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Natural alpha interferon (IFN-�)-producing cells (IPCs) are now recognized as identical to plasmacytoid
dendritic cell (DC) precursors in human blood and are thought to play an important role in antiviral immunity.
In the present study, we examined the susceptibility as well as the cellular responses of IPCs to human
immunodeficiency virus type 1 (HIV-1) infection. HLA-DR� CD11c� lineage-negative cells (IPCs) were puri-
fied from peripheral blood mononuclear cells by magnetic-bead separation and cell sorting. We substantiated
that IPCs expressing the major HIV-1 coreceptors, CXCR4 and CCR5, are susceptible to infection of both
T-cell-line-tropic NL4-3 and macrophage-tropic JR-CSF HIV-1 by quantification of HIV-1 p24 in the culture
supernatants and by provirus integration assay using human conserved Alu-HIV-1 long terminal repeat PCR.
To evaluate the cellular response of IPCs to HIV-1, we examined IFN-� production and their differentiation
into DCs. After incubation with either NL4-3 or JR-CSF, IPCs produced a large amount of IFN-� and at the
same time underwent morphological differentiation into DCs with upregulation of CD80 and CD86. Heat
inactivation of the supernatants containing HIV-1 did not affect the IFN-� production and maturation,
whereas removal of virions by ultracentrifugation completely nullified both biological effects, indicating that
these cellular responses do not require actual HIV-1 infection but are elicited by interaction with HIV-1 virions
or certain viral components. In conclusion, these data strongly suggest that IPC can directly recognize and
respond to HIV-1 with IFN-� production, which is crucial for preventing progress of HIV-1 infection and
occurrence of opportunistic infection.

Dendritic cells (DCs) are a heterogeneous population with
antigen-presenting capability that bridges the innate and adap-
tive immunity. In human peripheral blood, there are two types
of DCs, immature myeloid DCs and plasmacytoid DC precur-
sors, based on the expression of the �-integrin CD11c. Evi-
dence has indicated that the two types belong to different
lineages and have distinct functions (28, 36, 37). While
CD11c� DCs are precursors of Langerhans cells and interdig-
itating cells (19), CD11c� plasmacytoid DC precursors are
now recognized as identical to natural alpha interferon (IFN-
�)-producing cells (IPCs) (5, 34, 39). IPCs are present in blood
and lymphoid organs and are ready to produce a large amount
of IFN-�/� in response to viruses and other pathogens (11, 20).
Intriguingly, they differentiate upon stimulation into type2
(lymphoid) DCs that can present antigens to T cells as myeloid
DCs (16). Thus, IPCs play pivotal roles in control of viral
infection by producing a large amount of IFN-�/� that inhibits
viral replication and augments antiviral functions of effector
cells (27, 35, 38) and by inducing adaptive immune response as
DCs.

In human immunodeficiency virus type 1 (HIV-1) infection,
CD4 T cells are the major target cells of HIV-1, and their
progressive loss eventually leads to depression of adaptive im-
munity. However, a number of studies have revealed that some

of the activities of innate immunity are also impaired in pa-
tients with progressive immunodeficiency. IFN-�/� accounts
for an important part of innate immunity and IFN-�/� produc-
tion by total peripheral blood mononuclear cells (PBMCs) has
been reported to be decreased during the course of HIV-1
infection (24, 40). In accordance with this, plasmacytoid DCs
(IPCs) in peripheral blood are reduced in AIDS patients and,
on the contrary, increased in asymptomatic long-term survivors
(7, 41), suggesting that the decrease in the number of IPCs and
in the capability of IFN-�/� production is associated not only
with a high incidence of opportunistic infections but also with
enhanced HIV-1 viral replication. Thus, the delineation of the
role of IPCs in HIV-1 infection is of particular importance for
better understanding of the pathogenesis of AIDS.

The susceptibility and cellular response of DCs to HIV-1
infection have been investigated but still remain controversial
(23, 25, 29, 31). This seems to be partly because the blood DC
samples used in early studies unintentionally contained both
myeloid DCs and IPCs. Therefore, what was described for DCs
and HIV-1 should be redefined with each subset of DCs, es-
pecially IPCs. In the present study, we confirmed that HIV-1
can infect IPCs in our hands and then examined the cellular
response of IPCs to HIV-1. Herewith we show that IPCs re-
spond to HIV-1 with IFN-� production and their differentia-
tion into DCs. Experiments with heat inactivation of HIV-1
and removal of HIV-1 virions indicate that the IFN-� produc-
tion requires the interaction of IPCs with HIV-1 virions or viral
components but not actual HIV-1 infection. The possible
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pathophysiological meaning of these findings in HIV-1 infec-
tion is discussed.

MATERIALS AND METHODS

Cells and culture conditions. Buffy coats from healthy volunteers were ob-
tained from the Kyoto Red Cross Blood Center. PBMCs were prepared from
buffy coats by standard Ficoll-Paque (Amersham Pharmacia Biotech, Uppsala,
Sweden) density gradient centrifugation. CD11c� DCs and IPCs were isolated
from PBMCs as previously described (16). Briefly, total PBMCs were depleted of
lymphocytes and monocytes by treatment with a mixture of anti-CD3, anti-CD14,
anti-CD16, anti-CD19, and anti-CD56 monoclonal antibodies (MAbs), and this
was followed by separation with anti-mouse immunoglobulin G (IgG)-coated
magnetic beads (Dynal AS, Oslo, Norway). CD4� (or HLA-DR�) CD11c�

lineage-negative cells and CD4� (or HLA-DR�) CD11c� lineage-negative cells
were isolated by cell sorting as CD11c� DCs and IPCs, respectively. Alterna-
tively, IPCs were purified by using magnetic microbeads coated with anti-
BDCA-4 MAb, which is a novel marker of IPCs (BDCA-4 cell isolation kit;
Miltenyi Biotec, Auburn, Calif.) according to the manufacturer’s instruction (8).
Purified cells were cultured in RPMI 1640 (Life Technologies, Inc., Rockville,
Md.) containing 20% fetal calf serum (Life Technologies, Inc.).

Virus stocks. HIV-1 T-cell-line-tropic (T-tropic) NL4-3 and macrophage-
tropic (M-tropic) JR-CSF viruses were prepared by transfection of pNL4-3 and
pYK-JR-CSF into HEK293T cells (15, 33), respectively, all of which were ob-
tained from the NIH AIDS Research and Reference Reagent Program (Rock-
ville, Md.) (1, 3, 17, 22). Herpes simplex virus type 1 (HSV-1) (KOS strain)
attenuated with gamma irradiation (a gift of Yong-Jun Liu, DNAX Research
Institute, Palo Alto, Calif.) was also used at a final concentration of 106 PFU/ml
as a positive control. The concentrations of viruses that induced optimal survival
and IFN production were selected. Higher concentrations of viruses induced cell
death, probably due to an overwhelming cytopathic effect (data not shown). We
also used noninfectious HIV-1 that had been heat inactivated at 56°C for 1 h.

RT-PCR. Total RNA was isolated from purified IPCs or CD11c� DCs by using
an RNeasy mini kit (Qiagen, Hilden, Germany). Reverse transcription (RT) was
performed with oligo(dT) primer, pd(T)12-18 (Amersham Pharmacia Biotech,
Little Chalfont, Buckinghamshire, United Kingdom). cDNA was amplified by
PCR using the following primers: CXCR4 forward (GATGACAGATATATCT
GTGACCGC) and CXCR4 reverse (TTAGCTGGAGTGAAAACTTGAAG
A); CCR5 forward (ATGGTCATCTGCTACTCGGGAATC) and CCR5 re-

verse (TCACAAGCCCACAGATATTTCCTG); and DC-SIGN forward (TGT
CCCTGGGAATGGACATTC) and DC-SIGN reverse (GGCTGGAGAAAGA
AACTGTTC). A GeneAmp PCR system (Perkin-Elmer/Applied Biosystems)
was used with an initial denaturation step of 94°C for 4 min, followed by 25 cycles
of 94°C for 30 s, 56°C for 30 s, and 72°C for 1 min and a final elongation step of
72°C for 10 min. PCR products were separated on a 1% agarose gel, stained with
ethidium bromide, and visualized by a UV transilluminator.

Flow cytometric analysis. To analyze the expression of HIV-1 coreceptors,
CXCR4 and CCR5, and phenotypic changes after exposure to HIV-1 or HSV,
freshly isolated as well as cultured IPCs were stained with fluorescein isothio-
cyanate (FITC)-conjugated anti-CXCR4 or anti-CCR5 MAb (R & D Systems,
Minneapolis, Minn.), anti-CD80 MAb (Immunotech Coulter, Marseille, France),
or anti-CD86 MAb (BD PharMingen, San Diego, Calif.). All samples were
analyzed with a FACScan flow cytometer (Becton Dickinson, San Jose, Calif.).

HIV-1 infection assay. HIV-1 NL4-3 or JR-CSF virus supernatants adjusted to
an equivalent of 500 ng of HIV-1-p24 were added to 106 CD11c� DCs or
IPCs/ml. After the virus adsorption at 37°C for 2 h, cells were washed with
phosphate-buffered saline three times to remove free virions thoroughly, and the
cultures were continued in fresh medium. On the indicated day after infection,
culture supernatants were harvested and stored at �20°C. Productive virus
infection was estimated by quantification of HIV-1 p24 in each supernatant using
an enzyme-linked immunosorbent assay (ELISA) kit for the p24 antigen
(RETRO-TEK; ZeptoMetrix, Buffalo, N.Y.). In some experiments, a neutraliz-
ing anti-IFN-� MAb (clone MMHA-2, peripheral blood lymphocyte) or a control
mouse IgG (Sigma) was added to the final concentration of 2 �g/ml together with
the viruses to evaluate the effect of endogenous IFN-� on HIV-1 replication.

HIV-1 provirus integration assay. IPCs or PHA-stimulated PBMCs were in-
cubated with HIV-1 NL4-3 or JR-CSF virus supernatants overnight and washed
three times with phosphate-buffered saline. Total DNA was purified by using
QIAamp mini kits (Qiagen) from each sample. The first PCR was carried out
using an LA PCR kit (Takara, Otsu, Japan) with a sense primer, Alu-long
terminal repeat (LTR) from conserved sequences of human Alu (5�-TCC CAG
CTA CTC GGG AGG CTG AGG-3�) (6), and an antisense primer from con-
served HIV-1 LTR sequences, M661 (5�-CTT GCG TCG AGA GAT CTC CTC
TG-3�) (26). Using the first PCR products as templates, second nested PCR was
carried out using Ex Taq (Takara) with a sense primer, M667 (5�-GGC TAA
CTA GGG AAC CCA CTG-3�), and an antisense primer, AA55 (5�-CTG CTA
GAG ATT TTC CAC ACT GAC-3�) (26). Purified DNA from IPCs or PHA-

FIG. 1. Purification of blood DCs by cell sorting. Total PBMCs were depleted of lymphocytes and monocytes with a mixture of anti-CD3,
anti-CD14, anti-CD16, anti-CD19, and anti-CD56 MAbs and with magnetic beads. Subsequently, CD4� (or HLA� DR�) CD11c� lineage-
negative cells and CD4� (or HLA-DR�) CD11c� lineage-negative cells were isolated as CD11c� DCs and IPCs, respectively, by cell sorting.
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stimulated PBMCs cultured with heat-inactivated HIV-1, NL4-3 or JR-CSF, and
medium alone were used for negative control.

Mesurement of cytokine secretion by ELISA. IPCs were cultured at 2 �
105/200 �l with HIV-1 adjusted to an equivalent of 100 ng of HIV-1 p24 or HSV,
and the culture supernatants were collected after 48 h. IFN-� in the supernatants
was measured by a human IFN-� ELISA kit (BioSource International, Cama-
rillo, Calif.). In some experiments, HIV-1 was added together with 2 �g/ml of
anti-CD4 MAb (Leu-3a [Becton Dickinson]; PRA-T4 [eBioscience, San Diego,
Calif.]) or control IgG to examine the involvement of CD4 in HIV-1-induced
IFN-� production.

Morphological examination. Cytospin preparations of cultured cells were
made and subjected to microscopic examination after May-Giemsa staining.

RESULTS

Expression of HIV-1 coreceptors and DC-SIGN on IPCs.
We first examined and compared the expression of CXCR4,
CCR5, and DC-SIGN in IPCs and CD11c� DCs. These two
subsets of blood DCs were prepared from fresh PBMCs by cell
sorting as shown in Fig. 1. The purity of the isolated cells was
always �98% in reanalysis. Expression of CXCR4 as well as
CCR5 mRNA was detected by RT-PCR in both IPCs and
CD11c� DCs. On the other hand, expression of DC-SIGN
mRNA was detected in CD11c� DCs but not in IPCs (Fig.
2A). Flow cytometric analysis also demonstrated the expres-
sion of CXCR4 and CCR5 on the cell surface of IPCs (Fig.
2B). We repeated these experiments with samples from five
different donors and obtained essentially the same results, in-
dicating that together with CD4, IPCs express HIV-1 corecep-
tors which are required for HIV-1 infection.

Susceptibility of IPCs to HIV-1 infection. Although a num-
ber of studies have reported that HIV-1 can infect DCs (23,
30), there remains some controversy as to which particular
subset is susceptible to HIV-1 infection and whether the infec-
tion is productive or not. Therefore, we next examined the
infectivity of HIV-1 on IPCs in our hands. IPCs and CD11c�

DCs purified from PBMCs were incubated with T-tropic
NL4-3 or M-tropic JR-CSF virus. After 2 h, cells were washed
three times and cultured for 11 days, and then the supernatants
were harvested. HIV-1 productive infection was analyzed by
measuring HIV-1 p24 antigen in the supernatants. We found
that both NL4-3 and JR-CSF could productively infect IPCs as
well as CD11c� DCs (Fig. 3). It was, however, observed that
infection of IPCs yielded less HIV-1 p24 than did infection of
CD11� DCs. To verify HIV-1 infection of IPCs, we carried out
the HIV-1 integration assay using Alu-LTR nested PCR as
previously described (2, 6, 26, 43) (Fig. 4A). The first PCR
product was serially diluted and subjected to the second PCR.
Three independent experiments were done and gave similar
results. We detected the specific band of integrated HIV-1
proviral DNA in IPCs cultured with either HIV-1 NL4-3 or
JR-CSF, but not in those cultured with medium alone or heat-
inactivated viruses (Fig. 4B), which substantiates the argument
that both T-tropic and M-tropic HIV-1 can infect IPCs.

Production of IFN-� by IPCs stimulated with HIV-1. In
order to define the cellular responses of IPCs to HIV-1, we
measured IFN-� production by IPCs after exposure to HIV-1,
because IPCs or plasmacytoid DCs have been reported to
produce a large amount of IFN-� upon stimulation with cer-
tain viruses such as HSV (39), influenza virus (5), and Sendai
virus (9). We repeated this assay three times, and the data of
a representative experiment is shown in Fig. 5. IPCs produced

a large amount of IFN-� within 48 h in response to HSV-1 and,
to a lesser extent, NL4-3 or JR-CSF (Fig. 5A). CD11c� DCs
were not induced to produce detectable levels of IFN-� by
HSV-1 or HIV-1 (data not shown). Interestingly, IFN-� pro-
duction was observed in IPCs stimulated with heat-inactivated
NL4-3 and JR-CSF. Removal of HIV-1 virions by ultracentrif-
ugation (data not shown) or addition of anti-CD4 MAb (Fig.
5B) resulted in complete elimination of IFN-� production,
suggesting that IFN-� production requires interaction of IPCs
with HIV-1 virions or viral components via CD4 but not actual
HIV-1 infection. We then examined whether IPC-derived en-
dogenous IFN-� suppressed HIV-1 replication. As shown in
Fig. 5C, treatment with neutralizing anti-IFN-� MAb resulted
in an increase in production of p24, indicating that IPC-derived
IFN-� had suppressive effects on HIV-1 infection.

Survival of IPCs in response to HIV-1. As previously re-
ported (20), IPCs died rapidly and few viable cells remained
after 3 days of culture in medium alone (Fig. 6). It is known
that IFN-�/� (20) and interleukin-3 (16) could prolong survival
of IPCs, and stimulation with certain viruses has similar effects,
probably mediated by induction of IFN-�/� production. Ac-
cordingly, we examined the effect of HIV-1 on the survival of

FIG. 2. Expression of HIV-1 coreceptors and DC-SIGN on IPCs.
(A) Detection of mRNA for CXCR4, CCR5, and DC-SIGN by RT-
PCR in blood DC subsets. Cells were isolated by cell sorting to the
purity of �99%. N.C., negative control. (B) Expression of CXCR4 and
CCR5 on purified IPCs. IPCs were stained with FITC-conjugated
anti-CXCR4 or anti-CCR5 MAb. The dotted lines represent staining
with isotype-matched control MAbs.
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IPCs and found that HIV-1 or HSV-1 could extend the survival
of IPCs compared with medium alone. Representative data of
three experiments are shown in Fig. 6. It is paradoxical that
HIV-1 infection sustains cellular viability instead of exerting
cytopathic effects, the former of which seems to be mediated by
induction of IFN-�. Corresponding to the ability to induce
IFN-� production, the heat-inactivated HIV-1 could also sus-
tain the viability of IPCs.

Differentiation of IPCs into DCs in response to HIV-1. To
examine whether HIV-1 induces the differentiation of IPCs,
the expressions of CD80 and CD86 were examined by flow
cytometry after culture with HIV-1 or HSV-1 for 48 h without
washing. As shown in Fig. 7A, both CD80 and CD86 were
upregulated in IPCs cultured with either NL4-3 or JR-CSF
regardless of whether the viruses were infection competent or
heat inactivated. The magnitude of upregulation by HIV-1 was
somewhat weak compared with that by HSV-1, and again re-

moval of HIV-1 virions by ultracentrifugation resulted in elim-
ination of the effects in line with the results of the IFN-�
production (data not shown). At the same time, we examined
the morphological changes of IPCs after stimulation with
HIV-1 by May-Giemsa staining of the cytospin preparations.
Freshly isolated IPCs showed plasmacytoid morphology and
after 2 days of culture with T-tropic or M-tropic HIV-1 as well
as HSV-1 underwent morphological differentiation into DCs
with dendrites and larger cytoplasm (Fig. 7B). These experi-
ments were repeated three times and gave similar results.

DISCUSSION

Despite recent progress in AIDS research, neither the host
defense mechanism against HIV-1 nor the pathogenesis of
AIDS has been fully understood. While adaptive immunity of
virus-specific cytotoxic T lymphocyte and neutralizing antibody

FIG. 3. Productive infection of NL4-3 or JR-CSF in IPCs or CD11c� DCs. The levels of HIV-1 p24 antigen in supernatants were measured
by ELISA.

FIG. 4. HIV-1 provirus integration assay. (A) Detection of the integrated form of viral DNA by using Alu-LTR PCR. Genomic DNAs from
IPCs or phytohemagglutinin-stimulated PBMCs were subjected to in duplicate to PCR with nested 5� primers from conserved human Alu and 3�
primers from conserved HIV-1 LTR sequences. The diluted PCR product was further subjected to the second PCR by using nested HIV-1 LTR
specific primers. (B) Results of Alu-LTR PCR of genomic DNAs from pre-DC2s and phytohemagglutinin (PHA)-stimulated PBMCs. Viruses heat
inactivated at 56°C for 1 h were used as a negative control.
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has been extensively investigated, the role of innate immunity
in HIV-1 infection remains largely unknown. A number of
studies suggested that DCs, a constituent of innate immunity,
play key roles both in induction of antiviral immune responses
and in viral transmission to CD4� T cells. However, there has
been some controversy as to the susceptibility of DCs to HIV-1
infection and IFN-� production by DCs. Some studies have
presented negative data on productive HIV-1 infection of DCs
(18, 30). Likewise, it has not been settled which subset of DCs
or other cell type in PBMC respond to HIV-1 with IFN-�
production (13, 14). The controversy seems to be partly due to
the preparations of DCs since recent evidence has disclosed
that peripheral blood DCs consist of at least two different cell
types which can be distinguished phenotypically as well as
functionally. It is, therefore, urgently required to reevaluate
what was known about DCs and HIV-1 from the current point
of view.

We first confirmed previous data (32) that IPCs as well as
CD11c� DCs express CXCR4 and CCR5 together with CD4,
which strongly suggests that IPCs are susceptible to cell entry
of both T-tropic and M-tropic HIV-1. On the other hand, as we
showed, IPCs do not express DC-SIGN, which is a C-type
lectin known to be expressed on CD11c� DCs and involved in
transmission of HIV-1 to surrounding CD4� T cells (12). Ab-
sence of DC-SIGN on IPCs may imply that they are less im-
portant in viral transmission than CD11c� DCs. However,
more detailed analysis of expression of other C-type lectins
including DC-SIGNR (32) is needed to draw any conclusion on
this issue.

Regarding the susceptibility to HIV-1, Patterson et al. have
recently reported that plasmacytoid DCs (virtually identical to
IPCs) can be infected by HIV-1 productively based on the
results of nested limiting-dilution PCR of proviral DNA (32).
The authors also performed a second-round infection assay to
test for the release of infectious virus. The data presented
varied considerably among the experiments but suggested that
plasmacytoid DCs are susceptible to productive HIV-1 infec-
tion and allow more-efficient viral replication than CD11c�

DCs. Our results of quantification of HIV-1 p24 in the culture

FIG. 5. (A) IFN-� production by IPCs cultured with HIV-1 or HSV. IPCs were stimulated with HIV-1 or HSV for 48 h, and the concentrations
of IFN-� in the supernatants were measured by ELISA. (B) Effect of anti-CD4 MAbs on HIV-1-induced IFN-� production by IPCs. (C) Effect
of anti-IFN-� MAb on HIV-1 production.

FIG. 6. Viability of IPCs cultured with HIV-1 or HSV. Viable cells
were counted by trypan blue staining. Percentages of viable IPCs
cultured under different conditions were indicated. H.I., heat inacti-
vated.
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supernatants are compatible with their results in that both
T-tropic and M-tropic HIV-1 can infect IPCs productively.
However, in our hands, the levels of p24 were reproducibly
lower in IPCs than in CD11c� DCs. This may be due to
different culture conditions and infection procedures. None-
theless, we think that our results are consistent with the func-
tion of IPCs because we have presented data suggesting that
IFN-� produced upon interaction with HIV-1 suppressed viral
replication. We also carried out PCR-based provirus integra-
tion assay to verify infectivity of HIV-1 to IPCs. This technique
is more specific to the detection of provirus integration than

simple nested PCR of proviral DNA, which may also amplify
preintegration proviral DNA. Since the IPC samples we used
were highly purified, our data present additional evidence that
IPCs are susceptible to productive infection of both T-tropic
and M-tropic HIV-1.

Early studies described that PBMCs (4) and certain sub-
populations of PBMCs could produce IFN-� upon stimulation
with HIV-1 infection. For example, Szebeni et al. showed that
IFN-� was produced in monocyte-macrophage culture (42),
and afterwards Ferbas et al. reported that DCs were producers
of IFN-� in response to HIV-1 infection (10). However, the

FIG. 7. (A) The expression of CD80 and CD86 on IPCs. IPCs cultured with HIV-1, HSV, or medium alone for 48 h were stained with
FITC-conjugated anti-CD80 or anti-CD86 MAbs and subjected to flow cytometric analysis. (B) Morphological changes of IPCs cultured with
HIV-1 or HSV by using Giemsa staining. Freshly isolated IPCs showed plasmacytoid morphology, whereas IPCs cultured with HIV-1 and HSV
for 2 days acquired DC morphology with prominent dendrites. H.I., heat inactivated.
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DC preparations they used were mixtures of CD11c� myeloid
DCs and IPCs. Here, we separated DCs into the two subsets
and unambiguously showed that the major source of IFN-� is
IPCs but not CD11c� DCs. In the subsequent paper, the same
group claimed that DCs did not show any differentiation or
maturation upon HIV-1 infection in terms of morphology as
well as expression of CD80 and CD86 (14). This forms a sharp
contrast to our data, because we observed not only prolonged
survival but also differentiation of IPCs into DCs with upregu-
lation of CD80 and CD86 after exposure to either T-tropic or
M-tropic HIV-1. We speculate that the majority of DCs de-
scribed in the above-mentioned paper were CD11c� myeloid
DCs that were poorly responsive to HIV-1. Differentiation of
IPCs into DCs is important since it leads to antigen presenta-
tion to T cells and induction of adaptive immune response to
HIV-1. In any case, the present study has first demonstrated
that IPCs but not CD11c� DCs are producers of IFN-� in
response to HIV-1 infection.

It is noteworthy that heat-inactivated HIV-1 that lost infec-
tivity as shown by provirus integration assay elicited biological
effects on IPCs similar to infection-competent viruses, which
indicates that these biological effects do not require actual
HIV-1 infection. The mechanism of interaction between IPCs
and HIV-1 virions or viral components is presently unclear
except that CD4 seems to be involved in this interaction. It is
possible that heat-inactivated virus could enter IPCs without
proviral integration and trigger IFN-� production through a
viral double-stranded RNA intermediate. We do not exclude
this possibility but think it is rather unlikely, because poly(I:C),
a synthetic double-stranded RNA, has been reported to induce
CD11c� DCs to produce IFN but has little effects on IPCs
(21). Further studies including possible involvement of Toll-
like receptors are needed to elucidate the molecular mecha-
nism of cellular response of IPCs to HIV-1. In conclusion, the
present study strongly suggests that IPCs play an important
role in protecting the host from HIV-1 infection and viral
propagation by producing IFN-� and by differentiating them-
selves into DCs. Increase in cell number as well as functional
activation of IPCs should be one of the targets of a therapeutic
approach to HIV-1 infection.
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