
into the polarized (IL-4- or IFN-�-producing) Th cells to a certain
extent (Fig. 1B). Compared with 1d-IL-3-PDCs, 3d-IL-3-PDCs in-
creased the frequency of IL-4-producing cells, as determined by
intracellular staining (Fig. 1B), and also induced the higher
amounts of IL-4, IL-5, and IL-13 production (Fig. 1C) in Th cells.
In contrast, PDCs prestimulated with Sendai virus for 1 day (1d-
SV-PDCs) showed a high potency to preferentially induce IFN-�-
producing T cell development, but induced low levels of IL-4,
IL-5, and IL-13 production in Th cells. Compared with 1d-SV-
PDCs, 3d-SV-PDCs developed a comparable level of IFN-� pro-
duction in Th cells. However, they concomitantly induced an in-
creased number of IL-4-producing T cells (Fig. 1B) and moderate
levels of IL-4, IL-5, and IL-13 production (Fig. 1C) in Th cells.
These findings indicate that PDCs cultured with IL-3 can prefer-
entially induce Th2 cells, and that viral infection rapidly equips
PDCs with the ability to evoke IFN-� production in Th cells. In
addition, as a result of prolonged stimulation with Sendai virus,
PDCs acquire a moderate ability to induce Th2 cells.

Residual capacity to produce IFN-� in PDCs in response to
Sendai virus

PCs are the major source of IFN-��, which not only plays a central
role in inducing innate immunity against microbial infections but
can also facilitate Th1 development in adaptive immunity (35–37).
However, it is likely that the capacity of PCs to produce IFN-��
is transient (1, 28, 29). Therefore, to clarify whether PDC-derived
IFN-�� actually participates in the Th cell priming, we next in-
vestigated whether the Sendai virus-infected PDCs have a residual
capacity to produce IFN-� when subsequently stimulated with
sCD40L or allogeneic naive CD4� T cells. Freshly isolated PCs
can produce a large amount of IFN-� in response to Sendai virus
during the first 24 h (14,851 � 1,225 pg/ml; n � 4), but cannot
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produce any under culture with IL-3 (	3 pg/ml; n � 4; Fig. 2A).
This result is in line with previous studies (1, 2, 34). As shown in
Fig. 2B, 1d-SV-PDCs could still residually produce a substantial
amount of IFN-� during the following 24 h, although their ability
to produce IFN-� was not significantly increased when subse-
quently stimulated by sCD40L or when cocultured with allogeneic
naive Th cells. In contrast, residual IFN-� production by 3d-SV-
PDCs was detectable, but at a much lower level than that of 1d-
SV-PDCs. In contrast to Sendai virus-stimulated PDCs, IL-3-
treated PDCs (both 1d-IL-3-PDCs and 3d-IL-3-PDCs) can barely
produce IFN-� even after the subsequent activation with CD40L
or T cell interaction. No bioactive IL-12 p70 was detectable in any
of the culture conditions described above (	3 pg/ml; n � 4; data
not shown).

Expression of OX40L on PDCs

We next examined the expression of OX40L on PDCs after the
culture with IL-3 or Sendai virus by RT-PCR (Fig. 3A) and flow
cytometry (Fig. 3B). OX40L mRNA and its surface protein could

not be detected in freshly isolated PCs. After 1-day culture, IL-3
induced PCs to express OX40L mRNA at a very low level,
whereas Sendai virus induced it at a definitive level (Fig. 3A).
Furthermore, the OX40L expression induced by IL-3 or Sendai
virus was up-regulated by the presence of sCD40L. Consistent
with this expression profile of OX40L mRNA, a fraction of the
cells began to express surface OX40L after 1-day culture with
IL-3, and a majority of the cells became OX40L-positive at low
level even after 3-day culture. The addition of sCD40L up-regu-
lated their OX40L expression. Meanwhile, Sendai virus readily
induced OX40L on the majority of the cells even after the 1-day
culture and up-regulated its expression during 3-day culture;
sCD40L augmented its expression.

Effects of PDC-derived OX40L and type I IFNs in Th
polarization

To elucidate how PDC-derived OX40L and IFN-�� impact the
quality of Th cell responses, anti-OX40L Ab and/or a mixture of

FIGURE 1. Th-polarizing ability of PDCs after 1- or 3-day culture with the different stimuli. Freshly isolated PCs were cultured with IL-3 or Sendai
virus (SV) for 1 or 3 days. A, Expression intensities of CD40, CD80, and CD86 on the cultured cells were analyzed by flow cytometry. The results are
shown as the change in mean fluorescence intensity (
MFI), which is calculated by subtraction of the MFI with the isotype-matched control from
that with each mAb. The data shown are representative of three independent experiments. B and C, The PDCs were cocultured with allogeneic CD4�

naive T cells for 7 days, then T cells were restimulated with PMA and ionomycin. The T cell cytokine profile was analyzed intracellularly by flow
cytometry (B) and measured in supernatants by ELISA (C; details in Materials and Methods). B, The percentages of the respective cytokine-
producing T cells are indicated in each dot-blot profile. This figure represents the results from one of four experiments. C, Results are shown as the
mean � SEM of four experiments.
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anti-IFN-� Ab, anti-IFN-� Ab, and anti-IFN-�� receptor Ab (anti-
IFNs Abs) were primarily added to the PDC-T cell cocultures. As
shown in Fig. 4, the addition of anti-OX40L Ab significantly de-
creased the production of IL-4, IL-5, and IL-13 in Th cells stim-
ulated with 1d-SV-PDCs, 3d-SV-PDCs, and 3d-IL-3-PDCs. The
addition of anti-OX40L Ab significantly decreased only IL-13 pro-
duction of T cells in coculture with 1d-IL-3-PDCs. By contrast, the
same Ab had no effect on IFN-� production from T cells under any
culture conditions. In parallel with the results from ELISA, intra-
cellular cytokine staining demonstrated that the addition of anti-
OX40L Ab hampered the development, which had been induced
by 3d-IL-3-PDCs or 3d-SV-PDCs, of IL-4-producing Th cells
without affecting the frequency of IFN-�-producers (Fig. 5). These
findings indicate that OX40L on the PDCs is responsible for Th
cell production of IL-4, IL-5, and IL-13, but not IFN-�.

In contrast to the above findings, anti-IFN Abs significantly sup-
pressed IFN-� production and increased IL-4, IL-5, and IL-13 pro-
duction by Th cells when primed with 1d-SV-PDCs or 3d-SV-
PDCs (Fig. 4). The intracellular cytokine staining also showed an
impairment of IFN-�-producing cell development and a concom-
itant increase in the number of IL-4-producing cells when anti-IFN
Abs were added into the coculture of 1d-SV-PDCs and 3d-SV-
PDCs (Fig. 5, third panels). The reduction of IFN-� production
(and also IFN-�-producing cells) by the neutralization of IFN-��

was more potently observed in the coculture of 1d-SV-PDCs than
in that of 3d-SV-PDCs. A further addition of anti-OX40L Ab to
anti-IFNs Abs counteracted the enhanced IL-4-producing cell de-
velopment by IFN-�� neutralization (Fig. 5, bottom panels). How-
ever, in the coculture with 1d-IL-3-PDCs and 3d-IL-3-PDCs, the
addition of anti-IFNs Abs barely altered the T cell production of
cytokines (Figs. 4 and 5). These findings suggest that PDCs, in
response to either IL-3 or Sendai virus, acquire some potential
to induce OX40L-dependent Th2 responses, and that PDC-de-
rived IFN-��, in response to Sendai virus, interferes with the

FIGURE 3. Expression of OX40L on PDCs. A, mRNA expression of
OX40L was examined by RT-PCR in freshly isolated PCs or in PDCs after
24-h culture with various stimuli. B, During culture with IL-3 or Sendai
virus (SV) in the presence or the absence of sCD40L, the surface expres-
sion of OX40L on PDCs was monitored by flow cytometry at 24 or 72 h.
The staining profile of anti-OX40L mAb (ik-1) and isotype-matched con-
trol are shown by the shaded and open areas, respectively. The results
shown are representative of three independent experiments.

FIGURE 2. Capacity to residually produce IFN-� in PDCs. Purified PCs were cultured with IL-3 or Sendai virus (SV). A, After 24-h culture, the IFN-�
concentration in the supernatant was measured by ELISA. B, After a 24- or 72-h culture, the supernatant was washed and completely removed, and the
cells were restimulated with sCD40L or allogeneic CD4� T cells for an additional 24 h. The concentration of IFN-� in each supernatant was measured
by ELISA. The data are shown as the mean � SEM of four independent experiments.
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OX40L-dependent responses and consequently favors Th1-type
responses.

Discussion
In this study we have demonstrated that an OX40L-dependent
mechanism is functional in PDC-mediated Th responses. In dic-
tating the quality of Th cell responses, OX40L selectively induced
Th2-type immune responses by promoting CD4� T cells to secrete
IL-4, IL-5, and IL-13 (Figs. 4 and 5) (14–21, 27). Meanwhile,
IFN-�� not only induced IFN-� production, but also inhibited Th2
cytokine production (36, 37), resulting in the preferential devel-
opment of Th1-type immunity. We have also demonstrated that
IL-3-treated PDCs, which are widely noted as Th2-inducible DCs
(so-called DC2) (4), expressed OX40L (Fig. 3), but barely pro-
duced any IFN-� (Fig. 2B). Indeed, the costimulatory function of
OX40L on 3d-IL-3-PDCs was responsible for the preferential
priming of Th2 cells (Figs. 4 and 5). However, even the immature
1d-IL-3-PDCs, which partially and weakly expressed OX40L,
could induce Th2 cells to some extent, and the addition of anti-
OX40L Ab could not completely block Th2 cytokine production in
Th cells when stimulated by 3d-IL-3-PDCs. These findings suggest
that mechanisms other than OX40L may also be involved in the
PDC-mediated Th2 responses. In this regard, it should be noted
that human monocyte-derived DCs can actively induce Th2 cell
development independently of OX40L in response to cAMP up-
regulators such as PGE2 or cholera toxin (11). In addition, there is
evidence that Th2 development induced by monocyte-derived DCs
is dependent not only on OX40-OX40L interaction, but also on the

B7-CD28 costimulation pathway (27). Furthermore, a series of
studies has suggested that the ICOS-ICOS ligand pathway plays an
important role in Th2 development and function (38–40). Thus,
multiple signals, including the OX40-OX40L pathway, may pos-
sibly cooperate to dictate Th2 development in the DC-mediated
immune responses.

Like IL-3-treated PDCs, Sendai virus-stimulated PDCs substan-
tially expressed OX40L (Fig. 3). However, they did not favor pref-
erential Th2 responses, but actively promoted Th1-type immune
responses according to their high potency to produce IFN-� (Fig.
1, B and C, and Fig. 2), in accord with previous studies (6, 7).
Considering the findings that the neutralization of IFN-�� inhib-
ited IFN-� production and supported OX40L-dependent Th2 re-
sponses when primed with 1d-SV-PDCs or 3d-SV-PDCs (Figs. 4
and 5), it might well be that the effect of PDC-derived IFN-��
predominates over that of OX40L in PDC-mediated immune re-
sponses upon viral infection. Thus, PDCs have the distinct means
to control Th responses: IFN-�� as endogenous cytokines and
OX40L as a costimulatory molecule, which differentially regulate
T cell production of IFN-� and Th2 cytokines, including IL-4,
IL-5, and IL-13. Recent progress in DC biology has led to the
concept that a given DC subset can alter its functional property
depending on the microenvironment. The myeloid DC subset ba-
sically has the ability to induce immunogenic Th1 immune re-
sponses against microbial invasion in an IL-12-dependent manner.
By contrast, the same myeloid DCs favor Th2 cell development in
response to stimuli associated with parasites or allergens. For ex-
ample, soluble egg Ags of helminth inhibit IL-12 production from

FIGURE 4. Neutralizing effects of PDC-derived OX40L and IFN-�� in T cell cytokine production. PDCs preincubated with IL-3 or Sendai virus (SV)
for 1 or 3 days were cocultured with allogeneic CD4� naive T cells for 7 days in the presence of anti-OX40L (�OX40L) mAb (ik-1) or a mixture of
neutralizing anti-IFN-� Ab, neutralizing anti-IFN-� Ab, and anti-IFN-�� receptor mAb (�-IFNs Abs). Mouse IgG1 and heat-inactivated rabbit serum were
used as a control. The procedure for measuring the cytokine production from T cells in supernatants by ELISA is described in Materials and Methods.
Statistical significance was determined using paired Student’s t test (�, p 	 0.05). Results are shown as the mean � SEM of four independent experiments.
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monocyte-derived DCs and then induce DC-mediated Th2 re-
sponses through an OX40L-dependent mechanism (11). Further-
more, human thymic stromal lymphopoietin, which is highly ex-
pressed in epithelial tissues of atopic dermatitis, activates the blood
myeloid DC subset to produce the Th2-attracting chemokines thy-
mus- and activation-regulated chemokine and macrophage-derived
chemokine, but not IL-12, and thymic stromal lymphopoietin-acti-
vated DCs instruct naive CD4� T cells to differentiate into Th2 ef-
fector cells (41, 42). In parallel with the functional plasticity of my-
eloid DCs, the current study findings indicate that PDCs could induce
Th1-type immune responses against microbial invasion (i.e., in re-
sponse to virus or CpG DNA) and induce Th2 responses in an IL-3
milieu (which is generally formed under some allergic conditions)
depending on PDC-derived IFN-�� and OX40L, respectively.

It is of note that PDCs are speculated to directly enter lymphoid
tissues or inflammatory lesions, such as allergic mucosa from pe-
ripheral blood, in an L-selectin-dependent manner (2, 3, 43). IL-3
stimulation alone only weakly evoked OX40L expression on PCs.
However, CD40L, which is delivered from T cells, substantially
up-regulated its expression (Fig. 3). Therefore, it is suggested that
in in vivo situations such as inflammations against allergens or
parasites, PDCs may optimize their Th2-inducing ability through
interaction with T cells in an IL-3 milieu. During the maturation in
response to Sendai virus, the ability of PDCs to residually produce
IFN-� was down-regulated (Fig. 2), whereas the expression level
of OX40L on PDCs was up-regulated (Fig. 3B). In accordance
with these findings, PDCs with prolonged stimulation of Sendai
virus (3d-SV-PDCs) could instruct naive Th cells to more actively
produce Th2 cytokines than 1d-SV-PDCs (Fig. 1). This may lead
to a scenario in which viral infection causes the PDC-mediated
Th1-type responses in the early phase of immune responses, and

thereafter induces some potential to mount Th2 responses, which
may contribute to eliciting an immunological memory and/or
counteracting the overload of Th1 responses. Furthermore, the Th2
responses may also induce the humoral immunity against viruses.
Immunity against viruses involves Ab production, induction of
cellular effectors such as CTL, and cytokines including IFN-��
and IFN-�. The findings obtained in this study suggest that PCs/
PDCs are closely related to the mechanisms of antiviral immunity
described above. Thus, PDCs could dictate the quality of Th re-
sponses depending on the balance of IFN-�� and OX40L
expressions.

In conclusion, the current study delineated a biological signifi-
cance of OX40L and type I IFNs in PDCs in regulating Th re-
sponses. Therefore, the findings obtained in this study may not
only offer a new insight into the essential nature of PDCs, but also
be helpful in understanding the etiological importance of PDCs in
various diseases and thus in establishing a new therapeutic strategy
for the diseases.
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