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BAFBHFHAEFENE RET LAY —EEETY « IR REH)

=t

RIEDHE RS E

RpP—¢ LB FORFEHE LT,
B Bl F RIS i BT HRL 18 i B R R R A TE oD B R B 9T
ERFE B BA

WSTATEIEN EREMHLR
AISEEIRTICE BMIARE T n Y= b A

EBHBNERSTE,

ARFgeir, EhBMRoBESEROR EEZBREL T, BT EAENEZRELE -
— AR OBREWN AR OBRE., 2O NSV A P IA v ERHWEZ L VB NEREERES]
HEDOREERAD, AEEL, WEBTTZEALLZ FF—HIE (B & CD34 Bt
F@) @ in vitro {2381} A HIREEREIEMER L OV EER R L7z, 72, VA P A 5
< AR A E MBS MBI EEEOMHAEZRL D L L bz, VA A v~ R
LB R LT R —MREBE L-BEOAEERLZFM L. UTOMREE,
1. B CD34 BBl ~IT7 A h— ABREFEEATHZLICLY, v br—L
LR L, BEHIRSEETEENHEE I TWAZ EZHOMNI L, SHIZFNLOM
JANRSEE AR L TWAD Z LSRR E T,

2. VEGF %~ U A~NEFIRE S E-EoEnhEsMaeEsE#En—o & LT, BhbkiE
FREHIRESED L TCWAZ LR RHLE, UL, =y FHilE LTaELLTW
5 ME RIS AT 5720, VEGFRE~U R 2L P b ELEES, B
T MEOEERENMETT5 2 EPARR I T,

3. GCSF &5~y 2% L=y k& LT, GFP =7 2H B EEMa % B L7238,
AEETBED N7, LA L, G-CSF ##E5 L, &bIZHMBAF 5-FU 25
TBHZ LT, EHRIERERMHIZBWTH GFP 2R |45 R —MA»R4EE TS 2
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A. HFEEER
EMEBEOEH~DBAZARE L T5
BRSO R MR, AR - B REIE -
U o NES oSN REE., RERE, i
FEEDIRIGEIE S LTHEE SN TE 72, 285,
BRHECEHEL bomBE (L
N ~ERSEIZD RV, FRUE. SRS
BREPREDT LFNAHOEE Lo
T RMERTLEN, Ly MostLTK
XRAHELRSTNETEDTHB, Fi-.
ZORMIRIC LY Ly MBI
B = v F (niche : D EIEFT) A
BEINTWLZLLIEEIND, 20D,
FROMEZTRT 21205, BREIEREDY
72 e A R R D BE R S LB R B R C




%, —F. BHEIEBEERE CILERICE
 DIEHIAREFEL T\ R —i&
MmERB DO AEZERDIE T NREINS, L
Te i3 - T, M ESH AR O @ iE K
%%#w%%\»oﬁiﬁ%ﬂﬁkfé%
MEHEBREEORBENEETH 5,

G-CSF £ b 2DV A "4V ,/rE
T A ik, B BEDYE M ERHIIE 2 KR i s~
HHEE (#B) T2 FELTCWS, Zh
LOEREOREICLY, BEELREHES
b PICEm e 2 F R DB E W EE
ThdBEEZLD, TOLH>RERE
Ty MEHRREOHIE ST & L
THEHTHD LE 2=, &2 ORI TIL,
R —&EmEH ISR E 2T & &b
W, Uiy MEBMBESRIET A L
ﬁ\@%#m%%%ﬁ%m%%@%ﬁ%@
EREITEELY BT L& Lz, BEEY
Wik, (1) 777940 A (Ad) I H
—EHWTHEX DV A NI v~ A%
BTRBEIELZ L2y, BiEHas
HEEBHNOBBEIEDIFIE 2F Y,
= FEHICAY B3 HE) 2R
HELBHIZ, ) Ad X7 EZ—ZHW-E
BB K0 BEEE & BE58 U 7= 3 i g A e
DOYERLZ4TH, £ LT (3) MR MLz
mEgifaZ A MU A TR L~
xm%ﬁb XA Y X LREERE M

SRR EIC, DUT ORFFE 2 Ehi L 7,

C)% BB FA2RRTHAdRT F—%1E
#LUTe b CD34 BB~ DEET
BAZITV., TOROEMEICE 2 8
A fRAT LT, '

(3VHE%%A¢N7&~&57?%@Q
BRIz BT, EMmBMESED T D A
A=A L OIRAZ AT,

@ GFP ~vUZXHFEHME (KM —Hka)
%, GCSF R Ad RV ¥ —FE~T7 %
(v b)) ~NBET A LT,
Fr—ffarntr oo b/\iﬁ%ﬁ“é
DEDRRE LTz,

B. BFRFIE
B-1. Ad X7 ¥ —D{ER
FREMREBETERETS Ad X7 & —
X, H¥PFEEIC TR S 72 improved in
vitro ligation ¥EIZ X DRI L7z, £3°, cMV
TN H—& Chicken B 77 F 7 uE
—H—DNAT Yy RFaEe—H—(CA
nE—4—) #FT 577 A FpHMCAS
|7, internal ribosome entry site (IRES) & GFP
ALY Y 7T 23 F pHMCAS-IG
ZIER L7, £ D%, pHMCAS-IG 125 » b
FNK ((EHEEEEEL T R b — A BIETF) |
t b Tie2. & k NF-Ya ® ¢cDNA % Fh
# # L 72 pHMCAS-FNK-IG
pHMCAS-Tie2-IG, pHMCAS-NFYa-IG # {f
WL, THDHDTTAI RBILOHEEE
EFrEHELTVENTSS R IR
pHMCAS5-IG % 1-Ceul 3 X 1% PI-Scel T
fbL. REgERCTHEIL L 774 /3—35 A
D Ad X HF—TFAIRETAHF— 3
UFBHZ LT XV, FNK, Tie2, NFYa, GFP
ERBETDHAINT Z—TFAI N/,
Lipofectamine2000 (Invitrogen #1) % FV T
293 kLI NIV AT 2 va il L
C FNK. Tie2. MW&(WP%%M%M%
R4 277 A3—35 Bl Ad Ry B -
AdF35-FNK-IG . AdF35-Tie2-IG .
AdF35-NFYa-IG. AdF35-1G 287, $7-.
G-CSF 68 Ad X7 % — VEGF #8l Ad ~
78—, AREETFERB LR Ad R
& —Ad-Null IZREEEERM LS 02
2o Ad N7 F — DR b NIRRT E
BT o7, L Ad X7 Z—0
WAL B ML Maizel B D JFIEICHE
BIE U, AW fiiE AdenoX Rapid Titer
Kit (Clontech #£) ZMAWTHRIE L7z,

B-2. K562 MR~ ETHA L HEE
L FORERER
K562 #fEIE 10%I07E & FiEWME 28T
RPMI1640 B2 CIEER UT-, 12 well 7L
— LD 1 well ~1 x 10° {HD K562 Hifa % &
L, 2O HITHEB LT E2RETH Ad
N7 Z—7% 1,000 vector particle (VP) /cell



DEETIERSY, 2 B, MIgZEEIR
L CHEREBmF D 3B % RT-PCR JRIZ CHE
Mrive,

B-3. t b CD34 BtEMila~DBEFEA
b ME#ER R CD34 Bt (Lonza £f)
A0V 7Y A b EMA T StemPro34
Medium (invitrogen ) HFCHE L=, £
DHDOERIZIT, VTSI A NE L-IVE
2V (2 mM, invitrogen f£) . YA A
> (100 ng/mL human SCF, 100 ng/mL human
Flt3-ligand, 20 ng/mL human IL-3, 20 ng/mL
human IL-6 (£TC Peprotech 1) ) % &
StemPro34 Medium % H\ 7z, 96 well 7 & &/
FRMAT L — b~ EEBETERETD
Ad R Z = b NS ERBA LK 1x 10° &
Dtk CD34 [BtEflazZ#ERE L, 37°C T 90
¥R LT, ED%. EEHiZE 100ul o0
zfzaﬁﬁﬁb\7n~#4$d~&w
ZT GFP %*é@%fﬂlﬂ@@ﬁiﬂﬂ T o Tz, REIEE
%ﬁ“é 2%, 3 BB EIC—E, Mlakz
RHEL (B 4 M) | 7RV OIS HIAE
¥axiTo T, RENSTIRE RNt

B-4. BixFEA CD34 BHEHIE DM E
Bl - FACS f##r

HEEEET 28 ALzt b CD34 BT
faO—E 2 MR EGHRICBER L e, #ifadk
EMBREEAR L LS IR 7 LAY X —
CTEHAI L7z, $£72, BN L72Ma% APC 12
pLe b CD34 fufsic AL, Tr—H
A FMA MU= THRMRF O CD34 [BH:H
JOEIE IR Uiz, T 0%, Bk
Mgk, 726N CD34 BEEDORIG %
b &Iz, CD34 BtEMIfas 2 E Lz,

B-5.Invitro 22 =—7 v&A
AdT 2 —Ef% O CD34 B b
FOaw=—7 v AHEH# Methocult
(H4435, Stem cell technologies #) (¥&H&
L, 14 BRRICEME T Ca e =—#%5Hl
L7,

B-6. ¥ U A0 Ad R7 5B
C57BL/6 =~ 7 A DREARNIZ, 1EH7=

D 1X10° vp. HBWVIE 1X10 ifu
(infectious unit) @ Ad-GCSF. Ad-VEGF.

Ad-Null #8565 Lz, %5 5 B, RAYm,

B REM A 2 EU L T LA 0)%% ZHWE=,

B-7. 7u—H%A P A—F—2RAVWERE
PR DT

Ad X7 Z—HFEZITHEE L&D
DA FRfRET NucleoCounter (ChemoMetec
1) ZRWCHIE LR, £ D%, fluorescein
isothiocyanate (FITC) . phycoerythrin (PE) .
allophycocyanin (APC) ., PE-Cy7. Biotin C
EFH LA s s, AnEig
X, Pt B220 Hifk. it CD11b HifEk, Bt Gr-1
Pk, Bt CD3 B, i Terl19 HLiA, HT Sca-1
PR BT c-kit HUE. T CD45 HiiA, Ht Alcam
Ui, B CD31 i TH v . Hi CD51 Hifk,

#i PDGFRa $ifk, Hi VEGFRI1 Hiif. i

VEGFR2 Hifk, Hi CD41 Hifk, Ht CDI19 #T
&C&H V. eBiosciences £, BD Bioscience
#. Biolegend #1, R&D Systems & Y A
Lfe, £7c. 2 kA L LT peridinin
chlorophyll protein (PerCP) -Cy5.5 = A b
L7 b7 BV (eBioscience 1) Z#fERH L
oo e LM O S5 5B 7-amino
actinomycine D (eBioscience #1-) BBt DITHE
o % R 2> 5 k% L T LSRFortessa (BD
Bioscience ?:[:) TR LT,

Bsﬁﬁ%ﬁmnnﬂ—%m%
- (  Colony-forming unit-fibroblast
(CFU-F) assay)
Ad A2 B — B 54% 0B BRI % FITC 2
7 L 7250 CD45 Hifk7a & ONIHL Terl 19 Hifk
T4 L, FACSAria (BD Bioscience 1) 2
T CD45Terl19 DEHEA b o —iffifiaz B
BELT=, TO%, 6 VT L—D 1 ¥
= I 1X10° [EOME % HERE L, 14 HRTHS
# L7z, 55tk MesenCult mouse MSC Basal
Medium 40 ml (Stem cell technologies £f) 2
MesenCult  mouse  MSC Stimulatory
Supplements 10 ml (Stem cell technologies
) CHAEMBEEMAT-bOEER LR,
EREni-au=—% A& ) — )L CREE.
X LY ZITV, BEMET CREERNIC



%5 L CFU-F & 5H4k - BlZ2 L7z,

B-9. Homing assay

Ad-VEGF b L < IZ Ad-Null #% 5.5 H %12,
<X EHD 1X10EOEH GFP k5
VRV xmy ey AHEEIE AN
BEIREE LT, 5 16 %I, &~
AL EHMEEER L, 7a—HA b2
— X —Z AW CEHY GFP BH Mo &
- RERT LT,

B-10. Migration assay

24well |24 > — hZE > M L. DMEM
500 pl ZEH0 U7z, 37°CEA4F T 20-30 438
A F a— %, DMEM 2BEL, A >~
P— NMIBBEA b o —<HIH (1.0 X 10° cells
/200 pl of DMEM) %#EFEL ., H5 7L — k
(1%, FIRE D VEGF % & ¥ DMEM 750pL
EWINUTC, 6 Rk, BT ans
— EEOMBEEREL, 100% * % /) —)
THIZEE Lz, T0O%, ¥LVHREI
THREINMEEZBEMEET THEL, |1
HREZ Y OMEfa Lz FHE L 72,

B-11. Ad-GCSF #5~ 7 X~D GFP 3
B OBE
A&MM&tiA&&EF%&%L FD
3 BZIZ 5-7 A rm I 0 (5FU) £7-
% 150mg/kg. F 721X PBS # EIENZE LTz,
ayhr—E LT, N7 F—FhEw
A~Y 5-FU 2% 5 L7, 5-FU 2% 5L C
2HBIZGFP FI VAV 2=y IR T AD
O B REAIR 2 [EIY U7z, [EIIX L 7= GFP 3§
EREMRRE (1x107 ) &ZhZho~ U
DEFFIRMNBLBA LTz, B 4~16 HE%
VR E 720 B M ZE L, $ 2V
AhZ7a—H A bA—F— 2T L=,

(fHERE ~DELE)

ABFFEIE, ISIATEOE N R SRR ZERT -
¥z DNA EBREZESE L OEYERG
HEERESORB®BI-OBI T, BB
AIFFRIZBNTHALZE b CD34 MR
JUEA —H—h LA LM TH B,

C. WroekER
C-1. Add X7 Z—%Hnit b CD34 Bt
MRA~DOBETEA

Fox OMFRERETIIINETIIELY DU B
B Ad X7 FZ—ORBICEB L TWS, BE
FEE ErxORBEH Ad X7 HX—ZF AW
t k CD34 B ~DBEFEAZIR S
FML7EER, 77 VUL INADT 7 A4 N
—fEE Y T AL T ORRLZTT ) A
2 B35 YT —7B) ITEH L F35
BAd X7 EF—FRANAZEIZEY B L
CD34 G~ REL B FEATE
HZENHALMNMI L, £ TREEITE
SRR 2 BE L7z F35 B Ad X %

—Z{EHLL  CD34 BB~ T B S &

X D in vitro DHEEREIZ DWW THRIT 2 D 7=,
HREB=TFE LT, LT R b~ R BT
DIEVEHERIRTH D Bel-xI-FNK  (FNK)
BHCOAFIZESE LT\ 5 Tie2, EinE
FHRDOHEFEIZ HE LTV 3 NF-Ya %3248 L
Tmo 2B, THNHORT X —ITBEFEA
ERFME A BRI E LT, HREBMmTF & GFP
ZRIRFICHBLATEE RN T & — %ﬁ%bf
=1 ,
iﬁJﬁ&ﬂ@%%mTﬁ%bkAw\
78 —NEMOBERTFERBEL TWHLINE
IMRETEAIT o, K Ad N7 X —%
K562 Mifa~MER SR 7282, Wdh ol
LEH L BB TOREIMEEINE-
N, fERILZ Ad N7 Z — BRI Ch
LI LBHERENE (®2) .

wiZEe ~ CD34 %'r%m@«@ii‘aﬂﬁ%éx
WERAEIRAT LT, FOfREE, EEDOEE
EREEIC, WTRONRZ Z— 60~70%D
BEFEARTH-- (M3a) , 22T
IRBDRY Z—% CD34 B ~1ER
EH7-BE0 in vitro 123317 B EHITE L 2L,
REICOWCEIT 20 7=, MABETEIC 5 2
LEBEREUT-ER, FNK AR IZBW
THOTIRMEEOBD NBE SN2,
EEIHR LD BN o7 (R 3bEE),CD34
BBiEMiasicBE L ChLEEFEA 10 HE
FECEMITA LD LN b DD, B
BFEAN 15 BEURBIZEB W TS FNK BT



X CD34 BB DM BIE Sz (X
3bK) , T, BETEAZHE, 260
6 20 HEE DO iR on=—T v A1k

T L7z, ZOfRHE, B F+EA3H
f’ﬁ TIEWTHOBEFEEA LZMRIZER
WTHRIEDar=—HThoTo, —7,
BLEFEA2 BRIZBWTE, 2 be—
WEEE R L, FNK BTl =—3 o0
MAEE S (M 3c) , PLEDRERD
L7 R b— L ABEFEE b CD34 BBt
JA~EATAHZ LI Y, invitro I2BWT
EHIRCHETERE - DfLRERMERFCE B 2 &
PRGN E 22T,

C-2. VEGF 38, Ad X7 Z—0OERKOM
TR HTEEHE R Bh BB AE D gt

FEEEE, VA M UA VEEIZLD L VY
v MEROKE X BRI E LT, VEGF %
B Z—% L, v URA~EHELEE
Z A, BREC ISV B 1 i g e/ i i R R
BN EBICETLTWAZ L 2R LI,
F ZCHLEE L, FD AT =R LMERICH
TR EITHo T2,

15 I R D 5 TR %%Wfﬁm%m
fa= v FIEKREIN TS, VEGF 3}
EIMEHE=y FICHEBLEX R, &
MEHR OB E 234 © TN D DO TRV
B x T, ., BHT OEFMECLE
N, MZEREBMES =y FHlas L
THEEET B & OHEDHRWTWD S, &
MERHIEN EofMia L HEER L TWEO
IRV IR BN Z D, RIFFE T,
AR, EMEMR= v T & U THLRZ2E
EERETZEDPHALGNE Ro-HERR
HARIZEE L, Bt e D7, Ad-Null £7=
X Ad-VEGF %2#5 L1~ T ADEEEFIZ
BT 5MERBMAE (CD45Ter119°CD31°
Alcam'Sca-1") DE[E%E 7 —H A hA Y
—lCk VT Lz A, VEGF #&h~7
ADEHCOREZRRMEOEENFEID
BOLTWBEZEERHLE (K4da) , F
7o, ZDMOBERSMIE~— 0 —THi#F
WEIT-7-& 25, CD45/Terl19/Sca-1"
/PDGFRa" & CD457lineage #1 J§ /CD317/

Sca-1/CD51" O HIZEREMITIZB VT D
FEORD NBE SN (X 4b, 4¢), F 7.,

Ad-VEGF &5~ U ZDOFHA ba—<
IZEB W TIEX, Angiopoietin-1 X° VCAM-1
LOMEZRBMINZBICELAL TW5B 4
FORANVREFLIZED LT\,

Ad-VEGF #5-12 X % 1 ZE R ER AR D A
PR ENT (K4d) , RICHETERE D H
LERGNEEET A HIETH D, B
HMEZFMRE = o = —JBRkYE (CFU-F assay) (2
X0, MERBMEEEZEE L, TORK
B, Ad-VEGF &5~ U XADOBHIZBWTIL
CFU-F #, o% 0 MERBMRESEEI
WA LTz (B4e) , LLEDORERNMD

ARTo VEGF @RIFEEIC L 0 RIZE REM
RN EBEN TRV T2 2 L HH L, #
ZTRIT, Ad-VEGF 571 IR EIIE
PO TBAI=XLETHRB L L LT,
EJC N WMFmW%ﬁﬁm@ CEBEAL

TWBNENTHRD 0, VEGF DR
OFBFEr7a— A MA R — i@ﬁﬁ*ﬁ

L7z, ABFZCHEM LTV 5 VEGF I2f
THEZBEEDI G, @ivmmm(%%
Flt-1) & VEGFR2 (B[4 Flk-1) DFEEL % fiF

LA, %%ﬁ?ﬂ%im?hwﬁ

BHELEBALTNDZ RN ERY
(B 5a) . VEGF [XE#MZE R (E
%Lﬁ}\éy&ﬁvﬂwéﬂiw L, ¥
UK L, Ad-VEGF 285 L CHEHNO
VEGF 1L R L Cungho 7z (K 5b)
L7=A o T Ad 7 Z—H3ED VEGF N E
FEEMEARMERSME~MER L T 2n
ERBRINT, 2L, ZORERIIERMYm
VEGF ¥ & B BEPN VEGF JEEEIC KX 724
AL TS L ZEWRLTEY, \all’))
T FE BN I ) REIE TR R AR 03 RS LA~
BELTWARREENEZ N, 2T
RIZ in vitro CHEIB L 7= B#EA b o — il
EROWT NI VR Y = VIBET v A &1T
2Tz, T ORER, VEGF (XRIZEREMIEIC
* U CTHRWEEEHRAZE LTS Z LR
Ehiz (®5¢) ., Liz2v»> T, Ad-VEGF %
v U ARG LB b BN OMERE
I VEGF OB EAEIC XV RHEMRR~



EWEELTWDZ ENRIREINS-, £2T
BBz, "= 0T oA E2ITH 2 &IT
K VERIZC~ Y ZBREICBWTHEEEL T
% RSO L TnBZ ENED
NaERE L7z, Ad-Null £7-1% Ad-VEGF %
BELETANGFP TRz s
U AHKROEFEMEEBAL, TOD 16 FF
figicv vy b~y 25O GFP B
MR A AT 5 = L2 L 0 R
fliL7-, ZDfER, Ad-VEGF &E~T 2%
vy bk LRSS, R —HilE (GFP
BHiERAE) DOAFRIIBAD T Z LIRS
- (®6) , AEDFEENS, Ad-VEGF
BEHE~U AT, BB CHIEREM
MR LD Z LRI, VEGF
IEHE R OB ZHIET 50T Th
B ENHELNE RN, A AV
BE<vy 221y b LTBESR
Dm L% HETAPERE ISR LT,
VEGF OFERIIREYITH D Z & HIRIE X
i, : ‘

C-3. GCSF # 5<% L= b e L
BB
REEEE DOFEMTA> 5. GCSFE 1% VEGF &t
B L., B8 o a2 & e i ik iR
A 2 2RI KRR~ E T A 1ER %
HLTWAZLEHER L, £ CAREE
X GCSF 3 Ad X7 ¥ —2 5L CE#l
BEABRELELVETDY hw T A~NRF
— M A L. BN T D 0 E DR
B A R B e
REEIL, VA P IA L DERESE
BEHEICAZNE S D BiEd 5720, K-
—HIFIZGFP T AV =y VT AW
kEBEME, LYy MIHAERO
C57BL/6 =7 AZ Wiz, GCSF #E5i12 Lk
DEBIVEHLE-L Y NEHEOHHM

AP BEEE~BAT D HRENEN D,

4 [E1X GCSF #5412 5108 UK 5-FU 2 3¢ 5
THRELMZ TR 21T (X 7a,7b) .
i 4 BREBICL VBTV b~ 7 ADFRR
MAEERL, AU XAFBIT LI 25,
GCSF £ 5 FU &G LT~ R %L Bz

v hELEBAE. GFP 238H 95 K —#
JARS KRG T T 10~30%BE I NT-, — 7.
5FU DA EEBRELE~T A, 25N
AdNull & 5FU # % E L7~ v =
(Ad-Null+5FU ) 1B\ TlE, ~4%BE
DHXAY XL ThHoT-Z &M 6. GCSF &
SFU I CBRERTLEE 2 To L= |k
W R —HMfanEE LD Z & AR
SNz (X 7a,7b) . 7233, GCSF DA
Bl XE2 LB R LT RF—
MBEBA L~ R ZBWTIX, FFh—
MR E A EBRE SN 2o, WIT,
EHEWEEEEL A T 5 E M 4
ELTCWAENEIDRGET A7, Bl 16
BEBICBIT XAV XLABMBTLIZE 2
A, FAUXLIBHE 4 BEH% LB L
TV, R —HEA RN THE X
Nz, £z, LBy b~ 0 20 EFHH
fazE U, MM 2 D T iE R, &
KT 4 C & 5 KSL H 4o &- M a7 st
DHFIZ IV TS GFP IR K —Hfa i
HENeZ b, BERIERESRGECTH
DABMEEBICBW T, SbiEE AT 5EMm
BN L hAEELTNDE T &
WREhE (K8) .



D. #*22
ARFFECrL, B REFEREE A n B M

MRBHEEOREZEEL, 75/ VANV
2 (Ad) X7 Z—FRANTHEL DOV A N

AV ETDRAEHTREIEDLZEIZED,

EMEHREZDIEERES BERNOCEBIESES
FIE, 2FEV., (= FEHEICAY HT
FiEl OB, £ LT Ad X7 ¥—%FHHW
B FE A XD HEEHE iR AE i Er il e
DERIEDRBEZBEL T3,

AAEET, MR R T 28E Lz AdF3S5
ARy & —% kb  CD34 BiEfa~ER &
A, in vitro 2331 B IEE & bzt T 5
Brietlizb A, 7R b—v RAER
FEEALRERIZ, SLiEZRFLODE
Mz CD34 BIEMIR L BIE cCX A2 &8
BAbLMWERoT, EOXLIYBRADI=AALT
F7 AR b— ABETEARRIC CD34 Bk
AR ERE SN TWAB O & Tk
VD3, in vitro TTOHEFET B BRICIXTE SR
BEUZ ORI FE I N TWVDHH
BEENEZ B, FLT R b— TV ABIEFIT
Z DOHRAZE A HNE LTV B ATREMERNE 2. 6
b, £, AEEIT in vitro (T3 D AFAT
DHTHoTN, HMEEBRTFAE2EALL
CD34 BEtEfifaz B~ T A~BAL,
in vivo TOAEFRIZED L 9 REE KT
T, SEBRFEEDDLTFETH D,

75 I A B OB e N
M, MERBHBEZEOREY D= FH
JAlCEEH SN TEREL WD, 2 RKERE
X VEGF &5 OEMEpMRE B A b =X
LOfEA%Z B L. VEGF &EBEOBIER
B OERRIZ DWW TR 2T 7=, F0
FEHR. VEGF 5~ 7 20FHCIIMESR
EHIIAENEA LTWnWAZ L 2 LUCRIE
FEMHIIEIE VEGE DR TERIIC EERED
TLETHZEERHLE, LR os T,
VEGF &5 Zi3= v FMaTH 5 HER
BRI L7z 2 & X 0 A 23
RIME~BE L= b0 LRI, £
7. VEGF #h5~ 7 2B} 5= F/ia
DOFA L. FDHO K F—MaBESRIC
EEERIET L D ENBEINTZT2D,

R—=I 7T oA BEm LI A, F
F—EFEHEAD L N~ DAE
BNFA LTz, LIz T, AHfFgess
o BEERICIL VEGE IR B THh B 2
EWRB I, 4%, VEGF IZ2WThH
5FU 20fHBS L~ X% L v vPxy

& LU TBHEEREITY Z LT, FF—#
JADAEFICEZ DEEEHRIET D LEND
HEEZDLND,

F7-. REEIX G-CSF & 5-FU %2 O
LRI heTAL 10
X0, BOBRIEREEFICBOTHRBEN
BT A Z & BRI BRI TR L,
G-CSF A ZEEE LT~ A, F£721%5-FU
DHE®RE LTz 2B W TR F—#
MDA BZRMEN -T2 &30 G-CSF &
5-FU OffRANBHERTAEELE LTHEYT
HHEBRFRINT, FKEEX, FF—H
Jaé LTt b CD34 BBEfpE, Lovxy
b e LTHAEREY T X (Rag2hye =D
2 F 721X NOD/SCID/yc < 7 R) % FAuNT
BEteED, A b BBy 2% L
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Inhibition of Lnk in Mouse Induced Pluripotent Stem Cells
Promotes Hematopoietic Cell Generation

Katsuhisa Tashiro,"" Miyuki Omori,*" Kenji Kawabata,"® Nobue Hirata,' Tomoko Yamaguchi,
Fuminori Sakurai? Satoshi Takaki,* and Hiroyuki Mizuguchi'?®

Embryonic stem (ES) cell- and induced pluripotent stem (iPS) cell-derived hematopoietic stem/progenitor cells
(HSPCs) are considered as an unlimited source for HSPC transplantation. However, production of immature
hematopoietic cells, especially HSPCs, from ES and iPS cells has been challenging. The adaptor protein Lnk has
been shown to negatively regulate HSPC function via the inhibition of thrombopoietin (TPO) and stem cell factor
signaling, and Lnk-deficient HSPCs show an enhanced self-renewal and repopulation capacity. In this study, we
examined the role of Lnk on the hematopoietic differentiation from mouse ES and iPS cells by the inhibition of
Lnk using a dominant-negative mutant of the Lnk (DN-Lnk) gene. We generated mouse ES and iPS cells stably
expressing a DN-Lnk, and found that enforced expression of a DN-Lnk in ES and iPS cells led to an enhanced
generation of Flk-1-positive mesodermal cells, thereby could increase in the expression of hematopoietic tran-
scription factors, including Scl and Runx1. We also showed that the number of both total hematopoietic cells and
immature hematopoietic cells with colony-forming potential in DN-Lnk-expressing cells was significantly in-
creased in comparison with that in control cells. Furthermore, Lnk inhibition by the overexpression of the DN-
Lnk gene augmented the TPO-induced phosphorylation of Erk1/2 and Akt, indicating the enhanced sensitivity
to TPO. Adenovirus vector-mediated transient DN-Lnk gene expression in ES'and iPS cells could also increase
the hematopoietic cell production. Our data clearly showed that the inhibition of Lnk in ES and iP5 cells could
result in the efficient generation and expansion of hematopoietic cells.

Introduction

SINCB EMBRYONIC sTEM (ES) cells and induced pluripotent
stem (iPS) cells can self-renew indefinitely and differenti-
ate into all types of cells in the 3 germ layers, they are expected
to have clinical applications in cell-based therapies [1-4]. For
instance, ES cell- and iPS cell-derived hematopoietic cells are
considered as an alternative source of adult hematopoietic
cells for the treatment of hematological disorders and malig-
nancies. Many groups have reported the differentiation of ES
and iPS cells into mature hematopoietic cells, including
erythrocytes, myeloid cells, and lymphoid cells [5-10]. How-
ever, previous reports have described the generation of only
small numbers of mature hematopoietic cells, probably as a
result of inefficient generation and expansion of immature
hematopoietic cells derived from pluripotent stem cells.
Therefore, the use of ES cell- and iPS cell-derived hemato-
poietic cells as a cell source for therapeutic applications de-

pends on the efficient production of hematopoietic cells,
especially immature hematopoietic cells, from pluripotent
stem cells. . '

Recently, inhibitors of differentiation (ID) genes, which are
negative regulators of E proteins (E2A, HEB, and E2-2) [11],
were shown to negatively regulate the hematopoietic dif-
ferentiation in ES and iPS cells [12]. The same study also
showed that the suppression of the ID genes, ID1 and ID3
increased the number of ES and iPS cell-derived hemato-
poietic progenitor cells [12]. These data indicate that negative
regulators play an important role in the hematopoietic dif-
ferentiation process in ES and iPS cells, and that manipula-
tion of the expression of negative regulators would be an
effective strategy for the efficient generation of hematopoietic
cells from ES and iPS cells.

An adaptor protein Lnk/SH2B3 (hereafter referred to Lnk)
is shown to negatively regulate the thrombopoietin (TPO)
and stem cell factor (SCF) signaling, both of which are crucial
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cytokine-signaling pathways involved in hematopoietic stem
cell (HSC) self-renewal, since Lnk-deficient H5Cs exhibit an
augmented response to TPO and SCF stimulation, and
thereby Lnk-deficient mice show the marked HSC expansion
in the bone marrow [13-16]. In addition, Lnk is highly ex-
pressed in immature hematopoietic cells, particularly in
HSCs [17], in contrast to ID genes, which are ubiquitously
expressed in many tissues [11,18]. Therefore, we speculated
that an inhibition of Lnk function in ES and iPS cells would
lead to the efficient generation and expansion of immature
hematopoietic cells. In the present study, we investigated the
effects of Lnk inhibition on the hematopoietic differentiation
of mouse ES and iP5 cells, and we found: that a suppression
of Lnk function by the enforced expression of a dominant-
negative mutant of the Lnk (DN-Lnk) gene in ES and iPS cells
resulted in an increase in the number of both mesodermal
cells with hematopoietic differentiation potential and im-
mature hematopoietic cells. These findings indicate that the
suppression of the Lnk would be useful for the efficient
generation and expansion of ES cell- and iPS cell-derived
hematopoietic cells.

Materials and Methods
Plasmid construction and adenovirus vectors

pEF-IRESneo, which contains internal ribosome entry sites
(IRES) and a neomycin-resistant gene (Neo) downstream of
the human elongation factor (EF)-lo promoter, was con-
structed by replacing the cytomegalovirus (CMV) promoter
of pIRESneo (Clontech) with the EF-1a promoter, which is
derived from pEF/myc/nuc (Invitrogen). Mouse DN-Lnk
cDNA, derived from pMY-DN-Lnk [19], was inserted into
pEFIRESneo, resulting in pEF-DNLnk-IRESneo. Adenovirus
(Ad) vectors were constructed by an improved in vitro li-
gation method [20,21]. Mouse DN-Lnk ¢cDNA was inserted
into pHMCADS [22], which contains the CMV enhancer/p-
actin promoter with an.B-actin intron (CA) promoter (a kind
gift from Dr. J. Miyazaki, Osaka University) [23], resulting in
pHMCA5-DN-Lnk. pHMCAS5-DN-Lnk was digested with I-
Ceul/PI-Scel and ligated into I1-Ceul/PI-Scel-digested
pAdHM4 [20], resulting in pAd-DN-Lnk. Ad-DN-Lnk and
Ad-DsRed were generated and purified as described previ-
ously [24]. The CA promoter-driven B-galactosidase (LacZ)-
expressing Ad vector, Ad-LacZ, and the CA promoter-driven
DsRed-expressing Ad vector, Ad-DsRed, were generated
previously [24,25]. The vector particle (VP) titer was deter-
mined using a spectrophotometric method [26].

Cell culture

The mouse ES cell line, BRC6 (Riken Bioresource Center),
and the mouse iPS cell line, 38C2 (a kind gift from Dr. S.
Yamanaka, Kyoto University) [27], were used in this study.
DN-Lnk- or Neo-expressing mouse ES and iPS cell lines were
generated as follows. The pEF-IRESneo and pEF-DNLnk-
IRESneo were linearized and were then electroporated into
mouse ES cells and iPS cells by using Gene Pulser Xcell
(250 V, 500 pF; Bio-Rad Laboratory). pEF-IRESneo- or pEE-
DNLnk-IRESneo-transfected ES cells and iPS cells were cul-
tured in an ES cell medium containing 100 ug/mL G418 (for
ES cells) or 200 pg/mL G418 (for iPS cells) for 10-14 days,
and G418-resistant colonies were picked up and expanded.

TASHIRO ET AL.

The expression of DN-Lnk was confirmed by conventional
reverse transcription—polymerase chain reaction (RT-PCR).
Mouse ES cells, iPS cells, and Neo- or DN—Lnk—expressing
mouse ES and iPS cells were cultured in a leukemia inhibi-
tory factor-containing ES cell medium (Millipore) on mito-
mycin C-treated mouse embryonic fibroblasts (MEFs) [28].
OP9 stromal cells were cultured in an o-minimum essential
medium (¢-MEM; Sigma) supplemented with 20% fetal bo-
vine serum (FBS), 2mM vL-glutamine (Invitrogen), and non-
essential amino acid (Invitrogen).

In vitro hematopoietic differentiation

For embryoid body (EB) differentiation, mouse ES and iPS
cells were trypsinized and collected in an EB medium (EBM)
containing the Dulbecco’s modified Eagle’s medium (Wako)
supplemented with 15% FBS, non-essential amino acids
(Millipore), penicillin/streptomycin (Invitrogen), 2mM -
glutamine, and 100 uM B-mercaptoethanol (Nacalai Tesque),
and they were plated on a culture dish for 30 min to allow
the MEFs to adhere. Nonadherent cells were collected and
plated on a round-bottom Lipidure-coated 96-well plate
(Nunc) at 3x10° cells (ES cells) or 1x 10 (iPS cells) cells per
well. On day 5, half of the medium was exchanged for fresh
EBM. EBs were collected on day 7, and a single-cell sus-
pension was prepared by the use of trypsin/ethylenediami-
netetraacetic acid. The EB-derived cells (4x10° cells) were
plated on OP9 stromal cells in the wells of a 6-well plate and
were then. cultured with an OP9 medium containing. re-
combinant hematopoietic cytokines [100 ng/mL mouse SCF,
100 ng/mL human Flt3-ligand, 20 ng/mL mouse TPO, 5ng/
mL mouse interleukin (IL)-3, and 5ng/mL human IL-6] to
induce and expand the hematopoietic cells. In the case of
DN-Lnk transduction using the Ad vector, EB-derived cells
were transduced with Ad-LacZ or Ad-DN-Lnk at 3,000 VP/
cell for 1.5h in a 15-mL tube before the transduced EB-
derived cells plating on OP9 cells. Hematopoietic cells were
collected as described previously [25]. In brief, the floating
and loosely attached cells were collected by pipetting and
were transferred to 15-mL tubes. The adherent hematopoietic
cells were harvested by trypsin treatment, and were then
incubated in a tissue culture dish for 30-60 min to eliminate
the OP9 stromal cells. Floating cells were collected as
hematopoietic cells and transferred to the same 15-mL
tubes. These hematopoietic cells were kept on ice for further
analysis.

Flow cytometry

The following primary monoclonal antibodies (Abs), conju-
gated with fluorescein isothiocyanate, phycoerythrin, or allo-
phycocyanin, were used for flow cytometric analysis: anti-CD45
(30-F11; eBioscience), anti-CD11b (M1/70; eBioscience), anti-
Sca-1 (D7; eBioscience), anti-Ter119 (Ter-119; eBioscience), anti-
CD34 (RAM34; eBioscience), anti-CXCR4 (2B11; BD Bioscience),
anti-Gr-1 (RB6-8C5; eBioscience), anti-c-Kit (ACK2 or 2BS;
eBioscience), and anti-CD41 (MWReg30; BD Bioscience). Pur-
ified rat anti-mouse c-Mpl/TPOR monoclonal Ab was obtained
from IBL. Cells (1 x 10°-5x 10°) were incubated with monoclonal
Abs at 4°C for 30 min and washed twice with a staining buffer
(phosphate-buffered saline/2% FBS). For detection of Mpl/
TPOR, Dylight649-conjugated goat anti-rat IgG (BioLegend)



