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1.1 XARDEHB

DAL, DAUBEBRFOERIC LD MAEE I IO R0 JE
PR D~ ., BB+ 2L TH Y | ERNICBITLETHERORE 1 (L ThHD,
P ARTRIE L U CIIBUR SR L - AL FRE (B AR - AR O =K ik
MERTHY . BUEITEGMEMZ BT R 2 OBEDRDB Kb &S WA EF
g —BPURIEL LTS TWD, L2l s, HEAREZRD VML E
THHT 2 Z L IZTERNWED, B OFERE - BB 2 <720 ICHins AHI% T
BT HEBER D LN, BE~OBREREMEANMBELE 2T W5, £
T, BESOBWMPDR REMMICIHED R ZRBET 208 ATREIEOBR %
AROHNTEY , WEVEE, B EE, GERERERBZED TN

RS DR & LT R AT 36 T 2 200 Ml e 14 58 L o R A 3 3B W
o3, EBEILEITHEEREZE S TN ERET D, IEHMEZ M
BU7CBRIT, mRic X 0 BVE SR S W 2 AR E 2N IEF 2 Re 3 5 28, il
B OGS ITME @B RATH 572 OICBAOIEEA R ITITA R, £D7k

JEE AR AR X AR E VD 5 < | — RIS IE W HLAR & bl L TRV, TR EVE
X, BEEHABEOESWEBEICER LIEREIETH D . B O & WA R IR
fE, AT ) =~ Efkx e Bk L TR ZRIREIETH 5 [1-5], IREVEEIX
HAIZIS U TR RBYRIE6] & RATIRBURIE[TIZEW 2T 208, Zh bigkik
FEAICHT OB OMBESRE LT, EFEMAKERE ST 2 &< EEHAL
FEREIZINMET A Z EDRRETH DL Z EnET o b, EEMMEZ 42.5°C LLE
IR T 22 & TELORAMBAEBEST 2 Z ERARETH 27, HEROIRE
FRAE TITIEF MM S FERICIE S D, Fo, BRSNS EREm 2 IR 51
K 5L TITED i & HEO EBE AR NS £ T 42.5°C L EICINR T 5 2 & IXR T
bD, LTIdso T, MGG R B AY (SRR PN EE 2 © IR AT HE 70 1R 2R 1 o B 38



PWRDHNTWD, ZOHMEERT D7D, REBS L BT /BT %
A UTIRBVEIENHE STV D (Fig. 1) [8], Z OIREIEIL., Btk v im %
BT 22 LI X0 EEMEASOENEE B 2 ERARETHY . %
AP R FH G E R T2 2212k AT ) R BRICE > TRET S
EWVO BT 2R OMEEAFIH LI D TH D [9, 10], HEBEFROPUEAR &
REIERL T REICEM T D 2 LI X0 @ WIS R 2 R TS RE MR REME - L
TNEL OEZEICL > THEINTWA[I1-13], 52, WEISHZBEREL
TREFEWGEEORR A TEY([14, 15], HuetEwtE ) 2 b2 FH L 7R
B TE 1 B PR BB D B B 12 ﬁ%bfwéﬂﬂ
BATHIEIL, BETFERICEVERARITH] - oM ic st L CIREER T
ERDALVTE T ANAR Z—7p 2B AL, RELREBRTFOBZLZZEE, £
FERNECZMREZRESTS 2 EICEVEBETREZRETDLITIETHD,
1990 2T 7 /v« TT I F—EBEXRBIEOHERGERRBE T L THYO
D BB FHIEDAT DAV TLUOR[17], #h RIERE R BIEGERE A a7 o —,
W& WolIRRNRERBETRBIBODTHIRESRIRESI LTV
[18-21], WATRIFIZEB W TIX, MRELFET L2 A MU A i EOREERR
FEFMT 22 LN =K TH D20, BRI K D2 FRIE L FFEIC, B
THRARLIRFBETE2RBASEDLXA IV I NIREDREEAT DO, 1A
FBAZ T OFRBLE RIS 2 N OBRBENMLERARTH D, £ 2T, KR,
ZEEICIR R B T OB A HE T 572012, LFWESCHHEBIIC X - TH
HERFZRBLT 57 X —ORBBEAIATOITEL[22-24], T b DN
— I EG AR RAICIRR B AR T 2 L ICRFEN TR Y . B
MR L ALERE, IRBVREEE PR T2 2 LI X O BABREORN S HITH
ET2 2 ERBEERE STV DH[25-27],
S BIT, BEMET KL & RS & R U T2 IR BV IE % (258 ) 22 U I 00 %
NHEEINDZERHMESNTEY . ZOREFEITIINDAMBNDL D OHUR
RT7FRFOBEEZNICER TS T #MROEGHE~DORBENPIEETHL L&

vy



A BTV D [28-30], MBVRIEIC KV FE SN D PG RELZRET 5 2 &N
TENE, BREBYEIEIC I VERERAEZIER LRI, HIRICHD DR RICE
DI - BN AE BIRE AT RE R B e N ATRIRIE OB N ATREIC e D, i
BURIEL T2 2 LI H D EWIBRDRNGONIZ L OWMENH L T Mo
whE - b RET 54 X —a A% 2 (IL-2) | IL-12 K OA v F—T =1
> vy (IFN-y) [31-33]72 EDBREBTF A2 MM T 5 2 &1 &0 HUHE R A s
THZEMARBICIRD EBIONDIN, ZALBEKELRFZERNTRIIED
BROBIEMAZEET 2MENH DH[34], L7 T IRBIKIEORETH 2 /AT
Pz ok L. TGN RAICIERER T2 RBISED2 VAT 22HET D
CENEHETHDL, o, BAMKENS EORERIESTF KR KHE LT
. EORkZE T MRNHRRTF RER#E L., HEEE~RBEL T2 0 E R
W32l LRPUEGERELZ S HIMIET 2 ETARAIROEHRTH D, £ TAH
e TIE, REBVRIEICL D MIEZ A A v F & LTHMEBERB 2 KERIL S5
NREGHEAEIR FRBLY 2T LD B X OTIEERE Y S EROMET ]
(HUR AT F ROMNT ) ZWAT L TITW, BT 2 ki & R &SR LT
REVEIEIC XV FEIN L PUEGERELIRIE T 20RIEORBEEZ B LT,

] Tumontissue

Injection of functionalized Irradiation with
magnetite nanoparticles alternating magnetic field

Fig. 1 Intracellular hyperthermia using functionalized magnetite nanoparticles.
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ARIFFETIE, REBVEIEOMBER TH LR Z R T 27D, BretEmrE
TR A~ T REA N F A= 7 YR Y — A (magnetite cationic liposome;
MCL. Fig.2A) ZF|H L7z, MCL IZEEN Z H O 72 2 A MR 12 5 ERITR &
LTEAETMYVAENDWE L., ZEEGEZRE T2 TEXT U v XA
RKIZE - THREATHHEEEFF> TW5H[10], MCL #HW2 2 & CREE RN
DIRE 2 ZFWS O M X0 BAECHIE T, EGHAMARREIINET 2 2
ENRARETH D, I DI, RFEEME T OREAZIREEEIC L 28I L0 HHE
THDIT, AT a vy Z/N7E (heat shock protein; HSP) 7' 1 & — % — % f|
MUL7z, HSP 7' mE— & — 3B b L A& LU N ik OB 1 I Bl & B 125
MY LMEEEALTVWDH[BES], LarLlLaendb, A4 A v AR
(cytomegalovirus; CMV) 72 E DA TIRO B FRELZFHEET L7 A VR
ToEe—HX—LHE LT, HSP Y0 — 4% —|IC L 5B FRAENMENE VD
RN 8 2 720 [36], BT IRIEDIGIRZN R 2 50 2 72 I2id, FEB R O
MRV ETHDLEEZERT, XTI T ANLHNRBIRF®BER S AT LA TH D Tet-Off
VAT ABNEMAETHIEICED INEEAL v TFE L THMERG T2 KEIZ
RBLT D IRBGH EAER T RBLY AT LD EZR ARz, HSP 72 E—4 —F
(2 Tet-Off Y AT LAZBET DI LT, BBEURIEICL BB AE AL v TF L LT,
Tet-Off Y AT LINRY T 4 77 4 — ANy 7, HRYELRFOREIET
MEZD XD F LIz, VA= —BIaf LacZZMWTcVIR—4 =7 vk A,
E BIZHM AL RAT A VAR KDF IV F%F—F (herpes simplex virus thymidine
kinase; HSV-tk) 3B X OEGEE ALK - (tumor necrosis factor-o; TNF-0) (2 X 5 Eix
THREEZETVE LEMIREFEET v 8 A 2T ZEICXVBAB LY AT A
DIEREMENT 21T - T2,

WATL T, BUEENESWAREEEE CTHLIO THEAMOR LG L ROE=4
—RNEGBRBRRAEA T ) —~ NS E LT, RV IE% O PR 5
HFE DA D =X EIT o, FryrrHUKTH D
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N-Propionyl-4-S-Cysteaminylphenol (NPrCAP) % & fifi L 7= #i 17 / ki NPrCAP/M

(Fig. 2B) 381 N A~ U AT G L | ZEMIL R XV EBVRIEZ 1T o T2,
NPrCAP /I . A 7 =V AR GHOBRICEE L LTHA SN D TF v OFLPLT
H5T-8 NPrCAP Z /A SEDZ LK VBIMETF VR T2 2T ) —~IZ¥hFE X
KHVIAFHDLZENFRRICR S, o, BERMEY o 8KIX T MRS A&R

(T-cell receptor; TCR) Z /T L THIRANTF REZFRE L, DAMBEKXEST 5 Z
EMNB[39], IRBVREZ L L7-HN A~ T ADEFRIEY o RO TCR EisT
RN LTz, 6102, T ML EDRZRTURTF 2k L, HGEMHRE~=
HLTW202ERT 27201, BERMEY VRO RX T ) —<BERET
F ROtz i~ T,

Magnetite
(Fe304, 10 nm)

200 nm

4[ ®Aminosilane coupling agent ]

@Sulfo-GMBS ( linker ) ]

/[ @NPCAP-SH |

0
0 Il
i 0 Q S=CH,CH,C-NHCH,CH S -OH
[ lenate ]C}gmw Loy ©
3~'4

0]

280 nm

®

Fig. 2 Functionalized magnetite nanoparticles used in this study. (A) Magnetite cationic liposome,
MCL [10]. (B) N-Propionyl-4-S-Cysteaminylphenol/Magnetite, NPrCAP/M [38].



1.3 XEX DERK
B 1ETIR, ABIEONERE, BIER L, RFEOFEH OV THII LT,

H2 ETIE, AWFEOBESE OBEOMIEZ I L, AFEOERIZON

T L 7=,

9 3 W TIE, HSP 7' m & — & — & Tet-Off ¥ A7 AZ @A L7l 2GHE SRS AR
FHB AT LORFBICIY HATZ, MiEE AL »F L LTHSP 7 rE—4—
WEEEN L HBE T ORBLZFEET 50, I HIC Tet-Off VAT A2 X0 HIWiE
LT ORBADERENDINEBETHZ LT, AR LEY AT AOMEEMRIT %

1To7-,

4B TIL ., BEREMERGME T 2 R MCL & R EWMSE 2R L-IREYEEIC LY
FH3ETHBLEVATAVRHKE L, BHEBETFOREEAPFTEINDI N E
HR AT RAET VEB W8 ERRIC X0 3L 7=,

5 =TI, MEBEMERIME T 2 R NPrCAP/M & AR F B 2 F L 7 1B BVE 1E
BICHBEINIPUEREGELZ SLICKET 222 HME LT, BREVRERD
FEGRE Y REROFENT . LR T T RO 217 - 72,

>

B 6 mETIE., AR XOBIEEITWV., AKMFEOREEZEEZT-4%DREEICS
Tk ~_7=,
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%2 % BEEONE
B2 BMEOHE
21 BEEEE=KEZDHH

EFORXeRZ TTADFHEC TETHLRTNE, 747 (FilF) THT
ZENTED, A7 (T THELARTIE, K GREY) THTLENTE
5., b L,k GREY TRTZENTERITINE. ZRIEREOHES S, |
EHY . RBVEIEIZE R 77 20BN EBIRFEICHA S TE R, U
I E W) BNADOWE EFIH L2 ARBVRIE I, MR - (LS - 4t
BEFRAr o ZRIEIE L B L THVIRLIRERXZFRETH Y . BHERR D Z2nwZ &
D BRESOAMEB DIV RN AIREEE L THEBINTERZ, Ll
MG IRBURIEHEM OB SR, S DICEEMRR RICINET 5 2
ERREETHDLZENR RV Ry 7 L) ZRFEICILET 21880 4 &
T D EIE =Ty, BUETIE, IRBYEEZHMTHWL O T
T <L IRBVRIEOREDREZWB L, ZKFIEOETZM I 2 L2 BEL L
TURBYRIEIZ = RBE L O LR FRBRRICIEN S Tn b, Zofi T,
IREVETE D = R L OBEFHBEICOVWT IR E TICHEINTWBHIICH
WTHRAT T 5401, 2.1.1 TIXECH#RIRIE & OO 2.1.2 TITLFREIE L OPFH,
2.1.3 TIEIAB T & OPFHIC O W TR 5,

2.1.1 MR EE L DHH

FS BRI 1T AR S s & O R 2 JE AR ~ TR 35 Z & i kv S AR
? DNA B2 5l &k 2 U, 28 AMIIE 2 3, % 72 135/ I 1 58 2 4 il 4~ 5 ia i ik
T D, [LFRELHBFMERERICZS OPNAVBEIZHEA SN THD 2, K
SRR & D IEF AR~ O BIE TG T & iz BB~ A = 2 i
AToMEZRAT 2281 XTET, DNAZBEG LA AMEAEE L, 3T



%2 % BEEOME

HZ LM E o TV D[41], Zauid, KRB ICfE V> DNA G 2MEH =
Ll L BEINDD, IRBVEIEICEI Y Z 0 DNA HIEOEEERNLE S,
W RRIFIE DIRBED RN @D BN D Z ERRE I N TV 5[40, 42,43], F72, ik
SHRREVE AR IR 6 . IR EIRIE O MR Tkt LTI R BMER W, AL, A
I E VAR LAV XA T IV L > THRAMRPEES RS-0
155 KEL ARk PN O B8 5 O3 JE DS U IR IE DR IR I R 2 K& EAT D120 Th D,
FEIES RS (X R 7 RIS R0 M MR AR 7o DR R R IETH V. H R
ENNEHNEREE T Th D, Z ORRRBERE T TIREE S HEVER 2/ S0
TZOIZBNEY H < 51T, BEAIEIC L 0 BN OERE S EN ER
5N MEM4]IN D S IRBIRIEZ T2 Z LI KV HARDIRBGE LD &
BEZXOND, S FEITRS AN E A M, Gl BRI L TR N K
TN, BAMBIZIZ RV 2R TH 523, DNA 2R S 2 S oML Ak
W OBRZENMEL . REDEMENZ &b REEO R A THD, DX
572 S WoMN M L CRBVEEDNRSIERT 22 A#RESNLTEY
[%L%@E%@ﬁﬁﬁ%%{ﬁ%&iﬁ%ﬁ%&&@miﬂﬁw ERDND
van der Zee, J.H 1. EEN A, TEHEN A BEBED A Z SRR F A
%%ﬁm\Eﬁﬁ%m%ﬁ%%@ﬁ%ﬁ%%bt4ﬂom%%ﬁ%&mﬁﬁﬁﬁ
GREESRM: 42°C, NIRRT 1 BFRED) 206 U725, i MRS IR O35 413
BFEMRE 39% THoT-DIIR LT, BERIELHAT S Z & TRAETMEIX
55%F THIMNL 72 (p<0.001) . FFICFHEEN AW TIR, IREDE ] ST B
ERT 2 EIE D BRI L R L TR 2 50 3 FEREEFENG
Hit (p<0.01) . FLWAESFERDO EH bER I LT,

2.1.2 LFJ|E L DA

LB, P AAIZFIH LT DNA OAEARCMI R A2 HET 5 2 &1
K0 DA D B & B D IR RIE T H Do MHBREIESAR Tl L & b
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BN ADIRIEZEI D FFEARIBERIETH 208, P AKI O TR\HE L M2 & 1E 5
BOBRBIET LN TEBREMEAZ 7209, I OICHFERGIZE D N AM
RS HUH AFNT RE 3 2 FERNMPE 2 A5 LV RB /< 22 Z EAMEE o T
Do BHEROLRNEREOHNAFNC L O NAMBEZMET I ZENTERN
X, EFRMEEg~OFBE R THZENARICRDEEZLND, LM LARR
O, G 5 Bl e MR A8 0O 7o 1T, JEE M 13k R 2 B > C
BOT. AEAICES Lo AR 2 I EGEENS MR ATE v, 2
DI, T RIEEDREB/LTEDIERBAKOREZ &G THLERH Y |
FHICERLCEMERZ3I SR ¢ &0 ) BERICKHKS, 2 ORESIC LT,
IR ENRIE IS &0 B & ASRHR U C IR PN o0 Mg 23 HE N L. HUAs AU A oo i
GRRERmE D, HEYRIELOMEDRBG LN L ORENZEHI LT
% (Table 1) [40,47-50], ZALH DOFERN D | IREVRIE LML FFIEEZ ORI 2 2
LIk, BHERZMZ 272D ICIKBECTHAAAEZRE LG L TH, BAFRIEHE
MEBFOND T ERDND

LFFRIEC K DEMER 2 S S IR 2 72 012 iE, SRR IS B A 4 18
O, MBS RO DB AR ZER ST L LERH 5, TFE, SLdAFIOKX
RELETDHLEDICRTZ v 7T IR = 27 ARRIES AL TS, iR
Bk L OPFR TIE, BUESZMEY R Y — 2 &R O THIR AR & ISR~ 2h =R
L RERETE L 1978 412 Yatvin, M. B.H I X > THIO THE SN TWB[51],
FHLIBE, k2 R BURZME Y R Y — A0V HE ST Y [50, 52, 53], LS AAKI R
FYNLET AL EEGESZEY R Y — A (Thermodox®) | R R AR 12
AW STV 5[54, 55], Thermodox®iX, 40°C-42°C OENY 7 v 7 Bl 5 &4y
fig L, W L7PBARID T 5 X 5 ICEEF STV b, Thermodox® & J&jflr
BEREZOAT 22 810X, WA, B AR E THEDRN GO,
RrIZHFM AR 28 A S B W CIT R B AR £ THEATE Y . FLVMEEDHE (N
P— FH=10.639) DG & HE SN TWD[55],
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Table 1 Overview of the interactions between some chemotherapeutic agents and heat [50].

Class of agents Interaction Remarks
Platinum drug Cisplatin More than additive Gradual  increase  with
increase temperature;
highest when simultaneous
Carboplatin
Alkylating agents Cyclophosphamide More than additive Gradual increase  with
increase temperature;
highest when simultaneous
Ifosfamide
Melphalan
Mitomycin

Nitrosources

Antibotics

Pyrimidine

antagonists

Vinca alkaloids

Taxanes

Nucleosidanalog

Carmustine (BCNU)
Lomustine (CCNU)

Bleomycin

Doxorubicin

Actinomycin D
5-Fluorouracil
(5-FU)

Cytarabine (Ara C)
Vincristin
Vinblastin

Paclitaxel

Gemcitabine

More than additive

More than additive

Complex

Independent

Independent

Complex

Additive

Highest when simultaneous

Only >42°C; largest when
simultaneous
Less than additive when

heat precedes drug

No interaction

Cell dependent;

type
temperature 41.5-43.0°C
Only if applied 24 h before

or after heat

10
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21.3 AP FR L DHA

SRR IE, EEMAE L EEME T2 2 2o bIREDIRNE L. MikE
RS Z < ONABEICR L TH - EIUELEE LTHITSA TS, ko
BB AP ToDI, BEMEME IEIC, BEARRBRZAMBBAESL TS
RO H DDA E BT 22 DK THDL, LLenb, e L
O EEREARIC KR E RBEBFMHMEPER SN THGE1E. ARFIRICL Y BEOE
& D'E (Quality of life; QOL) N b 2NN b 5 7= FE Tl O A 4t
272D Z LDl v, DT IENC BT, (LERE REBVRIE
O L. SRR ATEE 20 K & & & CREB ML 2 184G S =% IC W& 1T 2 &
ZHREDBIT DIV TV 5[40, 56, 57], Asao, T.H 1L, AT — T2-T4 O E RN
hDBE G E L TEFMIGRIELZITV. AR Z &R 3 28 E O gI1EH
1369 %DBEFHEICENWTLIBEINT . 41.4 %D AT L CTRE 72 05 R e
AL, AR FIRAATEEIC 2 o 72 LA LTV B [56],

Flo AR FINDRE RN ALE L TERIEBZEZ LIERARMBN TV D,
JEMEHARS Lk, MR S K2 Hii 5 2 & CHLE 2R Xm0 . BAMIEN
ERZEERENICIES SN, BIROMAIZEE LE D 2L THY . D THIRMET
oo, T, ZOHIBEOERER I T 2/ 20 70E%IES LT, EENE
A5 (hyperthermic intraperitoneal chemotherapy; HIPEC) 23BHZ S 1T
%[58,59], HIPEC (. HEMEN O G &2 AR T X v i L72&ic, @ik
FEDHLN AF L IRBIRIEIC L0 EFENICEE > T 5 BARREEZR 25 A I & fil 1
T HIRWIETH H[59], IBEEIEDOFIZ L 0 BSAMBNIZH S AFIAELY A £
N 7252 L THEBEICEALEDNAMBOMIEEST 2 Z LR REL R B3,
AT ENTED, AT —Y T3-T4 OEITHEPADBEZN G L L
THNEFH# 12 HIPEC 21T - 72 & & A HIPEC 2% 1 TWRWEFH L B L T,
HEICSHEAGFERNEEL TV EWMESNTWA]58],

EHIC, ABRFIRICL D FGLES T, SR FLLOABABEITH L

11
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T, JEBHRRICHEA L EBmEHC 7 DA WERZ T 2 &1L 0 S A Mk
BT 57 U ERIEN SN TWD[60], 7 A EREIEIL, TRERER A 10-30 5y
FEPE LN T2 D BE~OBAMN DA il A RE 2R B AR O K & S ITEA
3em ML FREE TH 0 . K& 2 EEMRICH L ke RIBRI RIS o0y,
LUt ABRTIRICL ) K& RESEMABKZME L%, FFELTWD
INBUBE D IR DWW T T VA WRIE TR T 2R EAR Tl E 0t b
fThiv T\ 5[40, 61],

2 REREALBEFREBIUVREREZOHA

O T, ZREBEECRDODDIHLWIEEREEL LTHER SN TWSER IR
BB L O ERERE & ORBIREOFABEOFIZ O WTHRINT 5, 2.2.1 TILE
A EEEOBFA. 222 TIEGEREEOFAIZOWTH RS,

221 BIEFRELOHA

REVIEIC LD HBAAE AL v F L LTREBRB TFORBALZHIET L2 &N T
TE, RBYRIEL B FREORETHL WML ARk L. T LIRFEED
FRDEDPHEONDWH R D AIRFIEORIBIZORN D, ZOHMEZENKT S
ez, ZLOMRECL > TRBAFEERZALIEVANANRNT Z =T T X
LRI REREIN TN DH[62-64], £T, IBRAFEME MR TR ¥ —
RO E G TRE CIRBRE RS LR EALER R T RIE AR T Sk
THELRD, A ML AICKHT DM A T =X LIZON TR 5,
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2211 HIBADERR F L RAGEHIE

IR SN, AFET 27D A ML RAICHLT 08, ZOBRX ML
ANSED =z TWNWDHZ /X7 & L THSP23E 540 T 5 [65], HSP 13,
PhxZg A ML A (BA, KR, (K pH, [EMEEEE, BESRBRR L) 227w
THRIEAL, FUNTHOEMERIA T+ =N T 4 T H<H Xm0
—RETH BH[66], BAA N L AT XD HSP OIBIFHE L, HSP 7' v € — & —[l 4
FOBY 3 v 7RG HEFE (heat-shock element; HSE) (ZIEMEL L7-# > 3 v 7 R
G [A¥ (heat shock transcription factor-1; HSF-1) 2 fE& 556 Z L2 L » TR S
5 (Fig. 3) [67, 68], HSF-1 2 HSE # %% L CHEE T H -0 IIZiE, vt —
Z —Ee A g S @ AL S S°-NGAAN-3’ 2 H L T\ 5 Z EMMERARTH
% (Table 2) [68], i#H OHALAN TIL, HSF-1 1% HSP & O ~T 2 &K% Tk
L, MilAERNICEE->TWD, ik, HRIEERFEELY N7 Bx T —
LY a—F U AiEEX T —1F 312k 5T, HSF-1 & U 5k Ser307,
Ser303 DU UIENHEFESNTEY . BA~OBITHHAGFI S TNL72DTH
%67, 691, ZOEROENTIX, BEHIAATEA R (preinitiation complex; PIC)

XD RNA FRY AF7—F I (Pol-Il) OBEEENHIBSN TS 728, HSP #Eix
F O FITIH S TWH[70, 71], MRAEAR S LA &251F 5 & HSP 3~T
AR B, HSF-1 3N ~BITT 5, N~ 1T L7z HSF-1 13, &%E
—®IAE L, cAMP KfFMHES VXX T =BV TN/ IINVET 2 Y K
X X7 ExXF—BOERICL Y B Y 5K Ser230, Ser326 23 Y Vb X
L. HSE ~D#EAREZ R 2[67, 72, 73], T Dtk &ML L 7= HSF-1 2% HSP
T'aE—& —FFFO HSE IZfEE T 52 LI2X W, PIC & Pol-Il & 23 iF 7
I, HSP BI5 T OWTENFEINDH[71], L EOBA R L R SEHMEIC L0 | A
FEIXBAZ b L 235 Z LD ATRE & 72 D,

HSP DR G 2 FIH LR EGE S B R - RBLA 7 X — 2RIV D B
X, BIEAZZB L CNBESNEZBOREREE T2 RET D, 61T, &
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NIBENREGDT2DICINRE AL v F L LEEBEFRIENZ N LK
DHDH, BRARIBEGFEM 7o —F NI, EOMRENFHE I T
WAHN, ZOHTHE M HSPTOB' 1 & — % — iR E A A v F & L T&EIE T
FEHL A BB ICHIBIRIRE TH D 2 LD invitro B X Win vivo I8 W TR/ < AW
SN TWAH[68], KENZIHWT, HSPT0B 7' 1 & — % — Z F| il L 7= iR B\Gh 0
B IRIEDFIZ DNV TN T D,

Cytoplasm

Nucleus

Fig. 3 Cellular mechanism of HSF-1 mediated heat-shock response [68].

Table 2 Heat-shock elements (HSE) of the heat-responsive human HSP70B promoter and the
human MDR1 promoter [68].

Promoter Position in the promoter Sequence (5’—3")
HSP70B’
HSE 1 -73 to -54 GGAAGGTGCGGGAAGGTTCG
HSE 2 -163 to -149 CCGCCCGAACCTTCT
HSE 3 -262 to -247 GAGCTAGAACCTTCCC
MDRI1 -315 to -285 GCCAGAACATTCCTCCTGGAAATTCAACCTG

14
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221.2HSP70B’ JOE— 4 —%2FAL-ERFERNECFEE

btk HSP70B’ 7' 1€ — 4 —|%X 3 -2® HSE (Table2) . FEEM TATA R v 7 &
AL TED . 225D HSEIZ HSF-1 28 & L, TiOB R ZFHF LT 5 [68,
74], Huang, Q.5 1%, HSPTOB’ 7 & — X —%##H L7127 T ) UA NV ART H —
AER L VAR— ¥ —85 T GFP . 8RBT IL-12 BEO TNF-o % AW T
HSP70B’ 7 11 & — X — D EULEME % in vitro IZB W TR L72[63], 7T / VA
WANRG Z—Z N LTe~ T 2D AMIEEK 4T Z 42°C TR T2 Z &2 L0,
IR EITD R D> HA L L C LR — % —8x 1 GFP OFBEENK 1000
&, S DICIRREG T IL-12 BXO INF-a DRBENZNFN 13,600 {%, 6.8X
10 fEIM L7 & 2®EL TV D, RIS, IWREET IL-12 12 X 585 FHIE
ETE L TCREEIE L BEFRIEOHFADREFTRIZLE A, NRE A A
vy F L Uiz IL-12 BIEFDOFRBUZL Y AT ) —~ OFEZ Il 32 2 LIk
LTCTW5% [63], £7=. Isomoto, H. 5 (%, HSP70B’ 7' 0 €& — % — % #HH L= 7T &
I NART Z =R L | LR — % —BIR T Luciferase 3 X OB EAs T HSV-tk
AW TTIRBGEERBR R AT LA OWREMIT 21T > 72[75], 77 A I I
7B —%BEALZE NESAMEKE MKN4S 2R3 5 2 LI X v #EE 38
EHELTL A, 42°C DIRE)N S HSPTOB 7 1 & — X — 3 ERE) LAg O 7=, &
HIZ, 45°C TR L7 & 2 A, IMRZ TO R o lcma L L TLR—% —
AR T Luciferase OFBLE DK 400 FEEIN L7, WIT, JRREE T HSV-thk 12 X
LR FHRIEEZET L E L CREVRIE L BEFRIEOIFANREFTRTL 2 A,
42°C T30 M OMIRA 3 AT 5 Z LI RV IRBVEIEF MO E & g L CE
AR O 2 28 HIAZE L <425 Z LI L TWB[75],

Ll D X5z, HSP70B 7 0 — X — D EGE MM RE O S SN EIHESh TEY,
HSP70B’ 7' vt — & — 2|l LTI BAEA B B AR 1 BB AT NI AR TR IE
WIZBWTIHEFICTAHARY =L ThHEZEZIBND, SHIT, HSE A 28712z T
TEME A @ O - A B HSPT0B 7't —4 —[76], ik R 7o —X—%2@A S
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HHZEICIVEGEAMN AL T A7 Uy N mEe—X—[77]72L HSP70B 7' mE
— A — OB ZSDIZEmD L LM AT N ESH TV D, — 757 T, HSP70B* 7
=T RSN b IR, SR, A Aot X ML
ATHEENT 2 2 ERME SN TN DH720[68, 78, 79]. BERICHZBE L1-%E
BA R L AL THEBRG AL, EFHE~OBXERRIER %5 & i
Y HREEND D, £ T, BARBER FRIEDIREEDIZDIZ, HSPT0B* 7' 1
T AR b U AR RSB T 5 K9 IS kT 578 £ HSPT0B’
TaE—S—EERAGHER T 0T —4— DL BOMELAHESN TN,

222 RERELDOHH

BRI IPDRAN LT T ANV ARIRRE 72 EDOINRRY . B X OVERNTHA
L 728 AV o E AL IE 72 E O N SISk B EER 24 5 oix, T M
fa, B, ~27n 77 —8 XLORMRAAL (dendritic cell; DC) 72 & D 5 22l
BZ & B IER TH H[80], TLRIZTHCOEFMITH - =08 A% L T
v/ m7y—YR DC BBRAMIBEREIZHEIL L TV D2 A PR E SRS

s F#H A1 (major histocompatibility complex; MHC) 7 7 A 1 # @i+ 5 =
CICXVIEFMEE O LTV, DAMilEERT S, 0%, DAMRE
SREL . DAPUR & MRS EME T MR (cytotoxic T-lymphocyte; CTL) <2~ /L /X
—THIICIR T T 5 Z & TR AMBOERZIs X 5, 23 Al O & Z2 4572 CTL
LA —T MR APUR 2585 L, ARPNICE N AMIIC S L Tz
BRMET D, T OFE DAL 2 MRS & vy MR 2 TEME R L. BL

MG 0% A TG 95 2 & TR R 2 O DARERIEDOMENREL TS
[81-83], M AMIERIEDOFIH & LT, EAERNICTAR D > T D 5HIER & RIS
TOWRBEIETH D720 FIRAFIRHS SR E L e L CRIER A D72 &
RN FMORRICHEE D QOL Z 7R 5 BN 2N ENEFbND, Ll
PH . NAKIKIZNAHRLMHC 7 9 A 1 ORBELZERFIELZ LICL A
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PR mMEL LD LT D72 0[84], 2 A SR L AN T OB RIT = KIFIE L
g L TIRWZ EAMBETH 5, EF, BBVRIELFHT 22 212X Ak
EIRILEOWREDRNE L ®E D | IRBREIEIC X UG REREME LI LD
ZLEPmE SN TVDH[85], T OIBVRIEIC X 2 0EFHEICIT. 2NAHUR & HSP
MUBATHDLZEDRHRESNTEY, REIZEDA D =ALIZONTIERD,

2221 RRBEDREFZTEDR

HSP %7 L 72 50 E H 8 O IZ DWW Tk~ % (Fig. 4) . £7 . WEVEILEZE
T LKV ESGMEMEANTHSP NEFEH L, v Na AAERIC XD S A
DWNAFRANTF R ERET D86, 87, £ LT, BAX P L RIZL Y x7m—
A& LIz AMBIN 2 B HSP-HUR A7 F FEAER K S D, iS4
72 HSP-HUJR 7 F AKX, CDI1 72 PO HSP L7 ¥ — % %BlL T\ b~
7u 77— DC 7% EDOHFRE M (antigen presenting cell; APC) IZH & S
NH[88], APCIZFER LHFETF K& MHC 7 7 A 1B XN Y 7 X1 ICHER
L. MHC 7 7 A II &~ /3—T Ml TCR 24 LI EERIC L0 sl L,
CTL OfEREI L Z 84 D RE ) 2 5T 5 [89], T D1k, R L7z APC % CTL
R AHURDIERZZ DT OIZIRAGEE Y R FEi~BEH L, MHCZ 7 A1 &
CTL ® TCR Z 4 L72MAEARMIC X0 HURRR 21T 9 [90], fUiid Rz 2T/
CTL |3V /)i THGE « sfb L, G~ RBE L, RSPl
BT HNAMBZRR L, WRELHGT D, 7o, BEVFRIEICL D KEITE
BLL7- HSP SR AMRBEIZRES L, TOALIZHSP ZHAIE LTHF =T 1
77— (NK) MEAEED, DAMBZLEST L Z L b@®ESNTVD91],

oIz, WBVRIELZET Z LI2X > T, APC OEEEHOIEMHELIC X 25
N7 F FOBGAHZZDOHEIN[92]. CD40 X° MHC 7 7 X 11 OB BFHEEIZ L D APC
RREV D (EHE[93]. APC D AFEIR U o /i~ O IEMEAL[94]. B L OWLF
HH)72 CTL OEIEDOIEMAL[IS] e ERBE I TS, TiLb O R Z I
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EAFIEIC L VFE SN OPUEGRE L S O ICBE T 2BRIEZHET L2 L
MTEIE, TE SRS L > THIE - BB A Z BIRR TR AN

SARPFIEIZ R V5, IRENCRB W T, IRBURIE L R RIEZ/ME LA AR
B R L OB RN ROV TR T D,

Tumorcell

Augmentation
Cytotoxic activity

Recognition ' Release . MHC class|
MHC class1 7 MHC class I \ o¥
N J
Phagocytosis .

Infiltration '

Maturation

@ @ Lymph node
\\_‘_/

/ Activation
@, ) Q U@\

Proliferation and differentiation \

Fig. 4 Hypothesis for antitumor immune response induced by hyperthermia.

18



72 % BEEOH
2222 NARBRERE

Ito. A.H 1, IRBVEILETHREGFEIND HSP 2 HICHMRT 52 L2 HAY &
LT, iREYRIE & HSP & 510 X 2 IR B UL 2 B J8 L 72[40, 96, 97], #H#A %
~ 7 AHSPIO X VNI EEVYTAAT ) =<8 G L, 43°C, 30 43 [ O R B
ek Lics 24, 20%0D~ U A TGO EEIBHMEABIE S NTZ[96], &b
2. HSP70 BInFEMRICHEBIT 277 AI R X —% Wit nF#iE
PIRBVRIEZ O LIRS R, 30% D~ 7 A THEEBMMEO 72BN B SN, B
BUR{E & HSP 2 X D IRBVIEIRIE DO A WEE R L72[97],

IHlT, BFEHERD DC 24N THAMRZRINT 5 Z LI X0 EHEI L,
BE OERNIZE T IEBNIERITITOR TV AH[98], 7. DCITIREVERIERZ O N
ARBRE N & FH S av7z HSP-HUJR~ 7 F NEG R B/ L. CTL IZHJRE R &2 1T
I LI HESREATEE LSS & V) HERZH EZH > TVD, 20D
PURHR R X 2 PUIE S a8 OIEPE(L X, DC OMI s e fl L T an s & &
ZBbND7H, WEAWRIERIZ DC ZAEERNICELGT 22 TS LR IBHEMNE
EHoND 2 EAHIFES D, Matsumoto, K. 51X, W] C3H ~ 7 A @ F 1
BB Ao D A5 W D B AL O A1 12 43°C, 30 M ORBGREZ e L, SR
DC Z{EA L., HIGEE OB 21T - 72[99], BRIV L2, DC ZEA
E&ICHE 41°C, 30 mElO~ A0 FRBURIEZ S 2 & T, A BB AEED
BEFE A S iz, F o, IREVEIE & RE LT e W ZE R o JEE I RELRR o0 A5 & )
fil v, WBVEIE S DC 2 0FH LI2IBIIEOTIEG R O &R Liz, BB
MO xR 7 a— XAEF X 29 43°C-46°C &\ o 72 XV Ky 39°C-41°C
DIRBEIEIC LY DC OANRE SN D 2 L3 @E S TH Y [40, 100], HilE
B ELARIET 27-DICiE~ AV NIRBRIEZFIA T2 b EETHDL Z &
MR X Tz,

T Ml DYEFEL b A RS2 IL-2 R IL-12 R EDY A A &M LT
PUESEGE 2 RIE T 228 b 1Thb TV 5[31,32], LLAans, Zabida
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M A VBB OBBREBUTERERDCHBORX 70— 225 ZF 2L
PHE STV [34], BKRICHT 2T E2ME T 2 FIER RO BN D,
T, BDAOTIRRFRGGEZEEE LT, BNAPUR %R U CHEE R
L CWAEERE Y > 7Bk (tumor infiltrating lymphocyte; TIL) % F|H L 7= TIL
FIEDRBAFE SN TWAH[101], TIL BiEIX, BFLOHIL 7 TIL 2 AKS TR
BEEEL, BOAEAKASETIBRIETH L2, T MOHURFFRMEZ MR L7
FERBEITOENEETHS, TORRERRT DIRHEIEL LT, EHiB T
T2MIC TCRE G T2 MRk L2 A T.CTL &2 VW7o & 7B iR RIE DN R &1
TUWA[102, 103], Z OIREIEIL, BED SEILL 72 CDS'T Ml % 23 A fiJ5 Fr 2
HIIZRRT T 2 & 912 TCR Bin+FZ HK T 572012, PrRFFRELHER L2 E
FREEBZTOIENAETHD, T I T, REEEROPIEEGEICBT
27 27 —filTHDH CTL 29252 L2 A E LT, BYRIEZICH
HHKEO TIL Z W T AL CTL 2 /ER L 721212, B ITREGT 58 BRIk
BILORBN AR THLEEZEZXADND,

2.3 HHEEMEHIE S / RFOEFMIEA

Btk T 7 R F 1k, & ORMEREYE E R T REAEM T2 2 & THZ IR %
MTDZENELTHDLZ LG, BRTBEC X2 RN DORE[104], 7T A
LR H =7 EEFIA LS E A~ OB ST E A[105]. MRI O & AI[106], HT
NAHE BRSBTS 8T v 77 U AN = X7 A[107])72 EEF 5B~
ISHMNBEACATDIL WD, BET 2R o2 oMol AF & LT, KR T
(X, BEREMERGIE T R & AR FMSG AR LI IRBVRIEIC K BB T 52 %
BEEDHVATLAORREEToTZ, TZTAETIH., ZhETICHREShTY
D BEREMERGIE T R 2RI LR BVRIE . & O ITIREBVRIE~ DS A R4 %
FF S DHEREMEREME T Bl DWW TR T 5,
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2.3.1 BEREtEHEME S/ FZ AV EERRRIE

TR BRI A RIS 9 D BRI, A0l U C B AR AR A A IS IR S B v &
WOMBE LR LT NIER L0, 2612, IV EWREDRELG LD
TIEE AN T SRS 5 Z ENEE LV, Zh SEBEEOBEKIGH~O
B & 2T B 72 I, BEREMERGIE T BT & AR B A R L T IR B IE
PR SN TV D8], MBNAMIIAN~BETET /B % 26 T & E, B K
(R DT RO 27 U ARSIV AR S INET 5 Z & 2 ARE
E725, 1979 421 Gordon, R.HIE, ABAT TV AZHRLELTTFANT U~
THEA N DTl NIRBVRIE 21T BT R L RERS 2RI L
TZRBVREO A M2 WD THEFE L2 [108], T DH%., B~ A M REMERLE T/ Hi
T E2FIH LB BEE OB B R A b CE iz, M) b1 % EEBMIEEIC
TS LIV ABEMEFHE N ~OIR Y IALRELZ IR L 72 MCL %
W IRBVRETE Tl 45°C, 30 0 OIMEZ1T ) 2 & IC XV~ U XN AV TR
FETNVOFERBREICHRD L Z ERHRE SN TWND [109], & 52, MR
BYRIEORRE T H D MM T/ R O MR Bk 2 e+ 2 72l Wtk
J ORI RN ISR R BUR 7 E & RS U To B REMERGE T R B ST
W5H[12, 110, 111], & FEES AMILOREHUR 2 BT 2 UK 2 /6 S 7o

REVERGPET /b1 Tid, 25 B0 S0%0 EEMHEICER L, 43°C, 30 0RO
I BVRIEIC K0 G R O B K2 2 BREMH S h 7z L oWmE S H DH[110], £ 7z,

£ Dt PANAMBTHEREIAL TS E b EEKRERFZAE (human
epidermal growth factor receptor-2; HER2) Z 38k 2 ik & A S E 7o sEMERE
T 2R FIZBWVW TS, 25RO 60%2 EEMMICE D IAEI, &V EEE
(P 2R L72[12], % L C., HU HER2 PuikfE G AEEMET 2 ki1 % & 541
e[l I 71 2 8], 45°C, 30 o] OREVRIEZ i+ 2 &1 JIEE I KLk D
BAEIZRE LTV B[111],

Ihlz, BERAERA T ) —~ZER L LW 2R+ b I
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TS, AT/ =RIFAT=ZH2FRTDHDAT /A FHEROEMEERETH Y
FEFICHETNFHNPALE L THONTWD, BRI D2 RN TEIES
BERIFIC L0 BB E2 B o208, U 2 80, Il i —Eis
BLTLE EWWEPHELIHCTERDPIEFIIEHLS 2D, URAERAT /) —~
BEOTHRITEL, EROIREETIE 3 BAEAFFIL1IS%U FTH H[112]), —F
T, AT —vEREMEEE THLOTEAMOKRE LHROE=F —NESH T
HHIHI, A7/ —~vHERE LI RPTREVEIEZ B L L CHBREMERE T
J RLF NPrCAP/M B S TWAH[113], AT /¥ A MEIAT = U BROEEIC
HEELTCTFurv r2MHTH2D, T EUKEZRHT LI 21Xk X
7=~ IERMEE BT D 2 LR ARETH D, Thomas, P. D.5 L. DNA &k %
PRES 5 F 1 v LR NPrCAP & W BB IIEIC L W X T 7 — < R R
BEDREPEOND ZEEEELTWDH[114], ZOF v v HFHEK NPrCAP %
fii e SH72 NPrCAPM 1T A T ) —~IIx T 228G L, £ B K23 b
L L THE, A7) —~MlROT R M= A2FHERT H[38], I HIZ, Sato,
M.5 1%, NPrCAP/M Z# W T~ A AT/ —<|Z% LT 43°C, 30 47 iR Bk
HLERET Z &1 X U NPrCAP Z#EA L TR WREET ki 2 W54 Lt
LT, MSARGOHEREIRNGEONTLZ LE2WEL TS [113], Loz
ED ., EEERNMEE S R RE RN T R A IRV IS T S 2 &

D RPETHE LI DY S OIME &V S IREVRIE OB & R 5 Z L Al
BETHDZ LRI N,

232 EEEMEEZ L o-HEEEHES /AT
TEGIERIME 2 b o ToBEREERGME T /7 R 2 B T 2 BRIC1X. MW R
(reticuloendothelial system; RES) A #0{n[iZ L T T 200N EHERERXK TH 5,

RES Lt id. EAERNOEY I T HHEER A I~ v 77— EOMAD
WM TH D, EERNICEE LT 2 R+ RES IZH 2 B v, T g 12
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MOVIAENLDZ LI PHEARMER 20l ST ENMBEL 2> T,
Fan, C. 5 (. o-carboxymethyl chitosans (OCMCS) % 7/ R IZEMT 5 2
CIZE D RES ZHEIEFRETHDH Z L& /R L, & HIT, OCMCS I[Z#ERE (folic acid;
FA) ZHi6 35 2 &I k0 EGIERMERYET KL+ ~F8 R S E 72 [115], Em
SRR (folate receptor; FR) X, FAZ U > NE T EBEEMR Y 7 E

O IEF M & 2 A M A X U TR 2 T D B TR OFER) L 722 H[116].
F7-. FRENM LT R A F—2 2250 FA-SEHIE A 1K 2 H I N ~16 2% 9
HIERE[117]27E ) L T FA RS BIRME T 2 R 2 D AMIIN A~V IAE R D 2
EMATREIC R D, EHIT. FAZHWADAIA E LT, MR I OV I
K<, ZECTLETHD Z ENEET BN DH[115], Fan, C.HDBBHIE L7 FA 6
BT 2B, FRZHBLLTWbh e hOBEEREANA, ENFEHNA

BB TEVIAE, EFEMIEASORISMEMENZERHE SV TND[115], LTIzhi-
T, FA # &M T 7R 1 2 iR VR EE I WD ZE T T QEIE I 2372< g
7B 7] R 72 8T SR BV IE DB FE N AT RE ThDHLEE X bND,

SOIT, NS AV RER E LT BR RBEREME T /B B B FE ST D, FENE 25 AL
BRADRETHY, 5 ELGFRILS %L T THD, BB AMIZEDE T RO EHS DR
RNV BERE S A & 72 W S 72 BRI BT fth g 2 ~i= 1B - 588 L Cds v | BE M oD B IR
Rz s, ELTHEY 2R RIENREL TWDHIENZEITOND, BUTE, B A
DOARVEFIEIINB IO A THDL, 5 %-25 %D BF LM FIF O IS8 57
T AVE AT A AR O ENR A AR O TR IR A I R R 3 H 5 6
r HCTHDH[118], L EOEHENG | FEEA AIXENICTB T AN AL DT RIE OH
5 L THY, SEFIICRODBIBREOHIENHEENTWD, £ZT, FEIEASA DR
ML IBELZHMWELT, vaxF —BM I —F 5L R 1% &K
(urokinase plasminogen activator receptor, uPAR) ZHE (1) & U 7-HEGE MERAME T kL 1
N REINTZ[119], vaxF — B FF7 23— 47 3E YL K 7 (urokinase
plasminogen activator, uPA) (X, BNAMIEDRECEESICE G L TR, /K TH
% uPAR [FZIEH 2P CITH BT T <O A TEBRFEBLL TWDLZENME
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SN TND[119-121], EBIT, uPAR ZI LIz RY A h—T RZXD @R TH R A
Fl 2D /M N ~EE T EE THHIEH RS TIY, uPAR R PEREME 7/ B - 13
g 23 Ao D B 19132 W d K OVERE 23 A Lot 3 D b IR IEICB W TH T /M TH 5
[119, 122], Lee, G. Y. B 1d, PIBRAAKI T Lo & 2 &G S 72 uPAR PR
T 2R ZB% L. uPAR Z#EA L CW R WEEME T 2 R 72 W24 & g
LT 3R X< B A DO MRIZ Wil X ONRENATRETH H Z & Zx L72[119],
Z O uPAR EMMERENE ) 2 KL T A IR BVEIE SIS AT 2 2 212 L0 SRR
IR 72 RN 23 AU 3 D T IR IRIE DML A RE TH H L BERA BN D,
fefb 8k 2 FIH Lot T 2 B2 R 28T L WEEMEIR & LT, 8kllpm & o3
BThHor7=)F 2" 7EN23]RERESNLTWDS, MRAICERY AL
A AR L, MR FEZTERT 27 =) F U OFRMEZIEL T, HAYHM
N DRGSR B AT ~DISHA DB EANTH RS N TV SH[124], S HIZ, IfF, 7=
UF o Z X BOBBEENEZEN L2 X O A AR EEN TR T
WAH[125, 126], MEER AL Z MBS T 27 OI2i%, BT 2RO REICHES
B TEMESEDLER BN THLIN, TOBBEIMEMTHD. S HITH
WOLRENREMTHL L Vo ENFICHEEL S, 2L T, BTRELE
filiL TWa7eolz, BRMETIZARWTHELfili~ofa., £72) /2 K+
DEFEZIZEZ L, BT 7R+ ORER B b D & v o RENE 4
AT D125, 127], O DORBEZMIRT D720, 72U F U Z 87 HR
NZ7 A7 2l UK 1 (transferrin receptor 1, TfR1) %4 L THEfE~FES 9
D, S DITHAAKIEA TR Z@BEHEBL T\ 5 2 & 2R L EEE T/
*ﬁ%’—rbiﬁﬁ%’vééﬂfb\é[lzs, 128, 129], Fan, K. 53, kIR 20 L7 =V F
AN BB AZWICRIH UL TR AL iR RS AL RGBS A
FLS AL BISZIR DS A 70 EMRIE DS A e & TEF I 2 8 TRERI FTRE Td D
Z & ERLZ[125], & 512, Liang, M6 T, BiBNAF Ry e z2ai L
72V F AR EREYEEOX Y Y T —E LCHIA L, EWARE G
FHITLHZ e, HEMAOHEKE 3 EMMET 5 Z LICI L TWDH[126],
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T2 VF U AR EEX Yy VT —L L THWDRLEE LT, &ffi e iR
TF REEMT DMER RN ARNTIEREB L TV 2 72D % MR
SHIZKBHEICE S TREICKBTE LD ZMTH L Z LBFIT b DH[125,
126,130, 2D 7 = VF o Z X7 B aWMHEARE LTHMAT 5 Z & T, mWEE
EAEZS S RIER DRV RIBBIRIEORE N AR TH DL LEEZEXDBNLD,

2.4 KEDFEEH

2.1 HiTIE, BAD ZRIRIETHLH IR IE ALFIRIE SVRIRIE LR BRI %

PR LTIRRIEIC DWW TR LTz, 2.2 Hi Tl B s FRIE SR BYRIE 2@ A L7
BARFRIEEZGH T2 E TERELRBAN AT TOMBNAT =X L% R0, £

PEE 2R LTRGBS FIRIEIC DWW TR LTz, S6I2, IRBVRIE THES
NOPUEIFRIE DA =X Lz it AL | 8BV IE L L2 0 H L7zin IR iE oA H
PEATRUTZ, 2.3 HiCld MREMEREME T kL 7 2 R H L7 BVRIE O A ME, 61
AR BVRIE IS T Re 7 B Re MERGAE O PRI I DWW TR A L7,

INHDOY saEx T RENDIT, WMk T KL 7 & A2 F 16k 5y 2 1) 1 U7 i B
1% OPUIE I S 2 filiE 21 RiE OB 2 HRY L CL IR BGE BB 1 5 3Ly
AT LDOBRAFE . BELOIRBS A OMAT IS OV TR R 278§,

25



H3E =Ry IHEEL— 7 E IR A ERNE R AT LD B

£3E TJ4—FKN\yIoBIEL—-—TZET
BEAFERELCFREVCATLORER

31 #8

BARFHIEL., DARKRE GO RERERST~OBARHFEINTWD
[18-21], HLAN AF 2 MW TP IE & FERIC, Bin FRIEZBIRISM T 5729
X EFHEE~ORIEHOEBRE —-FRTHY | IHFEBEFORBLZ B XIC
FIET M OBEENEE TH D, ZORMNEZERTLH-DIC, £ DS
MNERAEWF OB EZIRY A, N LR BRI L2 &G LTV 5131, 132],
ZOHRTHT FT7H A7 U (Tet) BT A7 A[133]& HSP V'mE—H —¥
AT L[63]NF R BAR T R 2 fiH T RE 2 T2 ORI < W BTV 5, AR
8 THIM L7z Tet-Off > 27 A (Fig. 5) 1%, i G 1E AL 2 X7 tTA & TRE BlAIZ
FoTHE SN D N THRBE TR I AT L THD, (TA IIRIGE HROT 7Y
A7V BT H— (tetR) E~IVRAT A VA DR EIEVELR AL (vpl6) D&~

YORIETHY, vpl6 KA PR B Z{EMAL | tetR KA 7S TRE BLHITHF B A I
AT HMEEFF >, TRE BlslE /N CMV 7 2E—4— (Pemvmin) ICE > THE RS LD
BT T —H—FHIZ (TA PfEAT5H5ZET, TRE B4 RO B B E DI B
BNHEEIND, IBIT, KX H A7V (Dox) 728D Tet i EIRZIRIMNTHZEI2LY
tTA & TRE ELAIOAH BAE AR EINDD, H BB T ORB A MG 25280 7]
RECTHD, 2 HSP 7' 0 & — X — U A7 KZIE, 8% OMARAN CIXR B &N IEw
IRV, BA R L RAZELMEANA N L 2R M0 5 EERICREIZHEE T 5
HSP70B’ [35]D 7' mE— X —PNHWHIND Z & AZ W, HSPT0B' 7' 12 & — & — (X
IR ENTZERZ T FTROBEFHRRAEFET HRER Tt —F—L L THL
N RERANCE I FRAEZFET DL CMV 70 —4 =R O A VAT 0T —
H— L U CIEERNRWZ ERMEE LTHET 5 5([36],

ZZTARMIETIL, HSP70B> /' B E— 4 — (2 LD H B T ORBLEZ SO R
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THZEHZHMEL T, Tet-Off VAT AL HSP 'O —H—T AT LERE LI NATY
R —F—FERL IBREAAy T LT 2 BB BB AT LA E LT
(Fig. 6A)[134], 2 BePE R BIHEIE > AT L Cld, £9°. IMiEAEAA>»F L CTHSP70B”
2E—X—NEEEIL ., FHOEBMR AL mRNA ISR SD, ED% AT T,
JRF—(SD) ERTTAL T T 78T H— (SA) MDA Ma L INAT TA AT TS,
i GIEPEAL 2 7 ATA DSRIER SV D, FEBLLT tTA 78 Bt TRE BEANICHE &3
HIET RO T AT T4—R AR tTA D RER BT, Tk, HIEML T Lk
® TRE FLANI R EFEBLLIZATA DA T528 T, BB FORERINDFHES
No, —Ji T, 202 B R BUHIE L AT ADEHRE T 2720121 tTA R BL T T AIR A
78— BB TR T TAIRRIZ —NF —ENICEASNDLZENVATHD
7 | B IG T ABRIITB B FEAZERNR L Ry 7 LD RN B D, EDTD
AW TIESHIL, IO B 2=y N2 OEDD T TAINRIZ—IZE /T 5
One-pack Y A7 LAZAEHEL | SHLRDFEH N DM a2l -7 (Fig. 6B)[134],

Tet or its analogs

&6

Promoter P cmvimin
| | /\/ ttA -\ N TRE | Target gene \//

Fig. 5 Tetracycline-controlled expression system used in this study. Tetracycline-responsive
transcriptional activator (tTA) binds to the tetracycline-responsive element (TRE) and induces the
transcription of the downstream gene. After the addition of tetracycline or its analogs, such as
doxycycline (Dox), the interaction between tTA and TRE is inhibited and gene expression is
switched off (Tet-Off system).
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Hyperthermia

@ @ PcMVimin

TA r - TRE | Targetgene
sD sa | (D ©)
Transactivator gene S @ Target gene > E
expression plasmid @ @ expression plasmid (16T )
tTAS - =

yperthermia @

O NN
{ PHsp ﬂ E ‘ M Targetgene| IRES } {TA
V

, . @
One-pack plasmid > (T6) —>@
—
2% [@°@

e iT
s

Fig. 6 Schematic diagrams of the strategy for heat-inducible gene expression. (A) Mechanism of
action in heated cells co-transfected with the transactivator plasmid and the target gene expression
plasmid. (1) Hyperthermia induces tTA expression mediated by the HSP70B’ promoter; (2) tTA
activates the TRE/Pcmymin promoter to induce additional tTA expression, providing a
transcriptional positive feedback loop; (3) highly expressed tTA also induces target gene
expression under the control of the TRE/ Pcmymin promoter. (B) Mechanism of heat-induced gene
expression in cells transfected with the one-pack plasmid. (1) Hyperthermia induces the
expressions of both target gene and tTA mediated by the HSP70B’ promoter and the bicistronic
IRES; (2), (3) tTA activates TRE/Pcmvmin promoter to induce further expressions of target gene
and tTA providing a transcriptional positive feedback loop [134].
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32 LIR—A2 —iEEF LacZ =AW RE8FTER EGRFRE
AT LDWBER T

3.21 KEHDHB

AifiTlX, HSP70B’ ' B E— X — & Tet-Off VAT AEZ@MAETHZ EITLD,
IR Z A4 v F L LTHEBEFORERE % FHE T 5 IRAGE S BRI E
VAT LOREGE AL LT, FTATA IR T TAIN~I X —L AN B REBLT T
AIR AR Z—%ERL | LR —% —8 51 LacZ DFBLEKHHNIZHNE 35281280,
2 B BLE S AT LOWREMEAT 21T o7, 72, HSP70B> 7' m £ — % — & TRE
i & flA G DRI NAT VYR TBE—F—L CMV 7 aE—X— DG E % g5
HZEIZED HSP70B> 7' & — 4 — O M i CTdo D18 M D AR S 3 B 8 ST % fife
WL, MZICATA BB T FAINRIZ—LH BB F BB T TAINRI X —%F]
U7z 2 BEE RS BLEENE S AT LB DN DD T TAIR AR X — |28 H 9% One-pack ~ A
TLAEREEL, SO BNEOM ERZERSINDIDERFTTLI,

3.2.2 EBRAIX

3.221HSPIOB’ 7 OE—4 —BHIDYOA—=2FAHik

AHFFE T L 7= HSP70B’ 7 1€ — & —Ed &I 815k 1X . HEK293 i (Riken
BioResourse Centar, Tsukuba, Japan) HI2RD7 /A DNA #8581 LT PCR {EIZLY
A L2 8 AR FBLY CThDH[134, 135], i L7281 61k 6 DD HSE Bl A& & A
THY, HSPT0B EIx F D 5°-UTR DBAAAALIE (5B 4a 2 &) Z2+1 &L7ZBRD-342
2H+H114 (23T TD 456 bp W i Th5, UL FIZHEERIZ HSP70B’ 7 =mE—& — [l |
Drua—=27 HEERE T D, 7 u—=v 73572007 T A4 ~— (Table 3) @
B2 X HIBREE SR Kpnl & EcoR1 OBV A B ZNENAINETEHY PCR
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M~A7aF 2—T7NOMISEKEOMEIEL. #5 DNA ## 1.2 pL. 10 x PCR
buffer 5 pL.2mM dNTP 5 uL. 25 mM MgSO42 uL, 77 A ~— Fw 1 pL (10 pmol) |
72 A4 ~— Rv1pL (10 pmol) , DNA 7R U £ Z —- (KOD -Plus-; Toyobo, Osaka,
Japan) 1pL TH D, 94°C T2 M L=tk (FIHAZAEME) | 94°C T 15 F0 R
(BAZEME) | 62°C T30FMM (7F=—s) . 68°C TI5HM (IK) & 1 %172
nNEL, ZNZ30YT A 7 AVEDR L, TR — A7 )VEKIKEZ1T5 Z &1
0. HE L7- PCREWN BRI D DNA K/ TH D0 & iR LT,

Table 3 PCR primers used in cloning of the human HSP70B’ promoter. (Restriction sites were

underlined.)

Gene Sequence Site
FW 5'-GGGGTACCGCCTCTAAAGTTGCTGCTTTTG-3' Kpnl
HSP
RV 5’-GGAATTCAAGCTTCTTGTCGGATGCTG-3’ EcoRI

3222 TSR FRHYZA—DEHEF
FRHLETT7AI R X —DER FEELIFIZRE®T 5,

<PCMV/ATA D {EHL>

pCMV/tTA D= AT 7 eZ DIERFNA% Fig. 712777, pTet-Off (Clontech, Palo
Alto, CA, USA) Z il [RE£F Xhol TEIWTL , YA — BRIV H AR (LS E LT E
T pCMV/ITA % {EH#L L 72[136],

Xhol Xhol Xhol

Pow | tTA ! Pouv )| tTA
Ligation ‘
Neo"

pTet-Off pCMVATA

Fig. 7 Flowchart for the construction of pCMV/tTA plasmid.
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<pTRE-CMVmin/Z O {EHL>

pTRE-CMVmin/Z ®=a A7 72 OIETFNEA Fig. 8 1277, pMSCV/NAAB
[137]H 3K D LacZ BLH|D DNA 777 ANl fREESE Notl THIWIL7= pTRE2hyg
(Clontech) EU A — VLR |Z LD HEFESEHZL T pTRE-CMVmin/Z % 1EHL L 72[138],

Notl Pcmvmin - Notl
TRE J\ !
pTREZ2hyg
Hyg"
Digestion
Motl
Notl Notl

Notl Notl
TRE
( |~ LacZ —‘
\Qation /
MNotl Notl
TRE LacZ
( pTRE-CMV,,,./[Z \

Fig. 8 Flowchart for the construction of pTRE-CMVmin/Z plasmid.

<pHSP-TRE/tTA D {EHL>

pHSP-TRE/TA D= AT 7 e DRI FNEA Fig. 9 IZ/R 7, 3.2.2.1 IZRE# L
72 FiETHUS L7z PCR PEWY) % Hll[REZSE Kpnl & EcoRI THIHr L., #IFREESE Kpnl
& EcoRl TYJWF L 7= pTRE-CMVmin/Z (VA — BB ICIVEESED2LT
pTRE-HSP456/Z % {EHL L 72[135], & L C. pTRE-HSP/Z » & | [REEFE Kpnl BL
O Hindlll TYJWiL7= HSP 7' & & — ¥ —fd5 D DNA 777 A M| BREESRE Kpnl
B LN Hindlll THIWr L7= pETBlue 11 (Novagen, Madison, WI, USA) LU A —-BALEL|C
FifEXE 52T pET/pHSP 2 EHL L 7=,
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WIZ, HBREEFE Clal & EcoRI 2317 L 7= SA B4l (Table 4) #2&HKIZ LY
BfF L7, ¥£7-. SDALHI% & ¢e TRE ELH (X pTRE-tight (Clontech) #Z#%(Z L
C Table 5 IZRT 77 A ~—%MH\\TPCRILIZK VIR L 7=, PCR FEY % IR
B2 Hindlll & Clal TUIBT L, AR L7z SA Bl & 36ic, HIFREESR Hindlll &
EcoRI CTYJWrL7= pETBlue II LU A —BALEZ LV ##E S 52 LT pET/TRE % {E#Y
L7z,

B %12, pET/pHSP 2> & | [RE# 5 Sall & Hindlll TYIWEr L7z HSP 7' 1 & — ¥ —fid
5@ DNA 777 A b, pET/TRE 7 & il (R 3E Hindlll & EcoR1 THIWr L7
SD-TRE-SA AL % ® DNA 7727 AL M& il BRE%E & Xhol & EcoRI HIWrL 7=
pTet-Off-Advanced (Clontech) U4 — B LB (Z L0 # i X522 C pHSP-TRE/tTA
ZER U7z, 2L T, PCRIEIZEVIFIR L7 HSP 7' 08— — DR AR AT I
ZOY T NDY—lr s AR A AR E S AT LY A = A4t (Hokkaido, Japan) (24K
FELT7o,

Sal Hindll Hinalll Pewmvmin FooRI Xhol EcoRl
Pusp SD| TRE Pewv ) tTA
pET/pHSP pET/TRE pTet-Off-Advancec]
Dlgesllon Digestion Digestion
Sal, Hmalll Hindlll, EcoRl EcoRl, Xhol
Sal Hindll Hindlll Pemvmn FcoRI Xhol EcoRl

LPHSP >\ —SD| TRE S tTA T
Ligation\
Hindll EcoRl /
PHsp>SD TRE | )sAl tTA
‘ pHSP-TRE/MATA 7

Fig. 9 Flowchart for the construction of pHSP-TRE/tTA plasmid.
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Table 4 Oligonucleotide sequences corresponding to SA fragment. (Restriction sites were

underlined.)

Gene Sequence Site

5’-CGATACTGACATCCACTTTGCCTTTCTCTCCACAGGG-3’ Clal
SA
5’-AATTCCCTGTGGAGAGAAAGGCAAAGTGGATGTCAG TAT-3’ EcoRI

Table 5 PCR primers used in cloning of TRE gene tagged with SD sequence. (Restriction sites

were underlined and the SD sequence was dark underline.)

Gene Sequence Site

FW  5-CGCAAGCTTCAGGTAAGTAGGCCCTTTCGTCTT CACTC-3" Hindlll
TRE
RV 5’-AAATCGATGCGATCTGACGGTTCACTAAAC-3° Clal

< pHSP-TRE/Z/IRES/tTA @ {EHl>

pHSP-TRE/Z/IRES/tTA D=2 AN 7 e DIERIFIAA Fig. 10 1IZ7R 3, £7°, Ll
@ pHSP-TRE/ATA % #|[RE%3E EcoRl CTUIWrL, DNA Blunting Kit(Takara, Siga,
Japan) ZfE FHL T DNA 777 A D5 &1 T -721% T, CIP LB AT o7, KIZ,
A FEE THEEINT- pQMSCV/eG/TRE/OVA/LacZ/IRESATA[138] % il [ % 5%
Nhel & Xhol IZXVEIW L, DNA 7577 A MDYk &2 T o7, LT, b2 Wi %
U7 — PR L0 S8 528 T pHSP-TRE/Z/IRES/tTA % {E#L L 7=,
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EcoRlI Nhel Xhol
Puse SOl TRE SA| tTA — EGFP | TRE | OVA LacZ IRES | tTA —
| / . -
5 3
pHSP-TREATA j _kl pQMSCV/eG/TRE/OVA/LacZ/IRES/ATA 7
Digestion Digestion
EcoRl Nhel, Xhol
EcoRl Nhel Xhol
[PHSP SD[ TRE S tTA j LacZ IRES

\ Blunting, Ligation
( F’HSP:>SD TRE SA| LacZ IRES tTA

pHSP-TRE/Z/IRES/tTA j

Fig. 10 Flowchart for the construction of pHSP-TRE/Z/IRES/tTA plasmid.

< pHSP-TRE/Z D {EHi>

pHSP-TRE/Z O =a A T 7 ez D ER FIE % Fig. 11 27 d, Lo

"
pHSP-TRE/Z/IRES/tTA % | [RE% 3% BamHI TUIKIL, VAT —VLE LY B CHBR1L
X252 LT pHSP-TRE/Z Z{ERL L 7=,

BamH| BamH|

TRE SA

BamH|

LacZ IRES | tTA PHSP>SD TRE SAl  LacZ
Ligation
pHSP-TRE/Z/IRES/ATA

pHSP-TRE/Z
Fig. 11 Flowchart for the construction of pHSP-TRE/Z plasmid.

34



H3F T —RXIHENE— T aE T e IR BN BRI B AT LD B %

3.2.2.3 MaEE

BB S UM R HeLa (Riken BioResource Center) (%, 7 T A /A MiE (fetal
bovine serum; FBS) % 10%, X Y/ X=2 U & U 7 & (Wako, Osaka, Japan)
Z 100 unit/mL, A h L7 b~ A ¥ UREREL (Wako) % 100 pg/mL 35 & UV PR K
#FF MY LA (Wako) % 1.5 g/L ISIIL 7= 27 /L2 — A2 DMEM (Dulbecco’s
modified Eagle’s medium; Gibco BRL, MD, USA) % W\ CH:# L 7=, MRS 28 1%,
37°C. 5% CO2 A »F 2 X—FNTITo T,

3224 LacZ EEFERWEELER—42—7vtq

VIR—H—T v ADFERAX — L% Fig. 12 1277, £, Bz T EAEIT) 24 K
FIRTIZ, 1.0 x 10° cells/dish D@ % FE T HeLa fifd %A 60 mm 7 ¢ = [ZHTHEFEL
7=, 3 H . Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) ZH\\\/=2UAR 7 =73
AEICRY VIR — 2 —BAE Bl T AIR (pTRE-CMVmin/Z; 4 pg/dish) & tTA E1x
FHRBLTTAIRN (pCMV/ATA % 7213 pHSP-TRE/tTA; 4 ug/dish) . £721% One-pack !
LR —% —1& 5 7 5 Bl 77 AN (pHSP-TRE/Z/IRES/tTA; 8 pg/dish) % HeLa #ffifd |
BIRTFE AL ATA [ZEDRTT AT 74— R\ 7 BB Eohnar e — L5
Br Clx., 2¢ X7 % — (pETBlue II; 4 pg/dish) LR —% — & s H 7T AR
(pTRE-CMVmin/Z; 4 pg/dish) | £721%22~X7 4% — (pETBlue 1I; 4 pg/dish) &L AR —%
— &5 T FHL 7T AN (pHSP-TRE/Z; 4 pg/dish) % HeLa il i ~i& {5 & A LTz, &
DIZ. R T AT TA— RN\ I =1L B IR T REFEBLON R EZR 57012, I
95 24 B AT NADL R —F—BIn 37T AINZEH A LT HeLa #il i 2 Dox (1
ug/mL) AVEFHIECREFE LT,

BARTEAMND 24 BefEltg, MR R T 4o 2O Z /377 4V AL EEEIC
BOZETKDORAZBE | EIRMIZ 1 REHRF 522XV Ma% 41°C, 43°C,

45°C THMR L. LacZ B+ —R$5 B-TI77 N H —EBORBFEELITo7-, M
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TR T 1% BB ISR &2 B L, 24 X7 L —RT 1.0 x 10° cells/well O3l i % FE T H
FER L7, MR T35 0, 6, 12, 24, 48 FEEIZIZ 24 R L —MpbillazZzhE
~vAruaFa—7ZEL, U U RiEE A B R K (phosphate-buffered saline; PBS)
1 mL CTEF L2 . 6,000 rpm, 557 [# . 4°C T/ Lo BEL ., BiE&FEHE L, 2D PBS
\Z&DWeEa 3 BT 7%, SRS BRI KO L7/ e N & o "7 &2 VT B-
T2 —BiEMERE[137]B LM BN 2~ E&RE[139]1%1T -7,

B B 8
Hela cell S =

e @ o @ §

1) Reporter gene transfer 2) Heat shock at 41 °C, 43 °C or 45°C 3) Periodical cell harvest 4) 3-galactosidase assay
for 1h in water bath

Reporter gene transfer I Heat shock

Addition of Dox

Periodical cell harvest

Fig. 12 Scheme of reporter gene assays using reporter gene expression plasmids.

323 RERFERLER

3231 2BRBIBIEB AT LIZETSNA Ty FTOE—2 —DOBEERT

77 AR pHSP-TRE/tTA 3L OV pTRE-CMVmin/Z % HeLa #ll fd ~—if& 4 TH:E A
L. 0D 24 BfHZ ISR ZITV, LacZ BARF DIE B2 RERF I ~DHZLITED
A7V R 7 e —Z—OHe it 217 -7 (Fig. 13) , Fig. 13 OE{fHIIINIR A TL T
ORI U7 RE] , M IS N Z o T E EHTZVDBR-TZ 7 X —BiE %2R
LT\, M~ 43°C, 1 FF O %M T1T 7=, Fig. 13 kv, IiE%E17H7
Mol 6 T, LacZ 5T ORBUXIZEA LRI eh oz, Tk LT, 7
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ZAIR pHSP-TRE/tTA 3L pTRE-CMVmin/Z # &z FE AL, INEE{T-72%
AT MEZAAA Y TF L TNAT Yy R ae—F—nNRE L, AEIZ LacZ B s T D
FEBFHENE RSN, IR THD 24 B I et —2—iH TRk KIEEZ/RL,
ZOBED LacZ BAn 1 DI BLEIX T T7AIR pTRE-CMVmin/Z %z BEAME A L, E%E
1T T2 A LI LT 1000 /% Thote, LL EDORERIY AER LI AT Uy
BE—4— DV =7 DIRINREF, R EAANYyFELTHRE TN/ T7 VR 2t —
Z—OIEMIZEIY H B T ORBNTFEEINDLIEN T,

1.0
=
-% = 0.8
-
=)
w *cl,—_ 0.6
5
S% 04
S
e
(-? 0.2
o
0 —A— = ee————)
0 12 24 36 48
Time [h]

Fig. 13 Reporter gene expression mediated by a heat-induced positive feedback system. HeLa
cells were transfected with pTRE-CMVmin/Z alone (open symbols) or co-transfected with
pHSP-TRE/tTA and pTRE-CMVmin/Z (closed symbols), and incubated at 37 °C (circles) or
heated at 43°C for 1 h (triangles). The data are expressed as mean = SD (n=3) [134].
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32322 BRRERBBIE S ATLICE T AR T4 T 74— FRY I HRORI

ERLTeNA 7 )y R aE—F—0NNREAA vF & L THHEE D
Baedh8+ 52 EhmRmEaNlizcw, RIZ, 77AIFN pHSP-TREATA B X
pTRE-CMVmin/Z % HeLa fifld ~—i@METE AL, Z0 24 KFEZITINEZITV,
LacZ BAR T DR BLERRFHIZHTHRDHZ LTI AR LIV AT LAORY T 47 74—
Ny 7R RN LTz (Fig. 14A), Fig. 14A OBUITIMNIEZ#& T LTt LIz Ky
], MEdh N2 P E mEHTZVDBR- T 7 I X —BIEEZRL TV 5, Al g
~ONNRIL, 43°C. 1 R O TIT o7, e ERIBRIC, 77 AIF pHSP-TRE/ATA
BELO pTRE-CMVmin/Z &5 FE AL, REZTOR1o 856 TIE, BEEY
FH LacZ BAGFORBURFILALHFHEIN T MFRLINAT VYR T BE—Z—DY
— 7 DIREN LD TEIESNTZ, 7T AIR pHSP-TRE/Z % BME A L, IiEEIT-7=
AT INEESDOR-H T/ F —BIEMEOEIMZ#ERL, N7 VR 7ot —
Z—DOE MRS 12-24 FFRHR ISR K2 A T2, LU, IR T 225 48
R 2 121, ATV R re— 2 —OIE IR FISEKR LT LacZ 815 1 OB &%
MR ZAT Do A LRIV LV ETRMITIK F Lz, Zhethig LT, 77 AR
pHSP-TRE/tTA 3L O pTRE-CMVmin/Z % &1s 38 A L IR Z 1T > 728546 Tl
IR ZAAYF LU T LacZ AR T OFBLFH EI 4L, IR T 00 48 Keffl 212, &4
HEREHE AR R DM 720 D7 T AIR DRV TR R L TRORIE A LIz DD,
FHge 72 LacZ BAR T O @A BB BLE SN, DL EORERNG BAFE LT 2 BB Bl
H0E 2 A7 2E, HSP70B’ 7 1 — & — D EGHE L & Tet-Off 3 A7 LD #L T HE 5 2 3
R 2 TODIEN RIS,

Fo BAFE LTz 2 BRI BLEEIE S AT A% Tet-Off A7 AZHIAA TNDTZD
Dox ZFIH 322 LI12LD tTA & TRE BHIDOFE S DL EFESNDHD T ATA DRY T 44—
RNy 7 a2Fx BV LT RERARDLIERARTHDL, £2CT, 77 AIN
pHSP-TRE/tTA & pTRE-CMVmin/Z % HeLa ffild ~— i@ M TE AL, D 24 FEfi] 4
1243°C, 1 FE OB ZAT VY, LacZ BB T DFRBLZ] ~HZELITLY, Fig. 14A THLEE
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SNT-HBERE FOEBBIT (TA OB RIZE R L TWA0%3E0 L 7= (Fig.
14B), Fig. 14B [ZMMEZ#& T L THh5 24 BpfEI 2 ORI fR NF 2o 7 E B dH 7=V DB-77
TR —BIEEZRL TS, Dox ZIRINT 29 T IEEICHOWTIE, B FEA
D 6 FEff 1412 1.0 pg/mL Dox AVE: H CTHE I AZ #a %47 > 7=, 7"7AIR pHSP-TRE/tTA
EpTRE-CMVmin/Z % A& FE AN L IR Z1T - 72 % 12 Dox Z sl L 72854 Tk,
Dox (Z&V tTA & TRE EAI DR G 23R E S, IR ZAT Heholzartr—/L LA iR
EDB-HT7 I H —BiEMEEZ/RLUTZ, Dox 2L >7256 Tk, IMiEE ALy
F LU T LacZ BAnFOREFHBLDFHFEIIL, Dox WM L72H6 & g LT 1850
BEOB-TFZI/ N H—BIEMEZ R LTz, L EORERID, Fig. 14A TH O LacZ &
BT OEEBIE, NEEAAY T ELTZ ATA ORTT 4T 7 4—R A0 ZIZREKL TS
EEZBND,

>
w
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¥

0.01 }

0.001
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p-Galactosidase activity
[units/pg-protein]

p-Galactosidase activity
[units/pg-protein]
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Fig. 14 (A) Reporter gene expression mediated by a heat-induced positive feedback system. HelLa
cells were transfected with pHSP-TRE/Z alone (open symbols) or co-transfected with
pHSP-TRE/tTA and pTRE-CMVmin/Z (closed symbols), and incubated at 37 °C (circles) or
heated at 43°C for 1 h (triangles). The data are expressed as mean + SD (n=3). (B) B-galactosidase
activity at 24 h after heat treatment. HeLa cells were transfected with pHSP-TRE/Z alone (open
column) or co-transfected with pHSP-TRE/tTA and pTRE-CMVmin/Z in the presence (shaded
column) or absence (closed column) of Dox (1 pg/mL). Cells were then incubated at 37 °C (open
column) or heated at 43 °C for 1 h (shaded and closed columns). The data are expressed as mean +
SD (n=3) [134].
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3233 N4 J )y F7OE—4 —EFH0REKRF M

EEVRIEIC R T 2IERE T, IHEFEHO N AMO R 71— 225 X i
29 43°C-46°C, F o ITHUIEG; i 2 fEMEAL S 5 39°C-41°C &\ 5 £RICHBYIZ
Lo ohns, AL CHEE LR ERGEG T RE Y 2T L LR
BIEEZ AT 5 LT, ERRoREHEBICBTANA 7T v R7 et —4% —iEH
AIEET D ENIEFRICHEETH D, £ 2T, 43°C DINRIZIMZ ., 41°C, 45°C
ZRESRMEE L THTICREL, LacZ BInTORBEL BT HZ 212X,
TERLL 72N 7V v 70— % — &M O ER AN 2 54 L 7=,

77 AR pHSP-TRE/tTA 3L OV pTRE-CMVmin/Z % HeLa #fl fd ~—if& 4 THE A
L., Z 0 24 FE[ #4112 41°C, 43°C, 45°C T | B OB EIT VY, LacZ & s D3 B
& 24 KF1# (ki L7z (Fig. 15) . Fig. 15 ORGHNTIR B S fitdh L7 7 AR
pHSP-TRE/Z %3 AL, MR Z{T DR >78A (37°C) OIEMEZE 1 LLIZEROM XY
IEMEZ R L TWD, IHRZAT ORI ->7c8E (37°C) TIETAIC K D2 R T 4 77
4 — Ry 7 RZPE SN2 WIGE (FFAIR pHSP-TRE/Z B A) & ik L
T. 7Z7AIN pHSP-TREATA BX O pTRE-CMVmin/Z % H3E A L 722K 3 5D
EMEEZRLERN AL Ty R E—F — GO &N -2, —F T,
IR ZAT 2 72358 OB-TF77 2 —BIEMEIZTAIC KL DR YT 4 77 4 — KA
v VNN E LN WA (77 AIR pHSP-TRE/Z & A) L L T, 77
AR pHSP-TREATA B X pTRE-CMVmin/Z %338 A L7ZFRIZ, 43°C OHNIE & tTA
DOOF N R IZEVHI 3000 fi%, 45°C OINTEETA OOF 2 Rl L0 6500 fi5 121 50 S
Niz. £/2 HSP70B’ 7' v —Z — (X0 H SN2 B s I B R IE, MRS 24 Ry i
% CIXIRBE SR 43°C, 45°C M TAERITIZ L A EED > 728 (Fig. 15; open
symbols) . JHE 72> 5 48 B2 TITIRE LM 45°CI2B W T XV m W LacZ Bix
F 3 Bl & % 157~ (data not shown), L7=23>TC, HSP70B’ 7' & — X% — DI M 1 XiE &
FMH45°CIZBWVWTE O EWZ ER o=, RSN 43°C L L T LacZ
BIEFREOEANBE SN, ZORRKRE LT, WESM43°C &L T,
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IR B S E 45°C T Y A —U N KW R&ELS, B Z U R EOABRICHE LY
FELELZERB2OND, ZORENDL, HSPTOB 7' 2E—4 —(CLHB A 158
BB AE AR 2B L CHE RSN D T EM R IR ST,

ARIEBRIZ LD | 37°C, 41°C LW o 72l B Tlix HSP70B* 7' & — & — MEREH L 720
7o NATVyRT aE—2 =GV, B BB FORBRAHE T 52LMRS
iz, F72. 43°C, 45°C LW o7 TiX HSP70B’ 7 & — X —REREIL, NATUwR
TuE—Z— XY HEBRF ORI BAFEINLZED o7, LL EOR R K
D, REFL U IR BAGE AR AR T RV AT L&A T5281280 ., BIER 2 72< O
BSNTBEOHRE LRI ZHETD) . RIIAIC (TA OB R IZ L 5FF i 72
Bm TR ) B R DRSO ND R BAIRIRIEZRR THZENARETHHIEN
RS,

10000

8000

6000

4000

“__dlc

37°C 41°C 43°C 45°C

Relative p-galactosidase activity [-]

Fig. 15 Reporter gene expression mediated by a heat-induced positive feedback system. HeLa
cells were transfected with pHSP-TRE/Z alone (open symbols) or co-transfected with
pHSP-TRE/tTA and pTRE-CMVmin/Z (closed symbols), and heated at respective temperatures.
Relative B-galactosidase activity is defined as the relative value to the B-galactosidase activity of
the cells transfected with pHSP-TRE/Z alone without heating (37 °C) at 0 h. The data are
expressed as mean = SD (n=3) [134].
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3.2.3.4 One-pack X A T L DBERERR T

BERISH ZE LG E 2 MEOEB R 2 — %2 25 2 L idEB T
FANFEROBAEPOLBELLL RNV, BEE—DODTTAI RRXT X —ZH
A L 7= One-pack 8 D77 AIR X7 % —pHSP-TRE/Z/IRES/tTA Z{E#L 7=, One-pack
77 AR pHSP-TRE/Z/IRES/tTA % HeLa flild ~—i@METEHEAL, ZD 24 K%
(2 43°C. 1 BFRIONINR ATV, LacZ B AnF OB 2R RFRIICTH 52 &80,
One-pack ¥ AT LD RERAT 21T > 7= (Fig. 16A, B), Fig. 16A O IIINIEZK T
L CbRRIE U= e #Edh X~ 7 AR pHSP-TRE/Z #E AL, IR EIT O/ -7
%4 (37°C) DB-HI7 /b H—ElEME 1 LLTEOMEReB-H 77 2 —ETE M
BFRRLTCWD, INREITDR0-oT2856 Tld, 77 AIF pHSP-TRE/Z/IRES/tTA %
BT R TOBEBFEAFHFIZBNT, B-TI77 7 —BIEMHITIZEALBESN
2ol NAT VR T aE—F—DU—ZIZLVtTA R BEBLL, ZUCXY LacZ Bi5 1
DERGIGNE DD e DT FHEINDZEN RSN, One-pack AT AIZE N T
NATVyRT BT =2 =D — I DRSHRS I, ZHEERL T, MRE T o728 6
TIHATA X DR T 4 77 4 — A IR BBOENLRWEGSE (FFAIR
pHSP-TRE/Z Hijfti& A) & fbidg L C, 77 AIN pHSP-TRE/Z/IRES/tTA %8 {s 1
AL 8 T LacZ BAn T DI BLEDOH MP BRIV, F72, 2 BPEFE BLIE IR 2 A
T LEAERIZ, One-pack ¥ A7 AMZEBWTH Dox IINIZED (TA DB AT v &
VLT R A T 7= (Fig. 16B), Fig. 16B OFEHlIIMIEZHE T L THDHRRE L= .
HEHN X 77 AIR pHSP-TRE/Z %3 AL, NMEZITH7en>784 (37°C) DB-H7 7k
VHE—BIEME 1 ELEBEOM X RB- 77 X —BiEHE R KL TWD, Dox %
WINT 29 TN ONTL, Bl FEAD 6 Kl (2 1.0 pg/mL Dox ADE; LT
B AR #2417 o7, Fig. 16B IR L9IC, B-H T 7 b & —BIEMIX Dox MICLY
il S4v, 77 AIR pHSP-TRE/Z Z3E AL, iR Z1T o724 (Fig. 16A) L[RIFRE D
[EPEZIR LT, Dox Z IR N L7270 72558 Tk, IR T 7205 48 FF[E] £ (2 Dox Z #R N
L7z A LHELT 6 @V B-I 77 X —BiEME2/R Lz, DL EDORE R XD, Fig.
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16A THIZ SN HBRF ORI BFEOHIBIZATA ORI T AT 7 4—R w7
KL Tn5EZZBND,

WIZ AT VR T aT—F—L CMV o —X—OfFEMEE i+ 5Z 81280,
HSP70B’ 7' mE —# —DOME R THLHEME DR SN B BEI N2 27 LTz (Fig.
16C), Fig. 16C 1%, 24 BpR#% OIEMEEE 2 BEPE S8 BLHEIE S A7 A, One-pack > A7
LBIOpCMV VAT L (T TAIR pCMVATA 3L O pTRE-CMVmin/Z) Ll Lizd
DTIHD, pPCMV T AT AL, CMV 7 0E—F — K0 LA BES T2 tTA T LacZ &
BT % E BT D Tet-Off VAT LA Th D, Fig. 16C OFRRHNTE A LTV AT A fitdh
X pCMV VAT ADOTEMZE 100%E LTZEE D NAT Uy R 7 0 — X —OfE M % 8 5l
T/RLTWD, Fig. 16CENV ATAIZ K DR T 4 77 4 — R I RN EL N
Wy ke —/L (FZAIN pHSP-TRE/Z HE A) TiL, pCMV VAT LD 22 %
DIEM AR Uz, £72, 2 BRBERBUEIE S A7 2%, IEA2 ALY F L LIZ tTA DI HL Y
BRICKY LacZ BIn 1O FEFBLNFEESIL, pCMV VAT AD 51 %DiEEE R LT, Z

AUIZKF L, One-pack A7 LD I8 2 B M BLIEHE 2 A7 ALV & LacZ Bis+ 3
B &7~ L. One-pack ¥ AT Ll pCMV 2 AT LD 95%| IV I AIE M AR L=, 2
2 B PR BLE S AT AR RE T D70 ICIX ATA BT T AIN R 4 — L H#E
FHBL T TAINN T Z —=RA—EHNITEASNLZENUATHLN, ZIHDOREEE
BZOEDDT TAIRRYH—|ZHEKI L= One-pack VAT LD T ingh =R B< B HEE T
DEFEBAFETEDLD THLEBZEZOND, ZNEFEET DI MRATIZL AR
— X =& R T Z BT 57T AIN pcDNA6.2/emGFP, pcDNA4/P1DsRed % F\ T 2
X PR BLHEIE O A7 LB LY One-pack VAT AD&E s FE AN RO LB AZIT 7=
(Fig. 16D-F), Fig. 16D, E XV, 7Z A3 pcDNA6.2/emGFP £7= (% pcDNA4/P1DsRed
% HeLa A ~— 1@ CHME ALY G TlE, BHEMIRRITZN LI 73 %, 71 %
THoT=DIZH LT, 7TAIN pcDNA6.2/emGFP X118 pcDNA4/P1DsRed % HeLa
A ~—iE M CHE A LA Tk, EB AL 43 % Tho7z (Fig. 16F),
L EO#ERID, One-pack A7 A 2 BeEFRBUEIE S AT AL HEE LT, R E<H
HEAsF DOmEmBEE LT E TELHIENREINT,
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Fig. 16 Functional analysis of the one-pack plasmid. (A) HeLa cells were transfected with
pHSP-TRE/Z (open symbols) or pHSP-TRE/Z/IRES/tTA (closed symbols), and incubated at 37 °C
(circles) or heated at 43 °C for 1 h (triangles). Relative B-galactosidase activity is defined as the
relative value to the [B-galactosidase activity of the cells transfected with pHSP-TRE/Z alone
without heating (37 °C) at 0 h. The data are expressed as mean + SD (n=3). (B) HeLa cells were
transfected with pHSP-TRE/Z/IRES/tTA and cultured in the presence (open symbols) or absence
(closed symbols) of Dox (1 pg/mL). Cells were then incubated at 37 °C (circles) or heated at
43 °C for 1 h (triangles). Relative B-galactosidase activity is defined as the relative value to the
B-galactosidase activity of the cells transfected with pHSP-TRE/Z alone without heating (37 °C)
at 0 h. The data are expressed as mean £ SD (n=3). (C) HeLa cells were transfected with
pHSP-TRE/Z (control), pHSP-TRE/tTA and pTRE-CMVmin/Z (two plasmids) or
pHSP-TRE/Z/IRES/tTA (one-pack plasmid), and heated at 43 °C for 1 h. Relative B-galactosidase
activity at 24 h after heat treatment is defined as the relative value to the B-galactosidase activity
of the cells co-transfected with pCMV/tTA and pTRE-CMVmin/Z. The data are expressed as mean
+ SD (n=3). (D-F) Microscopic observation of HeLa cells after reporter gene expression plasmids
transfer for the transfection efficiencies assay. Cells were transfected with pcDNA6.2/emGFP (D),
pcDNA4/P1DsRed (E) or pcDNA6.2/emGFP and pcDNA4/P1DsRed (F), and incubated at 37 °C.
(left) Bright-field microscopy images. (right) Fluorescence microscopy images [134].
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324 XKFHIDFELD

AREITIX, HSPTOB> 7' B E— X — & Tet-Off VAT AZBMAETHZ EICL VIR
B EMOBIR - RERBLY AT L& LT gATA BB IAIN 2 —LHEY
BAR T IRBLT TAIN AR 2 — 2R LTz 2 B P R B IE S AT LTl 43°C, 45°C D
ANRIZEY HSP70B 7' 1 & — # —NBRE) L | LacZ BIa FORBLAFEI N, £
LT, IHEETHTA ORI T AT 74— Ry IGRBDELNLRWSEE LI
LT INREATA DR T 4 77 4 — FXNy ZRPE LN L 5G TlE, 43°C
DOINRIZEDHI 3000 [ DB-HT 7 v B —ViEM % 45°C DINRIZEDFI 6500 1% Dp-
HIINH —BIEMEES T, B SNT LacZ Ba T DRBUIERITTA DR Y T 4
77 4= KRNy ZIZEKRLTWADZ &N Dox # W EBRICEVHBH L, %
LT, BB EtTADRBEZOES>D 2=y h THIMEIT 2 One-pack ¥ AT
L TIL, pCMV VAT LD 95 %ITPLE T DM 2R L, BiaFEAZROmENLE
NBRBESHMNERFORBEEAFETELIEN RSN, UL EOREERID, MEL
TR BT EREAR B AT DN AIRFE IS T 5281080 IREVEIEIZLD
N2 AA v F E L TR JIBIZ SRR 2 R 2 JE 8 TE D8 BLS A Ta R 1L O BR 56 73 ]
BETHH LIRS T,

3.3 ABEELRF HSV-th LUV TNF-a ZRAWT-B8FE
IEFRBEORAT LOMEER

3.3.1 KEHDHM
ARHITIX, Aigi THEZE L 7= One-pack ¥ A7 A X 0 iRIFEELE 2 BB & H,
MBE~DOICHZ B L, B&REBI T HSV-th, BEIGENXK T TNF-0 12 X 5

BIR FRELZET VE L TR EZITo 72, VANV AHKRORBBERERL T TH
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D HSV-tk 1370 R v 7 L T&RE LT Y7 v EL (ganciclovir; GCV) %
Uyt L, Vb Shiz GCV I DNA A& FLE L, HlaEgsE 2 B 3 %
[75], GCV & 5\Z XV HSV-th Bin T2 BB o2 RRGICHIZNPb AL
MO XD ITHIET 22 ENAREL 2D 2 & D, HSV-tk BinF 13 B R EIRF
EHLMEEINTWD, o, BFEERF TNF-a X, FIZ~v7/ 077 —=IU0NbE
S, DA OGRS R RICHREG L, I AN — R 2 T
BSEDZLICEV TR IIF=VRAZFEET LY A UL THH[140], 05
REBEE T ZNAMIEA~EBERTE AL, 43°C, 1 R ORBVEIEZICT R h—v
AL, AR ERET S 2 S0k REVRE L EE FRIEO DR
NG SND N E MR LT,

3.3.2 ERAIX

3321 ISR KRV G—DERF &

FEALET T AI R X —DERFIEZ LI TIZE#HT 5,

<{pHSP-TRE/TK/IRES/tTA D {E#L>

pHSP-TRE/TK/IRES/ATA O AT/ e DOER FIA% Fig. 17 (2R~ 3, £9°, k
ik @ pHSP-TRE/Z/IRES/tTA % il BRI 3% Notl TUIHT L. DNA Blunting Kit(Takara)
ZE ML T DNA 777 A Db Z2IT 7% T, CIP PR EAT o7, IRIZ, KBF5E
2= THEE I pQMSCV/PTNIG[ 1411l RE% 5 Sacll IZLVEIWTL, DNA 7727 A
FOYIELEA T ol ZL T, 200 2 WA ZV T —BRABICIVEFE I EH2LT
pHSP-TRE/TK/IRES/tTA % {EHL L 7=,
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Nod Not Sadl Sadl

[—{PHSP )|§D TRE j)SA tacz | IRES | A }T

pHSP-TRE/Z/IRESHATA pQMSCV/PTNIG
Digestion Digestion
Nodl Sadll
Not Nod Sadl Sadl

.

Bluntlng Ligation

F|>so| e W T res [ W

pHSP-TRE/TK/IRESATA

Fig. 17 Flowchart for the construction of pHSP-TRE/TK/IRES/tTA plasmid.

<{pHSP-TRE/TNF-a/IRES/tTA D {E#L>

pHSP-TRE/TNF-o/IRESATA D =2 A b T 7 k&= DO/ERFIEA Fig. 18 ITR T,
ARAFFE R THESES 7= pTRE-HSP456/0[135]% il lRf% 3% Nodd THUIKr L. HI[REEE
Notl <THIWr L 7= pHSP-TRE/Z/IRESATA LUH — VB ICIYEFESEDHZLT
pHSP-TRE/TNF-o/IRES/ATA % {EHL L 7=,

Nod Nod Not Noid
PHSP>@ TRE >SA tacz | IRES | (1A TRE | Puss ) TNFa
pHSP-TRE/Z/IRES/KATA pTRE-HSP456/a j
Digestion Digestion
Nof Notl

Noi

Noit Not Not

\ Ligation

[—{PHSP>(SD{ TRE i>3_4| TNFa | IRES | 1A }—J

pHSP-TRE/TNF-a/IRESATA

Fig. 18 Flowchart for the construction of pHSP-TRE/TNF-a/IRES/tTA plasmid.
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3.3.2.2 fMpaiEE

b= S AR R HeLa (Riken BioResource Center) 33X UNe Mifi il | Bz 23 AU
Ja#k A549 (Riken BioResource Center) (%, FBS % 10%, N> Y N~_X= U Y
7 & (Wako) % 100 unit/mL, A b L7 b~ A ¥ UffiEEE (Wako) % 100 pg/mL
BLORBAKSZT MU U A (Wako) & 1.5 g/L IS L7=& 27 /02— A DMEM

(Gibco BRL) Z MIWTHiz L7o, Mllukszid, 37°C, 5% CO2 A ¥ F a2~ —4
N TIT- 72,

3.3.23 AEEBEEFHSV-tk #RRWEHBRGEET7v R4

1R BAR 1 HSV-thk Z WIS 5 7 v B A D IR AX— L% Fig. 19 IR, &
LB T AETTH 24 FERTATIC, 1.6 x 10° cells/well Ol % C HeLa % 6
NIV —MMIHIEFEL 72, ¥ H | Lipofectamine 2000 (Invitrogen) & H 7 UR 7 =7
IUVEIZEY  IRIF B 3 8L 7 AN (pHSP-TRE/TK/IRES/tTA; 1.6 pg/well) &
HeLa IR T E AL ATA ICRDRTT AT 74 —R A A0 7 BB HELNR N
vha— LV EERTIL, 227 ¥ — (pETBlue 1I; 1.6 pg/well) Zi& s T8 A L7z, £z,
Dox IZEARISTAT T4— RNy IhXr v LTS Ba 550 TlE, IR 5
24 FEFRIRTIZIR R B R BT I AIN LB s 8 A L7z HeLa i ld% Dox (1 pg/mL)
ADEEHITEE#E LT,

AR EADD 24 B, MR 7L — O &2 /3T 7 4V LI XV B E IS
HTETARDIRAZLE  EIRMEIZ 1 R RFFT 228KV M Z 43°C THIE L
HSV-tk Bfn T ORBFHEEIT o7, MEK T % BEISHZBRIL, 5.0 x 10°
cells/well DAMNLE T 96 X7V —MIHRHER LI, ZOBE Ml DT Rh— 2 %5
B AT, K2 GCV (0.01-1000pg/mL) ZFRANL 72, MR 75 4 H %I
WST-8 #1255 -5< Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) {ZJ0 A4 il ful £ &
PE LTz, AR ERIIR N E TR H L,
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Cell viability [%] = (the number of viable cells in the tested dish) /
(the number of viable cells in the pETBlue
control dish at 37°C) x 100
%7z, terminal deoxynucleotidyl transferase mediated dUTP nick labeling (TUNEL)
15125 5< In situ cell Death Detection Kit (Roche, Mannheim, Germany) (Z&D 7R
— VAR A Y L BZ-9000 5Ot B 8% (Keyence, Tokyo, Japan) IZED 7 ARh—2
A EBLEE LT, UL ORIy DT aha— It TiT o7z,

%@@ :’i;}f
2= ) ! } O &P D

Hela cell ~==
1) Suicide gene transfer 2) Heat shock at 43°C 3) Addition of prodrug 4) Cytotoxicity assay
for 1h in water bath
-25h -1 0 96

T W ik

Suicide gene transfer Heat shock Cell viability assay
Addition of Dox TUNEL assay

[ Addition of prodrug |

Fig. 19 Scheme of cytotoxicity assay using HSV-tk gene expression plasmid.

3.3.24 AEEBIZEF TNF-o ZRW-#IBEE7vtA

B BIE T TNF-a # WG E T v A DEBRAX — L% Fig. 20 (2”7, £
LB As T AEITH 24 BERIATIC, 1.0 x 10° cells/dish Ol % T A549 fijg %
100 mm 7 4> 2 |ZHT#E L7, 3 H | Lipofectamine 2000 (Invitrogen) & f 72U 7R
Tz a0 IREBR 3BT AIR (pHSP-TRE/TNF-o/IRES/tTA; 2.0
ug/dish) % A549 FREIZER T8 A LT, tTA ICEDRYT AT 74— R w7 8h B hits
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bivanar b —/ L ZEBR T, 2274 — (pETBlue 1I; 2.0 pg/dish) &5 FEH AL
Tco £To.DoX IZEDRTT AT 74— RN\ 0 hF ¥ BV LTIZ R AR D54 TlX
IR % 24 K M ATIZVB IR B A BB T AINZ B A 18 A L72 A549 #i i A Dox (1
ug/mL) AVEFHIECRE R LT,

AR T ANS 24 BFE MR E 7L — ORI 2377 OV A KRR EICHE
HTLETKDRAZE B IC | B RFFITD2ZLICL0MNEZ 43°C THE L
TNF-a AR DR BLFHE AT o7, MR T % AEICH 2Bl 1.0 x 10
cells/well DAL FET 6 X7 L —MIFERERLIZ, IR T 225 1,2, 3,4 HEZ DM
BB L RS0 70— Yt 12 0 A2 i B0 0 2 LTz

*
@@;# b

_..-ﬂ-'o __.;.-a—.__

A549 cell =2
1) Therapeutic gene transfer 2) Heat shock at 43°C 3) Cytotoxicity assay
for 1h in water bath
-25 h -1hdO d1 d2 d3 d4

vV ¥ v ¥ i
L |
Therapeutic Heat shock | Cell viability assay

gene transfer
Addition of Dox

Fig. 20 Scheme of cytotoxicity assay using TNF-a gene expression plasmid.
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333 RERFBERLBE

3.3.3.1invitro ICH 1T 2 REBBEBEFABK TS5 XS F pHSP-TRE/TK/IRES/tTA O
FHRHE

ViR — ¥ —8I5 T LacZ Z IR EAR T HSV-thk \ZE# L 72 IR BGE R TR E T T A
IN~7 % —pHSP-TRE/TK/IRESATA Z{E# L | HeLa Ml il ~— M TE AL, £ D 24
RETH] 02 (MR A AT U, 96 IRETH] % o0 A2 il Bl 30 I E 37D 2 &I k0 | AR J8 THESE L
T2 R BN B AR T3 BL Y AT A % DS AR~ ATRE 23] L 72 (Fig. 21A).
Fig. 21A OE#NEL GCV S, MEfhiX22 X7 % —pETBlue 11 & s & AL
HeLa A (37°C, 0 pg/mL GCV) DA M A 100 %L L7z EMa R LR TnD, b
N—2—T v ATREE, fla~DMIEIX 43°C T 1 B 1T-72, Fig. 21A XY, INE%
1T o72 37°C DK BAR 1B AR TIE, MiIRE DO GCV (10 - 1000 pg/mL) 12X
DR SE N BlE SN TNl pgmL DLFORETIE, IRE ST AIR
pHSP-TRE/TK/IRES/ATA %3815 78 AL7- HeLa MIZIZR W TH MR R IXIzs
IWEBLE SN Do T, Flo WERB R 2B AET . INEE1T o725 6 GREVETE
Hh) Tl BARRL A2 LY HeLa Ml ia O MR ZE 238 F 55 B I 472 23, HSP DY v~
AERNC IR I RGE I AE VY HeLa MARIXIE & OFEREZ B R L, A3k ol i HE 5f AE
EEROR L=, — )5, {5977 AIK pHSP-TRE/TK/IRES/tTA %Zi& 5 7 AL, iE%
1To8 6 Tl IRBVRIELBAZ FRIEOU I RGO, R TR ASN TS
GCV IR (~5 pg/mL) CTHELMAUSL BRI NI, Fo, 2O FIZEIT5H GCV

D 50 %I (1Cso) 2 ELT=EZA, ICs0 = 0.006 pg/mL THHT-DITHL T,
Dox ZIRMT 22 &I ICso 1 ZHE ML 7= (ICs0 = 0.011 pg/mL) ., LA EDOFER KXY LacZ
AR T2 AW & FERIC, IMBZAAS YT LU CEE SN HSV-th 151 D%
BRENXATA DR T AT 74— 78 RIZIVEIE RSN D E RS LT,

WIZ, J59E 77 AR pHSP-TRE/TK/IRES/tTA % HeLa #ific—i@MECTE AL, %
D 24 B % IR ZITV, 96 BER % 12 TUNEL ¥ EIZE0 T AR h— 2 AR &/ 5 4%
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ZEIZEY, Fig. 21A TEIZE SV M o 2h ] OB 25 ~7- (Fig. 21B-F), fild~D
IR e R ERIARIZ 43°C T 1 BF4T o7, Fig. 21B 1345 54T 3 % 4>, 1 mm?
HIZVOT R — A E Z R L TRV, Fig. 21C X 37°C, 28X/ X% —pETBlue II,
Fig. 21D % 43°C, Z2X27 % —pETBlue II. Fig. 21E % 43°C, JA# 77 AN
pHSP-TRE/TK/IRES/tTA + Dox . Fig. 21F (% 43°C , iR ¥ 7 A I K
pHSP-TRE/TK/IRESATA D% M B W THEICHEMSBIICIVEI £ L7 HeLa Mz
NMAHZEBLO® NG E THD, Fig. 21B, C LV, 2274 —pETBlue 11 & AL, &
AT A TiE, 2.5 £ 0.8 cells/mm? O7 Rh— A AN EINTZD
LT IR ZEITHIZEIZED TR — A £ L 25.5 £ 2.7 cells/ mm? (2L 7=
(Fig. 21B. D), Fig. 21B, F XV, {77 AR pHSP-TRE/TK/IRES/tTA {2 X % {RZ\
FHERERFIRIEONENE S (143 +4.0 cells/ mm?) . Dox WANIZ L 0 7B
— U AR EE 53.9 + 3.9 cells/ mm? 1T 4> L7z (Fig. 21B. D), ZAUH OB 5545 R
5. Fig. 21A TSN RMIEZh RIX, IREATA DR T 47 7 4—RK 078 Rz
KOR B RSN HSV-thk A5 & GCV ODIERICLVFHERINTT Rh—T RITE R
LTWHEEZLND, LA EDIDSIZ, nRERFELTHRER T HSV-thk Mg
(B FIRIEET WVITBIT DD ARG OREFHI W T AN ZE THREZEL 72 BV i
74— Ry VYRR — 7 % 5 T An TR BLU AT AL HSP 7' e — X — & D 7

WK LT B BB s FIRIEV AT LEH L CTH BIZDAMOT Rh— 24558
AHETHHILIRIB STz,

52



H3F T —RXIHENE— T aE T e IR BN BRI B AT LD B %

A B

120 150
_|‘100 120 F
= &=
= 80 N @ £
T 8 E 9 }
2 8T
g 60 [ S 3
o 2 E 60 }
= 40} g.i
© 30 }

27

0 ! ! : : . 0
0 0.01 0.1 1 10 100 1000 37°C 43°C
GCV concentrations [g/mil]
C D

200 pm

200 pm 5 : . 200 um

Fig. 21 Effects of suicide gene therapy on cancer cells in vitro. (A) HeLa cells were transfected
with mock plasmid (circles), pHSP-TRE/TK/IRES/tTA with (triangles) or without (squares) Dox
addition, and incubated at 37 °C (open symbols) or heated at 43 °C for 1 h (closed symbols).
Following heat treatment, cells were treated with GCV at the concentrations of 0.1-1000 pg/mL,
and incubated at 37 °C for 96 h, and cell viability was evaluated by the WST-8 method. The data
are expressed as mean + SD (n=3). (B) HeLa cells were transfected with mock plasmid (open
columns), pHSP-TRE/TK/IRES/tTA plus Dox addition (1 pg/mL) (shaded columns) or
pHSP-TRE/TK/IRES/tTA (black columns). Cells were incubated at 37 °C or underwent heat
treatment at 43 °C for 1 h. At 96 h after heat treatment, apoptotic cells were evaluated by
fluorescence microscopy using the TUNEL assay. The data are expressed as mean + SD (n=3).
(C-F) Microscopic observation of HeLa cells after gene delivery and heat treatment. Cells were
transfected with mock plasmid (C and D), pHSP-TRE/TK/IRES/tTA plus Dox addition (1 pg/mL)
(E) or pHSP-TRE/TK/IRES/tTA (F), and incubated at 37 °C (C) or heated at 43 °C for 1 h (D-F).
Apoptotic cells were detected by fluorescence microscopy based on the TUNEL assay. (/eft)
Bright-field microscopy images. (right) Fluorescence microscopy images [134].
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3332 in vitro IZH 1T HZEBREEFAET S X T F pHSP-TRE/
TNF-a/IRES/tTA O %h R

WIZ, VAR —Z —BI5F LacZ % IRPRBAZF TNF-o [Z [BE# L 2R BRI 1IRR
7T AIRN Y #—pHSP-TRE/TNF-0/IRES/tTA Z{EHLL . A549 Hifid ~—iEPE CTE A
L. ZD 24 FFEZ IR ZAT V) IHRAE T 22D R I A M I B & 51 92 2 & 12 &
V. HSV-tk BAx 1 L [FIER IR & M S R 35 B 20 5 L7z (Fig. 22) . Fig. 22 Ok
TR T DR U7 R ] | fEdih 1322 X7 % —pETBlue 11 #i8{s & AL, NR%E
Tl o7z AS49 Mifa DA M EE 100 %l L= EMIRE R T\D, HSV-tk i&
B IZ DT ERER ., MR ~DINIRIL 43°C T 1 KEAT o 72, IR ZITh7Rn-7-4
& TIE, JBE 7T AIRN pHSP-TRE/TNF-o/IRESATA % i&{nFE A L72&MEicB 0
THREEYM I AS49 MO IXIZE A LBEINT (T U v R
FT—Z =) =7 DEREPRINT, WRTT7AI FEHAET, IHEEZ1T -
72 A T, INER TR BICITAMBEEIL 68 %2y, Z0®HRAICHD LT
WE, 4 BREIZIE S %ETHALE, ZhEliL T, WE7I7AINR
pHSP-TRE/TNF-o/IRES/ATA ZE AL, MMiEZIT> 72346 Tid, IEKETEA I
XA 20 %FE CTRBICE A L, 4 BZICITE2 %E TR Lz, 512
Dox IRINZ & 0 B RN BER S NT=Z & tTA DRV T 4T 7 4—K w7
BIRICEY | TNF-0 BARF DO RERBLNFHF G0, Bl 20 R RS2 L3R
X, UL EOIDITIBEE S 7L LT TNF-a Bix TEAWERFHZEBWTH, i#
FUIIRBGH BB TR BV AT &R AT 5282 K0 A A MBI L Cm
FRa S Fea s R CE DT EMNR ST,
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Fig. 22 In vitro cytotoxicity of heat-inducible TNF-a gene expression. A549 cells were transfected
with the mock plasmid (circles), pHSP-TRE/TNF-a/IRES/tTA plus Dox addition (triangles) or
pHSP-TRE/TNF-o/IRES/tTA (squares). The cells were incubated at 37°C (open symbols) or
underwent heat treatment at 43°C for 1 h (closed symbols). At 24 h after heat treatment, cells were
collected for the cell viability assay. The data are expressed as mean+SD (n=3).

3.3.4 XKFDFELD

A TIZ, BERERT HSV-th, BIFHESK T TNF-0 |2 L 288 FRIELZET
v UTRBVRE L BIn FRIEO IR B GEON L hOMF 217> 72, A
AR T HSV-tk W2 RETTIE, BT T tTADKRY T 4 77 4 — Ky 7
EBFE LN NG LI LT, MRE (TA DKRYT 477 40— KXy 7%
FIZED 556 DT KM= ANRFHE I NIz, BBELRN T TNF-a % W72/
FHZBWTH, MR E (TA ODRTT 477 4 — KNy 7 I X0 IR T 5
54 ARETHEICH MO Z Ml C& 72, LacZ Bin &Mz L AR—
=T v A LRERIZ, BlE SN R DOIERIT ATA ORI T 47 7 4
— Ry 7 RICER L TWD Z &0 Dox # HWAEFEBRICEI VLA, Dk

DFER IO AER LT 40— Ry ZBE N — 7 % & IR SRR R T R B AT A
EDBATERICHE N THLZ LRI,
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34 KEDFELEH

KBTI, HSP70B’ 7' = & — &% —HlS| & Tet-Off VAT LEZFAETHZ LI X
D, 74— KRy 7HIELV—7 25 0IRAGFEMN BRI AT LOFIC
BOMATE, T, KATLEZHEH LT T AI R 2 —2{FR L, LacZ
BEFEHWCLVR =2 =T oA 2175 2 LICLV, (TA ORI T 4T 7 4
— RN VRN EOND PR LT, VAR —%—7 v A OfER, INBEITH
72N 37°C R0 A )V RAA =B —=I 7 THWOLND 41°C LWV o R ESRMNT
I% HSP70B’ 7 2 — & — | IBRE 9" tTA 125D LacZ Bi5 1 DI B R ITB S
Rinole, ZHLEHERL T, NAMBRO R 7 m— v A& 5] & 27 43°C R 45°C &
STl E S Tk, HSP70B' 7' 2 & — 4 —BEREI L tTA ORI T 4T 74 —R 307 %)
RITEY LacZ Bin+ DR EFRBVPBIESNT-, EOIZ IBE B HSV-tk, TNF-0. %
AW EEET BB B EIT RN T25A TR E G 7O %
Uiz AL BEsn T, THEREIERBREAETLIR/NIMENZENRB ST,
IR ZAT 72356 Tl IRBVRIELBE FRIEOIF A RBHELNATA ORI T~
T T4 =Ry 7S L PUE S 2 RIS DI RSNz, DL EORE R LY AT T
FLUTIRBGE EM T — R RV HIE L — 7 %8 8 E 7R BV AT LT, DR T
SRATIRBTHADAARTRIE L IE T2 L THERY —LERDHEZEZOND, LLRNG,
RETIT, IBAFENEEFRBE AT AT ~— B TEALTWSED, A
B OfEHT LT Z TR, 22T, A %RITHEAIMMEE R F2HAT 2577 AR
N7 Z =Ml B EAE, EHEHN A7) == 712k F TR
T By NERS L, RS (KRR - RBE) BB FRIEE 2 BN
RT3 D Z EMMEARFRTH D,
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F4E HESFEEEGRFREREACATLORRE
41 #E

MM N E A L 72 s D BL 2 S E I KX 0 R 92 2 L S ATRE I e dL

Bl FREREDERBEMOSIORIBERN/MIFFTE D, LOLRBL,
AEERNICHEBLSELRFBEFICE2BEN 2B E LS E. sMERIELC LY
BRI OFRBL 2 RFE) - ZZRIICHE T 5 AT AORBE R LERF KT

5, BUEE T, BRANECEHM A EOWERIIIC LY BB FORBE A
T2 AT ARHREINTHDEN, BEXHMOLGAE ., EENICKAEDIA
B DRFR R EE BN LR IT LR R0 R, BIEREMRZ b ARK
M OBEENBREI N TWD[142], £72. KFBOGE . AESN 500 & B
LTHbHBEORES OMEETHRT L2 EIXNETH 572D IR EE %
BOIAT N H Y | BRI & R ICEENEER Z EPBEE > TS
[143], 2 b L T, AREBEEzBEEL 2V L F—THERDOEES O
Mk E CBRTH2EBEMEERALZER RIS AT AREHSA TN
[144, 145], Stanley, S. A. 5%, BT /R - ¢ RFEMBGEZFHTH 2 LK,
FI A~ E R S 720 R X — TR NI E A L 72 1R AR 1 O %8 Bl % il
BARECTHHZ EEZEIL TWNDH[I45], TNOHLOHFFNOLARETIE, FIET
PSR LR AR TR Bl AT L&, BERRVEREYE T b1 & &2 E i R
FIZEDIMEZEZAA vF & LTHWNER T2 KRERI S 5855758 EE T
BB AT A (Fig. 23) ~RBESEIHIZLZHAME L, RA~YTRET V&
AW @h® FEBRIC L0 BS80S T B S 2 T A OBERERENT & 1T > 72[146].
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Magnetite nanoparticle

Cationic liposome

) L ® :

Fig. 23 Overview of the magnetically triggered gene expression system. (1) Magnetite cationic
liposomes (MCLs) bind to the membrane of target cells via electrostatic interaction. (2) Exposure
to an alternating magnetic field (AMF) induces local magnetite nanoparticle heating (3) that
activates the HSP70B’ promoter. (4) Expression of both TNF-o and tTA genes are driven by the
HSP70B’ promoter and bicistronic IRES. (5) tTA activates the TRE/Pcmvmin promoter to induce
further expression of TNF-a and tTA genes, providing a transcriptional positive feedback loop. (6)
Therapeutic gene expression can be controlled by AMF exposure from outside the body [146].

4.2invitro |IZHE T HEGEFERBEEFRE X T LD B EEAR
Hr

4.21 XEFOBM

AR IR M ~DB R b L RTRERT 1 v ¥ 2 ZHEHICRFF 22 & TfT
STz, KRFETIE, BREMERIME T /R MCL & R EMGRE ZFAT 52 &
IZE D MCL BFET 2, T ORI X DV IRFEER T ORBFENL Z 50,
Z L CHREEIZ T & t(TA OPFAZIRICE D AEICSAMILO I % PH T& 5
P% in vitro W23V CREM L 72,
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4.2.2. REBRA X

4221 TSRS FRY Z—DERF*

AL T A R Z—DERGERZU FICE#T 5,

<pHSP/TNF-o ® {EHL>

pHSP/TNF-a ® = X kT 7 k& Z DOETFNAE % Fig. 24 1T7R 7, A0 THEEE
Z417= pTRE-HSP456/a[135]% il (RE% 5% Notl THIWr L, i BREESE Notl IZLEIRTL
T AR IE E CTHEE S L7z pHSP/LacZ[135]1EV A — BB Ic kx5 L T
pHSP/TNF-a % {EHL L 7=,

Noil Not Not Not
PHSP> LacZ TRE | Pyse ) TNFa
pHSP/LacZ ‘ pTRE-HSP456/a j
D:gestlon Digestion
Notl Notl
:—d L: L-—ITNF o'
Ligation

pHSP/TNF-a

Fig. 24 Flowchart for the construction of pHSP/TNF-a plasmid.
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4.2.2.2 {paiEE

MR S AR EE A549 (Riken BioResource Center) lX. FBS % 10%. X
InR=v Y HY 7 (Wako) % 100 unit/mL, A b L7 h~A ¥ U iR

(Wako) % 100 pg/mL 3 X OVREEAKFE T U 7 A (Wako) % 1.5 g/LIINL 72
& 7 /L 1 — A DMEM (Gibco BRL) % W\ THs#& L 7=, #3813, 37°C. 5% CO2
LU FaX—FNTITo T,

4.2.2.3 Magnetite Cationic Liposome (MCL)D {E& 5 i%

J7H T2 (Hiroshima, Japan) £V BEA L7-faMET 7 Ki ¥ (FesOs; IR 115,
10 nm) Z ke TP L7cRic, 1 R ERAAHE 209 2 LIS K0 Bk
B vz, 796 kA/m (ZR) (28T 2 HRFE (BafnfRid ). fafnik
W R BAREE) 1X.2.0 kKA/m, 63.9 Am?*/kg. 2.6 Am?*/kg T& Y . 30.6 kA/m,
118 kHz (384 Oe) 28T 5 LWL R IL, 42.6 W/g Th H[147], KIZ, EEMAE
'H T & % N-(a-trimethylammonioacetyl)-didodecyl-D-glutamate chloride (TMAG;
Sogo Pharmaceutical, Tokyo, Japan). U JEE CTo 5 dilauroylphosphatidyl-choline
(DLPC; Sigma Chemical, St. Louis, MO) & dioleoylphosphatidyl-ethanol-amine
(DOPE; Sigma Chemical) Z E/L 1:2:2 T/ v u RV ARSI, /7 rn
RV DR T AT Z 222 A, 7T A aNEEICHFEITREBRNER S
HEIICACTHIB LN OB L o —F ) —o AR —Z 2L VR LT,
NEEMRTEptR . ik S ETomettE 7/ K3 (10 mg/mL) Z2 7 AT Z 2 =i
BALBNVT v 7 22 100 EAT 5 2 L1 XY MCL O K & fie L 72[148],
Z LT, 1 BpATE AL EE 2 i U 72 73 B MCL iR & 2RI H W iz, B A DG HGEL
B X DWED D MCL O IR 113K 200 nm TH 5 [149],
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4.2.2.4 A549 $IR8 D MCL HUAA 5T & MCL DA HIIBE~ADEZE

A549 i > MCL BUA 7+ 6E & A a2 E O LB AT — L% Fig. 25 1277, £
T MCL Z¥RNN9% 24 B ATIZ, 5.0 x 10° cells/dish ORI AL T A549 MllfE % 100
mm 7 Y =2 (ZHMER L2, B 55 HF 2 MCL (25, 50, 100, 200 pg/cell) ZHs L
72 MCLIRMM5 0, 4, 8, 12, 24, 48 KF[E 212 100 mm 7 1 v ¥ anbififdz 2 Z i1
~AraF a—7 B LT, 2O, AR LSRRI EZ U X T — e ikl &
DEHAIL 72, EIXL7ZHMEiE %A PBS 1 mL CHEEH L=, 6,000 rpm, 5 43l 4°C Tz
DT BEL, BIEEBEFE LT, 20 PBS IZXD¥H% 3 T2, M~y A D
CRIRE AT AT AT NE[1S0C KV IE LTz,

3 e
7 " —;‘:"_-,’ s
A549 cell == 5 = rl: — ‘:> a

1) Addition of MCLs 2) Periodical cell harvest 3) Measurement of the iron
concentration and the cell viability
Oh4 812 48

Ww vo§
- ‘

[ Addition of MCL |

Periodical cell harvest

Fig. 25 Scheme of cellular uptake of MCLs and the effect on cell viability.

4.2.2.5 A549 I~ DB FEAZNEATE

FT BB EAEIT) 24 FERIATIZ, 1.0 x 10° cells/dish Ol Jd 5 £ T AS549 i ig
Z 100 mm 7 A4y 2 IR L, B H, EEMAEE KR (TMAG:DLPC:DOPE =
122) Z HWEIR 727 va Bl VAR —F—8R B 77 AIR
(pcDNAG6.2/emGFP; 0.1, 0.2, 0.4 pg/mL) % A549 Ml |8 -8 ALZ[151], £D
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24 W[4 . BZ-9000 % BAMEE (Keyence) # F W TR 28I 352 LI X0, B
FHADRENE L, Bin T HEADRITRAZHNTEELL,
Transfection efficiency [%] = (the number of GFP positive cells in the tested dish) /

(the number of total cells in the tested dish) x 100

4226 LacZ EIEFEZRAWLER—E2—7vtA

LIR—H—T v ADERAX — L% Fig. 26 (TR T, £, BIs - EH AEZITH 24 K
FIRTIZ, 1.0 x 10° cells/dish Dl il % FE T A549 M A 100 mm 7 1> = (R L 72,
FH, EEMAEEME (TMAG:DLPC:DOPE = 1:2:2) # W\ 2UR 7 =7 a ki ko
One-pack ML AR —& —iBIx 13 BL 77 AIR (pHSP-TRE/Z/IRES/tTA; 0.2 pug/mL) %
AS549 R\ B ALZ[151], £T2. ROT AT T4 —R NI —T 2L DER T
REFBOHREF XD, MG RH AT 24 R RINDL AR —2 — B8 75
W7 IAIRE A LT= A549 % Dox (1 pg/mL) AVESHI CEE & LT, A5 135 A
5 18 KEfil#% . MCL (100 pg/cell) ZE5 i IZIRINL . 6 Rl E55& 352 & T MCL %/
FANIZEIAE R T2, Z2D%, Bin FEAMKRNT B-HI77h X —EDREFHEL
1TH7201C, #ilZ 1.5 mL ~A270F a— 7l L, B B 21T 72, fi~an
BT~ Ar0F 2—7 22 %K W5 WA 32 & (LTG-100-05; Dai-ichi-High Frequency,
Tokyo, Japan, Fig. 27)[148]D A /L (EAE 7 cm) DHFLITRDIITHERE L, 2L
WK EERSE LI LT AR T 2a—T WA 37°C IR G, R EMY: % 30 77 [ RS 3
HZETIT 2T, ZOLE DR REE | J& %13 30.6 kA/m, 118 kHz (384 Oe) (Zi%
LT, BESRMIX 43°C IR EL, KT 7AN—IREFF O 72— (Anritsu Meter,
Tokyo, Japan) &~ A270F 2—7 NOMISL Y MIY THZETIREZHE L, #
SRS BRAE DI RFRY IR A B L. 2R E 7722 L1000~ Ly bR
% 43°C (ko Tz, W R4, 24 /XL —RT 1.0 x 10° cells/well Ol i % FE T
FER L7z, BRI E 7D 0, 12, 24, 48 HFfEj12IZ 24 T L —Fpbflildz i€~
A7aF 2—7ZEILL, PBS 1 mL THeE L%, - 6,000 rpm, 5 43 fH . 4°C Tiz
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Loy HEL, BIEZBERELTC, 20 PBS ICRDUEHZ 3 [T o7 810, BRAH BLARIZ LV IR

UM 2 R B 2 T, B-H T 7 b & —BiE MR E [137]46 KOG fa N # &

VoG ERE[1391%1T T,

=

Reporter gene transfer Periodical cell harvest
Addition of Dox

Fig. 26 Scheme of P-galactosidase activity after AMF exposure.

Fig. 27 Appearance of a transistor inverter.
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4.2.2.7 invitro IZH 1T B BEEEF TNF-a ZAVV-HIREBEE7v 4

in vitro \ZBIT DI PRE B AR 1 TNF-o % H WG E T v A DR AF — L% Fig.
8IT/RT . £7 . B FEALITH 24 FFRIATIC, 1.0 x 10° cells/dish O a5 £ T
A549 Ml fd & 100 mm T 4y a2 [ZRIEE LA, B H ., EEMEEE
(TMAG:DLPC:DOPE = 1:2:2) Z W2 UR 7 27 va 4RIk REEG TR T
AR (pHSP-TRE/ TNF-0/IRES/tTA & 72 1% pHSP/ TNF-a; 0.2 pg/mL) % A549 ffifid (2
BAR T EAL[151], tTA [ZXDRT T4 T 7 4—R w7 EnELNenwar e —
JVEBR T, 227 % — (pETBlue II; 0.2 pg/mL) &5 A L7, £7-. Dox I2&%
NOTAT T4 =Ry T X BV LT R 2T _D5MCld, B RS 2175 24 IF
MRIDOIE R B FHRBL T T AINZE s 8 AL A549 ffijd % Dox (1 png/mL) AY
B CHE R L7, Bin B AL 18 Kffi]# . MCL (100 pg/cell) Z55 H 1 IZIRNL ., 6
REH B R 9528 T MCL ZMIaNICEIAER =, ZD%  TNF-o BIZ T ORBLEH
WAATHTZDIT, MR 1.5 mL ~A7uFa—7 (2B, B35 RN 21T -7, fllig~
DMIBIT~ A7 F 22— 7 % & FK W5 B 2 @& (LTG-100-05; Dai-ichi-High
Frequency) [148]DaA/L (IEAE 7 cm) DHLIIRDIIITEHE L, IA/VNITKEZE D
IHLHIETYAIuF a—T NE37°CIIRD, ZHEMSZ 30 M T524T17-o
Too ZOEXORIGGIREE , JH I £71% 30.6 kA/m, 118 kHz (384 Oe) IZFXE L7z, iR
JESAEITL 43°C, 45°CITRRE L, T 7 AN —IREFF D7 1 —7 (Anritsu Meter) &~ A
raFa—TNOMALXL v MY THZE TR EZWE Uiz, B85 R B 4A 2 SR Ry
PICIREZBLIZE L, M ZfE 7228120~ Ly hOIR E %A 43°C, 45°C 2Rk
72 BE A4 . 6 /X7 —RZ 1.0 x 10° cells/well Ol i % & TR L 7=, W35
B2s5 1,2.3.4 BB ISHBRZEIRL, NS0 7 —3e @ik ic k0 A Ea Rl E L
7o ZTOBE MR ®E Eifa~A/nF =—7 |ZEIX L, Quantikine human TNF-a
ELISA kit (R&D systems, Minneapolis, MN) |Z&¥ TNF-a PEA S 4 E & LT, #IEIX
X hO T aha— L iht > TiTo7=,
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A549 cell } |:> = ' \—Jl> :??ﬁg E> -r"': '.

1) Therapeutic gene transfer 2) Addition of MCLs 3) Cell harvest 4) AMF exposure

-24 h -6 d0 d1 d2 d3 d4

v vVvy vV vV vV Y
[ R I I

| Addition of MCLs | Periodical cell culture supernatant
Cell viability assay
Therapeutic gene transfer | AMF exposure
Addition of Dox

Fig. 28 Scheme of in vitro transfection and AMF exposure.

4.2.2.8 $EHfRIT

MEHEATIZ~ > R A v b=—AMFIREZ AW TIiTo 7=, & T ORI IC
BWTP<0.05 DR, AEEDND DY & LT,

423 RBHERLEBE

4.2.3.1 A549 #ifa M MCL BUAA§E{i & MCL D4 HIlRE~ADEZE

e gt & MCL 2R LTIcBIn PRI AT L 2T 272012, £7°.
FANIZ MCL Z BV A /72 BEOMABFEMEIZ O W THHME L 72 (Fig. 29) . 25-200
pg/cell DRE T MCL Z B IR L . BEAUARR L 72 AS49 fiffd D~ 71 # A
NEEZHELZEZ A, MCLIBEICHAFIL T~ 7 R & A FBUAR BTN L
T 7z (Fig. 29A) ., F7=. Fig. 29B £ V. 100 pg/cell D FE F TIXA ML T~
A KIT I 727> 7223, 200 pg/eell DIRE TEMNIMREENBIEZ I N,
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NHDFRERED . B%D in vitro EEBRTIIREHPIZIRINT 2 MCL EEZ 100
pg/eell IZFE L7z, WIZ, MCL ZHU Y IA £+ 5 72 O fr il 72 BOA A ¢ [ O # it
#1417 7= (Fig. 29C) . 100 pg/cell D T MCL Z ¥ RN L, B XUAE ik
L7z AS49 il D~ 7 2 & A MREZBERFRICHIE L7z & 2 A, BN IZ A549
AT MCL % G (2 BUA 2+  MCL #1725 24 E#Fﬁﬁ?ﬁ@ﬂiLﬁi(BSpg/cell)
MWK TH -7, MCL IR G 6 FF % IZIZBGA FFETT Fh—IZEL,
24 WEE ML LIS L CTHBERENRR N -T2 2 £ 5% O invitro 5 TIX A549
AAEIZ MCL ZHU D A £ E D FRFfE %2 6 FFRICER & L 72,

B

x>

120
80 r

o
o

Cell viability [%]
[o)]
[sn]

[h*]
o

0
0 50 100 150 200 0 50 100 150 200
MCL concentration [pg/cell] MCL concentration [pg/cell]

Uptake of magnetite [pg/cell]

Uptake of magnetite [pg/cell] O

0 1 1 1 1
0 12 24 36 48

Time after addition of MCLs [h]

Fig. 29 Cellular uptake of magnetite nanoparticles. (A) Amounts of magnetite taken up by A549
cells at 24 h after the addition of MCLs at various concentrations (0, 25, 50, 100 and 200 pg/cell).
(B) Cell viability at 24 h after the addition of MCLs at various concentrations (0, 25, 50, 100 and
200 pg/cell). (C) Time course of the amount of magnetite taken up by cells after the addition of
100 pg MCLs/cell. Data are expressed as the mean = SD of triplicates [146].
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4232 invitro IZH1T7TH5 MCL 27 AL - REEER

18535 i MRS T3 BL Y AT L OMEREMNT 217 5 72012, BBRHIC L - T
MCL 7% H B9iREE (43°C, 45°C) £ THRENT 27 % invitro THI% LTz (Fig. 30)
F 9. MCL (100 pg/cell) Z# LTz 6 KffE] #4212 A549 fild% 1.5 mL v~ A/ 0F 2—7

([ZE L, 2O BEICRORE R Uy MRS T, HERL Ly RORFEITA 50 uL THY,
ZOBEO~T X HANEE X 6.5 mg/ecm’ TH S, Fig. 30 LV, W35 AL 5 3 451%
(M~ Ly MR HAYIRE (43°C, 45°C) I[ZRFEL, WO T2 2
ETCHMIREZHMF T2 N TEL, ZNDLDRENL . vz MCL IR
. MCL BUAZBFHNI AR E £ TREASELXMFL L THETHY, HBiHR
HrEAAL T L L TEBTERERAUIEL VAT LORBHARETHLZ &
DRI NT,

I
o

I
w

Temperature [°C]

35 L 1 1
0 10 20 30

AMF exposure [min]

Fig. 30 MCL-induced heat generation in vitro. A549 cells magnetically labeled with MCLs (100
pg/cell) were harvested as cell pellets, and then exposed to an AMF for 30 min. The temperature
of the cell pellets was measured using an optical fiber probe, and maintained at 43°C (circles) or
45°C (triangles) by adjustment of the electrical power of the AMF [146].
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4.2.33invitro ITH 1T HHIGEFERBEFREA AT LOEERENT

KA, IR EZAA Y F L THRBEEBIR  TNF-a ZRBELTHTTAINRI X —
(pHSP-TRE/TNF-o/IRES/tTA F 721X pHSP/TNF-0) % A549 i ~— M4 CTE AL,
T655 B A 705 24 B R 74 (2 h5 28BS O TNF-a PEAE BAWETH2L T, MG REC
Ko THSP70B’ 7' mE—& — 3 R #5702 s L7z (Fig. 31A), Fig. 31A Off#hIX
I SR F sl BELISA JEICEVE & LIZHEALMAEH7-VD TNF-a A REEZRLT
Wo, £T | RN 21T DR oo 56 TIE BRER FIHBL 7 I7AIREZE AL
A549 T I\ T TNF-a D FE BLIIBLEE S 72 h o T, 169K 77 AIR pHSP/TNF-a %
B FE AL, 43°C, 45°C OINRZ AT > 726 Tlk, 278 TNF-a 2MEFESN
7228 MH, MCL OREZL>T HSPT0B 7 & — X —MBERE 52 L ARIB I N7,
77 AIR pHSP/TNF-a & bh#Z LT, A%~ 7 X I K pHSP-TRE/TNF-o/IRES/tTA
B FEAL, 43°C, 45°C OINR AT > 72356 TlX, TNF-a AEPEENFELL
WL 7-, 72, Fig. 33B X0, AEBR THWZE G FE A HIEOBE AL RIT 14 % T
HoTZEMD 5Bz TNF-o A2 72 51T AS49 ML O A8 & Tl W R REME R H D,
LinL, Zo 7B ERDRRASCHMBEBEDOB AN, R YT 4 77 4 — KRy
N—TNZ KD TNF-0 BIaFHREBUITIN—ICRIZET LML DL, BiaFEA
BREWHETHIEILIVEDLRD TNF-a Bin FREARZHEONLEEZDND, SHIT,
Dox IRMMNZ XY, 159 77 AIK pHSP-TRE/TNF-a/IRES/tTA % i&1{x 138 A L 72 A549
R D TNF-a EPE 81X, R 77 AR pHSP/TNF-a % &5 73 A L 7= A549 fllfy
® TNF-o A PEREELFHF&ETHWA LI, 72, Fig. 31C IV, VU R—¥—&5 1 LacZ
ERVWERFICEBVWTOLRRKRO RN BTONTZZILENE BRI T AIR
pHSP-TRE/TNF-o/IRES/tTA % i&fx 13 A L 72 B& @ TNF-o 4 PE B O INE Tet-Off
VAT AR DRTYT 4T T 4= RNy I —FIRKT D E BN ST,
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Fig. 31 AMF-inducible gene expression in vitro. (A) TNF-a production after AMF exposure. A549
cells were transfected with a mock plasmid (white columns), pHSP/TNF-a (stripe columns),
pHSP-TRE/TNF-o/IRES/tTA plus Dox addition (gray columns) or pHSP-TRE/TNF-o/IRES/tTA
(black columns), and then incubated at 37°C or heated at 43°C or 45°C. At 24 h after AMF
exposure, culture medium was collected to measure the TNF-a level by ELISA. *P<0.05 versus
pHSP/TNF-a at each temperature. ND indicates “no detection”, where the minimum detectable
range of TNF-a using the ELISA kit is <1.6 pg/mL, according to the manufacturer’s instructions.
(B) Transfection efficiencies. A549 cells were transfected with the reporter gene expression
plasmid (pcDNA6.2/emGFP) at the concentration of 0.1, 0.2 or 0.4 pg-plasmid/mL. (C)
Time-course profile of B-galactosidase activity after AMF exposure. A549 cells were transfected
with pHSP-TRE/Z/IRES/tTA and treated with (open symbols) or without (closed symbols) Dox
addition. The cells were exposed to the AMF for 30 min. The temperature was maintained at 43°C
by adjusting the electrical power of the transistor inverter during AMF exposure. Following AMF
exposure, the cells were reseeded in a 24-well culture plate, and then were harvested periodically
to quantify B-galactosidase activity. Data are expressed as the mean = SD of triplicates [146].
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4.2.3.4invitro ITH 1T HHIGEFERBEFRBEACATLDARDER

BB FRIT 7 A X Fa A549 il ~—ia Pk TEAL, 43°C HDHWE 45°C
T 30 S EOIIREZITV, R T ORERFHIIC AS49 Ml EZ R E$T25ZET, in
vitro \ZB T DR HR AR TR B AT AOTRIES R4 G L7z (Fig. 32A, B),
Fig. 32A, B OREH 1TRES PRS2 DA U7 WE R | #iEdlh 1322 X2 % —pETBlue 1I %3
AU, W5 AT 21T D> 756 (37°C) DM EZ 100 %l Lo A M RZRL
TWb, MG RHPZITORP ST A& TR BRKRERFREITTAIR
pHSP-TRE/TNF-o/IRESATA % BAx A L725A 1230 T 6 Bl sh R 13842
SN olel b, ERLTEAAT IR T e —F =D — 7 NMRNZENRIZ
ST, G HRAT 21T\, 43°C HDU T 45°C T30 IR L7856 Tk, FH LW
Mg BB gas Tz, 2274 —pETBlue 11 Z3# AL, 43°C THE L7734 TIL.
Be s R AT AR RIT 49 %ETHA L. 4 HRETA0 %o MR L T\, =
vzt L, 287X —pETBlue 11 ##E AL, 45°C CHHRL7=5G Tid, B R E

(AR RIL 33 %E THA L, 4 HEE TIZIE 12 %E THA Lz, HRER
FHBLTZAIRN pHSP /TNF-a #3# A L, 43°C THHREL7=H A Tid, IBFE & 128
AL lo 6 LR U TE LWERM R O DB R S22 LD TNF-a B 1s
TICEDHBENRBPEONTEZ ENbhoTc, L LARNRGL, JRIEEMLTREL
7" ZAIR pHSP/TNF-a Z# AL, 45°C THNR L7254 TlE, IGRBE 28 ALeH)
ST LR L CEBRDIEED RIIEON 2 -T2, — F IR &R TR TTA
IN pHSP-TRE/TNF-o/IRES/tTA Z3# AL, 43°C THHRL7=%E TiE, B5G A 2 H
(AR R 9% E TRIMICHA L 4 BB ETITIE2%ETHAD L, S HIC
1B E s 13 Bl 77 AIK pHSP-TRE/TNF-o/IRES/tTA %3& AL, 45°C CTHHRL7=%
A TlE, BB IR 138 Bl 77 AIR pHSP/TNF-a Z#E AL, 43°C H25V ) 45°C THIA
L7 a L LT, MR oA BRI MR LI, £/, Dox RN+ 5 Z &
CE o THEMBHEREM SN D, BEERTEHTTAIR
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pHSP-TRE/TNF-0/IRESATA % W ZEE DM Zh B OB 1T ATA ORYT 477
ARy ZIZEVFHEBEINT TNF-o Bin FOREFKBUCKDZED THLZENRIES
i,

WIZ, BB 7388l 7 A X K pHSP-TRE/TNF-o/IRES/tTA % A549 i fd ~—
WM TE AL, k& 22 RER] CRESS IR IZ XD 43°C DAMRZAT VN, IR T 235 24 Iy
M2 D AS549 HERLEZ R E L, F8 50 20l Bl SE A 45 2 72 oD |\ T BE 72 185 3 R S IR ] 2 3R
ETHIET, RIFFECTHRFELIDER T BV AT LADOSBe 54 #1237 L 7= (Fig.
32C), Fig. 32C OREM 8% 55 HRAT IR L fEdh I3RS S 24T i o 72854 (37°0)
DAERMEZ 100%E LIz EEZ R L TD, Dox ZIRIL, tTA DRI T 47 7 4
— RNy I %X v BN UTZSAME TR, 50%E7203F 90% DA fu 3L 21557 8O |2 b BT i
55 A IR I 2241 29.3 43, 40.0 53 Tholz, ZHLEHEZL T, Dox Z UM L7275
o8& TlEL 50%E721E 90% DM AL 2455720 (b B2t G AT e X e h
12.0 53, 20.3 53 THY | By AT RE R TR RO 2 R A 1G L2 LN TEDHD
WGl LTelo T, R R THB LI T ORY T4 T 74— Ry 7 & A HEIC
TOBAR THRBEV AT LEF A T5Z01C80, BEBEVRIEICEIDIRBE D REMIBRTED
ZENIREES T,
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Fig. 32 Cell viability after AMF exposure. (A, B) A549 cells were transfected with the mock
plasmid (circles), pHSP/TNF-a (diamonds), pHSP-TRE/TNF-a/IRES/tTA plus Dox addition
(triangles) or pHSP-TRE/TNF-o/IRES/tTA (squares). The cells were incubated at 37°C (open
symbols) or exposed to the AMF for 30 min (closed symbols). The temperature was maintained at
43°C (A) or 45°C (B) by adjusting the electrical power of the transistor inverter during AMF
exposure. *P<0.05 versus the mock plasmid with AMF exposure (closed circles) and **P<0.05
versus pHSP/TNF-a with AMF exposure (closed triangles) at each temperature, respectively. Data
are expressed as the mean £ SD of triplicates. (C) A549 cells were transfected with
pHSP-TRE/TNF-o/IRES/tTA and treated with (open symbols) or without (closed symbols) Dox
addition. The cells were exposed to the AMF for 5, 10, 15, 20, 25, 30, 35 or 40 min. The
temperature was maintained at 43°C by adjusting the electrical power of the transistor inverter
during AMF exposure. Data are expressed as the mean = SD of triplicates [146].
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424 KEHDFEEH

AREITTIEL, BREMERGYE T /R & RFEMG RS 2 R0 L 72 W858 AR5 1
BB AT LB LI, invitro IZBW T, BEBRHICKDMEEZ AL v TF L
LTHBERTFOREADNFTEIN UMTA I L > THREREFEMRI N, £ L T,
N & ATA I X DB T O REFIIZ LV | BISRIE 2 A549 Mg 4
MR 9 % E TRBUSHA L, 4 B £ TITIE 2 %E THA Liz, SHIC, Kb
Je TR LT-BE 35 3% AL AR T BLY AT 2 &R T2 281080 | B35 IR 4T 5 i %
I L2 L ChmWIRRE I R BB O NI ED RSN, B ~OA DD 720 R B
EOBRFICE A THDHZENRBINT,

4.3 in vivo IZHEITHEGEFERBERFRE X T LD B EEAR
Hr

4.3.1 XEFOBM

AETIX, ERAA~T 2T LERWEEHER T, BSHBEEICE > TMCL
P HHIERIRE (43°C) £ THREAL ., MMM RAICIMERRE CTH 5 i~
oo LT, BEBREICI 2B LV BEERFAFEBE L, S 51T, Tet-Off
VAT AOMBIZ LD BEFRIANEBINSNEMB LT, Fo. MR
%O EBERARAE A2 RENICHET S 2 & THREFEIEL TRV AT LD
R i A & AT L 72
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432 REBRAE

4321 EHELATIVADEHR

26G (Terumo, Tokyo, Japan) DVEHEZ T 72U P2 H T, 4 B
Jfg i K 2~ 7 A BALB/cSlc-nu (Japan SLC, Hamamatsu, Japan) D EFENIZ~22 k
SN E S —)L (50 mg/kg body weight) Z{ES T2 2 LT X0 REE R L 72, R
Bitld, ~O A&y RFy 7 TaHh, 74 NTHRFTLZEICKVEENT
MEZRNEDICEE L2, 1 x 107 cells/mL & PBS THilHl L 7= A549 Hll f & v i1k
B~ v ADLEMIEE O K T 29G (Terumo) DEH T 50 pL HEHTHZ LT
JEESEN A~ 2R ERL U7, B 7Tmm (ZE L H R A~ 7 A & @i %
BRICH W2, BEEEART 3 BECHI L, BEEAREITREAWCTHERLZ,

Tumor volume = 0.5 x length [mm] x ( width [mm] ) 2 [152]

W) FZERIIFT BB OFTE Tt & 217V, KB E SR ICIUN KFEE Y FE 5 5
i~ =2 7 WIZREWBEEES 2 E85F T 5 X ) vz B o 7= (A22-180-0,

A24-176-1) .

4.3.2.2invivo ICHEITHAEABELRF INF-a ZAWV-HBEBESE7v 4

in vivo (B DIREIEAS F TNF-a % A W=/ E T v v A DFEERAF — L% Fig.
3T, £9 . EEMIEEM (TMAG:DLPC:DOPE = 1:2:2) # i\ -UART7=rva
EIICXY IREE S 3 BT AR (pHSP-TRE/TNF-o/IRES/tTA % 7= (% pHSP/
TNF-a; 20 pg) ZH N A~ AZBIR FEALZ[153], tTA IZEART T 47 7 4—R
VIR RSN ar he— L EZER T, 22X % — (pETBlue 1I; 20 pg) ZiE 5 1
A LTz, B8 AND 24 BiR# . MCL %% (net magnetite weight: 3 mg) %48
WA= AD FEREH.OERIIZ 29G (Terumo) D ES# T 150 uL {EH L 7=, MCL &
ADD 24 e[ . 7 7V VELO TR O T R 0O~ A% AU, T A8 A8 6 e B e G

74



4 T GBI R BL AT AOBH 3

WEDAALDOPDIIRDIDICTREL ., ZEMSGZ WA $252LI12KY TNF-a B5F
DREBFHEEATolc, ZOLEOMIG R 83813 30.6 kA/m, 118 kHz (384 Oe)
ke LTc, ISR 43°C IR EL, K7 7 AN —IREF D7 m—7 (Anritsu
Meter) % I 55 35 1f & B If NI B < 2 & C B 3% 1 TR & (IR 2 7 Uz, Béss R &
BRARINORRIFR IR A8 L AP ET D2 LIS R I £ i O E % 43°C 12
Role, M & T %3 <CIC, vUARE ORELZRARY —EF27F77 — (FLIR
i3; FLIR Systems Japan, Tokyo, Japan) (ZEVEIZE L7, ZL T, GBI FEZE AL
H#Zz day 0 &L 3 HEBIZEBGAEBEZRE L, 2O, day 3 OEFZEIRL,
Quantikine human TNF-a ELISA kit (R&D systems) ([ZLVIEEENIZE 415 TNF-a

DEBZATT,

e e e
o ¢ b o ":FH\ A
{ . ) [ ‘-PH\

>y ) ) = T‘f =) @gﬁf" 1

S

1) Therapeutic gene transfer 2) Injection of MCLs 3) AMF exposure 4) TNF-a ELISA,
Measurement of tumor weight

do d1 d2 d3 d 27 d 30

v v vV

4 4
Injection of MCLs | TNF-a ELISA |

Therapeutic gene transfer | | AMF exposure ‘ Measurement of tumor volume

Fig. 33 Scheme of in vivo transfection and AMF exposure.
43.2.3 EHN. MFEFD TNF-0 DEE
FFUEBEN O TNF-o 2 E 857212, B R D248 [#] 12 O JE 5% (n=5)
ZY)ERL .| gentle MACS™ Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany)

EHWTREVTAXTHIETHMBBERZ HE L, TD%, 7= /L AF LAV
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HR= 7oAt (0.5 mM) 25 T N RS IR AR @R (pH 7.5) 1ZiR L, 1 B [ 35 5 AL PR
ZHE L. ARE TR — F% 18,000 rpm, 10 43, 4°C T L oBEL, EiF&ERIILLT,
Fio. T AMIEN O TNF-0 2 € &3 572012, DIES MK 28 L. 10,000 rpm,
sy 4°C T LDArBEL . BIEZEIN LTz, BEUL7Z 200 pL @ i % VW T ELISA
EIT o0z, EBARTY R —b, MiGH O TNF-0 OEREIIFvhDOTaha— i~ T
1TV, & 73278 B 1T Bicinchoninic acid solution (BCA) I X0HIELT=[139],

4.3.2.4 $HEHRT

HEHENTIZ~ > A v b=— B FIREZ W TIT o 72, & TOMEHENTIC
BWTP<0.05 DK, BEENO MW E LTz,

433 RBERLEBE

4.3.31invivo ICHI1TA MCLZFIAL-RBEER

R~ T ZAET IV E A28 IR T B RS K> T MCL 2% H BUTE#
TR (43°C) & CTHRENL | FEBRRAE AR ATEE CTd 2 i 72 (Fig. 34) .
WA~ T ZOBEFEMEIC MCL Z1EA L, £ 0 24 FF#Z ISR I ZFWS %
MRSt L7z, Fig. 34A (IR RS M OB R, EBENOIREEZRL T\, Fig
34A LV . WG REBE D 3 0 BRICITEBIEE A 43°C IR L, 1) &
THIELTACEMFFT LN TEL, LT, MERNAEKZ 5 & AT
WHE OEREICR > 72, ZOMVEFBOREIT36°CEBR 52 LITIFE A LR,
HWHEOEIREZR > T\, 6T, BMERFNEZO~ Y 2D % R —
BT T T 4 —ICX VBB LIz 2 A, MCL & VRS U 72 JE SRk R A L2 IR S
NTWDZ Enmnhole (Fig. 34B) o LLEDORIR LV MCL & 4 R4 % ]
W5 LT, EFMBEGO T DI L7 < MCL & ES U 7= JE B Ak A5 J 1 12
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MR TE D2 ENRREIA, in vivo IZBWTHHEGHRFEZ A4 v F &L LTERBT
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Fig. 34 MCL-induced heat generation in vivo. (A) Tumor temperature during AMF exposure.
MCLs were injected into tumors, and then the mice were exposed to an AMF. Temperatures at the
tumor surface (closed circles) and in the rectum (open circles) were measured by optical fiber
probes. Data are expressed as the mean + SD of five mice. (B) Infrared thermography of a mouse

exposed to the AMF. (left) Bright field image. The tumor is encircled by a dotted line. (right)
Infrared thermography [146].

4.3.32invivo ICBE T AHIGFERBEGCFREATLOBBEREN

MEZEAAYy FELTIHEEL T TNF-a BT 5T TAIRNRT X —
(pHSP-TRE/TNF-a/IRES/tTA & 72 |Z pHSP/TNF-a) ZfH 3 A~ A~— 1@ P CE AL,
T56 55 PR 70 5 24 W5 1 14 O JE SRR N O TNF-o EAE B2 HETH2 LT, IR EHC
Lo THSP70B’ 7' 2 —4 — BB 50°% in vivo \IZEB W THAER LT (Fig. 35A),
Fig.35A ORE#hI IR T O B HEdh X ELISA{EICEV E & LI BALMaH -0
TNF-a APEEZRLTWD, £ MHE RN ZIT DR T5 6 TR, BT 72—
pETBlue II F72IX1HEE s -3 B 77 AIN (pHSP-TRE/TNF-o/IRES/tTA & 72 1%
pHSP/TNF-q) Z & A L2 B Ak 1258V T TNF-a DR BITB RSN 722 8D,
ERLIENAAT VR T BT =4 — 2L = 713D N ENRB Iz, [RERIC, 22X
7% —pETBlue Il ZE AL | MGRH 21T 57258128V TH TNF-a OREBLITE]
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BRI oTc, ZNEHE LT IRRER FREATIAINE B FEAL, iR
B 24T 57256 ik, TEEFREPIC TNF-a A5 B L TWDHIENRS 0, MCL D% A
IZE-> T HSP70B’ ' 2 — X —NREREN T HZ L0 RS T, £, in vitro DA L[RIER

ZOIREE IR F BT T AIN pHSP/TNF-0 & i LT, BREE BT TAIR
pHSP-TRE/TNF-o/IRES/tTA % HAx FiE A L. 43°C OIHR %47 - 72846 TIL,
TNF-a AFEENFE LML, SHIT, RTOFEMETYAD MIE D HA R D
TNF-a OFBLNBIE SN >7-280 5, TNF-a IZEDEIEH ORI T D72 i
RES T,

WA, 555 R 1 O RS LR IR R 2 R R B L T - 5 2 & OREYS 7 A R 1 %6
By AT AOPUIE S R4 7P L7 (Fig. 35B), Fig. 35B OR#hI TR E s T 5
T TAIRE AR T AL T ORI U7 R[] L s 355 (R R 4 7 LT, MCL O
HEEAL, BIEFE2EAET MERAEZITbRnEE2are— LU TEREL
7o A b — LRETIE, A IR 4 I KL TWE, Bl FEAND 30 HEOD
FEIEFRFEIE 3.6 + 0.3 cm® Tho7z, Bz 7. MCL 28 AL, B3 A 21707
MNoT-RED RSN, o b — LV BEL R % TRl E 2t T 72, 28274 —pETBlue
I #8618 AL, B REICEDINEEZ LR T, v e — Uit i LT
BRSO KNI S, Ba - EAND 30 HEOFLEEERIT 1.8 +
0.2 cm’® THY, IREIFRIEDONREDHEOLINIZ, GBS I BL77AIN pHSP/TNF-a
BBAG T AL, B35 RS XD INE 2 i U722 8F T, IR BVAR B OB B 355
%2874 —pETBlue 11 ZE{5 138 A LB L Ml U T35 U< RIS (RS 0 B8 K% Il
TE, B TFEAND 30 HEZEOFELEEAEFL 1.0 £ 0.1 cm® THY, WBURIELE
BrEEOHHDEIBEONL, WEEBER R B 772K
pHSP-TRE/TNF-o/IRES/ATA %8s 18 AL, W5 AT KD IR 2 5 U728 Tl

JE I AL DR 13 30 H BRI Hl S 4, BAR - E AND 30 H % O EG AREIT
0.3 +0.1 cm® THo7z, BLEDOFERLY, MCL &85 RS 25 L7 B35 55 S A 5
FHBL AT A in vivo IZEBWTHIMIHITMIZ L0 EAR F I BLZ B 7T RE TH Y, 23
PARIRASIG T 2L TERVIBIR R G OND LN RIS L,
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Fig. 35 AMF-inducible gene expression in vivo and therapeutic effects of heat-induced TNF-a
gene therapy. (A) TNF-a production in tumor tissues after AMF exposure. Tumors were
transfected with the mock plasmid (white columns), pHSP/TNF-o (gray columns) or
pHSP-TRE/TNF-o/IRES/tTA (black columns). The mice were then exposed to the AMF for 30
min. TNF-a concentration in tumor homogenates was determined by ELISA at 1 day after AMF
exposure. The human TNF-o ELISA does not detect mouse TNF-a. TNF-o concentration (pg/mg
total protein) represents pg of TNF-o per mg of total protein in tumor homogenates. Data are
expressed as the mean £ SD of triplicates. Each group contained five mice. *P<0.05 versus
pHSP/TNF-a. ND means “no detection”, where the minimum detectable range of TNF-a using the
ELISA kit is <1.6 pg/mL, according to the manufacturer’s instructions. (B) Therapeutic effects of
heat-induced TNF-a gene therapy on tumor growth. Tumor tissues were transfected with the mock
plasmid (circles), pHSP/TNF-a (triangles) or pHSP-TRE/TNF-a/IRES/tTA (squares). The mice
were then treated with (closed symbols) or without (open symbols) AMF exposure for 30 min. As
a control group, tumors were not transfected or exposed to the AMF (diamonds). Each group
contained five mice. *P<0.05 versus the mock plasmid with AMF exposure (closed circles) and
**P<0.05 versus pHSP/TNF-a with AMF exposure (closed triangle). Data are expressed as the
mean + SD of five mice [146].

4.3.4 KEHIDFEEH

HRA~Y T RET NV EHAWZEYER T, EFMHELE ST, MCL Z 4
U7 IS AA AR R AV ISR C& 2 2 & /R S 4L, in vivo IZB W T b G RH %
A4y FELTEBFEZRERIAIEL VAT LAOHRMANBAETH D Z & BR
X hiz, Fo. invitro DA LRIERIZ, 43°C ONNR & tTA IZ & > T TNF-a 45
ENELIIEIN U, SHIC IRBYRIEZ T L T DR RIS AR 25l L7 2
AL BB FEAND 30 A M LEG A OM REMH 22N T, lAURIES
G TFRIEOPER D ENESNT, DL EOR R LY, MCL SRR IR S 20 L7k
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B E R TR AT LR A LR AT ET . B EUEE B L ONE (R B E
DOMECTHLRATHEEZ IR TE HEDRICI>TEWIBE R E2ELNDIENIR
B X iz,

4.4 KEDFEFLED
KRETIX, XEWHEEZRE T 52 L TREATHRMET R+ OMEE 2 FIH L

GHREIC L D RAAE AL v F L L TCHNEG T ORREFHES 555
THBL Y AT KERFE Ui, ARBFZE TR T2 REMEREE T/ K1 MCL
MM FERICR S L TR E TRV IAENLMEZA L
< WA CEBEEANT 2 2 L2 LY in vivo IZB W TEWIREZ R 35
Lz L HRE SN TV SH[153, 154], MMAORIHIZ L > T MCL @ BOA 7 & d 5
LN, IEFEAME L L TAAMIKICE Y Z<IMYIAEND Z &R0 -
TWb, Zauk, —EmCHrAMEKETE N R4 F—C ZERZH/ LT
BV, MCL OEMHE~OFARIZZOEMZFHAL TSNS THD, Lo
LAENG, ZRETICHESN T D BAMBEK~OFuALE (B ~ U251-SP
7 U A —=; 58.9 pg/cell[155], b hATMIIE2Y A HepG2; 48.9 pg/cell[156]) & Lk
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LT, ARBFFECTHWZ AS49 Hilfil~? MCL O EUA A& 13 13.5 pg/eell & TAR & X
LTI o 72, MCL 3MENA~IRDAE N D A = X LFZERITITH L NI S
NTELT, SRFELIBITT20ERNHL, ZOZ LI HE b LT invitro
ICBW TSGR 2F 425 2 & T AS49 Ml %2 HATEE 43°C B LM 45°C £
THASEDL LTI LI &b MCL 134k & 72 M 2 SRR il 7 RE 72 f8
NEY— I ThbdIENRENTZ, L, AFZETIE, MCL, AR &G TR T
FAINARI Z—Z TN B 2 TSR ~E B AL TRY, ISR IR
TETVRY, in vivo IZER W T, PR EBAET 7R T O R IS S5 & CHLRRZE
P Z R L CWO DI B Z<SITEY[12, 157]), 4 RIZZOMEE AR ICHY
AV, TR ERPARFEELZHIEL TG ERDH D,
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Fo. KR TIEIBEFREALFTETL2DDRA v F & L TRERS R
ZAT o Tooin vitro BE DV in vivo I[ZFB W T, i I IZ KD MCL O % B2 LW HSP70B’
TaE——NRE L GBS T TNF-o0 O BLAFHEEIIL, — 5 T, G RHZ217
DI oT28 4 Tk HSPT0B' 70— X — DAL F NALT | {5 B T TNF-a O
ETIFEAEBEINR o7, ZNHOFE 5, HSPT0B® 7 18— & — L g 5
WAEFATHZELIED B BBAR 7 OF B A 5 I fRE TH DO ZEMNRBR Iz,
AWFFE CTHEEELIZBAR TR BV AT DI ATA DT A=Ay I7HEN—T 2G5 AL T
WHTD | W BRI 21T 7251285 E Th HSP70B 7' mE— X — DU —ZZ LV F B
T5 tTA [ZEoTHRRBE L FORANEESN, THEQRIER 20 S 23 fakk
PeaZE ATV, LLARDNG, HSPTOB 7' R E— 4 — DU — 7 DRI N FEFES N/ 2L
NE RIS CRESE LTZIRAGEE M 7 ¢ — Ry VRN — 7 %8 i s T3 Bl A
T AEL BRI D 72 RIIAITIR R R NI TE OB AR RIE DB 712
BNWTHBRRY =L ThiHEE LD,
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B 5 T AN AIREEEAC LSRR O
B5FE THRZBREGFBAICIIHNARE
RIEBREDRFE

51 #E

P A DFEIEIC L o T RN H AT X AU R RIS K 0 IRIBFTRE T H 2 23,
REBZL OB TRAORR] ThadZ LiF#Ton2nEETHL, KF
DR, E TRIOF] 26 LOTWHEEIZ, HENA, BENALICHTHA
BIRIGRIEDNBENT O TH D, ZOMEZMIRT D720 EE~DOHUR R 5
72 aIE IR BB W CEHER&EI 2 5 CTL 28I H L 72 EE R A T Ml 5%
B DOWFFEBFE DK AZAT DAL TV 5 [102, 103], FEEIZ %35 CTL O %R E X,
a B BHICK VR END TCRICK > THAEN S, B #i1T VDI (variable,
diversity, ioining) FHIkI KX OVEH I L > THERK SN TEHB Y | TCR O LM
X VDI S OB fn - Hmk 285 Z L lc L v EH s, £ LT, VDI fHIKOD
BT % R fE I & FE X AL 5 CDR3 f#45k (third complementarity-determining region)
a— N T 58RI TCROZREERICBNTROEETHDL LBEXH
NTWBH[39], &S ERELL 7= TIL @ CDR3 fHIL O & x 1AL 2 T L. 25 A
PUR 2 R RAVICRM T 2 £ D12 TCR BinF 2 Bml L BRICEFICRT Z LI
F0. X0ERBAGERIEZIT) ZLEBAHETH D [158-160], TIL iR
CHWAHAORES & LT, BERIC T MBOPURRRIENZEIT D Z &R
ZF oD, TCR Bis 1% Ffwmk L7z AT CTL ZIRHEICH WV D BEOF] L,
PURFFEREMZHER L EFEREBICALCILZEERETHLIATH D,

ARETHWZ AT ) —~< BRI 2 B f- NPrCAP/M (X, 2 T =V AEH K
FriCHil G EED 7 U —F PV BT % NPrCAP & S TED., A7
J =< HEICH LTT R b= A2 ET o8 A L L TEMT538], &6
IZ, MCL & [F£RIZ, NPrCAP/M % F W 72 IR BV L I TR PTI98 23 7 1 &
N2 ERH|EINTEBY, (LR - RBVRIE - ERIEDO 3 FE OB
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5T MR A REIRE ACL DDA IR R R O B
F%&A L7 CTI (chemo-thermo-immuno) FiEN A T/ —~ 2%t 9 2 Hi#LIGE L
ELTHBEINTNAH[161], ABFSETIL., NPrCAP/M ZFIH L7z CTLIRIEIZ A
T CTL #FIH L7z TCRBIETIHIE. BLIOA T /) —~HRXTF REFMH L7
U FUREEMABAEDEDL LT, CTI FIEIC X VFE SN hiERGE %
S HICHIET AIREIEOREEZ B & Lz (Fig. 36) [147], HARMIZIX,

NPrCAP/M Z R L7z CTI RIEHRIZEE ONEEE 5 TIL Z HifE L T CDR3 #HI
DB TR Z T, S DICEGE/REN2ETF N2 RET 5, £ b
Mrg RaBiZ, NLCTL Z2/F- LAKNIZE T, SHIZHEE LEHURSTF R
EREGET L2 LICRD, PURGREOMTEZH S, Z OiEFEEIL, TCTI Rk
RICHRIEFHFE S 7z TIL] O CDR3 FEI O BT R 2 J: 1 N T CTL OfER&ZA1T
D72, CTIHRIEE AT Z LIC KA HBHENBIFFCE D, b1, flx
DEFIZK L TALCTL #EH, BLXOHEXTF REZRET 27O, @5E
ERELTELOBEFICX L CHEHMAAETH D, RFENERTIIE, FFEN
AEIRR LIRS, FE SN RS RZEIZ LY FR - BEAALE BIA
JAEETH V., DAZ [RAEOWH] PORASEDBEEEOREIZORN 5,

ARETIT, EWEE % BI6F1 v~ 7 A2 Z J—~< & L, NPrCAP/M & &Y %
FIF L7z CTIHRIEZRICHE SN DPUEGRED AN = AL BB T 572012,

CTIR LM @ TIL @O TCR Az BELAIAEAT . I L OHUR~TF N DT 217 > 7=,

FH‘PAMF Antigen peptide

Metastatic “—)% |

'ﬁ 00— =™ i -

S Sh I_\) L
8
=

TCRgene Artificial CTL

Fig. 36  Strategy of NPrCAP/M-mediated hyperthermia for melanoma-targeted
chemo-thermo-immunotheraoy. This strategy is based on combination of hyperthermia using
NPrCAP/M with antimelanoma peptide vaccine and TCR gene-engineered CTL therapy [147].
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52NPrCAP/M ZF|FA L= CTIEEDBEEDRRUVRE
R

SI)IH

&

52.1 XED BB

AE T, B AY T RET NV EHWZEYERT, BEGBRHICEL-T
NPrCAP/M 7% H IR E (43°C) £ THRE L., MM R ICINE T T
b DM, £ LT, CTI RIEROEBEMBEOE I ZJET D2 & THED
REFM L7, &6, CTUREER OB Mk LY »)EWNIZ CD8'T #li i
MIZEL TV NEBETHZ LT, CTI WIEIC X W HilEERERNFE I N
Nl LTz,

5.2.2 EBA%
5.2.2.1 ks

v AAT ) —<filEak B16F1 (American Type Culture Collection, VA, USA)
WIALIRER KR ZE R TER 2 #EE N A5 L CIHE | FBS & 5%, X2 Y1
=YY A (Wako) Z 100 unit/mL, A b L 7 h~ A > UHilEE (Wako)
Z 100 pg/mL 38 L OVREERKFE T U 7 A (Wako) & 1.5 g/LIRINL TR 7 = —
A DMEM (Gibco BRL) # W T2 L7=, M= I1L, 37°C. 5% CO2 A > %
a2 RXR— A NTIT>7,

5.2.2.2 7w kXy FEABRATOXADER

26G (Terumo) DEHEIZfT T2V P& A WT, 4 @l C57/BL6Ncr
~ 7 A (Japan SLC) DOEFENIZN Y F LB X —/L (50 mg/kg body weight) %
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EHTL2ZEICKVBREEE L7z, BRBRIL, ~URAZ Ty RF v 7 TaAR,

TA MTHRRFTLZZEICIVEREDR TR LRV E D IZEE L7z, 1X107 cells/mL
IZ PBS Tl L7z B16F1 MBI Z % O~ 7 ADHER DT (7 > k3
v K) 12 29G (Terumo) DVEHE TSSO UL EH T2 L T7 v b8y KERBRA
v U REERM LU, BWEBRIITBEBE O E Tt & 2170, KR E/HZIC
UM RF B ERRFEM ~ = = 7 VIV B LS 2853 5 L ) IS eI HiyY
o 7= (A22-180-0) .

5.2.2.3 N-propionyl-4-S-cysteaminylphenol/magnetite (NPrCAP/M) D{EE 5%

AHWFZE TR L 72 NPrCAP/M (T ALIR I BL K52 R 52 50 B & B g P s ik 5 L
TIHWT, LTI ER IS NPrCAP/M DARRITG{E Z Redld %, Wt 7/ KL+ (FesOu;
SR -£8, 10 nm) 137 B T2 (Hiroshima, Japan) KV EEA L7= b D& H L,
796 kA/m (ZiE) (230 DWRVE (BRI PRIE T BOFNRE R B 7R B R
FE) 1X. 2.0 kA/m, 63.9 Am?*/kg. 2.6 Am*/kg T& ¥ . 30.6 kA/m, 118 kHz (384 Oe)
2B BRI, 42.6 W/g TH H[147], rtEF 2 hi+£miz7I /270 -
Ny TV THITEML, v~ LA I FEBHZI LT NPrCAP #fi& STk
D[114], MEREZ v~ 87T 74— b, BET 7R FICHEE LTS
NPrCAP #(% 60 nmol/mg Th b, F7=. EHR 135 280 nm TH 5,

5.2.2.4 NPrCAP/M % F B L = CTI L EER

CTI UL D FEBR A ¥ — L% Fig. 37 IZ7” 7, BI6F1 Ml o 3 HiL, fEE
MRS TWNWD I & 2R L, NPrCAP/M #A# (net magnetite weight: 2 mg)
EHN AT ADEE FLEIZ 29G (Terumo) DS #FT 50 pL A& L 7=,
NPrCAP/M {E AT, 77UV O O I FREE R D~ A% AN FU, NS 08 28 2 ik s HR
SHEEE OO LICRDIDICRE L, KEMG LRI 725241280 CTI KiEE
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BAG LT, SOOI | JE 3 250% 30.6 kA/m, 118 kHz (384 Oe) IZ3% & L 72,
IS 1% 43°C IR E L, K7 7 A= EFF D7 7 —7 (Anritsu Meter) Z [l 55 3%
T & B NS S & T IS 3 i iR &R TR 2 L7, B6 35 IR BF 4 0 & 1% 185 1
WCIREZBIZL, B2 228KV ER R B DR EZL 43°C (IZfko7c, 20D —
WOBEE — H B ZICE3 ATV VARG D 14 A% ISR & BIBR L T,
JEIZ R D B &\ E 21T > 72, & B2, Optimal Cutting Temperature Compound
(Sakura Finetechnical, Tokyo, Japan) % i\ CHEE KR 2 B EE L. #E49
Z /R L CHt CD8 Hifk (clone: 53-6.7, BD Pharmingen, CA, USA) % VT
THZ LIS J:\D ﬁf&%ﬂ%ﬁi&%é@ﬁ%ﬁ%ﬁo 7

9@

1) Implantation of B16F1 cells 2) Injection of NPrCAP/M 3) AMF exposure 4) Tumor and lymph nodes excision

| I B &
] |

Implantation of B16F1 cells | Injection of NPrCAP/M Measurement of tumor weight and
AMF exposure lymph node volume
Isolation of CD8+ TILs

Fig. 37 Scheme of hyperthermia using NPrCAP/M.

5225FRY V/I\EHLD CDSTHIEOERMREUOIO—Y A FA L) —fEHT

U ot e @A L. SRR AT 05 < T 272010, CTI HRIEB MR H
5 14 RO~ D ATHBEE L%, UIBRLZZWY Uil o R DEIZ 1%
Evans blue (Sigma Chemical) % 25puL 2 FiES L, UV Rz FOlZfa Lz
[162], FEIZYta ST RS 2 B il U747 oo RBRE U > <8 3 55 I A\ 58
U REITHDH[163], U NEOERIT S FAEZMNTHIEL, U U Hio
HRREIIRAERACTHRE L,
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Lymph node volume = 0.5 % length [mm] x ( width [mm] ) 2
FEICGEAINTRETL Y @ EBAE L E 92 TEICEBR L, PBS
RV MEEFR IR L, UIBR LR Y » NHi % gentleMACS C Tube
(Miltenyi Biotec) (Z[EIIX L. gentleMACS™ Dissociator (Miltenyi Biotec) % fu>
THREVTARTHIETHMBEERKREHE L., BAREEKZ 15 mL =0T
— 7Z# L7z . MACS buffer (Miltenyi Biotec) T 10 mL{Z A A7 v 7 L,
300X g, 10 4rff, 4°C CTELODEET S22 & TY U NEkEZBRLZ, BRELLZY
YNERAEPL CDS iRIC kv L%, e —H% A4 b XA —%— (BD
FACSCalibur™; BD Bioscience, CA, USA) IZ X VM35 Z & TUL REiFH D
CDS8'T MifaEz 3t L7z, Vo Eiff Ol 2720 CD8'T MiladFIA1L kU /]
YT =PI LD B LT,

5.2.2.6 #EtfEM

MR IZ~ R A v b =—BAFIR & Z W TITV, P<0.05 DEKF, A EZ
N DY E L,

523 RERIERLBE

5.2.3.1 NPrCAPM ZF AL - CTIEREZDAREMR

BAEETIZ, v~V AMUBEEBICE TSI BI6F1 A7/ —<{Z%fL T NPrCAP/M
ZRMA L CTUHEENRARI TH D Z &Rl STV DH[164], ARIFFETIX. it
NGBS U > oNEi B RAREE KO Y Vo REI[162)CRE L TSI+ 5 2 & % H
HELT FTADT y by RICR TR LA T J —< (2% L TNPrCAP/M
ZFM U7z CTUEE & i L 72,

FT. 7y My FEBRAS T RET VEHWEEIMER T, BERHIZX
- T NPrCAP/M 7% HBYVRIEIREE (43°C) £ THRE L., MG 29I "]
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HECTd 50 ifl~7= (Fig. 38A) ., 7 v h/X» RIZ B16F1 fifd =M L T 3 H#&.
R~ T 2D EEHIC NPrCAP/M #EA L, ZEMGZ RN 52 & Tl
BURVE 21T o 72, Fig. 38A TG MOEGERE, EBNOIREEZRL TV
%, Fig.38A XV | WIGMREBHLED D 3 0B ICITERIRE S 43°C ICBZE L, H
NEFRETDHZETACEMH/HFTHENTE R, ZOM., BEBOIRET 36°C
AL EITIFELEALERLS, BHEOKEZR-> Tz, LEDRRND
NPrCAP/M & REWGZ#FMT 22 LI XV EFRMBEEEST D Z &2 <,
NPrCAP/M % {EA L 7- SRR RIS+ 2 2 e ¢c&, MO ZHET 25
Z L TIEM, MEICIREZRETRECH L Z &N R INT,

WRIZ, CTIRRIEB D 14 R DG Mk O E S 2/ Y . NPrCAP/M z F]
L7 CTI JEDIRHE SN R 2 31l L 7= (Fig. 38B) . JRIEIRE % 43°C (TR EL,
— HPBXIT3EITHIZLICED, EIRIRBEN A~ T AL B LT CTURIEE T T2~ 7 A
DIEBEENE BB L, 1BRIEE % 46°C IR EL, — HEIZ 2 [fTHZLT
AT )=~ &SR ARTIRHE AT RE CHH LN SILTEI[165], RHFFEIZEB WV THIEE
REZ43°CLUL RICRETHZ L THEOERBHEN/AETHL EEbND, L
ML, X7 =Y A& T 46°C L DKV 43°C TINERT 5 Z & TR
PO RENFE S N & OWMEN H[164], AHFZE TILIR B E MRS ORI %
HEJ & L TW D72 DinFiRE 2 43°C IZRRE LTz,

S HIZ, FICEREL TV CDS Tz E®T 57, Hit CDS Hiikz v
TIREBALED O 14 B OO E Y %17 -7 (Fig. 38C, D) , IR
BB A~ T 2O RGN, BRSSP IC ) T CD8'T Ml i3 Blgt s e h o
7oy, CTIRIEZ M L7c~ v A OEEEHE A UH T3 CD8'T #llfid D =M 2 £ %8l
B35 LN TE (Fig.38C) , £ LT, NN LEENICE\WTYH CDS'T
Ml D= 2 M L7z (Fig. 38D) . Z D AiL, Sato, A.5H., Takada, T. 5 23T
STHEHHN A~ T AT VEF W CTIHRIEICB T 2R L —F Liz[161,
164], LLEDOFERNS, NPrCAPM ZFIH L7z CTI WiEE4To Z 212k, Y
CoRERMPTEMAL SUCTHEG TR L. G OIBMHICHEIRT 22 L ARk ST,
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Fig. 38 Hyperthermia using NPrCAP/M. (A) Temperatures at the tumor surface (closed circles)
and in the rectum (open circles) during AMF exposure. NPrCAP/M were injected directly into
subcutaneous B16F1 tumors. Data points and bars are expressed as the mean = SD of five mice.
(B) Tumor weight on day 17. Tumors that had been non-treated or injected with NPrCAP/M with
or without AMF irradiation were resected, and tumor weight was measured on day 17. Data are
expressed as the mean + SD of five mice. (C, D) Immunohistochemical staining for CD8" T cells
around (C) and within (D) the tumor on day 17. Tumors were resected after NPrCAP/M-mediated
hyperthermia. Violet-blue cells are anti-CD8 antibody-stained cells visualized by
diaminobenzidine tetrahydrochloride-nickel solution containing hydrogen peroxide. Slides were
counterstained with methyl green, and nuclei are light green. Arrows in (D) show a few
representative CD8" T cells within the tumor. *P < 0.01 against non-treated mice. **P < 0.01
against the mice treated with NPrCAP/M alone [147].
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5.2.32 NPrCAPM ZH#ALE-CTIEEZDREFZTEDR

WIZ . CTIHRIER D 14 B O BRAETIMABEE ) o A {2 BR4 52 &1
X V. NPrCAP/M % F|H L7= CTI LD EFHE R %2546 L7- (Fig. 39) .
Fig. 39A, B LV, E(HOREWY 8 & i L <, ARICBM L7 EEM
WOFTEY v RETh LA OREHIRAELEY VA HAERLTWD Z L
AR LT, 2OV UV REOF A XEFRLIZE A, BIBEHEN ALY T AL
NPrCAPM ZEALTZDHD~ T A Gie, ETOERNAL~ T ZET VITEWD
TOHE LW R AL U > NEi o 8K % fes8 L 7= (Fig. 39C) , £#1Z NPrCAP/M
ZRIALE CTIREZ L7~ 7 AZBWC, A =T~ RLHEELTEL
< BB AGEEL Y o RE AR L Tz (Fig. 39C)

LINTY RO KIT. BATUR 2R L CEGEM~RE L2 T M
B8 U o EHimBE LT D EMAEE Y 8B W T APC IZ X D HUR
FERICK O IEM L U, 58 - S L2 RR A7 T Ml 3B 5- L T2 & B X6
N5, 2T, TA—T~vUZAORBEY U 8L CTIRIEZ M LZHPA A~
U AD BRI AEIE Y XA B L, CD8'T Mg O %k % ki L 7= (Fig. 39D) .
Fig. 39D X V. CTIREA i L7z A~ 7 A2 T8 W T CDS'T M3 L <
BEML TWz, 2D OFERN B  CTHFEIEIC X0 JUEE RE 2555 S, CD]'T
MRS HEIE L7 2 S I R D IRAGEE Y U NERIER LI EBZ R b5,
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Fig. 39 Analysis of lymph node after NPrCAP/M-mediated hyperthermia. (A, B) Evans blue dye
labeling of a representative inguinal NDLN (A) and DLN (B). On day 17, 1% Evans blue dye
solution was subcutaneously injected into the hind foot pad. (C) Lymph node volume on day 17.
Closed columns, NDLN; open columns, DLN. Data are expressed as the mean = SD of five mice.
(D) The number of CD8" T cells in a lymph node on day 17. CD8" T cells were negatively selected
by magnetic cell sorting. The cells were mixed and stained phycoerythrin-conjugated anti-CD8
antibody, and flow cytometric analyses were performed to analyze the percentage of CD8" T cells.
The number of CD8" T cells in lymph node was calculated from the percentage of CD8" T cells
among the total number of lymphocytes that were counted by the trypan blue dye exclusion
method using a hemocytometer. Data are expressed as the mean = SD of five mice. *P < 0.01
[147].
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524 KXHIDFEEH

NPrCAP/M % Il L7z CTIIEND 14 B OEBMBGOEIZRWEL- L 2
5. CTIREZ LT ACBWTH BIER 2 IR SEL LN TS, S bIC
CTIRIEBIAG & 14 B # O JEF ALK O 51 CD8 HLik & IV 7o 5o 2 /L% 7 B fig il %
fTolb 2 A, CTIHER i Lz~ v A O JEEHLEEE PHIC ) T CDS™T Ml o
Rz 28R L, R b EIGHEMANICHE VTS CD'T Mk 2 MR L 72,

FoCTURERMG NS 14 A% O B A Y U @28l Lice 24,
WA ERBH LA O RBHRASER Y v R ERFELIIERLTND %
MR L7z, £ LT, REMMASERY v/ HiHNoO CDS'T Mo % ik Lz &
A, CTUREZ M L2 A~ 7 A28V T CDS'T Mtk 3% L <8 L <
WD ZENGMY . CTI FRIEIC XV PG 3 iF 5 S, CD8'T Al 23 HE Ji
LizéBZEz2zbnd, LEOFRERENS, NPrCAP/M ZF|H L7z CTI EiEE1TH =
KD, BDAMIEZ R L THET 5 CDS'T Ml A3 0 L. IS HHE kD&
MEIWCEBRTAZ & BNRBE I NT,

5.3 NPrCAP/M #F|FA L7- CTIEZHOEEZHY VI ERD
TCR L/ D2

5.3.1 XEFDHK

ATEIIZ VT, NPrCAP/M & A L7= CTI HIEIC £ 0 358 S iz P g s )%

2k 0 RERER A Y o SEiIZ BT CDS'T Milafk o iz iR Lz, %
ZC, AHEITIE, BEEME, BBREY NGO TR TCR VB 7 7 2 U —
DU TN 24T 5 2 &I R0 SREFHE S CD8'T ML D RVE &2 § ~ 7z,
S b2, UG 2 s 5 7201l RERE S L7z CD8'T Ml & i Mk 9
HHURTF RORELY BIEEE LT,
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5.3.2 EBAE

5.3.2.1 TCRVP L/X D 8&#r

TCRVB L /N b U f#H71E . SuperTCRExpress™ Mouse T Cell Receptor VP
Repertoire Clonality Detecting Kit (BioMed Immunotech, FL, USA) % H\\T4T7 -
loo TOF v b afMH LIS 51513, VDI il Z PCR {EIC &V B A= HIE
LIS, 7T Hr— AT )VESKBBIT 2175 LW oinTh S5, £9. CTI
WL D 14 AR OEGHEMS LTV o b HEEL 72 CDS'T Mildi b
RNA fili 2~ (RNAiso Plus, Takara) Z ]\ T RNA 24l L7z, flHL72 RNA % /]
WTIHFHR GRS ZITHOZEITLD cDNA ZER ML, 94°C T 3 ZyfMLEE L 72, 94°C
T 30 #fH], 55°C T30 B, 72°C T45 Mz 1 A 7 & L, T%E 355 A
VYIRS Z EIZE Y TCR Bl &g L7, £ L T, Taq DNA polymerase
Z Wz 2 BeBEH @ PCR (95°C T 3 5 WAL L 72 &, 95°C T 30 ®fH., 58°C T
30 M., 72°C T30 MM A LA 7L L, THE 3094 7 0 RT) %217
VW, FREA) 72 TCR VB BIn T2 MR LT, ZD%, 4 %D EBBIET Tu—R 7
NaEAWEERIKEZIT) Z LXKV PCRED LS LIV TCR VB B is 112
EDX IRV /NN URHLMEM~TZ, £/, DNA BRI O DI, &
L[UKEN D7 B8]0 L 7= TCR VP 23 K % MagExtractor™-PCR (Toyobo)
& Gel Clean Up Kit (Toyobo) (2 & D #H L 721 12, pGEM®-T vector (Promega, WI,
USA) ICfitr7n—=v7%1T-o7, LT, Btkae=—00HMH LT 7
A 3 K DNA Oz FEEL %] % DNA sequencer (Prism® 3130 Genetic Analyzer; Applied
Biosystems, CA, USA) (Z X 0 figfr L. 1§ i/ HA 4] % BLAST search engine
% f#i 1 L T GenBank database & bbig U7z, L EO#EIEIZF v O T aha— Tt -
TIro7z,
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5.3.22FE") /R EiH 5D CDSVPI1TT HlE D B g

CD8*'VBIIMild D> 7 v —H A M A MU —fRHT D72, 5.2.2.5 |ZFCH L 7 #
EICE WEI LY 88k B H CD8 HifAE L OFT TCR VP11 HifK (clone
RR3-15; BD Pharmingen) % i\ C CD8"VB1 1T Mg 2 BB L 7=, [8lU¢ L 7= f i
7a—H# A kA —%— (BD FACSCalibur™; BD Bioscience) THEHr7 2% Z & T,
Vo3 Eidh o CD8*VBIT'T M DRE 2L — a2t L=, Ui/ Eid o4 4l i 24
720 CDS VBRI T flEOFI G F Y N T —Yetaibic K B L7,

53.23 IEHELFDRIZHEITHIFNYyDEE

B2 EIEHICEB T 5 IFN-y &l E O KB A % — A% Fig. 40 [Z”3, CTIEIE
AR/ 14 RO~ U ALY UKl EZ~ A b~ A 2 CRLE L
72 B16F1 fifid (1.0 x 107 cells) F72iEHlm~7F F (10 pg/mL) & HLHEET L
LKV BRI A TV, IFN-y Doz e Lz, LR T DO #IL, FBS
10 %, N UNAX=vY B Y v A (Wako) % 100 unit/mL, A hL 7 b~
A v U R (Wako) % 100 pg/mL, 2-A /L H 7 k=X /7 — L (EMD Millipore,
Darmstadt, Germany) % 50 uM. HEPES (Dojindo) % 25 mM 3 KX ONREE/KFE T
U v A (Wako) % 3.7 g/L ¥’ L 7= RPMI-1640 (H /K#SK) Z6FH L7-, £ H
L 72 FBS 1% 56°C T 30 /3 MIINE 35 Z LI2 L W b 217 o7, £ LT, il
BT 5 BRI Wiz B16F1 fifldid, BI6F1 ANt k¥ B L T\ 5 MHC 7 7
A 1T EPMEW T2, IFN-y (100 unit/mL) (2 X2 BEFEZIT - 72[166], Fi=.
LR ~_7F R & L C. tyrosinase-related protein (TRP) -1222-220 (amino acid sequence:
TWHRYHLL; Greiner Bio-one, Frickenhausen, Germany) [167]. TRP-21s0-188 (amino
acid sequence: SVYDFFVWL; Abgent, CA, USA) [168]. glycoprotein 10025.33 (amino
acid sequence: EGSRNQDWL; Anaspec, CA, USA) [169]&Z v, X T T 4 7 a2
km— 1 & L T, ovalbumin peptide (OVA257-263; amino acid sequence: SIINFEKL;
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S E T M R RERE LD AR BRI O B %
Abbiotec, CA, USA) [170]% W7z, T b7 F ROEREIT>0%TH D,
BI6F1 #ifll, HUR~TF REHUR &3 2 FfBIEL 5 ARTTV, 5EEPIT 2 A
BEICESEOREMZH AT o7, HEERICLY 5 BHEIB\BAEZIT > 2H%IZ,
Ks#% FyE % AU L. Mouse IFN-y ELISA kit (Thermo Fisher Scientific, IL, USA) IZ
FJOEEE BIEFICE END IFN-y DIE AT o7, #IEILF Yy o7 rha — il ->T

1T-o7,

s v

. e — dw

MMC, iFN-T. | Pretreated B1EF1\ / Antigen peptide
: . — S |
::__-'_.e s, oAl
B16F1 cell == Lymphocyte N—
1) Addition of MMC, IFN-y 2) Restimulation of lymphocytes 3) IFN-y ELISA
do d2 d4 dé d7
Restimulation of Medium change
lymphocytes
Induced expression of MHC class | | Assay of amounts of IFN-y

on B16F1 cells using IFN-y

Fig. 40 Scheme of assay of amounts of I[FN-y in culture supernatants.
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533 RERIERLEBE

5.3.3.1 [EHZiM") >/ BkD TCR VP L/\ R4

NPrCAP/M ZHFIH L7z CTI HIEIZ LV, MBI ASEE Y v EHits W\ T
CDS'T Mila B DI A MR+ 5 Z &N TE o, SREFHE I L7z CDS'T fllfia
DRFEZ A~ D 7o, EEMAME, R Y A H#HNO THildo TCR VB 7 7
RY—D VLN NUMRNT 24T o 7= (Fig. 41) . T A =7~ 2ADREHEY v/ Hi
TlX, VP20 Bl %2BR< T _XTOTCRVB 77V —D B FRHAEMHER L
(20/21 VB 7 7 X U —; Fig. 41A) . HERFEHN A~ T ZOREH Y o RHilcE
WThH, IFIEETHOTCR VB 7 7 IV —DOELBFRIELZMEE LT (19/21 VB 7
7 I U —; Fig. 41B) . L7 L 2R 56, EIRRKEN A~ U X OGN IZIT,
TCR &fn 1+ DRBINIBE I N2 o722 &£ )5 (data not shown) . & BV E & it
SR IEEBEBNICY VRN RITIFEACRBLTIAVWEEZ NS, —
J7 . NPrCAP/M ZFM L7 CTIEEZ N L~ U ZADOFAGEIE Y o ik
WT, CDS'THEFED TCR VB 7 7 X U — D@ /s I3 BILHE TIRE Iz (1521
VB 7 7 X U —; Fig. 41C) ., 52, CTIEEZ M Lz~ v 2D EEMH CIX,
TCRVB 7 7 2 U — @B TI3BIT S HITRE S, TCR VB5, VP8.3, VBII %
H O CDS' THMEANFEL TWVWDHZ &Ny ho7e (Fig. 41D) . BLEDOFER I D |
CTIFIEIZ LV EMEL S 7z CD8'T MifldiZ, ~ VA X T ) —~ &R BRAICHE
TRHEDICAY T 7 a—FVZHIEL TWDH Z LRI ST,
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A TCRVp family
200 bp91 2 3 456781 8.28'.3910 1‘1 _1213 14 1? 16 17 1-819

100bp> ™ . g

B TCR V§ family
200 bp—> 1 2 3 45 6 7 8.18. 8,910 11121314 1516171819 20

.

Rt 1

-
100 bp—=
C TCRVp family

200 bp—> 456 781 83 1011121314151617 18

* .
e’

100 bp—
D
TCR VB family
200bp—> 3 8.3 A1
L]
100 bp—

Fig. 41 TCR B-chain gene expression in TILs after NPrCAP/M-mediated hyperthermia. Analysis
of each specimen included 22 separate electrophoreses of DNA amplified with different primer
sets of each TCR VP family gene-specific oligonucleotides. Representative results from VJ
amplifications of T cells in single mice are shown. (A) Inguinal lymph node from naive mouse.
(B) Inguinal DLN from non-treated tumor-bearing mice. (C) Inguinal DLN from the mice treated
with hyperthermia. (D) Tumor from the mice treated with hyperthermia. The TCR V[ family
number is shown above each lane where bands were observed [147].

5.3.32EH:ZiM") > /{Bk®D TCR Vp BEI=FE I EN

TCR ZJr L7z T Mila DR FE % D L ERME T 2 3T, VDI fifdEk o 8 Ax 7 Ad
IR bEETHD EBE 2 LN TWHTH, NPrCAP/M % FIf L7z CTI ik %
M L7708 A~ 20 TIL ® VDI fEK O & s B4 & gt L7- (Fig. 42) ., &
B BLHN & AT 2 72012, CTIRIERLGE S 14 BHEOHEMN A~ T 205 EE
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S E T M R RERE LD AR BRI O B %
ZEUL L, T L7-& A, PCREHNS VB D7/ a— 2% 1>, VP82 OV
H—2%52 VBl O —r% 6 2L, #liLz7 m—r OB/
FIEHT OFEF. 5 54 TH TCR VP82 D7 n— L [F — DB FE S ZH L T
W72 (Fig. 42B) ., — 7, TCR VB11 O EAR T ELHIMEAT O fE R BEL L 72 TCR VB11
. IB2-3. IB2-7T DER D oD JB BIin . S HIT. EipDH =50 N-DB-N
WoCHERC S LT/ (Fig. 42C) o ZTHUHDOFEER LY TCR VBITT ML A
PSR Y o NE i TTA Y T a—F VISR L, EEASICRE L TV Z AR
B, YURARAT ) =< EIRET H72DITIE TCR VBIUT MilazFIH+ 5 2
EDRHEHBETHDLEBZOND,

A
Vp6 N-Dp-N Jp1-1 Frequency
TGTGCCAGCAG CCCTGGACGG AACACAGAA 1M
C A S8 S P G R N T E
B
Vp8.2 N-DB-N Jp2-4 Frequency
GCCAGCGGTG CAGACAGT AGTCAAAAC 5/5
A 8 G A D S S Q@ N
C
Vp11 N-Dp-N Jp2-7 Frequency
GCAAGCAGCTTAGA ACTGGGGGGGCGA GAACAGTAC 3/6
A S 8 L E L G G R E @ Y
Jp2-3
GCAAGCAGC TCACTGCTT AGTGCAGAA 1/6
A S S S L L S A E
Jp2-3
GCAAGCAGC TCACTGTTT AGTGCAGAA 2/6
A S S S L F S A E

Fig. 42 TCR B junctional sequences from TILs in the mice treated with NPrCAP/M-mediated
hyperthermia. (A-C) Nucleotide and predicted amino acid sequence from V(D)J regions of TCR
Vp6 (A), V8.2 (B) and VpI1 (C). Tumor samples from five mice were mixed and analyzed. The
amplified PCR products of TCR Vf gene were cloned into the plasmid vector. Six or as many as
possible randomly picked colonies were analyzed, and the plasmid DNA from the positive
colonies was sequenced [147].
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5333 A5/ —<HEHEREIIHIT IEHRR " 2/ \BRO K G

RT-PCRIZ X D TCRVBII BIn T DEMDZHNE T ARAT J —~ %% L.
WEF 5 7-HI2 TCR VBIU'T Milan4 U 227 a—F VI L, SR~
HMLTWLZENRBINTZTD, TA =T~ AL CTIREZHB LY T X
DO FBREY o REin HERILL7- TCR VRIT'T Ml o E & L, ik L7z (Fig.
43A-C) . ZOFER, TA =T~ AL HEEL T CTUEELZ L2~ T A2
T CD8"/TCR VBI1'T DA E 7o N % #E78 L 7=, Harada, M. 5 23§ 32 L 7= B16
AT ) —~ &R ERAICRFET 5 CDS'T Mlutk AB1 Mifidic i\ CTh TCR VBRI &
BFNBEL TNDLZEDPMESNTEBIO[T], YUVAAT ) —<Z@ik L T
JEBEAEAR IR L CTWD Y U RERD L < 28 TCR VBRI B FERBELL TW5bH &
FEAOND, INOHLDORRIY . FTEY R HICHFET D CD+T Mg £ < 28
TCRVBI BInFZRE L TW LN ZBET L LICLY, Bl A Y F7
02— F LR BEIX CD8+TMRA~ 7 A AT /=~ &k L TW\WH Z L ITER L
TWELRHli A RE CTH D Z &R ST,

WIZ, TCR VBIT'T M2 A 7 7 —~< Bl HR -~ 7 F NI L v sk S5 0
EAND DI, EGEPURAR R 72 IFN-y sEAE &2 J|E L7- (Fig. 43D) . 1A¥
BHAG/N D 14 B 1% O BTN Y v SEr DB L) v o55k%E, ~4 b~
A CLERZHE L7- BI6FI fifld E7-1d~v A X T 7 —~EEHFTH 5wk
B~ K TRP-1, TRP-2, gpl00 L5425 2 Lic Kk HlMZ 5 2 72,
3% O 115 &2 V72 ELISA O R TRP-2 X7'F R L 5l % 5
RTeSEDHRY) NP EZE LS IFN-y Z0 WL TWDH Z &R0 CTLHRIEID
LT VBESNEBICRBELTWS Y U RER2Y TRP-2 LR 2 K BAJICFRR L T W
5 Z LSRR ST, Harada, M. 5 253832 L7z AB1 Mifldix Bl6 £ 7 / —~ #iia
EAARIC TRP2 N7 F F&fJi & L TR L TWD Z ER@RE SN TWDH[1T71],
& 512, Singh, V.5 3B L7z TRP-2 X7 F N &k RAIZFRH% 9 5 CD8'T fl i
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WS E T MIZBREELE NI ARG PO B3
BRIZ. TCRVBII B2 BB L TWVWDL Z ENHEINTWVWDH[172], 2D DA
REBONTRERNS, TCR VBT Ml 2 723 - jR 1L <>, TRP-2 X
TF R FURBEEZFAT A LI D NPrCAP/M Z | L7- CTI #&i:
WCEVFEINIHEEREE IOICHMIET A Z ERAEICRDZ EEZOLND,

A B
=) =)
f=) =)
© - :
5 ». 9.3% 8 18.1%
= =
o T T Y
100 10" 102 10°  10° T10° 10" 102 10 10¢
TCR Vp11 TCR Vp11
C D
25 450 -
= . |
2 E l
S > 300 |
£ 15} =
= b
> g
x 10 | °
2 > 150 |
¢
a st z
o *
0 o L 0 - 1 | | [
Naive NPrCAP/M OVA TRP-1 TRP2 gpl00 BI6FI
+ AMF (257-264) (222-229) (180-188) (25-33)  cel

Fig. 43 T-cell response in the mice treated with NPrCAP/M-mediated hyperthermia. (A-C) Flow
cytometric analysis of CD8/TCR VB11" T cells in an inguinal lymph node of a naive mouse (A)
and in an inguinal DLN of a mouse treated with NPrCAP/M-mediated hyperthermia (B). CD8" T
cells in the lymph node were purified by the magnetic cell sorting, and the representative data
from single mice (A and B) and five mice for statistical analysis (C) are shown. Data are the
means and SDs. (D) T-cell response to melanoma-associated antigen peptides. After the
hyperthermia treatment, DLNs from five mice were harvested on day 17, and lymphocytes were
then restimulated in vitro with antigen peptides or mitomycin-treated B16F1 cells for 5 days.
OV A»s7.264 peptide was used as a negative control. After the restimulation, culture supernatants
were collected and amounts of IFN-y were measured by ELISA. Data are the means and SDs of
triplicate experiments. *P < 0.01 [147].
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544 KEHIDFEEH

AKEIICBWT, EEMM, REmY o/ EHNO THIWO TCR VB 77 3 1 —
DL RN NUEN T2 2 A TCRVBIIT AR~ 7 A X T ) —< {57
L ETCEBERY —LVERDIERDNoTZ, EBHIT, BELL7 TCR VP11 ® 7
1 — OB T BN 247 3B OB TS 2572, £ LT, Bl6 £ 7
J =R R BRPERRTF RE LT TRP2 X7 F RBRAHTH D Z LR S
nic, 5%IFIEG L8RS ZFHA L TALCTL OFRICEF LIznwEE
ZTW5D,

55 XEDFL®

ARETIEIET, NPrCAPM ZFIH L7z CTIHEEEZ AT ) —~ R A~ RAE
TS Z IR, FEICEGEREZEHAIETHL AR, &6
(2. CTI k% o RS Y » RE 2B\ T, CDS'T Mg oI X %
U R HORERPABIE S, CTL FIEIC XV FUBEERENRFEIND Z &N
bhot-, LT, BAERMEAFEEY L@ N, B L OEEMAKICEBEL T
5 THIAD TCR VB 7 7 I U —D LN NUMRHTFERIZED, ~URARXT ) —=
EWET L7012 TCR VRITUT MifN A U 27 v —F LI HEiE L, IEEHHKIC
RELTWD Z &SNz, £, REFE SN CDS'T MifldiL TRP-2 ~
TFRICEVEEEENDZ by oz, LEORREID, CTI EIEIZ LY
FHEINTHEGREARIET 22 2B E LT, CTIHIEIC AL CTL % F
M LT TCR B FIRIE, AT /) —~HURNTF ReRM LD 7 F U REZ M
HEDETIRFIEZRET 22 L OFRAER RSN, Z ORBIEIIHUEL &
BEAFEHTEDLILERRROFRTHY | JRENALEZIBE LIZRICHRE - 55
P DIRFES FTREIC R D EZERABND, £, AIREROFIETIEZ, [CTI EiE
RICHREFHE S L7 TIL] O CDR3 fHIO BTG R 2 L2 AT CTL 2R, &
FOPURATF RERET D720, BEF - AOL D ICEWHIEE 2R 2T
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5T MR A REIRE ACL DDA IR R R O B
EOMIMLEREZHET 5 LN E RS, T E TOMI T, BEHEESIZ
£ D NPrCAPM 2 AT /) =~ ~KET H Z LKL L TWD 25, MIfEN R RIZ
OISR~ BV IAENTLE D Z LR 0> TW5H[113, 147], AET
B E LT ARXAT ) —< I IRIEMIEE TH 5D T NPrCAP/M O HNKS
ThHoln, A%, BHEEADPKRELRBANEHT D201 L0 &2 ES
BRI E BT 2 LEN D D,
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Batk S ki1 & R TR AR A U2 B BRI 558 S D U 6 g & it

ETDIREIEERET L2 N TENIE, BALE TAHDH] 26 LHTWND
¥ - BB & BRI o D g R 1T K 0 IR RTRE 72 B B A 72 28 TR IR & Ak
DES, TUEEREZIIET 2 FERE LT, T MIROHEIH - s{bZ2FE T 5
A NIAREDHEREELRTFEHNDL I EDRRETHDLEZEI NN, T
OBEFOAEKENFEBICIK T 2BEHN ORI EZ ER L RIThiTRoRy, Lk
Bo T, RBVEE L BETRIEORETH 2 RFTEE RS 52 27 A% B3
THZLENEETHD, £ T, A TITE T e T /i1 & 2%
B MR LR BVEIEIC K2 IMIBEAER E L CHWEBER T2 KERI TS
RAFEABETRE AT LOREEIT o7z, £ LT, REVEIER OHUEL
G A RBHEEME LT RELAT ALY ESICRIET 00, FiESh
TeHEGRE D=7 = 7 ¥ —HilaTh D CTL DFMEA TR ~T,

F1ETIE, AFZEOE R, BWZRL, AFEOTEHTHO W THP L7,

B2 ETIX, AW ORE S B OBEFEOM R EZHIT L, KO EFRITOW
T L7,

B3 ETIE, IMREEAA vy F & LTHNEBRE 2 KRERBT 2G5 E
BFRR AT LORBELERAAT, £, BB FEBET 7 AI P77 ¥ —
EATA I T 7 A I N7 X —2Ei% | LacZ BinFE MW VIR—=4 =7 v
A BIToTER, MEEZ AL v F L LTHRNEB BB L, (TA ITX 5%
BREOHEMPBIETEL, =612, Wietkom L2 B/ & L T One-pack ¥ A7

103



=%

6 FRE
LZEBFE LTI, 2O One-pack VA7 AL, VA NATrE—F—%HHLHE
R E AL TR BL Y AT ML 215 2 8 L7z, KIZ, One-pack ¥ AT A%
FIR U 7223 AR IS -~ ORETClix, IR & (TA I X 21551 HSV-tk 3 X
O TNF-a O3B RIZ K0 58 < 25 AMIa o BEFE 2N il St IBVRIE & B is 1
WIEDOPHBR PRSI,

94T TIE, BREMERME S K MCL & A EMS 2 FIH LT, %3 = CR%
LB FREAES AT LGSR FHBE AT LRI, £7
in vitro [IZB W T, BGREFOIMEIZ LY HSP70B* 7' v € — % — 3 ER#) L, (TA
XV HMEBRTFOREDPERINDIZEE2 R LT, HPA~YT ZAZHWCH
PEBRICE DTS, BEEHRFREOICINERTETH V. BIERIC XY BE
BT ORBAEZFEAETCHL 2R LI, £, MERAICX 2 IRBURIER
D NEGEARTE 2 RRRFAIZBIZE L & 2 A, 30 H M < BE OB K 2 Il T &
oo IHIZ, MGBBRHZITORNPSTEFMETIE., BNELRTFORIIIFEIN
ol Z Einb, AR LIEMEFHEMNER RIS AT AT RAIZ LY
HHBIR T ORBZ BB ICHIERETH D 2 ENmEn, LEOHELD .,
W3 BB TR BL Y AT S, IRBYRIEIC XV 78 S o PUE S a0 & R
ETHDIREILEERE T2 ECHEARY —LERDEEZLND,

%05 B TIX, BEREMEREME T 2 KL 7 NPrCAP/M & R FERY; # FIH LT, K
ERICHFEENDIHIEEGRE DO A I = XA LG 21T o172, £, IBENLS 14 H
BOST T AEBRELI2E A, B ORNE, HERAGEY o J NIk
7% CD8'T Ml DA Hv, IRBRIEIC LD PUEERENFEI NI L
PR S LTz, £ LT, B, I A S Y N IZiRIE LT & 72 CD8'T
MR TCR ® L X N UM 21T 9 Z & C, EE 2R RIS L TR L T
% CTL OBEWRIT 21T o 7=, ZOREE, CTLHFIEIC LV FE I UEGHK ISR
ML TWD CTL @< 8 TCR VAL BIa 2L TWDHZ ENRINTZ, £
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LT, MERREL SHICRIET 22 2B E LT, BERAGERY v
IR L CE 72 CDS'T Ml 2 1EMH b ST RN T F ROBERE[ToTo & 2 A,
TRP2 XTF RN EHTHHLZ B nhot, LEDORRELID, CTIEIEIZ AT
CTL #FIH L7z TCR BB THRIE, A7/ —~HRXTF REMHALLY 7 F
BWIEEZMEABEDLEHLZ LICED, CTI WIEIC XV FEINZHEEREL S 5
WHRYE T 2 Z E N ATRE L 720 . % - IR A Z bIRRE TR B RN AR
EIEORBNFAGEE 2D EEZEXDBND,

SRORE
RBFFE T, BEdET /BT & 2B 2 FIR L7z BB IE R IS8 S N D Hi
55 50 58 % JRTE 3 2 HTBL S A IRIEO IR 2 HIR L, 3 SR LUV 4 10 B

WT NEBGEERRR PRI AT LOMIE] . F 5 BIZBWT EERMEY
YONEROMENT] B RO THRATF RO #0017 L T2 T o7, 4%
T, ZH O DOFZEREZ THARBEBIC LY — Kb L7229 R 2 i AthiR ik
DR ZRZ D,

FROBMZZERT DI, TSR] TP 2 kv THEEGE
MBEFRBANRI Z— ] OFMEEZTXTEALEANLT T/ ~T U TV ZBR
TLHZEPARTHDLIEBZDND, BT, AFA=v 7 VR —LT
CH LTS IR T T AI R X —2HENICHESG I Y, N7 ¥ —f
A MCL ZEf 3 2, IRBGHEABRE FREIAN 7 ¥ 2 L) BELSE HIp%HE
B, T MO - /b & {29 IL-2, IL-12, IFN-y Z £ A L. 1RED
REeWRT D, TLT, XTI F—FEEMMCL DY RY —LKEIZY T —%H
WIS RNPIR 2SS ik, HIEEGEEZRIETH7-0O0N
AFTFTI)=T VT NANEFHESEDL, ARNICERGEINCASA AT /) ~T T
VX, A SEEERRENTURICE > CTHEBMBFEOICESE L, #EHMEA
ERIC D BMEST 7RI T T AI RRIT X —%2 B AMBBICIRDIAEE D
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ZLEMHRETH D, TDHR, REMGRITIC L DHMET /R FOREE XA >
FLLTHEERBFEZRBE I, IRBRIE L BEFRIEOHMEDREZIM S, ¥
T I RFICHEEIEDL T T AI R 2 —BHECHRE, BLUOERBTFE
AN ZFMT D 2 LIk W RESREEZHD,

WAS, IRBVRIEIC L FE SN HESRELZ S HICIET 272012, 1%
%O BFEOEBMME D TIL 2 HEE L T, TCR VP &Is T E S DN, LR
F ROFREEIT D, TCR VB BETEIOMATIER 2, TCRBR %7 17—
=7 L, VR UANLART Z—%JWTTILIZ TCREIZFEZHEAL, AL
CTL D1E# 2 A5, Dk, IL-2 BL O IFN-y 2P ICIRNT 5 2 L2 &
STHEFRMELZMRF L EETRERET D, RMELEREXTF R LKW
ICHEEGT L LIick Y, EEMAMKICIRE L CTE72 CDS'T Mld 2 g L, JE5
Frpy 72 e HUEG e E NFE I N D, ZORNEREREO T = 7 ¥ —filjg
X CTL ToH 203 NIEME CTL & AERNICER G L7 AT CTL Oz RIC L v |
S HRLPUEFENROEBPIFIND,

LEo X oo, IRBVEIEIC XV FE SN D PUESREZ S ISR RAICHRTE
THZET, BAZE TRMOFE] 26 LHTWVDHER - BN AORIE D HE
ICAND ZENTE, S OITHMBERKIC L 0 1B E S 1 0% Bl & gk 12 il 46 AT
RE T 5 7= D RIE FH OARIE & 88 ) 72 HUIE I 60 % & R Al RE 7R R 72D TR VR
IIBRIEZENLTEHEEZE2 N5,
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