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Abstract
Background & Aims—Interferon-γ (IFN-γ), a cytokine produced by activated natural killer
cell (NK) and T lymphocytes, is an important regulator of innate and adaptive immunity during
hepatitis C virus (HCV) infection. However, the cellular sources and mechanisms of IFN-γ
induction in HCV-infection are not fully understood.

Methods—We cultured normal human peripheral blood mononuclear cells (PBMCs) with
different populations of immune cells and JFH-1 HCV-infected Huh7.5 (JFH-1/Huh7.5) cells.

Results—We found that PBMCs produced large amounts of IFN-γ after co-culture with JFH-1/
Huh7.5 cells. Using intracellular cytokine staining we confirmed that NK cells and NKT cells (to a
lesser extent) were the major IFN-γ producers within PBMCs. Purified NK/NKT cells did not
produce IFN-γ in response to JFH-1/Huh7.5 cells and depletion of accessory (HLA-DR+) cells
prevented IFN-γ induction in PBMCs. Through selective cell depletion of dendritic cells or
monocytes from PBMCs, we determined that plasmacytoid dendritic cells (pDCs) were
indispensable for NK-IFN-γ induction and the presence of monocytes was needed for maximal
NK-IFN-γ induction. We further revealed that NK-IFN-γ induction depended on pDC-derived
IFN-α while other IFN-γ inducing cytokines, IL-12 and IL-18, played minimal roles. Close
contact between JFH-1/Huh7.5 cells and NK cells was required for IFN-γ production and
monocyte-derived IL-15, significantly augmented IFN-γ induction.

Conclusions—We discovered a novel mechanism where NK cells interact with pDCs and
monocytes, efficiently producing IFN-γ in response to HCV-infected cells. This indicates that co-
operation between NK cells and accessory cells is critical for IFN-γ production and regulators of
immunity during HCV infection.
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Introduction
HCV infection is a major health burden, leading to severe liver diseases in millions of
people worldwide [1]. Immune responses play a crucial role in virus control and affect the
disease progression, although the underlying mechanism is not completely understood [2].
Recently, several studies showed that natural killer (NK) cells, an important innate immune
cell population, are involved in anti-HCV immune responses in both acute and chronic
hepatitis C infection [3–7]. Increased NK cell cytotoxicity against HCV-infected cells
mediated by type I IFNs has been shown by several studies [8–10], yet, it is unclear whether
NK cells produce immunoregulatory IFN-γ in response to HCV-infection.

The activation of NK cells is mainly regulated by the balance of inhibitory and activating
signals triggered by a series of surface receptors [11], however, NK cells can also respond to
signals derived from activated accessory cells [12, 13]. It has been well documented that
accessory cell-derived IL-12 is crucial for NK cell-IFN-γ production in response to various
TLR agonists and infectious agents; in contrast, pDC-derived IFN-α increases NK cell
cytotoxicity [14]. Although previous reports show that NK cells themselves do not respond
to HCV virions or HCV-infected cells [15, 16], recent reports revealed that human dendritic
cells can be activated to produce IFNs in response to HCVinfected cells [17, 18]. Based on
these findings, we hypothesized that human NK cells can respond to HCV-infected cells and
this might be facilitated by accessory cells.

In this study, we evaluated the roles of distinct accessory cell populations involved in NK-
IFN-γ induction and their interacting mechanisms in response to HCV-infected cells. For
the first time we showed that NK cells produced IFN-γ in response to HCV-infected cells
through a pDC- and type I IFN- dependent manner and that monocyte-derived IL-15
augmented this process. These results suggest that IFN-γ produced by NK cells could play a
crucial antiviral role during HCV-infection and NK cells are part of the immune network in
response to HCV infection.

Materials and methods
Cells, replicons, and viruses

Huh7.5 cells and full-length genomic replicon cells (FL) were kindly provided by Dr. C.
Rice. Transfection of in vitro synthesized JFH-1 RNA constructs and production of JFH-1
virus stock were performed as previously described [19]. Detailed information and protocols
are described in the Supplementary Materials and Methods section.

Preparation of human PBMCs, DC subsets and co-culture experiments
PBMCs were isolated using Ficoll-Hypaque density centrifugation. Informed consent was
obtained according to procedures approved by the Committee for Protection of Human
Subjects in Research at the University of Massachusetts Medical School. Detailed protocols
for different cell isolation and co-culture experiments are described in the Supplementary
Materials and Methods section.

Reagents, Enzyme-Linked Immunosorbent Assay, RNA Quantification, Flow Cytometry,
and Statistical Analysis
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See the Supplementary Materials and Methods section for more detail.

Results
Human NK cells produce IFN-γ in response to HCV-infected cells

To test whether IFN-γ was induced from human immune cells in response to HCV
infection, human PBMCs were co-cultured with HCV-infected Huh7.5 hepatoma cells
(JFH-1/Huh7.5) or stimulated with canonical PAMPs mimicking the viral ligands. We found
that large amount of IFN-γ was induced in PBMCs by HCV-containing full-length replicon
cells (FL) or JFH-1/Huh7.5 cells and not by uninfected Huh7.5 cells or PBMCs alone (Fig.
1A). The TLR3 ligand, Poly I:C, and TLR7/8 ligand, R848, also stimulated IFN-γ
production while TLR9 ligand, CpG-A, and RIG-I ligand, Poly I:C/lyovec, did not or only
weakly induced IFN-γ production. Next, we tested whether NK cells represent IFN-γ
producers in response to HCV-infected cells, Poly I:C or R848 and found that depletion of
CD56+ cells (human NK and NKT marker) in PBMCs abolished IFN-γ production in all
scenarios (Fig. 1B). Furthermore, using intracellular IFN-γ staining we observed 10% of
NK cells (CD3−CD56+) and 5% of NKT cells (CD3+CD56+) producing IFN-γ in response
to HCV-infected cells, while conventional T cells (CD3+CD56−) failed to produce IFN-γ
(Fig. 1C). Poly I:C and R848 also stimulated NK and NKT cells to produce IFN-γ, and IFN-
γ production was more rapidly induced in response to Poly I:C and R848 than HCV-
infected cells (Supporting Fig. 1A). In addition, a small percentage of conventional T cells
also responded to Poly I:C with IFN-γ production (Supporting Fig. 1B). These observations
suggested different mechanisms responsible for IFN-γ production in response to different
stimulations.

Human NK cells consist of two major subsets: CD56 bright, regulatory and less cytotoxic
subset, and CD56 dim, cytotoxic and less regulatory subset [22]. CD56 bright NK cells are
enriched in human liver. Here, we found more IFN-γ positivity in the CD56 bright
compared to the CD56 dim subset in response to HCV-infected cells suggesting that the
CD56 bright subset may play a major role in IFN-γ production in HCV-infected livers (Fig.
1D and Supporting Fig. 2C, D). We also observed less IFN-γ induction by JFH-1/Huh7.5-
infected hepatoma cells and in HCV-infected patients compared to healthy donors (Fig. 1D
and Supporting Fig. 2 A, B).

Plasmacytoid dendritic cells are required for NK cell IFN-γ production in response to HCV-
infected cells

Next, we examined whether NK cells alone could produce IFN-γ in response to HCV-
infected cells. We found that purified NK cells did not produce IFN-γ when co-cultured
with JFH-1/Huh7.5 cells. Furthermore, depletion of accessory cells (HLA-DR+) from
PBMCs also prevented IFN-γ induction by HCV-infected cells (Fig. 2A), indicating that
NK-IFN-γ production in response to HCV-infected cells totally depended on accessory
cells. Likewise, IFN-γ induction by Poly I:C and R848 required the presence of accessory
cells (Fig. 2A).

To identify the indispensable accessory cell population(s) for NK-IFN-γ production, we
depleted the distinct accessory cell subsets from PBMCs to test their distinctive roles in NK-
IFN-γ induction by HCV-infected cells. We found that depletion of CD14+ monocytes,
CD1c+ mDC1s or BDCA3+ mDC2s did not prevent IFN-γ induction in response to HCV-
infected cells, while depletion of pDCs significantly reduced IFN-γ production (Fig. 2B),
suggesting that pDCs played an essential role in NK-cell activation by HCV-infected cells.
We also found that CD1c+ mDC1s and monocytes were involved in NK-IFN-γ production
in response to Poly I:C and R848 stimulation, respectively (Fig.2B and Supporting Fig. 3),
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suggesting that a unique mechanism, different from Poly I:C and R848 induced NK
activation, was involved in NK-IFN-γ induction in response to HCV-infected cells.

HCV-RNA containing exosomes from HCV-infected cells may activate pDC to produce
IFN- [23]. To test whether this process was also required for NK-IFN-γ production, we
studied the effects of two structurally unrelated neutral sphingomyelinase inhibitors
(Spiroepoxide and GW4869) that inhibit exosome release. As shown in the Figure 2C,
Spiroepoxide significantly reduced the IFN-γ secretion in the co-cultures of PBMCs with
JFH-1/Huh7.5. GW4869 also lowered the IFN-γ levels but to a less extent. Both
Sprioepoxide and GW4869 significantly reduced IFN-α secretion in a dose dependent
manner (Figure 2D). Neither compound inhibited IFN-α nor IFN-γ production mediated by
R-848.

HCV-infected cells activate pDCs through triggering TLR7 [17, 18]. Hence, we treated the
co-cultures of PBMC and JFH-1/Huh7.5 with endosome acidification inhibitors, chloroquine
and Bafilomycin A. As shown in Figure 2E and F, we observed that both inhibitors
abolished the IFN-α and IFN-γ induction in the co-cultures or the R-848 treated PBMCs,
indicating that TLR-7/8 and endosome pathways played essential roles in triggering NK-
cells to produce IFN-γ.

Monocytes are required for optimal IFN-γ induction in response to HCV-infected cells
To further evaluate the requirement of HCV-induced IFN-γ induction in NK cells and the
role of pDC in this process, we tested co-cultures of isolated pDCs and NK cells with HCV-
infected Huh7.5 cells. However, isolated pDCs plus NK cells only produced minimal IFN-γ
in response to HCV-infected cells compared to PBMCs (Fig. 3A), suggesting the necessity
for other cell populations for optimal NK-IFN-γ induction. We further found that depletion
of mDCs did not affect NK-IFN-γ induction; however, depletion of both pDCs and
monocytes abolished NK cell-IFN-γ induction (Fig. 3B), suggesting the involvement of
both pDCs and monocytes in optimal IFN-γ induction in response to HCV-infected cells.
We also confirmed that mDCs and monocytes were necessary for NK-IFN-γ induction by
Poly I:C and R848 respectively (Fig. 3B).

To evaluate the importance of monocytes, we isolated CD14+ monocytes, pDCs and NK
cells, then co-cultured them with JFH-1/Huh7.5 cells. We found that monocytes-NK or
pDCs-NK co-cultures produced minimal IFN-γ, while a mixture of monocytes, pDCs and
NK cells synergistically resulted in comparable level of IFN-γ as PBMCs in response to
HCV-infected cells (Fig. 3C). We further showed a dose-dependent increase in NK-IFN-γ
induction with increasing number of monocytes or pDCs in cocultures (Fig. 3D). Finally, we
tested the role of both CD14+ monocytes and CD16+ monocytes and found that both cell
populations comparably enhanced NK-IFN-γ production (Fig. 3E). Since the type I IFN was
produced by pDCs in co-cultures, we examined whether the dependence on pDC could be
replaced by exogenous type I IFN. We found that adding recombinant IFN-α-2a to co-
cultures of NK cells and HCV-infected Huh7.5 cells induced IFN-γ production although at a
relatively low level (Fig. 3F), while the presence of monocytes in co-cultures plus
exogenous IFN-α synergistically increased NK-IFN-γ production (Fig. 3F). In contrast,
type I IFN and monocytes did not affect Poly I:C induced NK-IFN-γ production
(Supporting Fig. 4). We also determined that cell-cell contact between NK cell and HCV-
infected cells was required for IFN-γ induction in co-cultures. Separation between NK cells,
accessory cells, and HCV-infected Huh7.5 cells by transwell disrupted NK-IFN-γ
production even in the presence of type I IFN production (Fig. 3G).

Mechanisms involved in NK-IFN-γ induction in response to HCV-infected cells To search
for underlying mechanism in IFN-γ induction, we studied the potential cytokine
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involvement in NK-IFN-γ productions in co-cultures, including the IFN-γ inducing
cytokines, IL-12 and IL-18, and the pDC specific cytokine, IFN-α. We found substantial
IFN-α induction and minimal induction of IL-12 and IL-18 in co-cultures of human PBMCs
and JFH-1/Huh7.5 cells (Fig. 4A and data not shown), indicating the involvement of IFN-α
and not IL-12 or IL-18 in NK-IFN-γ induction in response to HCV-infected cells. We
further showed that anti-IL12 blocking antibody did not affect IFN-γ induction while anti-
IFNAR blocking antibody significantly reduced IFN-γ induction in the co-cultures (Fig.4B),
confirming the essential role of type I IFN and not IL-12 in NK-IFN-γ induction in response
to HCV-infected cells. In contrast, IL-12 was substantially induced by Poly I:C stimulation
and anti-IL-12 blocking antibody completely prevented NK-IFN-γ production in response to
Poly I:C, while R848 induced IFN-γ production only partially depended on IL-12 (Fig. 4B).

Since cytokines, IL-12 and IL-18 were not involved in NK-IFN-γ induction by HCV-
infected cells; pDCs and monocytes may assist NK activation via IL-15 that can be induced
by IFN-α on antigen presenting cells and activate proximal NK cells through a trans-
presentation way [24, 25]. We found here that monocytes expressed higher levels of
maturation markers, CD80, CD86, and also IL-15Rα in co-cultures with HCV-infected
cells, indicating that monocytes were activated in co-cultures and may use IL-15 to signal
NK-IFN-γ production (Supporting Figure 5). Indeed, when we measured IL-15 transcript
levels in monocytes in the presence of JFH-1/Huh7.5 or IFN-α, it was elevated in both the
conditions (Fig. 4C, D)

IFN-γ produced by NK cells induces potential antiviral immune responses
Finally, we studied the antiviral functions of NK-produced IFN-γ. We found that depletion
of NK/NKT cells from PBMCs not only resulted in significantly lower expression of
costimulatory molecules, such as CD80 and CD86, on dendritic cells in response to HCV-
infected cells (Fig. 4E), but also lead to decreased induction of ISGs expression in co-
cultures, including CXCL10, ISG15, ISG56 and MX1 (Fig. 4F). Finally, consistent with
previous reports, we showed that in the presence of pDCs, NK cells induced massive cell
death of HCV-infected Huh7.5 cells (Supporting Fig. 6), probably through the TRAIL-
apoptotic pathway. Based on these data, here we try to build a novel model reflecting the
cell interaction mechanism leading to NK-IFN-γ production in response to HCV-infection,
where pDC derived or exogenous IFN-α sensitized NK cells actively recognize HCV-
infected hepatocytes and produce IFN-γ in response, while monocytic cells, such as
monocytes or liver Kupffer cells synergistically enhance IFN-γ induction through an IL-15
mediated mechanism (Supporting Fig. 7). IFN-γ from NK cells has important
immunoregulatory roles in enhancing antiviral status in HCV-infected hepatocytes and
maturation of antigen presenting cell populations.

Discussion
Recent reports showed increased NK cytotoxicity induced by type I IFN pathway during
HCV-infection or after IFN-α based therapy. Type I IFN activated NK cells were found to
induce apoptosis of HCV-infected hepatoma cells through a TRAIL-triggered cell death
pathway [3, 4, 6, 8–10]. However, it is still unclear whether another important aspect of NK
cells, IFN-γ production, is induced and whether NK cell-derived cytokines play any roles in
response to hepatitis C infection [26]. Here using co-cultures of human immune cells and
JFH-1 infected hepatoma cells, we revealed a novel mechanism in which NK cells produced
IFN-γ in response to HCV-infected cells through a pDC-type I IFN dependent mechanism.
We also demonstrated that the optimal NK-IFN-γ production depended on the presence of
monocytes. We further show that NK cell-derived IFN-γ had a synergistic effect in inducing
interferon stimulated genes (ISGs) expression and maturation of dendritic cells (DCs) in
response to HCV-infected cells. Our results strongly suggest that NK cells and IFN-γ play
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an active role in orchestration of innate immune activation in addition to their increased
cytotoxicity during HCV-infection.

NK cell activity is regulated through two major ways: first, the balance between numerous
inhibitory and activating receptors on NK cell surface and second, is the crosstalk with other
cells, especially with the dendritic cells [11]. Although it is tempting to speculate that NK
cells respond to HCV virions or HCV-infected cells directly, our results do not support this
hypothesis. Consistently, earlier reports even showed that NK cell activity was compromised
after exposure to HCV virions or HCV-infected cells [16, 18, 27]. Here, we show for the
first time that NK cells respond to HCV-infected cells and produce IFN-γ requiring the
presence of accessory cells. Crosstalk between NK cells and dendritic cells has been
recognized in many studies, especially in response to PAMPs or infections [12]. One
canonical crosstalk mechanism repeatedly corroborated in different models is that increased
NK cytotoxicity depends on pDC-derived type I IFN while increased NK-IFN-γ production
depends on mDC-derived IL-12 [14]. However, different from this paradigm, we show
novel evidence that increased NK-IFN-γ induction by HCV-infected cells depends on pDCs
and type I IFN and not on mDCs and IL-12. We found that human PBMCs produced all
three types of IFNs and minimal inflammatory cytokine production, including IL-12 and
IL-18. Indeed, neutralizing anti-IL-12 antibody or depletion of mDCs failed to prevent NK-
IFN-γ induction in response to HCV-infected cells in our experiments, while neutralizing
anti-IFNAR antibody or depletion of pDCs significantly decreased NK-IFN-γ production.
While we identified a novel role of pDCs in NK-IFN-γ production, we also demonstrated
that pDCs can be fully replaced by exogenous IFN-α treatment, indicating that the close
contact between pDCs and NK cells was not necessary. In contrast, close contact between
accessory cells and NK cells was indispensible for optimal IFN-γ induction in response to
poly I:C or R848. Our finding of increased human NK-IFN-γ production by type I IFN was
unexpected as exogenous IFN-α is insufficient to induce IFN-γ from NK cells even in the
presence of poly I:C and R848, suggesting the existence of an unknown activating
mechanism by type I IFN-activated NK cells in response to HCV-infected cells. Our results
suggest that monocytes or mDCs fulfill this unique function.

In our experiments, IFN-α-treated NK cells produced only low levels of IFN-γ in response
to HCV-infected cells, while optimal IFN-γ induction required both pDC-derived type I
IFNs and interaction with monocytes. We discovered that monocytes are involved in
maximal NK-IFN-γ induction in response to HCV virus infection. Although the exact
mechanism needs to be further elucidated, monocyes expressed higher levels of maturation
markers, CD80, CD86, and also IL-15Rα in co-cultures with HCV-infected cells, so they
might boost NK-IFN-γ production through the IL-15 pathway. This finding has important
implications during hepatitis C infection. Based on our findings, we propose a model where
in the HCV-infected liver, human dendritic cells first recognize HCV-infected hepatocytes
and produce type I IFNs which not only increase NK cell cytotoxicity but also sensitize IFN-
γ induction in NK cells by HCV-infected cells (Supporting Fig. 7). The large numbers of
NK cells and Kupffer cells in the human liver [28] allows ample interactions between IFN-α
sensitized NK cells and “liver-resident macrophages”, Kupffer cells, in the local liver
environment to produce IFN-γ in response to hepatitis C infection. Most likely the same
mechanism will also function during IFN-α therapy for chronic-HCV infected patients and
account for at least some of the anti-viral effects mediated by peg-IFN-α. The limitation of
our study is that it characterized functions of circulating NK cells that should be carefully
interpreted regarding the function of NK cells in the HCV infected liver.

Our novel findings reveal a sequential type I IFN and type II induction from human immune
cells in response to hepatitis C infection. We propose that the subsequent NK derived type II
IFN production plays a role in maintaining, amplifying and supplementing the initial type I
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IFN response. As reported previously, we confirmed that type I IFN and type II IFN have
synergistic effects in inducing expressions of many interferon stimulating genes in HCV-
infected hepatoma cells [29]. More importantly, although type I IFN generally has a stronger
anti-viral effect than type II IFN, type II IFN plays an important role in regulation of
immune responses [30]. We noticed that depletion of NK cells prevented maturation of
dendritic cells in response to HCV-infected cells, probably through IFN-γ, recapitulating
their well recognized immunoregulatory effects on antigen presenting cells.

Finally, although our results suggest that TLR3 and TLR8 ligands can partially reproduce
IFN-γ induction in PBMCs seen in the presence of HCV-infected hepatoma cells, the
mechanisms seem to be different from those invovled in HCV-induced NK cell activation.
Our data indicate that the accessory cell requirement was different in support of a TLR3- or
TLR8-induced NK-IFN-γ response where the presence of mDC1 supported poly I:C-
induced and monocytes supported the R848-induced IFN-γ productiont, while pDC derived
IFN- and monocytes together were required for HCV-induced IFN-γ production. However,
it remains to be determined whether the combination of these or related events contributes to
IFN-γ induction by HCV-infected cells in PBMCs.

In conclusion, we show a unique mechanism that human NK cells actively produce IFN-γ in
response to HCV-infected cells through a type I IFN and monocytes dependent pathway.
Our results suggest that in addition to cytotoxicity, NK cells are actively involved in anti-
HCV immunity during hepatitis C infection via production of IFN-γ.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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DC dendritic cell

ELISA enzyme-linked immunosorbent assay

HCV hepatitis C virus

IFN interferon

ISG interferon stimulated gene

mDC myeloid dendritic cell

NK natural killer

NKT natural killer T

PAMPs pathogen associated molecular patterns

PBMC peripheral blood mononuclear cell

PCR polymerase chain reaction

pDC plasmacytoid dendritic cell

TLR toll-like receptor
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Figure 1. Human NK cells produce IFN-γ in response to HCV-infected hepatoma cells
(A) Human PBMCs (4×106) were co-cultured with JFH-1/Huh7.5 cells or full-length HCV
replicons (2.5×105) or stimulated with TLR3 ligand - poly I:C (20µg/mL), TLR7/8 ligand -
R848 (2µg/mL), TLR9 ligand - CpG-A (2µM) or RIG-I ligand poly I:C/Lyovec (1µg/mL)
for 24 hours. (B) Human PBMCs or PBMCs depleted of CD56+ cells were co-cultured with
JFH-1/Huh7.5 cells or stimulated with poly I:C or R848 for 24 hours, IFN-γ production in
the supernatants was measured by ELISA. (Mean±SD, n=3–6) (C) Human PBMCs were co-
cultured with JFH-1/Huh7.5 cells and Golgistop was added at different timepoints
afterwards. 24 hours after co-culture, intracellular IFN-γ production in NK, NKT and T
cells were measured by flow cytometry. One representative data of three independent
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experiments was shown. (D) PBMCs and JFH-1/Huh7.5 cells were co-cultured and were
treated with Golgistop after 6 hours and harvested after 24 hours to measure intracellular
IFN-γ. The data is represented as Mean±SD, Healthy control, n=7; HCV-infected,
n=7,*P<0.05.
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Figure 2. Human NK cells produce IFN-γ in response to HCV-infected hepatoma cells in an
accessory cell dependent manner
(A) Human PBMCs, PBMCs depleted of CD14+ monocytes (PBMC-CD14), PBMCs
depleted of HLA-DR+ cells (PBMC-DR) or purified NK cells were co-cultured with JFH-1/
Huh7.5 cells or stimulated with poly I:C or R848 for 24 hours, IFN- γ production in the
supernatants was measured by ELISA (Mean±SD, n=3). (B) Human PBMCs, PBMCs
depleted of CD14+ monocytes (PBMC-CD14), PBMCs depleted of pDCs (PBMC-pDC),
PBMCs depleted of mDC1s (PBMC mDC1) or PBMCs depleted of mDC2s (PBMC-mDC2)
were co-cultured with JFH-1/Huh7.5cells or stimulated with poly I:C or R848 for 24 hours,
IFN-γ production in the supernatants was measured by ELISA (Mean±SD, n=3). *P<0.05
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versus other groups. (C, D) PBMCs from healthy donors were co-cultured with JFH-1/
Huh7.5 cells or stimulated with R848 for 24 hours in the presence or absence of exosome
inhibitors as indicated. IFN-γ and IFN-α production in the supernatants was measured by
ELISA (Mean±SD, n=6, *P<0.05). (E, F) IFN-γ and IFN-α release was measured by
ELISA in the presence of endosome inhibitors, chloroquine and BafilomycinA. (Mean±SD,
n=6, *P<0.05).
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Figure 3. Both human pDC and monocytes are required for optimal IFN-γ induction in NK cells
in response to HCV-infected cells
(A) Purified human NK cells, pDCs, NKs and pDCs or PBMCs were co-cultured with
JFH-1/Huh7.5cells for 24 hours. (B) Human PBMCs or PBMCs depleted of accessory cell
subsets as indicated were co-cultured with JFH-1/Huh7.5cells for 24 hours. (C) Human
monocytes, pDCs and NK cells were co-cultured with JFH-1/Huh7.5 cells for 24 hours. (D)
Increased amounts of monocytes or pDCs were co-cultured with NKs and JFH-1/Huh7.5
cells for 24 hours. (E) Purified CD14+ or CD16+ monocytes were co-cultured with NKs and
JFH1/Huh7.5cells for 24 hours. (F) Human monocytes and NK cells were co-cultured with
JFH-1/Huh7.5 cells in the presence or absence of exogenous IFN-α for 24 hours. Data from
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(A–F) is represented as Mean±SD. (G) Accessory cells and NK cells were separated with
co-cultured JFH-1/Huh7.5 cells using transwell insert as indicated, one representative data
of three experiments was shown. In all experiments (A-G), IFN-γ production was measured
by ELISA 24 hours after co-cultures.
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Figure 4. IFN-α and not IL-12 is involved in IFN-γ induction in NK cells in response to HCV-
infected cells
(A) Human PBMCs were co-cultured with JFH-1/Huh7.5cells or stimulated with poly I:C,
R848 and CpG-A for 24 hours. IFN-α and IL-12 production were measured by ELISA. (B)
Human PBMCs were co-cultured with JFH-1/Huh7.5cells or stimulated with poly I:C or
R848 in the presence or absence of anti-IFNAR or anti-IL-12 antibody IFN-γ production
was measured by ELISA. (Mean±SD, n=3), *P<0.05. (E) Human PBMCs (grey bar) or
PBMCs depleted of CD56+ cells (black bar) were co-cultured with JFH1/Huh7.5 cells for 24
hours. Co-cultured PBMCs were collected and expression of co-stimulatory molecules,
CD80, CD83 and CD86, on DCs (Lin1- HLA-DR+ population) were analyzed by flow
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cytometry. One representative data of two experiments was shown. (F) Human immune cells
(white bar) or their counterparts depleted of CD56+ cells (black bar) were co-cultured with
JFH-1/Huh7.5 cells for 12 hours. Co-cultured cells were collected and ISGs (CXCL10,
ISG15, ISG56 and MX1) expression levels were measured by realtime PCR. One
representative data of two experiments was shown.
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