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HFMIZ Retinoic Acid-Inducible Gene-1 DB Z M S € %

AT I S N AT T L T O S &
SR B oW ® 8 ® N A W

8¢ [ 5] Retinoic acid-inducible gene-I (RIGI) 1 RNA AU HF—F¥O—FTHY, w4 VAEEIZLY,
JERNICER T —EHRNAZRETrHBENZERTHS. [HB] Tumor necrosis factor-a (TNF-a ) &
Interferon-y (IFN-y ) BFHNFIREEYSF /¥4 VBT ARIGIOER 2 MM X252, T0OEHABFEIX
AEHTH D, BFFETIE ERBEETYIF/H 4 FThbD HaCaTHRIZB VT, RIGIORKKIZH S 5 TNF-a
LIFN-y OB #AER 4B L7 [KEIRGIOmMRNA L ¥ U R 7 BB ESX L EBWRIPCRIEE YL R ¥
Ty T4 v TETENTFNRN L. FOFER TNF-a & IFN-y ZRBRML 72 &4 Tid, RIGI % ~
%27 L mRNAZBHEFMFEMICHEML T/ [HR] mr 4 b b4 U HENICRIGIOREHREY LRI E
CEDNG, 20D A4 AL YR ADY T FNVEERBEEAANALTCRIGIOREHALZHHAL D EE X bR
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F—TJ—K: e MEESFF 7Y A4 b HaCaT #Mila: Tumor necrosis factor-a ; Interferon- y :
Retinoic acid-inducible gene-I.

ORIGINAL ARTICLE
TUMOR NECROSIS FACTOR-a AND INTERFERON-y SYNERGISTICALLY
INDUCE EXPRESSION OF RETINOIC ACID-INDUCIBLE GENE-I IN
CULTURED HUMAN KERATINOCYTES

Satoko Minakawa", Kazuyuki Kimura', Yasusi Matsuzaki’, Hajime Nakano,
Tadaatsu Tmaizumi®’, Kei Satoh?, and Daisuke Swamura"

Abstract [Introduction] Retinoic acid-inducible gene-I (RIG-I) is a putative RNA helicase. Upon viral infection, RIG-I
protein binds to the viral double-stranded RNA. [Objectives] Tumor necrosis factor-a (TNF-a ) and interferon- y
(IFN-y ) stimulate the expression of RIG-I mRNA and protein in epidermal keratinocytes, and that mechanisms have
not been well elucidated. The purpose of this study was to investigate the cooperative effect of TNF-a and IFN-y
to the expression of RIG-I. [Results] The steady-state levels of RIG-I mRNA and protein amounts were analyzed by
semi-quantitative RT-PCR and Western blotting, respectively. RIG-I mRNA and protein levels were synergistically
increased through the administration of both the TNF-q and IFN-y in HaCaT keratinocytes. [Conclusion] These
findings imply that the induction of RIG-I expression by TNF-a and IFN-y is utilized by the different signaling
pathway from each other.
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BRI, ERNDT 4V AR AL
NBHPHEREE L TERRZHZ DD, 7ML
SRR 5 & 207 ) AR MBRERNIZEA
LMoL FAHAL YAV ADEREIT).
INETTANVAOBEBOKR, MBENIZER
TAMMBENES RNA (dsRNA) % Ml 23385
LTWABZ EWEmhoT0id, FOAHNZX A
BAHTH -7 &4, REERARNAZFET
& % Toll-like receptor (TLR) % A-&3712, #ifg
WT” AV AHKD dsRNA % 2&L, 1 v ¥ —
7xur (IFN) #ETORBEZELHSTELT
retinoic acid-inducible gene-I (RIG-I) #%[F & &
h7=b.

RIG-T 355 # 5 & Bk VE A s Mg i c BT L
FIAVBIZEIDVFRINLEBETELTRHES
M, RNA 7 AV ZARKGxS 5 RS AR
RyTEEZLNRTWSY. 2o RIGT & DExH-
box 77 IV —IZEBTAHRNAANYT—ED—
HThDEMHMENY, 7 AL ASHIFLIC KT
5t RIGIZCEKmMloON) H—EFX AL >
THIRAN _ESH RNA ZRAIL, NKRiZH 2
caspase recruitment domains (CARDs) # 4L
TIRIFN B2 TRBAFEL 7PV ™MrEZ L
ALY

PRSI 25 KA ) > SHLER TRIBAEAN IV
2N— T A EMAL3 45 &, THiREIE T-helper-1
(ThD) 22 Th2 DWFTNHIDLT £ 7 ¥ — )L I8—
THIB LT 5. DS H Thl Mgz 1 >~
y—7xza -y (IFN-y) REEELFNT -a
(TNF-a) %575,

IFN-y (3B mMMHE RS RAEFHIEH O X
», RIEHEIEHDL AT 5. IFN-y 2°IFN-y
receptor a/ B 2 & &+ 3 5 &, Janus protein
tyrosine kinase (JAK) 1/2 % Signal transducer
and activator of transcription-1 (STAT-1) D&
PALZ EBBI Y, MRk A RSP FER SN
%Y.

T2, wru7y—VOMBETE, MEES
Y37 kB EARICHECHE S L TNF-«B %
AEERIZ L T 525, TNF-a PHREIZE
HIZHETAHE, AEBRE L TREERLTHS

NF-« B 2NEMHAL S, HA DRIEIEHHEZ 5.

INFETOMET, FEMENEMRER MET
WM BWT, IFN-p E RIGIEHZHMS
®HIEARENTY. T CNREF T
B4 b OLFEALHINL T 5 HaCaT MM (20
T, TNF-a & IFN-y 3 RIGI ¥ >~ 7% 7 X RIGI
mRNA OEBEZHME TS L%, RIGI ¥ /%
Z GBI RET B EPW LRI -72Y. &
ZC, ShFE 41, HaCaT MilgicB T RIGI %
BUZH$ B TNF-a & IFN-y OME/ERAZ KA L
7z

MEERE

1. #Rsg=E

HaCaT #ifgid, $UAEHB LU 10% 7 ¥R 1M
{# % N Z 72 minimal essential medium (MEM,
GIBCO, Auckland, NZ) #}:#h & L C, 60 mm
TIAF Y JHBRERET 4 P2 THEELE K
Wi 1HBEIIRKBL, ¥4 bA A M2
BRI ) B (PBS) T2 HE#EH L&
DL, 05% 7 ¥R RIMEM MEM IZ3KH#: L 72
IFN-y & LT recombinant human (r(h)) IFN-y
(Roche Diagnostics, Indianapolis, USA), TNF-a
& L Tr(h) TNF-a (Roche diagnostics GmbH,
Mannheim, Germany) % L7z. TNF- a @i
%, RIG-I mRNA @ 5313 6 FF i T, RIGI % ~
RZIE 24 TY — 2 IZET A2 L 5Y, RIGI
mRNA D43 #7121¢ TNF-a % IFN-y 50 6 K
HoMBEHEAL, RIGIS ¥ /57 O4H 2
TNF-a R IFN-y @8N 24 Keff2 0OMg 2 H L 7-.

2. 9IRA>TOvTA>YT

A MAA TN 24 K%, HaCaT Hiffg %
RIPA lysis buffer (1% Nonidet P-40, 0.1% sodium
deoxycholate, 0.57 mM phenylmethylsulfonyl
fluoride (Sigma-Aldrich, St. Louis, MO, USA),
1 mM sodium orthovanadate (Sigma-Aldrich),
10 £ g/ml aprotinin (Sigma-Aldrich) , 10 u g/
ml leupeptin (Sigma-Aldrich) , 1 mM Na,;VO,
(Sigma-Aldrich)) % H\WVCKETHEMRL 2. &
¥ % 15000 rpm T30 =L LD L, B
HW A -80C THRAEL 2. BREDSY V37
& B 1Z Protein Assay Kit™ (Bio-Lad) Tl &
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L7 RE®DOy Y7 20ug) % 10% (w/v)
SDS-polyacrylamide gel electrophoresis T 7
L, Hybond™ ECL™ nitrocellulose membrane
(Amersham Biosciences, Buckinghamshire, UK)
WKEE L7 ZOHGLAKEEHCTERT 1
RWHkELCTey X 7Lz 20K —
K P 4K (rabbit anti-RIG-I antiserum, 1:10,000
dilution) (22 L, =@ T 1KMHIRE L72%
ACTHIR2KRERAF L. 2ok Rk
(ECL anti-rabbit IgG, horseradish peroxidase-
linked species-specific whole antibody from
donkey, 1:2,000 dilution; Amersham Biosciencs,
Buckinghamshire, UK) T=Zim [ 1 K53k & %,
ECL enhanced chemiluminescence detection
reagent ECL (Amersham, UK) % f\C, RIGI
LAV 2 (iR 0yAd

YIAY TRy T4y T ORI NH
Image analysis software & i\ CE RN L 7.
F/oarbu— & LT pB-actin DFEHEHPEL
7z.

3. RNA i & reverse transcription-polymerase
chain reaction (RT-PCR) ;&

P A bAA @6 KM% HaCaT Mg %2
RNeasy™ Mini Kit (Quiagen, Hilden, Germany)
O Buffer RLT # AWCTK ECTHM L7z BIFR
#* & total RNA % RNeasy total RNA isolation
kit (Qiagen, Hilden, Germany) % AW CTHH L
72. 05 ug @ total RNA & 5, oligo (dT) 20
T4 < —%HWTcDNA Z&H L, KIZPCR
% 47 o 72. RIGI & human glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) @ cDNA
REWTHDDTITAT—ILUTOL D% M
L7z:

RIG-I.-F (5"-GCA TAT TGA CTG GAC GTG
GCA-3")

RIG-I-R (5"-CAG TCA TGG CTG CAG TTC
TGT C-3")

GAPDH-F (5 -CCA CCC ATG GCA AAT TCC
ATG GCA-3).

GAPDH-R (5 -TCT AGA CGG CAG GTC AGG
TCC ACC-3).

RIG-I cDNA & KIE5fFHd (98C, 1 min) #

1% 4 27, (98C, 10 sec; 58C, 2 sec; 74T, 30
sec) 22% 4 7N, (4C,1min) %1% 1
7 VE L7, GAPDH &S 41 (98T, 1
min) % 1% 4 7, (98C, 10 sec; 60T, 2 sec;
74T, 30 sec) #20% 4 7))V, (4T, 1 min) %
1914 7ne L.

A B L 72 cDNA # ethidium bromide &4 2.0%
agarose gel TEL K E) L /2. RIGI & GAPDH
® PCR EMIEZFNEI 644 bp & 598 bp & %o
7. FEORNA 2 LERL 72 RIGI & GAPDH
® ¢cDNA @ »3 ¥ F & NIH Image analysis
software C#HT L 7-.

¥ S

TNF-a 2 WM& IFN-y ZBEBISAML =B ED
RIG-| 2 NI DFERICDNT

TNF-a & % \» & IFN-y % B3 L
TRIGI % ¥ 7 OFEB 2 ma L7z, RER,
TNF- a $2 58 TiZ 0-10-20-40-80-160 ng/ml & L,
IFN- y #%5-# TiZ 0-25-5-10-20-40 ng/ml & L 7.
FDRER, denovo TORIGI 7 237 HHEIZ
FERIFF I 13FR %3, TNF-a 2820 ng/ml
¥ CIRBEKAEICHINL 20 ng/ml CHEHEITE
L7z, &7z, IFN-y 13 10 ng/ml F CTlXiREEKST
HIZHM L, 10 ng/ml 2 S5 FHISEL 2 (K
1).

TNF-a %AW IFN-y ZBEIBISRML 2B ED
RIG-l mRNA ORBRIZDNT

TNF-a & %\ & IFN-y & B @i L < RIG-I
mRNA O 2T L7, BEIX, TNF-a 5
T3 0-2040-80 ng/ml & L, IFN-y #%5-# Tl
0-10-2040 ng/ml & L72. ZFDO#ERE, de novo TD
RIG-I mRNA AR X IER B I3R &R B
9, TNF-a 7% 20 ng/ml, IFN-yi{Z 10 ng/ml T
FHIELR (K2).

TINF-a HELVIFN-y ZRBFICHFM LB SO
RIG-1 22 /X7 DFEBRICDNT

TNF-a 3 X O°IFN-y # FE#& M L T, RIGI
TRy OEBERE L. BEX TNF-q /
IFN-y # 2 h Zh, 0/ 0-20/ 0- 0/ 10- 20/ 10
ng/ml THSLEEE, BED, 0/ 0- 40/ 0-



=l

86

TNF-a (ng/ml)

0 . 10, 20 40
RIG-] * ™= e g s

_80 160

B-actin

o 25

5

5 2

Q

- I I I I I
S

& |

3 05

- 0

20 40 80 160
TNF -a (ng'ml)

. i

IFN-y (ng'/ml)
0 25 5 10 20 40

o RIG-I ’mmm“mm

3
III

0
0 5 10 20
IFN- ¢ (ng'ml)

Fold Induction

1. TNF-a 3 5\WiE [FN-y % BARIZRIN L 7285480 RIGI 7 > 737 D58,
HaCaT #Ha1Z TNF-a ¥R 24 B # D RIG-I # > 787 %B1Z TNF-a % 20 ng/ml

TITITPEHEIEL /2. MR
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RIG-I
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. IFN-y {2 10 ng/ml ® & %12,

1T FEIEL 72
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<

[FN-vy (ng'ml)

Bl2. TNF-a & %\ IFN-y & BAUIEIN L 7234 @ RIGI mRNA O5EH.

HaCaT #ific
ZIZFHIEL. BRI

0/ 20- 40/ 20 ng/ml TH G- L 723HA 122V THl
EL7:. FOFE, TNF-a & IFN-y 2 ZhZFh
MM L 2AWC LT, FECRmLZz2
&ET, RIGI 7 ¥ 787 OFBHHEMIH ML 7=
(3).

TNF- a #0016 EBEfE % @ RIG-1 mRNA %HiE TNF-a 220 ng/ml T
, IFN-y {2 10 ng/ml ®» & X2,

T FEIZEL

TNF-a 5LV IFN-y ZRIBFICAML ZBED
RIG-| mMRNA OFIRIZDWT

TNF-a 8 X O'IFN-y # R B IZ& M L T,
RIGI mRNA O Z B & #a L7-. #BEIE, [k
{2 TNF-a /IFN-y & Z 1 Zh, 0/ 0- 20/ 0- 0/
10- 20/ 10 ng/ml TG L7=%aH L. FED, 0/
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3. TNF-a 3L U IFN-y ZFEICEMLBEDO RIGI 7 787 OFBIZOWT.
HaCaT #l#2!Z TNF-a 20 ng/ml & IFN-y 10 ng/ml % RIBFIZIRIN L 72 24 BRI 2 0>
RIG1 # ¥ /32 BB ZhZh B X h MM L 7.

TNF-o TFN-vy (ng/ml) TNF-aIFN-vy (ng/ml)
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4. TNF-a 3 LU IFN-y ZREIZHENL 7238460 RIGI mRNA O5H.
HaCaT #if21- TNF-a 20 ng/ml & IFN-y 10 ng/ml % RIEEIZiRM L 72 6 Bef & 0
RIGI mRNA W3 ZhZh Ak h AR mNL 2.

0- 40/ 0- 0/ 20- 40/ 20 ng/ml THK5-L =812 " .
DOWTHIEE L 72. TNF-a & IFN-y 2 ZhFh 7
IS 72 EICH LT, FRSORMLZ22 & AR IATIB T A REDOKRE Ty 5 F 7

T RIG-I mRNA OFBLUIHFARICEML 72 (K A I ohsd FI5F /794 MIEwIRETIE
4). T DOFrOEEHOY A A4 R MBI EAT
HDORED, A4 NRIZERET S EEREES R,
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ZL DY A MLV EGWTHEIIIRD.
B, YA b AL VEEETA AL V2R
BERICERT 2RENOH LVEHEFERL LT
HifEshCTns, BRICEASHIFA MHA >
WA L HORIBRBLZSIERBITLEZOLNT
BY, BRELRDLYA A A > 2hil$ 5 B8
ORBENFRA LN TS, Skurkovich HiZEHC
RIZRBDEBIC TNF-a B ETHI L2 RE
L7134, BLIFN-y 2 v~ F %, Bl
MG, MERTEE, CREEERLZ EOEHE
WHWT, EL-EHRELTWSY. /- 8
IR ESE TIE, TNF-a% % —%"v bIZL
72A 7)) X< TH, KEWMAILETH 558
DEFERE L THFIR TV 5.
VEEOWREMOEREIZIX, ¥ IF K6 (B
R 5 F V) N DA, IFN-p 2 TNF-a #°
rY5FK6HR Y 87 LN, mRNA LX),
THE-Y— LNV THET LI EpMEEIN
0 % 7z, IFN- p 3 1E% &R ML o 5458 % I L,
TR =V REFET LN, WHORETIETH
F—Y ZROFEPED LNV E W) HEY 2,
VRO R MM T IFN-y 12389 %5 STAT-1
IBEDPRE L TWEEOMEDH LY. 20k
\ZTNF-a & IFN-y 7 9F 7 %4 PORFEIZE
DAETLEBMORBBICESTLI L0, Zhb
DOF A AL & TF A FOBERICERIC
M5922LhHEMINTND.
RIGIRBHAHORA I AL 2 FHRL I LI
EREORERPOIDIZEFTICHFHEEZD
nod, £Ers5F 7% 4 BT 5 TNF-a
& IFN-y 12 & % RIGI % 3 @ 8 5 1Z Kitamura
59 DWMEFDATH S, Frld, L VEEY
FFI7HA MBI LREETA VALK
HRIGIRBAMHDOA N Z A L% X 5IZHANSL T2
¥, TNF-q & IFN-y 12X %5 RIGI HH AT L
7. AMEOFEH T XE KX, TNF-a & IFN-y
ZEBF IR 5 2 £ 12X 5 RIGI B OMFER
REBRF L2 Ths. EE HEELELMR
\Z TNF-a & IFN-y Z RBISRNT 5 &, £h ¥
NEHEGRINCHR, A vy —uaf x> (IL)-324q
% CXCLI0 EfzFA mRNA LRV & & V32 L
ANOVTHEMIHEML 22 e BMEShTws ®

14).

AWfgE Tk, HaCaT MIZi2 BT, FEHIB
BRICIZRIGI # » 787 & mRNA 2S5 &% L
VDI L, TNF-a ® IFN-y 2&mL 728
4, RIGI % > /%27 & mRNA H% i AR AF M 2 1
m¥szlxmLA Lad, TNF-a & IFN-y
REBIHRMT 2L, ZhZREMEMICR
~, RIGI % ¥ /%2 & mRNA FBAH FH 128
mssZ ezl ZOBHZEHNIS, TNF-a
EIFN-y 3 ZNENEL B 7 F MEERRIZ
LJOTRIGIERAZHHML b LHENINS.
G, TUE—F - R EICXD, EikbEE
RN AEIFE S D,

AR AV ABRS 2 O F#ETHRAIL TH
RuEZFETSH. Sk IFN Bz FiEHL X
H X LDBNERL, 74022 5 M0
DRI FLRXVTHLNI LI EIZLD,
AN RRBT B B EE Y b 6T
eSS, RIGLIZEEYSF /%4 b
DOBEGH & L OHI RSB b AR D D,
RIGI #4r L7y 7 F VOB #@ LT, 74
ARSI T B IFN SR RIER BTN T 550
TNF-a BH2BWT, BIfEA 28R L, zEN
HENTED L) L HEORE SRS,

A 33

AT SCER R B OFHER R B O, A
BitdhBd ) BELERBRESDRE (BEL <
ARE) OB EZTTITVWE L 7, EH
SHIE D RIFREIZ O THE, N O R K R
DORHIREAE, AFRBRE BS5HERME
DTHINEHBR L FIFE 5.
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