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ABSTRACT Plasmacytoid dendritic cells (pDCs) are innate immune cells with high
antiviral activity triggered by Toll-like receptor 7 (TLR-7) and TLR-9 stimulation. More-
over, they are important mediators between innate and adaptive immunity. Al-
though nowadays there is available an effective therapeutic arsenal against hepatitis
C virus (HCV), a protective vaccine is not available. We have analyzed the pDCs’ re-
sponse to HCV infection in a hepatitis C virus (HCV)-Huh7.5 virus-cell system, which
allows completion of the virus infectious cycle. pDCs were cocultured following hu-
man immunodeficiency virus (HIV) aldrithiol-2 (AT-2 [TLR-7 agonist]) inactivation and
CpG (TLR-9 agonist) stimulation. We employed three virus derivatives—wild-type Jc1,
interferon (IFN)-resistant virus IR, and high-replicative-fitness virus P100 —in order to
explore additional IFN-�-related virus inhibition mechanisms. pDCs inhibited HCV in-
fectivity and replication and produced IFN-�. After TLR-7 and TLR-9 stimulation, inhi-
bition of infectivity and IFN-� production by pDCs were enhanced. TLR-7 stimulation
drove higher TNF-related apoptosis-inducing ligand (TRAIL) expression in pDCs. Ad-
ditionally, TLR-7- and TLR-9-stimulated pDCs exhibited a mature phenotype, improv-
ing the antigen presentation and lymph node homing-related markers. In conclu-
sion, pDCs could serve as a drug target against HCV in order to improve antiviral
activity and as an enhancer of viral immunization.

IMPORTANCE We implemented a coculture system of pDCs with HCV-infected hep-
atoma cell line, Huh7.5. We used three HCV derivatives in order to gain insight into
pDCs’ behavior against HCV and associated antiviral mechanisms. The results with
this cell coculture system support the capacity of pDCs to inhibit HCV replication
and infectivity mainly via IFN-�, but also through additional mechanisms associated
with pDC maturation. We provided evidence that TLR agonists can enhance antiviral
pDCs’ function and can induce phenotypic changes that may facilitate the interplay
with other immune cells. These findings suggest the possibility of including TLR ago-
nists in the strategies of HCV vaccine development.
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Hepatitis C virus (HCV) is an RNA virus. According to the 2017 World Health
Organization report, around 71 million people around the world are living with

HCV infection, and 1.75 million new HCV infections in 2015 were estimated (1). HCV
infection is a major public health problem, as in the absence of treatment most of the
infections become chronic, increasing the risk of hepatic disorders (e.g., hepatocellular
carcinoma [2]) and extrahepatic diseases (e.g., cardiovascular diseases [3]). During the
last few years, new direct-acting antiviral drugs (DAAs) demonstrating great efficacy
have been included in the anti-HCV clinical arsenal (4). However, there are difficult-to-
treat patients, drug resistance outcomes, and importantly, reinfections (5, 6). Thus, for
large-scale control of HCV-associated diseases, it is extremely desirable to work toward
the development of an effective anti-HCV vaccine. In this regard, despite advances in
the knowledge of anti-HCV T- and B-cell functions, (7, 8), the understanding of how
innate immunity responds to HCV infection could help in the development of immu-
notherapeutic strategies. Plasmacytoid dendritic cells (pDCs) are the main interferon
alpha (IFN-�) producer cells in humans by Toll-like receptor 7 (TLR-7) and TLR-9
stimulation (9). Moreover, after TLR-7 stimulus, pDCs turns into TNF-related apoptosis-
inducing ligand (TRAIL)-expressing induced killer pDCs (IKpDCs), which are able to lyse
infected cells (10). pDCs are considered a link between innate and adaptive immunity
not only through their antiviral activity but also as antigen-presenting cells, through
regulatory T-cell induction, and through bystander cell activation function, among
other activities (11). pDCs have been associated with spontaneous control of HIV
infection through IFN-� production and HIV-infected CD4� T-cell apoptosis induction
(12, 13).pDCs have also been reported to be involved in HCV control. pDCs of HCV
spontaneous resolvers exhibit higher sensitivity to single-stranded RNA (ssRNA) stim-
ulation (TLR-7 agonist) than nonresolvers (14). pDCs from chronically HCV-infected
patients showed resting-state levels of maturation markers, but maintained the respon-
siveness to TLR stimulation, suggesting that pDCs could be a viable drug target (15).
pDCs sense in vitro HCV-infected cells, produce IFN-�, and inhibit HCV replication (16),
and this ability is enhanced by interaction with other components of innate immunity
(NK cells and monocytes) (17).

TLR-7 and TLR-9 agonists have been used recently in immunomodulatory strategies
and demonstrated improvements in pDC functionality and antiviral adaptive responses
(18–20). One study using a TLR-7 agonist has been tested in the setting of HIV vaccine
development, revealing promising results (21). So, it was interesting to investigate how
pDCs inhibit HCV replication and infectivity and whether TLR-7 or -9 agonists could
serve as potential boosters of this pDC activity.

To this aim, we developed a pDC coculture system with three HCV cell culture
(HCVcc) derivatives that infect Huh7.5 cells. A wild-type virus, Jc1FLAG(p7-nsGluc2A)
(Jc1), described by Marukian et al. (22), was passaged 100 times either in the presence
of increasing IFN-� concentrations, leading to a population that displayed higher
fitness and partial IFN-� resistance (termed IR) (23), or in the absence of IFN-�, which
resulted in a high-fitness population (termed P100) (24, 25). We have analyzed the
phenotypic consequences of the pDCs’ response to the three HCV populations follow-
ing stimulation of TLR-7 and TLR-9. The results show that pDCs are a potential new drug
target to enhance the immune response against HCV, with implications for vaccine
design.

RESULTS
Time course for coculture conditions of pDCs and HCV-infected Huh7.5 cells.

Preliminary time course experiments on virus progeny production indicated that
infections at multiplicity of infection (MOI) of 0.1 50% tissue culture infective dose
(TCID50)/cell and at 24 h to 48 h of pDC coculture were adequate to test the effect of
coculture with pDCs (Fig. 1). Since the inhibition of HCV infectious progeny production
was detectable under both the unstimulated and CpG-stimulated conditions at 48 h
and not at 24 h, a 48-h coculture time was used for subsequent experiments.
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HCV replication and infectivity inhibition by pDCs. HCV infectivity in the cell
culture supernatants, as well as intracellular and extracellular viral RNA, was measured,
and the results were expressed as percentage of inhibition with respect to infected
Huh7.5 cells without pDC addition (Fig. 2). pDCs without any TLR-7 or -9 prestimulation
(“unstimulated” pDCs) inhibited progeny production of HCV wild-type Jc1, the IFN-�-
resistant IR virus, and the high-replicative-fitness P100 virus. Interestingly, the infectivity
of IR and P100 was less inhibited than that of the wild-type virus Jc1 (P � 0.001 and
P � 0.008, respectively, by Mann-Whitney U test) (Fig. 2a). These results suggest that
resistance to inhibition of HCV infectious progeny production by pDCs might depend
on IFN-� or replicative fitness, traits embodied in HCV IR (IFN-� resistance and fitness)
and P100 (fitness). No differences were observed in the inhibition capacity of intracel-
lular and extracellular HCV RNA copies among the three viruses (Fig. 2b and c).

The differences in inhibition of infectious progeny production were lost when the
pDCs used in the coculture with Huh7.5 cells were prestimulated with AT-2 (TLR-7
stimulus) or CpG (TLR-9 stimulus), reaching high levels of inhibition of infectivity and
viral RNA production, although the effect was more pronounced with CpG-stimulated
pDCs (Fig. 2a to c).

FIG 1 Time course of HCV infection of Huh7.5 cells and pDC coculture. (a) Kinetics of infectious HCV progeny production by the indicated viruses at an MOI
of 0.1 TCID50/cell. (b) Infectious HCV progeny production (virus indicated in abscissa) following Huh7.5 infection and stimulated or unstimulated pDCs (left) and
percentage of TCID50/ml inhibition relative to the yield of the infection without pDC coculture (“control” [right]). The experiments were performed with Jc1 virus,
the HCV wild-type virus, with IR, the IFN-�-resistant virus, and with P100, the high-replication virus, as described in Materials and Methods. Results represent
one of two independent experiments.

FIG 2 Inhibition of HCV replication by pDCs. (a) TCID50 per milliliter (infectivity) (left) and percentage of TCID50 per milliliter of inhibition (right). (b) Extracellular
RNA production (left) and percentage of extracellular RNA inhibition (right). (c) Intracellular RNA production (left) and percentage of intracellular RNA inhibition
(right). Percentages of inhibition were calculated with respect to the corresponding virus Huh7.5 infection without pDC addition (“control”). Lines that link the
different conditions correspond to experiments made with pDCs from the same donor. Results are expressed as medians with ranges from 10 independent
experiments. Continuous lines correspond to Mann-Whitney U tests, and dotted lines correspond to the Wilcoxon test. Statistical values are shown by asterisks
as follows: *, P � 0.05 to 0.01; and **, P � 0.01 to 0.001.
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IFN-� production by pDCs depending on type of virus. IFN production has been
proposed as the main mechanism of HCV infectivity inhibition mediated by pDCs (16,
17). No differences in the pDC response in terms of IFN-� production were observed
among Jc1, IR, and P100. As expected, all IFN-� levels were higher with than without
TLR stimulation (Fig. 3), suggesting that pDCs sense viruses equally, independently of
the viral fitness or IFN-� resistance. There was a threshold of at least 3 log IFN-� pg/ml
levels, which was high enough to reach top levels of infectivity inhibition with AT-2 or
CpG (Fig. 2a).

Additional antiviral mechanisms of pDCs depending on stimuli. As we did not
observe differences in pDCs’ sensing of different types of HCV in terms of IFN-�
production, some extracellular and intracellular molecules of pDCs were analyzed by
flow cytometry. Higher IFN regulatory factor 7 (IRF-7) levels were observed in CpG-
stimulated pDCs than in unstimulated or AT-2-stimulated pDCs (P � 0.002 in both
cases, Mann-Whitney U test) (Fig. 4a). However, the opposite was noted with pDCs’
TRAIL expression. Unstimulated and AT-2-stimulated pDCs showed higher TRAIL levels
than CpG-stimulated cells (P � 0.002 and P � 0.015, respectively, Mann-Whitney U test)
(Fig. 4b), suggesting that pDCs could exert additional pDC antiviral mechanisms
dependent on TLR stimulation. Furthermore, intracellular TNF-� production by pDCs
was higher after CpG simulation compared with that of unstimulated and AT-2-
stimulated pDCs (P � 0.002 in both cases, Mann-Whitney U test). The gating strategy is
shown in Fig. 4d.

Huh7.5 cell apoptosis and TRAIL receptor expression. Huh7.5 cell apoptosis was
quantified by annexin V and Topro III staining. The gating strategy is shown in Fig. 5a.
Following the coculture period, all viruses evoked similar level of apoptosis in Huh7.5
cells (Fig. 5b). However, there was a trend toward higher apoptosis sensitivity in terms
of expression of TRAIL receptors DR4 and DR5 of Huh7.5 cells infected with IR and P100
than Jc1 (Fig. 5c and d), presumably associated with viral fitness. CpG-simulated pDCs
evoked higher levels of apoptosis than unstimulated pDCs in Jc1 or IR infections (P �

0.018 in both cases, Wilcoxon test) and AT-2-stimulated pDCs in all three viral popu-
lations (P � 0.018, P � 0.018, and P � 0.028, respectively, Wilcoxon test) (Fig. 5e). These
higher apoptosis levels correlated with levels of DR5 expression in infected Huh7.5
cells, being higher for CpG-stimulated pDCs than for unstimulated pDCs (P � 0.043 for
Jc1 and P � 0.063 for IR, Wilcoxon test) or AT-2-stimulated pDCs (P � 0.063 for Jc1,
P � 0.043 for IR, and P � 0.046 for P100, Wilcoxon test) (Fig. 5f).

Differences in pDC phenotypes among TLR simulations. Phenotypic changes of
pDCs were analyzed following the coculture step with the different types of TLR
simulation (Fig. 6). Following AT-2 and CpG stimulation, pDCs exhibited a mature
phenotype, which implied upregulation of HLA-DR, CCR7, CD40, and CD86 (Fig. 6a to
d). Unstimulated and AT-2-stimulated pDCs showed lower CD4 mean fluorescence

FIG 3 IFN-� production by pDCs. IFN-� was quantified by enzyme-linked immunosorbent assay (ELISA)
in the supernatant of cocultured cells. Results are expressed as medians with ranges from 10 indepen-
dent experiments. Dotted lines correspond to the Wilcoxon test. Statistical values are shown by asterisks
as follows: **, P � 0.01 to 0.001.
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intensity (MFI), probably due to protein internalization. Regarding TLR-7 and TLR-9 pDC
expression, we observed a lower MFI of TLR-7 in unstimulated and AT-2-stimulated
pDCs than CpG-stimulated pDCs (Fig. 6f) and lower TLR-9 MFI in CpG-stimulated pDCs
(Fig. 6g). Altogether, these results indicate that TLR stimulation, besides enhancing
inhibition of HCV replication and infectivity of pDCs, induced the expression of mole-
cules involved in the interplay with other components of the immune system.

DISCUSSION

Herein we have described in an HCV-Huh7.5 virus-cell system that pDCs inhibit virus
replication and infectivity in an IFN-�- and TRAIL-dependent manner. This virus control
was enhanced after HIV attenuated AT-2 and CpG pDC stimulation (TLR-7 and TLR-9
agonists, respectively). Moreover, we used IFN-�-resistant and high-fitness HCV deriv-
atives to evaluate a possible contribution of IFN-� in the antiviral state. Progeny
production of all viruses was inhibited as a result of pDC TLR-7 or TLR-9 stimulation.
Furthermore, after stimulation, pDCs showed a mature phenotype, thus, enabling
potential interactions with other components of the immune system (11, 26).

FIG 4 Flow cytometry of pDCs. (a to c) Percentages of pDCs expressing (a) IRF-7, (b) TRAIL, and (c) TNF-� without any prestimulation and after AT-2 and CpG
stimulation. (d) Gating strategy for pDC analysis. Results are expressed as medians with ranges from six independent experiments. Continuous lines correspond
to Mann-Whitney U tests. Statistical values are shown by asterisks as follows: **, P � 0.01 to 0.001.
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Takahasi et al. described for the first time that pDCs produced IFN-� in the presence
of HCV-infected cells via TLR-7 (16). It was further documented that pDC activation
required cell-cell contact (16, 27). In that model, supernatants of pDCs and HCV-infected
Huh7.5 cells contained large amounts of IFN-�, which inhibited HCV replication (16). In
our study, we have confirmed and extended these findings by including the IR and
P100 HCV populations and different TLR stimulations in the experimental protocol.
pDCs inhibited replication and infectivity of the three HCV derivatives used (23, 24).
With these tools, we observed a lower infectivity inhibition in the IFN-�-resistant virus
IR and the high-fitness virus P100, probably due to their lower IFN sensitivity (23, 24).
In addition, the lower inhibition of P100 compared to Jc1 production is in agreement
with previous studies on HCV fitness as a drug resistance determinant (24, 28).

pDC stimulation with TLR-7 and TLR-9 triggered a high IFN-� production, respon-
sible for the majority of virus replication and infectivity inhibition in all the HCV
derivatives. This effect was also observed with HCV IR, probably because the amount of
IFN-� released by pDCs exceeded the level required to manifest the IFN-�-resistant
phenotype (24). We did not observe differences in IFN-� production by pDCs without
TLR prestimulation after the coculture of Huh7.5-infected cells with the three viruses,

FIG 5 Huh7.5 apoptosis and TRAIL receptor expression. (a) Gating strategy for Huh7.5 cells. A flow cytometry dot plot and histograms of a representative
experiment are presented. (b to d) Huh7.5-infected cells with each HCV population after 96 h plus 48 h, without pDC addition (control conditions). (b to d)
Percentages of Huh7.5 cells expressing (b) annexin V and Topro III (apoptosis), (c) TRAIL receptor 2 (DR5), and (d) TRAIL receptor 1 (DR4). (e and f) Huh7.5 cells
infected with each viral population after 96 h plus 48 h, with pDC addition. Also shown are the percentages of Huh7.5 cells expressing (e) annexin V and Topro
III (apoptosis) and (f) annexin V, Topro III (apoptotic cells), and TRAIL receptor 2 (DR5). Results are expressed as medians with ranges from seven independent
experiments. Continuous lines correspond to Mann-Whitney U tests. Dotted lines correspond to the Wilcoxon test. Statistical values are shown by asterisks as
follows: *, P � 0.05 to 0.01.
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suggesting that pDCs sensed equally all three HCV populations. Different responses
were associated with different TLR-7 and TLR-9 stimulations. Interestingly, the amount
of IFN-� produced by AT-2-stimulated pDCs was lower than that in CpG-stimulated
pDCs, but the virus inhibition levels were similar. The IFN-� mechanisms could be

FIG 6 Phenotype of pDCs after coculture. Shown are flow cytometry data from pDCs after coculture, expressed as percentage or mean fluorescence intensity
(MFI). Results are expressed as medians with ranges from six independent experiments. Histograms of a representative experiment are presented. Continuous
lines correspond to Mann-Whitney U tests. Statistical values are shown by asterisks as follows: *, P � 0.05 to 0.01; **, P � 0.01 to 0.001; and ***, P � 0.001.
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complemented with induction of apoptosis, as evidenced by higher TRAIL expression
with the AT-2 than with the CpG-A stimulus. Of note, similar levels of TRAIL expression
were observed in pDCs with or without AT-2 prestimulation. This suggests that also
unstimulated pDCs are being stimulated by HCV within the coculture system via TLR-7.
It has been described that TLR-7-stimulated pDCs express high levels of TRAIL (10) and
along with IFN-� production can provide a mechanism of viral control such as that
described for HIV infection (13). pDCs in response to TLR stimulation not only produced
IFN-� but also up to 19 type I IFN subtypes and multiple other cytokines (15, 29).
However, it has been documented that direct stimulation by RNA viruses such as HCV,
dengue virus, and chikungunya virus does not trigger the NF-�B pathway in pDCs (30,
31). This pathway is responsible for the production of IL-6 and TNF-� cytokines and of
the expression of CD80 and CD86 (32). This could explain why we only observed TNF-�
mainly in pDCs following CpG stimulation. Additionally, after TLR stimulation, pDCs
showed upregulation of some key molecules involved in pDCs’ lymph node homing
(CCR7) (33) and antigen presentation (HLA-DR, CD40) (25), as well as maturation
markers that enable cross talk with other cells (e.g., CD86) (26). These phenotypic
changes provide pDCs with additional mechanisms for HCV control apart from IFN-�
production, thus, establishing a link between innate and adaptive immunity. A collab-
orative effect among innate cells (pDCs, NK cells, and monocytes) for HCV control has
been previously documented by Kloss et al. (17).

With all these data, we propose that pDCs might be a potential target for immu-
nomodulatory strategies. It should be considered, however, that TLR stimulation could
be a double-edged sword, as pDC overactivation may lead to an antiviral T-cell
response restriction (34) and to lymph node destruction (35, 36). So, the high IFN-�
levels and high apoptosis sensitivity of Huh7.5 cells observed in CpG-stimulated pDCs
could indicate that this stimulus might be too strong as a therapeutic target. The TLR-7
agonist AT-2 may induce a more balanced IFN-� production and maturation marker
expression by pDCs. Recently, a new TLR-7 agonist has been developed demonstrating
an improvement of pDC functionality (37), an increase of the anti-HIV adaptive immu-
nity (18), and as an adjuvant, the improvement of response in HIV vaccine strategies
(21). Since other TLR-9 agonists are under development (19, 20), it is suggested to
include these strategies in the research of HCV vaccines.

In conclusion, activation of pDCs with a TLR agonist is a potential strategy to
improve not only the antiviral activity of these cells but also their interplay with other
cells involved in the immune response. This fact is of special interest as TLR agonists
would be ideal candidates as adjuvants in the development of vaccines against HCV, as
pDCs could act both as effectors and as antigen-presenting cells that may evoke an
effective HCV-specific T-cell response.

MATERIALS AND METHODS
Cells and viruses. The origin of Huh7.5 cell lines and procedures for cell growth have been described

previously (22, 38–41). Briefly, infected and uninfected cells were cultured in Dulbecco’s modification of
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum, 2% glutamine, 1% nonessential
amino acids, 0.1% penicillin–streptomycin, and 0.1% gentamicin at 37°C and 5% CO2.

The three HCV populations used (Jc1, IR, and P100) have been previously described (23, 24). Briefly,
Huh7.5 cells were initially infected with Jc1FLAG(p7-nsGluc2A) (Jc1) virus. Then, Jc1 virus was passaged
up to 100 times in the presence of a gradual amount of IFN-� (from 0.25 to 10 IU/ml), leading to a virus
progeny with an IFN-� resistance phenotype, evidenced by an enhanced progeny production in an IFN-�
environment (IR) (23). In parallel, Jc1 virus was passaged up to 100 times in the absence of IFN-�, leading
to progeny with a high replicative fitness with a partial multidrug phenotype (P100) (24).

pDC isolation and stimulations. Fresh pDCs were isolated from buffy coat from HIV-1- and hepatitis
C virus (HCV)-seronegative blood bank donors obtained from the Regional blood Transfusion Center of
Seville-Huelva (Seville, Spain) using the EasySep Human Plasmacytoid DC enrichment kit (StemCell)
according to the manufacturer’s instructions (purity of �90% [12]). After isolation, pDCs were cultured
overnight (o/n) in DMEM without any stimuli (hereinafter called “unstimulated pDCs”) or with 1 �M
CpG-A (ODN 2216; InvivoGen) or inactivated aldrithiol (AT-2) HIV-1MN at 20 ng/ml p24CA equivalents,
kindly provided by J. D. Lifson (SAIC-National Cancer Institute, Frederick, Maryland).

Virus titration and RNA quantification using qRT-PCR. Virus titration and quantitative real-time
PCR (qRT-PCR) for RNA quantification were performed as previously described (23, 24). Briefly, for titration
of HCV, supernatants of Huh7.5-infected cells were serially diluted and applied to Huh7.5 cells in 96-well
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plates (6,400 cells/well seeded 16 h earlier). Three days later, cell monolayers were washed with
phosphate-buffered saline (PBS), fixed with ice-cold methanol, and stained for the presence of NS5A
using anti-NS5A monoclonal antibody 9E10, as previously described (41, 42). All titrations were made in
duplicate. The virus titer (infectivity) was expressed as 50% tissue culture infective dose (TCID50) per
milliliter.

Intracellular and extracellular RNAs were extracted from infected cells using a Qiagen RNeasy microkit
and from cell culture supernatants using the QiaAmp Viral RNA minikit (Qiagen, Valencia, CA), respec-
tively, according to the manufacturer’s instructions. Quantitative real-time PCR (qRT-PCR) of HCV RNA
was carried out using a Light Cycler RNA Master SYBR green I kit (Roche) using as primers oligonucle-
otides HCV-5UTR-F2 (5=-TGAGGAACTACTGTCTTCACGCAGAAAG [sense orientation] and HCV-5UTR-R2
(TGCTCATGGTGCACGGTCTACGAG [antisense orientation]). A standard curve was obtained with known
amounts of HCV RNA synthesized by in vitro transcription of HCV cDNA (23).

HCV infection of Huh7.5 cells and pDC coculture. For the coculture system (Fig. 7), Huh7.5 cells
were infected with HCV Jc1, IR, or P100 at multiplicity of infection (MOI) of 0.1 TCID50/cell for 96 h (20,000
cells/well seeded 16 h earlier). Then, supernatants were replaced by pDCs with their corresponding
supernatants, which had been previously stimulated with CpG-A or AT-2 or without stimulation at a 1:1
ratio of Huh7.5 cells to pDCs for 48 h. A condition without pDCs was included as control to analyze virus
production without pDC inhibition. In this case, after 96 h of culture, supernatants were replaced only
with DMEM and maintained for an additional 48 h. Depending on the amount of isolated pDCs, the
experiments were performed in duplicate or triplicate.

Flow cytometry. Huh7.5 cells were washed with PBS, detached with trypsin-EDTA (0.25%), and
resuspended in DMEM. Then they were washed and resuspended with annexin buffer (BD Biosciences),
and stained for 20 min at room temperature with phycoerythrin (PE)-conjugated anti-TRAIL receptor 1
(DR4), peridinin chlorophyll protein (PerCP) anti-TRAIL receptor 2 (DR5) (R&D Systems), fluorescein
isothiocyanate (FITC)-conjugated anti-annexin V (BD Biosciences), and allophycocyanin (APC)-conjugated
Topro III (Invitrogen) antibodies. Control isotype antibodies were also added for DR4 and DR5 analyses.
Flow cytometry analysis was performed on a Canto II flow cytometer using FACS Diva software (BD
Biosciences). For pDC flow cytometry, supernatants were centrifuged and pDCs were pelleted and
washed with PBS-fetal bovine serum (FBS [2%]) and stained for 20 min at room temperature with
LIVE/DEAD fixable violet dead cell stain (Life Technologies), BV711 anti-HLA-DR, BV650 anti-CD86, BV786
anti-CCR7, PE-CF594 anti-CD123, BV605 anti-CD4, APC–anti-CD40 (BD Biosciences), and PE–anti-TRAIL
(R&D Systems). Then pDCs were washed with BD Cytofix/Cytoperm buffer (BD Biosciences) and intra-
cellularly strained with AF488 anti-IRF-7, PE-Cy7 anti-TNF-� (BD Biosciences), PerCP–anti-TLR-7 (R&D
System), and DyLight 405 anti-TLR-9 (Novus Biological). pDCs were gated based on CD123� HLA-DR�

expression. Flow cytometry analyses were performed on an LRS Fortessa flow cytometer using FACS Diva
software (BD Biosciences). Data were analyzed using the FlowJo software (Treestar, Ashland, OR).

IFN-� production by pDCs. The amount of IFN-� in cell culture supernatants was assessed by an
IFN-� multisubtype enzyme-linked immunosorbent assay kit (PBL Interferon Source) according to the
manufacturer’s instructions.

Statistical analysis. Statistical analyses were performed by using Statistical Package for the Social
Sciences software (SPSS 22.0; SPSS, Inc., Chicago, IL). Differences between conditions with different
viruses were analyzed by two-tailed Mann-Whitney U tests. The Wilcoxon test was used to analyze related
samples (i.e., experiments made with pDCs from the same donor). All differences with a P value of �0.05
were considered statistically significant. Graphs were generated with Prism, version 5.0 (GraphPad
Software, Inc.).
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