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ABSTRACT. Medicine is undergoing a revolution in the understanding of the mechanisms through
which disease processes develop. The advent of genetics and molecular biology to oncology not only
is providing surrogate predictors of therapy response and survival which are forming the basis for
selection among established treatment options, but is providing targets for new directions in therapy
as well. Molecular modification of somatic cells for the purposes of protecting the normal cells from
the toxicity of cancer chemotherapy, for the sensitization of the tumor cells to therapy and use of con-
ditionally replicating viral vector have been new directions of cancer treatment which have reached
the clinical arena. Advances in molecular pharmacology and vector design summarized in this paper
may provide solutions to some of the existing problems in the technology of gene transfer therapy.
Continued basic research into the biological basis of human disease, systemic studies of the applica-
tion of these discoveries to therapy and the improvement of vector for gene delivery all combined
may result in advances in this important field of therapy over the next few years.
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Aol ddfHAlold {x2gke] opd ¢hal A 23
o2 9 Ew(Marchisone et a/, 2000), 2 °l&+=
@Yo} Aoy fAAE dEA YA, FH AME=
ol FAAE Adshks Wl AV AUD Aeolrh
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CRe} 72+ FHA%e A4 327 Z2RAES chro-
mosomeoll AEo] A&HoE FAANE dHsle A
ol AFel FAo, &7 dtEo] Wol ALLH re-
trovirus vectore ME] chromosomeo] AYL =ut
TYEL UET W AREHE e vE vEsgnh
Retroviral vector ©|%- /i adenoviral vectore -3
o) =3 HHE YajFe)7] A AER] Ee
< retrovirus vector®} B]aLsle] HAF] 2o g ©
o] ARg-E7] A1ZsITE. g AR RAA ] AY =
2A viral vectorrt AWHE $HAlE Y7A9] FHxpEE
o] HujF<Ql el ojd &g o s FAA A&
Aol Aol B o]Foz)A st} o] §t olfE A
7HA AYE A E A oF 70%E g #
HAAA R 7} A8 DT Marchisone er g/, 2000).

B2 79 AR AFA 7 ok By ke oardl
ol AFEHJYAL, e AFA Y SAGRE AFs)
£ phase | @49 3ol o, olg 4Fe 474E 2
ofshd, /N olREe] fHA AgAe 9 HAd
Aoz AREATkE Zolt) o F-4aF A8Ae N8R
ol gt WY o1 4~57M9 e 57} phase IS
sRRIAAG 8 Folr] wWid ARHow ATtsl]e
ol2t}ar 3hzlct.

ot & fA2F ABAZE G-zt ) FE A
AEA Hr}p pHoz= HN go] MEEAAT, A
o7 A7ZF 9= vkt A8 g Aol 2
& FHZ ABANA o]FHT 4Fe Und g
H2 4 yC cytokine receptor S-A7F QI &
FAIHGEZ X-SCID(Xlinked severe combined im-
munodeficiency) 82L& U2 g ojr e
&= AojtiCavazzana-Calvo et a/, 2000). o] Ui
oA H4 yC common cytokine receptor S-d2F
£ retrovirus vectordl] AZFAIA Ao CD34+ =8
2AZ(hematopoietic stem cellell =Yatgd=t), 43
1Ml H3e] Ao} 117 5 gigo] o] Wil osf x| &2
Atk FAA} X EA7F B2 7)ol F-38kx] Faia W
F AT A=A 8-S G gAYt Hxe A
2 A8A dAEo] 1990 adenosine deaminase &
AAAEL R A% B3gHYASHada-SCIDPIA ©o)F
oL, xR AFow wEd et NEFHE A
< A= o8 F79 59AGAI X-SCIDAA o] F
o]zl Zlojct.

a2, 2Rd o] YA E(Cavazzana-Calvo et al,
200001 #7tst gk 119 7k YA 2 e] Skl
A T-celle]l MIBZFH o2 Frtshe WEHo] 2T
ok A AR T gRke] HF9 BE 4C cytokine

O
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receptor-retrovirus vector®] provirus7b 11 $A1A) <)
LMO-2 locusell 4f9l€ Zlelth. & &xle] 7%= LMO-
29} antisense orientation®& A WA intronol 4
3L, 2 x| 9= sense orientationZ exon
12] upstreamol] AJEIPTE 2B F AS 5% ol
proroviruse] HYwelz sl LMO-2 8427} A=
s Zase 28 2AEHnh. LMO-2 fA%ke) Mt
E vt 93 e e ol A Aol #Hxs)
Al ZAAFE Aot wigiA], LMO-2 G319 s whg o)
AJL& retrovirus vectord] ZFE gamma common
cDNAZ} LTR(long terminal repeat) promoterol] 2Js)
ZHNEE M EY, 48 LTR promoter7} LMO-
2 A FEe S/ 02 Bk LMO-2 +4
Ape] B Tcell?) S43k9] A3t AA 0 Yajrie
o dAsiord IAZ golUtHFDA BRMAC meeting
#34).

o ZTghio] QLYY Y Fol BAHOE el
L & S7HEY §44 XE s 2k
FEE AT A nF, 4=, SN AYPHI e
A A E Y 7EeH, retroviral vector® ¥R
Az A7 el Z3hE protocole A gk
H AgEielth. 2k veks 1) 8xke] FeAie] Agiuelw
Aste] WP o] g AN S 7|3 FAXE TpA] 2
& 993810, 2) EEHE ARY 577 2ERAEY
A obd AL FEsta, 3) BEol o} fAKE &
o) S FUEHs: AlgY Ayt 5L zaisly,
AHPE R JFEAES AlE 88T RAUA)9 JRE ZA
& o= HRITHFDA BRMAC meeting #33).

ol ¥ W FHA AR5 PN E Hgd

i

ok A& Eo FFHAE(marking studyld MDR(multi
drug resistance)3F 7+ A4 9] protocolo& retroviral
vector®t ZERAME] ARMgo] ¥ghEle] 913, suicide
gene transfer/ganciclovir protocol®ll& retroviral vector
ol &gt mEhA, FF ol AEEY AL I o

9 AY 2 3 Fol] ek AT fALE A)29)

DA 2L 54 23] 56 & #Ao] oA L
}.

AR A Mg FAbo) 7 B GFL 7
2 Z1& o9& obd ©=t University of Pennsylvania®ll Al
ornithine transcarbamoylase(OTC) 23 325 Ao
2 Y9 dEE =5 adenoviral vectord] Ihg-EF
o] (F 4X10" viral particle)® 13+ AFgAMA I T
AR Y BPo= A% dFnkeoz opldE 4%
713l (acute respiratory distress syndrome}t &3
Al Apgeiog FAEAHMarshall, 1999). 2717

U
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Re 52 28 protocole &4 ¢k 8%
S Fagt Aolt}. University of Pennsylvanialx] 23]
HAH BE F 41} A5 UGHAEE o] AFAA o] F
2 FE "ot

OTC A9y 478 XSCIDS) Y 3dde] A4 =
AskA] ek Ak Ao vectors] 7] Fa5H 9l
°oF 2gdle 2o BT Tcell 54 WPl
WA ek Zekie] XSCID YA E protocolat F=ollA
ZPE T = X-SCID YA E protocolst Blwsie] B
A, Zg2oflMe JFET 53 ZERAX & o 109
AL B k9] retroviral vectorE Fodk Zlog HQI
tHFDA BRMAC meeting #34). o289 &3¢l o4
AgoA] K vle} Zo] g G0 oW oF
gk vectors] o] HeAH R sfFs ook T I
A Ao, ol FHAF XEA| MEe] Arle] Eupt
7t 2 AYL AFsict

A 108 B¢ HFRAAEAE tumor suppressor
gene therapy, drug resistance gene therapy, suicide
gene therapy, immune enhancement gene therapy
2 antiangiogenic gene therapy 59 H&g 27ko 2
Ze AFA AAdEIgr diRe] AYSEE 9
of HEZAIR, 23|78 27lde 71& FgehayAe} vl
sle] phase | YA E B0 + e 7FsAol =0}
Bok v AR B3 ¢ £08 B AR
o] & AR} A FZA ] YGEE phase 1| B Il T
7HA] Z18 =] At

B4 St Ao | adenoviral vector7t &+
Az X5 Bol AHHIACH, bxde] FAE A7t
BA7} Brls8Hreplication incompetent) vector7t =
2 AEEAC A9 A7 AR Hreplication incom-
petent) vectore SFHE ti4l vfg- AlghE vl AlX
ovt FHAE ALGd] wEo] 8 NFEHE e
o SHAIZE AP olE FHEI] st iR 2AF
o2 A7HEA7Y 7VsdHreplication competent) vector

|

4

Table 1. Chemoprotection system
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Chemoprotection F2f: fM|LfMFHX|e| & H4t
MEZE getsiategre] SMe22H oY /3% &
#ZFol sEtavAlE Fosket] 7MY Fa3 Hole shy
© AR vehhe BAolnt. XIzkg A el A
THEAE7} viral vectorg o]&3te] A AN,
Table 1 zL—/)_ 5013}0:1 g}—cﬂ-o x]ﬂg;q]_q E)H_O_ g]s}iz Pl
golth, 5 opAlx EAUAdRHAE Eshd, 70Kg
o] @x}7F 7l A3FEd) HQ3d 200 billion/daye] 5

S AAEHA sPAM AR e ag3e] slelew e 4l
}\’Iz:r_:]_- e oh;}. B2 o] H]—HJ_Q_ oLo] e xqo]g;q OJ-,QL
A2 desled, 5o ATl FAMERAA} EY
H2] == FHg3HDeisseroth et a/, 1996).

Fig. 13} Table 19 chemoprotection A&z} A&
A7 2 sl aWiAe] o & RAFL e, d\hydro-
folate reductase gene® methotrexate, multidrug
resistance gened} intercalator 2FE(ef, periwinkle al-
kaloid, epipodophyllotoxin, taxan, homoharrintonine
59 alkaloid), alkyl methyl guanine transferase gene
} nitrosourea, cytidine deaminase gened} cytosine
arabinoside, glutathione S-transferase genes} alkyl-
ating &F&(ol], chlorambucil, mechloretamine), ¥ ac-
etaldehyde dehydrogenase genes cyclophospha-
mide9} ifosfamide 5°] ZEFAL ¢ AAAES F
2 SFAEY AA FEo gk v S AR

Gene Drug

Rationale

Dihydrofolate Reductase (DHFR)
P-Glycoprotein (MDR-1)

Methotrexate (MTX)
Taxanes, Anthracyclines, Periwinkle

Elevated level of target enzyme
Augmented drug-efflux from the cells

Alkaloids, Epipodophyliotoxins

Glutathione-S-Transferase (GST-2)
Cytidine Deaminase
Aldehyde Dehydrogenase (ALDH-1)

06-Alkylguanine-DNA-alkyltransferase Nitrosoureas

Alkylating Agents (Chlorambucil,
Mechloethamine)
1-B-D-arabinofuranosylcytosine (Ara-C)

4-Hydroxycyclophosphamide (active
metabolites of cyclophosphamide)

Increased conjugation of glutathione to
toxic agents

Deamination of Ara-C inactivates the
drug

Augmented dehydrogenation and
inactivation of the agent

Increased DNA repair mechanism
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Conventional Peripheral Blood
—_— I
> II Chemotherapy Cells Harvest
\
High Doses CD34 Selection
Chemotherapy
Chemoprotection
Transplant Gene
B — —

—_— Post-Transplant Chemotherapy

Fig. 1. Chemoprotection gene transfer to protect CD34+
hematopoietic stem cell from chemotherapy.

L3R M Bol AFE AR E Tk
AWAA--AAHmultidrug  resistance gene, MDR)2IH],
| FRAE B4 TN XA E9AA FFoly] F 55
23Ad ek e ZarlTet 48 tHHanania
er al, 1996, Rahman er a/, 1998). MDR-1 F31#}H¢]
AHE2 ATP-dependent transmembrane pump(Fig. 2)
22X FPAE AE QMM o viEsld X 5488
Adste 715S AL Utk

Chemosensitization T2 suicide F&X}t &&= pro-
drug activation FXXe| ®E: AMZE steieHX|ol
QIZISHAH TEstol MEZESY /% siheys AAE
) AT i 54E FAAA AEATE T
7l & A=E chemotherapy sensitization gene
(Table 2 FaL)e FTYA X =Yste] ofEel oigh 7
Jo] A71A k= Zolt}t. Chemotherapy sensitization
gene suicide geneC &% LA AEd), o] #AA}

o

Table 2. Chemosensitization system

Fig. 2. Use of MDR-1 chemoprotection gene for cancer gene
therapy.

FEo] fle A= (prodrughe A=Yl & oF
A2 A3ske d B9 E o Moolten, 1986).
S B 548 dodlA] ¥ AR gE ®
UALA Y] £ F FUMFL] AMAE 7HeA s
T3t chemotherapy2HE] AAAIZE HIsPAA =
FAEL slEte Al et A FAE Al 53}

fr o g rir

Anticancer agent

Gene Prodrug
Cytosine Deaminase (Escherichia 5-Fluorocytosine
Coli)

Thymidine Kinase (Herpes Simplex Ganciclovir
Virus)

Purine Nucleoside Phosphorylase
(Escherichia Coli)
Cytochrome P450 (Rat Liver)

Nitroreductase (Escherichia Coli)

Carboxypeptidase G2 (Escherichia 4-[(2-Chloroethyl)(2-

6-Merthylpurine-deoxyriboside
Cyclophosphamide Ifosfamide

5-Aziridin 2,4-Dinitrobenzamine (CB1954)

5-Fluorouracil
Ganciclovir Triphosphate
6-Methylpurine

4-Hydroxy-Cyclophosphamide 4-Hydroxy-
Ifosfamide

5-Aziridin 2,4-Hydroxyamino-2-
Nitrobenzamine
4-{(2-Chloroethyl)(2-Mesyloxyethyl)Amino}

Coli) Mesyloxyethyl)Amino]Benzoyl-L-Glutamic Benzoic Acid
Acid (CMDA)
Phosphoribosyl-transferase 5-FU 5-FUMP
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£ 7o) 7Fs3it}. o]+ chemotherapy sensitization &
AAE TR HelHoz =9siAY & ols
ARt BE e B FYAER ASEE vector
A&="E o83 A8d 4 Ut o] AiHe AL
o] oFEo] BT = B FYATA = AL
2 5% 2945 vepA st} Prodrug 843 43¢
7h F838] LEEo] FE tAtEAe] 8-S Hadt v
Y 5 Aok, E4 73 A ek o] TS A
B2 dg F de ARg EH 2 v A E F
FAE Rl EAZ 5= JA = F AHChung et al,
1999). E&sh= Al & oz} £¥E3HA] Fe AX:E
2h8-3l= prodrug/druge 2 AElshH, FARG, JAet
A, A, A, Rt dAY 2 AgAd 2ol
A Aete AR s X5dge HaE vt
g T AT

A3l 3L H phase I7HA] 7 B skA
A7E Al2ES guto]{2AR] ganciclovirg E433HA]7]
£ HSVtk{herpes simplex virus thymidine kinase)o]th.
o] Mk 1) vectordll sl =YE HSV-tk &hof <)t
ganciclovir(GCV)2] monophosphate FEjZ2] A& 2
2) AlIE &40 23 ganciclovir triphosphates] 43439
AL k. Triphosphate WA= deoxyguanosine
triphosphate?] 4732 A|A24 DNA polymeraseE
E843IA17132, DNAY A=l Alee] d3e apdst
HMoolten, 1986).

4718 HSV-tk/gev Al&dle] tash= DNA 371
T X HHEHEE AZY BE oifE o] Al~Y
o] gl vl F23 I vzt ] o] Al2F]
& HaA =i BEshs AR XERIt 4
ool st AlEFr]o] FAlgle]l AL £ UE Al
2"lo2= CD{cytosine deaminase)/5FC(5-fluorocy-
tosineje] ct. CD FAAE AFEe] Alsoddle §la 5%
oL} Aol EAEH, o] FHA Y] S FHo] T
Al ZFAXSAZ AME-Ee 5-FCE A AlEo) e &
Alo] Q)& B-FU(5-fluorouraci)® 233}, 5-FUE DNA
8 ozl RNAdE A=l whlde] e Adst=
2 A5 FE UA & AR MEALE et
(Huber et a/, 1993). 5-FU= ¥3} radiation sensitizer
o|7|= st @Al AN Fol AMEI Je= Fste
HAQ 5-FUE AHH Fosts A Blal, CD/B-FC Al
2gle] AHe FPA T 5-FUL] FEE 100~10000H
v =Y g doks Aol

CD/5-FC8F HSV-tk/gev Al&® B5F 438k M xAle)
A2 I+, bystander effect7} vl-$ 2844 =&

==

Bt Freeman er a/, 1993). &, suicide enzymeg o

de MEZEL prodruge] E43HE 2= A EAPL
ok7] =H&H, viral vectoroll ZHEEA] e FH AEE
T Zo] AAHE EFolth. ol FEHFAME 10%
Aol dZF et viral vectordl] &sf X E AR A
grolz Yz FE9] gl A E3rt vepdT
T =g 98 A ol A3t e WHe A
JFEAE7} viral vector?l®l, /n vitro A8 A$ A%
Y viral vector £Y4&0] 5~95%0°| A YoM
FoAZ R me} thEy A gxFe FARR Fed
e EYPES UET 1e F50] ofrt. wEkA,
FAA A5 o] FAATYEES M T8 Ag
A2 ZAgstar o], ATHEAIES viral vectorg HE
=72 A A9 bystander effects A8 A|thgh
43S 7)3t}. Bystander effectd] 717e 7HEd A ¥
oA AGE MEZA AT gap junctions B3 F
Hel MEZo] 9], viral vectord] ZHEo] Folrles
M| EoA WS apoptitic vesicle?] 228, AlXEhe
23 paracrine, o7t e AEAA fa8 IL-17 72
Edol| ot AENES Foll o3 Aoz g#A ot CD
7F HSV-tku fAFgE T2 Al2dlel] H¥)wsle] bystander
effec/t Atke 2 o {23 AEEHE 48 7H5
A& =oFEtHHuber et 4/, 1994).

CD/GFC vector A|2HL of2] 712 EA4o] B} vec-
tor2 Al MEEAT. w5 Sidney Kimmel Cancer
Center?] Deisserotha} & A-pxje] dxAoa] sfute
RE o) Z B0, Lplasting 72+ oAl Zo At gt
A== F22ke] promoters ©]&€3t9 CD AT &
FA M ZESeE JNAE 7% st 2(Chung et af,
1999), old)inlo]d] A7} EGA T T Moz B
A=EA CDABFC A28 Ad Aoz sz 3}
Atk Adenoviral vectord] replicationel] ¥4<1 E1A &
WA ZHARQ CD WEo] L-plastin promoter &
Aolgl & Holt} . Adenoviral vector o83 & #2
2} A B FHR= ol TFAETY 7t Sxjol] B
o= & viral vectore] & Hri @4 AH3ske A<y,
viral vectorg ZAFoZ FUAME oA ArEA 7}
doJuA sk AL o] 1] X2 g FolE A
3 4 e Aoz 7" Akbulut er af, 2003). L-
plasting} 7ro] ZUNE = 2F Eolz oz AFsie
promoter?] o= Table 39 A3},

Fzx2] CD/BFC A&dol thigh AgAdEe v5 249
&) Dr. Crystal dtdo] o] EAHCrystal et al,
1997). kol Hold &7} 2t BAE gz HAH
A9 dgelgleh. CD 4R = A7MEAE7T adenovirla
vectorg ©o]&3te] AEFHAT. Crystale 2 SR
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Table 3. Tumor specific promoter

Tumor type Promoter
Prostate PSA
Probasin
Lung Myc/Max binidng sequence
CD24
CEA
Breast DF3
h-Lactoalbuminovin-lactoalbumin
erbB-2
Melanoma Tyrosinase
Glioma Myelin basic protein
Hepatoceliular Alpha-feto-protein
Osteocarcinoma Osteocalcin
Neuroblastoma Midkine
Wilms' tumor

Epithelial cell orgin cancer L-plastin

SALZA, FAHA A F EopllAl 1] oAl Jo F
ShE @Al 7t 2o ARSI 1+ adenoviral vector
g fAdA A7 HEE EEdve Holg w8 wst
ge ZAsPEA 42 otojtfoigtal sted], E7IWI
oAtz A $F71AFe] Al Hlo]E 22l adenovirusE:
A FAAY] A EFE © 2HA Rolnt

olHr} /NMHE CD/BFCY Al2dlez QdAd phase
| d3o] APLHJH AL, CD FAA 2] T3o] frketol
At dojuy== 25014 promoters AME3F vector
ol H FA promoters erbB-2 FARNY A&
gasided, AA 79 A 20%004 erbB-27t
Hzgdoe] =9, ol Fiete] U o F9) FAro] )
= FoE g fdxjeln) olfl ZaEHS AW &
o S5 delsle] 288t tHPabdha et a/, 1999).
3k vectordll CD -2 Ae] 2l uracil phosphoribosyl-
transferasest 72 FAAE H7isted F o] HATGS]
£ AY A7HEAE7} viral vectorsoe] NELEI Tt
(Chung-Faye et a/, 2001). Th& FHoXE YA
phase | X HZ2EH i} o] F 7H9] suicide
Az &, CD f3Ak8) 4718 HSVtk F-4AE 3 vec-
toroll AZFAZ = (Ad-CD/TKrep), AHEE adenoviral
vectore F9l 7129 ONXY-015 vectorol] 27bska] Az
7] el vjde] pb3 AT EA sk A X
Aok Z718A7Y Loy vectorelth.  Ad-CD/TKrep
vectore AF7MEA| 715 adenoviral vectore]HA] & 9]
svicide FHAE Ad w9 T2 A3 vectorgl & 5 U
Atk APAY FAE dde = & phase | Y3
A o] vectord] A FRE[T, dIA g F
2= tHFreytag et a/, 1998, 2002a). =3} ©] vector
= s APAY 2ol HAPIAEe WEEiS
o, JiHAE B GAE VERd RO Hol A HEA| 7,

fl

yis

o|% suicide gene/prodrug AlZd = AL @ ¥lo]
SH protocole] & YFHgPe Eold ReE B
(Freytag er a/, 2002b).

2 9] B el BAIjle] FEAEE AAB] 98t
o, AEF7] )& sEtawAl Alg s o=
(alkylating agent)?] B43tE RxEsl7] 93 FA2F 7
8 Al&EEo] /M=, Cytochrome P450 f-4xk<}
cyclophosphamide &2 ifosfamideZ ARg-38ld 7}7)
of)&8 S A 4-hydroxy HAHAIE H$ksl= slo] #
g, ¥, 78 Zdox =AU gEEor nitro-
soreductase A= prodrug CD1954F bifunctional
a3} 2o M3 L carboxypeptidase G2 F4A}F
2 CMDAE g3} oFE2k8-o] 3+ benzoic acid thAF
A2o] A% Fo] EEHE Ev TYNEE AAS] 4
3 2Lk AJ2HS] ofjojr}

EX VIVO Mgt A|AH: chemosensitization REXAS
UMz MEXo=z FME: XZEFO0|A £= XK
ZBoHojAlo] MEO Mo|E ZAUMES Hsh: Aden-
oviral vectorel] W3t M Eeo] 71 Al AE Fwo
1) adenoviral vector®] fiberel AFst= CAR(cox-
sackievirus and adenovirus receptor) 2 2) adeviral
vector®] penton base®} ZHISI= integrin receptor,
53] ovBost avp3ell oj&wict 2¥id), ol#g ME &
el receptorEo] AuAHEol &} B3 2719
o] ZENEoAM e TAHA Gett ol zols A9
purging(®st), & &% slstaye] A ZAE
Hesls prhaarold] e AP o] AEd
LHEE AUy FYAEE B8F0=E AASRE Aol ol
23 4 AUrHSeth et a/, 1996). Prodrug 843} 442}
AAPESE 8h3-3F adenoviral vectors} prodrug2 A

L o%

Fig. 3. Ex vivo purging by chemosensitization gene trans-
fer to tumor cells (PDAE : prodrug activating enzyme).
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o ME HEhA YT AFo g AAAY Ex
vivo chemosensitizatione] 71t Zo]tH{Fig. 3).

et Bxpe] ol A8 A& adenoviral CD/
5-FU Al=®lS A28 purgingd] 7FsAle]l B3 AL
(Garcia-Sanchez et af, 1998), 748 A|2¥]S o] §-3la]
2714 phase | Y3EE0] o]FoiA o] Whyo] Qb
3l F83 purging WHYES R FoHlillo er al,
2002).

Adenoviral  carboxylesterasefirinotecan  Al2F]
neuroblastoma &Ak] purgingoll AM-E F A& A
2 ®oln, ex vivo chemosensitizationg 93l B2
2go] gd Aolt},

= fo Kl

i

Delivery systems

2| &2 AHtherapeutic gene)?] AES 93] o8 7}
A A7HEAE7} vectorgo] /HEE AT Table 4= Wit
el vectorgd] Fd ¥ @S UEUYI Aot olE
vectors2 &34 gl dast vlojaAs Fxt &
o] AFFARE A" AEC|}). Retrovirus®t adeno-
associated viral(AAV) vectore= DNAZ AF AlE9
chromosomeel] A9E & Ao A7 T BA ¢
A FA22ke] o] Hagh 39 AMEE vectorgeltt.
ZERA X FAA Aol Hol AlgEHeH BY F
¢l AFo] FHAE =93}, Retroviral vectore AAV
vector Hthe sl g Aite] 7hsahA vt E9HY
g Zlo] @Helrx 3tk 43718t vie) Zhe] 2hd X-SCID
QA AHA retroviral vectorell TthdF random integra-
tionel] that Gui7) AA=E VepHA | o] vectore] ¢4
Adoll tigt 27} B8 EolRaL oFF o] vectorg ARE-E}
= YAAFY AN A olFolA AUA] 2 Adefoltt.

Table 4. Vector gene delivery systems

Vector Strenths Weakneses
Retrovirus Integration Cell cycle dependent
Easy production Capsid unstable
Low titre
Random integration
AAV Integration Cell cycle dependent
Capsid stable Hard to produce
Adenovirus Wide host range Immunogenic
Capsid stable Replication

High titre

Easy production

Cell cycle independent
Herpes simplex CNS tropism

competent adenovirus
hard to avoid

Large complex
genome

Intergrates into quiescent No immune response
cells as well as dividing  Safety untested

cells

Lentivirus

Adenoviral vectors= AZFAAE H3E MEY chro-
mosomedllE AY3A %71 dEol A8 2
o] YA|Holm, A|Ze] £E Aol FH3A A-sdich
2718k uke}h o] vectore] MEZAE AEX W29 =9
of o], ¥slxr]e] ZERMERECHE oAz tigh
NelAe 7HA AL 9tk Herpes viral vectors 53417
A AR AR EYol ARE-FHolgtt

A #AS ) AFEE vector®4] human immu-
nodeficiency virus(HIV}E 718 ZA°o =2 7ed lentivi-
ral vector7} 9Ith. Lentiviral vector7b A7, 284 L9}
7o Ao BEaA] g ATAE IHAE chro-
mosomedl] A{lsle] A717ke] f7zF HEHe A
sithe Zlo] &Rl o)|F(Kafri er a/, 1997), WA-F32}
o)At &2} 2 E(replacement gene therapy) ECko A
we A vy ). Retroviral vectors HE 91
A ZARE FHARE A dEod] =YE &S ST
At AERES F587]% k=4, lentiviral vector
= 238 "art QU o9k o] F77F A8 F3A
o] By MAHE FHx EYES 5O F retroviral vec-
tore) A& X Ao g Helch A o] vectord] <
Aol s el 8 <1 AeE Kot BHad
Z-& gltMacGregor, 2001).

QUMY phase 112} lIGIM EHIAEE HEXN & FHXt
x| 22X

HSVk:  HSVAK/GCVA 29 7H Bo] 7 43
Zraels, gl i dghe gliomaolty. thdFst
A wPoE AYsAed, AT vectors FAIEHA]
931 retroviral vectorHSV-tkE AAksle= Al E(produc-
ing cell}Z 490l 21" FAFSHE protocolo] THEEY
o} Phase IHIEA] Al AREH o2 =42 gl
o AFZaE 7dels]l Aoz veldtHMcCormick,
2001; Shand et a/, 1999). ¥ Fadl+ retroviral
vector Bt adenoviral vectorg AREsle Zo] &t
Aga7E de o s (Snadmair er g/, 2000),
HSV-tk/GCV Al2=gle} &Ax|7tA]e] ddd7E B &5
AFZFIe] FHE A3 MEE protocold] 7igo]l I
3 Aoz Yepgdth s ko] dgo = adenoviral
IL-12 vector ¥-&(Hassan et a/, 2000), ¥¢d3A3l
Temozolomided} 7+& glsta A9 ¥&(Rainov ef a/,
2001), bystander effect 5318 9% lovostatinsd 722
kA9 W8(Tourain et af, 1998), WA« ¥iz}e] ¥4
CD$} 7+8 T}E suicide genete] HE So] B HA
ot FEAHENA HSWtket CD chemosensitization
gened AMET W) WY W BL O Ao whe) gt
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H AAE HRlth AHEA7Fs adenoviral vector®E A
A R PAMAXIFES} F5A] AZEH}
(Freytag et al, 2002b), X7FE-AIE7 herpes simplex
viral vectorS ©]&3t e glioma RdojA= @EARS
Bo} A7 EH] 747 VERGtHMoriuchi et 4/, 2002).

-Ad-p53. <] replacement therapy®] WEZAQ
AR gA 0|t BE 4] oF 50%001M LA f-21e)
p539] Wol7} AR Qlt}h. Adenoviral vectordl Xz
g=lo] A4 pb3e] AdEE WHE olfdle gaaE
phase |, lI¢] Age] o]z o1 phase Il(Nemunaitis
and OBrien, 2002)7} XY= S}, 71 digxdo=
A7 didel & 22 NSCLC(non-small cell lung can-
cer)@ HNSCC(head and neck squamous cell carci-
nomajeltt. A golA Ad-p53 vector ©=(Clayman
et a/, 1998; Swisher er g/, 1999) L& 3F}ste WA
cisplatinZle] H-€(Nemunaitis et a/, 2000; Schuler ef
al, 2001] AI=EHAD. Phase |, 119] Aape= Alz"
protocok> sl F2 FIABEIN= FAE FY
4ol st Jehe Aoz EaEH Ad-p539
A8ady L Hsled DNA &4 A cis-diam-
minedichloroplatinum(ll}& B]&3 oj2] 3}alg A e}e)
H&(Horio et a/, 2000) == 38te (4. docetaxel)/
WA 29 o] W(Nishizaki et a/, 2001102 213+ AF4
a3 AYA4AE Ax vt AlgsElE ¥vbd, NSCLC
g gz o] AEA o]Fo)7 phase Il Y4EE
oAM= a2l slgtayio] AAlE A Ad-pb3dl &t
Brta e 2EER @715 sk tHSchuler ef a/, 2001).

-ONYX-015: ONYX-015%= ZF¥AE9 adenovirus
of FF EAL olgsid s o4F offmulolgaF
(attenuated adenovirus)ZA] dI1520 =& Cl-10420.%
E ¥#A Utk Adenoviruse 55K E1B wHAL A
Ahste] HEe] pb3S A|ASReH|, E1B7t pb3 v Az}
et Blo)g)29] E4 orfe wriAle] zhg o @ A%y}
ApEHEt}. ONYX-015 vectord] E1B 55K7} ¢17] wj&o)
A E] pb3E AABA] Rt FAA T E pb3 &
HZo] BEAE WAISAIT, pb39] HIHAES XY U4l
FoME Holx o|BFHoEE ONYX0157 BAlE 4
Qo] A=k A F 2] AbEE o]o)RtHBischoff et &/, 1996).
T o]F ZEE ATEo] o5 ONYX0156& 44l
F2] pb3e] BAER IHTAME BAE dozitn
dHA7I= S vHHarada and Berk, 1999; Petit er
al, 2002). ONYX-015= 712 8ARNK 24 = 7173
ZFEAEA dddEe] 1Y" vectoreltd. Head and

neck cancer $AE YO E A3 phase || YA
oA} 2x 10" pfug 1 13] 597 %ol HHFALE 7
- 309 A 5 14%7T partial/complete response,
45%2] #x17} progressive diseaseE Rt} shH 7+
2 839 particleS 19 23] 257 2% g5 FAlgh
A% 108 5 10%7} complete responseE RFo}
progressive disease&2 29%AHNemunaitis et a/,
2001). zelut Y44 4E phase 7] mEX1 ONXY-015%
#FddE RE TIPS 20039 3¢ ¥EE oA G
ol NFYA7IR e FoE YHAHTHANY 2A). wat
A Al ONYX-0157F vherl Zsiz)x)at, olzfdh 47
T B ARE 48 AAL & 54A ARA ) g
gl Aohgt &L 713 Th

-G2073 CN706: G207 oF=3td A7HEA7Fs
herpes simplex virus(HSV)24 #le]g{2=2]  rinonu-
cleotide reductase®] E&As}9} gamma(1)34.5 F3
AE AATFOZM, glioblastoma A Ee A} Hlo]gjA B
A7E dojub=E 3QtE  upo]goltiMineta et 4/,
1995). CN706 vector= A7MEA7Fs adenoviral vec-
torelel, wiolzize] X7REAo] Bo s E1A f-AA7 A
g4 27 Bold {xA prostate-specific antigen
(PSA)®] promotere] 98] Bdo] 322 HEE jglo] g
2AtHRodriguez er af/, 1997).

oH
A

mo

z

EioMe ALEHAA o FAxF X8 A FNA 38t
ofA B WA aia A7 A o g B0 e AL F
Aoz HHRPAT o|RL o] Fofe] BFd s|gai,
7P A A8 o KR X EA STt XSt
A Ak Al2" @ A 2ol tigt EAL 2AaAFEA
FHA T i3k NEZFE F7AA 71 vectord] A
BAFE gol3A sk Y A=ES 2AIAY. /)&
Agke] A 2 AL Al2Ee A, T o) Axee)
g4, 23 e 2% AE %4 promotery) /e 2 2
4, pb3 T 72 o WETY R4S o8] FA)
FoME 2K 02 Hiolg|29] EA7} S EEHE vector
o /i, & FAeHH sskey 2 drdey 53
o) ¥E&o8 A& NAE o|FiAl 3 A% Fo] o
o]A fth Z1hE Wo] Wl ONYX-0167F A d
phase Il ]2 o] ¢f ol AR £3 AMLS
o A2 X EA A YES dAL BA S mE
g FAR A8AY] 5F FINER] AP Z viral
vectord] gt HAREGH 722 P BAle &5 H |

T
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2 slAH oo & HpAdAAol}. o] RS s 3
o

T 4B e ATAE FANNR Fobdl hATL
olfE TAL WA H Aoln o Fot Fel 7]

HAtel 2

B A7 20024 YA maTE|e) 2g
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