BIREIT o 72,

hTS-1(F): 5’-gtggctectgegttteceee-3’°
hTS-2(R): 5’-ccaagcttggetecgageeggecacagg
catggcgegg-3’

GST M1-G5(F): 5’-gaactccetgaaaagetaaage-3°
GST M1-G6(R): 5°-gttgggctcaaatatacggtgg-3’
GST T1-T1(F) 5’-ttcettactggtecteacatete-3’
GSTT1-T2(R): 5’-tcaccggatcatggecagea-3’
B-globin (F): 5’-gaagagccaaggacaggtac-3’
jB-globin (R): 5’-caacttcatccacgttcacc-3’

PCR D&{HIL, 94E 147, 60 E 1457, 72
B2 5007 0%E 30 EVIELE,
PCR FEMI% 25ul 2LV, 15%7 Hu—
ATV ETHRBILIZOE, UV CRlfRILL
T, HiESh T B=zFHHFOMBELITo
7.

[# % TS #{=F] Thymidylate synthase
(T'S; N5NI10-methylenetetra hydolate: dump
C-methyltransferase; EC 2.1.145) X
deoxyuridylate % thymidinlate {ZE¥4 5
BERTHY, BAMIEETD TS BEEOEER
BABWVITY., BEOTIEREH 2 & #
WZ ERBALMNERSTWS, £, TS
BEHOBEGFRBIEAL T, TuEe—%
— I D cap Y14 PO TFMICTFET HED
W’ LUBSHCEHAEFEL, Z ORI 2
ElDHE ( Short type, AFIZKIT H5EH
£ 19%) & 3 BEOFE ( long type, A
81%) HH V., %EDHMN TS BADNEIRKR
FRAPBNILARESATWS, &
B, 2 D/NRBADOHKEKICKT S L
LTS BEFOEHICOVWT PCR IZL Y
FEATRAT o T HER. 2D PCR AT A FI&
BFOEHRHCHEFEICAERATHLZ &
BHLMNER-T=, £, B HiERMAEME
ALL i3, £\ ThhFGOZEHOFE
BHETHLIEBHONELY | NALM-
17 B X U KM-3 3 short type, NALM-6 &
HPB-NULL 7% long type Tdh o7, FE B
MR (N—% v M) ALL TiE, ME
L7z 5 Bk, NAMALWA O3 hetero HH
THY, i 4tk (BALM-18, -24, EB-3,
P32/ISH ) HRAGHIE S h BB FHTH IZ
H—Thbolets, BEFITWTH Y Short
type & long type DHROVKENEE AR LT,
TERMESNTVDHOUNDEEHF
BT BRI DWW TRETT 2 L EHER
HhHrEBZON, T INbOKEBED
& O R EAIBSZ ORI & R T OBk
Bblchs, —J5, HiRFEME 7 ko
FREFCIL, hetero 4 Bk & OF Short typel £,
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long type2 #k, L ZEThH o7,

(R GST #E=¥] HEx DESEM %
BAWT, GST-T1 B X UV-M1 B+ ® PCR
BREHZITY, RBEFOREDR I Y —
= TEELT, 2O PCR ENELTH
HTEEBERLE, BEEMBEERICIBTS
GST DHEBIZ >V TIL, BREMERAMN
RO T GST B FORERNPER
WEL, 4T 3ERBRFOTA Y 75—
LAERKRLTEY, 5 1 b GST-MI
DHDODREETHo, ZHIZHLT,
O BEMIFR L OMHREEKR I, X%
RELTWAEENEL, WEDREEFR
DOk, B BiEFAEIEM ALL, RE B
fatk ALL ECENRFN 1 HThHoT-,
Z® GST REOEmMS, BHEHKR A M
R T HBB T, MENDNALT R
BBl h, H5WIEHEIR
FEMFHEBRILELEETHIHERD
. BERLERD, £, BB
BITH GST OXREN, HiicEmpmos
BMERBLUEERZ2ON, HD50ITEE
MR 25 BB COMNMBLBETFER
o TRENE Z 2 AT HEMIZ R VD H,
Vo mIzonTh, ABBREEZITV
o,

D. %%

EYRHEES FOBRFEROHE
BARBIZEW RS B bh T3,
¥7-, ALL 59 2 {L2RE 2568 H
TIThbhdZ Ehn, TNREFRLOEBEL
VAIEHBRO R DR, B2 ELES
EEZzLN, EPRIEELS FORKETF
ZREOBEELRBRLVIALICIVER
LAREES R SRS, BE, BRO/AN
RALL o 13 1A ShTwvwa TCCSG
ALL {RIRIFEIZB W CEYNBIBEE S F
DBEFLIEBRIE. FHOoBEED
BREEZAT O Z L1, 5% D ALL 1R%BR%
WBWTHERERYR2EE2HbN 5,

KE O /NEBABEREIZEIL., KBRO
BE, 2RERZROZITANOEE LS
WRERFEL L TITbATWS, Th
£ T, ERNOEHERIER/ND S AR
RIZBWT, BIAFRNRBABRIO®
EFEITFFEIZIThbh Ty, K%
i, NERAERICB T AR E
RFRFTFREOEBREFBOLERT S L
DEEZLND,



ARFZETI3/NR ALL (I2%1 B R15RE
KB EBEERFRICIIT 5 BEEREETE
DEFEERRT-, ZHEFLFAFETHD
b, SEEERFHEEEFEL, X
LIZENFNROFRFEEIZE ORFH AL E
L. oo ITIic ML /U,

E. &%

/INRALL 233 ARl RIS faak 3 [
1BIERFSE T b TCCSG ALL 1L07-16-02 %
FIFA LT, ALL (Z%3 2 MR EIZB T
LR, BHEOBEEE L EYHEESS
FOBRGFLBEOMBER2RIET PP
EASIRLEMZED N, AREEE
RS F T TCCSG MIEBAZBRAIC L
HAEAMEOETOERBIIEONT, BIK
BIEOEBICIIES o Tz,

G. WRRBR
1. RXHER
1) Kobayashi R, Yamato K, Tanaka F, Takashima
Y, Inada H, Kikuchi A, Kumagai MA, Sunami S,
Nakagawa A, Fukano R, Fujita N, Mitsui T,
Tsurusawa M, Mori T; Lymphoma Committee,
Japanese Pediatric Leukemia/Lymphoma Study
Group. Retrospective analysis of non-anaplastic
peripheral T-cell lymphoma in pediatric patients
in Japan. Pediatr Blood Cancer 2010; 54: 212-5.
2) Mitsui T, Mori T, Fujita N, Inada H, Horibe K,
Tsurusawa M; Lymphoma Committee, Japanese
Pediatric Leukemia/Lymphoma Study Group.
Retrospective analysis of relapsed or primary
refractory childhood lymphoblastic lymphoma in
Japan. Pediatr Blood Cancer 2009; 52: 591-5.

2. BESRBR

1) BHET, BER FREE &gk,
A BS, EERE, EEE. NRER, HE
%, {tMB -, THB%E. TCCSG-L1602 1k
B 9S/Day8 Kl RO 7 —Y A b
A R Y —H7E. Cytometry Research19 b8k
#£ Page57 (2009.06)

2) BHET, EHRES, BEHR BEHRER
Zekth, BB, AR, HEE R
4, BB, /NE, KESH, EERZ, &
MEB%. TCCSG-L1602 IEEMIEIZEBITS
Day8 RA§M-FHKEDO 7 u—H A F A Y —
FEICOWTOFHE. NEBA 6 BT
T b BEE Page228(2009.11)

3) WFHEEL, BHET HRE—FE BERIIX
B, NPETE, KESE WHEER SRkt
BRSO BEEAT, NREA, MRS, EER T
+HEZE, RHERF, HNFE], BEEM—RR.
ANEBHMAMY v NEDA /0T VAR
AV = molecular karyotyping & #RERY BB
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5T fEtr. ERERIMIK 50 % 9 5 Pagel268
(2009.09)

4 THEZ /NEY, EHEE, E#E R
BEW FHGE, &RE HEHh, 558
KEE ML, BRI, Hekth, HERH,
BESL Fnde, FOE NITRM K
R B, 18 BRKRE, RIFUER, MEEET
B ETE, SGHES, WREUE T, RBELE 4
WE OKHERE BLE— &7 KEFS,
HEUNEBRATFERIN—T ALLZEES. K
FURNBRARFR I N — 70T 1981 EM D
1999 £ 5 DORRICBREF I N /MR
Y I 2035 FlOBHBHFER. BB
BRIiE 50 % 9 5 Page904 (2009.09)
EJD)

H XEMEREOHE - R&RE

(TFrEEZET)
1. $EFRE
2L

2. ERFERE
2L

3. 0D

2L



BEAFBHEMER@HE (B 3 RGP AREHIBFEEE)
ST SRR E &

HEIRPE/N IR A A DGR BYRFME DREYT & BRI - TRFEIEBASE

BroEsriE KEL % EMREERLS SRR
R4 - LR WEEN(LRIFRRE =R

MRES :

DTHRAFOBRBEFEET D & & biT,
BB EWS/ETS & WNT ¥ 7O BERERFT L,

R/ NEBRAD—2>TH B Ewing RIEIZR T EWS/ETS ¥ 2 58
BFOEBRAEICR T o#EL. HICLOENEKRTF THS DKKI/DKK2 @ Ewing
PIEIZ BT 2 ERHZ POICHT L7z, DKK 77 2 U —iZ WNT ¥ 7 F A2 Hl#+ 54
F . Ewing AME Tl DKK 2 AEFBH T, DKK1 BMEHIR TH 505, DKKI1, DKK2
DKK2 OZEBIMHIA Ewing WIEMARICE 2 5

A. BFREW

Ewing PEIL, /NEHI~EERARICE
Ry HBHRBOBMERE CH B, HE,
{LEREZITI LD LT HRREOEERI
FOBERBERMNLELS2HBL00,
BRERIT 50 RRETHY WELICERME
DEBETHD, REBED 90 %Ll LTI,
EWS #f5F & EIS 77 3 UV —DEERERF
NP REEREIZ L > THA L, A THE
RFREREND (EWSETS X X 7 &=
TF) o TOXATEETIZ, AEFICE
ODTHRENEL, REZHEZSIT2 L
TEETHY, o, BEERARLEE
REEEZECTCWE, ZOXRATBET
OHREEZHALMTT ST L&A, Ewing WE

DFABF ORI DAY TAL .,

Bl R IBREORRBEOEBER A2 RMS
BL0ERBEEZLNS,

Z 2T, AW, Ewing RIESRZ Ol
O/NBIEFEDO NT A7 YT b — LT
o THFATHBEBEFICL-TEHEELR
MENIENBRRTFEHREL, TOEER
RASCHBICEDLABELHOMCT S
ZEEAEME L, BlL, BEEE T
[EE L7z Dickkopf family 4 FDJEER4
WWRBITHABEBEBROVWRERAI=A L%
BHoNITA BB ELE,

B. HEFIE

FE4EE £ T2 Bwing RESCHO/NRE
BOMNIT L AU T b—ABFTIZLY.,
XA TEBEBETOENERTOEHE LT
@ & L 7= Dickkopf-1(DKK1), Dickkopf-
2(DKK2)E a1 DI 2D 72,
(1) PEEEE CIT/ER L DKKI B FIRE
HHVid, DKK2 B%|IFH SK-ES1 Hifa

40

( Ewing WE) OHERBAE KR TFHBEAMAT
% Affymetrix £t U133 array % iV T{T»
72, GeneSpring # WV TCHRRT — ¥ & fig
#r L. DKK1, DKK2 @FIHHRICL-> T,
REHLEBT LB FHEAHME, HBICF
BI_REBETFICHLUTER PCR Ik -
THBREZHER LI
(2) Ewing REMIRR T DKK2 %/ v 7 ¥ ¥
Y4 Ao, SK-ES1 MR DKK2 @
shRNA ZB{aFEAL, BEEALRLY
u—rE Bk, TO7a— o0 T
DKK2 O3B A ER PCR IETHR L,
TND D7 a— DIEFEEE A MTT assay,
1Z#8E % matrigel % fV 7= invasion assay,
B ®8E% migaration assay, wound healing
assay {2 L o TRF L,
(3) 293 AHfEIZ TCF Reporter Plasmid T
% TOPflash, pUSE-Wnt3a, pcDNA-LacZ-
His, pcDNA-Flag EWS/FLI1 % BB &IR
FEAL, VYT 2F—FTFT v¥A 51T
VW, WNT ¥ 7 FAOiEHeics LT,
EWS/FLI1 #3652 5 8 E B L1,
(frEE~ORRE)

BRI, BEESRZETL, Hoh
LOEMKEERE ¥ —BWERER

S~BEL, ARE/UTo .

C. MERER

WEEFE &£ CIZ, Ewing AME, #HRIENE,
FOMmo/NREFEMBEO bR Y T
b—AfEHT X Y DKK2 13 Ewing AIETH
R TH Y EWS/ETS DEBEOENEET.
DKK1 ¥ Ewing WIEIZBWTERBR T,
EWS/ETS K> TRBEET T84T L
LEZEOEMNS T THRRVEDOHERRE
HHTVW3, DKK I3 Dickkopf family {Z/&



T H5WHRD 4+ ¢, DKK1 ~ DKK4 @ 4
BEARESINATEY, Wt 7%
AEHDIVEHHT D ERRESNT
W5,

97, PEERICT] & FiXx DKKI1 BFEIF
3, SK-ES1 #Aa0D in vitro TOXMAETE T
v A EFTo5TH, in vitro TIIBA L /g
HWAEMEPIRIIBO N o7, £Z
T, DKKI1 @%/ %8 SK-ES1 fifla kO
DKK2 @RI 5 58 SK-ES1 #iAa 4 AW CHEE
B FHEFER 21T o, DKKIL,
DKK2 {2k > CHEN EHH D WVIZIET
THEBEFHEREL, TOF T, G
protein family ®—43F 7%, DKK1Zd > T
BREFEE, DKK2 2L » CTRBEME s
HERBELMNER o, TONTIR

DKK2 /v 24 i oRENRER L,

DKK1/2 O FHRAFEEZ b, BIE, Z
DHFIZOWTEIZEFTF CH S,
Ewing BB T, DKK2 %/ v 7 ¥ U
vEAZLIITEETH B, —iBEEA
ROBERL, DKK2 E A X M8
FESH SRR T DSMRAT 2 R8I % ATREME DS
Zzbhi, 2 T, SK-ES1 fifaiz
DKK2 @ shRNA * ZEBEFEALT,
FE &/ PCR £ T DKK2 ORBEMF 2R L
7-. shRNA DKK?2 SK-ES1 #ifglx. H7EHE
MEEE T/MmIZH o 7-—F T, DKK2
RIE L EEEE, EERIITROERIX
BOLNREhol, TOZ NG,
EWS/ETS K 7F ) DKK2 ¥ H EH i,
Ewing PIRERESE ALICBE 5 L TV 5 W] e
MNEZONFEN, RRBHEMARBRNNSLE
LEZ LN,

DKK1/2 1% WNT ¥ 7 )L OFgRF ¢
HAHZ LRI TWA, Ewing RIEMAD
T WNT ¥ 7 F oW THRFT 5729
2. ¥4, EWS/FLI1 28 WNT3a 2k 3
TCF/LEF JEMALREIC X L TR EBEY 52 5
2 E D iR LT, £OFE,. EWS/FLIL
7 WNT3a I X % TCF/LEF {&M1k % il
TAHEZLEBRBEENT,

D. E£

EWS/ETS ¥ 2 7 @=L, RNA & ¥
VI THDHEWS EEIS 77U —D
BERFABMESLE-EQR22—NT 5,
HoTXATHEBEFOEREEDIT, &BF
Hfe LTHIETAZLICI Y EERAE
WEEARAREZHE L (WD EEZLNT
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B, EBRICEEOENERFVIRIES
T3, DKKI1/2 1, EWS/ETS D HE#
B, HHVITHENRZENERTFO—
ELTHELTWD EEZBR,
EWS/ETS 2 X AEBERAIC DR EHE
SENCEEL WA EEXLNS,

4@, G protein family @ — 43 1 %
DKK1/2 O FTiREFOERME LTRIE L,
TR FIZOWTHFTT5Z LIk,
DKK1/2 # Ewing RIEORAEICEET 5%
A IhAZ ERMFEIND, £,
DKK1 7% in vivo CEBEREZMHIT 5 —
#7C¢., DKK2 13 Ewing AEMIR CERER
THHZELHY, BRIBBUC X DR
EFTIZIIBA LN H 5, HIE, DKK2 &/
v I F U UEREBTOTCEY, ZORR
\2 X Y., DKK2 @ Ewing RERAEIZBIT
HEBREINBALNC/D LIRS,

SEIOMFEHTIZ L Y, EWSFLII B MNE
S D WVITRIERIC WNT v 7 e
BAEHZzHZENTRENE, DKK1/2 #3
A7 WNT & 7 VR 2 7 U CREEE
T 50, HDHWE Ewing AE TRk
BENTLTHWAENEINEED T, 4%,
BET LTV EETH D, ILE, WNT B
Ewing AEOMRBENE2EET L LD
WELHY ., WNT OHHABRRKEZH
LS o S ERT E D 5,

E. &®

Fx H, Bwing WERRNOX A 78T
EWS/ETS AEBHAAH A0 T LTRH
EF L DKKI, DKK2 {Zz2>W<T, =0
Ewing WEIZRIT 28T 2D 7,
DKK1, DKK2 O FiREFOE#H%=FET
AL E BT, DKK2 OEBEMGIA Ewing
WM RIC S 2 B8 EWSETS &
WNT & 7 FADOBRZR AR L,

G. WHRER

L RXER

1) Kitamura N, Katagiri YU, Itagaki M,
Miyagawa Y, Onda K, Okita H, Mori A, Fujimoto
J, Kiyokawa N. The expression of granulysin in
systemic anaplastic large cell lymphoma in
childhood. Leuk Res. 2009 Jul; 33(7):908-12.

2) Horiuchi Y, Onodera M, Miyagawa Y, Sato B,
Onda K, Katagiri YU, Okita H, Okada M, Otsu
M, Kume A, Okuyama T, Fujimoto J, Kuratsuji T,
Kiyokawa N. Kinetics and Effect of Integrin
Expression on Human CD34(+) Cells during
Murine ILeukemia Virus-Derived Retroviral
Transduction with Recombinant Fibronectin for



Stem Cell Gene Therapy. Hum Gene Ther. 2009
Jul;20(7):777-83.

3) Miyagawa Y, Kiyokawa N, Ochiai N,
Imadome K-I, Horiuchi Y, Onda K, Yajima M,
Nakamura H, Katagiri YU, Okita H, Morio T,
Shimizu N, Fujimoto J, Fujiwara S. Ex vivo
expanded cord blood CD4 T lymphocytes exhibit
distinct expression profile of cytokine-related
genes from those of peripheral blood origin.
Immunology. 2009 Nov;128(3):405-19.

4) Watanabe N, Okita H, Matsuoka K, Kiyotani C,
Fujii E, Kumagai M and Nakagawa A. Vaginal
yolk sac (endodermal sinus) tumors in infancy
presenting persistent vaginal bleeding, J Obstet
Gynaecol Res 36(1) 213-216, 2010

5) Onda K, lijimal K, Katagiri YU, Okita H,
Saito M, Shimizu T, Kiyokawa N. Differential
effects of BAFF on B-cell precursor acute
lymphoblastic leukemia and Burkitt lymphoma.
Int J Hematol. (in press).

2. ERER
) BEEE, KESE, EFE, A
T, HEEBEGL, BEAMEL, WIUER.
Wnt 3 7 AHEHIEF DRK @ Ewing A&7
7 Y —EEREICBITHHEEE. F 98 EA
AFEESRS, ®8, S H1~3 8,
2009 .
2) KELE, B)ItEsE, e PEX
HH, AT, w205, BlE—, BERM—
BR, JEI{S8%. Ewing family tumor 5 RA9R
A#{EF EWS/ETS 2 X% Dickkopfl/i2 D%
BHIME. F 68 EAAABESENBS, IR,
108 1B~308, #IE.
3) BIEHR, BEET, ", Ea
K, MR, AELE, WHEEMR, &H%
th, EIEE, EEME, NRB, AERFE, T
BT, tHEZE. TNETF, /NMIFKF, BEX
fi—RR. /NE B MY oA s
7 LA % 7z molecular karyotyping & f#E
MERBRREFAAT. B 71 BB RLIRESE
#igS, R, 108 23 H-25H, 2009.
4) ek, BRAEH, PIRT, BEER,
FIEIT, KEZEB, HVER, HEDET,
HHEET, EARFE—, BAM—B, H~ERA
BIn 77 Lh0%E (ARRKHES - 2
FEHOEE) , F 25 BHERANERARS,
T#, 11 A27H~29H, 2009.

H HMEHZEOHE - BRI
(FEZEL)
1. G
L
2. ERHERH
|
3. Fofh
T

4?2



BAGBBFREMEE (5 3 K03 A S HRISH 7EH )
oarEsmEE

NEEMEREG OB FRW L o FE=F ) U TIZET D5

[V

WrEoEE MIE BE WSTBREAELRRSE ahEERE 42—
BRRAFSE Y v & — MK - IEETTRE PR - BN E =R

WRES : SMREBEEHEALFEORHEOREE AW EX A SBIRETORSY
—= U T EITo TR, 361 FlH 157 B (43.5%) KBWTHRF LEX A TBETFO
WERABSBRE AR, AN EHEaREORBHARLRAKRE THD (82DIC L
T4 LU % AMLI-ETO O % A 58 {aFi 361 il 99 ] (274%) IcHh&dHHI, EHE
ETHol, AMLI-ETO OX 2 7 & EF2FA LIIEEEZOBINRTFEREDREN T
1, 1B TEOSFEMROIT 20% L DizhoT-55, 1BFENHD AMLI-ETO @& X
TBETOETIEZHEMERLZ LN, RERICHEOEELE L TRMPLETH D,

A. BFRE®
INRAMESM AN (AML) 2%%

E LB RBRTH S JPLSG AML-05 7

O ha— ORI, XA TBRETFD
A7 Y —= TEERL, RBIfThh
HPRESTER R TS ZET, £
EhXASHEFIBITIAEETFZHO
RN EBERORMEIT )., LHRICLRE
BT REFASCREBESIT TIIRE 2R
HENZWERMLFEET D & TFRIN,
FATBEFORZ YV —=v T OERIZ
Lo TIERERSTRENAIERIZ /LS &
BaNns, LRI A TEBREFD
B ShEEMEZXRIC, B—0REE
KRBT AEEREHNOHEBERTRAET
BREHICXATERTORAEZERT
B ET, BEEMHEITONDD BN
% F W ZE ( Minimal residual disease,
MRD ) OFEZITV. BfREARER X
DEMREBEEICT 2 RBRRISH & B 5%
EOBEBEIZOWTHRHFEIT). 5 TO
AML B ATEEFEHOE
MRD HFZIZEICEROTME LTRHNE
nTEin, HERBEIIRIRTW
W, L LIBERKISHEOREIEZEE LToIR
FEH O MRD & BH & ORICEERR W
EehiE, BERCBITSEILRT & 722
HTENHFETES,

B. HrRFGE
BWRHOEHERD D WIIERME L OB
MRaA b RNA HiHZITW, EEW RT-
PCR EIZ X o CTAMBHEAMBE ToOR
FAe 8 FEDO X A T &EF ( AMLI-
ETO., CBF 8 -MYH11, MLL-AF6, MLL-

43

AF9, MLL-ELL. TLS/FUS-ERG. PML-
RAR a ., NUP98-HOXA9 ) OBEIE%1T -
7= 1RE% D MRD fi#47 ClX, £ TR
76 RNA #HiH L, ZSEMCHBiEDOx
ATBETORBREZEELL,

(EE~DERE)

AEFFRIT., BEERAETFL, ERO
R RAEEZBESROLCICEEHBE
DEBERZECTER L, 2 TORK
Z, XBECLAAL VT A —b Rarby
MEBEBICNE SN, E-RERE,
REIZBWTETELALETV, RIER
HEOAEORE., MAFBRERECIER
ho THER L -,

C. AR

DO X A TERTFARAI Y=
WZBWTIL, HEX T L 361 f
H 157 ) (43.5%) I ThhoXx 2 5
fRFBRHENE, FORNRIX, AMLI-
ETO 99 ff|. CBFB-MYHI1 20 i, MLL-
AF6 2 ], MLL-AF9 25 5, MLL-ELL 6 i,
TLS/FUS-ERG 3 #], PML-RARa 2 fiTC
o7, NUP9B-HOXA9 1% 1 il &
niRmoi,

BERBEOX XA TBETFORBN 2T =
2 Y v 7 %175 MRD fFHTicid, 2o
AZ Y == I THE XA TBEFRBHED
JEBID G 69 FINBEE I, 242 BRIEOME
Wr&aiTo7T., 69 fflF 46 HiH AMLI-ETO
BEDEF TH Y, HRFRT 10 BILLED
BREMZRINBATETH >, AMLI-
ETO OBHiEFD RNA Llug H7 v ORIR
BlXPRE T 3.7x10° a v — (#H
3.2x10° ~ 1.7x10° = °—_ n=46 ) Th»



oS, BREARE 1 a— A% TR, #
JufE 13x10° = ' — (#iFH ; 8.7x10' ~
9.4x10° 2 ¥'—, n=35 ) ., EfRE ARES
2 a3 — R TIE, PRMAE 47x10° 2 £ —
(%60 ; 0~ 14x10°=2&—, n=36) . A
b 1| a— A% TIL, FRIE 3.1x10° =
v (#F; 0~ 53x10° =2 —, n=30) .
WAL 2 o —R BT, FRIE 24x10°
a v — (#B ; 0 ~ 1.2x10* =1 & —_
n=23 ) . M{LE 3 a— A% (LJRERK
THEA) Tk, FRE Lex10? 2 — (i
B 0~36x10°2t—, n=25) Tholz,
B ARIES 1 32— R0 MRD 11155
BTICEE L THI 2 log A LTWB DS, JER
MToERKELS Ao, EiFE AR
B8 2 a— A LIEO MRD DR TI3BERA
BETZ AR LNE, EERRE
TH AT MRD BMRHEELLT CTho IE
Blix25 Bl sHDOHRTH T,

D. L

BREE TIZ/hR AML EHBIC2H S
72 361 FIOX A TBEFAI Y —=
2TV, 99 FHTRWT 1(8;21)(q22;q22) D
LK BEEORBRLELTEREIND
AMLI-ETO O ¥ 2 7 BEFIBRHE ENT,
FOEEIIN 27% TH Y, BRKOHE L
H_TEEETCHIN, BBPEORAIK
BWTHLREBEOMImIZHY, ANEITXD
BEWEEZBNRD, AMLI-ETO (ZEH~_T
CBFB-MYHIL ZBLESHD1THY,
2EOK 5B EIBEETH -T2,

¥7- AMLI-ETO O% X 7 ERFE2 X
{2 L7z MRD DM Cid, EMEEAREK
THED MRD OERFEOREIZILEMNE T
BooERALbhbizd, Bxr DERFIC
B ARBRISHEEHET2HBEL LT
AWHZENFREEZ X TV DA, B
BTCHREBEHREMETLTWRWED,
KRB OMIT R fThbhTniRnkd, K
METHLERAOBR L OIS % E
THHRBETHD, BEETHRATHLX A
SEEFIRBBRERBICRZS, Wb
% [y 78 #3FELULEMT 20T
Hy, TORGCERENTERBRL CEY
BOEFPEFR CRBTHZILEEZR
THE, BERRTHIIOTEREESZ
ERLTLLMBRETCRWETFERENS,
T OEBIZOVWTIE, RPITVIERE
HCORBRISHEDER L LTO MRD @

MBESTERATIZENMLETHDZ
ERRBEINS, MR AML TRREVWRES
EMREZE LN 572 AMLI-ETO LAt o
XA TBEFLEDHTMRD OBRFHZ LY,
BERFCOBRBRIGHEEZ EIZHETHZ
ERTENX, THRHUE~DIEHABR
ans,

E. &%
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The expression of granulysin, a cytolytic protein produced by activated T and NK cells, has been revealed
to be correlated with the prognosis of some aduit cancer patients. By examination on various childhood
lymphoma.tissues, we found that granulysin level was especially high in systemic anaplastic large cell
lymphoma (ALCL) cases, whereas no close correlation with the expression of CD96, a marker for activated
T and NK cells, was observed. We further demonstrated that both ALCL cells in biopsy specimens and cell
lines established from ALCL express granulysin, indicating some correlation of granulysin with biological

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Granulysin is a cytolytic protein colocalized with other cytotoxic
effectors in the granules of human activated T and NK cells [1,2].
Granulysin causes defects in negatively charged cholesterol-free
membranes, a membrane composition typically found in bacteria,
leading to both an elevation in the intracellular Ca?* concentra-
tion and an increase in ceramide. As a consequent, mitochondria
are damaged, causing the release of cytochrome c and apoptosis is
induced [3-6]. In contrast, granulysin is able to bind to lipid rafts
in eukaryotic cell membranes, where it is taken up by the endo-
cytotic pathway, leaving the cell intact [6]. To date, two actions
of granulysin have been described [2,7]. First, granulysin has an
antibacterial effect and its antimicrobial activity against Mycobac-
terium tuberculosis as well as Cryptococcus neoformans has been
shown to be dependent on the expression level of granulysin in
cytotoxic T cells {8-12}. Second, granulysin reveals antitumoral
activity. Many studies suggest that granulysin is-an effective anti-
tumor protein [2,7]. In experiments using an animal model, human
granulysin promoted survival in transgenic mice with tumors [13}.

* Corresponding author. Tel.: +81 3 3416 0181; fax: +81 3 3417 2864.
E-mail address: nkiyokawa@nch.go.jp (N. Kiyokawa).

0145-2126/$ ~ see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2009.01.032

Granulysin protein levels in NK cells were correlated with the prog-
nosis or progression of disease in-adult:cancer patients [14,15].
However, the correlation between granulysin and clinicopatholog-
ical features of childhood cancers, including lymphoma, is yet to be
clarified.

There are four major. types: of childhood non-Hodgkin lym-
phoma; lymphoblastic lymphoma (LBL), Burkitt lymphoma, diffuse
large B cell lymphoma and systemic¢ anaplastic' large cell lym-
phoma (ALCL), each with its own prognosis. ALCL is characterized
by specific large lymphoma cells expressing CD30 frequently with
chromosomal translocations that generate chimeric gene NPM-ALK
in which the anaplastic lymphoma kinase (ALK) gene is involved
[16-18]. ALCL has a T cell- or null cell-like phenotype and in some
cases perforin and other cytotoxic effectors are expressed, sug-
gesting ALCL originates from cytotoxic T or NK cells [19,20]. ALCL
in childhood generally has a relatively good prognosis, however,
clinicopathologic differences exist and some patients do poorly.
Biological variation including the presence of NPM-ALK-positive
and -negative cases indicates ALCL to be a heterogeneous disease
type [17].

In an attempt to clarify the expressional state of granulysin
in childhood lymphoma, we examined the mRNA expression of
granulysin in tissues obtained from various cases of childhood lym-
phoma including ALCL. In this paper, we present a difference in
granulysin expression among the types of childhood lymphomas.
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Notably, ALCLs had high levels of granulysin. The biological effect
of granulysin in ALCL is discussed.

2. Materials and methods
2.1. Materials

Biopsy specimens from pediatric patients, including ten patients with ALCL, four
with precursor B (B}-LBL, six with Burkitt lymphoma, five with diffuse large B cell
lymphoma, five with Hodgkin's lymphoma and eight with precursor T (T)-LBL, were
selected from files between 1985 and 2001 at our laboratory. In each case, the initial
diagnosis was based on morphological observations and the immunophenotypic
characteristics. The specimens are now kept under conditions of anonymity and all
of the experiments included in this study followéd the tenets of tlie Declaration of
Helsinki and were performed with the approval of the local ethics committee.

The human ALCL cell lines Karpas-299 (a gift from Dr. K Kikuchi of Sapporo
Medical College, Sapporo, Japan) and SUDHL-1, the human Burkitt lymphoma cell
line BALM-24 (gifts from Cell Biology Institute, Research Center, Hayashibara Bio-
chemical Laboratories, Inc., Okayama, Japan), and the human megakaryoblastic cell
lines CMK (a gift from Dr. T. Sato of Chiba University, School of Medicine, Chiba,
Japan), Dami (American Type Culture Collection, Manassas, VA) and Meg-01 (Insti-
tute of Fermentation, Osaka, Japan) were used. Cells were maintained in RPMI1640
medium supplemented with 10% fetal calf serum at 37°C in a humidified 5% CO;
atrnosphere. Mononuclear cells obtained from the peripheral blood of healthy vol-
unteers by Ficoll-Paque centrifugation were cultured for 24 hin the presence of 5 nM
of 12-myristate 13 acetate (PMA, Sigma-Aldrich Fine Chemical Co., St. Louis, MO)and
1M of ionomycin (Sigma) and collected for the extraction of total RNA.

22. RT-PCR and real-time PCR

Each tissue was embedded in optimal cutting temperature (0.CT.) compound
under rapid- freezing ‘conditions. The frozen tissues were sliced ‘up' 5-pum thick
by cryostat; homogenized in Isogen (Nippon gene, Toyama, Japan). Total RNA was
extracted according to the manufacturer’s protocol: Using. 1 wg of total RNA; cDNA
was synthesized by transcriptase (Amersham Biosciences, Buckinghamshire, UK)
and expression of granulysin mRNA was determined by quantitative real-time PCR
using Taqman MGB probe with ABI 7900 systems (ABI, Foster City, CA).

2.3. Flow cytometry and immunohistochernical staining

To detect the cytoplasmic expression of granulysin, cells sequentially fixed with
4% paraformaidehyde followed by 70% ethanol were stained with fluorescein isothio-
cyanate (FITC)-labeled mouse anti-granulysin monoclonal antibody (RC8, Medical &
Biological Laboratories, Co., Ltd., MBL, Nagoya, Japan) and examined by flow cytom-
etry (EPICS-XL, Beckman Coulter, Inc., Fullerton, CA).

For immunohistochemical staining, the formalin-fixed, paraffin-embedded
tissue ‘specimens were deparafinized, ‘treated using the heat-induced epitope
retrieval methiod in:10mM of citrate buffer, pH 6.0, stained with a combination
of Alexa Fluor™546 (Invitrogen, Co., Carsbad, CA)-labeled rabbit anti-granulysin
polyclonal: antibody. (Santa Cruz Biotechnology, Inc., Santa Crus; CA) and Alexa
Fluor™488-labeled anti-ALK monoclonal antibody (ALK-C, Beckman) and exam-
ined by immunofluorescence microscopy (Olympus, Co., Tokyo, Japan). Photographs
were taken with a CCD Camera (Cascade; Roper Scientific; Inc., Tucson, AZ).

The peripheral blood-derived mononuclear cells cultured for 5 days as'described
above were cytocentrifuged on slide glasses by using Cytospin Il (Shandon, Inc.,
Pittsburgh, PA) and fixed with 4% paraformaldehyde. Cytochemical staining was per-
formed by using either mouse monoclonal anti-granulysin antibody (RC8) or rabbit
anti-granulysin polyclonal antibody as described above.

2.4.° Statistical analysis

The statistical analysis was performed with a nonparametric Mann-Whitney
test and correlations were determined using nonparametric statistics. A p-value less
than 0.05 was considered to be statistically significant.

3. Results

First, to verify any differences in the level of granulysin expres-
sion between the types of lymphoma in childhood, we performed a
quantitative real-time PCR analysis with total RNA extracted from
the tumor tissues obtained from pediatric patients with ALCL, B-
LBL, Burkitt, diffuse large B cell lymphoma, Hodgkin, and T-LBL.
As shown in Fig. 1, the pattern of granulysin expression differed in
each type of lymphoma. When compared with the value normalized
to be expression of GAPDH, the level of granulysin was particu-
larly high in ALCL (mean intensity normalized with GAPDH = 1.066),
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Fig. 1. Expression of granulysin mRNA in childhood lymphoma cases. The granulysin
mRNA levels in extirpated tissues were determined with real-time quantitative
PCR. Each value is normalized to GAPDH expression in the sample. ALCL, systemic
anaplastic large cell lymphoma; B-LBL, precursor B lymphoblasticlymphoma; T-LBL,
precursor T lymphoblastic lymphoma. The Burkitt cases (!p<0.001), diffuse large B
cases (*p<0.01) and T-LBL cases (*p <0.01) exhibited significantly low levels of gran-
ulysin mRNA in comparison with the ALCL cases. The Burkitt cases (*p < 0.01) showed
significantly low levels in comparison with the Hodgkin cases.

while the level in Burkitt lymphoma was very low (mean inten-
sity =0.012) and that in Hodgkin lymphoma was moderate (mean
intensity =0.625). Some significant differences between the types
were observed: ALCL vs. Burkitt, p<0.001; ALCL vs. Diffuse large B-
or T-LBL, p<0.01; Burkitt vs. Hodgkin, p<0.01.
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Fig.2. Analysis of the correlation between granulysin and CD96 mRNA expression in
childhood lymphoma cases. The mRNA expression of CD96 in the ALCL cases (a)and
Burkitt cases (b) was examined and the correlation between granulysin and CD96
mRNA expression was evaluated. ’
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The difference in granulysin expression was possibly influenced
by the number of activated cytotoxic T and/or NK cells that had
infiltrated into the tissues. Therefore, we examined the expression
of a marker gene for cytotoxic T and NK cells and compared it with
that of granulysin. CD96, also called T cell-activated increased late
expression (TACTILE), is involved in the adhesion of activated T and
NK cells late in an immune response and one of the several markers
ofactivated Tor NK cells [21]. Infact, its expression has been demon-
strated to be well correlated with that of granulysin in some cancer
patients [1,21]. Thus, we selected CD96 to confirm from where the
granulysin mRNA was derived. Although the expression of CD96
mRNA was observed to be closely correlated with the expression of
granulysin in Burkitt cases (rs =0.943, p <0.05) (Fig. 2b), no signif-
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icant correlation between the expressions of these two molecules
in ALCL cases (rs=0.491) was obtained (Fig. 2a).

In some cases, ALCL cells express cytotoxic molecules such as
perforin and granzyme B and thus have been suggested to be
directed from cytotoxic T or NK cells. Considering the above results,
we hypothesized that ALCL cells themselves express granulysin.
Therefore, we used the ALCL-derived cell lines Karpas-299 and
SUDHL-1 and determined the expression of granulysin in these
cells. As shown in Fig. 3, granulysin mRNA was expressed in these
cell lines as well as activated peripheral blood mononuciear cells
and the megakaryoblastic cell line CMK. However, the mRNA was
not detected in the megakaryoblastic cell lines Daudi and Meg-01

.(Fig. 3a) and Burkitt lymphoma cell lines including BALM-24 (data
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Fig. 3. Expression of granulysin in ALCL cell lines. (a) The levels of granulysin mRNA in ALCL-derived cell lines (Karpas-299 and SUDHL-1) and megakaryoblastic-derived cell
lines (CMK, Dami and Meg-01) were determined. As a positive control, activated peripheral blood mononuclear cells (PBMC) were also examined. (b) Cytoplasmic expression
of granulysin in Karpas-299, CMK, Burkitt lymphoma BALM-24 and PBMC was examined by using flow cytometry. (c) Cytoplasmic localization of granulysin in PBMC was also
confirmed by cytochemical staining. As a negative control, the same sample specimen was also stained with control mouse IgG.
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Fig. 4. Expression of granulysin in ALCL cases. (a) The mRNA expression of NPM-ALK in the ALCL cases was examined and the correlation between granulysin and NPM-ALK
mRNA expression was evaluated. (b) The paraffin-embedded sections of ALCL cases were tested for dual color immunohistochemical staining using anti-granulysin antibody
and anti-ALK antibody and examined by using immunofluorescence microscopy. A result representative of five ALCL cases is presented. (c) To confirm the specificity of
anti~granulysin antibody, activated peripheral blood mononuclear cells were examined similarly. As a negative control, the same sample specimen was also stained with

contyol rabbit IgG.

not shown). By employing flow cytometry, we further confirmed
that granulysin protein is expressed in Karpas-299.and CMK cells
but not in BALM-24 cells (Fig. 3b). We also confirmed the speci-
ficity of the granulysin staining using activated peripheral blood
mononuclear cells (Fig. 3b and c).

NPM-ALK is a specific chimera gene for ALCL cells. To verify that
granulysin is indeed expressed in ALCL cells in the tissue speci-
mens, next we examined the expression of NPM-ALK in the ALCL
cases and compared it with that of granulysin. As shown in Fig. 4a,
NPM-ALK mRNA expression was observed in 60% of ALCL cases in
this study, but the expression did not correlate with that of gran-
ulysin (rs=0.219). We further examined the protein expression of
ALK and granulysin in ALCL cases by employing dual color immuno-
histostaining in paraffin-embedded tissue. In granulysin-positive
cases, granulysin protein was detected in ALK+ ALCL cells (Fig. 4b,
yellow arrow). In addition, granulysin was also detected in ALK~
small round cells (Fig. 4b, white arrow), most likely activated T or
NK cells, in some cases. We also confirmed the specificity of the
granulysin staining using activated peripheral blood mononuclear
cells (Fig. 4c). Based on the above data, we concluded that gran-
ulysin can be expressed in both activated T or NK cells and ALCL
cells themselves in ALCL cases.

It was reported that it some cases of ALCL, perforin, another
cytotoxic molecule, is expressed. Thus, next we examined whether
levels of perforin in ALCL patients were also increased because
granulysin and perforin colocalized in activated T and NK cell gran-
ules. Though perforin mRNA expression was seen in 90% of cases,
no correlation with granulysin was observed in ALCL (rs=0.382)
(Fig. 5).
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Fig.5. Analysis ofthe correlation between granulysin and perforin mRNA expression
in ALCL cases. The mRNA expression of perforin in the ALCL cases was examined and
the correlation between granulysin and perforin mRNA expression was evaluated.

4. Discussion

Thessignificance of activated Tand NK cells, as well as the effect of
granulysin produced by these cells, in childhood lymphoma tissues
has yet to be clarified. In this study, we investigated the expression
of granulysin in childhood cases of different lymphommas and found
that the pattern of expression varied. As demonstrated in Fig.1, level
of granulysin was especially high in ALCL cases. Since the major
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source of granulysin is generally thought to be activated T and NK
cells [1,2], the expression in lymphomas might be dependent on the
number of these cells that have infiltrated into tumor tissues. How-
ever, we observed that granulysin expression was not necessary
correlated with CD96 expression in ALCL tissues (Fig. 2), suggest-
ing that the granulysin expressed in ALCL tissues is not derived only
from activated T or NK cells.

Since ALCLs often express cytotoxic effectors such as per-
forin and granzyme B, it has been postulated that they originate
from cytotoxic lymphocytes [19,20]. Therefore, we hypothesized
that the ALCL cells themselves express granulysin. Indeed, as
we described above, the ALCL-derived cell lines Karpas-299 and
SUDHL-1 expressed granulysin mRNA and protein (Fig. 3). More-
over, we detected granulysin protein in ALCL cells in clinical samples
with immunohistochemical staining. As shown in Fig. 4b, the pro-
tein was detected both in ALK+ ALCL cells and in ALK— small round
cells. Therefore, it is suggested that not only activated T and NK cells
but also the ALCL cancers themselves express granulysin.

In activated T and NK cells, granulysin is colocalized with per-
forin in toxic granules, thus we also examined the mRNA expression
of perforin in ALCL, but found that it was not correlated with
the mRNA expression of granulysin. Therefore, it is suggested that
the granulysin in ALCL cells is expressed independent of perforin.
Since the expression of granzyme B was not correlated with that of
perforin in ALCL cells either, the regulatory mechanism for the pro-
duction of cytotoxic effectors in ALCL cells may be disorganized.
Further investigation to elucidate the significance and molecular
basis of granulysin expression in ALCL cells should provide infor-
mation on the biological characteristics of ALCL, including a clue as
to the cellular origin of this lymphoma.

Childhood ALCL has a relatively good prognosis and the relapse-
free survival rate with first-line chemotherapy is 60-80%{18,22,23].
However, variation in clinicopathological features is recognized and
in some cases the prognosis is poor. Since a way to predict the likely
course of ALCL ha’s yet to be established [17], searching for new
markers that have a co-relation with prognosis is important. As we
discussed above, it would be worth investigating the correlation
between prognosis and the level of granulysin in ALCL cases. The
question of how the expression of granulysin in the ALCL cells them-
selves affects the clinical course of ALCL is of particular interest.

In conclusion, we have investigated the expression of granulysin
in childhood lymphomas and observed especially high levels in
ALCL cases. Besides the activated T and NK cells, our findings indi-
cated that the ALCL cells themselves expressed granulysin. Further
elucidation of the biological significance of granulysin expression
in ALCL should contribute to a better understanding of the biolog-
ical features as well as underlying pathogenic mechanisms of this
lymphoma.
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Abstract

The CH-296 recombinant fragment of human fibronectin is essential for murine leukemia virus (MLV)-derived
retroviral transduction of CD34™ cells for the purpose of stem cell gene therapy. Although the major effect of
CH-296 is colocalization of the MLV-derived retrovirus and target cells at specific adhesion domains of CH-296
mediated by integrins expressed on CD34™" cells, the precise roles of the integrins are unclear. We examined the
kinetics of integrin expression on CD34" cells during the course of MLV-derived retrovirus-mediated gene
transduction with CH-296. Flow cytometry revealed that the levels of both very late activation protein (VLA)-4
and VLA-5 on CD34" cells freshly isolated from cord blood were insufficient for effective MLV-derived retro-
viral transduction. However, increases were achieved during culture for preinduction and MLV-derived ret-
rovirus-mediated gene transduction in the presence of a cocktail of cytokines. In addition, we confirmed by
using specific antibodies that inhibition of the cell adhesion mediated by the integrins significantly reduced
transduction efficiency, indicating that integrin expression is indeed important for CH-296-based MLV-derived
retroviral transduction. Only a few cytokines are capable of inducing integrin expression, and stem cell factor
plus thrombopoietin was found to be the minimal combination that was sufficient for effective transduction of
an MLV-derived retrovirus based on CH-296. Our findings should be useful for improving the culture condi-
tions for CH-296-based MLV-derived retroviral transduction in stem cell gene therapy.

Introduction

TEM CELL GENE THERAPY in which a defective gene in some

hematopoietic stem and progenitor cells (HSPCs) is re-
placed with a functional copy can reconstitute the immune
system and is therefore expected to be an effective treatment
for inherited immunodeficiencies. Indeed, clinical trials in
children with severe combined immunodeficiency (SCID),
adenosine deaminase (ADA) deficiency, and chronic granu-
lomatous disease (CGD) have been successful (Onodera et al.,

1998; Cavazzana-Calvo et al., 2000; Ariga ef al., 2001; Ott et al.,
2006).

Murine leukemia virus (MLV)-derived retroviral vectors
are used to place a functional copy of a gene in HSPCs. Al-
though MLV-derived retroviruses have the ability to intro-
duce and express genes stably in the host cell genome,
applicable protocols in humans have been limited because
of the low gene transfer efficiency achieved (Bodine ef al.,
1998). However, the development and application of a trun-
cated form of recombinant human fibronectin (CH-296
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[RetroNectin]; Takara Bio, Otsu, Shiga, Japan) have signifi-
cantly improved the efficiency of transduction of MLV-
derived retroviral vectors into reconstituting hematopoietic
stem cells (Kimizuka ef al., 1991).

CH-296 is a recombinant fragment of human fibronectin
composed of the cell-binding domain (C domain), heparin-
binding domain II (H domain), and CS1 site. The H domain
was found to bind MLV-derived retroviral particles, and the
RGD sequence in the C domain and the LDV sequences in the
CS1 site are recognized by a variety of cell types through
integrins o5f; (VLA-5) and a4f; (VLA-4), respectively. Con-
sequently, CH-296 is capable of enhancing MLV-derived
retrovirus-mediated gene transduction by binding to both
MLV-derived retroviral particles and target cells that express
VLA-5 and/or VLA-4 (Hanenberg et al., 1996, 1997).

The practical effects of CH-296 on MLV-derived retrovirus-
mediated gene transduction into HSPCs have been well es-
tablished in both basic biological experiments and clinical
trials of stem cell gene therapy using MLV-derived retroviral
vectors (Ariga ef al., 2001). However, the actual effects of
integrins expressed on HSPCs on MLV-derived retrovirus-
mediated gene transduction with CH-296 have not been well
characterized. Although differences in integrin expression
on HSPCs should significantly affect the efficiency of MLV-
derived retroviral gene transduction and thus greatly influ-
ence the success of clinical trials of stem cell gene therapy, the
details remain unclear, and investigating the kinetics of in-
tegrin expression on HSPCs during their manipulation for
gene transduction should help. to improve stem cell gene
therapy.

In this paper we present evidence that CD34% cells freshly
isolated from cord blood express only small amounts of in-
tegrins, but that they accumulate integrins during culture for
preinduction - and - MLV-derived retrovirus-mediated gene
transduction in the presence of a cocktail of cytokines. We also
confirmed the effect of integrin levels on CH-296-based MLV-
derived retrovirus-mediated gene: transduction ‘in human
CD34" cells and attempted to identify the minimal combi-
nation of cytokines that would allow effective integrin ex-
" pression sufficient for MLV-derived retrovirus-mediated gene
transduction.

Materials and Methods
Reagents, cells, and cell culture

The cord blood was distributed by the Tokyo Cord Blood
Bank (Tokyo, Japan) and had originally been collected and
stored for stem cell transplantation. Stocks inappropriate for
transplantation because they contained too few cells were
distributed for research use with the informed consent of the
donor and the permission of the ethics committee of the Tokyo
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Cord Blood Bank. All the experiments in which cord blood
was used in this study were performed with the approval
of the local ethics committee. After isolating mononuclear
cells from the cord blood by density gradient centrifugation
with Ficoll-Hypaque, immunomagnetic enrichment of CD34*
cells was performed with a magnetic-activated cell-sorting
(MACS) system according to the instructions of the manu-
facturer (Miltenyi Biotec, Bergisch Gladbach, Germany).

X-VIVO 10 (Lonza Walkersville, Walkersville, MD) con-
taining 1% human albumin and a cytokine cocktail consisting
of stem cell factor (SCF, 50ng/ml), thrombopoietin (TPO,
50ng/ml), Flt3 ligand (FL, 300ng/ml), interleukin-6 (IL-6,
100 ng/ml), and soluble IL-6 receptor (sIL-6R, 500 ng/ml) was
used for pretransduction and maintenance of the CD34™ cells
ex vivo. In some experiments the cytokines were used alone or
in combinations of fewer cytokines than in the complete
cocktail, as indicated in the figures. All the cytokines used in
this study were purchased from PeproTech EC (London, UK).

Viral supernatants were obtained from P13/DNEGFP cells
developed from PGI13 packaging cells transfected with
pGCDNsap (DNEGFP), as described previously (Suzuki et 4l.,
2002), and used as the MLV-derived retroviral vector for en-
hanced green fluorescent protein (EGFP) expression. PG13is a
retrovirus-packaging cell line derived from TK-NIH/3T3 cells
and stably expresses the gibbon ape leukemia virus (GALV)
envelope glycoprotein of this virus for pseudotyping of the
MLYV vectors that are transfected in these cells. The viral titer
was determined with HT-1080 cells (American Type Culture
Collection [ATCC], Manassas, VA).

The monoclonal antibodies (mAbs) used for immuno-
fluorescence analysis were as follows: phycoerythrin (PE)-
conjugated anti-CD49d and anti-CD49e from BD Biosciences
(San Jose, CA), and PE-conjugated anti-CD29 and PE-
cyanine 5 (PC-5)-conjugated anti-CD34 from Beckman
Coulter (Fullerton, CA).

Transduction of CD34™ cells

CD34* cells isolated from cord blood were suspended at a
concentration of 1x10° cells/ml in X-VIVO 10 and cultured for
48hr, as preinduction, in the presence of the cytokines de-
scribed previously. To transduce CD34 cells with the EGFP
expression vector, 1x10°cells were resuspended in 1ml of
diluted P13/DNEGFP supernatant supplemented with the
cytokines used for preinduction and plated in retronectin-
precoated 35-mm dishes. After incubation for 12hr the cells
were collected by centrifugation (200x g for 5 min) and washed
once with X-VIVO 10 medium. The cells were then cultured
for 48 hr in X-VIVO 10 supplemented with the same cytokines
as used for induction. In this experiment, only a single in-
duction was performed to identify the effect of the reagents.

TaBLE 1. Resurts oF CoLONY ASSAYS

SCF TPO Fit3 ligand  IL-6, sIL-6R ~ SCF, TPO  SCF, TPO, Flt3 ligand, IL-6, sIL-6R
All colonies 48.7+12 43.0+14 363+53 33.0£5.0 673x17 71.7£3.9
GFP positive 0 0 0 0 8+4.2 9.7+15
Large colonies 153+17 133421 13.7+3.1 10.0+0.8 167+1.2 257+12
GFP positive 0 0 0 0 33+£17 53+09

Abbreviations: IL-6, interleukin 6; SCF, stem cell factor; sIL-6R, soluble IL-6 receptor; TPO, thrombopoietin.



