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Replacement of Ber-Abl Fused Oncogene by Homologous Recombination Method
— An Attempt of Gene Therapy for Hematopoietic Malignancy —

Noriatsu SUZUKI

First Department of Internal Medicine,
Niigata University School of Medicine
(Director: Prof. Yoshifusa AIZAWA)

Ideal somatic gene therapy for genetic diseases is to replace the abnormal gene with
a normal gene and to normalize the abnormal cells. Up to now, repair of an abnormal
gene can be performed only by homologous recombination between the abnormal gene
and the gene used for correction. Our study was designed to assess whether homologous
recombination occurs in hematopoietic cells and to see if it is possible to apply homologous
recombination. Murine hematopoietic cell line, FDC-P2, which became IL-3 independent
by being transfected with p210bcr-abl, was used for the target cell. In order to perform
such gene replacement, we constructed the vector for homologous recombination. The
plasmid was made by inserting Neo-gene in the region of the ber-abl, thymidine kinase
gene outside of ber-abl, and placing ber-abl in antidromic way for restricting the homologous
recombination to ber-abl area. Transfection was performed by electroporation and selection
was done by culture adding G418 and gancyclovir. One clone was established and was
confirmed to be replaced by the vector constructed for homologous recombination by the
detection of no transcriotion of thymidine kinase and bcr-abl, but positive trsnscription
of Neo gene in RT-PCR analysis, and by the expected changes in the size of the bands
in Southern blot analysis. Reaquisition of IL-3 dependency was demonstrated in the cells
which autonomously proliferate in the IL-3 free condition. These findings suggest the
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possibility of homologous recombination as the gene replacement therapy in hematological

diseases including leukemias.

Key words: homologous recombination, bcr-abl, thymidine kinase, Neo, gene replacement
MRME LM 2, ber-abl, 3 v vEF—H, 2A7A v VHEERETF, BETER

#}z

F L & ([

BEFREEIBEOHMMCRET2EAT LI LT L
LEETHLY, ThETE, BoBETRYEATLC
TSR D S AR ER L CiThh Tk, 7
b, FRCIVRBALTVARETEEYEARET
DFRBIC L > THETAZERERNE Lt DTH 5.
D5 RIETE, EERCkT A4 I EEHIEES
B - LB ARGCT RV EETH L 2 L%, AL
fIpiay bua—ATERWIENLL HBATRC LD
B EOBENEROGAE L L OMESNERsh T
o, £ IAT, AFEOMEDFTOMBIRETHIE L
BREOMERR &, LB T OMERTEAEROMR
ROV, WEEOMEI kT, 2 D0BET
BlotrsEno—2RML, EUiclifz v T
(HIFE# 4% 2 : homologous recombination) »3fERH
Sh, MR (ES Ml cZoEmrBA-TEE
DREFAHENE LEBEFRBE<YX (/9277 ¢
v RA) BERT S Z LT, ENRETOEBRTOM
BRI K X CHERLTWAY., ZoFEkE, Kk
AT 26T, BETERICLS e MEROERNL
BETFHEE DL EPHBEIR TS, HEEHA
Wz L HAERBETOBLEY, EARETOREANE
B shsZ L3 bbAA, BALIVELTLHE
BFHRBIFERBETLA—THH2 00, ZhET
OBEFREBCBT 2 BENEROEE P nicE o
EFf2HF LT3, Lal, ES filgctk LMzt
Z OB LB OFEHBENZ S0, Bz gHER
EFBEREDGEOKERFEE L e - TV B, GE
FORETFIEORBILLY, &< OBMBERHES
POBETFEERESY CENHELPCERTEL. Ik
THEEEHMEAME (CML) R0 3 REFEER
B hbEHEhTRY, REAEE t (9;22) (345
qll) &b, ber (breakpoint cluster region) BfE
F (2FREAER L FE) O5 i, abl BET
(9 BREMLRE LicFE) oy vy 2 Lo TR
EOMENEL, TOBRBHE S berabl 2 5

BEFEYFAMFLCEETH L ZEARERTLEHY
5. Bk OBEEFREBOMBME B 3 EHAY R
FLTETky, ENRFEFECHEET S~ 7 2 0K
Mifakk FDC-P2 #ifgic, ZoORFERETZEATSC
ET, BMETEREENEEL, BEMEEES#ET
LI ERPLMNICLTELS,

4B, EIMFECRT 5 HEER L8R 2 208 LCRET
BEOBRBLENE LT, berabl + 4 SBETAHEA
LT HEME A EE L. FDC-P2 M4 L., berabl
¥ A SBETAEN S LHEE R 2 B X 5=
T A AL, BHEATERAE 2 TES LR E 5
R L ZoZ FidEnBEE ST ARET
HBOTEREZTRBTL4LD0THD, ZIWBRETS.

& H &

TIAIFRUOTIAI FABIHECIEHE )
pGD' 210 (B 1) ; Dr. Martin L. Scott (Whitehead
Institute, Nine Cambridge Center, Cambridge, MA)
L hfkE xR, Zhit Molony leukemia virus (Mo)
@ 5 long terminal repeat (LTR) & muyeloproliferative
sarcoma virus (MPSV) @ 3 LTR ORI berabl &
U Neomycin resistant gene (Neo) #&%:7. 2) pS-
HT® ; Thymidine kinase (TK) O##FEE LTHEH
Li. Zhid SV40 RO HSV (i~ _=xw a1
A) O TK OFTArTox—s—%E15 TK 24
{s. 3) pMClNeoPolyA (STRATAGENE, LA, USA);
Neo Of#HERE L THW . HSV @ TK @ promortor
%#FT 5 Neo ILHIEEEK Xhol, Sall AHEiLTY
D LFTRETH 5.

HIFREERICIE Clal (TOYORO, Hi), EcoRI (TO-
YOBO, ¥7#), Ndel (TOYOBO, ##), Hindl
(TOYOBO, ®®), Sall (TOYOBO, Hx), Xhol
(TOYOBO, ¥R, A\, HIFREFENFER
DNA blunting kit (TaKaRa, X&), ligation Zit DNA
Ligation Kit Ver. 1 B {* Ver. 2 (TaKaRa, X&) %
EA L.

Cell line : IL-3 RAFHE T 2 ~ v A BHIERRHM
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Nde 112.00

LTR(Mo)

Hind111 0.00

Xba 10.70

Bam HI 1.40

EcoRI 1.80

Bam H12.40
5al12.60

Xba 111.50
pGD210
LTR(MPSV) 15.00 kb Bam H13.80
Clal11.00 Neo
Hindl1 4.50
(71990

EcoR19.20

Sph 15.40

1 75 Ax3F pGD'210. ML Fi: Hindl HEBIMS 0 & L&+ 0dIR
ERABIEMARL, BAII kb TH 3. REIRBARETFOS »63 0K
[%7~73. ber-abl i LTR (Mo), LTR (MPSV), Neo, Amp ¢ &FEHH
H—FLT\A. LTR (Mo) : Molony leukemia virus @ long terminal re-
peat, LTR (MPSV) : Myeolo-proliferative sarcoma virus ¢ long terminal
repeat, Neo : neomycin resistant gene, Amp : ampicillin resistant gene

Fakk FDCG-P2 %A Lo, BERI310% 4T miE (FBS)
% &t RPMI 1640 ¥#C¢fTL, IL-3 #ETR & LTk
WEHI-3 (=7 ABBiBEREMRak T, 1IL-3 % EE) B
BEHZ10%EM L.

in situ hybridization : FDC-P2 #ifa# %k
EERICAS A F /5 2 LI F LT, BHABEE Nick
Translation Kit (Boehringer Mannheim, Mannheim,
Germany) % BT digoxigenin-dUTP 1 TE#R L 7=
pGD’ 210Neo™ #% probe & LTAA 7Y &4 X L1,
%O, propidium iodide %\ THEMELLE L,
anti-digoxigenin FITC & THEREL BT, 17V
FA4 X Ltey 7 il Fiokb L.

Electroporation : J&fET#H AL electroporation %
FIR L. #EEEH 5 FDC-P2 % RPMI 1640 &3
T 2 BB 2.5X10° EOMis 50 pg/ml OBWE

OBIRT T 23 F DNA % 80 pl Oz S €T
BRANVAEF 2Ny PR, SV ABREE 1.75
kV/cm, /S ZA08 500 s D4R % Shimazu SSH-
10 (B, =& #FE LEm v A5 1 Bkt
electroporation #4T - 719,

BgoHHl : genomic DNA OfiHi3 SepaGene (Sa-
nko Junyaku) Zf\ 7. RNA % acid guanidine,
phenol, chloroform (AGPC &) #fMuv#iH L.

RT-PCR KU PCR : RT-PCR i total RNA 2 pg
&9 random primer * % H\ T Rous associated virus
(RAV-2) #WEEBESL LT cDNA %L, Zh
R PCR #8277, Genomic DNA 3, 1lug
% PCR M L7, berabl: v 2751 <—; “5 -
GGAGCTGCAGATGCTGACCAAC-3 ", 7TvF+ v
AT 54 =—; “5 “TCAGACCCTGAGGCTCAAAGTC-
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'

37, Neo: &Y RA735 47— ;" 5 -TCCATCATGGC-
TGATGCAATGCGGC-3 7, 7V F L v AT 54 7—;
“5" ~-GATAGAAGGCGATGCGCTGCGAATCG-3 7.
TK: Y2754 <—;“5 -ATCGTCTACGTACCC-
GAGOCGATGACTTACS ", 7V Ft2vVATI 47—,
“5" -GGOCTGGGGGGTCATGCTGCCCATAAGGTA-S .
R4 denature : 94°C 147, annealing : ber-abl 1
1363C 143, fx55C 14, extension :72C 14T 30
cycle HifT L7z, BEUkEIL 3% NuSieve/ 1% Seakem
agarose gel TE I\, =F 7 AT o< FEMEIC
TEIME T T/ N&REE L7, PCR product X% h
Zh ber-abl ; 200 bp, Neo; 432 bp, TK ; 327bp T
B5H.

HHFvTmy b L7 DNA 10pgg % Sphl i@
THBE LA L D% 0.8% agarose gel T#kE L, Hybond-
N+membrane (Amersham, England) &7 o= b L
7ot pGD' 210Neo™ L0 ber #4% EcoR1, Sall
D L7 800 bp I % probe & LTHEELI-.
T X npcid digoxigenin-dUTP 24 By, ~Af 7 U4
¥ v avETry bOPEE DIG DNA labeling and
detection kit (Boehringer Mannheim, Mannheim,
Germany) D= 7V D KT L.

& R

pGD’ 210Neo™ #A FDC-P2 #faik © pGD’ 210Neo™
75 A3 FaGIRESR Clal ALY Neo 240
WL, BEY 7 X3 FEH% selfligation LT 13.90
kbp @ Neomycin resistant gene #/8K< pGD’ 210Neo™
#VER L7z, pGD 210Neo™ (3 Ndel ZALFETHIRILL
o8, FDC-P2 & electroporation THEA L. #EA
o FDC-P2 Hifabki:48Rf] IL-3 7248 F CREEME,
IL-3 JEFE FCOREAMSE L, 1IL-3 JEEFs v
o a—vRBER L, ToOERE 6 7n—vi IL-3
FERAMRE LTBH . ThoDMilas ber-abl #
ASEEFERALTVAZ L2 RT-PCR © THE
Ande. Fh, HEEABEZ BROLD, + 4 5BET
D a v —#K% in situ hybridization THRFE LIz & 2 A,
ETOI/O—VvRlaC—Thi I LPBEREhE: (B
2).

pGD’ 210TKberNeoablreverse D% @ EREET
% berabl # 2 SRIEFCRESE50K, 3 pGD'-
210Neo™ @ ber-abl S % EcoR1 LB TYI O
L, #Exic LCHEERBA L (GD 210Neo™ reverse) .
EH, HAMELRZBETEAKD negative B
positiveselection M7= pSHT® 75 SV40, HSV-
TK 7u®—2—%&AK TK BETFEFTHVHEL, pGD -

2 pGD’ 210Neo™ #HA FDC-P2 #ifD pGD’ 210Neo™ o4 3 FI-
SH. digoxigenin—dUTP & TE# L7 pGD 210Neo™ # probe
& L7z, pGD' 210Nec™ M1 2 ¥ —BA IR TWA I & FRT.
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210Neo™ reverse % Ndel ME#H & H 5 4w
B LT ligation L7 (pGD’'210TKreverse). I
pMCINeoPolyA 7% Xhol, Sall A THHH
Ehic HSV-TK vox—x2—%K7T5% Neo BEF
%, Sall ALEE#H® pGD 210TKreverse & ligation L
T pGD’ 210TKberNeoablreverse ##&E L (B 3).

pGD’ 210TKbcrNeoablreverse # F\ 72 A0 B &
2 BETFHEA 1 28—0 pGD' 210Neo™ #EA X h
BEMEY 232 FDC-P2 X L CHEE R OEE
FEAAFER LT, pGD210TKberNeoablreverse % il

EcoR1 12,50

HSV
SV40

LTR(MPSV)

Xbal 11.53

ber-abl

Clal 11.03 TK promotor
Neo
EcoRl110.33
BamH1 9.65
EcoR] 9.28
HamHI1 8.32

Sall 832

3 7523 F pGD 210TKbcrNeoablreverse. P LDO#Fi2 Hindll
HEE 0 & Lickhx DHBBROMBELFRL, B kb THS.
RRAGRIEZTF 05 153 OFEERT. berabl & Neo {3 LTR (Mo),

pGD210TKberNeoabl reverse
16.20 kb

FREYSME F111% $785 FHIETH

FREER Clal A L CHIRILE, electroporation I
S BZEAKRALT. electroporation #ik IL~-3 FFE T
TASEEMEIRE B, T X Bk G418 (neomycin
analogue : Sigma, St Louis, MO), gancyclovir
(Syntex—-Roche, Palo Alto, CA) #ZxhFh 1meg/
ml, 100 M OREE LI % L Hmz iR BIT L.
FOHDEE]R T G418, gancyclovir £%H bz EHMHE
A LCHERE LM s 5 RNA % HhtH, ber-abl 0%
HEBRE L. TOE, RT-PCR 2T ber-abl OF
BAFED B R, G418, gancyclovir &H 6im L#EH

Hindll 0.00

BamH1 1.40

EcoRl 1.80

LTR(Mo)

ber-abl

Sphi3.32

Hindll1 6.42

BamH1 7.12

RED
LTR

(MPSV), TK, Amp ¢ &EHEAFMEL T3, LTR (Mo) : Molony
leukemia virus @ long terminal repeat, LTR (MPSV) : Myeolo-
proliferative sarcoma virus @ long terminal repeat, Neo : neomycin
resistant gene, I OIAIiE pMClNeoPolyA B3ETH %, TK : Thymidine
kinase, HSV ' herpes simplex virus TK promortor, SV40 : SV40 promo-
tor, TK, HSV, SV40 & pSHT #¥TH» 5, Amp : ampicillin resistant

gene
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AR LT L MRl o — VB bt HER
B 2 B FEAG AT LT 1X108 L EoMRm s
LTRALD, TD5 LD 1 7 a—vDOLH gl
Wiz d b D -1
pGDY’ 210Neo™ # A FDC-P2 (pGD’ 210Neo™) &,

pGD’ 210Neo~ #EAIZ pGD’ 210TK berNeoablreverse
CCHEEI L L ZEA R Lt EEL bR
FDC-P2 (pGD’ 210TKbcrNeoablreverse (HR)) & »
#hit L7 DNA #H\T ber-abl, Neo £ LT TK %
NENRDBETICOWLTAD integration % PCR T

{PCR

200DD v

s S .

432 bt £

4-a

Ll ToORR, pGD 210Neo™ EAMIKTIE ber-abl
2FET S, Neo, TK BEEEIhch T, —F,

HHERR 438 2 HOMBTIE ber-abl, Neo (XFEFET 5 A,
TK G@EHbhicir-ic (B 4a). Wiz hbofla
TOEhEThOBETHRAS RT-PCR i THEER L.

pGD’ 210Neo™ #A FDC-P2 Tl ber-abl @A DFH
%R, Neo, TK BHEELTuh -1t —F, #HAE
LM 2 O TR ber-abl, TK 3REBE LT LT,
Neo OAOHB AR IR (H 4-b). 25 HEEH
H 2 RIETEAR G418, gancyclovir 4 F T
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hRT-PCR o

her-abl

G332 Dy

327 b

FRERSME 1% BTE5 FRIETH

neo

® 4b

B4 #FEEAMBED berabl, Neo, TK @, (a) PCR ¥, kLU,

(b) RT-PCR f#7. 754 =—, HEIAIXEBMR. pGD210Neo™ :

pGD210Neo™ #A FDC-P2. pGD210TKberNeoablreverse (RI) : pGD-
210Neo™ fifiz pGD210TKberNeoablreverse ##EA L, G418 D
HTERLUTHEE L7 e—vD 12, pGD210TKberNeoablreverse
(HR) : pGD210Neo~ fifdiz pGD210TKberNeoablreverse # # A
L, iR B2 PR -1 EF 2 bhl: FDC-P2. (a) : Genome
DNA 2\ T, 200bp @ b3a2 #4 7 berabl F 4 53&EFH5, original
FDC-P2 #& %4 T integrate ¥ T\ 5, positive control @
AV KL 125bp TH D, ber-abl @ b2a2 24 T D F 4 FRE
FE RS A1, Neo &f5F 2 pGD210TKberNeoablreverse (RI),
pGD210TKberNeoablreverse (HR) wwRWTHHEn 3. TK #i=
Fit pGD’ 210TKberNeoablreverse (RI) T & h % 3, pGD210-
TKberNeoablreverse (HR) Tt a . (b)) FhFfho$
EFORERBRAY L5 &, pGD 210TKberNeoablreverse (HR) T2, ber
abl, TK OEHIADLNT, Neo DLDEERTED L. —F,

pGD’ 210TKberNeoablreverse (RI) Ti, ber-abl, Neo 25 TK
DLIFHOBREF LREAHNAD D R,
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No. of cells (x105/ml)

18
16 F
14
12
10 r

O N ROy e
T

i . i i

--¢--pGD210nec-
—&— pGDTKberNeoablreverse (HR)
-3¢ nGDTKbcrNeoablreverse (RI)

—a— pGDTKbcrNeoablreverse (RI*)

0 1 2 3 4 5

6

days of culture

K

R 5 IL-3 SEFETREU 2 MEEMEER. pGD210Neo™ : pGD210Neo™

#H A FDC-P2. pGD210TKbcrNeoablreverse (RI*) : pGD210Neo™
i pGD210TKberNeoablreverse i A L, G418, gancyclovir
TERE NI FDC-P2 7 u—v®D 1. pGD210TKbcrNeoablreverse
(RI) : pGD210Neo™ #ifiz pGD210TKberNeoablreverse Z#A L,
G418 DA THEIR L THME L7 n— v D 1. pGD210TKberNeoablre-
verse (HR) : pGD210Neo™ #ii@ic pGD210TKbcrNeoablreverse #
BAL, HARLZRZ PRI > &E2bhte FDC-P2. MHAMA
BB -0 —-v0had IL-3 FFEETTOERTHMENLT

HbhRich -,

RS0 IL-3 KEEEBET 5 &, berabl #
RE L TWwicLflafk (pGD’ 210TKberNeoablreverse
(HR)) ToO%, IL-3 kFMHELY/RT Z & BHERE
iz (B 5).

L2 AT, HARARZ DD OBETEARTERC
G418 DA THEIR & hic FDC-P2 Mk, HEMES
CRLRDOTHEY, ZOL5 RHFCSWTED inter
gration + B EHHES 5 L, berabl, Neo, TK £7T
OBREFEALRERAER S, ZOBRBTIIEAMERE
FRSvELEAS NI EE 2D (H 4 pGD’ 210TK-
berNeoablreverse (RI)). & iz G418, gancyclovir #
ETFTOBERCCHIE LCMIE:, EBRCHERE M
BRI -1EELZLNLLOLUMI LWL 2B LAT
7 (K 4 pGD’ 210TKberNeoablreverse (RI¥)), #®
& 5 MG berabl OFBEAED LR, X6 PCR
2T TK GREFD integration HiisiZ & AFER S h
fo. CHhREAPHBEELIBLICLELDOTRS TV E
LIZEBAZH, Mz THADIWE TK Hikbhicd
DEBELE (B 6). D&, TRFADT SRS

FaEA Lz FDC-P2 Mflgkkh bR Lico vy 7 a
NT, HEELERZEETEA DR S Ml (pGD' -
210TKbcrNeoablreverse (HR)) Tt 4V o+ 1L Th
% pGD' 210Neo” EAMBIZRED LR LY F LD
¥ 1kb BV Z MR S h, Thixf LT G418, gan-
cyclovir ¢ T CHEE L 7M. (pGD’ 210TKberNeo-
ablreverse (RT¥)) TiX2AD v FR@EBHA, D
535124 Y FATHD pGD 210Nec” #HA FDC-
P2 LALY A XT, 5—FHILe{ 41 XORKLH
BLIZ N Y REBEDI-ZELBLTREI .

z 2

HEM LS ZI0H LBRETHRERL, EARGTO
REAEFCHB IS Z L0, #BAK L A5REFEL
pibisnZ Eh R E AR ADTVA. L L,
HEB A2 R 2RPFERIE- LIz ES Ml
HLAEMRTRELEXOHRME N Eh b, Hi
ZEREELEEE D ENSEBETHRERCIGET 5 L
TORKELFEEDO1>TH LYY, SEHFEHA LI A
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~327bp

B 6 pGD’ 210TKbcrNeoablreverse 258 A X hi- 2 w— v T G418, gancyclovir #7E
TTOEBCLTEL 7 P IRIH berabl #FRLI-70—vod PCR KLU RT-
PCR f#7. HEEIAYER. TK BETE Genome LIz IS, F1RE
L RRF (B T

T HFEAMBEOY Y T a o, MEF., HERAIER. pGD 210-
Neo™ : pGDY' 210Neo™ # A FDC-P2, pGD 210TKberNeoablreverse
(RI*) : pGD'’ 210TKberNeoablreverse A X Rz FDC-P2 @
5% TK (E#B L2 berabl @EHR TS 2702 —v, pGD -
210TKbcrNeoablreverse (HR) : pGD’ 210TKberNeoablreverse
Ik O HIEM LM 2 B 57 7 m— v, pGD 210TKberNeoablre-
verse (HR) Ti#7 1,000 bp &L FA@BH B R, pGD 210TK-
berNeoablreverse (RI*) T 2 KD Ay KREEH LR LM, 5
H 1AL pGD’ 210Neo™ DB R B Y FEAKETIN—F L
Twa., BUAY PRI Y X LARMBE~DBATHSDZ L5 RE
LTw5,
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BB Rk FDC-P2 2V RieBWTh,
MR A2 SR Lo &B 2 b AFERIIEE 105 @
WIEEVWHIEITH 7. L LnhbRA T,
BRI B 5 BETFOEL B2 ©, BRECBEST
53 N3 Rad5l el o MEABLBETH I o—
SV ITERTETWAY, Z0X5 BETOEYE
HORAR ORI & W HFEE A SR 2 OBR A L
TAHREMLA S L LD EEL NS, HEEARZEE
RUcBAFRE LT}, BBEEcRy A2 2Bk
Fk & b b electroporation OEFERAMEABLEE LD
h%. EE Smithies HIIFEERFMEREMIZ X L TR
# B-globin BETF#EN L LEREABRZICLS
BETEBREEE TR0,

4@, ber-abl ¥ £ SEEGETEARC L) BEMET S
EMBEBOEF L ERFR L, &bhicHRELE2 % F
W, BALLREERETHELT, TORBELIH
L, Tk FDC-P2 #ifatknA L TV e ERFHREL
HEES LMEAEL S LIt LR L.
MHEHE LB 2 2B L TD plasmid fEEICEWTH,

neomycin fitEETF (Neo) 12 L% positive selection
&, thymidine kinase JAEF (TK) &k % gancyclovir
#F\ 72 negative selction #FIE L{z. & 52 ber-abl
AYEECHEALL TR FEB RO, HERA
¥z % ber-abl LA 77 23 FEGTRE LI
K TAHLDTHDH. TO/BRE L TR LEETHE
Az R Ih L0, B 8 Rt & o i ETFE
FIOMTHAMI PRI ~LBETHDH. FEELRL
17u—vREWT}, UTOSAMRESRE. 1) ber-
abl, Neo #E{AT® integration A7R&EN 5. 2) TK &
ZF @ integration HEEENS. 3) Neo BEFD
RENAD LN, —7, ber-abl, TK EETORIS
b, 4) berabl BEEFOV Y Ty T,
ber-abl &9 % Neo BIEFOSLEFREWAY FELT
BHEht. DEOF—2pbS5EELN1l 7 -V
ERWTIE, BRE LCEERTF & OEREAER 2N
HELTwaL0EEZLRD. BBEARPRVEELY
EPFEHBE N EThoTe. L Liesih, EMmEE
Bl 5V T % homologous recombination A3 &

Amp  LTR(Mo)

ber/abl

E N
=t -
1 | o
! ==
LTR(MPSV)

B E
ber/abl nco ber/abl

LTR(MPSV

LTR(Mo)  Amp TK

X8 HEELELOBAR. Al pGD' 210Nec™ % Ndel MBI TR
L4 @, Bit pGD' 210TKberNeoablreverse % Clal ME I THR
ftLizd®. LTR : long terminal repeat, Amp: 7 ¥ ¥ > U vttt
f&F, TK : Thymidine kinase gene, Neo : Neomycin resistant gene,
E:EcoR1 site, N:Ndel site, C:Clal site, Mo : Molony leukemia
virus, MPSV ! Myelo-proliferative sarcoma virus, #&ANITHIBEEE

RN AR L, BEAIBEEHA%RT. EcoR1

RBMILTIZIEEh

EEHTHEREA LRI LR ENE L.
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LIEHHERE LB L, SBROBETHREOL DD

HEELTRE LI LDTHS.
& B
FWerbrebicn, JiEE, KB, JFEHE

=lBh o ¥ LERHEERE, SHaRas, M
EBhERE, B BREA, SRR R L
LrEs.
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