61: 614 FRRRsRE - 7T LVEF—# 614 H 65
AR ¥ AT
IL- mmgh M2TAM  CpG ooN/ZOsI{-’ngb/ooue M1 TA[\]/]NF .
et (9 [CEEE . 2
NF-xB Bl
ﬁggﬁﬁﬁ Se RN |m1i;hh4/] ﬁ%ﬁ;
NK 2
CTL
DC gﬁé

1 TAMsD P AICH T 5 HE & BRBETEMEIEIC L 2516
TAMsiX, BEERBMNEET TE C OBEMENCER L Tv5, M2 TAMsiE, SEHREF,
MEHERT, PAMBORERTE2EAL, BEREZIAET 5. Poly LCIZ X 5TLR3/TICAM-1
(TRIF) #5BE D IE AL CpG ODNIZ & ATLRIDIEMEALIZ, TAMsO#gE % M1ENZ R L, EE

DR 2T 5.

BRICE GBI L, EEOREEBECh b
TWh., ZREIIEEPHICNA T, RERE
AER VB TOEEOER T LHEAITT K —
b5,

TAMs DHERE & % DFRES

BENCIESEEO~7O7 7y — V2R EL,
NS IMEEORE L B 02D 5 (B 1-K).
RIUT7=VOBREZLINITAETIVIES
I AEEREISIHISNL Z &S, woaT 7 —
DIHEEDOREICUETH L EEL LNTVDY,
BERO~ 077 — VI EEE RS,
TAMs & iHIN A, PAMIIE, BEEPEET S
chemokine (C-C motif) ligand(CCL)2% &0 4
EHA N o THEIE I A O BERE #EE &+,
EEREICRE 5, FOBBTHERE, B
BEAMNREICIFET 254 b4 R EEEE

interleukin (IL)-12% & D HFEHT A M 4 ¥ =
4 v % —7 =1 ~ (interferon ; IFN)-B, inducible
nitric oxide synthase (iNOS) 7z ¥ DEWFIH % 45
#e L, ThIBORELELHET L, KREME
WOBEBRITINZ T, PWAMB 2 BETAHEED
o, —F, M2w2 07 7—93, REETA
bh A Y OEEREEL, b Y ICRmEIEE
FridEETS. 362, HHEEFRMEY
# K F (vascular endothelial growth factor ;
VEGF) O£ L) EIBIEEIC bbb, M1/
M2w 7 077 —Y0OFHFE L, TollFZEk(Toll-
like receptors ; TLRs) WA b b A4 VB 4EkD
TFVICE D RERRT S, EE, v rnT 7 —
T OM1/M2FIE b B MBI 3 7 F ViR
PEERFHPEHEE SN T LY, “TBEE” 1%
w077 —VORBNEETHY, S
5 ORI E ZTT, MI/M2EEIIN AR

T EDHERZITTTAMsN E LT 5. ik TR AP EETH 5.

5 &5, BERICEET 5MDSCsD—# b TAMslE, BELTM27 2707 7 —J k7

TAMsIZ /b § 5. BRFLEEOBREYRET 20, MIEIO®E
— BT, v u 77— VEEEFORERTN ZEOTAMs b BEMNICHEET 5. M1/M20DN

=y EIIMIE ZIIM2ICKBI S D, M1
~Z7 a7 7—34%, tumor necrosis factor (TNF)-o,

TV AVESZERL BEOFRICHEL, MIE
MTHBETFRPLIVEVDILTWAY, Lirl,
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»ARE AN
CD11b*GritimE Poly |:C CD11b*Gri ks
(MDSCs) IFN-o 24
IL-1Qhiah
A il B#dE / 4k
Arginase-1 S S, EEAIELOHS
M KIS T2 7 '
A~ % s
Treg 51 0) ‘
NK #aia @ iREaiE=E
<§3 — [
CTL
T L .
2 MDSCsDH AICH T BRE & HRREFMELIC & 24514
MDSCs(CD11b*Grl1*) iZ, SaE#H| K+ (IL-10, TGF-B, arginase- 172 &) DEEIIZ X Y, &5t

OEENIIREES b 7257, MDSCsid, FE~— 7 —D#E\5G-MDSCs (CD11b*Ly6G tLy6C™)
¢ M-MDSCs(CD11b+Ly6G Ly6Cher) |24 &, FNENREIFIEENRL L. —F, Poly
LCI- X AMAVSEROFEMALICL ), MDSCsIINKMBE D 75 1 I v /EH2#ET 5. /-,
CpG ODNIZ & ApDCs DTLROTEHALIZIFN-oDEEIZ L ), MDSCsDEML L IEHIL 2 HE L,

T MR DB Z HE € 5.

RIS S E ORI BV T, M1IE OTAMs
PRERBFOEEIZ L ) IO ALZRES
B, 7272, FOBEOREL X T HENEY
EMRSNDBENLTFRETSH D, WEMLE
Y DORGREEIZREZ B MR RV RIEY FHE
TAEMIEIv s 0y 7 —JLHRT, MIEITAMs
DRIEWET A b H 4~ DOEERRIZTHTVY, M2E]
DTAMsH E A T A IL-10%transforming growth
factor (TGF)-B% & DGRIEHIFIMES 1 b A ¥ %
THRAY 5 T /B arginase-1id, HidTAR
IR H b B CTLs, NK#iIfZ, DCsDIEMAL
#iHIT 52, F72, M2 TAMsiXVEGF, &R
F (epidermal growth factor ; EGF), ¥+ v >
A5 f#EE S (matrix metalloproteinase 9 ; MMP9)
DEEICLY, FAMBOHEIELEN &%
REST 5 (F 1-%).

MDSCsDHEBE & Z DFAES

MDSCsid, A TE&EWIZHEIT 5 REH
EHEZ R o REHZ I 204 FROMIER
THAHY, ¥ ATIICD1IL*Grl*, k& F T,
CD14-CD33*HLA-DRev/reesCEZHE S NS, [6—

v— A -2 RRTHMRERIRERICOERE
5L, TNOISRBEIPHNEMEEZ R 2\,
MDSCsiZ, CTLs, NKHiAZ, DCsOBEEeHIF] I
LY, MPARECELZBRTEEE I L THA
DERE YR T 5 (R 2-Z). MDSCshELE
¥ %arginase-1, IL-10, {& B F 2 (reactive oxy-
gen species ;.ROS), 1E#28 %7 (reactive nitro-
gen species ; RNS) 7z ¥ D& #:72 RFH5CTLs D
EFEHIH P DCsDEREHIHI % b 72 539, NKHH
falzad LCid, IEHELIcE L nmED 59,
F7z, MDSCsiiTAMs & [E#kic, »SAMHRLHESE
DTEHNA Lo TERIZEEL, VEGFDE
EIZLYEEFROEORREEET 7.
MDSCsizd i< e 2200 7Ty b oiE
BEhb, w7 AGrl(Ly6G) DIRBICHWS R
5%/ 71 —F VHiERB6-8C51d, RILy67 7 2
VBT BLy6CE RERIGT 5. Ly6GH L U
Ly6CHFEHARDOFBMEDENICEDTE, MDSCs
IS L URENRIEEO X 7 = X A0SR,
% CD11b*Ly6G+Ly6ClEi s Bk & (granulocytic-
MDSCs ; G-MDSCs) ¥ CD11b*Ly6G~Ly6Chieh B
Bk (monocytic-MDSCs ; M-MDSCs) (2448 & 1L
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4. M-MDSCslE, G-MDSCs*®*TAMs, DCsDHj
BN EEATEY, Tho3ITaq KRG
DRI L b 72 59,

MDSCs D RsEIhiE L, TLRAY 7 F
WMARFR S B BRRRIE Y 77 VIEE OIEHEAL
REDRERELESNDITA VAL YDV T TV
X )52, F, AR S HRH
S5 Hsp72%° S100A8/97% & D damage-associ-
ated molecular patterns (DAMPs) » TLR2%TLR4
DFEHEALE A L TMDSCsD¥g N, SiEintige o
AR, WEF~OEEEI P rH5HY,

IO RRMFED
“EHEE LB PAB
AR, TAMs®*MDSCs) FDEE & % {2
T HMWE D b EERE T A MR~
F (re-education)” + 5 Z &2 X A7 12 15
ADHREENTWABY, AL R TIEER
VIR A SR BRI RETH Y, I
BB D REMICASNL L FTE S,
3104 PR, < OPATEENICH
ZCEBELTEY, HEEOTBELZEHE T
EDLEEEHE LTHETH 5.
TLRY 7'y FRTLRY # v ¥ & Ao S5 (Hi+
A NHAVEUR, TEIAVRENRY Y -2 8)
& OfER, nuclear factor-x B (NF-xB) & o )4
% & L ) TAMsOHRe 2 M2 bMUICERHL L 72
D, MDSCsOMt% 8T 5 Z LHFTRETH S
(1, 2)0,

dsRNA7 < 2 /8 LD
W ABREICE DGR

dsRNADET7 7 1 Zpolyinosinic-polycytidylic
acid (poly L.C) iZ38 ) 2 IFNZFE k2 AT 5 5%
HEHLEE LTaoh &, RO 2O
BRI FRETH o 724%, Alexopoulou®
Matsumoto 5 2 X D TLR3D VA Y FTHAZ &
HSBE & 2 S0 TLR3IDFEHIE, MEHR
TEDCs*v 717 7 —¥, FEMBGRTIIARMES
MR, Lpidifa, mMERNEMREZ EICRBLT
W5, E%EME, 1EIFNs(IFN-0/B) R TNF-o
TR EDRFEWY A4 NI A v OREE L BRRBHR
#4 (myeloid DCs ; mDCs) %~ 17 7 —3Y D

FRERSEIE - T LV F—F 5615 $£65

Bt cdh B, Poly ICIE, MlamEOKMNOZ
AL VSR, 292 yAHEROZY

FhA b= 20 X D MIBBARICELY SAEN S,
% D@ T IIRaftlinSUATH HD, £ Dfkpoly
LCHETY FY—AIZEREL, £ ZIB/FETATLR3
SN TTRD ¥ 7 F IV RERR % G
T4, TLRIDHIEH KX L v ~DT F 75 —4
FTIR-containing adaptor molecule-1(TICAM-1)
(5%, TIR-domain-containing adapter-inducing
interferon-f (TRIF) )Y 7 V— M A LCT¥ 7 )
WARERE 2 WAL L, S5 EFIFN regulatory
factor (IRF) 3% NF-xB D 1§ % 84 5119,
FORER, REWETA DI A v OEEREIIL
V=N —OFEREFETH. DCslik EOHFERR
#ifa CTLR3/TICAM-1EEREANEMEIL T 5 &, HiF2
A SR AALRHEOMHCY I A 15F~D
R (Z7OX T LYY F— g V) HMRES
n5(X3)®, —%, HHiE Tpoly I:Cidmelanoma
differentiation-associated protein 5(MDAS5) iZ & -
Tk & 11, mitochondrial antiviral-signaling
protein (MAVS) (B4, IPS-1, Cardif, VISA) 7
¥ 7y —5F %4 L CIRF3H & U'NFkBD{E
WCESD. 50 I BIFNsEA, FIZ o
BEIKIE L T 5 (X 3), A S hiz [HIIFNs
i, = 254 VYBIUVNRT Y F4 VO
TIFNEZFF % FH T AT L, IFNEE
HRIEFHOBER Y FHET 5.

Poly LCOMIAA/ERIL, FIoTw T AEFVE
BOWTEIT SN TE 7z, PABHTY 2R HR
ERAETIVTT Allpoly LCR 5T L, &
BEOREIIFE S hB®, B16x 5. —< (MHC
79 A1k, NKEZE) ORETREET VT
1%, NKHFgDBFEIC X > Tpoly LCD AR5
12T 5920, Poly LCOE I X o THAA
< ADMEPITH, NKHa Mg EEY: & IFN-y
EAEDOFEIFRID, TN6I2X > TBI6DAHM
JaDBEFESHIH S N RBE, BEEORENSHE
S5, NKgOFEHELIciX, TLR3/TICAM-1
BT & A CD8uDCs DI AL B & U HiadL %
AL7-HEF I~ M. TICAM-1B &
UIRFMEFHICDCsIZ I L, NK#ja 0iF(L
1248 7% FF & L TIRF3-dependent NK-activat-
ing molecule (INAM) 23l S T 520, INAM
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bdiiebinic
(DC, v v O 77— &)

Poly 1:C

R 1 F 71>
(TNF-0z&) t

TICAM-1 BEE CHREIh BT HEDE

« RIEMEY A A DELE

« DCs MREEAE

* DCs T & % NK#RE2 O 3E{%4L

*DCsYORTLEYF— g
kB3 CTLEE

« TAMs ) M2—M1 &5

1 E!FNs 1

MAVS R CHES h B L NS

1 B IFNs

* NKiffa &1L

+ MDSCs O 344k

+ MDSCs DEMEAL N L &
NKT'SCL3 25

X3 Poly :.CIiC &2 BREEEMEILD 7 F IV OBRER

Poly I:CiZ, DCso<2 077~ I EOENBIREEOZEARCRAE) ZMLT
MRAAICE D AT, TV FY-ACBTL®E, £2CRETZTLRIZEHL
+5, 20O, TLRAOHEIE KA 4 V2T ¥4 —5FTICAM-1(TRIF) %) 7 V—
bER, THOV 7 FIVREREOENILARESES LD, Poly LCIE, K2 TMDAS
2 & o THHBEND EMAVSEA L ¥ 7 F VB EER 2T 5. TR L
b 1T E R FNF«B3 L UIRF3% ML 575, DCOFFMbR 7 A TLVE 7 —
3 3 VB FICTICAM-BEB T, IFNsOEAIEEICMAVSER CHE S LD L
EZOLNTWAE, V7 VGERROERIL, hoXimrBsRIhz,

12 & ANKARLIE AL OREM 22 A 5 = X 5 RH0HS
AREBIE BT AEZRENCOVWTE, §ROM%
WAEFE-ns, F/, poly LCIZ & 5MDA5/
MAVSEREOFEMEAL b NKH#If2IZ & 5 B RED
HEICES LT, HAUESFEMRe LEMRER
CIEIM B AL 12 F R $ 5 MDAS/MAVSHEHE D
TEHALIC & % T RIIFNsEE A & DCsdB & UNKHEAE
HDIFNARR - L7z FFVviE, 7V vy ovo
NK#fEEbicF 53522, —7F, poly :CIT
L AERREROTFEIX, MHCY S A1 28H
THDAMBBOBER % E . EGTY) v/ SfE(MHC
7T A1 EtE, CTLEEM) OBME TV T,

poly LC & BSAMBE D512 & ) CD8a*DCs DI

DT Y, PAFURSFRCTLsOMEN &3E
AL FEENDBD, CD8atDCsiE, 70X
VEVF—vavoRElSbLb EEL, &5
IZABODCsY 7k v MR TTLR3Z BRBT
A. %07z HTLR3/TICAM- 1R DIEHEAL I,
IRE3%# - LT/ BASVEYTF—¥ 3 V%
ZLL{EDSH. T2, MDAS/MAVSER b IFN
EAEEMNLTIND DI IR T 5
(4 3).

TLR3iZ, $»AEDOIAMMPLIZOREHL T 5.
Poly I:CiZ, TLR3/TICAM-LEEDIEHALIZL Y
2787 b=V AL BAEEN LA E
FETLUBREDRBRINTVAEN,
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dsRNA7 Y2 /N> ML B
TAMs, MDSCs DAEBERI &
A REISE

TAMs%MDSCsi3, #ho 3 =14 FRHAE L
FEICTLRs %2 3B L TCwh, TLRY A FTHI
sk, 4 M A VEERCEIEY - —
DEFRERDFASND, F7z, TLRY AV Fick
D EBFMEND RKFEMY A A A VB TAMs®
MDSCsiZfEf$ 59, #hTid, TLRY #¥ Fiz
X B AIEEEN FICTAMs$MDSCslt & & 9
CEETADTHAIN? RO LI, AR
MDY A FIZ X ATLRAIEUIETAMsMDSCs
DL EFEL, BEORETEET S, £
525, TLRY v FIZ X BIBEET VT, TAMs
LMDSCsDHEREN:, BEBEDEEY R — M5k
EREANLIEREND D ED O E 2o TE.

bbb, SLLIASAMIBIROBREE 7V T,
poly LCIZ & ATAMsDOM27%* b MINDER L &
DIBERI RSB E NS Z L E R L%, 3LL
AAMELE, MHCY 7 X TR TH Y, invitro
TIREHIL L -NKRIC L D iEES RS, Lk
L, invivoTOWEFLIEINKHICEEL 2\
ZEms, BIOMPLIC L AL xy ¥ — N
HFHETAHEEZ LN, bhbhik, poly.CH
BeEC X 0 BRIV OB E S 0
5 k&, SLLASAMIFLITNF-al B WA H B
ZEhb, INFo L7 =7 ¥ —45F& LTEwW
TWAHDTIE R bE 7z EBIZ, TNFaX
Yo ATIRIEEDRIIEE L. Poly LCHE
B ZAOEETIE 2 BICINFadBEED
FEL, FRETAMsOBEIL LB 3D TH o7z
Poly LCHx 544\ IR A 5 Bk L 72F4/80* TAMs
13, SLLATAMRLIZX L CTINF-ofRAF DG EE
MER L, & o T, TNFoll & 53LLASAHAE
DBEEIZL Y, HMEOETLE ) EERED
Hilpske = B £ 2 bz, Poly LCHR5#DIE
EANTAMsTid, M2BEREZFOERICIZTITL
A BB Do 78S, MIEERETORBIT
Z L EF LTV, PFADEEMERLTAMSsIC
B AMIBEREFOREE, TLRIT 721k
TICAM-1RiE~ 7 A THE L., T%bbH,
poly LCO#5-12 X 1, TLR3/TICAM-1EHE A3

PRSI - T L IVF—F #61% $ 65

PLY B LAY ADREEPNCAFAET 2 TAMs
OBRIIM2EID SMIELE 72 b, HIATAMEE SIE
TAHIEFHELNE o2 (K 1-A).

BIRD & 9 1IB16A T/ —<BHETFT VIZB W
T3, TLR3/TICAM-1#&IC L ADCsEA-L7-NK
HIFBIE AL & & b ICMAVSEER I RTE L /- NKH
HaDWEVEAL b FEBEELE OIS 51920, b
nbhik, poly LCHREHDHEP AT T ADD
MDSCsDFE ¥ —» —Td HCD11b+*Gri* DAl

HOMERAF MEE L7- & 2 A, MAVSIERRKTERYIZ

IFN-oD 58V EEA & Bt~ — & — DB LEFHHS
BRI EERBLED. 512, RIZTFOHRBE
TAL BRI T2 2B, A VAR
ECIEMEAL L 7 DCsHNKMIL 2 G M LT 5 & &
25 A FEHORETHRRAN R L T,
—75, MDSCsDSIEHMHIER %48 9 arginase-1D
BIE I BN i odn. S5, MR
TORAE-1, IL-15, INAM 72 & O NKHI AL E AL
DFOREBELAES AN, EBpoly LCKk 5
BN AT T A0 b EEEL 7-CD11b* Grl Hlifz
1, TFN-am B & HREEEANC X ) NKHifg 2 5
DIFN-yREE #FHH L 7-, NKHIR OMIas 5
BB SN o7h, TR THpoly LCEIES
L7z 2705 B L 7-CD11b*Gr1 +#ifiaid, B16
JEE DEE % #H L7z, IFN-yix, Bl162SAHE
WX B EEIEVER S A LN L, BEDL
 JEMEAL L 72MDSCsiINKMIFE 2> 5 DIFN-yEEAE
AL CTEEREOIRICESTALELLN
7=(B2). F72, MDSCsDiEMHALICTICAM-1#%
BIIEE L TWihdh ol ZOZERS, polyL:C
i, TICAM-1#& TDCs# ML L, FEREIC
MAVS#ERE TMDSCs % IEHAL L T, #h2ha)s
NKHFL O % 38T 5 Z L TBI6A T/ —
T T BB AERERET A b O LE
2 bh7z. F72, polyLCORMBIZ X Y EE SR
7= 1 BIIFNsiX, MDSCsD st H%+ 5. +
M2 & Y MDSCsid, THIFLOBFEIIHIVER %
K95, LoT, dsRNAT V2,8 b5,
HEARGEY 7PV EEEEL, HPSABECS
i1 A TAMs®#MDSCsO B#F 1= & Y HuasALEH
#HEL ) 5 LEZ NS, TICAM-12 MAVSHE
#i, TAMs & MDSCsD#gE % EIRK I HIH <
EDWHEMLD .
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B TLRY # ¥ FRIE T b TAMs®MDSCsD
BHREITETH LI LIRESI TS, CpG
41 IX 2 L+ F F(CpG oligonucleotide ; CpG
ODN) &, FHHIRaR8 KM AL (plasmacytoid
DCs ; pDCs) DTLROZ HEMALL, KBOIFN-0%
Bl S5, IFN-akd, MDSCSIZFER L, Bidh
b3 FET L. FOER, MDSCso T Hfgizst
3+ 2 BEEHIRIWER LT 5. £/, BEEA
#5.1.7-CpG ODNIX, TLR9%Z /i-L CMDSCs*%
EEERLL, PAMIREZEET A1EH 2 #E
X4¢5%, CpG ODN &HUL-10AM4DEESIE,
CCL16%7 €4 4 ~ DEFEIA T OMEMRERIC X
0 TAMsDOM27 5 MINDERHLE A L 7= Hi0s AR
AEFETXATL{HEIN TS (H1,2)2,

BhHWIC

EEEIRI ORI, PABEOEER X — 7 —
KTH 5. dSRNAT 287 M2 X B D5ADME
AR, DCsEEA L LN AL T =7 5 —
MRS DFEIIZ T, REHHICIPDEIT
UA FREFHAOBHEET L WIFOT 7 =7
y BRI o THIHENDL T LHH
PEroTEZ, dsRNAIL X 2 HRBEY /)
NOEMACIE, SHRBHPATLT 22 5 —HiE
DEHL T ARFICHEETE 2 Z LARKR SR,
BEZH RIS AT ADSREMEIIIEL D
DIEEE LTS h S,
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AIZhUw D

BRABESEE TLRS (CL U ERH X h 3 RNA B &EDHEH

1. BL®IC

BARERIIBWTIE, N7 — EBZEME (pattern
recognition receptor : PRR) #EHO FiBES NI HCG
HRDOSFERBELTHHREZER TS, COL ZBHR
ENBHTF/8Y — Y SREAEES T35 — > (pathogen-
associated molecular patterns : PAMPs), 15 & & 4 F /3%
% — > (damage-associated molecular patterns : DAMPs) &
FEh, ThZhoSERITEICEL S, PRRIE P VER
%4k (Toll-like receptor : TLR), RIG-1 #5444 (RIG-I-
like receptor : RLR), NOD 5%k (NOD-like receptor :
NLR) ZEICKHISR, 74 VALHMBIRERS, KERICE
Uy dy FEERL, STSTILBELFIERT L'C&
EOEEREROLDIHET LS. BLALOSFEOT
W TIE NF-xB 2 EHALL THA v 4 VEEEZFISES
L, 8512, YA VARG ZRET LZHEEOHETZ]
BAVy—7onrOEAFTEER LR, FFTIE,
2, BEBAMEAATH S TLR3IZ X 5 RNA B#RICOW
TR T 5.

2. TLR3 & D dsRNA 5558

TIRZ I REEREY V52 EThY, YT FRHERE
Whsoa4 ) yF ) E—F (LRR) AV,
BaP D TIR (Toll/interleukin-1 receptor) FAA ¥ id7 457
F—HBFDOTIR FAL VY EBETHIETY T VEE
ETA, TLRTHRYZFNVIEBWTIE, RKEEYS b
LVRIHAVF— T2 UV OEEFEOL TR L, BR
W L OIS T OREHFEL LN L TERRERE
EHATLoEb MO TS, B2 BT 5 TLRIE
AFEIE T, TLR3 X =& RNA (double-stranded RNA :

L ERFAFEEEDFR (T060-8638 db#gEALBET
FEI15%&E 7 TH)

RNA structure recognized by Toll-like receptor 3 in innate
immunity

Megumi Tatematsu, Tsukasa Seya and Misako Matsumoto
(Graduate School of Medicine, Hokkaido University, North
15, West 7, Kita-ku, Sapporo, Hokkaido 060-8638, Japan)

aR E, WA B, WK XET

dsRNA), TLR7, 8i&—7${ RNA (single-stranded RNA :
ssRNA), TLRO ix3E * F V1L CpG DNA T X b &1L
5,

TLR3 O#AH ¥ A 4 ~ & dsRNA Sk D %3
IZX D, dsSRNA OBESICEELHEEIHE N L o2
(E1). TLRIOHESN KA L VIZ23BOLRREZAL,

1 Bfva—gzay REEYS ATy

1 TLR3DHEE V7P MEERE

RSO dsRNA 237 5 A Y ¥ 3 X U Raftlin RV B Y
4 b= AENBE, TV FY—AIZBWTTLR3 2iEH{LT
%, dsRNA OESICE ) ZBEL LA TLRIE, 7¥ 754
F TICAM-1 % A L T NF«B ® IRF3 & W\ o 2 BER T 2 1F
1L, SEETFA ALY, R4V —TxurOEERT]
=Pl 2

T A

AL %586 A% 45, pp. 523-527 (2014)
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D A

NEBM & CRIWmMICENEN) TV FERFIRSD 5,
N K38 8 0 LRR-NT 1 9 His39, LRRI .E® His60, LRR3
L D His108, B X UNCE ¥ il © LRR20 = @ His539,
Asnbdl A F v FERFCHEHD 7 IV BL LTHESh
72 pH6.0~6.5 DY FY—ANTT 1 b vibLizke
RFPUH, ABMERFOIRNA DY VBELEAETS

LEZ 5N, dsRNA X ZOMH & ITEBRIC) A FE
Y HB. VA FOWEMEREE LTI 46bp @ dsRNA ¢
TLR3 B L BHELBAEREBERTE L LI D5,
TR TR0 bp OB S ABLETH B L
WIEEDLDH B T, 21~30bp @D dsRNA T b R
FEHEAIMEN LA S D TLR3 % AR (LT 5 2 L TE 27,
dsSRNA DHESI LD TLRIVPZRAEILLTTIR FX 4 ¥
E3SLPHMEERTAIET, TYTI—H0FThs
TICAM-1 ~D ¥ 7 F MEEDP TR L 72 5.

TLR3 B HRBIRM CId = v FY —2i2, LERMA
Jan—Erwru7y — YV CRMBETE LY FY— AL
BELTWAD, WihofilsTd TLRIZAN L2V 7 )
WMZZY FY— AP BRESND7:%, dsRNA HHIIEA
NERDAEFNEAT v IHLEE LD, dRNAWY T
A VRN LY R A b= 20 X o THIBRA~ELY
AFh, WP FY—-LATTLRIKEREI WL, ok
&, Y RAKCHEDST L LT Raftlin 2R L THB D,
MMFETORMOZEKIT dASRNA VST 5 L, BHIRME
Ja7z & IR ICHGE L C v A Raftlin IR R~ &
FEAHL, SRNA L E BRIV FY —La~NeBiTTAIL
MhhoTnd?,

3. UAIVARRICE TS TLR3

(+) 8iRNA 7 A4 WAB LU dsDNA 7 4 VX D &G
Wik, A NVRY 7 AEEP kL L TE RO dsRNA AT
ELA, BEMBEPETR M- A2 LT dsRNA 25
BaA AT L2 3-A i, Bl L7z dsRNA 28 TLR3 & %
B4 28R R EICR D AFRTL Y FY—AIZBNT
TLR3 2 G by A E£EZOND. TIR3 v 7Y bv
TR ERAVARICL D, BRI TLR3 25 EEBH28)
CHBAELLLARBERBEHBESEIHEF TR ETLRE
ERTVBEY. (+) BRNA YA NVATHER) YA N
RO T A NF AL VAL VA, dsDNA A4 WA THAH
TIAYAL P AFTTIALVADIED, (—) $iRNA T A
WATCHBA VYV ITWVEVYFIAL VAR T VETA VADRK
BB D TLRI A B L 815% (—) $iRNA 74
WA GERPEEE LTO dsRNA RV D 2w b b,
LD XS RO RNADTLR KHEBIhTwiodhi
AEHTCHA.

v hDY A IV ARERIIBIT S TLR3 OFEFNICD N T,

HAIANARZT 4 VA TENC X B 4 )V ARG~ DB
BACHECH D Z ERRE S LY,

T/, HIBEAEYY—TdH 5 RIGIB L ITMDAS b
dsRNA % BT 2 BRHTH 5. RIGIHE 5 K=Y
UEMLE N 4 VA RNA %, MDAS &7 4 v 2 EH
IR TH U7 dsRNA 2 M e, 184 >~
=T O YEEENLTH YA NVASE 2 HETL. &
noOoDFAMNE, REMRICESTH 502 MiaiE
THRBELTWAIHETH TLRIEELRY, CRFARYA VA
R UTNVI VAL WA, BRI ANV, V5T A4
TANRAE VS EE EF R RNA 7 A VR DBREFIENC
ngz)l‘l).

4. TLR3 {2 & D structured RNA 358

TLR3D Y H > FE LTI %40V ADdRNA R
poly(1: C) DI, mRNA R F 70— Ao 7= H
oD RNA BEE SN TWA, & BIDESE, small nu-
clear RNA DSSRAMRIBAHIC X W 1IBEE2 R THESEILT
HZETTIRIZHEHALTEA L IR B I EINRVIZE
niz?,

FAxOWETIE, RIUFTTANVAYT ) ARHIH»H
in vitro B2 542 L D ERL L 72 RNA # i vy, ssRNA 23%F D
RGBT TLR3 B EM LT 2 2 L 2R LY. R
AT A NS SO 500~900 Mk R AR BE O £
RNA BTHIC & D TLR3I B BER203 MilaZ M L7-& =
5, IFN-B 70E—% ~{ERDOHRBILDE Vv DD RNA
WiH 23dh o7z, B TChH, 630D ssRNA (PVE) P& d
TLR3EMALREASH <, & OICHESE CONRRED B
Mode. Fiz, PVSIEY T A OBEEEOR KRB B
VT b TLR3MKFEAYIC IFNSB % IL-6, TNF-o DL % Tl
L, HEK293 fife & Rkic, MR ~HELD AT 1T TLRS
PEMIALTELZ L b o/, PVOOE D AR D
poly(1: C) AHHCZ 5 A ¥ B X U Raftlin WEWTH -
7z, 85I, TLRIMBIA KA AL o NERHE C KR
DT DY K ¥ FHFEEHEIRIC PVE AT 5 2 & TTLR3
PHEHALT B HCLMEREDTLRIY VY FERMTH o
AR

ssRNA i, ZFHCTHOWICHMEEBR TS, E T,
AFh, V=T, NVIPREOREER LD LMD
NTWw5A, ZHREERBIFY 7 Mo b PVs OfELZ TR
Lk s, A% SRNABETH LA T L EREL
TEETHHEEND Y, ZOEBATLRIICE RIS &
HEShAE (B2). ZOEROMNBEOEERNE KK
BEPERLALEIS, 2o (H2) OATIETLRS
FEBALTEY, BRHOEBICL YA EEREES
LB ENPBETCHALT EBbh oz, FR% dsSRNA T

O

&b F86BE4E (2014)
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O 0 A e

PV5 (630 nt)

7

-
' 2B

AT LNB SR (a)

IBEE T COREHS
HEK293 IB 7D TLR3 JEMEALAE ©

2 PV5 & EORIEERO _REE

%< TH, TLRIDY T Y FESGHER L MEERT 585
PP THIUI TLRI EHEETH LN TEBEERD
ha, LdoT, ZAHEREZEUHABEORIOR
RERAT L EFHORELHEED RNA (structured RNA)
i, TLRAZEGEZHHE LTV 7 FMEEZRIBSEH T
ERAREE B LELLNS.

5. MLBREZREE TLR OYINTEMAL

JEHE, TLR7 BEUTTLRY T Y FY VY — ARNTHIHN
BEITTHEMAT AL PHE SN 8512, TLR3 B
TLR7, QLR AT 7Y VX DI S h, GIlFSh
J2TLRIBZ VY FY— A~FRBEWICHEERS Z P
o729 TLR3 QYIRS 7 F VAGZIZUETH B 22
DWTREROHEN D ) B RBHTH S, v TR
O=ru77—IITHS RAW264. 7 MBI B VT,
poly(1: C) HIBIZX 3 2 REHIIUHOFRICEHDLLT
AL 2O L, poly(A:U) NDBEREITF TV
REEHMBICELDRIGL, Lo 4V AHED dsRNA
DIFERERLE. —FTohooy Y Figdse b
S8 L IR BEAS2B MR CORE R A F 7Y v IREH
DEBEZ T oD, LidoT, TLRIODTOEY
VL YBEBTEDZ VA Y FOREPEIT BT EED
H 5 LRI, FOREMOBIIZMBOEECEREIC
IOHRRBIEDEZONS. A7 AHERED ssRNA
DIE4AD TLRS OUWETREEIC X 0 EEIBT Az i3+
SicEZLN, € MET AN, iR L kR
WEs D B TIEROBIZO W TR DL H .

IRk KRRtk 2 Rk 3
(191 nt) (250 at) (367 o)
- + +
- - +

TLR3 DYI#TIZ, TLRIDOEEZE(LI LI L TUN
VIFRBOSEERELDLILR, TSV VORPEIC
X B MR TO TLR3 OIEHHE L o Bk EHOZ &
KELZLNRD.

6. BHYIIC

ZhET, TLRIEY A VARRERICBWTY A VAY
Bk L LCTAEL D dSRNA L DIEMILT 5 £ 26
N, EBRMICEECpolyd:C) AV FY FELTHWD
NTEE LAL, HEICE o TIEssRNA T X 5 EHELL
BB DI EFHESNER Y, HEEMIZE T TLR3 HE
Wi EE T AR SN/, TIR3E, Y4V
RSB 72T (IR D 2 7 v — ¥ AR &
SNBETANVARLHOCHREORNAWKGEL, 1H4 ¥
Tz Y RKERTA VA VEERBEL TEADE
FUHMERFICR{OES T 2 EL 005 (H3). —F4, TIR
IVEBTAHILOTEL RNAKEDOER 2 V— V2,
VA FRUY AL O THEE, MlES ) &> Fofgsic
L BPMEMLOLERLR Y, WELETHLRERS W
TLRI BT 4 VAREBHEOA TR L, BRERORE
HALEMNMLCHFF 25 055 —HBLHREEE THR
DOFEHALEFET L LS, HFARECLBITIET7 V2
NZIDF—5y P LTEBINTHEYY, 5%, V7
Y FOREPIRY AHEHOBHIPHRFI NS,

EIES
FRTHA LR, EIERTRE (EREM

000

H{v% £86BHE 45 (2014)
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0 0 0

O o—i 240
. ety

siE

A ARG
IR R T 2 BY

RS KLY
B3 oA VAKERR L CRERICI SR SR b TLR3KF
R TRy

20— Ao 7-RaRe 7 4 v ARSI S BT H e
72id 7 A v A B ED structured RNA R° dsRNA 2 H L, #HIR
By K94 b= X85k, TLR3 ¥ iEMHIL L THIE
BYAL DA R TR VY- 20y OEEFBT 2,

BEWEH) oREMRCLIVBELNZLDOTHY,
RNAEBLB & POICB N TCER R THH 2B Y F L
ZERBEIRBWALET.
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M

%%‘j";"’ R T R T B R e e T B R S R ST RO RGP BT R

OIZJP‘ H (TE2 &{AH)

JeiEE K ER SRR 2R A Y E e
RS FEED%. BE (BEF).
BESE 2008 FtiEE KSR EHMAEE,
10 EE A% REGRERBL N ERE
T, BERA%RERFERELEHR
BET, WELHER

BIfRF—~ &#AE  Toll-like receptoriC &
BUHY FRBE VT FMEEOGTHRIEICOWT, $ICTLR3
L TLRADTWHY T F VA FIHTHHMERZ L TCHET.
Eisk BH, #E. '

@HE | (¥ oHhE)

L E KRR T B R R A Wy R S 2 5 B
¥ Eelt (1984 4), EFEL (1987 4)

BRE 1976 SFEibiEE KPR SRR, 4 £HONFIHERIC
5 EMALIEE KSR s, 84~87EV VU Py RE (X
YENMAR), REZIGEMRKBEFIRAR Y ¥ —H R
Bf, 2004 48 X b db#EE RS REMAEFEE, SEH OB
BH%E—v RELLE #IUEZE

EAE #4B2cEbhirvEBSREIFE T BER
ERTETERBET BODRERD > TV AERPLE.

B« Y~ b hitp//www. huce. hokudai. ac. jp./ "e20536/
B@nk &8, AEE

O#"*%fi‘z? (i’)i) A \_)
#bﬁﬁk%k#l%@%ﬁf%ﬂ&é&%%ﬁ@%ﬁ%ﬁﬁ%ﬁ&&
% REEL,

BEEE 1972 ERIRKSEEEMEE, REREFLRAR L
v & —AMER, 2001 FREFZBMIEEHER 3ER
BE GCELBEREXRZEELHANVRELFIFHEY
¥, 13FE L DBEB.

BffR7—< LA BRAREONY -V BREAKICLLHE
T - FHCHRIBE. MRS RNA OBLY AAP LY KV —A
POV T FVRER Y, SR E O RZ2 IR H AR B
ZHoTwh,

Bak BE 7 MEY

0

£k %86 B 4.5 (2014)
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RNA Respanse in Tumor-infiltrating Macrophages

W O, REEE, WFEET

Tsukasa Seya, Hiroaki Shime, Misako Matsumoto

o077 —TIdERIE S B ICBIEREERIIZICHR T 2. iFE, ERREOT o077 — I, B3R, 1HE, #EE
Y=~ ELL DRETHERDERT 70T 7 —Y EBIED T ENDD o TEfe. AETIE, BIERAIED RNAGSHC
IR EERE U, RNARSIC KD BRSNS TOWREO D FHE, EFEMiEEs I Lo
BR FDARERAOERZRHTD.

[FU&IC

FaBIC fon 72 S B KO non-coding RNA, BHKRNA
DHERE % &, RNA R EGHSIEH 2 Ei 2 7o,
BARGEEERGCMAEY R BT E R R L, RT3,

A I RNA Z BRI E LTRSS MRz 175 LA
EREBESE. mRNADBAT 74 v r 7, fithz T

AR DODTF RNy — V5T LR, © MIEKGEE
RIZL o TR —VERETOY. x27u77—Y, BWHRMA

HIBEN, VARV = AT U7 TSRS N2 BRIEFE
Bhrbe bEFCTREIRTVS., VERY —ATRIEREED
33 % RNA (fRNA, tRNA) 250w, #h g & /37 Has
BEENCHET S, 85618, 7 F Y ARNATEE, VK
V= A D U RY A AFEEP mIRNA, siRNAK X 5
RNAi (RNA interference) {68, BE I, & S0, M

[
{ o ERHERCE CRNA
H mRNA i
' RTSAL T
i B2
H %ﬁ SR TICAM-1
] == Pt Eg
i FTR7TT(RNA RNA) Sl
i 7Tt ARNA N ¥ IharRup
oA , A
i 7 i tRuonysszeg
b TNA R 55 XK SRR
P RIRRNA RN b SRR
VO 7 s mm
L  BERIS
o 7075 LiRESE
1242

Rl o B0 B REMME T, BFBBHELTY S
Ny — VSR EIC L o THbNA, HMEDRNARIES
CERMEND EELNRY—VHTFTHAE. o ruo
77—, IR X 588 — VEBOBREERA
& —7 za v (JFN) e mBEEELT, v b2E Ok
ExTRTE 5D, AR HAREREICLSY,

EE1 SRERNA U — CHRIEZEEEEE

3K, RNAGE CHRETESRIFCLADREZRET (£).
ZNUTHU, ARERNALCK > THRENICEERERICETaN
BHEEEAICR UL UDL, RNAEIY RY—L, g
CEDASHFHEFASHTEL. HMBAORNALY Y05

20 7y e o € €3 499 6 €0 AT D 0 S0 O 0 ¥ G o iy 4y 224 = PN WA 4

=

Y B, BEERDH S TLBOIETLRI, MDAS/RIG-IT, TICAM-1,

MAVS [EZNTNDT T T 5 —2FTHB.

BT Vol.33 No.12 2014
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RNA

pamsesman

TLR3

TICAM-1
Caspase 8% L Caspase 8% )
NAP1 RiP1 ————————> RIP3 RIP3
MLKL FADD
TRAF3
e KK a PGAMS5 cFLIP
KK e IKK B clAP
ComplexIb

IRF3 NF-xB
/ l iNOS, ROS

GRS FN-a/8 B SN

5
CTLEERE
NKARLE AL l l l

THYAAX .
rhgw  FERE
47F %% bt ad

Ny — RIS E N & MRS 08 5 — Y RBES TS
LoTirbh, w7 u7 7 — VPRI L &L oB SRR
BRI B O RERE T HEICEE T 5 (M), &
BT, §NTONY - VEREPRTELVOT, BHR
HIHLD RNA BB & e - BB OMNERS: - 25 REINEIC
DVWTHREDHRZ I LD 5.

.....................................................................................

(1] #8354 RNA DFEY DSt

.....................................................................................

¥ - {ilRE O HERNA GHEMISE 2RI v, —
¥, MBI & ZEEERNA (dsRNA) 2Bl 845 &4
RECEOY Tu s g A (ML), b9 v ARV Y OFEL
MRS B EFRRESNSYD . RNABHBASS (B7
5LLe Ty —%A4 L0 MIEBEEZERT Y. T2bb
RNAFHIBA AT 42— — & U CHIBIEASRE R 2 D
179 (1), okt RNABREEZ < AYTLR3 (Toll-like
receptor3) L WH L ¥ FY - ADREERNA L ¥ — I
Lo TEET S, TLR3E~Z a7 7 —Y, —HOBIRM
BYy7ey VCERBETS2Y. chboBLide PTLR3
PR 2R BT TR L - UM EE0RADOR R % i
%&—3—5 5). 6).

TLR3ETICAM-1 £ W3 7 ¥ 7 ¥ —HFi L oTY oS
WEEZBD. ¥ ¥ FVIEZTICAM-1 ONEH, CRiiot

IS Vol.33 No.12 2014

iDRm ComplexIla

<

B2 voO077—-JRTLR3D
BRABENELSTFIU
HERAOT Y KY—LICERDAFENZ RNADSE
LT B TLRIDRNAGE &V T F IV ERT.
MIRES KUY  TEREFROHEDS L
B, YOOT7—ITRTNTOYIFIVHHE
BIUL5%. £FYIFIVCONTIH iR EsR
2. SBTEIAE N RNATLR OMEEEY &

FIBBEICDVWTIERIB ZS.

DNAZME&

FTRE=TX

HitaZE

#Y ¥7 ¥ 7% —NAPL, RIPLICX 5 TZRENIRFIDIE
HAL® & RIPIEBROFERAI~ 5L (H2). 2hboi
BEMRECEE 2P b TEAL, NAPLRAEREY V7 F
o, RIPLIZATE L MR ¥ 73 )V 2 B N BRI R I 12 56
35 FERHEOES, IRF3IEYA4 7 IIFNFEOE
EZRERFTH Y, HERED> O NKME OGS T
(INAM) OFEBFHES cross-presentation (FFEHEZ I Y
RATY FATRRETH HHAR) F 22T 50N §
bbb, RO RNABETIEMHDOIFN/TFA4 b4 v
REDHLE ST, V) Y BEROMBEREOTEELE TEE
B S (R2).

RIPI/RIP3FEH D B HAMIBORNARE D —BTH
52 BERMEIERNA 2 TLR3 CTHEAIT % & TICAM-1-
RIPLEHIC X o TNF- k BRIGEMEALL, H£HEANRDR S 2,
RIPVEBAEMIC 2 S ET7U TS AMBTEICHS.

1243
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mplex I a)
aspase 8

ZU07 b= R
FPRE—=2X

\.

BX3 o077 —Y, EEHETO

RNA/TLR3 N UTcliasE> )b
AT LABEEFDRNAD LY RY—LIICEDAE
Nd&, BLBEFEVITFNEN U TREEE
(IEEPREDORER) ~E@h>h, vo/O077—
IPBEHMRTE, ROKISEHBRIEIMESSE
X 5N B. Caspase 8OHBEDHFEICK>TF R
b= D, ROOT b= AHDRBIRDEEN
% BETES OV RUTOSHEHES. NSA:
necrosulfonamide .

Caspase 8 25\ HE T R b — ¥ A, Caspase 82 D>Zz v (7
A W ARG B AMNE TR T HE NS ) ATk
drua7 b= A L% L (M3). RIP3#EMIFMLKL®
PGAMS, iEMM#HEM (ROS) 2Lk - T, Drplic&k b3 b2
PRUTORREERT(K3). I Far P77 ORTRIE
(RA—=28—F XY FOREE) D54 ¥ 7 53V —h BRI
2y, Arus b=V RABEICME T3 RIP3Y 7 F
ARG, BUARICHEO ¥ 4 7, KR AT LTS
BT 5552, BRI E IS RNAIC & 5 TLR3GEE LD
R D ), Ao EFEEFICEBRLTWwE Y.

.....................................................................................

RNAt Y—&2 o077 — - BHAMHES
DEH > T F IV
RINA 2213 1200 RNA & ¥4 — 548 L, 57 26
EERT D9 s, MIRNICEALZRNAY 4L
A(B) AT IANR) @A F AT ) LRNADD T T
WEWBEBHL, 79 2D mRNA & LTy ¥ 287 B8
RENB. 2F h RNAY A IV AKYIERNA S S RNA %
BB L VI MIBBWATFy TEBEETSL. ZOkDHY
A NVZAFHEORNARY X 5 —L2H[EHMITEL AT,
f8E (& b) I3 DNA O AR 120, RS TGS
T, B THEETBE(HBVIERAIEDIT W) DS
RNARBEWETH0D, TNEF oy 7§ M2 E

1244

B, ELEYANVADORNARY AT —-EiF1003EEE
ABLELTERETHEVIRDTHS. 74 VARNAD L
NP TR (7 4 VARITIEEIL) LERT 5 04k
EA5. HAGREZZ OMBEND Y 1 )V AHEE RIG-],
MDAS &5 RNAANY 7 — ¥ TRMT 5. A
DNAKEMERNARY 25— (Pol I) THRWVWRNAKY
G —EDEW (Y 4 VA DmRNA) i& Cap (m7GTP)
fLshd, 5-Z9 VEBHOF F, MIRECERETS. o
mRNA & Cap JHEFFE D elF (eukaryotic initiation factor)
BERCI o TY U7 HICHIREN S, AR, RIG-TIX
ZOSRNAOHEZIFAT & HI LY, MDAS i3HIaZ M
DEVASRNA ZIEHT E#MIT 0. Zh 5 TLR3 DM
LB RNAGRR & i BBASIC, M E o RNA RSB Z
RS 5. L8> C, BHMRMRIGHREN &M ENT
B 5RNARBBE CRNACHET 5 (H1). RIG-U/
MDAS #8077 ¥ 7% —45FMAVSIC L o TV 7 F v %
259, —7%, TLR3 MBS & 72 RNA % 525
35 (K1), TLRIZRNADHEIZED Y 2L, A7 1k
ERDNERBELY, 27V V—bDEd RdbTh
RNA#EZZE#T B9 T, 7 FIIZTICAM-1 %8
25", TICAM-1& MAVSZ—#DIFNFE Y 7" F 1L
ERETEY, TNENFEOTI N Ty DB,
<vr7u7 77— - BRHBIERNACE S E 5 & TLR3/
TICAM-1 % 22l EMAVS ¥ 7 F Wiz & o T “BEHAL” 5 5.
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Mi@%’g?ggﬁ gm';ég%g;ﬁm BE4 EESEvIO077—IDRNAICES
L EBOERE RIEMY A M A OEE e

BEEEYIO77—Y (TAM, MDSC) BEANICESE
& - BEEUHR— ML, NIDAREBEOERERITS. b5
BV HNREBICERY 5. RNA(Z OB TR polyl:C) k&

TAM MDSC 1y p3/TICAM-1S 55 Lizss 1AM MDSC BATTOTAM, MDSCOHIREREL, BHRE (T
EB{REM  MDAS/MAVSS ¥ LR g 5 “RBUY U BROER) CEEY 3.
RNAJIBIC X v B RERMIEEY A b A4 >, IFN, AT I~ U7 7 -V TRDY A VREFRI Y, B

#, DAMP®*fitt, Mt &, WL HARGIERE % RE
5. BHRMIE TR S h e AL L IRY, JURIRR & NKIE
HlbRE 24555, TLRIOFHIERHAMBE Lz - HE
RIS S 0B, MAVSREIEHICHEAL, RKEOY
£ P AA VPN EFET S,

.....................................................................................

.....................................................................................

BEEE~s /a7 7—VEELOEFEV YT b (EfE
HEE)=s7u77—VEBEEZRICTS. w2077 —Yi)
AR E MR Bk L, Sl Easgie L )
BRI (yolk sac) -MRIBAF-BHE~NEBEHT 5. Mk~
r7u7 7=V EERERICHEEL, BEERE NNy
Ty 7T A, BRI, BEORMBEBIRMERE (5 ryuny
AMHE) e R OBMICHRT S okt s
T 77— VIS MO RAE LBRNRE, L REE
BUICHEEERD.

2/u7 r—-VHREEICKECEEL, BEHEOMEL T
B0, COXMTEZIE, <707 7 —VORBER 1 %k
ELTHATH S, 7270, BFEBRN 2 HE T, BERH
X707 7y —VORIRIEMERBETE L, EHlBEkOR
BRenn, 0w, Ny —EEEEIHE 0T 7 —
DMK L REWHIZEY, RNABRBEDKRELRL 5.
poly:C & #HASA <7 A E T 5 &, BLLIA A DIEHFER
E~xru7y— Y (TAM) ZKBDOTNF- ¢ 2L, A%
TAMDSF 5 X & JEHESH & MR L5 (M4). T &
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B~ 77—YIRRNADTLRIIGAI & o THEXR
POEEBEALFHELY 5™, ZHIZRNA I X 5 k50
BEAC OB REEDH 5.

HEAABFIEHOENRCERELRL, BERAEEL &
DRGSR BRI L &SV E&NE, TAM
#Gr-1 (Ly6G) BEHETH A0 L, 25 Gr-1 BT,
MDSC (myeloid-derived suppressor cells) & FiEi 5.
MDSCIHEFICER L, RERZIH L CEERmEHT
5 (H4). %72, BB OB ICTAM, MDSC, Hl# TR
(Treg) * b BEMILASIND - TS & F 7 B
INBEERERTAEEZLNTWS (H4). TAM, MDSC
DEEEIZEEDN, SOCBTATF— VI oTHHEEITE B
25 RNARISE L TERESRIFEINL ZLIIEAETDH
33 TLR3/TICAM-1 ¥ 7 F Vi AR /N RS %
Edr s B (PUEEN) CERT 3 (H4), Thdsy 7o
75 IVTRHBBEICESTALEEZ bB ), TLR3/
TICAM-1 ¥ 7 VgD A - EfEimk, MamIcs
WTHAHBIZED L) B ENE P IEESHBORET
& Z) 25), 26) .
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Ei%i%il%}?bg]?r—ix"é;
RNA7 Y 2]\ boeiEEx

Ty — U LA A RNA K & o T
IFTZEdh, RNA ZRERMmA L LTHRAPEE & B I
v s faisiiEdEm s c &z FERERD Y Y 33kD
BB TV R\ 1960 4EA4Z polyl:C (AsSRNA 751 &) % Hi
W BIEREIC & o TH ABE OISR HER Sz, &
NASHRAE & 72 0, polyL:CIdhi A, HEEYEY 4 W A B OFF
OB L LTSN, FoESEENE - T, BICE
B AERGEOHE,N O DEIFENIEMTH oz, Lk
Or3hwru7y—VROBECERS S, SRR
RNA IC & o THIBEMESRIE &AL T 27 LarL, 1313
T DTSR CHEH (drop down) SN0, +
SRERDE SN ol TRV, FIERHERINE%
KEL Lo /z/zoC, BWERHOBERIEHA b a4 Y ilndEls
F2b0EBEGHNMENTHSL (LA b4 VidFEE
ENTBLT, ‘L PRI Uy a vy LRkS ).

RNADH A b 4 ¥ BFEEE#ICRIG-I/MDAS % 4
L 7= MAVS BT HFET 5 Z &, TLRI/TICAM-1##iE

FHE M SRIE D IEHACIC I EAHIHL A . ZoZ
&1&, TLR3/TICAM-1# 8% BRI IEHIL§ 5 RNA 2
{LEg ey iud, HARECTI 2 EREEREL I S C
ERRRT B, HEFLHE, 0L RTLRIOBMN S —
WAL, RIG-IUMDAS 28 L 2 WRNAD 7HA ¥ %&
SERE W (AL, BAad). = ok RNA KRS PEHR
e, BERE~s 07 7=V ERLL, BIEROS 2w
Mg R & S AEE DRI E b 72 5§22 HAEAT TR E
TV THRERTH 5.

4 D
B UHEREARRERNTR REFDEH

B E-mail : seya-tu@pop.med.hokudai.ac.jp

1976 FEACEERFEREESE. 4 FONTHHEDR, LR MR,
SERICEMEE. DY bYAE (Y MUAR) [CTCD46DHERE L
WEEEE. 1987 N BRI AR EY 5 —HRFICCERRED
JEECHBIEOIE. 2001 EXDERFAMAER, 2004 EHSEE.

TEEH
B ICBEASASRESIR DREHY

HAREET

\. EBERPAPREZNT REFOE Y,

1) twasaki A, et al: Nat Immunol (2004) 5: 987-995
2) Lee J,etal: Cell (2012) 151:547-558
3) Yu P, et al: Immunity (2012) 37: 867-879
4) Tatematsu M, et al: Biochem J (2014) 458: 195-201
5) Matsumoto M, et al: Biochem Biophys Res Commun (2002)
293:1364-1369
6) Matsumoto M, et al: J Immunol (2003) 171:3154-3162
7) Oshiumi H, et al: Nat Immunol (2003) 4: 161-167
8) Honda K, et al: [lUBMB Life (2006) 58: 290-295
9) Hitomi J, et al: Cell (2008) 135:1311-1323
10) Akazawa T, et al: Proc Natl Acad Sci USA (2007) 104: 252-257
11) Azuma M, et al: Oncoimmunology (2012) 1: 581-592
12) Seya T, et al: Oncoimmunology (2012) 1: 917-923
13) SunL, etal: Cell (2012) 148:213-227
14) Wang Z, et al: Cell (2012) 148:228-243

15) Akira S: J Biol Chem (2003) 278:38105-38108

16) Yoneyama M, et al: Adv Drug Deliv Rev (2008) 60: 841-846

17) Tatematsu M, et al: Nat Commun (2013) 4: 1833

18) Ebihara T, et al: Hepatology (2008) 48: 48-58

19) LiJ, et al: Nat Immunol (2013) 14: 793-803

20) Kono H, et al: Nat Rev Immunol (2008) 8: 279-289

21) McCartney S, et al: J Exp Med (2009) 206: 2967-2976

22) Wynn TA, et al: Nature (2013) 496: 445-455

23) Shime H, et al: Proc Natl Acad Sci USA (2012) 109: 2066-2071

24) Shime H, et al: Regulation of tumor-associated myeloid cells
by innate immune signaling (Springer Publisher): 2014,
in press

25) Galluzzi L, et al: Oncoimmunology (2012) 1: 699-716

26) Quail DF, et al: Nat Med (2013) 19: 1423-1437

27) Caskey M, et al: J Exp Med (2011) 208: 2357-2366

1246

#TE Vol.33 No.12 2014

— 432 —



Immunobiclogy 220 (2015) 74-82

Contents lists available at ScienceDirect

Immunobiology

journal homepage: www.elsevier.com/locate/imbio .-

Polyl:C and mouse survivin artificially embedding human 2B peptide
induce a CD4+ T cell response to autologous survivin in HLA-A*2402
transgenic mice

Jun Kasamatsu®1, Shojiro Takahashi®"!, Masahiro Azuma#*!-%, Misako Matsumoto?,
Akiko Morii-Sakai?, Masahiro Imamura®, Takanori Teshima®, Akari Takahashi®,
Yoshihiko Hirohashi¢, Toshihiko Torigoe¢, Noriyuki Sato¢, Tsukasa Seya®*

2 Department of Microbiology and Immunology, Hokkaido University Graduate School of Medicine, Kita-ku, Sapporo, Japan

b Department of Hematology, Hokkaido University Graduate School of Medicine, Kita-ku, Sapporo, Japan
< Department of Pathology, Sapporo Medical University School of Medicine, Chuoh-ku, Sapporo, Japan

ARTICLE INFO ABSTRACT

Article history: CD4* T cell effectors are crucial for establishing antitumor immunity. Dendritic cell maturation by
Received 28 March 2014 immune adjuvants appears to facilitate subset-specific CD4* T cell proliferation, but the adjuvant effect
Received in revised form 4 August 2014 for CD4 T on induction of cytotoxic T lymphocytes (CTLs) is largely unknown. Self-antigenic deter-
Accepted 6 August 2014

minants with low avidity are usually CD4 epitopes in mutated proteins with tumor-associated class
l-antigens (TAAs). In this study, we made a chimeric version of survivin, a target of human CTLs. The
chimeric survivin, where human survivin-2B containing a TAA was embedded in the mouse survivin

Available online 23 August 2014

I;zﬂg{gs: frame (MmSVN2B), was used to immunize HLA-A-2402/KP-transgenic (HLA24"-Tg) mice. Subcutaneous
Polyl:C administration of MmSVN2B or xenogeneic human survivin (control HsSNV2B) to HLA24"-Tg mice failed
CDA4 epitope to induce an immune response without co-administration of an RNA adjuvant polyl:C, which was required
Peptide vaccine for effector induction in vivo. Although HLA-A-2402/K® presented the survivin-2B peptide in C57BL/6

mice, 2B-specific tetramer assays showed that no CD8" T CTLs specific to survivin-2B proliferated above
the detection limit in immunized mice, even with polyl:C treatment. However, the CD4* T cell response,
as monitored by IFN-y, was significantly increased in mice given polyl:C+MmSVN2B. The Th1 response
and antibody production were enhanced in the mice with polyl:C. The CD4 epitope responsible for effec-
tor function was not Hs/MmSNV3.27, a nonconserved region between human and mouse survivin, but
region 53-67, which was identical between human and mouse survivin. These results suggest that acti-
vated, self-reactive CD4* helper T cells proliferate in MmSVN2B + polyl:C immunization and contribute
to Th1 polarization followed by antibody production, but hardly participate in CTL induction.

© 2014 Elsevier GmbH. All rights reserved.

Th1 response
Interferon-y
Tumor immunity

Introduction cells specific to the extrinsic Ag. When tumor cells have solu-

ble and insoluble exogenous Ags, MHC class I Ag presentation is

Dendritic cells (DCs) present exogenous antigens (Ags) to cells
in the major histocompatibility complex (MHC) class I-restricted
Ag-presentation pathway and cause the proliferation of CD8* T
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Hokkaido University Graduate School of Medicine, Kita 15, Nishi 7, Kita-ku, Sapporo
060-8638, Japan. Tel.: +81 11 706 7866; fax: +81 11 706 7866.
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http:/jdx.doi.org/10.1016/j.imbio.2014.08.017
0171-2985/© 2014 Elsevier GmbH. All rights reserved.

mainly transporter associated with antigen processing (TAP)- and
proteasome-dependent, suggesting the pathway is partly shared
with the pathway for endogenous Ag presentation. The delivery of
exogenous Ag by DCs to the pathway for MHC class I-restricted Ag
presentation is called cross-presentation (Bevan 1976).

Polyl:C is a double-stranded RNA analog that activates RNA-
sensing pattern-recognition receptor pathways (Matsumoto and
Seya 2008; Seya and Matsumoto 2009). Polyl:Cis an efficient trigger
of cross-presentation, and facilitates cross-priming of CD8* T cells
in the presence of Ag. Tumor-associated antigens (TAAs) usually
expressed in low levels are thought to need support from pattern-
recognition receptor activation to induce TAA-specific cytotoxic T
lymphocytes (CTLs) (Seya et al. 2013).
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Many TAAs have been identified and tested for tolerability to
patients and for ability to suppress tumor progression. Peptide
vaccine immunotherapy against cancer has been studied clinically
(Rosenberg et al. 2004). Survivin (SVN) is a TAA that generates
CTLs in cancer patients (Schoutz ot al. 2000: Andersen et al. 2001).
Human survivin (HsSVN) is a 16.5kDa cytoplasmic protein that
inhibits caspase 3 and 7 in cells stimulated to undergo apoptosis
(Altier1 2001). SVN is a member of the inhibitor of apoptosis pro-
tein family associated with fetal development. Therefore, except
for testis, thymus and placenta, normal tissues express little SVN
(Ambrosini et al. 1997 Altert 2001). SVN is required in early
thymocyte development from CD4/CD8-double-negative cells to
CD4/CD8-double-positive lymphocytes (Okada et al. 2004). SVN
is expressed in a wide variety of malignant cells (Alrieri 2001:
Fukuada and Pelus 2006). There are several splicing variants includ-
ing a variant HsSVN2B with a cryptic epitope for MHC class | in
humans. An HsSVN2B peptide (AYACNTSTL: 80-88) is an HLA-
A*2402-restricted peptide recognized by CD8+ CTLs (Hirohash
ot al. 2002). Some cancer cells have higher mRNA levels of the
HsSVN splice variant 2B, but whether this splice variant functions
in tumorigenesis is unknown (1.1 200%).

Several trials have studied the SVN2B peptide in cancer patients
(Tsuruma ot gl 2008 Honma et al. 2009 Kameshima et al. 2013),
Although CTLs specific for SVN were detected in peripheral blood
mononuclear cells of most cancer patients, as determined by HLA-
A*2402/SVN2B tetramer assays, no substantial therapeutic effect
on cancer is seen in most clinical studies. A phase I clinical study
found that vaccination with SVN2B peptide combined with IFN-a
had significant therapeutic benefits in advanced pancreatic cancer
patients, inspite of IFN-mediated side effects. Thus, an IFN-inducing
adjuvant, that simultaneously up-regulates Ag-presentation and
[FN-inducible genes, might more efficiently contribute to the clin-
ical benefits of SVN for cancer patients.

Polyl:C is an analog of virus double-stranded RNA with IFN-
inducing adjuvant properties. To test the effect of polyl:C on
survivin-derived CTLs, we used a mouse model expressing human
HLA-A24 that presents the SVN2B peptide (Gotoh ot al. 2002).
Mice have no splice counterpart for HsSVN2B and therefore mouse
survivin (MmSVN) lacks the 2B portion of HsSVN, although the
mouse ortholog is 84% homologous to HsSVN (Kobavashi er al.
1999). When BALB/c mice are injected intraperitoneally with
HsSVN2B+RNA adjuvant, high levels of CD4* T cells are induced
in splenic T cells, as determined by IFN-y, TNF-a, and IL-2 produc-
tion, as well as development of lytic MHC class Il-restricted T cells
and memory (Charalambous ¢t al. 2006).

The N-terminal sequence of HsSVN, which includes amino
acids 13-27 (FLKDHRISTFKNWPF), differs from that of MmSVN
(YLKNYRIATFKNWPF) (Charalambous ¢t al. 2006). Therefore, high
frequencies of self-reactive CD4* T cells specific for a tumori-
genic protein might be elicited in mice with xenogeneic HsSVN.
However, self-reactive CD4* T cells can be induced toward syn-
geneic or nonmutated CD4 epitopes in cancer patients (Topalian
et al. 1996; Osen ¢t al. 2010). To test the possibility that sub-
derived self-CD4 epitopes participate in CD8* CTL proliferation,
we made a chimeric survivin protein (MmSVN2B), where the
human 2B exon sequence was embedded into MmSVN. We
immunized HLA-A-2402/KP-transgenic (HLA24P-Tg) B6 mice with
MmSVN2B. The results indicated that the CD8* CTL response to
a self-tumor Ag (2B peptide) was barely enhanced by treatment
of HLA24P-Tg mice with MmSVN2B in the presence of polyl:C.
However, CD4* T cell immune responses to the CD4 epitope of
MmSVN2B and HsSVN2B were significantly enhanced in HLA24b-
Tg mice with SVN2B proteins+ polyl:C. The CD4 epitopes were not
the N-terminal HsSVN;3_27 and MmSVNy3_37 sequences, but the
Hs/MmSVNs3_g7 (DLAQCFFCFKELEGW) sequence, which is identi-
calin HsSVN2B and MmSVN2B and thus a nonmutated CD4 epitope.

Polyl:Cwas required for proliferation of self-reactive CD4* Th1 cells
that recognized the syngeneic epitope. We discuss how RNA adju-
vant might induce CD4* Th1 cells and act in the antitumor immune
response.

Materials and methods
Bioinformatics analysis

Ensembl databases (htip::-asia.cnsemblorgiindex.hrml) were
used to investigate human and mouse SVN genomic struc-
ture. Primate and rodent short interspersed nuclear elements
(SINEs) were predicted using the Repeat Masker program
(hiprfwww repeatmasker.org; ). Results from databases were
confirmed by comparison to previous reports (Mahotka et al. 1999),

Expression analysis

Total RNA was extracted from tissues from C57BL/6 mice
and murine cell lines using RNeasy Mini Kits (Qiagen) follow-
ing the manufacturer’s instructions. RT-PCR used High Capacity
cDNA Reverse Transcription Kits (Applied Biosystems) according
to the manufacturer’s instructions. Primer pairs were designed
to span separate exons to avoid amplifying other genomic
DNA. Primers were 5'-ACTACCGCATCGCCACCT-3’ (forward) and
5'-GCTTGTTGTTGGTCTCCTTITG-3' (reverse) for detection of the
murine SVN gene (MmSVN) and 5'-TGTAACCAACTGGGACGATAT-
3’ (forward) and 5-CTTTTCACGGTTGGCCITAG-3' (reverse) for
murine Gapdh. PCR conditions for mSVN were 94 °C 3 min; 35 cycles
of 94°C 305, 65°C 305, 72°C for 30s; and 7 min 72 °C. Gapdh PCR
conditions were 94°C 3 min; 30 cycles 0f 94°C 30s, 65°C 305, and
72°C30s; and 7 min at 72°C.

Antigens

The HsSVN2B-coding sequence was amplified using primers
5'-CGGGATCCATGGGTGCCCCGACG-3’ (underline: BamHI site)
and 5'-GGAATTCTCAATCCATGGCAGC-3'(underline: EcoRIl site).
To construct the mSVN 2B gene (MmSVN2B), we used two-
step PCR to make a chimeric gene of the mSVN gene and the
human 2B exon (Fig. 2). In the first PCR, two fragments con-
taining exon 1-2 and exon 3-4 were amplified using primers
5'-CCGCTCGAGATGGGAGCTCCGGCGCT-3’ (underline: Xhol site)
and 5'-ACCGTGCCCGGCCCAATCGGGTTGTCA-3’ (italics: 5-end
of exon 2B of the HsSVN2B gene) for exon 1 and exon 2 and
5'-GGGCGGATCACGAGAGAGGAGCATAGAAAGCA-3’ (italics: 3'-end
of exon 2B) and 5-CGGGATCCTTAGGCAGCCAGCTGCTCAAT-
3’ (underline: BamHl site) for exon 3 and exon 4.
The exon 2B fragment was amplified using primers
5'-CGATGACAACCCGATTGGGCCGGGCACGG-3/ (italics:
3-end of exon 1 and exon 2 of MmSVN) and 5'-
TTTCTATGCTCCTCTCTCGTGATCCGCCC-3 (italics: 5-end of exon 3
and exon 4 of MmSVN). In the second PCR, the three templates
from the first PCR were mixed in equal amounts and amplified
using primers 5-CCGCTCGAGATGGGAGCTCCGGCGCT-3' (under-
line: Xhol site) and 5'-CGGGATCCTTAGGCAGCCAGCTGCTCAAT-3'
(underline: BamHlI site). The pCold vector II (TaKaRa) and SVN
fragments were restriction digested and ligated overnight with
T4 ligase (Promega) at 4°C. Ligation mixtures were transformed
into competent Escherichia coli strain BL21 (DE3) cells. After
preculturing for 2 h at 37 °C, cells were cooled on ice. Recombinant
protein expression was induced with isopropyl-1-thio-B-D-
galactopyranoside at a final concentration of 1mM and cultured
for 24h at 16°C. N-His-tagged survivin proteins were purified
using a Profinia protein purification system (Biorad). Buffer of
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purified SVN proteins was sequentially exchanged with PBS con-
taining 2 M urea. To rule out lipopolysaccharide contamination, we
treated survivin proteins with 200 p.g/ml of polymixin B (Sigma)
for 30 min at 37°C before use. OVA (ovalbumin) (Sigma) was
similarly treated with polymixin B as an Ag.

Mice

C57BL/6 (H-2b) mice were from Clea Japan (Tokyo). HLA24b-
Tg was from SLC Japan (CGotoh et al. 2002). Mice were maintained
in the Hokkaido University Animal Facility (Sapporo, Japan) in spe-
cific pathogen-free conditions. All experiments used mice that were
8-12 weeks old at the time of first procedure. All mice were used
according to the guidelines of the institutional animal care and
use committee of Hokkaido University, which approved this study
(ID number: 08-0243, “Analysis of immune modulation by toll-like
receptors”).

Reagents, antibodies and cells

Polyl:C and OVA333_339 peptide (ISQAVHAAHAEINEAGR) were
from Sigma. OVAzs7_364 peptide (SIINFEKL: SL8), OVA (H2Kb-
SL8), HLA-A*2402 survivin-2B and HIV tetramer were from
MBL. SVN2B peptide (AYACNTSTL) and HLA-A*2402/2B peptide-
restricced human T cell clones (Idcnoue ct al. 2005) were
kindly provided by Dr. Noriyuki Sato (Department of Pathol-
ogy, School of Medicine, Sapporo Medical University). Human
and murine-specific helper peptides (Charalambous ct al. 2006)
MmSVN;3_27 (YLKNYRIATFKNWPF) and Hs SVN43_57 (FLKDHRIST-
FKNWPF) and the common helper peptide Hs/Mm SVNs3_ g7
(DLAQCFFCFKELEGW), were synthesized by Biologica Co. Ltd
(Nagoya). Peptide purity was >95%. To eliminate lipopolysaccharide
contamination, all peptides were treated with 200 pg/ml polymixin
B (Sigma) for 30 min at 37°C before use (Nishiguchi et al. 2001).
Anti-CD3¢(145-2C11), anti-CD8 (53-6.7) and anti-IFNy (XMG1.2)
antibodys (Abs) were from BioLegend. Anti-CD4 Ab (L3T4) was
from eBiosciences and ViaProbe was from BD Biosciences. Dendritic
cells were prepared from spleens of mice as described previously
(Azumaetal. 2012).

Antigen-specific T cell expansion in vivo

HLA24P Tg mice (Cotoh et al. 2002 ) were subcutaneously immu-
nized with 100 p.g of each antigen and 100 p.g poly [:C once a week
for 4 weeks. After 7 days from the last immunization, spleens were
extracted, homogenized and stained with FITC-CD8« and PE-OVA
(Azuma ¢t al. 2012) or PE-SVN2B tetramer for detecting antigen-
specific CD8* T cells(Tsurumaet al. 2008 ). For intracellular cytokine
detection, splenocytes were cultured with 100 nM SL8 or survivin
2B peptide for 6 hwith 10 pg/mlbrefeldin A (Sigma-Aldrich) added
in the last 4h. For intracellular cytokine detection of antigen-
specific CD4* T cells, splenocytes were cultured with 100nM
OVA3,3.339 peptide or SVN helper peptide for 6h with 10 wg/ml
brefeldin A (Sigma-Aldrich)added in the last 5 h. Cells were stained
with PE-anti-CD8a/FITC-anti-CD3¢ for CD8* T cells or PE-anti-
CD4/FITC-anti-CD3e for CD4* T cells. After cell-surface staining,
cells were fixed and permeabilized with Cytofix/Cytoperm (BD Bio-
sciences) according to the manufacturer’s instruction. Fixed and
permeabilized cells were stained with APC-anti-IFN-y. Stained cells
were analyzed with FACSCalibur (BD Biosciences) and Flow]Jo soft-
ware (Tree Star) (Azuma ct al. 2012).

ELISA

Sera were collected from immunized mice once a week for
4 weeks and 96-well plates were coated with 10 ug/ml OVA,

MmSVN2B and HsSVN2B in ELISA/ELISPOT coating buffer (eBio-
science) and incubated overnight at 4°C. ELISA diluent solution
(eBioscience ) was used for blocking and antibody dilution. PBS with
0.05% Tween 20 was used for washes. Anti-OVA or anti-SVN in
sera was assessed by ELISA using antiserum for IgG2a/b and IgG1
diluted 1000-fold and 10,000-fold and incubated for 2 h at room
temperature. After washing, isotype IgGs were detected using goat
anti-mouse total IgG, IgG1, or IgG2a conjugated to HRP (South-
ern Biotechnology Associates). After washing, plates were stained
with 1XTMB ELISA substrate solution (eBioscience) and reactions
stopped with 2 N H,S0,4 before measuring absorbance.

Statistical analyses

For comparison of two groups, P-values were calculated with a
Student’s t-test. For comparison of multiple groups, P-values were
calculated with one-way analysis of variance (ANOVA) with Bon-
ferroni’s test. Error bars are SD or SEM between samples.

Results
Origin of human SVN exon 2B

The HsSVN gene has four conserved and two cryptic exons
(Mahotkaet al. 1999). The authentic HsSVN gene encode 142 amino
acids in exons 1-4. On the other hand, the HsSVN2B product is 165
amino acids encoded by exons 1, 2, 2B, 3 and 4. Exon 2B is hid-
den within intron 2, which is spliced into mature HsSVN2B mRNA
in-frame between exons 2 and 3 (Mahotka et al. 1999). Exon 2B
is followed by the GT-AG role and expressed in many tumor cells
and tumor cell lines, suggesting that splicing predominantly occurs
in malignantly transformed cells (Mahotka et al. 2002). According
to the Ensembl database, HsSVN intron 2 had two Alu sequences
(Fig. tA), and exon 2B resulted from the second Alu. In contrast, the
MmSVN gene had four exons separated by three introns with no Alu
sequence in intron 2; instead, MmSVN had several SINE sequences
characteristic of rodents in intron 2 (Fig. 1A). Although the exon
sequences were conserved in human and mouse SVNs, two intron
sequences diverged between human and mouse (Fig. 1A). These
results suggested that integration of exon 2B was evolutionarily
new and formed after an Alu insertion. Although the SVN gene is
conserved in yeast and humans, exon 2B was established after the
divergence of human and mouse.

We used RT-PCR to investigate transcripts resulting from splic-
ing other exons around exon 2 into the MmSVN mRNA. Results of
mRNAs from mouse organs and cell lines are in Fig. 2B. The results
suggested that no alternative exons around exon 2 in the MmSVN
gene. We detected a ~200 bp product in most organs and cell lines
tested (Fig. 2B), but this was not an MmSVN transcript.

Generation of a mmSVN2B construct

A SVN2B peptide derived from the HsSVN2B gene that con-
tained the exon 2B sequence was recognized by CTLs in cancer
patients (Mirohashi of al. 2002: I'suruma ct al. 2008; Honma er al.
2009) and a CTL clone was established from patients (Idenoue
et al. 2005). We artificially constructed an MmSVN2B with a xeno-
geneic human exon 2B inserted into the boundary between exon
2 and 3 of SVN (Fig. 2A and B). Prominent amino acid substitut-
ions between MmSVN2B and HsSVN2B were concentrated in the
N-terminal region encoded by exon 1 (Fig. 2B), and a CD4 epitope is
in this region (Li 2005; Mahotka ct al. 2002). In an earlier paper, this
HsSVN;3._,7 region, but not MmSVN;3_37, was an effective CD4 epi-
tope that promoted HsSVN;3_p7~specific CD4* T cell proliferation
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