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BEH S oM % T 728 HiR A (Autologous stem cell transplantation) IZLLTFD A7 v FI2 X W iTbNh b, A, B OEHM

fii (Hematopoietic stem cell) 75 CD347" &I ATERAINL 2 Bl 5 2. BBk X /2 CD34™ & marBRiaL I 1%,

stem cell factor

(SCF), megakaryocyte growth and differenciation factor (MGDF), Flt-3 ligand (Flt-3) & O K 712 L ) fili %z 52 511 5. B.
CD34" M AT I GG fE T 2 o 727 4 OV AR T-% &Y S8 5 (transduction). C. {GFGEET 2 54 2 Mia 2 O

HORNIZHIT 5.
PN bEabdbb(ar T4 azr )

o, EZOZEEPRE SN, ko~ bay
AR TIER L, N7 7 -t e Za&MEOH TENL
oLy TFIOANVARMRTAEETH 2 TE72, REHT
X, EETHFEICBITLL FOT A VAR & =D &
ZOEEMIZOWVT, TOHEE TORELY ES TAHATW
72w,

BIZFBREICETEINT 52—

L by AV ADE—DORIE, TOBEBBEEIIBNT
HE&® DNA % BN 7 0~ F VICEHIFATE S 2
LTHhHY. O, L O A VAR Y =54 LT
WA SN ERTFIE, M2 & o TIRMIRIC b il &
n, EREzFETCru~F r EOBIETPAMREINDLZ &%
, BEICEBTAZENTEDL., 75 —NIZNE
TEDLBEIETOHFET A XD %kb & K& L, B #lz
TRERIEDPTEL, LIS VARSI T =54 LTz
B TEEIE, BEOFTHME S5 5 L7 18 i
(Hematopietic stem cell) &IIZHWDL Z &R TH
% (Figl). ZOex vivo {GHEEIZL->T, FF—DFHE
VAR L C & B mm OGBE O REME 2 I8 5 721 T

C DR L BB RN TOWGEZAGET 2720, ALEREIC & > TRIZTFEA SN T2 WHTTE RO H#E

{, F2FF—2o0EHZM (Alotransplantation) (2
R3S (graft versus host diseases/host versus
graft diseases) D) A7 #E#T LI L b TEx5H. W,
LhEYANVARY & —1F, BRAERICHRDS L CHWLR,
BIETIHEDOBRRIGREERD 60% 28z 5. T, &
EMEBEHEANDOISHDH 10% % 55 Y. FREFHTIY
WH o~ ha A ) A7 % —|d murine leukemia virus
(MLV) H*odb o, L »F 74 )IVAXRYZ % —|% human
immunodeficiency virus typel (HIV-1) HRD b DA b
— I SN TV S,

LRAIAILANT B —DESE ERE

BIETIEEMZEOMAIZIEI MLV O T <L hay
AWANRT Z —=PgExt G e sz, o~ baw A
AT NEaTy Ny a— R34 gag, WERE G
FEIANVAEER L E R MFEEI— NS b pol, TLTL
PRU—T % 2= T Denv mHKY LD, TNE G
WEFEOY A NV AT AT HEICUEE L cis acting B &
L C LTR (long terminal repeat) & MZN 5% & LES
T A EN T WD, F72, SLTROERZICMET S
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VBB T2 =7 ) A I D, IANVARG Y =7 ) LAV ANT T IH D
A& 5 Vo BB TR, FORD D ISEFREE T AREND.

JoE—4—

[ HsUard+i

T A
COF ) AAVANT T ML EASNETA

WANY % —RNAZT ) L% 7 A VAKTIZWE OSvr—T 7)) 728, A4 VALY /87 Bil{z7, Gag-Pol & Env

ZRE, NI AR TS 2ok
a2 AN ADEEZHTNTWD

primer binding site (PBS) (&85 St O B iG 12 A W] /R
Thb. EHIZZFOTRIZIE, TAIVADORNAY ) L%
TANADAT Y T BRI S % 720126808y
=Ty YT FURRET S Y. ChODEER Y AL
AN BE R BRI —7 7 A Llla—-FahTnws
(Fig.2). #:AKpyZ L v A )V ANZ ¥ —I replication
competent virus D ELE [ 22, TNHEXRNT ¥ —A
DA NV ABIETF (gag, pol, env) 1ZBEAn Y, Rk
fRFaFEBATLHILEERHNE LTI A v ENTW
L. INBERNIZT ANV ABEETIE T AR S
BT ETYANADEEITONS (Fig.2).

A=zl bRy ANVALD) QBB EL RO L v
FIANVADNY F—12BWTIE, s FEEETOM
77 et ) —#l{mt (tat, rev, vif. vpr, nef, vpu) b
WY BE2rNTnD, Ly FIAIVARY ¥ —ORHNIIEH
YRLUMOTANWARY § — (L BERRERERICMA T,
7 A RNA DIZAVEE DB Rev ¥ V237 EHEET
5720128 2N 5 rev response element (RRE) 6
N7 Y — 7/A%@£7/AW;ﬁK?éW ﬂ&éﬂé
pre-integration complex (PIC) D% N #i % % i3 4 1372
LERTAHEEZEZSNTVS cPPT (the central polypurine
tract) 7 AEEND. L MO AV AREAOBIZIEEE

, UANVAOEBNLE L BE T2 3O AT 7 MIGET A LT, ik

HEK293T #iilg % H >, gag-pol env % L CHMWELT %
A3 5, 3 (b L <Id4l, rev3sBHNT 5 —
EHVAEEE) OF7FAI FXNZ ¥ —2 X5 transient
transfection 237N b (Fig2). F72, N7 ¥ — DK
TELEFMBOIREZILT 572012, oI AV ADT Y
N — FEET 2 M) 5 pseudotyping b fTHhITW5D
HEETIE, 3EALOMFSAMBER LIZHEHEL TWw3 é:
Nt CHRESRLDL L7 — AL, A IVAN
7 & — OB NER A % /-9 % vesicular stomatitis virus
DG F Ry E (VSV-G) DIE SR Tw» 5 810 i
RIGERT D, gagpol - VSV-G e M+2ET 52 L »
51112 203T Miffa % 72—l 72 L v F 7 4 W ANRY
y—pEEo7Ta b avpHweoncTtsz Laerl, IAR
RHNVTF v — AT = VANDOFIRD D05 Z &0 D, FOMh
DIANANY ¥ —DEEEPERINTEZ. £2T,
BB EZ RO AV ANRY & — 5 fiEN A, K&
FEAETE B X 912, packaging cell line (PCL) DB
BIZ bz PCL &L, 7 AV AREA LT 72 i 2
FRBICHBANICIY AA LBk LT, v
LAY A VANY ¥ — %A S FLY Ml %, L >
FYIANANY ¥ —%jEAT B PCL & LT STARY, =
L CHeHi O WinPac Ml 16 AsARZ22 THZE S e,
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Tablel HERDL FOTAILANY 2 —% AV F-BInFRERKAR

N — AL BB IM* | SRk
oL bawAVANRs ¥ — | hCD34" ADA-SCID - 24)
X-SCID + 126,27
X-CGD + |30
WAS + |33
T i ADA-SCID - 58)
Ly FIANVARY H — hCD34" ALD - 40)
MLD - 59)
B-thalassaemia ek 4])
WAS - 53)
T A AIDS - 39)
Cancer - 54-56)
B OBEAE~IESF ** | Parkinson's disease - 60)

ADA-SCID, 75/ ¥ ¥ 77 3+ —EXRIBJE : X-SCID, X j#5 FiE 15 4 B4 T S0 A 40
X-CGD, X gt A 3FEE  WAS, Wiskott-Aldrich SEBERE ALD, FIEHEY A MO 74—
MLD, HEY A b1a 7 ¢+ —8gelt ; B-thalassaemia, B4 5+t 3 7 : AIDS, B RMEGIEALE

anemia virus) N7 ¥ —Zffif], ** s 0—F I FIF R

A2 MAJAIVANY 2—%FAL I
BIEHERERREDBEDRR

=<Vl YA NANRY & =35 BIETHRBOGE
IZFHWHITE7: (Tablel). #InFIEETRFES—T v b e
SN T &7 #1595 12 severe combined immunodeficiencies
(SCID, HREHRAGRIGIEALNE) 739 5. H T adenosine
deaminase-severe combined immunodeificiencies (ADA-
SCID, 77/ ¥ 77 I+ —E¥RIFE) (&, MiaEE%x
FROTHX LT T/ IV RMELTAR A VIR
T OB MEEE 2 — N9 5 ADA #EFOERIZ X
DHIERI &SI REICIAE L, ImERAIIE A
WCEBESNTF X777 v 2k Wizt 2o
RIEAREIZ L) L AL T 2EEDEIIEIZ 220D T
7% 00 CRFTHAMBIIE>TT T/ Y U773
F— B R EBEANICHAS T 5 enzyme replacement therapy
(ERT) MMHBEOLGIZ - 7228, B b 7 2 80N 2R
BWOVLETHY), Z2O5IA b0 5 Y. TOEHE
HED DI, Hr<L bAoA )VARY & —73 ADA
BETOXF ¥ ) 7E L GEIN, BRGBRTHES R
HIRHNTIX, IE®L VO ADABEORESA SN,
WERITERTICHEHZHEPES L L V) D72
2220)

%72, X-SCID (X-linked severe combined immunodefi-
ciency) b <L ha A IVANRY ¥ —% AW ERG
By —7y boREFTHL. ZoREE, EERTREY
AT L O A T2 7 VR LE R FIERR T A A
4 > VL+t7%—7T&H4 common cytokine receptor y chain
(IL2RG) % 32— F¥ % X chromosome | ®EnT D% 5

PEKETH 5. T M= NK MO BIm 2 L, 55
{LOIES 72 BHRIIHRIEL 2. ZofE, EHE
AR 2EFTOSME SN, YROWREE N 5 0k
AT AMEIFE A EHEIEL TOW WO ERHE TOAEE % &
7 ENAE. BIEFHRBEOHEIAKILT 287 $ T3,
RF = b DOBHBHE A4 OREEE L TCE. Ly
L, BFEIZ0% 22 5b00, HERGE V%R LT
LHIZMHC 7 7 AD—3F 5 N+ =W B 7% 2 L HNHE
OWfEEEHIR L C& /2. —hHT, BEPOMBINIE
BEMIIC A W AR & —% 4 L CIEH % IL2RG %A,
BERBAET 5 2 & T, BIEOBOIETRISD ) A 7 % a1
THIENTEDETTEL, HED N T —OLEWITH
BHPHIREINL Z L2, L)L DBEERHEBEOHEIC
ANDZ L EAREE L7

HoYLUMOAIAIVANY 2 —%{EAL T
BRI ICH T D REMADEER

2000 42121, M OBEFHHRGBR TORIIFIE LT,
X-SCID & OB BT b P IL2RG % %8 5
murine leukemia virus (MLV) X2 ¥ — %33 @ CD34"
75 M AT BRAIA (3 A S, T/NK/B Mg o 1% 7 ek &
FEEEIIGLICHE) L, B FiRICB a2y~ baw A
WARY ¥ —DOFRERILRBAIEIND L) ko7 &
AN, FDHN) Eay Ko X-SCID FRRFZETH ~
L MO TANVANRY Y= HWTHES N ZEFOHT
EHEEE (%) 40%, T FY 10%) 12 T cell lymphoblas-
tic acute leukemia (T-ALL, T V) ¥ /7SZEERVEEIMNAR) 235
W72 2620 R, IR R BERE R FEo T Ml o B,
AR NIz, ZOWIE L7 0— Y 2Rz A,
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A ER T LMO2, CCDN2 DA EIZ A W ANRT & —
WAL, INLOBEMRTHEE LI T/ 2ok
B A NWANRY ¥ —DIFET ) AHANOFFEADE N THI
B2 AL AL % MR 32 B % Insertional Mutagenesis
(IM) EBEUY, Aoy~ L hay A VANRY ¥ — i O%R4
PEHIRT 2 EELERTH L. SHIZ, 7% ORFRIER
TlE, D AIFEE T CDKN2A O %IE% NOTCHI D%
BB RS SN Oy FrOBKEEBRTL, AL
ANRY 5 —@ LMO2 fHiED¥i A, NOTCHI DFEReERFZ
727 T <, TCR-B i D SIL-TALI fii&ED ~ 7 >~ A
Or—3aryBReN. IS OEROEEIEMEIL
FOFIEDER L 720722 AR E S 2,

¥ 72, &g NADPH # & o ¥ — BIEMEOMKTIC L 5
50 A4, X-linked chronic granulomatous disease (X-CGD,
X GHVEIB VRN 3B AE) X gp9lPh* 7=y AT F
3% CYBB #IETFDRIAH 57201258 ET S 2. 2o
i R G B ClX, MDSI-EVII, PRDMI16, SETBPI \2# > <
L by A IVARY & —DIFADFER I, HFEI N2
ANOBH MO RERIEA RS 0, Ry 5y —
WAL EARS AL, MDSI-EVII, SETBPI ®
mRNA FH O R LR S N7 . ZOHRDBIIFZEOHR
B, IANARY & —O MDSI-EVII ~NOFFADNR S 7256 L
72 gt AR D A2 E AL (monosomy 7) 2SRRI Tdh 5 & 4 - 7-.

=L bhag A ANRT F — (X Wiskott Aldrich
Syndrome (WAS, Wiskott-Aldrich fEMERE) DK IER T
LEH SN TWwD. WAS protein (WASP) #2— F4 5%
BIZFICER LD OICHET 2 0BERBRTH 2 3.
WASP (23BN O 7 2 F > OS2 T 2 5%l %
R LT03 2 EEOBmKERTIE, BEShZ 104
S BRI, /MR 3815 % WASP O3 BLos R
Sk &bz, NKMoMEsEikEIoRES, 4%
DEFEIZIT TG LNV OEFREAR SN2 ¥ Ll
HEREINTZ6 NOBEEIIAy & —3FAIC X 5 2MHIIFED
FREDH SNz, HRN Y A4 VANY ¥ —OFF AN E %
R72LZAhH, LMO2~DIFAD6 Il L TR N7
T T, BMHNURSRICED S L Sb TALL LYLI
ANDONRY F —FAL —EOBFEIIED LN, o
RIGERICE Y, <L bawv A VANY ¥ —OHNH
MIFD) A7 @05 2 ENLOTHEREINLZ Lo
7z.

L>FIAIVANY 72— EBKRFR

Ly F A4 )V A MLV OFD8 % I2Inz, Mlanzs
LWl (iiiie, MRS 2 B S o@mER
RIATEDLEVI)EFEL-B0), x5, A0
AR F—DIFAMBEIEIT >~ bav A VA EHRTE
DIV RHALR TV S IMIFZE2 8 LTS »
L7 o723t fEoT, LYy FIAINARY ¥ — 13tk
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DOH<L bMOTAIVARS ¥ — L) bEN, BEWED
LVEORY Y —THLHLEERA.

Ly F I ANVARY & — I ZRYIE, BEfn TR, BEiGE
IZHW 5114 (Tablel).

LTI A4INVANRY ¥ —i% Acquired Immunodeficiency
Syndrome (AIDS, HRMFIENEIEMER) OB TIHE
IO THASNZY . ORI TIZEED CD4ATT
M7y yFEery AHNV envEfanfaa— KLV YT
TANWANRY F—HEA SNz P AEITD> THRE
DEZZ) Y ITIRBI btz A NVARY ¥ —JfiA
#ERE L2 HIE R Z OB HmE S kb o 7.
F 72, BT EHEEOBEOFYIMEALER % 57 2 Wil 75
S, 7 AHRDO YA NVANRY ¥ —ifADMERB DL
1L NY & —OREWETENPD B IZOIARL NI, N7
=077 AN LT, ERICEG O b L &
DOIEDOHER, WEIIHIEAL L OB OB A Sz d D
O, FERABRTNOEFLIFANIED SN o7z,
—J7, BALLLYFIALIVANRY ¥ —2 & o THIV &
Gem B CRIBIIAS Tl o7z & 9 72,

X-linked Adrenoleucodystrophy (X-ALD, HEI%& H%H Y
A2+ a7 4—) IFALD ¥ 87 &% a— F1 2% ABCDI
BETOERIZLDFIERINI BN THSH, ALD ¥
ST EORABIZ L) OV F ¥ — L% L2 BRI
DRI EIATONT, RIS AN B
LT, PfifEo I ) CHESICHEEEL S5 25 (BikE).
BE S HEES /2 CD34T 1 M ai BRI (2 ALD % > /%
BRI —FTLL YT IA VAR ¥ —pHEA &N, &
OBIETIEFEI & 0 A & 7z FERMTI o Bee = o
F DT A NVADITEAEDOEARE=S 1) ¥ 7 &7z 10,
TANVAFAC L S, MEOREMEFIZR SN, #5T
HEND 14-16 7 ARIIZBEORMOMEI T Bvikd b
ZENRNTET.

LFIANANY 2 —%FERAL BREMAEICHT S
REMNDEER

EZAD, LYFIANANY & — 0%V B
2T B HE A 2010 4E @ B-thalassaemia & =TGR O
PRIGERT 7 Sh7= %Y, B-thalassaemia B 13 B-globin 1
RFICERDY DY), IEEREEEEFFORIMERE EATE 72
V. FD728, BRI X o TR Z HER L T\ B D),
Z @ B-thalassaemia & O Mz FHEETIE, BE D
CD34" & M F BRI 12 IE 8 B-globin # 2— F§ 5L > F
TANWARy §—HpEA SN, L L, #nTiEER
N7 & =A% 2T 7 R B RSEER o0 i e 45
BROLENIZ(7 U —F VI F L R) TANVANT F —
DIFADS HMGAZ & 157D exond-4 B R W28, X7
% —5LTRWDODATIFGAAT 72T % =% L THEE-
N7 & —F 2T mRNA DB S Twiz, Z® mRNA 12
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& HMGA2 #B1nF % AZHIE 3 2 ~ 1 7 1 RNA (let7)
3— F45exond Dexond & & D ICEEF ST, HEE
& LTHMGAZ2 BInTOMRE LR SELZ L E o7
CONRY YA L o TRIZFRRDAT T4 2 v 7%
5 — AL L, HMGA2 & fn¥2%exond, 5% K\WTh
FERET L SN E o7z, ZOR6BIELRED
E=Y ) U TO%, COREMEE R 00— 3B
ENTRIF Y b TR A% Zoro—rida
e L TGSy, EEL 2R KWIZH D,
Ly F oA NVARY ¥ —fHOREEEZTFOR VTS
LErodz

TAIWANT Z—DREME LD =

MESNIIMoOFEFZ L L2, N7y —DREWENRR
EENbL)IZhko7 X-SCIDOHNZDH o7& 912,
N7 5 —LTRNO U3 HIMIFILETHZ oy — 7
OE—F—=FNIMO—HNEARDI b, ZOFREID
B\ 72 self-inactivating vector 7Y IM DV 2 7 %A & &
HIEDTELR =L LTHHEND L)%,
X512, MOIMAAZZALELTHEE- N7 ¥ —H0D
AT ITA Y TIZEBF AT mRNA ORI ZE T 55,
Z NiE, aberrant splicing &I, YA NVAXRT ¥ —D
ADEEDBEF XY VDA T T4 ¥ v 7 2B E
LI ETHIRFEIAOELIEZHEL. WTiEEF AT
mRNA /3% — Y 2R T 572012, XTI Y —NDATF
A0 TH A N ex v ¥y 7T 55 NT Y —OREHN
LD ATEND L) 2o 7 1617,

AKWFFEETIE, L IAa YA NVART ¥ —D) AT % in
Vitro TAZ ) == 735, IMEFVEERL /2819
UL, v ARG B MR H R IL-3 KA fafk BAF3/
Bell5 %) (2L b A VANRY F — R #EAT ST & TH
b (IL-3 I ML) = HEEL, ZoJEK
X7 H—EANER, TOHEAILL S mRNA EHOE
LD HDOTHL. ZNOHDLBOFR, To~L b
Oy A VAL LY FIALIVANRY & — b TlhEfmfioxh L
THFA SN LR EDE - TB Y R D v 7 ViK%
G TERROBEIHZ BT T2 2 LAV 5 7z,

F72, NIV —NIEBZEZHFATLHIETRI Y — D%
ERTHOLHAADRINTVE, 7u~vF Uy ria
L= —3EFMEONT O 7 u~F 054 7 0 E —
Y= TNy —HOMHEEREZRIHT S & TE,
chiken B-globin locus control region (cHS4) id# b F4E
ENTWVEA a2l —%—0—D7T, B-thalassaemia ®
BN 7 —NIZHW S TS Y Ubiquitous chroma-
tin opening element (UCOE) IZDNA X F L —2 a v %
ZUFIZL W T &5 gene silencing 2 &2 T52 &
WTE, TOBEFREANTNRY ¥ —I3EHERBERTOLREL
R AEFEH S Betombozo, 2o UCOE

(VA NVA 256528 1%,

WOAT T4 w794+ 2 B Cged 7 sz %)
LEFIAINANYG 2—DEH

INFE COBETFIHROERER,S, LY F I IVA
N7 § = IREUNZEIIER SN TRV o0, i
knF oL Ay A VAR =L, BRI, 44
HIZBWTENLTWAZEDHLNE T2 HERDT
<L bOYANWARY & — % AW RG®RL L v F o A
WARZ Z—% Vb DOICBITLTETVwSE S, Ly
FIANA% N0 OBEFHRELRIH) Y —VD—D L
T5H72012, IMOANZAXALERHEEOL Y F 714V A
N7 Y — DR b REEDBIEN;LETH 5.

T/, W hRBELT, LYFIANANT F—FH]
WD ABRBELIGE - 72950 BlziR, AAMIE % B
THEENE THIRICS 2 5098 LCCD19 2 i8i#d %
LY 7y =% BAMBREL YTy — L L THWTWS,
CDEIG, LUTFIUANARY Y —IZk o TR SR
M EmmL 77 —2F XA FPHE L+ 7% — (chimeric
antigen receptor, CAR) & -5,

FREHTIDY LB FREDS 3R TH Y, &
FEOBBEOENTWE, LaL, AIDS RPAGHEE V-
T2 ) BELRROEREO—2E LTL Y F 74 VAN
7y —dMEH S NIRD -2 1L, SN E TOEEFIEEE
RIGER % 8 2 Tl < EIROBLY TR S5 TR % 7RI
LTW5.

i

TrWFgEE T H N T X 728w TR R OB
Mary Collins Wf7E= & DK EDIFE 7OV 27 N THDH. iF
4, UK Medical Research Council, UK Health and Safety
Executive, European Commission FP6 project CONSERT
LSHB-CT-2004-005242 &% O* UCL Cancer Institute Research
Trust 225 E 2T Cwb. SN EZ LT
S oz, T UCL s 2 i L T2 o
7o AARSHE SN, 2 L C, RERoRG, HEFHEEz
LT 7272 72835 i — RR 1B JE LI L b T 5.
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Retrovirus vectors (gammaretroviral and lentiviral vectors) have been considered as promising
tools to transfer therapeutic genes into patient cells because they can permanently integrate into host
cellular genome. To treat monogenic, inherited diseases, retroviral vectors have been used to add
correct genes into patient cells. Conventional gammaretroviral vectors achieved successful results in
clinical trials: treated patients had therapeutic gene expression in target cells and had improved
symptoms of diseases. However, serious side-effects of leukemia occurred, caused by retroviral
insertional mutagenesis (IM). These incidences stressed the importance of monitoring vector
integration sites in patient cells as well as of re-consideration on safer vectors. More recently
lentiviral vectors which can deliver genes into non-dividing cells started to be used in clinical trials
including neurological disorders, showing their efficacy. Vector integration site analysis revealed that
lentiviruses integrate less likely to near promoter regions of oncogenes than gammaretroviruses and
no adverse events have been reported in lentiviral vector-mediated gene therapy clinical trials.
Therefore lentiviral vectors have promises to be applied to a wide range of common diseases in near
future. For example, T cells from cancer patients were transduced to express chimeric T cell
receptors recognizing their tumour cells enhancing patients anti-cancer immunity.
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