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3’UTR  3 prime untranslated region 
BMDC  Bone Marrow Dendritic Cell 
BMMf  Bone Marrow Macrophage 
CARD  Caspase Recruitment Domain 
cDC  conventional dendritic cell 
cDNA  complementary DNA 
DC  Dendritic Cell 
dsRNA  double strand RNA 
EDTA  Ethylenediamineteraacetic acid 
EMCV  Encephalomyocarditis Virus 
FBS  Fetal Bovine Serum 
HPV  Human Papillomavirus 
HCV  Hepatitis C Virus 
IFN  Interferon 
IFNAR  type I IFN Receptor 
IL  Interleukin 
iPS  induced Pluripotent Stem 
IPS-1  Interferon Promoter Stimulator-1 
KLF4  Kruppel-like factor 4 
KO  Knockout 
MACS  Magnetic-Activated Cell Sorting 
MCMV  Murine Cytomegalovirus 
MDA-5  Melanoma Differentiation Associated gene-5 
Mf  Macrophage 
MyD88  Myeloid Differentiation Factor 88 
NK  Natural Killer 
OCT3/4  (octamer-binding transcription factor 3/4 
DC  plasmacytoid dendritic cell 
polyI:C  Polyriboinosinic polybiocytidylic acid 
PRR  Pattern Recognition Receptor 
RIG-I  Retinoic acid-Inducible Gene-I 
RLR  RIG-I-Like Receptor 
rpm  round per minutes 
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RT-PCR  Reverse Transcription-Polymerase Chain Reaction 
SOX2  sex determining region Y-box 2 
ssRNA  single strand RNA 
TICAM-1 TIR-containing adopter molecule-1 
TIR  Toll IL-1 Receptor 
TLR  Toll-Like Receptor 
TRIF  TIR-domain-containing adapter-inducing interferon-!  

VSV  Vesicular Stomatitis Virus 
WNV  West Nile Virus 
WT  Wild Type 
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 ►▬ꜟ☻⁸ ─ ⌐ ∆╢ ≢№╢ │⁸

≤ ⌐ ↕╣╢⁹ ─ │ ⌐ T ⁸B ≤™∫√

ꜞfiⱤ ⅜ ™⁸ ⌂ ╩ ∆⁹╕√ ╩ ⇔⁸

─ ⌐│ ⌐ ∆╢⅜⁸ ⌐│ ⁸ ╕≢⌐

╒≥╩ ∆╢⁹ ⌐ ⁸ⱴ◒꜡ⱨ□כ☺⅛╠⌂╢ │ ⌐

⇔ ╛⅛⌐ ⇔⁸ ─ ╩ ℮⁹╕√ │ ⌐

⌐ ≢№╡⁸ ⌐ ≢№╢⁹ 
 ⌐╟╢ │Ɽ♃כfi (PRR)⅜ ℮ 1⁹ ⌂

PRR ≢№╢ Toll-like receptor(TLR)─℮∟⁸TLR3, 7, 8, 9 │►▬ꜟ☻ ─

╩ ∆╢⁹TLR3 │ RNA2,3⁸TLR7, 8 │ RNA4,5⁸TLR9 │

DNA ╩ ∆╢ 6⁹TLR3 │ ─ ╩≤╢ RNA ⌐≈™≡

╙ ∆╢↓≤⅜ ↕╣√ 7⁹↓╣╠─ TLR │ ꜞ●fi♪╩ ∆╢

≤⁸TLR3 │▪♄ⱪ♃כ TIR-containing adapter molecule-1(TICAM-1) 
( TRIF)╩ ⇔≡ 8,9⁸TLR7, 8, 9 │ myeloid differentiation factor 88 
(MyD88)╩ ⇔≡ 10◦◓♫ꜟ╩ ⇔⁸I ▬fi♃כⱨ▼꜡fi(IFN)╛◘▬♩◌

▬fi ╩ ∆╢⁹ 
 TLR3 │ (cDC)─└≤≈⁸CD8 DC(CD8+DC)─ ◄fi

⌐ⱶכ♁♪ ⌐ ↄ ⇔≡™╢ 11⁹CD8+DC │⁸I IFN ∞↑≢⌂ↄ⁸

╩ MHC class I ╩ ⇔≡ T (CTL)⌐ ∆╢◒꜡☻ⱪ

꜠♀fi♥כ◦ꜛfi ⅜ ⌐ ↄ 12⁸►▬ꜟ☻ ╛⁸ ⌐⅔↑╢ CTL ─

⌐ ≢№╢⁹↓╣╠─ ⅝⌐ TLR3-TICAM-1 ⅜ ⅝ↄ ╦∫≡™

╢ 13⁹ 
 TLR │Ɽ♃כfi ─ ╩ ⌐ ≈√╘⁸ ⌐ ⇔√►▬

ꜟ☻─ │ PRR ⅜ ℮⁹ RNA ☿fi◘כRIG-I-like 
receptor (RLR)│⁸RIG-1⁸MDA-5 ≤ ─ ≤⇔≡ ↄ LGP-2 ─ 3

≢ ↕╣╢ 14,15⁹RIG-I⁸MDA-5 │ ∆╢≤Ⱶ♩◖fi♪ꜞ▪

─▪♄ⱪ♃כ  IPS-1( MAVS/VISA/Cardif)╩ ⇔≡⁸з ▬fi♃כⱨ

▼꜡fi⁸ ◘▬♩◌▬fi ─ ╩ ∆╢ 16–19⁹ 
 ⱡ♇◒▪►♩ⱴ►☻╩ ™√ ⌐╟╡⁸☿fi♄▬►▬ꜟ☻(SeV)⁸A ▬fi

ⱨꜟ◄fi◙►▬ꜟ☻(IAV)⁸C ►▬ꜟ☻(HCV)⁸ ►▬ꜟ☻

(VSV)⁸ ►▬ꜟ☻(RV) ─ ↄ─►▬ꜟ☻ RNA ⅜ ≢ RIG-I ⌐╟∫

≡ ↕╣╢ ⅜ ╠⅛⌐↕╣≡⅝√ 20,21⁹╕√ MDA5 │Ⱨ◖ꜟ♫►▬ꜟ☻

─ ►▬ꜟ☻(EMCV)╩ ∆╢⁹TLR3 │ⱳꜞ○►▬ꜟ☻(PV)⌐ ∆

╢ ⌐ ⌐ ≢№╢↓≤ 22,23⁸ⱴ►☻◘▬♩ⱷ●꜡►▬ꜟ☻(MCMV)
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─ ⌐ ∆╢↓≤⅜ ↕╣ⱴ►☻⸗♦ꜟ≢ ↕╣⁸ⱥ♩ ⱫꜟⱭ☻з

►▬ꜟ☻(HSV-1)⌐╟╢ⱫꜟⱭ☻ ─ ≢│ TLR3 ─ ⅜ ↕

╣≡™╢ 24⁹╕√ ♫▬ꜟ ►▬ꜟ☻(WNV)─ ≢│⁸TLR3 ⅜►▬ꜟ☻─

⌐ ↄ≤∆╢ 25≤ ⌐ ↄ≤∆╢ 26⅜№╢⁹ 
 ►▬ꜟ☻─ ⌐╟╡ ↕╣╢◘▬♩◌▬fi─ ≢╙⁸з IFN │ ⌐

™ ►▬ꜟ☻ ╩ ∆⁹з IFN │⁸ ≢№╢ IFNAR ╩ ⇔≡ 2ΐ-5ΐ
OAS⁸IFIT-1 ─ ⌂ interferon-inducible gene ─ ╩ ⇔⁸►▬ꜟ☻

─ ⁸ ─ ⁸ ─ ►▬ꜟ☻ ⌐ ∆╢⁹∕─√

╘⁸з IFN ╩ ⌐ ∆╢ TLR⁸RLR │►▬ꜟ☻ ─ ⌐

⅔™≡ ⌐ ⌂ ╩ √⇔≡™╢⁹IFN ⱨ□Ⱶꜞכ─└≤≈≢№╢ III
IFN │⁸2003 ⌐ IFN-" 1(IL-29), IFN-" 2(IL-28A), IFN-" 3(IL-28B)─ 3 ≈

─▪▬♁ⱨ◊כⱶ⅛╠⌂╢ ─ IFN ≤⇔≡ ↕╣√ 27,28⁹ ⁸III
IFN │ I IFN ≤ ⌐ ►▬ꜟ☻ ╩ ∆╙── ⅜ ↄ⁸

⌐⅔↑╢ │ ⅛≢⌂⅛∫√⅜⁸2009 ⌐⁸IFN-" 3(IL-28B)
─ ⅜ HCV ─ ⁸ ⌂ ≢№╢ PEG-IFN(+

ꜞⱣⱦꜞfi ) ─ ⌐ ⅝ↄ ╦╢↓≤⅜⁸ ≡ ↑⌐ ↕╣

29–32⁸ ⁸ ╩ ╘√⁹ 
 HCV │ⱨꜝⱦ►▬ꜟ☻ ─ⱫⱤ◦►▬ꜟ☻ ⌐ ↕╣╢⁸1 ⁸ⱪꜝ☻

RNA ►▬ꜟ☻≢№╢⁹ Core⁸E1⁸E2 ⅔╟┘ (p7 ⁸
NS2⁸NS3⁸NS4A⁸NS4B⁸NS5A⁸NS5B)⅛╠ ↕╣╢⁹HCV │

─ ⌂ ─ ≈≢№╡⁸ ⌐╟╡ ⁸ ╩ ⅝ ↓

∆⁹HCV │ ⁸30 │ ↕╣╢⅜⁸ ╡─ 70%│ ⇔⁸

⌐≡ ╩ ⅝ ↓⇔⁸ ─ ⅜ ⁸ ⅛╠ ┼

∆╢⁹ 
 │ HCV ⌐ ≢№╡⁸HCV │ RIG-I-IPS-1 ⁸

TLR3-TICAM-1 ⌐╟╡ ↕╣╢⁹ ≢ RIG-I │ HCV ╩ ⇔ I
IFN ╩ ∆╢ 21⁹TLR3 │ polyI:C, HCV RNA ⌐ ⇔≡⁸ ⌐╟╢

III IFN ╩ ⌐ ≢№╢↓≤⅜ ↕╣√ 33,34⁹RIG-I │ I IFN ╩

∆╢⅜⁸III IFN ⌐⅔↑╢ ≢─ │ ╠⅛⌐⌂∫≡™⌂

™⁹╕√⁸III IFN │ I IFN ⁸ ►▬ꜟ☻ ╩ ≈⁹I IFN │

╩ CTL ⌐ ∆╢◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi╛⁸NK ─ ╩

∆╢↓≤⅜ ╠╣≡™╢⅜ 35,36⁸↓╣╠─ ⅜⁸III IFN ⌐ ╦∫≡™

╢⅛│ ╠⅛⌐⌂∫≡⅔╠∏⁸I IFN⁸III IFN ─ │ ⌐↕

╣≡™⌂™⁹ 
 ∕↓≢⁸ ≢│⁸ ∏⁸ 1 ≢ HCV RNA ⌐╟╢ III IFN
⌐⅔↑╢ TLR3-TICAM-1 ⅔╟┘ RIG-I-IPS-1 ─ ⌐≈™≡ ╠⅛
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⌐∆╢√╘⌐⁸TICAM-1 KO ⱴ►☻⁸IPS-1 KO ⱴ►☻╩ ™⁸in vivo, in vitro

≢─ ╩⇔√⁹ 
 ⌐⁸ 2 ≢│ III IFN ─ ⌐≈™≡ ⇔√⁹ ─ ≢⁸CD8+DC
⌐ III IFN ꜠☿ⱪ♃כ─≢№╢ IL10R! ⁸IL-28R#─ ⅜ ╘╠√⁹

CD8+DC │ I IFN ⌐ ™◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi ⁸NK
╩ ∆╢↓≤⅛╠⁸III IFN ⌐╟╡⁸↓╣╠─ ─ ⅜ ∂

╢⅛╩ ⇔√⁹╕√⁸III IFN ⌐╟╢ DC⁸ ⌐⅔↑╢ ►▬ꜟ☻

⌐≈™≡ ⇔√⁹ 
 ╕√⁸ 3 ≢│⁸ ≢№╢⁸HCV ⌐⅔↑╢ ≤ RNA

⌐╟╢ ╩ ⇔√ ─ ─ ⌐≈™≡ ∆╢⁹ 
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1   
HCV ⌐⅔↑╢ HCV RNA ⌐╟╢ I IFN⁸III IFN ─ 

 
 

 
 
 HCV│⁸∕─RNA◕ⱡⱶ ─3’UTR─ ⌐polyU/UC ⅜ RNA
☿fi◘כ≢№╢ RIG-I ⌐╟╡ ↕╣╢↓≤⅜ ↕╣≡™╢ 21⁹ ⌐⅔

™≡│⁸HCV RNA ⌐ ⇔≡⁸RIG-I ⌐ I IFN ⅜ ↕╣⁸

≢─ ╩ ∆╢ 21⁹RIG-I │ ⌐ ⇔⁸ ─►▬ꜟ

☻ RNA ╩ ∆╢↓≤≢⁸▪♄ⱪ♃כ IPS-1 ╩ ⇔≡ I IFN ╛

◘▬♩◌▬fi─ ╩ ∆╢⁹ ≢⁸ RNA ☿fi◘כ≢№╢ TLR3
│⁸ ⌐ ◄fi♪♁כⱶ≤ ⁸ ⌐ ⇔⁸ ⌐ ∆╢

RNA╩ ∆╢⁹TLR3│▪♄ⱪ♃כ TICAM-1╩ ⇔≡⁸I IFN⁸

◘▬♩◌▬fi─ ╩ ∆╢⁹in vitro ⌐⅔™≡│⁸ⱥ♩ DC
⅜ HCV ─ HCV RNA ╩ TLR3 ⌐ ⇔⁸I IFN ╩

∆╢↓≤⅜ ↕╣≡™╢ 37⁹ 
 TLR3 ─ │⁸ⱴ►☻ CD8+DC⁸ⱥ♩ BDCA3+DC ⌐⅔™≡ ⌐ ⅜

™↓≤⅜ ╠╣≡™╢ 38⁹╕√ TLR ⱨ□Ⱶꜞכ─ ꜞ●fi♪╩ ™≡

⅛╠⁸↓╣╠─ DC ⅜⁸ ⌐⅔↑╢ ⌂ III IFN ≢№╡⁸

RNA ▪♫꜡◓ polyI:C ⌐ ⇔≡⁸TLR3 ⌐ III IFN ∆

╢↓≤⅜ ╠⅛⌐↕╣≡™╢ 34⁹╕√⁸ ─ ⌐╟╡⁸HCV ⌐⅔

↑╢ⱥ♩ BDCA3+DC ⅛╠─ III IFN ⌐ TLR3 ⅜ ≢№╢↓≤⅜ ↕

╣≡™╢ 33⁹ ≢⁸RIG-I │ I IFN ╩ ∆╢⅜⁸III IFN ⌐

⅔↑╢ ≢─ │ ╠⅛⌐⌂∫≡™⌂⅛∫√⁹ 
 ≢│⁸TICAM-1 KO ⱴ►☻⁸IPS-1 KO ⱴ►☻╩ ™⁸in vivo,  in vitro

≢─ HCV RNA ⌐╟╢ III IFN ⌐⅔↑╢⁸TLR3-TICAM-1 ⅔

╟┘ RIG-I-IPS-1 ─ ⌐≈™≡ ⇔√⁹ 
 HCV ─ │ⱥ♩⁸♅fiⱤfi☺⁸כ♠Ɽ▬≢№╢⅜⁸ⱴ►☻⌐│

╩ ↕⌂™⁹∕↓≢ ≢│⁸HCV ꜠ⱪꜞ◖fi⅜ ⌐ ≢⅝

╢ HuH-7 ─ O cell39╟╡ ⇔√ HCV RNA ╛⁸in vitro ⇔√

HCV RNA ╩ ™≡⁸RNA ⌐╟╢ III IFN ╩ ⇔√⁸╕√⁸

⌐⅔↑╢ ╩ ∆╢√╘⌐⁸ ╩ ⌐ ⌐♦ꜞⱣꜞכ∆╢

≢№╢Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi 40╩ ™√⁹↓─ ╩

™⁸HCV RNA ⅜ ≢ RIG-I ⌐╟╡ ↕╣╢↓≤╩ ⇔√ Gale Jr ╠⌐

╟╢ 21⌐ ™⁸ ⌐⅔↑╢ HCV RNA ⌐╟╢ III IFN
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⅜⁸™∏╣─ ≢№╢⅛╩ ⇔√⁹  
⁹ 
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≤  
 
1.  
 
1-1.  
 
 P�®�>�|�g ─  
 
PBS (-) 137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl,  

1.49 mM KH2PO4 
♩ꜞⱪ◦fi  0.25% Trypsin-0.02% EDTA-PBS (-) 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
FBS       BioSource Intl., Inc. 
DMEM (1.0 g/l Low Glucose)    GIBCO-Invitrogen 
DMEM (4.5 g/l Low Glucose)    GIBCO-Invitrogen 
RPMI1640     GIBCO-Invitrogen 
HEPES      GIBCO-Invitrogen 
NEAA       GIBCO-Invitrogen 
Sodium Pyruvate     GIBCO-Invitrogen 
Insulin solution from Bovine Pancreas   Wako 
EGF      Wako 
L-Glutamine      GIBCO-Invitrogen 
100 mU/ml PenicillinG, 100 µg/ml Streptomycin  GIBCO-Invitrogen 
G418       Roche 
Opti-MEM      GIBCO-Invitrogen 
 
HEK293 
 ⱥ♩  HEK293 │ ╟╡ ↕╣√⁹№╠⅛∂╘

56°C �[ 30 ⇔ ⇔√ 10% (v/v)►◦  FBS⁸100mU/ml 
Penicillin G⁸100 µg/ml Streptomycin ╩ ⇔√  DMEM (1.0g/l Low 
Glucose)╩ ™≡ 37°C⁸5% CO2 ─ ≢ ⇔√⁹ ─ ⌐│♩ꜞ

ⱪ◦fi ╩ ™√⁹ ─ │ 100% confluent ⌐⌂╡ ∫√⁹ 
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O cell 
 ⱥ♩ O cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin, 6 µl/ml G418 ╩ ⇔√ DMEM (4.5 
g/l High Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢ ⇔√⁹ ⅔⅝⌐

╩ ∫√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
 
 
Oc cell 
 ⱥ♩ Oc cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin ╩ ⇔√ DMEM (4.5 g/l High 
Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢ ⇔√⁹ ─ ⌐│♩ꜞⱪ

◦fi ╩ ™√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
 
 
1-2.ⱴ►☻ 
 
 TICAM-1 KO ⱴ►☻ (C57BL/6) ⁸IPS-1 KO ⱴ►☻(C57BL/6)│
⌐╟╡ ↕╣√⁹  (wild type : WT) ≤⇔≡ ™√ C57BL/6 ⱴ►☻│

◒꜠▪ ╟╡ ⇔√⁹ 
 
ⱴ►☻╩ ⇔√ │⁸ ⌐ ∆╢ ⌐ ∫≡ ∫√⁹ 
 
 
1-3.ⱪꜝ☻Ⱶ♪ 
 
 pEF-BOS/TICAM-1⁸pEF-BOS/IPS-1⁸ TICAM-1 ⁸IPS-1
│ ⌐╟╡ ↕╣√ 41⁹pEF-BOS │⁸  ╟╡

↕╣√ 42⁹ 
  
 
 
1-4.ꜞ●fi♪⁸◘▬♩◌▬fi 
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─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 

 
polyI:C    GE Healthcare 
 
 
2.  
 
2-1.ⱴ►☻⅛╠─  
 
 P�®�>�|�g ─  
 
PBS (-)  137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl,  

1.49 mM KH2PO4 
CMF-HBSS 137 mM NaCl, 358 ! M Na2HPO4, 5.33 mM KCl, 

411 !M KH2PO4  
ACK lysis buffer  150 mM NH4Cl, 10 mM KHCO3,  

0.1 m M Na2EDTA  
MACS buffer   0.5% BSA, 2 mM EDTA – PBS (-) 
pre-perfusion buffer 5.55 mM D-glucose, 525 !M EGTA, 20.9 !M 

Gentamicin, 10 mM HEPES Ð CMF-HBSS 
perfusion buffer 0.05% Collagenase H, 5.4 mMCaCl2, 20.9 !M 

Gentamicin, 10 mM HEPES Ð CMF-HBSS 
suspension buffer 1%BSA, 20.9 !M Gentamicin, 10 mM HEPES 

Ð CMF-HBSS 
 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
collagenase D     Roche 
collagenase H      Roche 
Mercaptoethanol     GIBCO-Invitrogen  
Hank`s balanced salt solution   sigmaaldrich 
anti-CD4 micro beads     Miltenyi Biotec Inc 
anti-CD8 micro beads    Miltenyi Biotec Inc 
anti-CD11c micro beads     Miltenyi Biotec Inc 
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CD8#+DC positive selection kit    Miltenyi Biotec Inc 
CD4 +DC positive selection kit    Miltenyi Biotec Inc 
 
BMMf 
 ⱴ►☻ ╩ ⇔⁸70%EtOH ≢ ⁸PBS ≢ ⇔√⁹

─ ╩ ⇔ 26G ╩☺fiꜞ◦≥ꜟ♪כ♬ ™⁸ ╩ RPMI
⌐ ⇔⁸40 µm ⱷ♇◦ꜙ⌐ ⇔⁸ ╩ ⇔√⁹ACK  lysis buffer 
⌐╟╡ ╩ ⇔√─∟⁸30 L929 ╩ ╗ RPMI1640
≢ ⇔√⁹3 ⌐ ╩ ⇔ 6 ─ ╩ BMMf ≤⇔√⁹ 
 
BMDC 
 ⱴ►☻ ╩ ⇔⁸70%EtOH ≢ ⁸PBS ≢ ⇔√⁹

─ ╩ ⇔ 26G ╩☺fiꜞ◦≥ꜟ♪כ♬ ™⁸ ╩ RPMI
⌐ ⇔⁸40 µm ⱷ♇◦ꜙ⌐ ⇔⁸ ╩ ⇔√⁹ACK lysis buffer ⌐

╟╡ ╩ ⇔√ ⁸GM-CSF ╩ ╗ RPMI1640 ≢ ⇔√⁹2,4
⌐ ╩ ⇔,6 ─ ┘ ╩ ⇔⁸↓╣╩

BMDC ≤⇔√⁹ 
 
DNDC 
 ⱴ►☻ ╩ ⇔,collagenase D ╩ ╗Hanks Buffer solution≢37ϴ25

⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡ ╩

⇔,MACS buffer ⌐╟╡ ⇔√⁹anti-CD4 micro beads⁸anti-CD8 micro 
beads ╩ ™√ MACS ⌐╟╢Ⱡ●♥▫Ⱪ☿꜠◒◦ꜛfi⇔√ ╩↕╠⌐⁸ 
anti-CD11 micro beads ™√ MACS ⌐╟╡ ⇔⁸CD4-,CD8-,CD11+
╩ DNDC ≤⇔√⁹10%FBS, penicillin-streptomycin, 10 mM HEPES, 55 mM 
Mercaptoethanol ╩ ╗ RPMI1640 ⌐≡ ⇔√⁹ 
 
CD8+DC 
 ⱴ►☻ ╩ ⇔,collagenase D ╩ ╗Hanks Buffer solution≢37ϴ25

⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡ ╩

⇔,MACS buffer ⌐╟╡ ⇔√⁹CD8#+DC positive selection kit ╩ ™

√ MACS ⌐╟╡ CD8+DC ╩ ⇔√⁹10%FBS, penicillin-streptomycin, 10 
mM HEPES, 55 mM Mercaptoethanol ╩ ╗ RPMI1640 ⌐≡ ⇔√⁹ 
 
CD4+DC 
 ⱴ►☻ ╩ ⇔,collagenase D ╩ ╗Hanks Buffer solution≢37ϴ25



 13 

⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡ ╩

⇔,MACS buffer ⌐╟╡ ⇔√⁹CD4+DC positive selection kit ╩ ™

√ MACS ⌐╟╡ CD4+DC ╩ ⇔√⁹10%FBS, penicillin-streptomycin, 
10mM HEPES, 55mM Mercaptoethanol ╩ ╗ RPMI1640 ⌐≡ ⇔√⁹ 
 
 

-2. cDNA ─  
 №╢™│ ╩ Trizol ⌐╟╡ ⇔√⁹ ⌐ Trizol ─ 1/5 ─◒꜡

꜡ⱱꜟⱶ╩ ⅎ ⇔√ ⁸12,000 g⁸15 ⇔√⁹ ⁸ ╩

⇔⁸ ─▬♁ⱪ꜡Ɽⱡכꜟ╩ ⅎ⁸10 ™√─∟⁸15000 g⁸10
⇔√⁹ ⇔√Ɑ꜠♇♩╩ 70 EtOH ⌐╟╡ ⇔⁸RNA ╩ ⇔√⁹

⇔√ RNA ╩╙≤⌐⁸High capacity cDNA Reverse Transcription kit (Applied 
Biosystems) ╩ ™≡ ⇔≡ cDNA ╩ ⇔√⁹ 
 
 
2-3. PCR 
 
 cDNA ⅛╠ Step One Real-time PCR system ╩ ™≡ Ct ╩ ⇔⁸ȺȺ

Ct ⌐╟╡ mRNA ╩ ⇔√⁹ ≤⇔≡│ ⱥ♩ GAPDH ╕√│ⱴ

►☻! -actin ╩ ⇔√⁹ ⇔√ primer ╩ ⌐ ∆ 
 
mouse ! -actin  F TTTGCAGCTCCTTCGTTGC  

R  TCGTCATCCATGGCGAACT  
mouse IFN-!   F  CCAGCTCCAAGAAAGGACGA  

R  CGCCCTGTAGGTGAGGTTAT  
mouse IFN-#2  F  TACTCAGCAGACCTTGAACC  

R  GGTACACAGTGATCCTGTGG  
mouse IFN-#4  F  CTGCTGGCTGTGAGGACATACT  

R  AGGCACAGAGGCTGTGTTTCTT  
mouse IFN-" 2/3  F  TCCCAGTGGAAGCAAAGGATTG  
  R  TCAAGCACCTCTTCTCGATGG  
HCV NS5B  F  CCGAGGCCAGACAGGTCATA  

R  GGCTGCAGAGGCCTTCAAGT  
human GAPDH  F  GAGTCAACGGATTTGCTCGT  

R  TTGATTTTGCAGGGATCTCG 
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2-4.ELISA 
 

⁸ ╟╡⁸ELISA kit ╩ ™≡ ⇔√⁹ 
 

─ ELISA kit ╩ ⱷכ◌╟╡ ⇔√⁹ 
 
mouse IFN-!    PBL 
mouse IFN-" 2/3   eBioscience 
 
 
2-5.ꜟ◦ⱨ▼ꜝכ♀꜠ⱳכ☺כ♃כfi▪♇☿▬ 
 
 HEK293 ╩⁸24 well plate ⌐ ⇔⁸ ⁸Lipofectamine 2000 reagent 
(Invitrogen Life Technology)╩ ™≡♩ꜝfi☻ⱨ▼◒◦ꜛfi╩ ∫√⁹ ⱪ

ꜝ☻Ⱶ♪ │ ⌐ ™⁸ │ 0.1 µg ≤⌂╢ ⌐ empty/ pEF-BOS 
╩ ⅎ√⁹꜠ⱳכ☺כ♃כfi≤⇔≡⁸IFN-! ⱪ꜡⸗כ♃─ ⌐ꜟ◦ⱨ▼ꜝכ

♀ ╩ ╖ ╪∞ IFN-! -luc (  ╟╡ 43)№╢™

│⁸IFN-" 1⁸IFN-" 2/3 ⱪ꜡⸗כ♃─ ⌐ꜟ◦ⱨ▼ꜝכ♀ ╩ ╖ ╪

∞ IFN-" 1-luc ,IFN-" 2/3-luc( ⌐National Institutes of Health 
╟╡ 44)╩ ⇔√⁹╕√ ◖fi♩꜡⁸≡⇔≥ꜟכRennila luciferase 
(promega)╩ ™√⁹ 
 
 
2-6.HCV ꜠ⱪꜞ◖fi O cell ⅛╠─ HCV RNA  
 
 ⇔≡™╢ O cell ╩ ⇔⁸Trizol ⌐╟╡⁸HCV RNA ╩ ╗ Ocell ─
RNA╩ ⇔√⁹HCV RNA╩ ╕⌂™Ⱡ●♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡Oc cell
─ RNA ╩ ⇔√⁹ 
 
2-7.in vitro HCV polyU/UC RNA ─  
 
 ⅜ ⇔√⁸HCV genotype 1b polyU/UC RNA (9421 to 9480, 
Accession number: EU867431 )⅜ ↕╣√ pGEM-T easy vector45 ╟╡
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Riboprobe combination system SP6/T7 RNA polymerase (promega)╩ ™≡⁸

T7 promoter№╢™│SP6 promoter⅛╠ ╩ ∫√⁹DNase I �[  37°C⁸

15 ↕∑≡ DNA ╩ ⇔⁸Trizol ⌐╟╡ RNA ╩ ⇔√⁹  RNA 
─ ─√╘⁸☿fi☻ ≤▪fi♅☿fi☻ ─ ⌂ ssRNA ╩ ⇔⁸

95°C ⌐ ™√ ⁸ ₁⌐ ╕≢ ╩◓fiꜞכ♬▪≡→↕╩ ∫√⁹ 
 
 
2-8.Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi 
 
 O cell, Oc cell ╟╡ ⇔√ RNA, №╢™│ invitro ⇔√☿fi☻ HCV 
polyU/UC ssRNA ╕√│ HCV polyU/UC RNA ╩ ╗ TransIT®-QR 
Delivery Solution (Mirus) 2 ml ╩ 27G ≥ꜟ♪כ♬ 5 ml ◦ꜞfi☺╩ ™≡⁸

4 ⅛↑⁸ⱴ►☻⌐ ⇔√⁹ 
 
 
2Ή9. ─ Exosome RNA ─  
 
 ╩ ⇔⁸300 g,10 ⇔√⁹ ⁸ ╩ ⇔⁸↕

╠⌐ 2,000 g,20 ⇔√⁹ ─ ╩⁸0.22 !m ⱨ▫ꜟ♃כ⌐ ⇔√

⁸110,000 g,70 ─ ╩ ∫√⁹ ⁸ ⇔√ Exosome ╩ PBS
≢ ⇔√ ⁸Trizol ╩ ™≡ RNA ╩ ⇔√⁹ 
 
 
 
 ⅎ ╩ ™√ ⌐≈™≡│⁸ ─ ╘╢ ⌐

≠⅝ ⇔√⁹ 
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1-1.polyI:C ⌐╟╢ III IFN ⌐│ TLR-3-TICAM-1 ⅜ ≢№╢ 
  
 ∏⁸ ⌐╟╡ ↕╣√ polyI:C ─ TLR3-TICAM-1
⌂ III IFN 34⌐≈™≡ ⇔√⁹polyI:C ⌐╟╢ BM-Mf ─◘▬♩

◌▬fi─ mRNA ─ ╩ ═√≤↓╤⁸TICAM-1 KO BMMf ≢│ IFN-" 2/3
⅜ ↕╣⌂⅛∫√( 1.1.A)⁹ ⌐⁸ ⌐⅔↑╢ TICAM-1 ⌂ III

IFN ╩ ═╢√╘⁸polyI:C╩ ⇔⁸ ≢─ IFN-! ⁸IFN-#2⁸
IFN-#4⁸IFN-" 2/3 ─ mRNA ╩ ═≤↓╤⁸TICAM-1 KO ⱴ►☻⌐⅔™

≡│⁸IFN-" 2/3 ─ mRNA ⅜™∏╣─ ⌐⅔™≡╙ ↕╣⌂⅛∫√(
1.1.B-E)⁹ ≢│⁸polyI:C ─ ⌐╟╡⁸TLR3-KO ⱴ►☻≢⁸

─ IFN-" 2/3 ⅜ ↕╣⌂ↄ⌂╢↓≤╩ ⇔≡™╢⅜ 34⁸ ≤ ╦

∑≡⁸ ⌐⅔™≡⁸polyI:C ⌐╟╢ III IFN ⌐│ TLR-3-TICAM-1
⅜ ≢№╢⅜ ⅛╘╠╣√⁹ 
 
 
1-2. IPS-1 │ III IFN ╩ ≢⅝╢ 
  
 IPS-1 │⁸ ≢─⁸polyI:C ╛ HCV RNA ─ I IFN ⌐

≢№╢⁹↓↓≢│⁸IPS-1 ⅛╠─◦◓♫ꜟ │⁸III IFN ╩

⇔ ╢⅛╩ ⇔√⁹TICAM-1⁸IPS-1 ╩ ↕∑√ HEK293 ⌐⅔↑╢⁸

IFN-! , IFN-" ─ⱪ꜡⸗כ♃ ╩ꜟ◦ⱨ▼ꜝכ♀꜠ⱳכ☺כ♃כfi▪♇☿▬

⌐╟╡ ⇔√≤↓╤⁸TICAM-1 ∞↑≢⌂ↄ⁸IPS-1 ⌐╟∫≡╙⁸III IFN
⅜ ↕╣╢↓≤⅜ ↕╣√( 1.2,A)⁹╕√⁸TICAM-1⁸IPS-1 ╩

↕∑√ ─ ⌐╟╡⁸TICAM-1 ≢│ 150-556aa ─ ⁸IPS-1
≢│⁸transmenbrane ⅜∕╣∙╣⁸ IFN⁸III IFN ™∏╣

⌐╙ ≢№╢↓≤⅜ ↕╣√( 1.2,B,C)⁹ 
 
 
1-3. ≢│ HCV RNA ⌐ ∆╢ ≢ III IFN ⅜ ↕╣╢ 
 
 ≢─⁸HCV RNA ⌐⅔↑╢ III IFN ⅜ TICAM-1⁸
IPS-1⁸≥∟╠⌐ ∆╢⅛╩ ═√⁹╕∏ HCV RNA ⌐╟╡ III IFN ⅜

↕╣╢⅛╩ ∆╢√╘⁸HCV ꜠ⱪꜞ◖fi  O cell39 ⅛╠ ⇔√ 
RNA(O cell RNA )╩Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi⌐╟╡ ⇔√⁹
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O cell RNA ⌐│⁸HCV RNA ∞↑≢⌂ↄ⁸ ─ RNA ╙ ╕╣╢√╘⁸

◖fi♩꜡⁸≡⇔≥ꜟכO cell ─ HCV ꜠ⱪꜞ◖fi╩ IFN ⌐╟╡ ∆╢↓

≤≢ ↕╣√ O cured cell39 (Oc cell)╟╡ ⇔√ RNA (Oc cell RNA) ╩
™√( 1.3.A)⁹ ⁸HCV RNA ╩ ╗ O cell RNA ╩ ⇔√ ─╖⁸

⌐⅔↑╢ IFN-! ⁸#2⁸IFN-" 2/3 ─ mRNA ⅜ ⇔√( 1.3.B)⁹↓─↓

≤⅛╠⁸ ⌐⅔™≡⁸HCV RNA │ I IFN⁸III IFN ╩⁸ ∆

╢↓≤⅜ ↕╣√⁹ 
 
 
1-4. ≢─ HCV RNA ⌐ ∆╢ III IFN ⌐│ IPS-1 ⅜ ≢№╢ 
 
 ⌐⁸TICAM-1 KO ⱴ►☻⁸IPS-1 KO ⱴ►☻╩ ™≡ ⌐Ɫ▬♪꜡♄▬

♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi⌐╟╢ O cell RNA ─ ╩ ™⁸↓─ III IFN
⌐│⁸TICAM-1⁸IPS-1 ─™∏╣⅜ ≢№╢⅛╩ ⇔√⁹ ⁸IPS-1 

KO ⱴ►☻≢│⁸IFN-! , #2, IFN-" 2/3 ─ ⅜╖╠╣⌂⅛∫√( 1.4,A)⁹
╕√⁸ RIG-I ⌐╟╡ ↕╣╢ HCV polyU/UC RNA ╩ in vitro ⇔√╙─

╩Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi⇔√ ╙⁸☿fi☻ HCV RNA 
(ssRNA)⁸ HCV RNA(dsRNA) ⌐⁸IPS-1 KO ⱴ►☻≢│⁸IFN-! , #2,  
IFN-" 2/3 ─ ⅜╖╠╣⌂⅛∫√( 1.4,B)⁹↓─↓≤⅛╠ RIG-I-IPS-1

│⁸ ⌐⅔™≡⁸HCV RNA ⌐ ⇔≡⁸ ─ I IFN ─╖⌂╠

∏⁸III IFN ⌐╙ ≢№╢↓≤⅜ ↕╣√⁹ 
 
 
1-5. │ HCV RNA ⌐ ⇔ IPS-1 ⌐ III IFN ╩ ∆╢ 
 
 HCV │ ─ ╩ ≤⇔≡™╢↓≤⅛╠⁸HCV RNA ⌐╟╡

≢─ I IFN⁸III IFN ⅜ ↕╣╢⅛╩ ═√⁹ⱴ►☻ ╟

╡⁸ ╩ ⇔⁸Lipofectamine 2000 ╩ ™≡⁸O cell RNA ╩

lipofection ⌐╟╡ ⌐ ⇔√⁹↓─≤⅝⁸IFN-! , IFN-" 2/3 ─ │⁸

IPS-1 ≢№∫√( 1.5)⁹HCV │ ⁸ ≢ ⇔⁸HCV RNA
⅜ ⌐ ↕╣╢⁹ ⌐╟╡HCV ─ ⅜⁸ RNA

RIG-I-IPS-1 ╩ ⇔≡ I IFN⁸III IFN ╩ ∆╢↓≤⅜ ↕

╣√⁹ 
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1-6.CD8+DC │ HCV RNA ⌐ ⇔⁸IPS-1 ⌐ ↄ III IFN ╩

∆╢ 
 
 HCV ─ │ ∞⅜⁸HCV ─ DC ╛ Mf ≢ HCV
─♃fiⱤ◒ ╛◕ⱡⱶ⅜ ↕╣╢ ⅜ ↕╣≡™╢ 46–48⁹╕√⁸DC ⅜

HCV ⌐ ⇔≡⁸I IFN⁸III IFN ╩ ∆╢↓≤⅜⁸↓╣╕≢─ ≢

↕╣≡™╢↓≤⅛╠⁸DC ≢─ HCV RNA ⌐ ∆╢ I IFN⁸III IFN
≢─ TICAM-1, IPS-1 ─ ╩ ⇔√⁹ 

 ╟╡ CD8+DC, CD4+DC, DNDC ╩ ⇔⁸ ⌐⁸O cell RNA⁸

polyI:C ╩ ⁸№╢™│⁸Lipofectamine 2000 ╩ ™≡⁸ ⌐ ⇔

√≤↓╤⁸O cell RNA⁸polyI:C ╩ ⌐ ⇔√ │⁸ ⌐ IFN-! , 
IFN-"╩ ∆╢⅜⁸ ⌐ ⇔√ ⌐│ polyI:C ≢─╖ ⅜

╠╣√( 1.6.A,B)⁹╕√⁸III IFN ⅜╖╠╣√ ≢│⁸™∏╣╙

CD8+DC ⅜ ™ III IFN ╩ ⇔√⁹ 
 ⌐ O cell RNA, polyI:C ╩ ⇔√ ─ ─ ™⌐≈™≡│⁸

⌐⁸ ─ polyI:C │ ⌐ DC ⌐ ╡ ╕╣⁸TLR3 ╩ ∆╢─⌐

⇔⁸in  vitro ≢ ↕╣√►▬ꜟ☻ ─ RNA ╩ ⌐ ⅎ≡╙ DC
─ TLR3 │ ≥ ↕╣⌂™↓≤⅜ ↕╣≡™╢ 49⁹ ─ ⌐⅔™

≡╙⁸O cell RNA≢│ polyI:C─╟℮⌂ ⌂ ╡ ╖⅜ ╦╣⌂™√╘⌐⁸

⅜╖╠╣⌂⅛∫√ ⅜№╢⁹ 
 ╕√⁸CD8+DC ⌐⅔↑╢ O cell RNA ⌐╟╢ III IFN │

TICAM-1 ≢│⌂ↄ⁸IPS-1 ⌐ ↄ ∆╢↓≤⅜⁸KO ⱴ►☻ ─ CD8+DC
╩ ™≡ ↕╣√( 1.6.C,D)⁹   
 
 
1-7.CD8+DC │ HCV ≢⁸TICAM-1 ⌐ III IFN ╩

∆╢ 
 
 ⁸ ─ ╩ ⱶ⅜⁸miRNA⁸mRNAכ♁♁◒◄√⅝≡╣↕≥℮
╛♃fiⱤ◒ ╩ ⇔⁸ ⌐ ↕╣⁸ ⌐ ≢№╢↓≤

⅜ ╠⅛⌐↕╣√ 50⁹HCV ⌐⅔™≡│⁸HCV ⅛╠⁸HCV RNA
╩ ╗ HCV ╩ ⅜ⱶכ♁♁◒◄√⇔ ↕╣⁸pDC ⌐ ╡ ╕╣

I IFN ⅜ ↕╣╢↓≤⅜ ↕╣≡™╢ 51⁹O cell ≤ Oc cell ─◄◒♁♁

ⱶכ RNA ╩ ⇔√≤↓╤⁸O cell ⱶכ♁♁◒◄ RNA ⌐⅔™≡─╖⁸

HCV RNA ⅜ ↕╣√( 1.7.A)⁹∕↓≢⁸◄◒♁♁כⱶ╩ ⇔√ HCV RNA
─ ⌐╟╢ DC ─ III IFN ╩ ∆╢√╘⌐⁸O cell №╢™│
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Oc cell ≤ CD8+DC ─ ╩ ∫√⁹∕─ ⁸O cell ≤ ⇔√≤

⅝─╖ CD8+DC ⅛╠─ I IFN ≤ III IFN ─ ⅜╖╠╣√( 1.7.B,C)⁹
╕√⁸↓─ I IFN ≤ III IFN ─ │ IPS-1 ≢│⌂ↄ⁸TICAM-1
≢№∫√⁹ 
 ↓─↓≤⅛╠⁸CD8+DC │ HCV RNA ╩ⱶכ♁♁◒◄ ╡ ╖⁸◄fi

⌐ⱶכ♁♪ ⇔√ HCV RNA ⌐╟╢ TLR3 ─ ╩ ↓⇔⁸I ⁸III
IFN ╩ ∆╢↓≤⅜ ↕╣√⁹ 
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1.1 polyI:C ─╟╢ I IFN⁸III IFN  

 
(A) WT BMMf, TICAM-1 KO BMMf ╩ 50 !g/ml polyI:C ≢ ⁸ PCR
⌐╟╡ IFN-! , IFN-#2, IFN-#4, IFN-" 2/3 ─ mRNA ╩ ⇔√⁹ 
(B-E) 50 !g/ml polyI: C ╩ WT⁸TICAM-1 KO ⱴ►☻⌐ ⇔⁸6

⌐ ╩ ⇔⁸RNA ╩ ⇔√⁹ PCR ⌐╟╡ ─ IFN-! (B), 
IFN-#2(C), IFN-#4(D), IFN-" 2/3(E)─ mRNA ╩ ⇔√ 
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Figure S1

Type I IFN production in response to polyI:C stimulation. 

(A) Wild-type and TICAM-1 KO BM-Mf were stimulated with 50 $g of polyI:C (without transfection), and

 IFN-! , " 2, " 4, and #2/3 expressions were determined by RT-qPCR. 

(B-E) 50 $g of PolyI:C was i.p. injected into wild-type and TICAM-1 KO mice. Six hours after injection, 

the tissues were isolated, and total RNA was extracted. The expression of IFN-!  (B), " 2 (C), " 4 (D), and 

#2/3 (E) in indicated tissues were measured by RT-qPCR. 
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1.2 IPS-1 ⌐╟╢ I IFN⁸III IFN  

(A,B) HEK293 ⌐ TICAM-1⁸IPS-1 ⱬ◒♃כ╩ IFN! -luc(A), 
IFN-" 1-luc(B)꜠ⱳכ♃כⱪꜝ☻Ⱶ♪≤╙⌐ Lipofectamine 2000 ╩ ™≡

transfection ⇔√⁹24 ꜟ◦ⱨ▼ꜝכ♀ ╩ ⇔√⁹ 
(C) HEK293 ⌐ TICAM-1 ⱬ◒♃כ╩ IFN-! -luc⁸IFN-" 1-luc⁸
IFN-" 2/3-luc ꜠ⱳכ♃כⱪꜝ☻Ⱶ♪≤╙⌐ Lipofectamine 2000 ╩ ™≡

transfection ⇔√⁹24 ⁸ꜟ◦ⱨ▼ꜝכ♀ ╩ ⇔√⁹ 
(D) HEK293 ⌐ IPS-1 ⱬ◒♃כ╩ IFN-! -luc⁸IFN-" 1-luc⁸
IFN-" 2/3-luc ꜠ⱳכ♃כⱪꜝ☻Ⱶ♪≤╙⌐ Lipofectamine 2000 ╩ ™≡

transfection ⇔√⁹24 ⁸ꜟ◦ⱨ▼ꜝכ♀ ╩ ⇔√⁹ 
  

3500

3000

2500

2000

1500

1000

500

0

V
ec

F
ul

l-l
en

gt
h

!
50

!
10

0
!

15
0

!
23

0
!

29
8

!
38

6
�5

�*
�3

�/�
��5

�*
�3

IFN-"  reporter

F
ol

d 
in

cr
ea

se

2500

2000

1500

1000

500

0

F
ol

d 
in

cr
ea

se

V
ec

F
ul

l-l
en

gt
h

!
50

!
10

0
!

15
0

!
23

0
!

29
8

!
38

6
�5

�*
�3

�/�
��5

�*
�3

IFN-#1 reporter

Full-length

! 50

! 100

! 150

! 230

! 298

! 386

�5�*�3

�/���5�*�3

399 527

556

712
TIR

TIR

TIR

TIR

TIR

TIR

TIR

TIR

TIR

C

V
ec

F
ul

l-l
en

gt
h

!
50

!
10

0
!

15
0

!
23

0
!

29
8

!
38

6
�5

�*
�3

�/�
��5

�*
�3

800

700

600

500

400

300

200

100

0

IFN-#2/3 reporter

F
ol

d 
in

cr
ea

se
70

60

50

40

30

20

10

0

80

70

60

50

40

30

20

10

0

250

200

150

100

50

0

V
ec

F
ul

l-l
en

gt
h

IP
S

-1
 !

T
M

V
ec

F
ul

l-l
en

gt
h

IP
S

-1
 !

T
M

V
ec

F
ul

l-l
en

gt
h

IP
S

-1
 !

T
M

F
ol

d 
in

cr
ea

se

F
ol

d 
in

cr
ea

se

F
ol

d 
in

cr
ea

se

IFN-"  reporter IFN-#1 reporter IFN-#2/3 reporter

CARD
TM

Full-length

IPS-1 ! TM

TICAM-1

IPS-1
540513

513

D

Supplemental Figure S2

TICAM-1 IPS-1

450

400

350

300

250

200

150

100

50

0

F
ol

d 
in

du
ci

to
n

IFN-"  reporter

TICAM-1 IPS-1

600

500

400

300

200

100

0
F

ol
d 

in
du

ci
to

n

IFN-#1 reporterA B

Figure S2

The ability of IPS-1 to induce type I and III IFNs. 

TICAM-1 and IPS-1 expression vectors were transfected into HEK293 with p125luc (IFN-" ) (A) or pIFN-#1 luc 

(human IFN-#) (B) reporter plasmids. 24 hours after transfection, the luciferase activity was measured. 

(C) TICAM-1 fragment expression vectors were transfected into HEK293 cells with p125luc, pIFN-#1, or #2/3 

luc reporter plasmids. 24 hours after transfection, the luciferase activity was measured. 

(D) IPS-1 fragment expression vectors were transfected into HEK293 cells with p125luc, pIFN-#1, or #2/3 luc 

reporter plasmids. 24 hours after transfection, the reporter activities were measured. 
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1.3 ≢─ HCV RNA ⌐╟╢ I IFN⁸III IFN  

(A)O cell RNA, Oc cell RNA ─ HCV RNA ╩ RT-PCR ⌐╟╡ ⇔√⁹ 
(B)20 !g O cell RNA ╕√│20 !g Oc cell RNA ╩Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺

▼◒◦ꜛfi⌐╟╡ ⇔√⁹6 ⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹

─ IFN-! , IFN-#2, IFN-" 2/3 ─ mRNA ╩ PCR ⌐╟╡ ⇔√⁹  
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previously (18). All mice were maintained under speciÞc pathogen-free
conditions in the Animal Facility of the Hokkaido University Graduate
School of Medicine (Sapporo, Japan). Animal experiments were conducted
according to the guidelines established by the Animal Safety Center,
Japan.

Cell lines and reagents

Human hepatocyte cell lines O cells and O cured (Oc) cells that contained
HCV 1b replicons were provided by N. Kato (Okayama University). Mouse
hepatocyte cell line was described previously (19). PolyI:C was purchased
from GE Healthcare and dissolved in saline. An OVA (H2Kb-SL8) tetra-
mer was purchased from MBL. PE-CD80, -CD86, -NK1.1, FITC-CD8,
and allophycocyanin-CD3e Abs were purchased from BioLegend, and
PE-CD40, FITC-CD69, and allophycocyanin-CD11c Abs were from
eBioscience. An ELISA kit for IFN-b was purchased from PBL Bio-
medical Laboratories, and ELISA kits for mouse IL-28 (IFN-l 2/3) were
purchased from Abcam and eBioscience. An ELISA kit for mouse IFN-g
was purchased from eBioscience. ELISA was performed according to the
manufacturerÕs instructions. Mouse IFN-a and IFN-l 3 (IL-28B) were
purchased from Miltenyi Biotec and R&D Systems, respectively.

Cell preparation

Spleen CD8+ and CD4+ DCs were isolated using CD8+ DC isolation kit
and CD4-positive isolation kit, according to manufacturerÕs instruction
(Miltenyi Biotec). Spleen CD11c+ DCs were isolated using CD11c
microbeads. To obtain splenic double-negative (DN) DCs, CD4+ and
CD8+ cells were depleted from mouse spleen cells using CD4 and CD8
MicroBeads (Miltenyi Biotec), and then CD11c+ DCs were positively
selected using CD11c MicroBeads (Miltenyi Biotec). We conÞrmed that
. 90% of isolated cells were CD42 , CD82 , and CD11c+ DCs. Splenic NK
cells were isolated using mouse DX5 MicroBeads (Miltenyi Biotec). The
cells were analyzed by ßow cytometry on a FACSCalibur instrument (BD
Biosciences), followed by data analysis using FlowJo software.

Generation of bone marrowÐderived DCs and bone marrowÐ
derived macrophages

Bone marrow cells were prepared from the femur and tibia. The cells
were cultured in RPMI 1640 medium with 10% FCS, 100mM 2-ME, and
10 ng/ml murine GM-CSF or culture supernatant of L929 expressing
M-CSF. Medium was changed every 2 d. Six days after isolation, cells
were collected.

Hydrodynamic injection

Total RNA from the human hepatocyte cell lines O cells and Oc cells was
extracted using TRIzol reagent (Invitrogen). HCV genotype 1b 39 UTR
RNA, including the polyU/UC region, was synthesized using T7 and SP6
RNA polymerase and puriÞed with TRIzol, as described previously (20).
RNA was i.v. injected into a mouse by a hydrodynamic method using a
TransIT Hydrodynamic Gene Delivery System (Takara), according to the
manufacturerÕs instruction.

Quantitative PCR

For quantitative PCR, total RNA was extracted using TRIzol reagent
(Invitrogen), after which 0.1Ð1mg RNA was reverse transcribed using
a high-capacity cDNA transcription kit with an RNase inhibitor kit (Ap-
plied Biosystems), according to the manufacturerÕs instructions. Quanti-
tative PCR was performed using a Step One real-time PCR system (Applied
Biosystems). The expression of cytokine mRNA was normalized to that of
b-actin mRNA, and the fold increase was determined by dividing the
expressions in each sample by that of wild type at 0 h. PCR primers for
mouse IFN-l ampliÞed both IFN-l 2 andl 3 mRNA. The primer sequences
are described in Supplemental Table 1.

Activation of NK cells in vitro

NK cells and CD11c+ DCs were isolated from spleens using DX5 and
CD11c MicroBeads (Miltenyi Biotec), respectively. A total of 23 105 NK

FIGURE 1. Type I and type III IFN productions in response to HCV RNA in vivo. (A) O cell and Oc cell RNA (20mg) were hydrodynamically injected
into wild-type mice. Six hours later, mouse livers were excised, and IFN-b, a2, and -l 2/3 mRNA levels were determined by quantitative RT-PCR. (B) O cell
RNA (20 mg) with HCV replicons was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b, a2,
and -l 2/3 mRNA levels in liver were determined by quantitative RT-PCR. IFN-b protein levels in mouse livers were determined by ELISA. (C) HCV
ssRNA or HCV dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b and -l 2/3
mRNA levels in liver were determined by quantitative RT-PCR. (D) O cell RNA (20mg) with HCV replicons was hydrodynamically injected into wild-type,
TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 concentrations were determined by ELISA. (E) HCV ssRNA or HCV
dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 con-
centrations were determined by ELISA.
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1.4 ≢─ HCV RNA ⌐╟╢ IPS-1 ⌂⁸I IFN⁸III IFN

 
(A)20 !g O cell RN A╩WT, TICAM-1 KO, IPS-1 KOⱴ►☻⌐Ɫ▬♪꜡♄▬♫

Ⱶ♇◒▬fi☺▼◒◦ꜛfi⌐╟╡ ⇔√⁹6 ⁸ ╩ ⇔⁸RNA ╩

⇔√⁹ ─ IFN-! ⁸IFN#2⁸IFN-" 2/3 ─ mRNA ╩ PCR ⌐╟

╡ ⇔√⁹╕√⁸ ╩ RIPA buffer ⌐╟╡ ⇔⁸ ╩ ™≡⁸

ELISA ⌐╟╡ IFN-! ╩ ⇔√⁹ 
(B)5 !g HCV ssRNA ╕√│ 5 !g HCV dsRNA ╩ WT, TICAM-1 KO, IPS-1 
KO ⱴ►☻⌐Ɫ▬♪꜡♄▬♫Ⱶ♇◒▬fi☺▼◒◦ꜛfi⌐╟╡ ⇔√⁹6
⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹ ─ IFN-! ⁸IFN-" 2/3 ─ mRNA
╩ PCR ⌐╟╡ ⇔√⁹ 

 

previously (18). All mice were maintained under speciÞc pathogen-free
conditions in the Animal Facility of the Hokkaido University Graduate
School of Medicine (Sapporo, Japan). Animal experiments were conducted
according to the guidelines established by the Animal Safety Center,
Japan.

Cell lines and reagents

Human hepatocyte cell lines O cells and O cured (Oc) cells that contained
HCV 1b replicons were provided by N. Kato (Okayama University). Mouse
hepatocyte cell line was described previously (19). PolyI:C was purchased
from GE Healthcare and dissolved in saline. An OVA (H2Kb-SL8) tetra-
mer was purchased from MBL. PE-CD80, -CD86, -NK1.1, FITC-CD8,
and allophycocyanin-CD3e Abs were purchased from BioLegend, and
PE-CD40, FITC-CD69, and allophycocyanin-CD11c Abs were from
eBioscience. An ELISA kit for IFN-b was purchased from PBL Bio-
medical Laboratories, and ELISA kits for mouse IL-28 (IFN-l 2/3) were
purchased from Abcam and eBioscience. An ELISA kit for mouse IFN-g
was purchased from eBioscience. ELISA was performed according to the
manufacturerÕs instructions. Mouse IFN-a and IFN-l 3 (IL-28B) were
purchased from Miltenyi Biotec and R&D Systems, respectively.

Cell preparation

Spleen CD8+ and CD4+ DCs were isolated using CD8+ DC isolation kit
and CD4-positive isolation kit, according to manufacturerÕs instruction
(Miltenyi Biotec). Spleen CD11c+ DCs were isolated using CD11c
microbeads. To obtain splenic double-negative (DN) DCs, CD4+ and
CD8+ cells were depleted from mouse spleen cells using CD4 and CD8
MicroBeads (Miltenyi Biotec), and then CD11c+ DCs were positively
selected using CD11c MicroBeads (Miltenyi Biotec). We conÞrmed that
. 90% of isolated cells were CD42 , CD82 , and CD11c+ DCs. Splenic NK
cells were isolated using mouse DX5 MicroBeads (Miltenyi Biotec). The
cells were analyzed by ßow cytometry on a FACSCalibur instrument (BD
Biosciences), followed by data analysis using FlowJo software.

Generation of bone marrowÐderived DCs and bone marrowÐ
derived macrophages

Bone marrow cells were prepared from the femur and tibia. The cells
were cultured in RPMI 1640 medium with 10% FCS, 100mM 2-ME, and
10 ng/ml murine GM-CSF or culture supernatant of L929 expressing
M-CSF. Medium was changed every 2 d. Six days after isolation, cells
were collected.

Hydrodynamic injection

Total RNA from the human hepatocyte cell lines O cells and Oc cells was
extracted using TRIzol reagent (Invitrogen). HCV genotype 1b 39 UTR
RNA, including the polyU/UC region, was synthesized using T7 and SP6
RNA polymerase and puriÞed with TRIzol, as described previously (20).
RNA was i.v. injected into a mouse by a hydrodynamic method using a
TransIT Hydrodynamic Gene Delivery System (Takara), according to the
manufacturerÕs instruction.

Quantitative PCR

For quantitative PCR, total RNA was extracted using TRIzol reagent
(Invitrogen), after which 0.1Ð1mg RNA was reverse transcribed using
a high-capacity cDNA transcription kit with an RNase inhibitor kit (Ap-
plied Biosystems), according to the manufacturerÕs instructions. Quanti-
tative PCR was performed using a Step One real-time PCR system (Applied
Biosystems). The expression of cytokine mRNA was normalized to that of
b-actin mRNA, and the fold increase was determined by dividing the
expressions in each sample by that of wild type at 0 h. PCR primers for
mouse IFN-l ampliÞed both IFN-l 2 andl 3 mRNA. The primer sequences
are described in Supplemental Table 1.

Activation of NK cells in vitro

NK cells and CD11c+ DCs were isolated from spleens using DX5 and
CD11c MicroBeads (Miltenyi Biotec), respectively. A total of 23 105 NK

FIGURE 1. Type I and type III IFN productions in response to HCV RNA in vivo. (A) O cell and Oc cell RNA (20mg) were hydrodynamically injected
into wild-type mice. Six hours later, mouse livers were excised, and IFN-b, a2, and -l 2/3 mRNA levels were determined by quantitative RT-PCR. (B) O cell
RNA (20 mg) with HCV replicons was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b, a2,
and -l 2/3 mRNA levels in liver were determined by quantitative RT-PCR. IFN-b protein levels in mouse livers were determined by ELISA. (C) HCV
ssRNA or HCV dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b and -l 2/3
mRNA levels in liver were determined by quantitative RT-PCR. (D) O cell RNA (20mg) with HCV replicons was hydrodynamically injected into wild-type,
TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 concentrations were determined by ELISA. (E) HCV ssRNA or HCV
dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 con-
centrations were determined by ELISA.
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previously (18). All mice were maintained under speciÞc pathogen-free
conditions in the Animal Facility of the Hokkaido University Graduate
School of Medicine (Sapporo, Japan). Animal experiments were conducted
according to the guidelines established by the Animal Safety Center,
Japan.

Cell lines and reagents

Human hepatocyte cell lines O cells and O cured (Oc) cells that contained
HCV 1b replicons were provided by N. Kato (Okayama University). Mouse
hepatocyte cell line was described previously (19). PolyI:C was purchased
from GE Healthcare and dissolved in saline. An OVA (H2Kb-SL8) tetra-
mer was purchased from MBL. PE-CD80, -CD86, -NK1.1, FITC-CD8,
and allophycocyanin-CD3e Abs were purchased from BioLegend, and
PE-CD40, FITC-CD69, and allophycocyanin-CD11c Abs were from
eBioscience. An ELISA kit for IFN-b was purchased from PBL Bio-
medical Laboratories, and ELISA kits for mouse IL-28 (IFN-l 2/3) were
purchased from Abcam and eBioscience. An ELISA kit for mouse IFN-g
was purchased from eBioscience. ELISA was performed according to the
manufacturerÕs instructions. Mouse IFN-a and IFN-l 3 (IL-28B) were
purchased from Miltenyi Biotec and R&D Systems, respectively.

Cell preparation

Spleen CD8+ and CD4+ DCs were isolated using CD8+ DC isolation kit
and CD4-positive isolation kit, according to manufacturerÕs instruction
(Miltenyi Biotec). Spleen CD11c+ DCs were isolated using CD11c
microbeads. To obtain splenic double-negative (DN) DCs, CD4+ and
CD8+ cells were depleted from mouse spleen cells using CD4 and CD8
MicroBeads (Miltenyi Biotec), and then CD11c+ DCs were positively
selected using CD11c MicroBeads (Miltenyi Biotec). We conÞrmed that
. 90% of isolated cells were CD42 , CD82 , and CD11c+ DCs. Splenic NK
cells were isolated using mouse DX5 MicroBeads (Miltenyi Biotec). The
cells were analyzed by ßow cytometry on a FACSCalibur instrument (BD
Biosciences), followed by data analysis using FlowJo software.

Generation of bone marrowÐderived DCs and bone marrowÐ
derived macrophages

Bone marrow cells were prepared from the femur and tibia. The cells
were cultured in RPMI 1640 medium with 10% FCS, 100mM 2-ME, and
10 ng/ml murine GM-CSF or culture supernatant of L929 expressing
M-CSF. Medium was changed every 2 d. Six days after isolation, cells
were collected.

Hydrodynamic injection

Total RNA from the human hepatocyte cell lines O cells and Oc cells was
extracted using TRIzol reagent (Invitrogen). HCV genotype 1b 39 UTR
RNA, including the polyU/UC region, was synthesized using T7 and SP6
RNA polymerase and puriÞed with TRIzol, as described previously (20).
RNA was i.v. injected into a mouse by a hydrodynamic method using a
TransIT Hydrodynamic Gene Delivery System (Takara), according to the
manufacturerÕs instruction.

Quantitative PCR

For quantitative PCR, total RNA was extracted using TRIzol reagent
(Invitrogen), after which 0.1Ð1mg RNA was reverse transcribed using
a high-capacity cDNA transcription kit with an RNase inhibitor kit (Ap-
plied Biosystems), according to the manufacturerÕs instructions. Quanti-
tative PCR was performed using a Step One real-time PCR system (Applied
Biosystems). The expression of cytokine mRNA was normalized to that of
b-actin mRNA, and the fold increase was determined by dividing the
expressions in each sample by that of wild type at 0 h. PCR primers for
mouse IFN-l ampliÞed both IFN-l 2 andl 3 mRNA. The primer sequences
are described in Supplemental Table 1.

Activation of NK cells in vitro

NK cells and CD11c+ DCs were isolated from spleens using DX5 and
CD11c MicroBeads (Miltenyi Biotec), respectively. A total of 23 105 NK

FIGURE 1. Type I and type III IFN productions in response to HCV RNA in vivo. (A) O cell and Oc cell RNA (20mg) were hydrodynamically injected
into wild-type mice. Six hours later, mouse livers were excised, and IFN-b, a2, and -l 2/3 mRNA levels were determined by quantitative RT-PCR. (B) O cell
RNA (20 mg) with HCV replicons was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b, a2,
and -l 2/3 mRNA levels in liver were determined by quantitative RT-PCR. IFN-b protein levels in mouse livers were determined by ELISA. (C) HCV
ssRNA or HCV dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, IFN-b and -l 2/3
mRNA levels in liver were determined by quantitative RT-PCR. (D) O cell RNA (20mg) with HCV replicons was hydrodynamically injected into wild-type,
TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 concentrations were determined by ELISA. (E) HCV ssRNA or HCV
dsRNA (5mg) was hydrodynamically injected into wild-type, TICAM-1 KO, and IPS-1 KO mice. Six hours after injection, serum IFN-b and -l 2/3 con-
centrations were determined by ELISA.
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1.5 ⱴ►☻ ≢─ HCV RNA ⌐ ∆╢ III IFN  

 
WT⁸TICAM-1 KO, IPS-1 KO ⱴ►☻⅛╠ ╩ ⇔⁸1 !g O cell RNA
╩ Li[pofectamine 2000 ╩ ™≡ ⌐ ⇔√⁹6 ⁸ ╩ ⇔⁸

RNA ╩ ⇔√⁹ PCR ⌐╟╡ IFN-! ⁸IFN-" 2/3 ─ mRNA ╩ ⇔
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1.6 CD8+DC ⌐╟╢ III IFN ─  

 
(A,B)ⱴ►☻ ╟╡ ⇔√ CD8+DC⁸CD4+DC⁸DNDC ─ ⌐ O 
cell RNA ╕√│ polyI:C ╩ 20 !g (addition)№╢™│ Lipofectamine 2000
⌐╟╡⁸1 µg (transfection)⇔√⁹6 ⁸ ─ RNA ╩ ⇔⁸

PCR ⌐╟╡⁸IFN-! (A), IFN-" 2/3(B)─ mRNA ╩ ⇔√⁹ 
(C,D) WT, TICAM-1 KO, IPS-1 KO ⱴ►☻ ╟╡ ⇔√ CD8+DC ─

⌐O cell RNA╩ 20 !g (addition)№╢™│Lipofectamine2000⌐╟

╡⁸1µg (transfection)⇔√⁹6 ⁸ ─ RNA ╩ ⇔⁸ PCR
⌐╟╡⁸IFN-! (C), IFN-" 2/3(D)─ mRNA ╩ ⇔√⁹ 
  

(2) previously used a hydrodynamic assay to assess the role of
RIG-I in type I IFN production in response to HCV RNA in vivo.
Thus, to investigate the response to HCV RNA in vivo, we also
used a hydrodynamic assay. We used RNA extracted from hepa-
tocyte cell lines, O cells and Oc cells. O cells are derived from
HuH-7 cells and contain HCV 1b full-length replicons (22). Oc
cells were obtained by eliminating these replicons using IFN-a
treatment (22). RNAs extracted from O cells (with HCV RNA)
and Oc cells (without HCV RNA) were hydrodynamically injected
into mouse livers, after which the cytokine expressions in mouse
livers were determined. In wild-type mouse liver, O cell but
not Oc cell RNA induced IFN-a2, b, and l mRNA expression
(Fig. 1A), which indicated that these cytokines were expressed in
response to HCV RNAs within O cells that contained the HCV
genome and replication intermediates in hepatocyte. Knockout
of IPS-1 severely reduced IFN-b anda2 mRNA expressions in
mouse liver in response to hydrodynamically injected O cell RNA
(Fig. 1B). IFN-b protein level in mouse liver was also reduced by
IPS-1 knockout (Fig. 1B). Although TICAM-1 was essential for
IFN-l 2/3 mRNA expression in liver in response to i.p. injected
polyI:C (Supplemental Fig. 1), TICAM-1 was dispensable for
IFN-l 2/3 mRNA expression in response to hydrodynamically
injected O cell RNA (Fig. 1B). In contrast, IPS-1 was essential
for IFN-l 2/3 mRNA expression in response to hydrodynami-
cally injected O cell RNA (Fig. 1B). A requirement for IPS-1 for
IFN-l 2/3 mRNA expression in the liver was also found when
in vitro synthesized HCV dsRNAs and ssRNAs were used for the
hydrodynamic assay (Fig. 1C). These results suggested that IPS-1
plays a crucial role in type III IFN production in response to HCV
RNA in vivo.

To corroborate the role of IPS-1 in type III IFN production, we
next measured serum IFN-l and -b levels in response to hydro-
dynamic injection of O cell RNA, HCV ssRNA, and HCV dsRNA.
Interestingly, IPS-1 KO markedly reduced serum IFN-l 2/3 levels
(Fig. 1D, 1E). Unexpectedly, TICAM-1 KO also reduced serum
IFN-l levels (Fig. 1D, 1E). Because TICAM-1 was dispensable
for IFN-l mRNA expression in the liver, it is possible that serum
IFN-l was produced from DCs in other tissues in a TICAM-1Ð
dependent manner, as described below. Our data indicated that
both TICAM-1 and IPS-1 are essential for type III IFN in response
to HCV RNA in vivo. When polyI:C was hydrodynamically injec-
ted, knockout of TICAM-1 or IPS-1 moderately reduced IFN-l 2/3
levels in sera (Supplemental Fig. 3).

DCs produce type III IFN through an IPS-1Ðdependent
pathway in response to cytoplasmic HCV RNA

HCV proteins and minus strands of its genome are detected in DCs
and macrophages (Mfs) of chronically HCV-infected patients (23,
24), and recent study showed that DCs produce type I and III IFNs
in response to HCV (17, 25). Thus, we assessed the role of IPS-1
in type III IFN production by DCs and Mfs in response to HCV
RNA. Surprisingly, adding O cell RNA into the culture medium
did not induce any IFN-b and -l 2/3 mRNA expression (Fig. 2A),
whereas adding polyI:C into culture medium efÞciently induced
IFN-b and -l 2/3 mRNA expression (Fig. 2B), and TICAM-1 KO
abolished the IFN-l 2/3 mRNA expression in bone marrowÐde-
rived DCs (BM-DCs) and BM-Mfs (Fig. 2B). It has been shown
that polyI:C is preferentially internalized and activates TLR3 in
human monocyte-derived DCs, whereas in vitro transcribed viral
dsRNA hardly induced IFN-b production in monocyte-derived
DCs (26). Thus, there is a possibility that, unlike polyI:C, TLR3
ligand in O cell RNA was not delivered to endosome where TLR3
is localized. Next, cells were stimulated with O cell RNA or polyI:C
by transfection. BM-DCs and BM-Mfs expressed IFN-b and -l 2/3

FIGURE 3. Type III IFN production by CD8+ DCs. (A andB) CD4+, CD8+,
and DN DCs were isolated from mouse spleens and stimulated with 20mg O cell
RNA without transfection or stimulated with 1mg O cell RNA by transfection
for 6 h. IFN-b (A) and -l 2/3 (B) mRNA levels were determined by quantitative
RT-PCR. (C andD) CD8+ DCs were isolated from wild-type, TICAM-1 KO,
or IPS-1 KO mouse spleens. O cell RNA (20mg) was added to the culture me-
dium, or 1mg O cell RNA was transfected into CD8+ DCs. Six hours after
transfection, IFN-b (C) and -l 2/3 (D) mRNA levels were determined by
quantitative RT-PCR.
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(2) previously used a hydrodynamic assay to assess the role of
RIG-I in type I IFN production in response to HCV RNA in vivo.
Thus, to investigate the response to HCV RNA in vivo, we also
used a hydrodynamic assay. We used RNA extracted from hepa-
tocyte cell lines, O cells and Oc cells. O cells are derived from
HuH-7 cells and contain HCV 1b full-length replicons (22). Oc
cells were obtained by eliminating these replicons using IFN-a
treatment (22). RNAs extracted from O cells (with HCV RNA)
and Oc cells (without HCV RNA) were hydrodynamically injected
into mouse livers, after which the cytokine expressions in mouse
livers were determined. In wild-type mouse liver, O cell but
not Oc cell RNA induced IFN-a2, b, and l mRNA expression
(Fig. 1A), which indicated that these cytokines were expressed in
response to HCV RNAs within O cells that contained the HCV
genome and replication intermediates in hepatocyte. Knockout
of IPS-1 severely reduced IFN-b anda2 mRNA expressions in
mouse liver in response to hydrodynamically injected O cell RNA
(Fig. 1B). IFN-b protein level in mouse liver was also reduced by
IPS-1 knockout (Fig. 1B). Although TICAM-1 was essential for
IFN-l 2/3 mRNA expression in liver in response to i.p. injected
polyI:C (Supplemental Fig. 1), TICAM-1 was dispensable for
IFN-l 2/3 mRNA expression in response to hydrodynamically
injected O cell RNA (Fig. 1B). In contrast, IPS-1 was essential
for IFN-l 2/3 mRNA expression in response to hydrodynami-
cally injected O cell RNA (Fig. 1B). A requirement for IPS-1 for
IFN-l 2/3 mRNA expression in the liver was also found when
in vitro synthesized HCV dsRNAs and ssRNAs were used for the
hydrodynamic assay (Fig. 1C). These results suggested that IPS-1
plays a crucial role in type III IFN production in response to HCV
RNA in vivo.

To corroborate the role of IPS-1 in type III IFN production, we
next measured serum IFN-l and -b levels in response to hydro-
dynamic injection of O cell RNA, HCV ssRNA, and HCV dsRNA.
Interestingly, IPS-1 KO markedly reduced serum IFN-l 2/3 levels
(Fig. 1D, 1E). Unexpectedly, TICAM-1 KO also reduced serum
IFN-l levels (Fig. 1D, 1E). Because TICAM-1 was dispensable
for IFN-l mRNA expression in the liver, it is possible that serum
IFN-l was produced from DCs in other tissues in a TICAM-1Ð
dependent manner, as described below. Our data indicated that
both TICAM-1 and IPS-1 are essential for type III IFN in response
to HCV RNA in vivo. When polyI:C was hydrodynamically injec-
ted, knockout of TICAM-1 or IPS-1 moderately reduced IFN-l 2/3
levels in sera (Supplemental Fig. 3).

DCs produce type III IFN through an IPS-1Ðdependent
pathway in response to cytoplasmic HCV RNA

HCV proteins and minus strands of its genome are detected in DCs
and macrophages (Mfs) of chronically HCV-infected patients (23,
24), and recent study showed that DCs produce type I and III IFNs
in response to HCV (17, 25). Thus, we assessed the role of IPS-1
in type III IFN production by DCs and Mfs in response to HCV
RNA. Surprisingly, adding O cell RNA into the culture medium
did not induce any IFN-b and -l 2/3 mRNA expression (Fig. 2A),
whereas adding polyI:C into culture medium efÞciently induced
IFN-b and -l 2/3 mRNA expression (Fig. 2B), and TICAM-1 KO
abolished the IFN-l 2/3 mRNA expression in bone marrowÐde-
rived DCs (BM-DCs) and BM-Mfs (Fig. 2B). It has been shown
that polyI:C is preferentially internalized and activates TLR3 in
human monocyte-derived DCs, whereas in vitro transcribed viral
dsRNA hardly induced IFN-b production in monocyte-derived
DCs (26). Thus, there is a possibility that, unlike polyI:C, TLR3
ligand in O cell RNA was not delivered to endosome where TLR3
is localized. Next, cells were stimulated with O cell RNA or polyI:C
by transfection. BM-DCs and BM-Mfs expressed IFN-b and -l 2/3

FIGURE 3. Type III IFN production by CD8+ DCs. (A andB) CD4+, CD8+,
and DN DCs were isolated from mouse spleens and stimulated with 20mg O cell
RNA without transfection or stimulated with 1mg O cell RNA by transfection
for 6 h. IFN-b (A) and -l 2/3 (B) mRNA levels were determined by quantitative
RT-PCR. (C andD) CD8+ DCs were isolated from wild-type, TICAM-1 KO,
or IPS-1 KO mouse spleens. O cell RNA (20mg) was added to the culture me-
dium, or 1mg O cell RNA was transfected into CD8+ DCs. Six hours after
transfection, IFN-b (C) and -l 2/3 (D) mRNA levels were determined by
quantitative RT-PCR.
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mRNAs in response to O cell RNA and polyI:C (Fig. 2C, 2D).
IPS-1 KO severely reduced IFN-l 2/3 mRNA expression in BM-
DCs and BM-Mfs in response toO cell RNA (Fig. 2C). These
results indicated that IPS-1 in BM-DCs and BM-Mfs plays a cru-
cial role in IFN-l 2/3 mRNA expression in response to cytoplasmic
HCV RNA.

Mice have CD4+, CD8+, and DN DCs. Thus, we next examined
the IFN-b and -l 2/3 mRNA expression in these mouse DC sub-
sets. As seen with BM-DCs, the mouse DCs expressed IFN-b and
-l 2/3 mRNA in response to polyI:C but not O cell RNA in the
culture medium, whereas stimulation with polyI:C or O cell RNA
by transfection strongly induced their expression (Fig. 3A, 3B).
Interestingly, CD8+ DCs highly expressed IFN-l 2/3 mRNA in
response to stimulation with polyI:C or O cell RNA by transfec-
tion compared with CD4+ and DN DCs (Fig. 3A, 3B), and IPS-1
KO but not TICAM-1 KO severely reduced IFN-l 2/3 expression
in CD8+ DCs in response to O cell RNA transfection (Fig. 3C,
3D). This indicated that IPS-1 was essential for IFN-l 2/3 mRNA
expression in CD8+ DCs in response to cytoplasmic HCV RNA.

It was recently reported that exosomes mediate cell-to-cell
transfer of HCV RNA from infected cells to cocultured DCs
(27). We examined the production of IFN-b and -l 2/3 by CD8+

DCs that were cocultured with O cells and Oc cells. Coculture
with O cells but not Oc cells induced IFN-b and -l 2/3 production
by CD8+ DCs (Fig. 4A, 4B). Interestingly, TICAM-1 KO abol-
ished IFN-l 2/3 mRNA expression and protein production,
whereas IPS-1 KO failed to reduce IFN-l 2/3 mRNA expression
and protein production in CD8+ DCs (Fig. 4C, 4D). This sug-
gested that TICAM-1 but not IPS-1 was essential for IFN-l 2/3
production by CD8+ DCs when cocultured with hepatocytes with
HCV replicons.

Type III IFN increases RIG-I expression in CD8+ DC

The receptor for type III IFN consists of IL-10RB and IL-28Ra
subunits (8). DN and CD4+ DCs and NK cells did not express IL-
28Ra mRNA, whereas CD8+ DCs expressed both IL-10RB and
IL-28Ra mRNAs (Fig. 5A). Thus, we investigated the effects of
IFN-l on DC function.

First, we examined DC cell surface markers. Unlike IFN-a, IFN-
l 3 hardly increased CD40, 80, and 86 surface marker expressions
on CD8+ DCs (Fig. 5B). Second, we examined the effects of IFN-
l 3 on cross-priming because CD8+ DCs have high cross-priming
capability. OVA, IFN-a, and/or IFN-l 3 were i.p. injected into
mice according to the indicated schedules (Fig. 5C). Seven days
after injection, OVA (SL8)-speciÞc CD8+ T cells in spleens were
quantiÞed by tetramer staining. For a positive control, OVA and
polyI:C were i.p. injected into mice. The results showed that IFN-

l 3 failed to increase OVA-speciÞc CD8+ T cells in the spleens and
suggested that IFN-l 3 failed to promote cross-priming at least in
our experimental condition (Fig. 5C).

Third, we examined NK cell activation by DCs. NK cells and
DCs were isolated from mouse spleens and were cocultured for
24 h in the presence of IFN-a, l 3, or polyI:C. Although IFN-g
production was increased by IFN-a stimulation, IFN-l 3 failed to
increase IFN-g production (Fig. 5D). Next, we investigated a cell
surface marker for NK cells when cocultured with DCs. The ex-
pression of CD69, a NK cell activation marker, was not increased
by IFN-l 3 stimulation (Fig. 5E). These results indicated that,
unlike IFN-a, IFN-l 3 failed to enhance the activation of NK cells
by DCs.

Fourth, we investigated the expression of antiviral genes in CD8+

DCs in response to IFN-l 3 stimulation. Interestingly, IFN-l 3
stimulation increased RIG-I and Mx1 but not TLR3 mRNA ex-
pression in CD8+ DCs (Fig. 6A). In addition, pretreatment with
IFN-l 3 augmented IFN-l 2/3 mRNA expression in CD8+ DCs in
response to HCV RNA (Fig. 6B). Taken together, type III IFN
induced RIG-I and antiviral protein expression but failed to pro-
mote DC-mediated NK cell activation and cross-priming.

Hepatocytes express type III IFN receptors. Thus, we examined
the effects of IFN-l on mouse hepatocytes. As with IFN-a, IFN-l 3
stimulation induced both TLR3 and RIG-I mRNA expression
in mouse hepatocyte (Fig. 6C). Antiviral nucleases, ISG20 and
RNaseL, and an IFN-inducible gene, Mx1, were induced by IFN-
l 3 or IFN-a treatment (Fig. 6C). Pretreating mouse hepatocytes
with IFN-l 3 enhanced IFN-b and -l 2/3 mRNA expression in
response to stimulation with HCV RNA by transfection (Fig. 6D).
These results indicated that IFN-l 3 induced cytoplasmic antivirus
protein expression in mouse hepatocytes. We conÞrmed that IFN-
l 3 treatment signiÞcantly reduced HCV RNA levels in O cells
with HCV replicons (Fig. 6E). A previous study also reported that
IFN-l inhibits HCV replication (13).

Discussion
Previous studies have established the importance of the TLR3
pathway for type III IFN production in response to polyI:C (15)
or HCV (17). In this study, we established the importance of IPS-
1Ðdependent pathway for type III IFN production in response to
cytoplasmic HCV RNA in vivo and in vitro using a mouse model.
These data indicated that there are at least two main pathways for
type III IFN production in vivo, as follows: one is TICAM-1 de-
pendent, and the other is IPS-1 dependent.

We revealed that IFN-l was efÞciently produced by CD8+ DCs,
the mouse counterpart of human BDCA3+ DCs, in response to

FIGURE 4. IFN-b and Ðl production by CD8+ DCs cocultured with hepatocytes with HCV replicons. (A andB) CD8+ DCs isolated from wild-type
spleens were cocultured with O cells (with HCV replicons) or Oc cells (without HCV replicons). After 24 h of coculture, IFN-b (A) and Ðl 2/3 (B)
concentrations in culture medium were determined by ELISA. (C) CD8+ DCs isolated from wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured
with O cells with HCV replicons for six hours, and then IFN-b and Ðl 2/3 mRNA expression was determined by RT-qPCR. (D) CD8+ DCs isolated from
wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured with O cells with HCV replicons. IFN-b and Ðl 2/3 concentrations in culture medium were
determined by ELISA.
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 mRNAs in response to O cell RNA and polyI:C (Fig. 2C, 2D).

IPS-1 KO severely reduced IFN-l 2/3 mRNA expression in BM-
DCs and BM-Mfs in response toO cell RNA (Fig. 2C). These
results indicated that IPS-1 in BM-DCs and BM-Mfs plays a cru-
cial role in IFN-l 2/3 mRNA expression in response to cytoplasmic
HCV RNA.

Mice have CD4+, CD8+, and DN DCs. Thus, we next examined
the IFN-b and -l 2/3 mRNA expression in these mouse DC sub-
sets. As seen with BM-DCs, the mouse DCs expressed IFN-b and
-l 2/3 mRNA in response to polyI:C but not O cell RNA in the
culture medium, whereas stimulation with polyI:C or O cell RNA
by transfection strongly induced their expression (Fig. 3A, 3B).
Interestingly, CD8+ DCs highly expressed IFN-l 2/3 mRNA in
response to stimulation with polyI:C or O cell RNA by transfec-
tion compared with CD4+ and DN DCs (Fig. 3A, 3B), and IPS-1
KO but not TICAM-1 KO severely reduced IFN-l 2/3 expression
in CD8+ DCs in response to O cell RNA transfection (Fig. 3C,
3D). This indicated that IPS-1 was essential for IFN-l 2/3 mRNA
expression in CD8+ DCs in response to cytoplasmic HCV RNA.

It was recently reported that exosomes mediate cell-to-cell
transfer of HCV RNA from infected cells to cocultured DCs
(27). We examined the production of IFN-b and -l 2/3 by CD8+

DCs that were cocultured with O cells and Oc cells. Coculture
with O cells but not Oc cells induced IFN-b and -l 2/3 production
by CD8+ DCs (Fig. 4A, 4B). Interestingly, TICAM-1 KO abol-
ished IFN-l 2/3 mRNA expression and protein production,
whereas IPS-1 KO failed to reduce IFN-l 2/3 mRNA expression
and protein production in CD8+ DCs (Fig. 4C, 4D). This sug-
gested that TICAM-1 but not IPS-1 was essential for IFN-l 2/3
production by CD8+ DCs when cocultured with hepatocytes with
HCV replicons.

Type III IFN increases RIG-I expression in CD8+ DC

The receptor for type III IFN consists of IL-10RB and IL-28Ra
subunits (8). DN and CD4+ DCs and NK cells did not express IL-
28Ra mRNA, whereas CD8+ DCs expressed both IL-10RB and
IL-28Ra mRNAs (Fig. 5A). Thus, we investigated the effects of
IFN-l on DC function.

First, we examined DC cell surface markers. Unlike IFN-a, IFN-
l 3 hardly increased CD40, 80, and 86 surface marker expressions
on CD8+ DCs (Fig. 5B). Second, we examined the effects of IFN-
l 3 on cross-priming because CD8+ DCs have high cross-priming
capability. OVA, IFN-a, and/or IFN-l 3 were i.p. injected into
mice according to the indicated schedules (Fig. 5C). Seven days
after injection, OVA (SL8)-speciÞc CD8+ T cells in spleens were
quantiÞed by tetramer staining. For a positive control, OVA and
polyI:C were i.p. injected into mice. The results showed that IFN-

l 3 failed to increase OVA-speciÞc CD8+ T cells in the spleens and
suggested that IFN-l 3 failed to promote cross-priming at least in
our experimental condition (Fig. 5C).

Third, we examined NK cell activation by DCs. NK cells and
DCs were isolated from mouse spleens and were cocultured for
24 h in the presence of IFN-a, l 3, or polyI:C. Although IFN-g
production was increased by IFN-a stimulation, IFN-l 3 failed to
increase IFN-g production (Fig. 5D). Next, we investigated a cell
surface marker for NK cells when cocultured with DCs. The ex-
pression of CD69, a NK cell activation marker, was not increased
by IFN-l 3 stimulation (Fig. 5E). These results indicated that,
unlike IFN-a, IFN-l 3 failed to enhance the activation of NK cells
by DCs.

Fourth, we investigated the expression of antiviral genes in CD8+

DCs in response to IFN-l 3 stimulation. Interestingly, IFN-l 3
stimulation increased RIG-I and Mx1 but not TLR3 mRNA ex-
pression in CD8+ DCs (Fig. 6A). In addition, pretreatment with
IFN-l 3 augmented IFN-l 2/3 mRNA expression in CD8+ DCs in
response to HCV RNA (Fig. 6B). Taken together, type III IFN
induced RIG-I and antiviral protein expression but failed to pro-
mote DC-mediated NK cell activation and cross-priming.

Hepatocytes express type III IFN receptors. Thus, we examined
the effects of IFN-l on mouse hepatocytes. As with IFN-a, IFN-l 3
stimulation induced both TLR3 and RIG-I mRNA expression
in mouse hepatocyte (Fig. 6C). Antiviral nucleases, ISG20 and
RNaseL, and an IFN-inducible gene, Mx1, were induced by IFN-
l 3 or IFN-a treatment (Fig. 6C). Pretreating mouse hepatocytes
with IFN-l 3 enhanced IFN-b and -l 2/3 mRNA expression in
response to stimulation with HCV RNA by transfection (Fig. 6D).
These results indicated that IFN-l 3 induced cytoplasmic antivirus
protein expression in mouse hepatocytes. We conÞrmed that IFN-
l 3 treatment signiÞcantly reduced HCV RNA levels in O cells
with HCV replicons (Fig. 6E). A previous study also reported that
IFN-l inhibits HCV replication (13).

Discussion
Previous studies have established the importance of the TLR3
pathway for type III IFN production in response to polyI:C (15)
or HCV (17). In this study, we established the importance of IPS-
1Ðdependent pathway for type III IFN production in response to
cytoplasmic HCV RNA in vivo and in vitro using a mouse model.
These data indicated that there are at least two main pathways for
type III IFN production in vivo, as follows: one is TICAM-1 de-
pendent, and the other is IPS-1 dependent.

We revealed that IFN-l was efÞciently produced by CD8+ DCs,
the mouse counterpart of human BDCA3+ DCs, in response to

FIGURE 4. IFN-b and Ðl production by CD8+ DCs cocultured with hepatocytes with HCV replicons. (A andB) CD8+ DCs isolated from wild-type
spleens were cocultured with O cells (with HCV replicons) or Oc cells (without HCV replicons). After 24 h of coculture, IFN-b (A) and Ðl 2/3 (B)
concentrations in culture medium were determined by ELISA. (C) CD8+ DCs isolated from wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured
with O cells with HCV replicons for six hours, and then IFN-b and Ðl 2/3 mRNA expression was determined by RT-qPCR. (D) CD8+ DCs isolated from
wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured with O cells with HCV replicons. IFN-b and Ðl 2/3 concentrations in culture medium were
determined by ELISA.
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mRNAs in response to O cell RNA and polyI:C (Fig. 2C, 2D).
IPS-1 KO severely reduced IFN-l 2/3 mRNA expression in BM-
DCs and BM-Mfs in response toO cell RNA (Fig. 2C). These
results indicated that IPS-1 in BM-DCs and BM-Mfs plays a cru-
cial role in IFN-l 2/3 mRNA expression in response to cytoplasmic
HCV RNA.

Mice have CD4+, CD8+, and DN DCs. Thus, we next examined
the IFN-b and -l 2/3 mRNA expression in these mouse DC sub-
sets. As seen with BM-DCs, the mouse DCs expressed IFN-b and
-l 2/3 mRNA in response to polyI:C but not O cell RNA in the
culture medium, whereas stimulation with polyI:C or O cell RNA
by transfection strongly induced their expression (Fig. 3A, 3B).
Interestingly, CD8+ DCs highly expressed IFN-l 2/3 mRNA in
response to stimulation with polyI:C or O cell RNA by transfec-
tion compared with CD4+ and DN DCs (Fig. 3A, 3B), and IPS-1
KO but not TICAM-1 KO severely reduced IFN-l 2/3 expression
in CD8+ DCs in response to O cell RNA transfection (Fig. 3C,
3D). This indicated that IPS-1 was essential for IFN-l 2/3 mRNA
expression in CD8+ DCs in response to cytoplasmic HCV RNA.

It was recently reported that exosomes mediate cell-to-cell
transfer of HCV RNA from infected cells to cocultured DCs
(27). We examined the production of IFN-b and -l 2/3 by CD8+

DCs that were cocultured with O cells and Oc cells. Coculture
with O cells but not Oc cells induced IFN-b and -l 2/3 production
by CD8+ DCs (Fig. 4A, 4B). Interestingly, TICAM-1 KO abol-
ished IFN-l 2/3 mRNA expression and protein production,
whereas IPS-1 KO failed to reduce IFN-l 2/3 mRNA expression
and protein production in CD8+ DCs (Fig. 4C, 4D). This sug-
gested that TICAM-1 but not IPS-1 was essential for IFN-l 2/3
production by CD8+ DCs when cocultured with hepatocytes with
HCV replicons.

Type III IFN increases RIG-I expression in CD8+ DC

The receptor for type III IFN consists of IL-10RB and IL-28Ra
subunits (8). DN and CD4+ DCs and NK cells did not express IL-
28Ra mRNA, whereas CD8+ DCs expressed both IL-10RB and
IL-28Ra mRNAs (Fig. 5A). Thus, we investigated the effects of
IFN-l on DC function.

First, we examined DC cell surface markers. Unlike IFN-a, IFN-
l 3 hardly increased CD40, 80, and 86 surface marker expressions
on CD8+ DCs (Fig. 5B). Second, we examined the effects of IFN-
l 3 on cross-priming because CD8+ DCs have high cross-priming
capability. OVA, IFN-a, and/or IFN-l 3 were i.p. injected into
mice according to the indicated schedules (Fig. 5C). Seven days
after injection, OVA (SL8)-speciÞc CD8+ T cells in spleens were
quantiÞed by tetramer staining. For a positive control, OVA and
polyI:C were i.p. injected into mice. The results showed that IFN-

l 3 failed to increase OVA-speciÞc CD8+ T cells in the spleens and
suggested that IFN-l 3 failed to promote cross-priming at least in
our experimental condition (Fig. 5C).

Third, we examined NK cell activation by DCs. NK cells and
DCs were isolated from mouse spleens and were cocultured for
24 h in the presence of IFN-a, l 3, or polyI:C. Although IFN-g
production was increased by IFN-a stimulation, IFN-l 3 failed to
increase IFN-g production (Fig. 5D). Next, we investigated a cell
surface marker for NK cells when cocultured with DCs. The ex-
pression of CD69, a NK cell activation marker, was not increased
by IFN-l 3 stimulation (Fig. 5E). These results indicated that,
unlike IFN-a, IFN-l 3 failed to enhance the activation of NK cells
by DCs.

Fourth, we investigated the expression of antiviral genes in CD8+

DCs in response to IFN-l 3 stimulation. Interestingly, IFN-l 3
stimulation increased RIG-I and Mx1 but not TLR3 mRNA ex-
pression in CD8+ DCs (Fig. 6A). In addition, pretreatment with
IFN-l 3 augmented IFN-l 2/3 mRNA expression in CD8+ DCs in
response to HCV RNA (Fig. 6B). Taken together, type III IFN
induced RIG-I and antiviral protein expression but failed to pro-
mote DC-mediated NK cell activation and cross-priming.

Hepatocytes express type III IFN receptors. Thus, we examined
the effects of IFN-l on mouse hepatocytes. As with IFN-a, IFN-l 3
stimulation induced both TLR3 and RIG-I mRNA expression
in mouse hepatocyte (Fig. 6C). Antiviral nucleases, ISG20 and
RNaseL, and an IFN-inducible gene, Mx1, were induced by IFN-
l 3 or IFN-a treatment (Fig. 6C). Pretreating mouse hepatocytes
with IFN-l 3 enhanced IFN-b and -l 2/3 mRNA expression in
response to stimulation with HCV RNA by transfection (Fig. 6D).
These results indicated that IFN-l 3 induced cytoplasmic antivirus
protein expression in mouse hepatocytes. We conÞrmed that IFN-
l 3 treatment signiÞcantly reduced HCV RNA levels in O cells
with HCV replicons (Fig. 6E). A previous study also reported that
IFN-l inhibits HCV replication (13).

Discussion
Previous studies have established the importance of the TLR3
pathway for type III IFN production in response to polyI:C (15)
or HCV (17). In this study, we established the importance of IPS-
1Ðdependent pathway for type III IFN production in response to
cytoplasmic HCV RNA in vivo and in vitro using a mouse model.
These data indicated that there are at least two main pathways for
type III IFN production in vivo, as follows: one is TICAM-1 de-
pendent, and the other is IPS-1 dependent.

We revealed that IFN-l was efÞciently produced by CD8+ DCs,
the mouse counterpart of human BDCA3+ DCs, in response to

FIGURE 4. IFN-b and Ðl production by CD8+ DCs cocultured with hepatocytes with HCV replicons. (A andB) CD8+ DCs isolated from wild-type
spleens were cocultured with O cells (with HCV replicons) or Oc cells (without HCV replicons). After 24 h of coculture, IFN-b (A) and Ðl 2/3 (B)
concentrations in culture medium were determined by ELISA. (C) CD8+ DCs isolated from wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured
with O cells with HCV replicons for six hours, and then IFN-b and Ðl 2/3 mRNA expression was determined by RT-qPCR. (D) CD8+ DCs isolated from
wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured with O cells with HCV replicons. IFN-b and Ðl 2/3 concentrations in culture medium were
determined by ELISA.
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exosomal RNA 

mRNAs in response to O cell RNA and polyI:C (Fig. 2C, 2D).
IPS-1 KO severely reduced IFN-l 2/3 mRNA expression in BM-
DCs and BM-Mfs in response toO cell RNA (Fig. 2C). These
results indicated that IPS-1 in BM-DCs and BM-Mfs plays a cru-
cial role in IFN-l 2/3 mRNA expression in response to cytoplasmic
HCV RNA.

Mice have CD4+, CD8+, and DN DCs. Thus, we next examined
the IFN-b and -l 2/3 mRNA expression in these mouse DC sub-
sets. As seen with BM-DCs, the mouse DCs expressed IFN-b and
-l 2/3 mRNA in response to polyI:C but not O cell RNA in the
culture medium, whereas stimulation with polyI:C or O cell RNA
by transfection strongly induced their expression (Fig. 3A, 3B).
Interestingly, CD8+ DCs highly expressed IFN-l 2/3 mRNA in
response to stimulation with polyI:C or O cell RNA by transfec-
tion compared with CD4+ and DN DCs (Fig. 3A, 3B), and IPS-1
KO but not TICAM-1 KO severely reduced IFN-l 2/3 expression
in CD8+ DCs in response to O cell RNA transfection (Fig. 3C,
3D). This indicated that IPS-1 was essential for IFN-l 2/3 mRNA
expression in CD8+ DCs in response to cytoplasmic HCV RNA.

It was recently reported that exosomes mediate cell-to-cell
transfer of HCV RNA from infected cells to cocultured DCs
(27). We examined the production of IFN-b and -l 2/3 by CD8+

DCs that were cocultured with O cells and Oc cells. Coculture
with O cells but not Oc cells induced IFN-b and -l 2/3 production
by CD8+ DCs (Fig. 4A, 4B). Interestingly, TICAM-1 KO abol-
ished IFN-l 2/3 mRNA expression and protein production,
whereas IPS-1 KO failed to reduce IFN-l 2/3 mRNA expression
and protein production in CD8+ DCs (Fig. 4C, 4D). This sug-
gested that TICAM-1 but not IPS-1 was essential for IFN-l 2/3
production by CD8+ DCs when cocultured with hepatocytes with
HCV replicons.

Type III IFN increases RIG-I expression in CD8+ DC

The receptor for type III IFN consists of IL-10RB and IL-28Ra
subunits (8). DN and CD4+ DCs and NK cells did not express IL-
28Ra mRNA, whereas CD8+ DCs expressed both IL-10RB and
IL-28Ra mRNAs (Fig. 5A). Thus, we investigated the effects of
IFN-l on DC function.

First, we examined DC cell surface markers. Unlike IFN-a, IFN-
l 3 hardly increased CD40, 80, and 86 surface marker expressions
on CD8+ DCs (Fig. 5B). Second, we examined the effects of IFN-
l 3 on cross-priming because CD8+ DCs have high cross-priming
capability. OVA, IFN-a, and/or IFN-l 3 were i.p. injected into
mice according to the indicated schedules (Fig. 5C). Seven days
after injection, OVA (SL8)-speciÞc CD8+ T cells in spleens were
quantiÞed by tetramer staining. For a positive control, OVA and
polyI:C were i.p. injected into mice. The results showed that IFN-

l 3 failed to increase OVA-speciÞc CD8+ T cells in the spleens and
suggested that IFN-l 3 failed to promote cross-priming at least in
our experimental condition (Fig. 5C).

Third, we examined NK cell activation by DCs. NK cells and
DCs were isolated from mouse spleens and were cocultured for
24 h in the presence of IFN-a, l 3, or polyI:C. Although IFN-g
production was increased by IFN-a stimulation, IFN-l 3 failed to
increase IFN-g production (Fig. 5D). Next, we investigated a cell
surface marker for NK cells when cocultured with DCs. The ex-
pression of CD69, a NK cell activation marker, was not increased
by IFN-l 3 stimulation (Fig. 5E). These results indicated that,
unlike IFN-a, IFN-l 3 failed to enhance the activation of NK cells
by DCs.

Fourth, we investigated the expression of antiviral genes in CD8+

DCs in response to IFN-l 3 stimulation. Interestingly, IFN-l 3
stimulation increased RIG-I and Mx1 but not TLR3 mRNA ex-
pression in CD8+ DCs (Fig. 6A). In addition, pretreatment with
IFN-l 3 augmented IFN-l 2/3 mRNA expression in CD8+ DCs in
response to HCV RNA (Fig. 6B). Taken together, type III IFN
induced RIG-I and antiviral protein expression but failed to pro-
mote DC-mediated NK cell activation and cross-priming.

Hepatocytes express type III IFN receptors. Thus, we examined
the effects of IFN-l on mouse hepatocytes. As with IFN-a, IFN-l 3
stimulation induced both TLR3 and RIG-I mRNA expression
in mouse hepatocyte (Fig. 6C). Antiviral nucleases, ISG20 and
RNaseL, and an IFN-inducible gene, Mx1, were induced by IFN-
l 3 or IFN-a treatment (Fig. 6C). Pretreating mouse hepatocytes
with IFN-l 3 enhanced IFN-b and -l 2/3 mRNA expression in
response to stimulation with HCV RNA by transfection (Fig. 6D).
These results indicated that IFN-l 3 induced cytoplasmic antivirus
protein expression in mouse hepatocytes. We conÞrmed that IFN-
l 3 treatment signiÞcantly reduced HCV RNA levels in O cells
with HCV replicons (Fig. 6E). A previous study also reported that
IFN-l inhibits HCV replication (13).

Discussion
Previous studies have established the importance of the TLR3
pathway for type III IFN production in response to polyI:C (15)
or HCV (17). In this study, we established the importance of IPS-
1Ðdependent pathway for type III IFN production in response to
cytoplasmic HCV RNA in vivo and in vitro using a mouse model.
These data indicated that there are at least two main pathways for
type III IFN production in vivo, as follows: one is TICAM-1 de-
pendent, and the other is IPS-1 dependent.

We revealed that IFN-l was efÞciently produced by CD8+ DCs,
the mouse counterpart of human BDCA3+ DCs, in response to

FIGURE 4. IFN-b and Ðl production by CD8+ DCs cocultured with hepatocytes with HCV replicons. (A andB) CD8+ DCs isolated from wild-type
spleens were cocultured with O cells (with HCV replicons) or Oc cells (without HCV replicons). After 24 h of coculture, IFN-b (A) and Ðl 2/3 (B)
concentrations in culture medium were determined by ELISA. (C) CD8+ DCs isolated from wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured
with O cells with HCV replicons for six hours, and then IFN-b and Ðl 2/3 mRNA expression was determined by RT-qPCR. (D) CD8+ DCs isolated from
wild-type, TICAM-1 KO, or IPS-1 KO spleens were cocultured with O cells with HCV replicons. IFN-b and Ðl 2/3 concentrations in culture medium were
determined by ELISA.
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 polyI:C ╛ HCV ⌐╟╢ III IFN ⌐ TLR3-TICAM-1 ⅜ ≢№╢

↓≤⅜⁸ ⁸ ↕╣≡™√⅜ 33,34⁸ ≢│ √⌐ ⅔↑╢

HCV RNA ⌐ ∆╢ IPS-1 ⌂ III IFN ─ ╩ ╠⅛⌐

⇔√⁹↓─↓≤⅛╠⁸ ⌐│ TICAM-1 ⌂ ⁸IPS-1 ⌂

≤∆ↄ⌂ↄ≤╙ ≈─ ⌂ III IFN ⅜ ∆╢↓≤⅜ ↕╣√⁹ 
 
 ⌐ Huh7.5 ⌐ ≢⅝╢↓≤⅜ ╠╣≡™╢ 2a ─ HCV
≢№╢ JFH-1 │⁸in vitro ⌐⅔™≡ⱥ♩ DC ⌐ ≢⅝⌂™⅜⁸↓─ JFH-1

⌐ ⇔≡⁸ⱥ♩ BDCA3+DC ⅜ TLR3 ⌐ III IFN ╩ ∆╢↓≤⅜

↕╣≡™╢ 33⁹ⱥ♩ BDCA3+DC ─◌►fi♃כⱤכ♩≢№╢ⱴ►☻ CD8+DC
│ ⌐⅔™≡│⁸HCV ꜠ⱪꜞ◖fi╩ ∆╢ O cell ⌐ ⇔√ ⌐⁸

TLR3 ─▪♄ⱪ♃כ TICAM-1 ⅜ III IFN ⌐ ≢№╢↓≤╩ ⇔

√⁹HCV │ HCV RNA ╩ ╩ⱶכ♁♁◒◄╗ ∆╢⁹ ≢

™√ O cell ╙⌐ⱶכ♁♁◒◄─ HCV RNA ⅜ │ⱶכ♁♁◒◄⁹√╣↕

DC ⌐ ⌐≤╡↓╕╣⁸ ◄fi♪♁כⱶ⌐ ↕╣╢↓≤⅜ ↕╣≡

™╢ 52,53⁹TLR3 │ ⌐ ◄fi♪♁כⱶ⌐ ∆╢↓≤⅛╠⁸HCV RNA ╩

│ⱶכ♁◒◄╢∆ HCV RNA ⌐╟╢ TLR3 ⌂ III IFN ╩

∆╢≤ ↕╣╢⁹↓╣╠─↓≤⅛╠⁸TLR3-TICAM-1 │ DC ⅜ HCV
⌐ III IFN ╩ ∆╢ ⌐ ≢№╢≤ ⅎ╠╣╢⁹ 

 
 ⌐⅔™≡⁸ HCV RNA ⌐╟╡ IPS-1 ⌂ III IFN
⅜ ╠╣√⁹HCV │ ♃fiⱤ◒ NS3/4A ⌐╟╡ IPS-1 ╩ ⇔ 19,54⁸

RIG-I-IPS-1 ⌐╟╢ ╩◦ꜗ♇♩○ⱨ∆╢ ╩ ⅎ≡™╢⅜⁸

RIG-I ╩ ⇔√ HuH7.5 ⌐ ⇔≡│⁸HCV │╟╡ ⌐ ≢⅝╢⁹

∫≡⁸∆ↄ⌂ↄ≤╙ HCV ⌐⅔™≡⁸IPS- ⅜ NS3/4A ⌐╟╡

↕╣╢╕≢│ RIG-IPS-1 │ ≢№╢≤ ⅎ╠╣╢⁹↓─↓≤⅛╠

IPS-1 │ HCV ─ ™ ≢─ III IFN ⌐ ≢№╢≤

↕╣╢⁹DC ⌐⅔™≡╙⁸ HCV RNA ⌐√™⇔≡│ IPS-1 ⌐

III IFN ╩ ⇔√⁹JFH-1 │ in vitro ≢ DC ┼─ ╩ √⌂™⅜⁸

HCV ≢│ HCV ⅜ DC ⌐ ⇔≡™╢ ⅜ ↕╣≡™╢ 46–

48⁹↓╣╠─↓≤⅛╠⁸HCV ─ ⁸DC ≢│ ⌐ IPS-1 ⅜ III
IFN ╩ ∫≡™╢ ⅜№╢⁹ 
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III IFN ─ ≤ HCV ⌐ ∆╢  

 
 

 
 ≢│⁸HCV ⌐⅔↑╢ HCV RNA ╟╢ III IFN ─

╩ ⇔√⅜⁸ ≢│ III IFN ─ ⌐≈™≡ ∆╢⁹ 
 I IFN │ IFNAR1/2 ╩ ⇔≡⁸III IFN │ IL10R! ≤ IL28R#─Ⱬ♥꜡

꜠☿ⱪ♃כ╩ ⇔≡⁸◦◓♫ꜟ ∆╢⁹III IFN │⁸ I IFN ⁸

IFN-inducible gene ─ ╩ ⇔⁸ ►▬ꜟ☻ ╩ ∆↓≤⅜ ╠╣≡™

╢⁹ ≢⁸I IFN │ ╩ CTL ⌐ ∆╢◒꜡☻ⱪ꜠♀fi♥כ◦ꜛ

fi╛⁸NK ─ ╩ ∆╢↓≤⅜ ╠╣≡™╢⅜⁸↓╣╠─ ⅜⁸

III IFN ⌐ ╦∫≡™╢⅛│ ╠⅛⌐⌂∫≡⅔╠∏⁸I IFN⁸III IFN ─

│ ⌐↕╣≡™⌂™⁹DC ⌐⅔↑╢ III IFN ꜠☿ⱪ♃כ─

╩ √≤↓╤⁸CD8+DC ⌐ ⌐ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂∫√⁹∕↓

≢⁸CD8+DC ┼─ III IFN ⅜ ⅎ╢ ⌐≈™≡⁸DC ─ ⁸ ►

▬ꜟ☻ ╩ ⇔√⁹╕√⁸I IFN ⌐╟╡ ↕╣╢ CD8+DC ─

⌂ ≢№╢◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi⁸ ┘⌐⁸NK ─ ⌐≈™≡⁸III
IFN ─ ╩ ⇔√⁹╕√ ⌐ III IFN ⅜ HCV ╩ ∆╢↓≤⅜

⅛⌐≈™≡ ╩ ∫√⁹ 
 
 
  
  



 29 

≤  
 
1.  
 
1-1.  
 
 P�®�>�|�g ─  
 
PBS (-) 137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl,  

1.49 mM KH2PO4 
♩ꜞⱪ◦fi  0.25% Trypsin-0.02% EDTA-PBS (-) 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
FBS       BioSource Intl., Inc. 
DMEM (1.0 g/l Low Glucose)    GIBCO-Invitrogen 
DMEM (4.5 g/l Low Glucose)    GIBCO-Invitrogen 
RPMI1640     GIBCO-Invitrogen 
HEPES      GIBCO-Invitrogen 
NEAA       GIBCO-Invitrogen 
Sodium Pyruvate     GIBCO-Invitrogen 
Insulin solution from Bovine Pancreas   Wako 
EGF      Wako 
L-Glutamine      GIBCO-Invitrogen 
100 mU/ml PenicillinG, 100 µg/ml Streptomycin  GIBCO-Invitrogen 
G418       Roche 
Opti-MEM      GIBCO-Invitrogen 
 
O cell 
 ⱥ♩ O cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin, 6 µl/ml G418 ╩ ⇔√ DMEM (4.5 
g/l High Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢ ⇔√⁹ ⅔⅝⌐

╩ ∫√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
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Oc cell 
 ⱥ♩ Oc cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin ╩ ⇔√ DMEM (4.5 g/l High 
Glucose)╩ ™≡ 37ϴ⁸5% CO2 ─ ≢ ⇔√⁹ ─ ⌐│♩ꜞⱪ

◦fi ╩ ™√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
 
ⱴ►☻  
 ⱴ►☻ │ Dr. Hussein Hassan Aly ⌐╟╡ ↕╣√ 55⁹

№╠⅛∂╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 
mU/ml Penicillin G⁸100 µg/ml Streptomycin⁸0.1 mM NEAA⁸20 mM 
HEPES⁸0.5µg/ml Insulin solution from Bovine Pancreas⁸44 mM 
♫♩ꜞ►ⱶ⁸0.2 mM L-▪☻◖ꜟⱦfi -2-ꜞfi ◄☻♥ꜟ⁸10 mM ♬◖♅fi

▪Ⱶ♪⁸10 ng/ml EGF⁸30µg/ml L-ⱪ꜡ꜞfi⁸100 pM Dexamethasone ╩

⇔√ DMEM (4.5 g/l High Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢

⇔√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% confluent
⌐⌂╡ ∫√⁹ 
 
 
1-2.ⱴ►☻ 
 
 TICAM-1 KO ⱴ►☻ (C57BL/6) ⁸IPS-1 KO ⱴ►☻(C57BL/6)│
⌐╟╡ ↕╣√⁹  (wild type : WT) ≤⇔≡ ™√ C57BL/6 ⱴ►☻│

◒꜠▪ ╟╡ ⇔√⁹ 
 
ⱴ►☻╩ ⇔√ │⁸ ⌐ ∆╢ ⌐ ∫≡ ∫√⁹ 
 
 
1-3.ꜞ●fi♪⁸◘▬♩◌▬fi 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
polyI:C    GE Healthcare 
mouse IFN-#   Milteny Biotec 
mouse IFN-" 3    R&D system 
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human IFN-#   Milteny Biotec 
human IFN-" 3    invitrogen 
 
2.  
 
2-1.ⱴ►☻⅛╠─  
 
 P�®�>�|�g ─  
 
PBS (-)  137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl,  

1.49 mM KH2PO4 
ACK lysis buffer  150 mM NH4Cl, 10 mM KHCO3,  

0.1 mM Na2EDTA  
MACS buffer   0.5% BSA, 2 mM EDTA – PBS (-) 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
collagenase D     Roche 
Mercaptoethanol     GIBCO-Invitrogen  
Hank`s balanced salt solution   sigmaaldrich 
anti-CD4 micro beads     Miltenyi Biotec Inc 
anti-CD8 micro beads    Miltenyi Biotec Inc 
anti-CD11c micro beads     Miltenyi Biotec Inc 
anti-DX5# micro beads     Miltenyi Biotec Inc 
CD8#+DC positive selection kit    Miltenyi Biotec Inc 
CD4+DC positive selection kit    Miltenyi Biotec Inc 
 
 
NK  
 ⇔√ⱴ►☻ ╩ RPMI1640 ≢◦ꜞfi☺─◗ⱶ ≢ ⇔√ ⁸

1500 rpm,5 ⇔⁸ ╩ ⇔√⁹ACK lysis buffer ⌐╟╡

╩ ⇔,MACS buffer ⌐╟╡ ⇔√⁹anti-DX5# micro beads ╩ ™√

MACS ⌐ ╟ ╡ ⇔ √ DX5#+ ╩ NK ≤ ⇔ √ ⁹ 10%FBS, 
penicillin-streptomycin, 10 mM HEPES, 55mM Mercaptoethanol ╩ ╗

RPMI1640 ≢ ⇔√⁹ 
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DNDC 
 ⱴ►☻ ╩ ⇔⁸collagenase D ╩ ╗ Hanks Buffer solution ≢ 37ϴ, 
25 ⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡

╩ ⇔⁸MACS buffer ⌐╟╡ ⇔√⁹anti-CD4 micro beads⁸anti-CD8 
micro beads╩ ™√MACS⌐╟╢Ⱡ●♥▫Ⱪ☿꜠◒◦ꜛfi⇔√ ╩↕╠⌐⁸ 
anti-CD11 micro beads ™√ MACS ⌐╟╡ ⇔⁸CD4-, CD8-, CD11+
╩ DNDC ≤⇔√⁹10%FBS, penicillin-streptomycin, 10 mM HEPES, 55 mM 
Mercaptoethanol ╩ ╗ RPMI1640 ≢ ⇔√⁹ 
 
CD8+DC 
 ⱴ►☻ ╩ ⇔⁸collagenase D ╩ ╗ Hanks Buffer solution ≢ 37ϴ
25 ⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡

╩ ⇔⁸MACS buffer ⌐╟╡ ⇔√⁹CD8#+DC positive selection kit
╩ ™ √ MACS ⌐ ╟ ╡ CD8+DC ╩ ⇔ √ ⁹ 10%FBS, 
penicillin-streptomycin, 10 mM HEPES, 55 mM Mercaptoethanol ╩ ╗

RPMI1640 ≢ ⇔√⁹ 
 
CD4+DC 
 ⱴ►☻ ╩ ⇔⁸collagenase D ╩ ╗ Hanks Buffer solution ≢ 37ϴ
25 ⇔⁸EDTA ≢ ╩ ╘√ ⁸ACK lysis buffer ⌐╟╡

╩ ⇔⁸MACS buffer ⌐╟╡ ⇔√⁹CD4+DC positive selection kit
╩ ™ √ MACS ⌐ ╟ ╡ CD4+DC ╩ ⇔ √ ⁹ 10%FBS, 
penicillin-streptomycin, 10 mM HEPES, 55 mM Mercaptoethanol ╩ ╗

RPMI1640 ≢ ⇔√⁹ 
 
 

-2. cDNA ─  
 №╢™│ ╩ Trizol ⌐╟╡ ⇔√⁹ ⌐ Trizol ─ 1/5 ─◒꜡

꜡ⱱꜟⱶ╩ ⅎ ⇔√ ⁸12,000 g⁸15 ⇔√⁹ ⁸ ╩

⇔⁸ ─▬♁ⱪ꜡Ɽⱡכꜟ╩ ⅎ⁸10 ™√─∟⁸15,000 g⁸10
⇔√⁹ ⇔√Ɑ꜠♇♩╩ 70 EtOH ⌐╟╡ ⇔⁸RNA ╩ ⇔√⁹

⇔√ RNA ╩╙≤⌐⁸High capacity cDNA Reverse Transcription kit 
(Applied Biosystems) ╩ ™≡ ⇔≡ cDNA ╩ ⇔√⁹ 
 
 
2-3. PCR 
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 cDNA ⅛╠ Step One Real-time PCR system ╩ ™≡ Ct ╩ ⇔⁸ȺȺ

Ct ⌐╟╡ mRNA ╩ ⇔√⁹ ≤⇔≡│ ⱥ♩ GAPDH ╕√│ⱴ

►☻! -actin ╩ ⇔√⁹ ⇔√ primer ╩ ⌐ ∆ 
 
mouse ! -actin  F TTTGCAGCTCCTTCGTTGC  

R  TCGTCATCCATGGCGAACT  
mouse IFN-!   F  CCAGCTCCAAGAAAGGACGA  

R  CGCCCTGTAGGTGAGGTTAT  
mouse IFN-" 2/3  F  TCCCAGTGGAAGCAAAGGATTG  
  R  TCAAGCACCTCTTCTCGATGG  
mouse TLR3  F  TTGCGTTGCGAAGTGAAGAA  

R  ACTTGCCAATTGTCTGGAAACA  
mouse RIG-I  F  GCCCTGTACCATGCAGGTTAC  

R  AGTCCCAACTTTCGATGGCTT  
mouse Mx1  F  TCAAGCCTGGAGTGTCAAGTGCC  

R  AATCTGGAAGCCTTGCCACTGGG  
mouse RNaseL  F  GCGAACACATCAATGAGGAAAA  

R  CTGCCTCTGGAACGCTGAG  
mouse ISG20  F  CAATGCCCTGAAGGAGGATA  

R  TGTAGCAGGCGCTTACACAG  
mouse IL10Rb  F  GTCGTGCTGTGGCTCATTTA  

R  AGCAGAAACGTGCTGTGATG  
mouse IL28Ra  F  CAGGTGGAATTCTGGAAGGA  

R  CCTTGCTGGAGAGGAATCTG  
HCV NS5B  F  CCGAGGCCAGACAGGTCATA  

R  GGCTGCAGAGGCCTTCAAGT  
human GAPDH  F  GAGTCAACGGATTTGCTCGT  

R  TTGATTTTGCAGGGATCTCG 
 
 
2-4.ELISA 
 

⁸ ╟╡⁸ELISA kit ╩ ™≡ ⇔√⁹ 
 

─ ELISA kit ╩ ⱷכ◌╟╡ ⇔√⁹ 
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mouse IFN-!    PBL 
mouse IFN-" 2/3   eBioscience 
mouse IFN-$   eBioscience 
 
 
2-5.FACS  
 
 P�®�>�|�g ─  
 
FACS buffer 10% FBS, 5 mM EDTA (ethylenediaminetetraacetate) - PBS(-) 
 
 FACS Buffer ⌐ ⇔√ ╩⁸anti-mouse CD16/32 ╩ ™≡ 4°C⁸

5 ─Ⱪ꜡♇◐fi◓╩ ∫√⁹∕─ ⁸ ╩ ™≡ 4°C⁸15 ─

╩ ™⁸FACS caliber (BD) ╩ ™≡ ╩ ∫√⁹ 
 

─ ⁸tetramer ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
anti-mouse CD16/32 (2.4G2) antibody  Biolegend 
PE-anti mouse CD80 antibody   Biolegend 
PE-anti mouse CD86 antibody    Biolegend 
PE-anti mouse N.K1.1 antibody    Biolegend 
FITC-anti mouse CD8 antibody    Biolegend 
APC-anti mouse CD3e antibody    Biolegend 
PE-anti mouse CD40 antibody   eBioscience 
FITC-anti mouse CD69 antibody   eBioscience 
APC-anti mouse CD11c antibody   eBioscience 
Tetramer/PE - H-2 Kb OVA (SIINFEKL)  MBL 
 
 
 
2-6.HCV ꜠ⱪꜞ◖fi O cell ⅛╠─ HCV RNA  
 
 ⇔≡™╢ O cell ╩ ⇔⁸Trizol ⌐╟╡⁸HCV RNA ╩ ╗ O cell ─
RNA╩ ⇔√⁹HCV RNA╩ ╕⌂™Ⱡ●♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡Oc cell
─ RNA ╩ ⇔√⁹ 
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2-7. ⌐⅔↑╢  T  
 
 1 mg OVA ≤ 0.5 !g IFN-"╕√│ 1x105 IU IFN-#╩ⱴ►☻⌐ ⇔

√⁹1, 2, 4 ⌐ 0.5 !g  IFN-"╕√│ 1x105 IU IFN-#╩ ≢ ⇔⁸

7 ⌐ ╩ ⇔√⁹  CD8#� �/ �>�|�g H2-Kb OVA tetramer ╩ ™

≡ ╩ ⇔⁸OVA  T ─ ╩ FACS ╩ ™≡ ⇔√⁹

ⱳ☺♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡ 1 mg OVA≤ 100 !g polyI:C ╩ ⇔√⁹ 
 
2-8. ⌐╟╢ NK  
 
 NK ≤ DC ╩ ╟╡ ⇔⁸ 2 : 1 ─ ⌐ 0.1 !g /ml IFN-"
╕√│ 1x103 IU /ml IFN-#⌐╟╢ ╩ ⅎ√⁹ ─ 6, 12, 24 ─

╩ ⇔⁸ELISA ⌐╟╡ IFN-$╩ ⇔√⁹╕√⁸ NK1.1 ⁸

CD3e ⁸ CD69 ╩ ™≡ ╩ ⇔⁸FACS ╩ ™≡ NK
─ CD69 ╩ ⇔√⁹ 
 
 
 
 ⅎ ╩ ™√ ⌐≈™≡│⁸ ─ ╘╢ ⌐

≠⅝ ⇔√ 
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2-1.CD8+DC ⌐│ III IFN ꜠☿ⱪ♃כ⅜ ⇔≡™╢⁹ 
 
 III IFN ꜠☿ⱪ♃כ≢№╢ IL10R! ≤ IL28R#─ ╩ RT-PCR ╟╡

⇔√≤↓╤⁸DNDC, CD4+DC, CD8+DC,NK ─℮∟⁸CD8+DC ⅜ ꜠☿

ⱪ♃כ╩ ⇔≡™√( 2.1)⁹∕─√╘⁸ DC ─ ⌐ ∆╢ III IFN
─ ╩ ⇔√⁹ 
 
 
2-2.III IFN │ ≢─ CD8+DC ─ ╩ ⇔⌂™ 
 
 ╕∏⁸III IFN ⌐╟╢ DC ─ ┼─ ╩ ⇔√⁹ⱴ►☻⌐ IFN-#
╕√│ IFN-" 3 ╩ ⇔√ ⁸DC ─ ⱴכ◌כCD40, CD80, CD86 
⌐≈™≡⁸CD8+DC ≢─ ╩ FACS ⌐╟╡ ═√≤↓╤⁸IFN# ≢│↓

╣╠─ ⱴכ◌כ─ ⅜ ⇔≡™√─⌐ ⇔≡⁸IFN-" 3 ≢│⁸

╒≤╪≥ │ ╘╠╣⌂⅛∫√( 2.2)⁹∕─√╘⁸CD8+DC │ III
IFN ꜠☿ⱪ♃כ╩ ∆╢⅜⁸III IFN ⌐╟╢◦◓♫ꜟ≢│ ⅜ ↕

╣⌂™↓≤⅜ ↕╣√⁹ 
 
 
2-3.III IFN │◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi─ ⌐ ⇔⌂™ 
 
 III IFN ꜠☿ⱪ♃כ╩ ⇔≡™╢ CD8+DC │⁸ ╩ MHC1
⌐ ↕∑ CTL ⌐ ∆╢ ™◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi ╩╙≈

≢№╢↓≤⅜↓╣╕≢─ ≢╦⅛∫≡™╢ 12⁹╕√◒꜡☻ⱪ꜠♀fi♥כ◦

ꜛfi─ ⌐│ I IFN ⅜ ≢№╢ 35⁹IFNAR ╩ ⇔√ⱴ►☻╛⁸

CD8+DC ╩ ⇔√ⱴ►☻≢│◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi⌐╟╢ CTL ─

⅜ ⇔ↄ ∆╢⁹↓↓≢│⁸III IFN ⅜ I IFN ⁸◒꜡☻ⱪ꜠♀fi♥

╢╟⌐fiꜛ◦כ CTL ─ ╩ ∆╢⅛╩ ⇔√⁹OVA ≤≤╙

⌐⁸IFN-#╕√│ IFN-" 3 ╩ ⇔⁸7 ─ ≢─ OVA CTL
─ ╩ OVA tetramer ╩ ™≡ FCAS ⌐╟╡ ⇔√⁹ⱳ☺♥▫Ⱪ◖fi♩꜡

≡⇔≥ꜟכ OVA ≤ polyI:C ╩ ⌐ ⇔√⁹∕─ ⁸IFN-# ≢╖╠

╣╢ CTL ─ │ IFN-" 3 ≢│ ╘╠╣⌂⅛∫√( 2.3)⁹∕

─√╘⁸ ⌂ↄ≤╙ ≢│⁸IFN-" 3 │◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi

─ ⌐ ⇔⌂™↓≤⅜ ↕╣√⁹ 
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2-4.III IFN │ DC ⌐╟╢ NK ─ ╩ ⇔⌂™ 
 
 DC ⌐╟╢ NK ⌐ I IFN ≢ ≢№╢↓≤⅜ ╠╣≡™╢ 36⁹↓↓

≢│ III IFN ⅜ DC ⌐╟╢ NK ╩ ∆╢⅛╩ ⇔√⁹ⱴ►☻

╟╡ ⇔√ CD8+DC ≤ NK ─ ⌐ IFN-#╕√│ IFN-" 3 ╩ ⅎ√

─⁸IFN-$─ ≤ NK ⱴכ◌כCD69 ─ ╩ ⇔√⅜⁸IFN" 3 ≢

│⁸IFN-$ ⁸CD69 ⌐ ╘╠╣⌂⅛∫√( 2.4.A,B)⁹ 
 IFNAR KO ⱴ►☻╩ ™√ ⌐╟╡⁸I IFN ⅜ DC⁸NK ⌐

∆╢↓≤⅜ NK ─ ⌐ ≢№╢↓≤⅜╦⅛∫≡™╢ 36⁹NK ≢│⁸

III IFN꜠☿ⱪ♃כ─ IL28R#─ ⅜ ╘╠╣⌂⅛∫√( 2.1)⁹∕─√╘⁸

III IFN │ NK ⌐ ∆╢↓≤⅜≢⅝⌂™√╘⌐⁸I IFN ≢╖╠╣╢ DC
⌐╟╢ NK ─ ⌐ ⇔⌂™ ⅜ ⅎ╠╣╢⁹ 
 
 
2-5.III IFN │ CD8+DC ─ RIG-I ─ ╩ ↕∑╢ 
 
 CD8+DC ⅜ III IFN ⌐╟╡ ►▬ꜟ☻ ╩ ∆╢⅛ ⇔√≤

↓╤⁸IFN-" 3 ⌐╟╢ ≢│ TLR3 ─ │ ∑∏⁸RIGΉI, MX1 ─

│ ⇔√( 2.5.A)⁹ 
 №╠⅛∂╘ IFN-" 3 ≢ ⇔√ CD8+DC ≢│ HCV RNA ⌐ ╟

╢ III IFN ⅜╟╡ ↕╣√( 2.5.B)⁹↓─↓≤⅛╠ CD8+DC ⌐⅔™

≡⁸III IFN⁸↕╠⌂╢ III IFN ─ ╩ ↑╢ⱳ☺♥▫flⱨ▫כ♪Ᵽ♇

⅜ⱪכꜟ◒ ↄ↓≤⅜ ↕╣√⁹ 
 
 
2-6. III IFN │ ─ ►▬ꜟ☻ ╩ ↕∑╢ 
 
 ⌐⅔™≡ III IFN ►▬ꜟ☻ ╩ ∆⅛╩ ⇔√⁹╕∏ⱴ►☻

⅜ III IFN ⌐╟╡ ►▬ꜟ☻ ╩ ∆╢⅛ ⇔√≤↓╤⁸

RIG-I⁸TLR3⁸IFN-inducible-gene ≢№╢ Mx1⁸ ≢♀כ▪꜠◒♯☻ꜟ▬►

№╢ ISG20⁸RNaseL ─ ⅜ ↕╣√( 2.6.A)⁹ 
 №╠⅛∂╘ IFN-" 3 ≢ ⇔√ⱴ►☻ ≢│⁸ HCV RNA
⌐╟╢ I IFN⁸III IFN ⅜╟╡ ↕╣√( 2.6.B)⁹ 

 ╕√⁸IFN-" 3 ⌐╟╡ O cell ─ HCV RNA ⅜ ⇔ↄ ∆╢↓≤╩

╘√( 2.6.C)⁹↓╣╠⌐ ⇔≡⁸ ⌐⁸III IFN ⌐╟╡ HCV RNA ─
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2.1 III IFN ꜠☿ⱪ♃כ─  

 
 DNDC, CD4+DC, CD8+DC, NK ╩ⱴ►☻ ╟╡ ⇔⁸RNA ╩

⇔√⁹RT-PCR ⌐╟╡⁸IL28R#, IL10R! ─ mRNA ╩ ⇔√⁹ 
 
  

cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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2.2 CD8+DC ─ ⱴכ◌כ─  

 
 ⱴ►☻⌐ 1x105 IU IFN-#╕√│ 0.5 µg IFN-" 3 ╩ ⇔√⁹6 ⁸

╩ ⇔√⁹CD11c⁸CD8⁸CD40⁸CD80⁸CD86 ⌐ ∆╢ ≢

╩ ⇔⁸FACS ⌐╟∫≡ CD8+DC (CD11c+, CD8#+)─ CD40, CD80, CD86
╩ ⇔√⁹ 

  

cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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2.3 ⌐⅔↑╢  T  

 
 1 mg OVA ≤ 0.5 !g IFN -"╕√│ 1x105 IU IFN-#╩ⱴ►☻⌐ ⇔

√⁹1, 2, 4 ⌐ 0.5 !g IFN -"╕√│ 1x105 IU IFN-#╩ ≢ ⇔⁸

7 ⌐ ╩ ⇔√⁹  CD8a � �/ �>�|�g H2-Kb OVA tetramer ╩ ™

≡ ╩ ⇔⁸OVA  T ─ ╩ FACS ╩ ™≡ ⇔√⁹

ⱳ☺♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡ 1 mg OVA≤ 100 !g polyI:C ╩ ⇔√⁹ 
Ⱡ●♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡ 0, 1, 2, 4 ⌐ PBS ╩ ⇔√⁹ 
  

cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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2.4 DC ⌐╟╢ NK ─ ⌐⅔↑╢ III IFN ─  

 
(A,B) NK ≤ DC ╩ ╟╡ ⇔⁸ 2 : 1 ─ ⌐ 0.1 !g /ml 
IFN-"╕√│ 1x103 IU /ml IFN-#⌐╟╢ ╩ ⅎ√⁹ 6, 12, 24 ─

╩ ⇔⁸ELISA ⌐╟╡ IFN-$╩ ⇔√(A)⁹╕√⁸24
─ ╩ ⇔⁸ NK1.1 ⁸ CD3e ⁸ CD69 ╩ ™≡

╩ ⇔⁸FACS ⌐╟╡ NK (NK1.1+, CD3e-)─ CD69 ╩ ⇔√(B)⁹
ⱳ◦♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡ polyI:C ⌐╟╢ ╩ ∫√⁹ 
  

cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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cytoplasmic HCV RNA. Moreover, our data showed that IFN-l
stimulation increased the mRNA expression of RIG-I but not that
of TLR3 in CD8+ DCs, and CD8+ DCs required IPS-1 to produce
IFN-l in response to stimulation with cytoplasmic HCV RNA.
Furthermore, IFN-l enhanced the mRNA expression of IFN-l
itself in CD8+ DCs, which suggested a positive feedback loop for
IFN-l mRNA expression in CD8+ DCs. IFN-l failed to promote
DC-mediated NK activation or cross-priming at least in our ex-
perimental conditions, whereas antiviral proteins, such as ISG20
and RNaseL, were efÞciently induced by IFN-l stimulation in
hepatocytes and CD8+ DCs. These results established a novel
role of IPS-1 in innate immune response against HCV via IFN-l

production. IFN-l pretreatment markedly increased IFN-b mRNA
expression in response to HCV RNAs in mouse hepatocyte but not
in CD8+ DCs (Fig. 6B, 6D). Although the underlying mechanism
is unclear, it is possible that there is a cell-typeÐspeciÞc role of
IFN-l .

It was recently reported that BDCA3+ DCs require TLR3 for type
III IFN production in response to cell-cultured HCV (17). They
used a HCV 2a JFH1 strain that cannot infect human DCs in vitro
(5). We also showed that the TLR3 adaptor TICAM-1 was essential
for type III IFN production by CD8+ DCs when cocultured with O
cells with HCV replicons. Thus, TLR3 appears to be essential for
type III IFN production by DCs that are not infected with HCV. It

FIGURE 5. IFN-l effects on DC functions. (A) DN, CD4+, CD8+ DCs, and NK cells were isolated from wild-type mouse spleens. IL-28Ra and IL-10RB
mRNA were determined by RT-PCR. (B) A total of 0.5mg IFN-l 3 or 13 105 IU IFN-a was i.p. injected into mice. Six hours after injection, spleen CD8+

DCs were isolated, and cell surface expressions of CD40, 80, and 86 were determined by FACS analysis. (C) OVA and IFN-l or IFN-a were i.p. injected
into mice on day 0, and then IFN-l or IFN-a was injected into mice on days 1, 2, and 4. Spleens were excised on day 7, and OVA (SL8)-speciÞc CD8+

T cells were determined by a tetramer assay. For a negative control, PBS in place of IFN was injected on days 0, 1, 2, and 4. For a positive control, polyI:C
and OVA were injected into mice on day 0. (D) NK cells and CD11c+ DCs were isolated from mouse spleens and then stimulated with 1000 U/ml IFN-a,
100 ng/ml IFN-l 3, or 100mg/ml polyI:C. IFN-g concentrations in the culture medium at the indicated times were determined by ELISA. (E) NK cells were
isolated from mouse spleens and then cultured with or without spleen CD11c+ DCs. Cells were stimulated with 1000 U/ml IFN-a, 100 ng/ml IFN-l 3, or
20 mg polyI:C. CD69 expression on NK cells was determined by FACS analysis.
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2.5 CD8+DC ⌐⅔↑╢ III IFN ⌐╟╢ ►▬ꜟ☻  

 
(A)CD8+DC⌐ 0.1 !g /ml IFN-"╕√│ 1x103 IU/ml IFN-#⌐╟╢ ╩ ⅎ√

⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹ PCR ⌐╟╡⁸RIG-I⁸TLR3⁸Mx1
─ mRNA ╩ ⇔√⁹ 
(B) CD8+DC ⌐ ╙∫≡ 0.1 µg/ml IFN-"⌐╟╢ ╩ 6 ⅎ√ ⁸O cell 
RNA 1 !g ╩ Lipofectaimine 2000 ╩ ™≡⁸transfection ⇔√⁹transfection
⌐╟╢ ⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹ PCR ⌐╟╡ IFN-! ⁸
IFN-" 2/3 ─ mRNA ╩ ⇔√⁹ 
  

has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.
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has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.
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2.6 ⌐⅔↑╢ III IFN ⌐╟╢ ►▬ꜟ☻  

 
(A) ⱴ►☻ ⌐ 0.1 !g /ml IFN-"╕√│ 1x103 IU /ml IFN-#⌐╟╢

╩ ⅎ√ ⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹ PCR ⌐╟╡⁸RIG-I⁸
TLR3⁸Mx1⁸RNaseL⁸ISG20 ─ mRNA ╩ ⇔√⁹ 
(B) ⱴ►☻ ⌐ ╙∫≡ 0.1 !g /ml IFN-"⌐╟╢ ╩ 6 ⅎ

√ ⁸O cell RNA !g ╩ Lipofectaimine 2000 ╩ ™≡⁸transfection ⇔√⁹

transfection ⌐╟╢ ⁸ ╩ ⇔⁸RNA ╩ ⇔√⁹ PCR ⌐╟

╡ IFN-! ⁸IFN-" 2/3 ─ mRNA ╩ ⇔√⁹ 
(C) HCV ꜠ⱪꜞ◖fi  O cell ─ ⌐ⱥ♩ IL28B(IFN-" 3)╩
ⅎ⁸2 ⁸ ╩ ⇔ RNA ╩ ⇔√⁹ PCR ⌐╟╡ HCV RNA ─

╩ ⇔√⁹ 

has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.
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has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.

2776 IPS-1ÐDEPENDENT TYPE III IFN PRODUCTION

 at H
okkaido U

niversity on A
pril 9, 2014

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.
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has been shown that exosomes are internalized efÞciently by DCs
and sorted into early endosomes, where TLR3 is localized (28, 29).
Unlike the transfected HCV RNA, exosome-enclosed HCV RNA
might be efÞciently sorted and released within early endosomes of
CD8+ DC, where TLR3 is localized, leading to TLR3-dependent
IFN-l 2/3 production. Although HCV JFH1 infection particles fail
to infect DCs in vitro, previous studies indicated that HCV infects
DCs in chronically infected patients (23, 24, 30). In human patient
DCs and hepatocytes infected with HCV, the IPS-1 pathway could
play a pivotal role in type III IFN production.

Knockout of TICAM-1 failed to reduce IFN-l 2/3 mRNA ex-
pression in mouse liver after HCV RNA hydrodynamic injection,
whereas knockout of TICAM-1 abolished IFN-l 2/3 levels in sera
after HCV RNA hydrodynamic injection (Fig. 1B, 1D). Consid-
ering that there is a positive feedback loop for IFN-l production,
it is possible that TICAM-1 and IPS-1 pathways augment IFN-l
production each other in vivo; however, we do not exclude a
possibility that TICAM-1 is involved in posttranscriptional step of
IFN-l production.

HCV NS3-4A protease cleaves IPS-1 to suppress host innate
immune responses (31, 32). However, it is notable that a mutation

within the RIG-I gene in HuH7.5 cells increases cellular permis-
siveness to HCV infection (33). This indicates that the RIG-I
pathway is functional at least during the early phase of HCV in-
fection before NS3-4A cleaves IPS-1. Thus, we propose that IPS-1
is important for type III IFN production during the early phase of
HCV infection.

IFN-a augmented DC-mediated NK cell activation and cross-
priming, whereas IFN-l failed to augment DC-mediated NK cell
activation and cross-priming in our experimental conditions.
However, as seen with IFN-a, IFN-l could induce RNaseL and
ISG20 mRNA expression. These data indicated that IFN-l induces
cytoplasmic antiviral proteins to eliminate infected virus. A pre-
vious study showed that IPS-1 is required for initial antiviral re-
sponse but dispensable for the protective adaptive immune response
to inßuenza A virus (34). Thus, it is expected that IPS-1Ðmediated
IFN-l production would be required for initial antiviral response to
HCV infection.

In summary, our results provide insights into type III IFN pro-
duction mechanism in response to HCV RNA in vivo and identify
IPS-1 as a molecule crucial for producing type III IFN from he-
patocyte and CD8+ DCs in response to cytoplasmic HCV RNA.

FIGURE 6. Antiviral responses induced by IFN-l . (A) Mouse spleen CD8+ DCs were stimulated with 100 ng/ml IFN-l 3 or 1000 IU/ml IFN-a, after which
RIG-I, TLR3, and Mx1 mRNA levels weredetermined by quantitative RT-PCR. (B) Mouse spleen CD8+ DCs were treated with 100 ng/ml IFN-l 3 for 6 h. O cell
RNA was transfected into CD8+ DCs, and IFN-b and -l 2/3 mRNA levels were determined by quantitative RT-PCR at the indicated times. (C) Mouse hepatocyte
cell line cells were stimulated with 1000 U/ml IFN-a or 100 ng/ml IFN-l 3. RIG-I, TLR3, Mx1, ISG20, and RNaseL mRNA levels were determined by quantitative
RT-PCR. (D) Mouse hepatocyte cell line cells were treated with 100 ng/ml IFN-l 3 for 6 h, and then O cell RNA was transfected into these cells. IFN-b and -l 2/3
mRNA levels were measured by quantitative RT-PCR at the indicated times. (E) O cells that contain HCV 1b full-length replicons were treated with human IL-28B
at indicated concentration for 2 d. HCV RNA levels were determined by quantitative RT-PCR. HCV RNA levels werenormalized to GAPDH mRNA expression.
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 I IFN ≤ III IFN │™∏╣╙⁸JAK-STAT ◦◓♫ꜟ╩ ↕∑

IFN-inducible gene ─ ╩ ∆╢⅜⁸I IFN │ IFNAR1/2⁸III IFN │
IL10R! ⁸IL28R#≤ ⌂╢ ⌐╟∫≡ ↕╣╢⁹I IFN ─ ⅜

ↄ─ ⌐ ⌐ ⇔≡™╢─⌐ ⇔≡⁸III IFN ─ ─ │

≢№╡⁸↓─ ™⅜⁸I IFN ≤ III IFN ─ ╩ ⇔≡™╢

↓≤⅜ ↕╣╢⁹ ≢─⁸DC ≤ III IFN ╩ √⌂™ NK ─

≢⁸I IFN ⌐╟╡ ∂╢ NK ─ IFN-$ ⅜ III IFN ≢│

⅝⌂⅛∫√↓≤╙⁸∕╣∙╣─ IFN ─ ─ ™⌐ ⇔≡™╢≤ ⅎ

╢↓≤⅜≢⅝╢⁹╕√⁸ ⌐⅔™≡│⁸ ─ ₁⌂ ≢ ↄ I
IFN ⌐ ⇔≡⁸ ⁸ ⌂ III IFN ⅜ ≢─

╩ ™⁸ ⌐ HCV ⌐│⁸ ⅎ┌ ≢─ III IFN ─ ⅝

⅜⅜ ⌂─⅛╙⇔╣⌂™⁹ 
  ╕√⁸III IFN ⌐╟╢ │ CD8+DC ─ TLR3 ─ ╩ ∑∏⁸RIG-I
─ ─╖ ⇔√⁹CD8+DC │ HCV RNA ⌐╟╢ III IFN

⌐ IPS-1 ╩ ≤∆╢↓≤⅛╠⁸III IFN ⅜⁸ HCV RNA
─ III IFN ╩ ⇔≡™√─│⁸RIG-I ─ ⅜ ∆╢↓≤≢⁸

RIG-I-IPS-1 ⅛╠─◦◓♫ꜟ⅜ ↕╣√ ≤ ⅎ╠╣╢⁹↓╣╠╟╡⁸

CD8+DC ≢ IPS-1 ⌐ ↕╣√ III IFN ⅜↕╠⌐ CD8+DC ─ III
IFN ╩ ╘╢⁸ⱳ☺♥▫flⱨ▫כ♪Ᵽ♇◒ꜟכⱪ╩ ⇔≡™╢↓≤

⅜ ↕╣√⁹ ╩ ™√ ⅛╠⁸ │ⱪכꜟ─↓╙≡™⅔⌐ ↕

╣≡™╢╙─≤ ⅎ╠╣╢⁹ ≢│ III IFN │ HCV RNA ─

I IFN ─ ╙ ⇔√⅜⁸CD8+DC ≢│ I IFN ─ │ ╠

╣⌂⅛∫√⁹↓─ ⌐≈™≡│ ∞⅜⁸III IFN ⌐╟╢ ⌂

⅝≢№╢ ⅜№╢⁹  
 ⌐⅔↑╢ ≢│⁸III IFN ≢─⁸DC ╩ ⇔√ NK ─

╛◒꜡☻ⱪ꜠♀fi♥כ◦ꜛfi⌐╟╢ CTL ─ │ ╠╣⌂™

≢⁸ISG20 ╛ RNaseL ─╟℮⌂⁸ ⅜♀כ▪꜠◒♯☻ꜟ▬► ⌐ ↕╣

√⁹╕√⁸in vitro ≢─ ≢№╢⅜⁸III IFN ⅜ DC ╩ ⇔≡⁸ T
─ ╩ ∆╢≤─ ╙№╡ 57⁸III IFN │ ►▬ꜟ☻ ♃fiⱤ◒

─ ╩∆╢ ≢⁸ ╩ ∑∏⁸№╢™│↕╠⌐ ⇔⁸

─╖╩ ∆╢≤™℮⁸ ─ IFN ⱨ□Ⱶꜞכ⌐│⌂™ ⌂

╩ ≈ IFN ≢№╢↓≤⅜ ↕╣╢⁹ 
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HCV RNA ⌐╟╢ ─  
 

 
 
 HCV │ ≢№╡⁸ ─ ⅜ C ╩ ™⁸

∕─ ⁸ ⁸ ╩ ∆╢⁹HCV │ ─ ⌂ ≢№╡⁸

⌐⅔™≡⁸∕─ │ ₩ ╩ ╘╢⁹⇔⅛⇔⌂⅜╠⁸HCV ⌐╟╢

│ ∞ ╠⅛⌐⌂∫≡™⌂™⁹ ⌐ ⌂ │ ─

╩╙√╠∆↓≤⅛╠⁸ ⌐⅔™≡╙ ⌂ ≢№╢≤ ⅎ╠╣╢⅜⁸

≢⁸ ─ ≢│►▬ꜟ☻ ⌐ ═ ╩ ↓∆

⅜ ⇔ↄ ™↓≤⅜ ╠╣≡⅔╡ 58⁸ ∞↑≢⌂ↄ HCV ─ ╠⅛─

⅜ ⌐ ⌂ ╩ ∫≡™╢≤ ⅎ╠╣≡™╢⁹ 
 HCV ⌐╟╢ │ ─ ≤─ ⅜ ↕╣≡⅔╡⁸ ─

─ ⅜ ™ ⁸ ⅜ ╕╢⁹ ∂ↄ►▬ꜟ☻ ─ ─ ≤⌂╢

HBV ≢│ ⅜ ∏⇔╙ ─ ─ ≤│ ⇔⌂™≤↕╣≡

⅔╡⁸HCV ⌂ ⌐ ─ ⅜ ╦∫≡™╢↓≤⅜ ↕╣

╢ 58⁹↓─ ⌐│⁸ ☻♥ꜝ♇♥ / ⅜ ⌂ ⅝

╩∆╢⁹ ─ │ ╩ ↄ ╖ⱦ♃Ⱶfi A ╩ ∆╢ ╩

∆╢⅜⁸ ≢ ∆╢≤⁸ ⌂◖ꜝ ◕fi ⁸ ┼

─ ⅜ ↓╡⁸ ╩ ⅝ ↓∆⁹╕√⁸ ─ ≢│⁸

⅜ ⌐ ∆╢ ⅜ ↕╣≡⅔╡⁸↓╣⅜

⌐ ⇔≡™╢≤ ⅎ╠╣≡™╢ 59⁹ 
 ─ꜞⱪ꜡◓ꜝⱵfi◓⌐ ⇔≡│⁸ ⁸ ─ ╩ ∆

™ ⅜⌂↕╣≡™╢⁹ES ⌐ ∆╢ ⱴ24כ◌כ ─

℮∟⁸ ≤ ↕╣╢ OCT3/4, SOX2, KLF4, c-MYC ─ 4 ╩ ↕∑

╢↓≤≢ ⇔⁸ ↕╣╢ ≢№╢ iPS 60,61│⁸∕─

⌐⅔™≡ ╩⁸ⱬ◒♃כ╩ ™√ ≢│⌂ↄ⁸♃fiⱤ◒

─⅛√∟≢ ⇔√ ⌐│ ⇔ↄ ⅜ ⅜╢↓≤⅜ ╠╣≡™√ 62⁹

↓─ ⌐≈™≡⁸John P. Cooke ⱪ│⁸iPSכꜟ◓─ ⌐ ↕╣╢

ⱥ♩ BJ cell ╩ ™⁸iPS ≢ⱬ◒♃כ≤⇔≡ ™╠╣√

꜠fi♅►▬ꜟ☻ⱬ◒♃כ⅜ ≢ ↄ TLR3-TICAM-1 ─ ╩

⇔≡ iPS ╩ ↕∑╢↓≤╩ ⇔√ 63⁹╕√⁹ ≢│ ⁸

≤⇔≡ ⇔≡™√ ⌐╟╡⁸BJ cell ╩ ™⁸ RNA ▪♫꜡◓≢
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№╢ polyI:C ⅜ ─ RLR ╩ ⇔⁸IPS-1 ╩ ⇔≡ ╩ ╗

ⱴכ◌כ ─ ╩ ∆╢ ╩ ≡™╢( )⁹ 
 ≢│⁸HCV │⁸ ⅎ┌◄◒♁♁כⱶ╩ ⇔√ ⌐╟╡⁸

∞↑≢⌂ↄ⁸ ₁⌂ ⌐ ↕╣╢↓≤⅜ ↕╣≡™╢↓≤⅛

╠⁸↓╣╠─ ╩ ╕ⅎ≡⁸HCV ⌐ ∂╢ ⌐ HCV RNA ╩

∆╢ ⅜ ∆╢⅛╩ ╠⅛⌐∆╢√╘⁸BJ cell ╩ ™≡⁸

HCV RNA ⌐╟╡ OCT3/4 ─ ⱴכ◌כ─ ⅜ ↕╣╢⅛ ⇔√⁹ 
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≤  
 
1.  
 
 P�®�>�|�g ─  
 
PBS (-) 137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl,  

1.49 mM KH2PO4 
♩ꜞⱪ◦fi  0.25% Trypsin-0.02% EDTA-PBS (-) 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
FBS       BioSource Intl., Inc. 
DMEM (4.5 g/l Glucose)     GIBCO-Invitrogen 
100 mU/ml PenicillinG, 100 µg/ml Streptomycin  GIBCO-Invitrogen 
G418       Roche 
Opti-MEM      GIBCO-Invitrogen 
 
1-1.  
 
BJ cell 
 ⱥ♩  BJ │ STEMGENT ─ Stemgent® BJ Human 
Fibroblasts(early passage, P6)╩ ⇔√⁹№╠⅛∂╘ 56ϴ≢ 30 ⇔

⇔√ 10%(v/v) FBS⁸100 mU/ml Penicillin G⁸100 µg/ml 
Streptomycin ╩ ⇔√ DMEM (4.5 g/l High Glucose)╩ ™≡ 37ϴ⁸

5%CO2 ─ ≢ ⇔√⁹ ⅔⅝⌐ ╩ ∫√⁹ ─ ⌐│

♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% confluent ⌐⌂╡ ∫√⁹ 
 
O cell 
 ⱥ♩ O cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin, 6 µl/ml G418 ╩ ⇔√ DMEM (4.5 
g/l High Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢ ⇔√⁹ ⅔⅝⌐

╩ ∫√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
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Oc cell 
 ⱥ♩ Oc cell │  ╟╡ ↕╣√⁹№╠⅛∂

╘ 56ϴ≢ 30 ⇔ ⇔√ 10%(v/v) FBS⁸100 mU/ml 
Penicillin G⁸100 µg/ml Streptomycin ╩ ⇔√ DMEM (4.5 g/l High 
Glucose)╩ ™≡ 37ϴ⁸5%CO2 ─ ≢ ⇔√⁹ ─ ⌐│♩ꜞⱪ

◦fi ╩ ™√⁹ ─ ⌐│♩ꜞⱪ◦fi ╩ ™√⁹ ─ │ 100% 
confluent ⌐⌂╡ ∫√⁹ 
 
1-2.ꜞ●fi♪⁸◘▬♩◌▬fi 
 

─ ╩ ⱷכ◌כ╟╡ ⇔√⁹ 
 
polyI:C    GE Healthcare 
human IFN-#   Milteny Biotec 
 
2.  
 
2-1.HCV ꜠ⱪꜞ◖fi O cell ⅛╠─ HCV RNA  
 
 ⇔≡™╢ O cell ╩ ⇔⁸Trizol ⌐╟╡⁸HCV RNA ╩ ╗ Ocell ─
RNA╩ ⇔√⁹HCV RNA╩ ╕⌂™Ⱡ●♥▫Ⱪ◖fi♩꜡כꜟ≤⇔≡Oc cell
─ RNA ╩ ⇔√⁹ 
 
2-2.in vitro HCV polyU/UC RNA ─  
 
 ⅜ ⇔√⁸HCV genotype 1b polyU/UC RNA (9421 to 9480, 
Accession number: EU867431 )⅜ ↕╣√ pGEM-T easy vector45 ╟╡

Riboprobe combination system SP6/T7 RNA polymerase (promega)╩ ™≡⁸

T7 promoter№╢™│SP6 promoter⅛╠ ╩ ∫√⁹DNase I �[  37°C⁸

15 ↕∑≡ DNA ╩ ⇔⁸Trizol ⌐╟╡ RNA ╩ ⇔√⁹  RNA 
─ ─√╘⁸☿fi☻ ≤▪fi♅☿fi☻ ─ ⌂ ssRNA ╩ ⇔⁸

95°C ⌐ ™√ ⁸ ₁⌐ ╕≢ ╩◓fiꜞכ♬▪≡→↕╩ ∫√⁹ 
 
2-3.Lipofectamine2000⁸DOTAP ╩ ™√ ┼─ RNA  
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 BJ cell ╩ 24well plate ⌐ ⇔⁸ ⌐ ∂≡ Lipofectamine2000 №╢™

│ DOTAP ╩ ™≡ RNA ╩ ⌐ ⇔ ╩ ⅎ√⁹ 
 
2-4. cDNA ─  
 
 №╢™│ ╩ Trizol ⌐╟╡ ⇔√⁹ ⌐ Trizol ─ 1/5 ─◒꜡

꜡ⱱꜟⱶ╩ ⅎ ⇔√ ⁸12,000g⁸15 ⇔√⁹ ⁸ ╩

⇔⁸ ─▬♁ⱪ꜡Ɽⱡכꜟ╩ ⅎ⁸10 ™√─∟⁸15000g⁸10
⇔√⁹ ⇔√Ɑ꜠♇♩╩ 70 EtOH ⌐╟╡ ⇔⁸RNA ╩ ⇔√⁹

⇔√ RNA ╩╙≤⌐⁸High capacity cDNA Reverse Transcription kit (Applied 
Biosystems) ╩ ™≡ ⇔≡ cDNA ╩ ⇔√⁹ 
 
 
2-5. PCR 
 
 cDNA ⅛╠ Step One Real-time PCR system ╩ ™≡ Ct ╩ ⇔⁸ȺȺ

Ct ⌐╟╡ mRNA ╩ ⇔√⁹ ≤⇔≡│ ⱥ♩ GAPDH ╩ ⇔

√⁹ ⇔√ primer ╩ ⌐ ∆⁹ 
 
human GAPDH  F  GAGTCAACGGATTTGCTCGT  

R  TTGATTTTGCAGGGATCTCG 
human IFN-!  F CAACTTGCTTGGATTCCTACAAAG 
  R TATTCAAGCCTCCCATTCAATTG 
human OCT3/4 F CCGTGAAGCTGGAGAAGGAG 
  R GCAGATGGTCGTTTGGCTGA 
human SOX2 F CCCCTTTATTTTCCGTAGTTGTATTT 
  R TGGATTCTCGGCAGACTGATT 
human KLF4 F TACCAAGAGCTCATGCCACC 
  R GCGAATTTCCATCCACAGCC 
human c-MYC F GCCACGTCTCCACACATCAG 
  R TCTTGGCAGCAGGATAGTCCTT 
human TLR3 F TCCCAAGCCTTCAACGACTG 
  R TGGTGAAGGAGAGCTATGCACA 
human TLR7 F TTACCTGGATGGAAACCAGCTAC 
  R TCAAGGGCTGAGAAGCTGTAAGCTA 
human TLR8 F ATGAAGGAGTCATCTTTGC 
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  R TTAGTATTGCTTAATGGAATCG 
human TLR9 F TGGTGTTGAAGGACAGTTCTCTC 
  R CACTCGGAGGTTTCCCAGC 
 
 
2-6.  
 
 �•�Â�î�ž ꜝ☻╩ ™√ 24 well plate ⌐ BJ cell ╩ ⇔⁸ ⌐ ⌐

∂≡ RNA ⌐╟╢ ╩ ™⁸12 ⌐ ╩ ∫√⁹PBS ≢─

⁸3%ⱱꜟⱴꜞfi/PBS ⌐╟╢ ─ 0.2 Triton X/PBS ⌐╟╢

⁸1% BSA/PBS ⌐╟╢Ⱪ꜡♇◐fi◓╩ ∫√ ⁸OCT3/4 
monoclonal antibody(Cell Singnaling)╩ ™≡⁸4ϴ≢ ⁸ ╩

∫√⁹ ⁸Alexa Fluor 488-conjugated secondary antibody(Invitrogen)
╩ ™≡⁸ �
 4=
œ�W�[ �§��� �/�o�Â �† /œ�W�S�‹ �
 �•�Â�î�ž�Û�«�† ⁸Prolong 
Gold (Invitrogen) �_�|�~�«�Û�–�»�ž�Û�«�_�Ð�˜�å�º�K �
 �Ð�½�Ÿ�×�”�[ ⇔

√⁹ ≢ PBS ⌐╟╢ ╩ ∫√⁹�› �§�å�É�Ý�c �
 
¹!”!l �Þ�î�¨�î

 (Zeiss) ⌐≡ 63 �¸�P"@�Þ�å�¬�† ™≡ ⇔√⁹ 
 
 
 
 ⅎ ╩ ™√ ⌐≈™≡│⁸ ─ ╘╢ ⌐

≠⅝ ⇔√ 
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3-1. BJ cell ⌐⅔™≡⁸Lipofectamine 2000 ╩ ™√ ┼─ HCV RNA

⌐╟╡ ⱴכ◌כ ⅜ ↕╣╢⁹ 
 
 ≢│⁸Lipofectamine 2000 ╩ ™≡ polyI:C ╩ BJ cell ─
⌐ ∆╢≤⁸RLR-IPS-1 ⌐ OCT3/4, SOX2, KLF4, c-MYC
╩ ╗ ─ ⱴכ◌כ ⅜ ↕╣╢ ╩ ≡™╢(

)⁹∕↓≢⁸HCV RNA ⅜ polyI:C ⁸ ⱴכ◌כ ╩

∆╢⅛⌐≈™≡⁸BJ cell ╩ ™≡ ⇔√⁹BJ cell ⌐ Lipofectamine 2000 ╩

™≡ O cell RNA,  Oc cell RNA, HCV RNA, polyI:C ⌐╟╢

┼─ ╩ ⅎ√≤↓╤⁸ HCV RNA, polyI:C ⌐╟╢ ⌐╟╡⁸OCT3/4, 
SOX2, KLF4, c-MYC 
─ ─ ⅜ ╠╣√⁹RLR-IPS-1 ⌐╟╡ ↕╣╢ IFN-! ─
│ O cell RNA⁸ HCV RNA⁸polyI:C ⌐⅔™≡ ↕╣√⅜⁸ ⱴ

כ◌כ ⅜ ↕╣√ HCV RNA, polyI:C ≢│ ⌐ ™

IFN-! ─ ⅜ ╠╣√⁹ 
 
 
3-2. Lipofectamine 2000 ╩ ™√ HCV RNA ⌐╟╡ OCT3/4 ♃fiⱤ◒

⅜ ∆╢⁹ 
 
 BJ cell ⌐ Lipofectaine 2000 ╩ ™≡⁸HCV RNA ╩ ∆╢≤⁸OCT3/4
─ mRNA ─ ⅜ ⇔√↓≤⅛╠⁸↓─≤⅝ ⌐ OCT3/4 ♃fiⱤ◒ ⅜

⇔≡™╢⅛≥℮⅛╩⁸ ⌐╟╡ ═√⁹ ⅛╠ 12 ─ BJ cell
╩⁸ OCT3/4 ╩ ™≡ ╩ ∫√≤↓╤⁸OCT3/4 ♃fiⱤ◒ ⅜

⇔≡™╢↓≤⅜ ↕╣√( 3.2)⁹╕√⁸↓─≤⅝⁸OCT3/4 ─ ⅜

↕╣√ BJ cell │ ─ 1-2 ≢№∫√⁹ 
 
 
3-3. BJ cell ⌐⅔™≡⁸DOTAP ╩ ™√ TLR3 ┼─ HCV RNA ≢│

ⱴכ◌כ │ ↕╣⌂™⁹ 
 
 ─ ⌐╟╢ iPS ⌐⅔™≡ TLR3 ─ ⌐╟╡

⅜ ∆╢↓≤⅛╠⁸HCV RNA ⌐╟╢ TLR3 ─ ⌐╟╡⁸ ⱴכ

כ◌ ⅜ ↕╣╢⅛≥℮⅛╩ ⇔√⁹DOTAP ╩ ™√ ┼─
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RNA │◄fi♪♁כⱶ⌐ ∆╢ TLR3 ─ ⌐ ↕╣╢ 64⁹∕↓≢⁸

DOTAP ╩ ™⁸BJ cell ╩ O cell RNA, Oc cell RNA, HCV RNA, polyI:C
≢ ⇔√≤↓╤⁸ HCV RNA⁸polyI:C ≢│ IFN-! ─ ⅜ ↕╣≡

™╢↓≤⅛╠ ⌐ ⇔≡ ⇔≡™╢↓≤⅜ ↕╣√⅜⁸OCT3/4, SOX2,  
KLF4, c-MYC ─ │ ↕╣⌂⅛∫√ 3.3 ⁹ 
  
3-4. BJ cell │ HCV ≢ ⱴכ◌כ ╩ ⇔⌂™⁹ 
 
 1 ⌐⅔™≡CD8+DC⅜HCV ≢RNA ─℮∟⁸

TLR3-TICAM-1 ⌐╟╡ IFN ╩ ∆╢↓≤╩ ⇔√⅜⁸↓↓≢│⁸BJ cell
⅜ HCV ≢ ⱴכ◌כ ╩ ∆╢⅛ ⇔√⁹BJ

╩ O cell №╢™│ Oc cell ≤ ⇔√≤⅝─ OCT3/4, SOX2, KLF4, 
c-MYC ─ ⌐≈™≡ ═√⅜⁸™∏╣─ ≢╙ │ ↕╣

⌂⅛∫√( 3.4)⁹╕√⁸↓─≤⅝⁸IFN-! ─ ╙ ↕╣⌂⅛∫√↓≤

⅛╠⁸ ≢│ RNA ─ ⅜ ∂≡™⌂™ ⅜ ⅎ

╠╣╢⁹ 
 
 
3-5. I IFN ╩ ↑√ BJ cell ≢│⁸HCV ≢ IFN-ɗ
⅜ ↕╣╢⅜⁸OCT3/4 │ ↕╣⌂™⁹ 

 
 BJ cell ╩ IFN-#≢ ∆╢≤ TLR3 ─ ⅜ ∆╢( 3.5.A)⁹↓─↓≤

⅛╠⁸ ╘ BJ ⌐ IFN ╩∆╢↓≤≢⁸BJ ≤ HCV ─

≢─RNA ─ ⅜ ╠╣╢─≢│⌂™⅛≤ ⅎ⁸ ╘ IFN-#
≢ ⇔√ BJ cell ╩ O cell ≤ ⇔√⁹∆╢≤⁸↓─ ≢│╦∏⅛⌂⅜

╠ IFN-! ⅜ ⇔⁸RNA ─ ⅜ ↕╣√( 3.5B)⁹⇔⅛

⇔⌂⅜╠⁸OCT3/4 ─ ⌐≈™≡│ ⁸ ↕╣⌂⅛∫√⁹ 
 
 
3-6. Lipofectamine2000⁸DOTAP ╩ ™√ ⌐╟╡ OCT3/4
⅜ ↕╣╢⁹ 

 
 BJ cell ⌐ ⇔≡⁸DOTAP ≢│⌂ↄ Lipofectaine 2000 ╩ ™≡ HCV 
RNA⁸polyI:C ≢ ∆╢↓≤≢ OCT3/4 ⅜ ↕╣╢⁹ 3.1, 
3.2 ≢⁸BJ cell ⌐ ⇔≡ Lipofectaine 2000 ╩ ™≡ O cell RNA ≢

╩ ⅎ≡╙⁸IFN-! │ ↕╣╢⅜ OCT3/4 │ ↕╣⌂™( 3.1)⁹
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↓╣⌐≈™≡⁸iPS ⌐⅔™≡│ TLR3 ─ ⌐╟╡ ⅜ ∆

╢↓≤⅛╠⁸Lipofectaine 2000 ╩ ™√ O cell RNA ⌐╟╢ ⌐⁸

DOTAP ╩ ⇔⁸TLR3 ╩ ∆╢↓≤≢⁸OCT3/4 ⅜ ↕╣

╢╟℮⌐⌂╢⅛╩ ⇔√⁹BJ cell ⌐ Lipofectamine2000 ╩ ™√ O cell 
RNA ⌐╟╢ ≤⁸DOTAP ╩ ™√ O cell RNA, HCV RNA, polyI:C
─™∏╣⅛─ RNA ⌐╟╢ ╩ ⌐ ⅎ√≤↓╤⁸∕╣∙╣ ≢│

OCT3/4 ─ ⅜ ╠╣⌂™ O cell RNA / Lipofectaine2000 ≤ HCV 
RNA / DOTAP №╢™│⁸O cell RNA / Lipofectaine2000 ≤ polyI:C /DOTAP
─ ≢│⁸OCT3/4 ─ ⅜ ↕╣√( 3.6)⁹╕√⁸OCT3/4
⅜ ↕╣√ ≢│⁸OCT3/4 ⅜ ↕╣⌂⅛∫√ ⌐ ═⁸IFN-!

─ ╙ ⇔ↄ ⇔≡™╢↓≤╩ ╘√⁹ 
  
 
3-7. Lipofectamine2000⁸DOTAP ╩ ™√ ⌐╟╡ OCT3/4 ♃fiⱤ◒

⅜ ∆╢⁹ 
 
 Lipofectamine2000⁸DOTAP ╩ ™√ ⌐╟╡ ↕╣╢ OCT3/4

⌐≈™≡⁸ ⌐ OCT3/4 ♃fiⱤ◒ ꜠ⱬꜟ≢ ⇔≡™╢⅛≥℮⅛╩⁸

⌐╟╡ ═√⁹ ⅛╠ 12 ─ BJ cell ╩⁸ OCT3/4 ╩

™≡ ╩ ∫√≤↓╤⁸Ocell RNA / Lipofectaine2000 ≤ HCV 
RNA / DOTAP ⁸Ocell RNA / Lipofectaine2000 polyI:C /DOTAP ─
⌐⅔™≡⁸OCT3/4 ♃fiⱤ◒ ⅜ ⇔≡™╢↓≤⅜ ↕╣√( 3.7)⁹ 
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3.1 Lipofectamine2000 ╩ ™√ RNA ⌐╟╢ ⱴכ◌כ─  

 
BJ cell ⌐ ⇔≡⁸Lipofectamine 2000 ╩ ™≡ O cell RNA, Oc cell RNA, 

HCV RNA, polyI:C ─™∏╣⅛ 0.05 !g ≢ ⁸ PCR ⌐╟╡ IFN-! , 
OCT3/4, SOX2, KLF4, c-MYC ─ mRNA ╩ ⇔√⁹  
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3.2  Lipofectamine2000 ╩ ™√ RNA ⌐╟╢ OCT3/4 ♃fiⱤ◒ ─

 
 
BJ cell ⌐ ⇔≡⁸Lipofectamine 2000 ╩ ™≡ HCV RNA, polyI:C ─™

∏╣⅛ 0.05 !g ≢ ⇔√⁹12 ⁸ ─ ⁸ ╩⇔⁸ OCT3/4
►◘◑ ╩ 1 ⌐⁸Alexa488 ►◘◑ ╩ 2 ≤⇔≡ ™

√ ╩ ™⁸ כ◙כ꜠ ⌐╟╡ OCT3/4 ─♃fiⱤ◒ ─

⌐≈™≡ ⇔√⁹  

!��

Unstimulated�� HCV RNA�� polyI:C��
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DAPI��
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/ No. of counted cells��
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3.3  DOTAP ╩ ™√ RNA ⌐╟╢ ⱴכ◌כ─  
 
BJ cell⌐ ⇔≡⁸DOTAP╩ ™≡O cell RNA, Oc cell RNA, HCV RNA, 
polyI:C ─™∏╣⅛ 0.05 !g ≢ ⁸ PCR⌐╟╡ IFN-! , OCT3/4, SOX2, 
KLF4, c-MYC ─ mRNA ╩ ⇔√⁹  
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3.4 BJ ≤ HCV ─ ⌐⅔↑╢ ⱴכ◌כ─  

 
BJ cell ╩ O cell №╢™│ Oc cell ≤ ⇔√ ⁸ PCR ⌐╟╡ IFN-! , 
OCT3/4, SOX2, KLF3, c-MYC ─ mRNA ╩ ⇔√⁹ 
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3.5  IFN ─ BJ ≤ HCV ─ ⌐⅔↑╢

OCT3/4 ─  
 
(A)BJ cell ⌐ 100 IU/ml IFN-# ⌐╟╢ ╩ ⅎ√⁹ ⁸ ╩ ⇔

PCR ⌐╟╡ TLR3, TLR7, TLR8, TLR9 ─ mRNA ╩ ⇔√ 
(B) ╙∫≡ 100 IU/ml IFN-# ⌐╟╢ ─ ╩ ⅎ√ BJ cell⁸№╢™│

─ BJ cell ╩ O cell ≤ ⇔√⁹24 ⁸ ╩ ⇔ PCR
⌐╟╡ IFN-! , OCT3/4 ─ mRNA ╩ ⇔√⁹ 
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3.6  Lipofectamine2000⁸DOTAP ╩ ⇔√ RNA ⌐╟╢ OCT3/4

─  
 
BJ cell ⌐ ⇔≡⁸Lipofectamine2000 ╩ ™≡ 0.05 !g  O cell RNA ≢ ∆

╢ ⌐⁸DOTAP ╩ ™≡ O cell RNA, HCV RNA, polyI:C ─™∏╣⅛

0.05 !g ≢─ ╩ ⅎ√⁹12 ⁸ ╩ ⇔⁸ PCR⌐╟╡ IFN-! , 
OCT3/4 ─ mRNA ╩ ⇔√⁹ 
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3.7 Lipofectamine 2000⁸DOTAP ╩ ⇔√ RNA ⌐╟╢ OCT3/4
♃fiⱤ◒ ─  
 
BJ cell ⌐ ⇔≡⁸Lipofectamine 2000 ╩ ™≡ 0.05 !g  O cell RNA ≢ ∆

╢ ⌐⁸DOTAP ╩ ™≡ O cell RNA, HCV RNA, polyI:C ─™∏╣⅛

0.05 !g ≢─ ╩ ⅎ√⁹12 ⁸ ─ ⁸ ╩⇔⁸

OCT3/4 ►◘◑ ╩ 1 ⌐⁸Alexa488 ►◘◑ ╩ 2 ≤⇔

≡ ™√ ╩ ™⁸ כ◙כ꜠ ⌐╟╡ OCT3/4 ─♃fiⱤ◒

─ ⌐≈™≡ ⇔√⁹  

Lipofectamine2000 / 
DOTAP��

O cell RNA /
 ����

O cell RNA / 
O cell RNA  ��

O cell RNA /
synthesized HCV RNA 

O cell RNA /
polyI:C 

unstimulated��
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 ⌐⅔™≡⁸ⱥ♩ ≢№╢ BJ cell ≢⁸HCV RNA ⅜ polyI:C

⌐ ╩ ⇔⁸OCT3/4 ╩ ╗ ⱴכ◌כ ─

╩ ∆╢↓≤⅜ ╠⅛⌐⌂∫√⁹⁹Lipofectamine 2000 №╢™│ DOTAP ╩

™√ ┼─ ≢│ Lipofectamine 2000 │ ┼─ ⁸

DOTAP │◄fi♪♁כⱶ ┼─ ⌐ ™╠╣ 64,65⁸ ≢│

Lipofectamine ╩ ™√ RNA ≢│ ☿fi◘כRLR-IPS-1 ⁸

DOTAP╩ ™√RNA ≢│◄fi♪♁כⱶ ─TLR3-TICAM-1 ⌐╟╡

⁸ ↕╣╢ ╩ ⇔≡™╢⁹Lipofectaine 2000 ╩ ™≡ RLR ⌐╟

╡ HCV RNA ⅜ ↕╣√≤⅝⌐⁸OCT3/4 ╩ ╗ ⱴכ◌כ─

⅜ ↕╣√⁹⇔⅛⇔⁸DOTAP ╩ ™≡─ TLR3 ◦◓♫ꜟ ≢│⁸™∏

╣─ ⌐⅔™≡╙⁸ ⱴכ◌כ ─ │ ╠╣⌂⅛∫√⁹ ≢⁸

Lipoectamine 2000 ⌐╟╢ RLR ┼─ O cell RNA ≢│ ↕╣

⌂™ ⱴכ◌כ ⅜⁸DOTAP╩ ™≡ HCV RNA╕√│ polyI:C
⌐╟╡ TLR3 ╙ ∑≡ ∆╢≤⁸ ↕╣√⁹↓─≤⅝ IFN-! ─

╙ ⇔ↄ ↕╣≡™√⁹ ⌐⅔™≡⁸RNA ⌐╟╢ ⱴכ◌כ

⅜ ↕╣╢ ⌐│™∏╣╙ IFN-! ─ ⇔™ ╩ ∫≡™√⁹ 
 RLR ⁸TLR3 ⁸I IFN⁸↓╣╠─ ⅜ ⱴכ◌כ ⌐≥

℮ ∆╢⅛│ ╠⅛≤⌂∫≡™⌂™⁹↓╣⌐≈™≡ ⅎ╠╣╢↓≤≤⇔≡⁸

ⱴכ◌כ │ RLR-IPS-1 ⅜ ⌐ ℮ ≢⁸↓╣

╠─ ─ ⅜ TLR3-TICAM-1 ≢ ↕╣≡™╢ ⅜

№╢⁹№╢™│ ⱴכ◌כ ⌐│ RLR, TLR3 ≢ ⌐

ↄ ⅜ ╦∫≡⅔╡⁸↓╣⅜ ⌐ ↄ↓≤⅜ ⱴכ◌כ ─ ⅝

≤⌂∫≡™╢─⅛╙⇔╣⌂™⁹≥∟╠─ ⌐≈™≡╙⁸IFN ⌐ ≢№╢

≤╙⁸ ≢№╢≤╙ ⅎ╠╣╢⁹ ─ ⌐№∫√ TLR3 ⌐╟╢ iPS
─ ⌐≈™≡╙⁸∕─ ⌂ ⱷ◌♬☼ⱶ│ ⅛∫≡™⌂™ 63⁹

↓╣╠⌐≈™≡ ╠⅛⌐∆╢√╘⌐⁸ ≢№╢ OCT3/4 ╩ ╗

ⱴכ◌כ─ ┼─ IFN ◦◓♫ꜟ─ ─ ╩ ╘⁸ ⁸RNA ╩ ∆

╢ ⌐╟╢ ─ ⱷ◌♬☼ⱶ╩ ⇔≡™ↄ⁹ 
 HCV ≢─ ⁸ ─ ⌐⅔™≡⁸ ╩fi◕כꜝ◖⅜

⇔⁸ ∆╢⁹BJ ≢ ↕╣√ HCV RNA ⌐╟╢

ⱴכ◌כ─ ⁸OCT3/4 ♃fiⱤ◒ ─ ⅜⁸ ⌐ ─

╩ ⅝ ↓∆⅛⁸№╢™│ ⌐⅔™≡╙ ⌐ ↕╣╢⅛│

∞⅜⁸ⱥ♩ │ ⅜™ↄ≈⅛ ↕╣≡™╢↓≤⅛╠⁸



 63 

⁸ ╩ ™≡ ╩ ℮ ≢№╢⁹╕√⁸HCV ⅜

⌐ ⌐ ⁸ ∆╢⅛│⁸ ⌐│⌂∫≡™⌂™⅜⁸

╛ ⌐≡⁸HCV ─ ┼─ ─ ⅜ ↕╣

≡™╢⁹ 
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⌐⅔™≡⁸ ─ ⅜ ╠╣√⁹ 
 
1. ⱴ►☻ ≢│ HCV RNA ⌐ ⇔≡⁸IPS-1 ⌐ III IFN ╩ ∆

╢ 
 
2. ─ HCV RNA ⌐ ⇔≡⁸ ⁸CD8+DC │ IPS-1 ⌐ III

IFN ╩ ∆╢ 
 
3. CD8+DC │ HCV ⌐ TICAM-1 ⌐ III IFN ╩ ∆╢ 

 
4. III IFN ꜠☿ⱪ♃כ≢№╢ IL28R#│ DC ─⌂⅛≢╙ CD8+DC ⌐

⇔≡™╢ 
 

5. ∆ↄ⌂ↄ≤╙ ≢─ ≢│ III IFN │ ─ ╩

⇔⌂™ 
 

6. CD8+DC ⌐⅔™≡⁸III IFN │ III IFN ⌐╟╢ⱳ☺♥▫Ⱪⱨ

◒♇Ᵽ♪כ▫ ╩ ≈⁹ 
 

7. III IFN │ ⌐⅔™≡ HCV ╩ ∆⁹ 
 

8.  BJ cell ⌐⅔™≡⁸HCV RNA ⌐ ⇔≡⁸OCT3/4 ╩

╗ ─ ⅜ ↕╣╢⁹ 
 

9. BJ cell ⌐⅔™≡⁸HCV RNA ⌐ ⇔≡ OCT3/4 ─ ⅜ ↕╣

╢≤⅝⌐│⁸ ⇔™ IFN-! ─ ⅜ ∫≡ ↕╣╢⁹ 
 
 
 HCV ⌐ ∆╢ III IFN ⌐│ IPS-1 ≤ TICAM-1 ─ ≈─ ⌂

⅜ ∆╢↓≤⅜ ╠⅛≤⌂∫√⁹IPS-1 │ HCV ─ ™ ≢

─ RNA ⌐╟╢ III IFN ⌐ ≢№╢ ⁸TICAM-1 │⁸

⌐ⱴ►☻CD8+DC╕√│ⱥ♩BDCA3+DC⅜ ⌐ ≢HCV
╩ ⇔⁸III IFN ╩∆╢ ⌐ ≢№╢↓≤⅜ ↕╣⁸ ≈⌐
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⅜ ⌐ ⌂╢ ≢ ⌂ ⅝╩⇔≡™╢↓≤⅜ ↕╣╢⁹╕√⁸I
IFN ⅜⁸NK ╛ CTL ─ ╩ ℮ ≢⁸III IFN │ ─ⱳ☺

♥▫flⱨ▫כ♪Ᵽ♇◒ꜟכⱪ⌐╟╡ ─ ≢ ⌐ ►▬ꜟ☻

╩ ⇔⁸HCV ⌐ ∆╢ ⅜ ⅎ╠╣╢⁹ 
 ≤↓╤≢⁸HCV ─ ⁸ ⌂ ≢№╢ PEG-IFN(+ꜞⱣ

ⱦꜞfi ) ─ ⌐ ⅝ↄ ╦╢≤↕╣╢⁸IFN-" 3(IL-28B)
─ ╢∆♪כ◖╩ │⁸ ≢│⁸ ─ III IFN ⱨ□Ⱶꜞ

╢№≢כ IFN-" 4 ⅜≥↓╢™≡╣↕♪כ◖⅜ ╠⅛≤⌂∫≡™╢ 66⁹IFN-" 4 │

III IFN ⌐ ∆╢꜠☿ⱪ♃כ⌐╟╡ ↕╣╢↓≤⅛╠ III IFN ⱨ□Ⱶ

⌐כꜞ ↑╠╣≡™╢⅜⁸ ⅜ ─ III IFN ⌐ ═ ↄ⁸ ─ III
IFN ≤ ─ ╩ ≈⅛│ ≢№╢⁹ ─ ⌐╟╡⁸IFN-" 4

⅜ ⌐ ↕╣╢⅛⅜ ↕╣╢⅜⁸PEG-IFN(+ꜞⱣⱦꜞfi )
≤─ ≢│⁸IFN-" 4 ⅜ ⌐ ↕╣╢ ⌐⁸╗⇔╤ ⅜

╘⌂ↄ⌂╢⅜⁸∕─ⱷ◌♬☼ⱶ│ ⅛∫≡™⌂™⁹ 
 ⱴ►☻⌐│ IFN-" 4 ─ ⁸KO╘√™⌂™≡╣↕♪כ◖⅜ ⱴ►☻╩ ™

≡─ IFN-" 4 ─ ╛ ⌐≈™≡│ ≢№╢⁹ 
 
 HCV │ ─ ⁸CD81⁸SRB-I⁸Claudin-1⁸Occludin ─◄fi♩ꜞכ꜠

☿ⱪ♃כ╩ ⇔≡ ┼ ∆╢⅜ 67–70⁸HCV ╛ HCV Huh7
⅛╠ ⇔√ HCV RNA כ♃ⱪ☿꜠כꜞ♩ⱶ⅜⁸◄fiכ♁♁◒◄

⌐⁸ √⌐ ┼─ HCV ╩ ⅝ ↓∆≤⅜ ↕╣≡™╢ 71⁹

↓╣⌐╟╡⁸HCV │◄fi♩ꜞכ꜠☿ⱪ♃כ⌐╟╢ ╩ ↑∏⁸ ⌐

↕╣√ DC ╛ B 72–74╩ ╘⁸ ₁⌂ ┼ ⁸ ∆╢↓≤⅜ ↕╣

╢⁹↓╣╠⌐ ⇔≡⁸ ─ ⅛╠⁸ ≢│ DC ─ HCV RNA
⌐╟╢ IFN ╩ ⇔√⅜⁸ 3 ≢│ RNA ╩ ⇔≡ HCV RNA
⅜ ⅝ ↓∆ ─ ─ ⌐≈™≡ ⇔⁸ BJ cell ⌐⅔

™≡⁸OCT3/4 ╩ ╗ ⱴכ◌כ─ ⅜ ↕╣╢↓≤╩ ™∞⇔√⁹ 
 HCV ≢╖╠╣╢ ꜞfiⱤ ⁸ ⁸ ⁸ ⁸

⌂≥─ ₁⌂ ⌐≈™≡╙⁸HCV ⅜ ⅝⅛↑≡™╢ ⅜№╡⁸

↓─≤⅝⁸ ─ ⅜ ∞↑≢⌂ↄ⁸ ─ ≤⌂╢↓

≤╙ ⅎ╠╣╢⁹╕√ HCV ╩ ╘⁸HPV ─►▬ꜟ☻│ ─ ╩ ∆

╢⅜ ⁸ ⌐⅔↑╢⅜╪ ─ ⅜ ↕╣≡™╢ 75⁹►▬ꜟ☻

⌐⅔↑╢⅜╪ │ ≢№╢⅜⁸ ╟╡ ↕╣╢►▬ꜟ☻

⌐╟╢ ╩ ⇔√ ⅜⁸►▬ꜟ☻ ─ ≢⅜╪

╩ ∂↕∑╢ ≤⌂∫≡™╢ ╙ ⅎ╠╣╢⁹ ╩↕╠⌐

↕∑╢↓≤≢⁸ ⁸►▬ꜟ☻ ⅜╪─ⱷ◌♬☼ⱶ─ ⌐ ⅜╢↓≤⅜
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↕╣╢⁹ 
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 ╩ ∆╢⌐№√╡⁸ ⌂↔ ⁸ ╩ ╡╕⇔√

   ⁸  
  ⌐ ↄ ™√⇔╕∆⁹ 

 
 │   ⁸ ─

⌂⇔⌐│ ⇔ ╕∑╪≢⇔√⁹ ה ─ ╘ ╩ ⅛╠ ⅎ≡

™√∞⅝⁸ ↄ─↓≤╩↔ ↄ∞↕™╕⇔√ ⌐ ⅛╠ ™√

⇔╕∆⁹ 
  
�•1=�e �† �B�� �K�Z�8�S�T�A�r�K�S ⁸   

 ⁸    
⁸    ⌐ ↄ

™√⇔╕∆ 
 
 ⅔╟┘ ₁⌂ ≢ ⅔ ⌐⌂╡╕⇔√  

 ─ ⌐ ↄ ™√⇔╕∆⁹ 
 
 ⌐⁸ ™ ╩ ╡⁸ ⌐ ⅎ ↑≡ↄ╣√ ⌐ ↄ

⇔╕∆⁹ 
  



 68 

 
 

1. Akira, S. & Takeda, K. Functions of Toll-like receptors: lessons from 
KO mice. C. R. Biol.  327, 581–589 (2004). 

2. Alexopoulou, L., Holt, A. C., Medzhitov, R. & Flavell, R. a. Recognition 
of double-stranded RNA and activation of NF-kappaB by Toll-like 
receptor 3. Nat ure  413, 732–738 (2001). 

3. Matsumoto, M. et al.  Establishment of a monoclonal antibody against 
human Toll-like receptor 3 that blocks double-stranded 
RNA-mediated signaling. Biochem. Biophys. Res. Commun.  293, 
1364–1369 (2002). 

4. Hemmi, H. et al.  Small anti-viral compounds activate immune cells 
via the TLR7 MyD88–dependent signaling pathway. Nat. Immunol.  3, 
196–200 (2002). 

5. Heil, F. Species-Specific Recognition of Single-Stranded RNA via 
Toll-like Receptor 7 and 8. Science. 303, 1526–1529 (2004). 

6. Hemmi, H., Kaisho, T., Takeda, K. & Akira, S. The Roles of Toll-Like 
Receptor 9, MyD88, and DNA-Dependent Protein Kinase Catalytic 
Subunit in the Effects of Two Distinct CpG DNAs on Dendritic Cell 
Subsets. J. Immunol.  170, 3059–3064 (2003). 

7. Tatematsu, M., Nishikawa, F., Seya, T. & Matsumoto, M. Toll-like 
receptor 3 recognizes incomplete stem structures in single-stranded 
viral RNA. Nat. Commun.  4, 1833 (2013). 

8. Oshiumi, H. et al.  TICAM-1, an adaptor molecule that participates in 
Toll-like receptor 3–mediated interferon-" induction. Nat. Immunol.  4, 
161–167 (2003). 

9. Yamamoto, M. Role of Adaptor TRIF in the MyD88-Independent 
Toll-Like Receptor Signaling Pathway. Science. 301, 640–643 (2003). 



 69 

10. Kawai, T. et al.  Unresponsiveness of MyD88-Deficient Mice to 
Endotoxin. Immunity  11, 115–122 (1999). 

11. Edwards, A. D. et al.  Toll-like receptor expression in murine DC 
subsets: lack of TLR7 expression by CD8#+ DC correlates with 
unresponsiveness to imidazoquinolines. Eur. J. Immunol.  33, 827–
833 (2003). 

12. Den Haan, J. M. M., Lehar, S. M. & Bevan, M. J. Cd8+ but Not Cd8- 
Dendritic Cells Cross-Prime Cytotoxic T Cells in Vivo. J. Exp. Med.  
192, 1685–1696 (2000). 

13. Schulz, O. et al.  Toll-like receptor 3 promotes cross-priming to 
virus-infected cells. Nature  433, 887–892 (2005). 

14. Yoneyama, M. et al.  The RNA helicase RIG-I has an essential function 
in double-stranded RNA-induced innate antiviral responses. Nat. 

Immunol.  5, 730–737 (2004). 

15. Yoneyama, M. et al.  Shared and Unique Functions of the DExD/H-Box 
Helicases RIG-I, MDA5, and LGP2 in Antiviral Innate Immunity. J. 

Immunol.  175, 2851–2858 (2005). 

16. Kawai, T. et al.  IPS-1, an adaptor triggering RIG-I- and 
Mda5-mediated type I interferon induction. Nat. Imm unol.  6, 981–
988 (2005). 

17. Seth, R. B., Sun, L., Ea, C.-K. & Chen, Z. J. Identification and 
Characterization of MAVS, a Mitochondrial Antiviral Signaling 
Protein that Activates NF-$B and IRF3. Cell  122, 669–682 (2005). 

18. Xu, L.-G. et al.  VISA Is an Adapter Protein Required for 
Virus-Triggered IFN-" Signaling. Mol. Cell  19, 727–740 (2005). 

19. Meylan, E. et al.  Cardif is an adaptor protein in the RIG-I antiviral 
pathway and is targeted by hepatitis C virus. Nature  437, 1167–1172 
(2005). 



 70 

20. Kato, H. et al.  Differential roles of MDA5 and RIG-I helicases in the 
recognition of RNA viruses. Nature  441, 101–105 (2006). 

21. Saito, T. et al.  Innate immunity induced by composition-dependent 
RIG-I recognition of hepatitis C virus RNA. Nature  454, 523–527 
(2008). 

22. Abe, Y. et al.  The Toll-Like Receptor 3-Mediated Antiviral Response Is 
Important for Protection against Poliovirus Infection in Poliovirus 
Receptor Transgenic Mice. J. Virol.  86, 185–194 (2012). 

23. Oshiumi, H. et al.  The TLR3/TICAM-1 Pathway Is Mandatory for 
Innate Immune Responses to Poliovirus Infection. J. Immunol.  187, 
5320–5327 (2011). 

24. Zhang, S.-Y. et al.  TLR3 Deficiency in Patients with Herpes Simplex 
Encephalitis. Science. 317, 1522–1527 (2007). 

25. Wang, T. et al.  Toll-like receptor 3 mediates West Nile virus entry into 
the brain causing lethal encephalitis. Nat. Med.  10, 1366–1373 
(2004). 

26. Daffis, S. et al.  Toll-Like Receptor 3 Has a Protective Role against 
West Nile Virus Infection. J. Virol.  82, 10349–10358 (2008). 

27. Kotenko, S. V et al.  IFN-%s mediate antiviral protection through a 
distinct class II cytokine receptor complex. Nat. Immunol.  4, 69–77 
(2003). 

28. Sheppard, P. et al.  IL-28, IL-29 and their class II cytokine receptor 
IL-28R. Nat. Immunol.  4, 63–68 (2003). 

29. Ge, D. et al.  Genetic variation in IL28B predicts hepatitis C 
treatment-induced viral clearance. Nature  461, 399–401 (2009). 

30. Thomas, D. L. et al.  Genetic variation in IL28B and spontaneous 
clearance of hepatitis C virus. Nature  461, 798–801 (2009). 



 71 

31. Tanaka, Y. et al.  Genome-wide association of IL28B with response to 
pegylated interferon-# and ribavirin therapy for chronic hepatitis C. 
Nat. Genet.  41, 1105–1109 (2009). 

32. Suppiah, V. et al.  IL28B is associated with response to chronic 
hepatitis C interferon-# and ribavirin therapy. Nat. Genet.  41, 1100–
1104 (2009). 

33. Yoshio, S. et al.  Human blood dendritic cell antigen 3 (BDCA3) + 
dendritic cells are a potent producer of interferon-% in response to 
hepatitis C virus. Hepatology  57, 1705–1715 (2013). 

34. Lauterbach, H. et al.  Mouse CD8 + DCs and human BDCA3+ DCs are 
major producers of IFN- in response to poly IC. J. Exp. Med.  207, 
2703–2717 (2010). 

35. Le Bon, A. et al.  Cross-priming of CD8+ T cells stimulated by 
virus-induced type I interferon. Nat. Immunol.  4, 1009–1015 (2003). 

36. McCartney, S. et al.  Distinct and complementary functions of MDA5 
and TLR3 in poly(I:C)-mediated activation of mouse NK cells. J. Exp. 

Med. 206, 2967–2976 (2009). 

37. Ebihara, T. et al.  Hepatitis C virus–infected hepatocytes extrinsically 
modulate dendritic cell maturation to activate T cells and natural 
killer cells. Hepatology  48, 48–58 (2008). 

38. Jongbloed, S. L. et al.  Human CD141+ (BDCA-3)+ dendritic cells 
(DCs) represent a unique myeloid DC subset that cross-presents 
necrotic cell antigens. J. Exp. Med.  207, 1247–1260 (2010). 

39. Ikeda, M. et al.  Efficient replication of a full-length hepatitis C virus 
genome, strain O, in cell culture, and development of a luciferase 
reporter system. Biochem. Biophy s. Res. Commun. 329, 1350–1359 
(2005). 



 72 

40. Liu, F., Song, Y. K. & Liu, D. Hydrodynamics-based transfection in 
animals by systemic administration of plasmid DNA. Gene Ther.  6, 
1258–1266 (1999). 

41. Tatematsu, M. et al.  A Molecular Mechanism for Toll-IL-1 Receptor 
Domain-containing Adaptor Molecule-1-mediated IRF-3 Activation. J. 

Biol. Chem.  285, 20128–20136 (2010). 

42. Mizushima, S. & Nagata, S. pEF-BOS, a powerful mammalian 
expression vector. Nucleic Acids Res.  18, 5322–5322 (1990). 

43. Fujita, T., Sakakibara, J. & Sudo, Y. Evidence for a nuclear factor(s), 
IRF-1, mediating induction and silencing properties to human IFN-,B 
gene regulatory elements. EMBO É  7, 3397–3405 (1988). 

44. Zhang, X. et al.  Cutting Edge: Ku70 Is a Novel Cytosolic DNA Sensor 
That Induces Type III Rather Than Type I IFN. J. Immunol.  186, 
4541–4545 (2011). 

45. Oshiumi, H. et al.  Hepatitis C Virus Core Protein Abrogates the 
DDX3 Function That Enhances IPS-1-Mediated IFN–Beta Induction. 
PLoS One 5, e14258 (2010). 

46. Goutagny, N. et al.  Evidence of Viral Replication in Circulating 
Dendritic Cells during Hepatitis C Virus Infection. J. Infect. Dis.  187, 
1951–1958 (2003). 

47. SANSONNO, D. et al.  Detection of hepatitis C virus (HCV) proteins 
by immunofluorescence and HCV RNA genomic sequences by 
non-isotopic in situ hybridization in bone marrow and peripheral 
blood mononuclear cells of chronically HCV-infected patients. Clin. 

Exp. Immunol.  103, 414–422 (2007). 

48. Pham, T. N. Q. et al.  Hepatitis C Virus Persistence after Spontaneous 
or Treatment-Induced Resolution of Hepatitis C. J. Virol.  78, 5867–
5874 (2004). 



 73 

49. Itoh, K. et al.  The Clathrin-Mediated Endocytic Pathway Participates 
in dsRNA-Induced IFN- Production. J. Immunol.  181, 5522–5529 
(2008). 

50. Valadi, H. et al.  Exosome-mediated transfer of mRNAs and 
microRNAs is a novel mechanism of genetic exchange between cells. 
Nat. Cell Biol.  9, 654–659 (2007). 

51. Dreux, M. et al.  Short-Range Exosomal Transfer of Viral RNA from 
Infected Cells to Plasmacytoid Dendritic Cells Triggers Innate 
Immunity. Cell Host Microbe  12, 558–570 (2012). 

52. Morelli, A. E. Endocytosis, intracellular sorting, and processing of 
exosomes by dendritic cells. Blood 104, 3257–3266 (2004). 

53. Matsumoto, M. et al.  Subcellular Localization of Toll-Like Receptor 3 
in Human Dendritic Cells. J. Immunol.  171, 3154–3162 (2003). 

54. Li, X.-D. et al.  Hepatitis C virus protease NS3/4A cleaves 
mitochondrial antiviral signaling protein off the mitochondria to 
evade innate immunity. Proc. Natl. Acad. Sci.  102, 17717–17722 
(2005). 

55. Aly, H. H. et al.  Development of Mouse Hepatocyte Lines Permissive 
for Hepatitis C Virus (HCV). PLoS One 6, e21284 (2011). 

56. Marcello, T. et al.  Interferons # and % Inhibit Hepatitis C Virus 
Replication With Distinct Signal Transduction and Gene Regulation 
Kinetics. Gastroenterology  131, 1887–1898 (2006). 

57. Mennechet, F. J. D. Interferon- -treated dendritic cells specifically 
induce proliferation of FOXP3-expressing suppressor T cells. Blood 
107, 4417–4423 (2006). 

58.  . HCV ≤ . ►▬ꜟ☻ 52, 295–300 (2015). 



 74 

59. Arzumanyan, A., Reis, H. M. G. P. V. & Feitelson, M. a. Pathogenic 
mechanisms in HBV- and HCV-associated hepatocellular carcinoma. 
Nat. Rev. Cancer  13, 123–135 (2013). 

60. Takahashi, K. & Yamanaka, S. Induction of Pluripotent Stem Cells 
from Mouse Embryonic and Adult Fibroblast Cultures by Defined 
Factors. Cell  126, 663–676 (2006). 

61. Takahashi, K. et al.  Induction of Pluripotent Stem Cells from Adult 
Human Fibroblasts by Defined Factors. Cell  131, 861–872 (2007). 

62. Kim, D. et al.  Generation of Human Induced Pluripotent Stem Cells 
by Direct Delivery of Reprogramming Proteins. Cell Stem Cell  4, 472–
476 (2009). 

63. Lee, J. et al.  Activation of Innate Immunity Is Required for Efficient 
Nuclear Reprogramming. Cell  151, 547–558 (2012). 

64. Matsumoto, M. et al.  Defined TLR3-specific adjuvant that induces NK 
and CTL activation without significant cytokine production in vivo. 
Nat. Commu n. 6, 6280 (2015). 

65. Coch, C. et al.  A Human In Vitro Whole Blood Assay to Predict the 
Systemic Cytokine Response to Therapeutic Oligonucleotides 
Including siRNA. PLoS One 8, e71057 (2013). 

66. Prokunina-Olsson, L. et al.  A variant upstream of IFNL3 (IL28B) 
creating a new interferon gene IFNL4 is associated with impaired 
clearance of hepatitis C virus. Nat. Genet.  45, 164–171 (2013). 

67. Bartosch, B. et al.  Cell Entry of Hepatitis C Virus Requires a Set of 
Co-receptors That Include the CD81 Tetraspanin and the SR-B1 
Scavenger Receptor. J. Biol. Chem.  278, 41624–41630 (2003). 

68. Hsu, M. et al.  Hepatitis C virus glycoproteins mediate pH-dependent 
cell entry of pseudotyped retroviral particles. Proc. Natl. Acad. Sci.  
100, 7271–7276 (2003). 



 75 

69. Evans, M. J. et al.  Claudin-1 is a hepatitis C virus co-receptor 
required for a late step in entry. Nature  446, 801–805 (2007). 

70. Ploss, A. et al.  Human occludin is a hepatitis C virus entry factor 
required for infection of mouse cells. Nature  457, 882–886 (2009). 

71. Bukong, T. N. et al.  Exosomes from Hepatitis C Infected Patients 
Transmit HCV Infection and Contain Replication Competent Viral 
RNA in Complex with Ago2-miR122-HSP90. PLoS Pathog.  10, 
e1004424 (2014). 

72. Sung, V. M.-H. et al.  Establishment of B-Cell Lymphoma Cell Lines 
Persistently Infected with Hepatitis C Virus In Vivo and In Vitro: the 
Apoptotic Effects of Virus Infection. J. Virol.  77, 2134–2146 (2003). 

73. Garry, PhD, R. F. et al.  Detection of Hepatitis C Virus RNA Sequences 
in B-Cell Non-Hodgkin Lymphoma. Am. J. Clin. Pathol.  113, 391–398 
(2000). 

74. Ito, M. et al.  Peripheral B Cells May Serve as a Reservoir for 
Persistent Hepatitis C Virus Infection. J. Innate Immun.  2, 607–617 
(2010). 

75. Chiocca, E. A., Blair, D. & Mufson, R. A. Oncolytic Viruses Targeting 
Tumor Stem Cells. Cancer Res. 74, 3396–3398 (2014).  

 

 


