| i I
o 7R b~ XFHEFORBFE
(TRAIL, # X/¥—+, Bak, Bax, p53# &)
e 7R b= AMFIERFORRFE
(Bcl-2, 1AP% &)

p ARSI

) 1B HMEDHIE

PN EEEEH

P EZREHE H L UMHC Y 5 X 1O RIE1E

P REROEEL
(TEREL, NK#B2, w7077 -2, #Hik#E)

bR E

fii]

E41-4 IBIFNSBHBEIFNY THIVICE A HEEERRRICEE T A h=X L

(%—7—rmm)

o [R5 —Tx0OY (V5 —=Tx0V (FN) FAYAIRIEAZE TS YA bHAVELTHSN, FOS
BEOEBVLHLS, TBUFN-a/B1EE), TRUFN-y). FUTHR(FN-As) D3 DICH\EEIND. IA )L AR
BICEEHERCOBVTOANINABEDEICKBEZRBIT I ETEDOTRTIFN-a/B BLFERISFEIND.
IFNsl3 & SICHBEBERPREEEERDELTHD, EHTHIFN-a/8 BHHDAYEL A, RMESLEOE ~
ERESICNU, <055, (tFREALOHBTRKRIDASNTLS.

oA UY—TxOVICEKD BBV ITFIV” | 1RIFNs (IFN-a/B) 1304 IV ABRLEE UIEVRETCHMEIC
BEEINTULDIENBEEINTUE, TOLSEEBERNICEESNTUSHEXKIFN-a/BIC kD BV IFIL°
F—8, ABRIDTVNLIICHADD, ERLY TFIVBRIERDRBENSODCEHHESHME>TEE. IFN-
a/BICED BV THIL BIFN-y BEUIL-6IC KDV T FIVEERY, DA IVARREIC KD | BIFNELEICH
ULTEBIERDSDTENREINTVD. TibhE, TOIFN-a/BIC&d "BLYIFIL" &, RECHEEL,
BOFHARLESZRRTDCHOEBLHATRETCHIEEIOND. COLIELHEHF L. BEFELEBNL L F
EEEDIEDICE "ToIZEID L TWSreving up” DB HHRHNBVEWVSHERMSEELIL, WanIT VY
EBICODUTBL TEREABHOMBRGEICBVWTEBLREFBOTWVWDEESR, COLSIBIYRATFLE
‘rewing-up system” EBATWVD. TOXRIFEHIKIFN-a/BFFIVIC, MDD AALERES =HDRE)
HHdDT EBHREINTVS.

¢ IRFEEEEATF : U IVABRICLD | BIFN BGETFOGEFHSEOMEBERICBVTIFN-3 BLFOREFHEE
BICEE T DESETFIRF-1 B T. TaniguchiDF I — I (LK > TRESNIEOL B CHD . BESODDI7 =
U= XV N\—BHSNTED, BLE G 2IEREIZBOTVWDTEL DD TE. [ BIFNSDREFE(CES T
BDIEEICIRF-3®IRF-7THD, IFNVITHINGEICES T HDIXIRF-2 & IRF-9THS. IRF-1 ®IBF-BIE A
LV ASGEIC KD TR M= AP HIEEROFI@ICED > TS, IRF-6I3ESINHEF T2 maspin (mammary
serine protease inhibitor) ERE U, ASAMROREEEETDCEHNRETNTVDS.

o Toll#EZFEF Toll-like receptor (TLR) : ¥ 39 39/ \IOEBERICESDD Toll 3 FOZEREH EERRZC
W DENNDBLLEDEVNS TENSBRAHEICREST DI EOMHTRWES N, FOE MREOYH Toll
BE2EE (TLRs) ThHd. BEAMLLED 13ELDAVIN—DSEBRIND T 7SU—EER LTS, BT
EIBENICREDMEYBROBBYIEE, v\ VBEBREDHFINY— /OB EERHETI2ZB6THD. 1
BIRTHREETIE, BAUEREAZRAIL, SBEATRCTIFNZREUHETEIY A AL PTEHSY, $
HHDFEEDRIRZHRE T D C ECERARRRDG TS TELRRROEHEZOTRIT. BEREICAVT

HEEMHTREINTVS.
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%79 (41-4). ZHHIZ, TFN-o/fICk 5T
PHAMHET ThH % p53 DRIZFRBFELITD
NHEZEFMESNTVD". ZoOps3nFHER
IFN-o/BY 7 F VO TH T, IRF-9% &L ISGF3 %
ArLTHbIA. IFN-o/ B BHEICp53 & 1EHEL &
HBYERIEERD e\, IFN-o/ BALEIZ & 5
M D DPS3D T V37 BL VOB L 5T,
DNARBRODPS3 A HINERISHREN S
LASRE NS, THUTIEN-o/ BB X o THIAS
AR E R XBRE OB RFEINLTH -V
ADBESERENDL Z LHAFEN, FIEBR
IFN-o/BPERBEEAD 1D ¥ M ERRL T
LbDEEZONE. BEOHAKRITBITAIFN
OMBREHBEIIEATEY, 0k hEEE
Bz, HIINKHRZIZLOLETIREREL
At HHBEN2HERER R THEHASh S b
DEEZLNS.

— 5T, IBIIFN Y 7 5 EDAALEIG] & DOREE
HICOWTHEKREVARGEOATVS., EF
REBIZBWT, MilRFBALLERZ LGS ICR
WIAF ALY, TREHERTZ2EEIFEL
TVbI ML TwS, Z0& ) % cancer
immunoediting & \* ) BEIZBWT, IHRIFN ¥
ZFNVHBES L, BEABEICEVTHRICE

VT I EDHRE S TVD Y EBE, 7 4 Lz
e IRBICBVTH, BHRLAVEI L 5
WA IRA V-7 20V EA S RTWK
BIEFRENRTVEY, ZOMBLRIFNI L 2
GV, IFN-y RIL-6ICL B4 k
L VYT FVIRER T A W ABRRREDIFN- o/
oW T L Wi MRS EERRT L2400
A Y T FNE LT EDERBEEIREINTHE™Y,
CDOHEDWMERIFN-a/fEAD A H = X 411,
VAN ABREF O SR SNDHKEDIFN-a/p
EABEE 3R ->THY, IRF-3RIRF-9 134k
FLEWE ) THHY, sFliEEAN =L
FHEHLMIIN TR,

41-4+IRF 77 =Y —EBRF

7 4 VAR & B IFN-o/ BBIGF A FE
HOMBIZIRFORRIZ X ) 20RICHE L7, IFN-
PEEFHO7UuE—5 —HBICEET2EERTF
ELT—FHIILOICRR EN/-ONIRF-1Th b,
RYARY MIBWTIHERET TILIDD A 73—
AREESNh TV, NRBEMc77IV—2 Y
N— T U CTRAE SNz Y LCIRF F 2
4V ERENEDNAKAE FAA V2 F5 75 (H41-
5). IRFRZ L DEAFE_BHREPATU_EHR

FREBETIIRFZ7IYU—X /- AT BER EEHEBRRES ™ »hEDESEY
DNA#E-S a1
IRF-1 s HEBYARHN A,
(325 2.a.) suppressive LS 2RBICAH BmE%s & CEETFREP
e RBETE3B0H3
mgiij oncogenic L SRBCHT  AFATREMMEEDS
IRF-4 ZRUEBMEOHIRT
@50 aa) v oncogenic % Yefa PhEn Bt (65 14)(p25:q32)
a.a. L2 BRIRBERAD S
IRF-5 g . - b bOERES
(504 a.2.) suppressive LK BRBCAT oy eeie ) woamiuk 4D S
- . S g
( 42222 ) @ suppressive ik 23]l ﬁﬁgaimggﬁ;%

415 P AEBEHORVIRFT 73V —A /8-

NS A Y~ TRESNE520 M) 7+ 7 7 v (W) RIERFA MO DNAR S HEBATFET 5. 7, PREIIC
W, A v8—EITO&EHEY LTIAD (IRF-association domain) K X 4 Y AT 5. #EillNide FIRFEERFTOT I/
Bo¥4 L ERLTHS, BECOMMARIE R IRF-5AMBEICHFET S UM LR EFOMBO X 13—, BAIFELT
Va5, EAAEDT T AH U CHRE (e H % 7T 384 % “suppressive”, KT 4 7kEM %R HA % “oncogenic” &7

ELZ.
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PEETHIESMONTEY, Z0&EICHY
4 % $AIRA%IAD (IRF-association domain) & FFiE i
5. <1 5IRFZIRF-E (IRF-responsive element)
% 5 X ISRE (IFN-stimulated response element)
YIFIEN S a2 Y ADNABRHIICKERT A, £
DHEDOBREFREYIARZHCLBITICLY, £
B A VABYAZ & B IFN-o/ BERIETF DRBFE
Ehhb b ERGLARFEBENL ZHIRF-3
LIRF-7ThBHEZEXLNTVAY, & 604,
Toll K3 24K TolkHlike receptor (TLR) 7 ¥l2fF &
N5 HEEAARTERDOTIH TCIRIFN O&EF
DHRELT, REWTA P AL R EIL D
RIFEICHSE L TWABIRF 77 I —A V3=
FELTWBILEIHALI LTS, — /T,
IRF7 7 3V —AUNN—=DhpTid, IFN & i3ER
BRICHAL 7O R EHEREISRBR IR TS D
DOHBELME SN TVS., &5 ITHREHBPENH
BEE, @5 WIZFEAIRSEIC X 5 DNABBROMIK
AL CHREOFEICHE T L HL
Ko TE2Y, B ISR TV O
IRF-1DEEIHIERTH S, 7 ABMEFMIET
1%, IRF-1i2X#MmETPx PR FirEDEAIC X
% DNAEEERC, p53 & FHkICATM (ataxia telan-
giectasia mutated) 2/ L TRIFHE & h, p53&
L Cp2 " e RH T T, MlaEY
OEICES TS, L LeAS, IRF-105A4L
ME~DEREPS3 L LT LORE TR L,
IRF-1& p53 D ZEXIEY 7 A Tidp53 K< 7 X
LR oEEONAEREL, TOEXIE
<y AHEOMIL T Y AT T F v EODNAE
BICLAERPERIIAONS &2k 5, IRF-1
BHRBTEABPARBELR2NZ LA 6 tumor
susceptibility gene & L TR I T3, EBRIZ,
IRF-11cB L T, HILB AR A, Bl#EZ
E, SETELRPATREG EOBETFRERR
BREEMEDOONIY, £, SAMKREDE
B R BSEEEE CIXIRF-1 mRNADR 754 ¥~
VYRELREENRTSE, — 4T, IRF-2i2
NIH3T3HIMRICMIRBREEH L b7V A7 4 —
A—avEVDERIT. ThIIRF-12RH &
LI ETHRENSZ S, IRF-2 & IRF-1132¢

ABICH L THRBCERLTWA I EER &
NTn5, I, IRF-27%%, PAEEGEFELTH S
NTWwaE A MHe% EDOBIZFREBR % ECHE
LTWBBEAMohTwa Y, v r AR
BB IRF2EBET A HE ShTns Y,

ZRUEEHEDDH 2 BEHEOML TIFHMAY
TRt kiRt (65 14) (p25; q32) RO o TH
D, Z®6p25®»MUMI (multiple myeloma 1) BE{x;
MIRF-4 THHZ EAHBAL, ZORKRIRF-4558
FRBLTOE L7, — KT, IRF-4%5 v b
ORHEF M R RH S5 Mg b5 v <
TA—RA—varyeRIyTILBNamontTsy,
IRF-4 DR L FREEORWRE L DBEEICOWT
EXhTHG,

IRF-5 3 ZDBIZFO2EBNOLF Y Y HIZp53
HEENZ RO, XMPRMRES, TF 7=
A 7 (ADR) LEIC X Y pS3 KFH I RBFHE =
N, pS3EMBEFOIDLELLRTHLY,
7z, IFN-a/BRC Lo THREBE Eh 2 L b A
bhTwa™, &5, IRF-54MMRBE S
+BHIRE Y 2S8R KB A AMIBLBRIC BV Tid p53
IEFHICG/MBEILR 7T R - A2 FHES
505, TOREIRF-5F T, Bak*®Bax, #.X
78—¥-8, p21WARVCRly Lo 1 b — U R SRR
BB 2 RHEEFORBIEHE L TWEI LD
HESN TS, —F, IRF-5KIBY I AOFEH T
(3, DNASHEIZ & 2R OEILICIZES Lk
WA, TR AFEICASELTEY, S0
A, p3RK LR Lo BBENT LI LIRS
nTwa® £p v b MPRIEE T IRF-5&1E
FAHREL, IRF-5ORBBIHEELTLH0H3
HEhTwa, £, b bMCRIEE WL
ATIRIRF-5OFBMHEER LTV b0 HESh
TV‘Z) 17, 19).

MERRFERBNICEIR L TV BIRF-80B{ZFX
H< Y AT, v+ oE%EHY B Mm% chronic
myelogenous leukemia (CML) (ZEM L7 %E %
ATEICRD, ERCEHMEBMBEOHTEHD
BEHEOMIIZHE TIRF-8 mRNADRHE LN
NOBETHRBHONTEY, — 4T, CMLOBHH
DERELTHVONRTWAIFNa DR 512X 2T
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RE-8HRBFLENLZ LbHESHT0EY, CAGHMRICBOTEEREEHAHE->Twa L

DX CHALOPPHIEED 1D L LTIFN & EZON5B. 5k, IFN-IRF Y A7 A D% 5%
7EVOBEWEMTFRSN, T/, IRF77 3 - THZERDPACHTHIFNOF LWEEZ L 5
HEERTRIFNEEDOARALZ LT, IFNREIZR 2o FIU—BE~DERPIFIND EFIRIZ, IRF
I RETHEAMEO 7O AL EES T AR E, K ERFIEROENTT DI EPBESINS,
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F2E M AREREOERPUR

TFHEBE*!, BEREZ?, Bz 3, (AL
1 &

I

19914E2 2 7 / — =itV T, BEOMEUEENETHIEZ (cytotoxic T cell : BIFCTL) Ti&
HEINBAMBCRHEGE LSBRBHICRAL T3 PANBEBEEF TCHEMAGE 7 7 3
—-ARERINEY, ZhLE, CTLOENRHGDOENL 2085 L5 s ANES T2 E5F
E - BT S h, EEREEPHEKICRIZET FEATRENICREBEZET 2255, 201045
ABRE, BXEATEHRRAGA T 7 FVI3ER - tilRE Tk, B TIZ20074 7 A2
4 2 ChfEBI L CHEBHANIRE (dendritic cell : BLFDC) % M7= DCVax® (Northwest
Biotherapeuticstt), 2008 4 Az u v 7 TEAAICH L THCEE» B8 53 v V EX
(Heat shock protein | HSP) # 54 % Oncophage® (Antigenics#t), 20104 4 BIZKET
Al SLBRAE I X U T Prostatic acid phosphatase (PAP) ME TR & h=DCEM W
Provenge® (Dendreontt) MRBEI N T3, 7, LODROLKERIA TV F 2 5 EEK
FTRCBRABRORE T ENTH Y, REEN TS HEVERRABR®ETLTVEY,

INETORES?S, MERENRERE (DO BIBAT Y F /ERE) BITIin vitro T
DERLHAREERTOHRPELS, KEDEFMTIHBREDOWL LR/ OhALWI LIIAMOE
EThD, ATV FUREFLOHROCTE2010F, RIEREFEOTR, FMT U8
Y ORERBARBIEEEOBRARIEE THS, —HT, L& OREEh TEABANE
1, BAOHTK: - B - B - B8 - BRAZLOBRIIODVWTEBEh2OHD, EML L3
BARBRZRAIE T3 FRECEDHWTEE T2 L LBREAE A5 LTHEICER
THb. FRTIE, BPATREZHEENRE, S FHELBRHT 5,

*1 RenaMorita fLBRERKYE $1RE HRE
* 2 Yoshihiko Hirohashi FLREFIA¥ BIHE B
% 3 Toshihiko Torigoe FLIRERIA%® £ 1R HEH
%4 Noriyuki Sato FUREFIAF B1mE Hid%
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PBARBERE—ERIL~NDF ¥ L v P—

2 PAREOATIY—

MAMEOZ IZEEAB#HTSCTLEHV 2 cDNARR /u—=>% DNAwA{2u7rlL
1. RDABLEDDNAY 7+ 70 ¥ 3 Vi, BEMEVPZET 2H0F %8BI+ % SEREX &,
v AEBAWTHEACTLIZZ# & W85 T & %3P ¥ 5 reverse-immunogenetical approach
EETAEENS> Y, AEENEFTFOFEFEIHLTH 52, 8B L7 MAGE 7 7 3
) —@IZTF & F% L% Boon 5 0 7 b — 7i1HEE & EMMSCORRIA,» 5 ONARERE
PR, OBFERIE, ORSFENIE, OBZTER, L5284+ RELTW5Y,
DA, EDEEMRICRENT, S0AMLZ, RERECLIBIEROS RV (BCRIE
BHRERPEFEBNOEEESP L) HEZTFMT 2 LTHERTHS, ZhETIcRESh
REBPUROPIZIE, BADHER - M - Bl - 8% - BRELEEDLDOS WL E - 15
FEHEET D, BAMLIZEL THBER R VI TFL0IR, HAL L TORE+RET 5N
AT ERIEFEOEN L THHHHENE VLS, HRORREA» SO ECEMERLZE T
BLoD, BEMNHE,»S 7 T —F 43I LIIREREOEKAHES LTEETHS,

ZOBEERN S E LT Weinberg 5D 7L — T, ZOHBAL LTORBEARET I IDICH
A& BBIETFHERDEDIZAELTNB Y,

(A) WHRaHE%EIZBEH 5 B 1n T8

(B) BERME Y 7 F T 2 AREMEICED 5 B(EFH
(C) 7 b — ¥ AWMEREIZBED 2 BT Y

(D) MIRSEHEICBE D 2 8{Z T8

(E) ME#HEIED 5 BI5TE

(F) #MBREICEH2B(ETH

INIMA, EFFICEE IR TL28ARMEOREEED Ah ((G) BHlti-EbL3
EBEFH), 7007 TY —IZAHL (H1), BAIIZDOVWTZOHTITY —IZ&EhB0LD
POFFITONTEHAT S (F1),

(A) ez cl@h 3 BIEFH

MRERRY, ERARIIHEE @SRRI TIANBETHY, TOY I FLIZHERIC
DAEEALT S, —F, BPAMRTIIS 3BOLRABETFIIZUTEY VLD LS IZEFHL,
Ml EZIRL T3, ZhSDBIEZFHEILELEERMKIZEREL T30, BAMET
BREAEBRL TS, ZhETOHRELS, ChoDREREFLENABREDCTL TRH I A
BZLAHMLTRY, PABREERATERAMENE T3 Z LM EI3, ZOHFTY
—ICBTABETIRESS I, RERATREKRICHTIHE, MEAMICEET3HEND2oD Y
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F28 PARBREOITHIHR

A, Self-Sufficiency in Growth Signals
B, Insensitivity Antigrowth Signals
C, Evading Apoptosis

D, Limitless Replicative Potential

G, Gaining the cancer initiation ability

@ cicicsc (@ non-cicicsc

F, Tissue Invasion and Metastasis

MMMM#MAMM

(cancer stemness)

M1 #AREOHEEENAECESIVWTHELA7D20OHFIY — (Hk1) L D #sR)

®1 HENRTF FFRAESA TV A7 I —FIORREIRE

ATI)—

kS

A. MRz IZB Db 58I TH

pl8stiER2nes "BGER, EphA3, FGF5, c-met, cyclin D1, cyclin B1,
Aurora- A kinase, Cep55/c10orf3, plkl, STAT1, survivin, survivn 2B

B. REMAH S 7 F ST B
AIEEHIRD 285 TH

MDM2, Aurora-A kinase

C.7HF— AMtHEREICE
bLBIETH

Bel-2, Bel-xu, BAX-delta, Mcl-1, survivin, survivin 2B, ML-
IAP/Livin

D. SEREMICBD 5 BIZTH

hTERT

E. & #4cBbH 5 8IZTH

VEGF, VEGF-R1, VEGF-R2, RGS5, survivin, survivin 2B

F. AR B D 585 T 5

MMP2

G. BrflfatticBb 2815 T 8

SOX2, SOX10

L—=FizAFohd, wiEIci3plesiERtee  EGFR A EAZEF S5 h, ®REICIE cyclin D1,
Cep55/c10orf3 s EBETFEN S,

plgsHER2nes  EGFRIZErbB7 7 3V —ICB T 2 RFRKAF L v ¥+ - ¥ ThH D, Mg
AMERBADERIZBED> TV BABEFTHS ™ P, DT EREARTHEL LTI
HBREEICRBE LTS, plgsliERZnen 3 Ay PIRE kg, BEAETEREBL
EGFRIZZ DEMBETERRL TV, E55605F L HEREDOENE LTERL AT
37, CTLOEM & & 5 HLAWRMRENTF FES A EATRE P72, 1L
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BARBERE—ERILANDOF + L vV DV—

p185HERZneu I FaTI 13 RIS M ABEVVEEIZ 52 L OHEL H 570, FEIZREES L 7R
TH5E) LRBRET VA VHBRBEERDI S,

Cyclin D13\ < D5 D cyclin-dependent kinases (LT Cdk) &#A L CHifaREM % SHAC
FETHEATHVY, < MY ¥ 3EL E—EBONKRES TRREIRBL L2054
THdHh, KIGE - BI% g - LB EOEFEETLERBAL T15, &k, HLA-A2#
FUHAERTF FHARZ &N, CTLOEFIZRIIL T 3%, F7, Cep55/cl00rf3 i3k
ICREL, MBSBICRADATFTHEIENEREIA® KB TERRL TV 5 EEFLL
TREE =Y, B, Y¥HETRB AT VA 2HWERS ) -V S THEIZENWT
Cep55/c10orf3 MRATRL T A Z L #RM L7, T 5ICHLA-AUWMRUEMFERTF FEREEL,
ZOMBERTF FEBETIHREBENPSDCTLAFHYTE 1P, GEEMLERICEVSGTF
TH, FEEN/CTLZ AW AER TIMATRHLIS O Ceps5atifilas tEETEZ S
b, RIFEROBRMATFLE L THELLEATVS,

(B) EEMES TFIICHT 2REEEICED 5 BIZTFH

EFMABTBIEZFER AL EEEI LAEEMRSEEL LVE S TV DL OREHH > 7
FABBNTE, MEEAREEO 7L -F0REEZR-TEDEL LT, CAkHEZEAEH
(p21 - p27% L) BHEIA TS, EEMETIIp21:BZT D LHRIZp53 DEARIAH D,
DNA 85213 p53 DWEMALIC & 0 p21 285 S W lifaFHE L - MiEEHEicm» 5, Z
D p53 DHEEZ PIHEI L TV 34 FD 1212 murine double mutant 2 (MDM2) #3% %, MDM2
RO OPOBHEBE TERREL CVAI LMo hTon®, MIEIIEICBEL CRIC,» &
5 IRFIER &\ 2 5, MDM2 D HLA - A2 R EHURECSIC A4 5 CTL 2 5 L -8 H $ 5 08
BABEY SO CTLHEENERETH 720, MlRGECHETSSLOBRE1H 52 2,
(C) 7Rb— AMEREICBAD 5 BIZTFH

EFEMETEIRBIC L > 2 MlaRREIC 2 > Mgt 7 b= 22k > THRR L, 35 - d
BATORBEZEOWEEL A L T35, EXEMAETIE death ligand DHIEAZ T 5L, 7474
—%5F %5 U Tcaspase-8 M WEMILL, ZDTHIZH 5 caspase-34EDLTT x 7 &4 —H X8
—CEEHLLTTHR -V 225 ERI L7720, Bd%2REAMETHZILICED I bav FY
THheY b oubLChlEDHTAFELI IV PV TIRERDOT K-V 2 %51 &8Z3., @
FER7 B = 2V 7 F S TFE LTiE, Bel-2 - Bel-x B3B8 AMBETERRREL I F 2
YEYTIRERO T HE N =2 2 EEH L7220 % survivin &z EDIAP (inhibitor of apoptosis
protein) family #8F|/FEB L caspase-3 2 EXHET A I LICKD TR =V 25T 52
LaRshTW3Y,

Bel-2, Bel-x B EMBEECERREL T3 ABAKEECLBRIALTHD, Wihi
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F2 UHFTHTULLKBEBEOsuvivin 2BRTF KT 7 F LEEOE 1 8RBES Uit L ER)

Tumor marker CT imaging CTL detection

tocol Ad t
profoco verseevents  (not increased) (SD, PR) (tetramer)
Peptide alone Anemia, Fever, 2/10 4/10 2/10
Pt General malaise (20%) (40%) (20%)
Induration, Itching 0/5 1/5 0/5
Peptide + IFA ’
epude Fever (0%) (20%) (0%)
Induration, Itching, 4/6 4/6 3/6
ide +IFA+IFN-
Peptide Fever, Leucopenia (67%) (67%) (50%)

CTL, cytotoxic T lymphocyte : IFA, incomplete Freud’s adjuvant ; IFN, interferon.

HLA-A2#IRMHRIC & 3 CTLBEAHER X h T 1552 9

Survivin 32 AMBRTREERR L T TEREBTISMEBIZRRL TV 58, SRS
BHBLBIETLEASNT5, Survivin® CTL % %4 5 HLAMBEMHE X7 Fii%
B#&S5527 4, &7, H4 3 survivin @ splicing variant T 3 survivin 2Bi32— F X #1
%5 HLA-A24WRUPFE 75 VR FREL, HILEH, OFBE, Rk LREs & CRERS
FLTWBEY, KIBEEE THATL 2% 1RRROBRELE 2 ITRT S, survivin 2BXTF F
7o FYEBMTE, BEY - —OWEITH 2R 6 M EFIE 2/10 R (20%), B EREER/)
(partial responce) - ¥ (stable disease) AR 5N 7-fEFIL 4/105ERF (40%) Th - =48,
interferon-a (LU FIFN-a) 233 Z L I2k D EE~ — 7 — DI T4/65E M (67%), &
1% L ORI T 4/6 5 (67%) DRV B{BEN, /2, HLAT + 5v— (BEREXTF
F - MHCHAKD4EE) #AVHRZETHROFMETY, X7F FBMED L IFN-a %
BEHL=IE S ARV B EEIC S 572 Y,
(D) #mEREAE(CBAH B EIEFRE

BREOGMBRECIESHT 2 - IIRREED 7 v 2 7 ((TTAGGG)n) 2348< 41, WigicsE
FELTLE ) LRERBESITREL 55, RERBBEORENDLDIZ, TurTOEESD
SRE*BA-RATEEMIETEIMESHAEIELTLES., F8EELEL MR Z0%
DNAHBELZEDEEELRY, BEAICE 7RI -V 28820, HahTLES, LA L,
DAMBETIET IS - Btk DERL-T oA 752 @ETIRENETED, Fus7E%
RoTw3d, 7ux7—+ (k } CTithuman telomerase reverse transcriptase catalytic
subunit : BUFhTERT) (ZEHMGE TI3EMEMRL & —HICUrREL Thans, BAMMK
BOTREHEEICBREL T Y, MROHLAWEBHE X7 F FARESh S~ K
HERLEITL TS,
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(E) mMEHECEDIBEFH

(KBTS - (EHEBHICME - BT 2 -0ICOEHR (LEHE) HElERIEhS,
(KR RIRREH trigger & H VEERT T & % Hypoxia-induced factor (HIF) A@EHLxh
vascular endothelial growth factor (LA T VGEF) ##:%E - ¥HRIGEL , MEANKMEZICRERL
TWERERBF L ¥+ —¥ThSVEGFRENK (LIFTVEGF-R) %4 L THEHE#LE
DXEHE - BFEEFIERI T, VEGF-R7 7 IV =DHRTEIDV VT UEEDOH OB 2138 %
RIZLTOWBEDMNVEGF-R2TH 50, VEGF-R1EZ MW L7V 7 H L 1688 L CREHEIREIC
BT 5, BAMBTIZIZDVEGF - VEGF-REN L AMEHFESFH N TH Y, EEOM
BIZHES L C\W5, VEGF 3AGBEDEN L LTEHELTHSH, B HLA-B2T WRitEHE
RTFFFHRAEE A, £/ VEGF-R1 - R2& %12, HLA-A2/Kb b 5V AV 1=y oy
2 %AW EBRR THLA- A2WRUINE X7 F FAREE AT 55 50,

(F) H&2B8-@b3RETFH

MAKEBRREAT 2 20IC, HRNAEE2 7R T 2E0MRBEXRH L LT Matrix
metalloproteases (LI F MMP) BEZFHAMON TS, MMP7 7 3 Y — i3 23D #EZF
ARIGNTWS A, ZOHTE MMP-2, MMP-9 i3 AMIRECORBLE S, BENEN - &
BIBb TV ELHEMEN TS, MMPOXAMBG TOEREIZ, THARERE, EFHA
DEETRLN, EROBRMIELOHENH 5P, MMPAREOTRICHEL 5125
FTH50, RBREOENTTLELTAEBRNINTHSLBbh3, LirL, MMPIIIER
B TLRALGBBEENFEINTNEZLNTFRINS 2D, REFREIZBHET 3291212
ITRPBETH S, MMP-2 2 HLA-A2HREIZCTLOEN L 53 2 L A BE Eh Th 54,
ZORETRE ENHEXTF Fid avp3EEMALIC cross presentation EhBZ Lizk - T
B TCTLIZRE# XT3, 2HRRTIACTHFESTTH 545, EEFEMNIIRGET
BEFSBAI N -BAELRETH S,

(G) BHIRRMECRAL 2 BIEFHE

W, BACLERMETRONS L sACHEE - S0+ RT3 R0OBMiE2ES
LTINS —NHEETIIEMEAINTE TS, BIMFETHENET LTS, &
IR T O RAICHRA TR T 5, BARMAE (Cancer initiating cells/Tumor initiating
cells : LITCIC) 13, HOHEBEE - B0LEEAES, BEMRELSVWERE I3, CICIEA
AR ERDRBLT Th 25, BEOHR - #FILATHY, PADER - BEBICLEEL
TWBLELONTNS, CICRENEL LEBREBATIRO-DICEELELZ SN B M, ik
DILFFRES SRR BN TH 2 2L Ao h T3, CICIHT 2 REikicEL i
KEBHINTE ST, ENEZDE 2OV TOBFIZRERRED,
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H2E PARBREOENNE

SRY (sex determining region Y)-box 2 (SOX2) i3f#ZsMiiar B CHEERE 2 HIFT 5 DI
WEBEFE LTREES N, SOX2 - Oct-3/4 + c-Myc - KlIfd & BHESFHIRL I B F8A T
I Lk iPSHIREAERTE 5%, Z0DZ LIZSOX2EETF VSO ERBICERICE
ELRHARLLTCHWBEEIONS, ZDS0X2 3T Tz B REEREHE & L THLA
FUAREXTF FARE XN T B, RAIIHMES S O CIC DB A FRMe LTSOX2 %
FE#EL, HLA-A24#REREXRTF FEREL T3 (F—-4KREH). SOX2ELCIC 2 15E
THRBIEDIFNE LTHEETH S, EERMRIZEREL COAERANTRIREES 420
TS AP ERBMRAEETSZ L 206 TR ARIERAR SN H B, 2O
25, ERBMRICEIREAL Cusnrglilatb iR c AL BEZTARE - BMicLED,
SOX2 5 EORMatt 4 F 2 BZFO LB THE T3 L5 24 FTLL S EBMAIOARICEERL T
WEHBIEFERE - FENCT 25 ETRBRBEEELGNS,

%72, Wi L 7= Cep55/c100rf3 iX kB MMMk IZ 5\ T CICIZ $ BBIL, [E L~ HLA-A24
WRERTF F2Z#T 5 CTLIZFECIC LAKIZ, CICEEET S Z La4ilAT 3 (BER
).

3 #

B

PARBREDEHRFIC OWT, BEMREICEDWAHTITY —CHHL THRHEL 7.
AL IcHZEL =B LI EINB4FI, MEIRO BS540, T —BLIABALTOEL,
ZOBBEMRMEICEIL =458, BA0EYFNAEARET 2 ETHEATHBIE»D TEL,
DB REEHHT 2 BA VW THRTHELELON S,

LR st iR E L £ OBRGFOREE, BIFASROEIZE, BRES TidErE -
QOLZ EDREBHEHFEL VSR EERBENBONTOEVOLSBERTSH 5, GEFEIZZ
NoDORBIZHND LB & WBNFE< , BAMRRIZE - T [Haly] © MEEN]) sfeft
BT AMEAFA27 VA VT 52 TH S, BEL HLFEREPRIREEICLDE
FORBEAMETLCLE SN, ZhoORFOBRREAMOLBERTHERTFA VT35
LETBETH D, 7277, BRTHBMEORRLZER T 5EBIREEN6Boh TN, &b
RO ZRERENERCENL, BEFOBRRE L VIIZR SV 4 — FARAKRERE LT S H
2rEIOND,
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Side population cells have the characteristics of cancer stem-like
cells/cancer-initiating cells in bone sarcomas

M Murase"**, M Kano'>%, T Tsukahara®'?, A Takahashi®, T Torigoe?*, S Kawaguchi', S Kimura', T Wada',
Y Uchihashi®, T Kondo*, T Yamashita' and N Sato®

! Department of Orthopaedic Surgery, Sapporo Medical University School of Medicine, South-1, West-16, Chuo-ku, Sapporo 060-8543, Japan;
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BACKGROUND: Several human cancers have been found to contain cancer stem-like cells (CSCs) having cancer-initiating ability.
However, only a few reports have shown the existence of CSCs in bone and soft tissue sarcomas. In this study, we identified and
characterised side population (SP) cells that showed drug-resistant features in human bone sarcoma cell lines.

METHODS: In seven osteosarcoma cell fines (052000, KIKU, NY, Huo9%, HOS, U20S and Saos2) and in one bone malignant fibrous
histiocytoma (MFH) cell line (MFH2003), the frequency of SP cells was analysed. Tumourigenicity of SP cells was assessed in vitro and
in vivo. Gene profiles of SP cells and other populations (main population; MP) of cells were characterised using cDNA microarrays.
RESULTS: SP cells were found in NY (0.31%) and MFH2003 (5.28%). SP cells of MFH2003 formed spherical colonies and re-populated
into SP and MP cells. In an NOD/SCID mice xenograft model, | x 10° sorted SP cell-induced tumcurigenesis. cDNA microarray
analysis showed that 23 genes were upregulated in SP cells.

CONCLUSIONS: We showed that SP cells existed in bone sarcoma cell lines. SP cells of MFH2003 had cancer-initiating ability in vitro and

Published online 29 September 2009
© 2009 Cancer Research UK

Over the past three decades, there have been remarkable advances
in the treatment of bone and soft tissue sarcomas. These include
the introduction of adjuvant chemotherapy, establishment of
guidelines for adequate surgical margins and the development of
post-excision reconstruction (Fletcher et al, 2002; Lewis, 2007).
However, the prognosis of non-responders to chemotherapy is still
poor and the mechanisms of tumourigenesis of bone and soft
tissue sarcomas remain to be demonstrated.

Generally, cancer masses are considered to be a complex of
heterogeneous but equally malignant cell populations. However,
recent stem cell research on the development of normal organs has
drawn attention to the existence of a ‘cancer stem-like cell (CSC)’
counterpart, which is characterised by its self-renewal capacity,
differentiation potential, and cancer-initiating ability (Visvader
and Lindeman, 2008). On the basis of these characteristics, CSCs
have been postulated to be responsible for driving the growth of
tumours and for the recurrence of neoplasms after current
therapeutic modalities are used.
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Medical University School of Medicine, South-I, West-17, Chuo-ku,
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in vivo. The gene profiles of SP cells could serve as candidate markers for CSCs in bone sarcomnas.
British founal of Cancer (2009) 101, 1425~ 1432. doi:|10.1038/s)bjc.6605330 www.bjcancer.com
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Initial attempts to characterise CSCs were accomplished using
cell surface molecules in acute myeloid leukaemia. Several groups
that found CSCs capable of initiating leukaemia were found in the
CD341CD38" fraction (Warner ef al, 2004). Recently, CSCs have
been isolated from several human solid tumours that have markers
for putative normal stem cells, including breast cancer
(CD44+CD24"ESA™) (A.l-Ha_{'j et al, 2003), pancreatic cancer
(CD44*tCD247ESA™, CD1337CXCR4*) (Hermann et al, 2007;
Li et al, 2007), brain cancer (CD133*) (Singh et al, 2004), prostate
cancer (CD44 * fo, f4/CD133 ) (Collins et al, 2005), hepatocellular
carcinoma (CD133 %) (Yin et al, 2007) and colon cancer (CD133 1)
(Ricci-Vitiani et al, 2007).

On the other hand, in the analysis of haematopoietic stem cells,
a sub-population that effluxes the DNA-binding dye Hoechst 33342
out of the cell membrane through an ATP-binding cassette (ABC)
transporter was recognised as a stem cell population (Goodell et al,
1996; Zhou et al, 2002; Robinson et al, 2005). This cell population
expressing the ABC transporter was defined as side population
(SP) cells, which were distinguished from cells of the other
population (main population; MP). Recent studies demonstrated
that SP cells could be characterised as CSCs in primary tissues of
gastrointestinal cancers (Haraguchi et al, 2006) and ovarian cancer
(Szotek et al, 2006). SP cells were also shown in established tumour
cell lines with different origins, such as glioma (Kondo et al, 2004),
breast (Kruger et al, 2006) and thyroid cancer monoclonal cell
lines (Mitsutake et al, 2007).




SP cells in bone sarcoma cell lines
@ M Murase et al

1426

To date, however, distinct molecular markers on CSCs are still
lacking in many cancers. Moreover, only a few reports have shown
the existence of CSCs in bone and soft tissue sarcomas (Gibbs et al,
2005; Wu et al, 2007; Tirino et al, 2008). In this study, with the goal
of determining specific markers of CSCs, we identified and
characterised SP cells having cancer-initiating ability in osteo-
sarcoma and bone malignant fibrous histiocytoma cell lines.

MATERIALS AND METHODS

Cell lines and culture

Seven human osteosarcoma (OS) cell lines (052000, KIKU, NY,
Huo9, HOS, U-20S and Saos2) and one bone human malignant
fibrous histiocytoma (MFH) cell line (MFH2003) were used.
052000, KIKU and MFH2003 were established in our laboratory
(Wada et al, 1988; Nabeta et al, 2003; Tsukahara et al, 2006). The
other cell lines were kindly donated by or purchased from the
Japanese Collection of Research Bioresources Cell Bank (Tokyo,
Japan) and from the American Type Culture Collection (Manassas,
VA, USA). MFH2003 and 0S2000 were cultured with Iscove’s
modified Dulbecco’s Eagle’s medium (IMDM; GIBCO BRL, Grand
Island, NY, USA) containing 10% FBS and the others were
maintained in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, St Louis, MO, USA) containing 10% FBS in a 5%
CO, incubator at 37°C.

Identification of side population

Cell suspensions were labelled with dye Hoechst 33342 (Cambrex
Bio Science Walkersville Inc., MD, USA) using the methods
described by Goodell et al (1996) with some modifications . Briefly,
cells were trypsinised and re-suspended in pre-warmed DMEM
supplemented with 5% FBS at a concentration of 1 x 10°ml™".
Hoechst33342 dye was added at a final concentration of 2.5 or
5.0 ugml ™" in the presence or absence of verapamil (50 or 75 uM;
Sigma-Aldrich) as an inhibitor of the ABC transporter. The cells
were incubated at 37°C for 90 min with continuous shaking. At the
end of the incubation, the cells were washed with ice-cold PBS with
5% FBS, centrifuged at 4°C and resuspended in ice-cold PBS
containing 5% FBS. Propidium iodide (at a final concentration of
1 ugml™"; Molecular Probes - Invitrogen, Eugene, OR, USA) was
used to gate viable cells. Flow cytometry and cell sorting were
performed using FACSVantage SE (BD Biosciences, Bedford, MA,
USA), EPICS ALTRA (Beckman-Coulter, Fullerton, CA, USA) and
FACS Aria II (BD Biosciences). The Hoechst 33342 dye was excited
at 357nm and its fluorescence was analysed using dual wave-
lengths (blue, 402 -446 nm; red, 650 -670 nm).

RNA preparation

Total RNAs were extracted from SP cells and MP cells using the
RNeasy Mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. Using an Amino Allyl MessageAmp
aRNA Kit Ver. 2 (Sigma-Aldrich Japan, Ishikari, Japan), amino
allyl-modified aRNAs were prepared from total RNAs from SP and
MP cells as previously described (Takeuchi et al, 2008).

Real-time PCR analysis

Total RNA was reverse transcribed using the SuperScriptlII reverse
transcriptase enzyme (Invitrogen) according to the manufacturer’s
instructions. Real-time PCR was performed with SYBR Green Real-
time Core Reagent (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions on an ABI Prism 7900
Sequence Detection System (Applied Biosystems). Primers were
designed to generate a PCR product of <200bp. The thermal
cycling conditions were 94°C for 2 min, followed by 35 cycles of
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155 at 94°C, 30s at 60°C and 30 s at 72°C. Levels of expression were
normalised to the glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) housekeeping gene.

Spherical colony formation assay

Spherical colony formation assay was performed as described by
Gibbs et al (2005) with some modifications. Briefly, cells were plated
at 2000 cells per well in six-well ultra-low attachment plates (Corning
Inc., Corning, NY, USA). Mesenchymal Stem Cell Basal Medium
(MSCBM) and MSCBM SingleQuots (Takara Bio Inc., Ohtsu,
Japan) were used for cell culture. Fresh aliquots of epidermal
growth factor and basic fibroblast growth factor were added every
other day. On day 14, the numbers of colonies were counted.

Xenograft model

Sorted SP and MP cells of MFH2003 were collected and
re-suspended at 1 x 10>-1 x 10° cells per 50 yl of PBS, followed
by addition of 50pul of Matrigel (BD Biosciences). This cell-
Matrigel suspension was subcutaneously injected into the backs of
4- to 6-week-old non-obese diabetic/severe combined immuno-
deficiency (NOD/SCID) mice (NOD.CB17-Prdkc*/J, Charles
River Laboratory, Yokohama, Japan) under anaesthesia. Mice
were observed for up to 12 weeks.

Gene expression profiling using cDNA microarrays

The aRNAs from SP cells were labelled with Cy5 dye and those
from MP cells were labelled with Cy3 dye. The dye-labelled aRNA
samples were hybridised to a 29 138-spot Human Panorama Micro
Array (Sigma-Aldrich) for 16h at 45°C. The intensities of Cy5 and
Cy3 fluorescence for every gene spot on the hybridised array were
measured with a GenePix 4000B scanner (Axon Instrument,
Austin, TX, USA), and were analysed with GenePix Pro 5.0
software (Axon Instrument). Global normalisation of the resultant
data was carried out using Excel 2004 (Microsoft, Redmond, WA,
USA). As a result, 24730 genes were available for further analysis.
The average expression ratio of Cy5 to Cy3 was obtained for each
gene. A dye-swap experiment (labelling SP and MP cells with Cy3
and Cy5, respectively) was also performed. An average ratio of
more than 2.0, reproducible in two experiments, was determined to
indicate differential upregulation in SP cells.

RESULTS

Identification of SP cells in human bone sarcoma cell lines

To identify the CSCs of bone sarcomas, we tried to detect side
population (SP) cells in bone and soft tissue sarcoma cell lines. As
depicted in Figure 1A, the NY and MFH2003 cell lines included
0.38 and 5.28% SP cells, respectively. In each case, the percentage
of SP cells was markedly diminished by treatment with verapamil,
which is an inhibitor of the pumps responsible for the exclusion of
Hoechst dye, indicating that this population truly represented SP
cells. SP cells were hardly. detected in the other cell lines
(Figure 1B). Therefore, MFH2003, containing the highest propor-
tion of SP cells, was selected and further analysed.

Isolation of SP cells and their repopulation as both SP and
MP cells

After excluding dead cells and cellular debris on the basis of scatter
signals and propidium iodide fluorescence, MFH2003 cells were
sorted into SP and MP cells. As shown in Figure 2A, the Gl gate
showed the SP cells that had negative/low patterns of staining with
Hoechst 33342, and the G2 gate showed the main population cells
that were positively stained with Hoechst 33342. To ascertain the

© 2009 Cancer Research UK



purity of sorted cells, the obtained SP (G1) cells and MP (G2) cells
were re-analysed. The purity levels were 92.86 and 90.78% in the
SP population and MP population, respectively. These results
supported the specificity for further analysis using the resultant SP
and MP cells.

To examine whether SP cells could generate both SP and MP
cells, sorted SP and MP cells were further cultured in vitro. On day
14, the cells were re-stained with Hoechst 33342 and analysed by
flow cytometry. We observed that SP cells re-populated both SP
and MP cells. The ratio of SP cells to MP cells was still much higher
than that before sorting. In contrast, SP cells were not detected in
sorted MP cells.

A MFH2003 NY
070206MFHO3H10.001

061221NY.001

T T

T

SSC-w
061221NYv.001

T

0 200 400 600 800 1000
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Expression of ABCG2 mRNA, which is a marker of SP cells, was
increased in SP cells (Figure 2B). These results also supported the
specificity for further characterisation of SP cells, especially with
regard to their cancer-initiating ability.

Spherical colony formation

We next evaluated the ability of SP and MP cells to generate
spherical colonies. A total of 2000 SP and MP cells were sorted and
cultured immediately under conditions of serum starvation,
providing an anchorage-independent environment. On day 14,
SP cells showed spherical colony formation (Figure 3A). On the
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Figure | Detection of side population cells in bone sarcoma cell lines. (A) The populations of SP cells of seven osteosarcoma cell lines (NY, OS2000,
KIKU, Huo9, HOS, Saos2 and U205S) and of one bone MFH cell line (MFH2003), in the presence or absence of verapamil, are shown. SP cells are marked by
black dotted lines to show the proportion of SP cells among total living cells. (B) The mean proportions of SP cells in cell lines. These results were
reproducible in at least two independent experiments.
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other hand, as shown in Figure 3B, most MP cells died and the
others formed a few small colonies. We removed spherical colonies
from the suspension culture and attempted again to determine
whether the cells could attach to a substratum. As shown in
Figure 3C, cells were seen expanding from the sphere. In
Figure 3D, the number of colonies is shown, indicating clearly
that, among MFH2003 cells, SP, but not MP, cells had the potential
for spherical colony formation.

Cancer-initiating ability of SP and MP cells in vivo

To address the issue of whether tumourigenic activity differed
between SP and MP cells, 1 x 10°~1 x 10° SP and MP cells sorted
from MFH2003 were injected into NOD/SCID mice (Figure 4A). To
rule out the effects of the toxicity of Hoechst, we routinely
performed (i) depletion of dead cells by PI staining and (ii) a
viability check using trypan-blue staining after cell sorting. Almost
all MP cells were viable as SP cells. Subcutaneous tumour
formation was induced by the injection of 1x10° SP cells
(Table 1). We also observed that 1 x 10* SP cells formed a larger
tumour mass than did 1x 10> SP cells (data not shown). In
contrast, at least 1 x 10° MP cells were required to give rise to a
tumour. Macroscopic and microscopic findings of a tumour
derived from SP cells are shown in Figure 4A and B. These results
supported the hypothesis that SP cells have a high cancer-initiating
ability, similar to CSCs. At 8 weeks after xenotransplantation, the
frequencies of SP and MP cells in a formed tumour derived from
1 x 10* SP cells were analysed ex vivo. SP cells were hardly detected
in the tumour. Most SP cells re-populated into MP cells in vivo in 8
weeks (data not shown).

Identification of upregulated genes in SP cells

Finally, we performed gene expression profiling of SP cells
using ¢cDNA microarrays. As shown in Table 2, 23 genes were
found to be upregulated in SP cells, compared with MP cells.
Although the functions of upregulated genes varied, these
results suggested that the factors connected to DNA transcription,
transport of substrates, cell proliferation and apoptosis might have
a role in the cancer-initiating ability of SP cells. In addition, the
increased expression of ABCG2 in SP cells confirmed the accuracy
of the gene expression profiling analysis.
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Figure 2 The re-population of SP cells into both SP and MP cells. (A)
(@) The populations of SP cells and MP cells before cell sorting are shown.
SP cells were gated as GI, and MP cells were gated as G2. (b, c) The
proportions of SP cells among the total living cells are indicated. Isolated SP
cells (b) and MP cells (c) after cell sorting. The proportions of SP and MP
cells among the total living cells are indicated. (d, e) The populations of SP
cells (d) and MP cells (e) after 2-week in vitro culture with medium
containing 10% FBS are also shown. Experiments were repeated in
triplicate with similar results. (B) The relative expression of ABCG2 was
evaluated in SP cells and MP cells by real-time PCR.

DISCUSSION

In this study, we showed that (i) small SP populations existed in
one osteosarcoma cell line and one bone MFH cell line; (ii) SP cells
derived from MFH2003 could re-populate both SP and MP cells in
vitro; (iii) SP cells could form spherical colonies and re-populate
into SP and MP cells; (iv) SP cells had tumourigenesis in an in vivo
xenograft model; and (v) factors regarding transcription, cell
proliferation and apoptosis were upregulated in SP cells.

© 2009 Cancer Research UK
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Figure 3 Tumourigenesis of SP and MP cells in vitro. (A and B) The features of spherical colonies derived from resultant SP cells (A) and MP cells (B)
cultured without serum in an anchorage-independent manner for 2 weeks. (C) Spherical colony removed from the suspension culture and allowed to attach
to a substratum. Adherent cells can be seen expanding from the sphere. (D) The numbers of resultant spherical colonies from SP cells and MP cells were

counted. Data are representative of three independent experiments.

L

Figure 4 The features of xenotransplanted SP cells in vivo. (A) Macroscopic features of | x 10> each of SP and MP cells in an NOD/SCID mouse at 12
weeks after xenotransplantation. Black arrow indicates the site of injection of MP cells. (B) Histological findings of the xenotransplanted tumour derived from
SP cells (I x 10*). Haematoxilin and eosin staining (original magnification: x 200) is shown.

Table I Tumorigenesis of SP and MP cells in NOD/SCID mice
Cell number for injection
I x 10 I x10° 1x10 I x10°
MFH2003
SP cells 0/5 115 2/5 12
MP cells 0/5 0/5 0/5 172

SP and MP cells were isolated separately and injected into the backs of the
subcutaneous space of NOD/SCID mice. Tumour formation was observed for |2
weeks after injection.

We observed proportions of SP cells of 0.31 and 5.28% in NY
and MFH2003, respectively. The proportions of SP cells we
observed were similar to those in most previous reports, with

© 2009 Cancer Research UK

2% noted in human breast cancer cell line MCF7, 0.4% in rat C6
glioma, 1.2% in human HeLa carcinoma (Kondo et al, 2004) and
4-37% in neuroblastoma cell lines (Hirschmann-Jax et al, 2004).

The SP cells were defined by the efflux of Hoechst 33342, a cell-
permeable DNA-specific bisbenzimidazole dye, through an ABC
transporter. Therefore, SP cells are considered to be resistant to
multi-chemotherapeutic drugs and to confer malignant pheno-
types to tumours (Dean et al, 2005). Hence, the characterisation of
SP cells might be a useful tool for analysis of CSCs, especially when
specific CSC surface markers are unknown.

We found that SP cells could re-populate both SP cells and MP
cells in vitro. These results suggested that SP cells were capable of
self-renewal and also generated MP cells by asymmetric division.
This indicated that a tumour hierarchy might exist in bone MFH.
Previous studies have also shown that SP cells can divide
asymmetrically and display a capacity for self-renewal similar to
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Table 2 List of genes upregulated in SP cells of MFH2003

Expression ratio (SP/MP)

Gene symbol Gene name Accession no. Gene ontology Cy5/Cy3 Cy3/Cy5
ANKRDI | Ankyrin repeat domain | | NM_013275 Electron transport 2.1 27
SLC2A4 Solute carrier family 2, member 4 NM_001042 Carbohydrate transport 22 25
KIAA 1440 KIAA 1440 ABO37861 Unknown 22 33
SURF6 Surfeit 6 NM_006753 Ribosome biogenesis 23 28
VPF Vascular permeability factor M27281 Cell proliferation 30 35
C20orfl4 Chromosome 20 open reading frame 14 NM_012469 RNA processing 21 36
PHLDA3 Pleckstrin homology-like domain, family A, member 3 NM_0123%6 Physiological processes 2.1 24
ZNFI9 Zinc finger protein |19 NM_152907 Regulation of transcription 28 24
MCLI Myeloid cell leukaemia sequence | NM_021960 Apoptosis 2.1 39
APOE Apolipoprotein E NM_00004 | Lipid transport 2.1 38
NR4A2 Nuclear receptor subfamily 4, group A, member 2 NM_006 186 Regulation of transcription 25 4.1
IRX3 Iroquois-related homeobox 3 BC023667 Regulation of transcription 33 29
GNB3 Guanine nucleotide-binding protein, f-polypeptide 3 ~ NM_002075 G-protein coupled receptor protein signaling 2.1 5.0
NLRP12 NLR family, pyrin domain containing 12 NM_!44687 Apoptosis 2.1 23
PTN Pleiotrophin NM_002825 Neurogenesis 20 26
ABCG2 ATP-binding cassette, sub-family G, member 2 NM_004827 Transport 22 29
APOLI Apolipoprotein L NM_145343 Lipid transport 22 26
MDFI MyoD family inhibitor NM_005586 Unknown 28 3.1
PRSSI15 Protease, serine, |5 NM_004793 ATP-dependent proteolysis 2.1 25
MSXI Msh homeo box homolog | NM_002448 Regulation of transcription 21 28
LDLR Low density lipoprotein receptor NM_000527 Cholesterol metabolism 2.1 3.1
LMNA Lamin A/C NM_I170707 Cellular morphogenesis 21 29
MVK Mevalonate kinase BCO16140 Cholesterol biosynthesis 22 2.

Genes showing the ratio more than 2.0, which were reproducible in two experiments, were listed.

normal stem cells (Kondo et al, 2004; Singh et al, 2004). On the
other hand, we also observed that most SP cells xenotransplanted
in NOD/SCID mice re-populated into MP cells in vivo. SP cells
might hardly be maintained in vivo for long time, that is, more
than 8 weeks. In other words, the niche of the mouse model might
not be adequate for the maintenance of SP cells derived from bone
sarcoma cell lines, such as MFH2003.

The ability of SP cells to generate spherical colonies was higher
than that of MP cells. This is consistent with previous studies
(Patrawala et al, 2005; Mitsutake et al, 2007). We recognised that
the difference was not a consequence of longer retention of
Hoechst dye in MP cells, because MP cells were viable after
staining with the dye, followed by sorting and maintenance in a
culture medium with FBS. However, we cannot completely rule out
the possibility that the difference was due to some effect of the
Hoechst dye, which is potentially cytotoxic (Durand and Olive,
1982).

We could detect a higher tumourigenic potential of SP cells than
of MP cells in vivo using a NOD/SCID xenograft model. In the field
of bone and soft tissue sarcoma, only Wu et al (2007) succeeded in
showing the in vivo cancer-initiating ability of CSCs derived from
bone and soft tissue sarcomas, using SP cells isolated from fresh
primary tumour tissues. The ability to consistently isolate
MFH2003-derived SP cells allowed us to conduct SP cell-specific
gene profiling. Moreover, it might become possible to identify
CTL-defined CSC-specific tumour antigens for immunotherapy
targeting CSCs. Thus far, we have been trying to identify CTL-
defined tumour antigens by forward and reverse immunological
approaches and have carried out antigenic peptide vaccination
trials in bone and soft tissue sarcomas (Sato et al, 2002; Ida et al,
2004; Tsukahara et al, 2004, 2008a, b, 2009; Kawaguchi et al, 2005;
Kimura et al, 2008). Currently, we are trying to establish
autologous CTL clones recognising SP cells of MFH2003 from
tumour-infiltrating lymphocytes.

Thus far, only Oct3/4, Nanog and CD133 were reported to be
candidates for CSC-specific markers in bone and soft tissue
sarcoma (Gibbs et al, 2005; Tirino et al, 2008). Therefore, the gene
profile of SP cells might help to expand the possibility of an
effective isolation of CSCs from bone and soft tissue sarcomas
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using these specific markers. In the current gene expression
profiling, 23 genes with various functions were upregulated in SP
cells. Among them, eight genes (VPF, c20orfl4, MCL1, NR4A2,
IRX3, NRLPI12, PTN and LMNA) might be considered to be
potential tumourigenic factors in malignancies. VPF, generally
known as vascular endothelial growth factor, regulates vascular
permeability, angiogenesis, cell migration and apoptosis in
tumours (Nagy et al, 2008). C20o0rf14 is upregulated in lymphoma
(Su et al, 2008) and HPV16/18-positive cervical cancer (Vazquez-
Ortiz et al, 2007). MCL1 is a member of the B-cell lymphoma (BCL)
family. MCL-1 negatively regulates pro-apoptotic factors (Bak and
Bax) (Chen et al, 2007) and accelerates leukaemogenesis (Beverly
and Varmus, 2009). NR4A2 belongs to the steroid nuclear
hormone receptor superfamily and has a role in cell transforma-
tion in cervical cancer (Ke et al, 2004). IRX3 is epigenetically
inactivated by methylation in CpG islands in brain tumours
(Ordway et al, 2006) and prostate cancer (Morey et al, 2006).
NLRP12, also known as RNO2/monarch-1, is reported to activate
inflammation in humans (Ye et al, 2008). PTN is an angiogenic
factor that stimulates tumour-associated vascular formation in
many malignancies. (Perez-Pinera et al, 2008). LMNA is reported
to encode lamin A, which is a putative colonic epithelial stem cell
marker and is also a prognostic factor in colorectal cancer (Willis
et al, 2008). On the other hand, four genes (ANKRDI11, PHLDA3,
APOL1 and MSXI) are known as tumour-suppressor factors.
ANKRDI11 is a p53-interacting protein and activates the transcrip-
tion of p53 in breast cancer. PHLDAS3 is a positive regulator of Fas-
dependent death signalling, related to cisplatin-mediated apoptosis
(Kerley-Hamilton et al, 2005). APOLL1 is classically thought to be
involved in lipid transport and metabolism and has rarely been
characterised with regard to cell survival. Although the structure of
APOLL is similar to that of the anti-apoptotic proteins of the Bcl-2
family (Vanhollebeke and Pays, 2006), it can induce autophagic
cell death (Wan et al, 2008). MSX1, a homeobox gene important
for embryonic neural crest development, can induce the inhibition
of tumour-initiating ability in soft agar in vitro. Taken together,
the gene expression profiling in SP cells derived from MFH2003
containing various tumour-proliferative and tumour-suppressive
factors might indicate the complexity of maintaining the
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