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Tudlegiudufinuiuaudain Tsamanelsn
nenmuiinUnivasiin (gene) Aoifluanswug-
nssufiaglu DNA vanizadnnuiiavasineniy -
fulsafidiunaantavugnssudmingezaiunse
Aunupufinundvaefiuls  Aefiuiuatsundely
(deletion) w3avinmsinfifiaundlul (dysfunction) filé
waneniilsafiintiuaends wy Tsauzde Adu
fivansufuatnaniroraeluilagiuudaininein
anufinUnAvasfiufriminfirruauniseigiula
vanidaduila somatic cell wwAnIy Tasieniy
atnsfinflamFnaiianaianuinlafeafunis
n3zu wan1stiudoniarineuues oncogenes uaz
tumor Ssuppressor genes Aolunnzundivinniing
Weafuniswdn, nsirdentiuaznisriminfuae
growth factors 19 ) WaAIUANATSIRIQIHLTR
ronizad Waglwinaunundnaaana  Grfinaufin
Unilumsmuauifieziiauzdoiu  Wefinng
wazdin1swmunALiAGIGg ) n1e molecular biol-
ogy wntu luilegiusnannsoineilsafifanu

Anunfasfivinant lnieealalaanisiladsunns
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funundinlunaunuiinfhinunsvinlfizadninneu

'S a & v o o ve o '
Anunfnundunirinouduunilagasenin “Gene

therapy””“’

WaNNISUaY gene therapy NAa UBNIAAA
fumanfifiufinunfioanuuds  Ferinnswdsucdns
fiufvarveldiuiundluunuifufifiaund (homo-
logous recombination) #3ald@iuunAlunaunuiiu
fiundenaneTl (gene replacement) AlGudaFa
vmadiunduAuludaginanaTomia  38n15Min
fudisioanisiinluuzadianaunufiuifinundsiu
il 2 35lng) - Aa”

1. Physical methods fun1suandauuan
fiuidasnisidnllwzadlantufisuanuaniaad
(cell membrane) uarfidvasdlAdud (nuclear
membrane) neAsaNL3EA0 ) (W calcium phos-
phate precipitation, electrocoporation, micro-
injection, protoplast fusion, liposomal transfer
w3 receptor-mediated delivery Als uAIEA
marilanaliminen  wazhismsomuauuiunnm
avfiufialdinlulgamsinonsdeluduifiouiy

2. Virus mediated method (fw3Bflfifu

athaunsnate  Adfecldiunisaonisitinlunh3s
v w B . o Sl = e g
wdrhsanuu infect wWhllwzadhifiufinung

: v

v v e o o v v o P
wiaufuinfiungasnisiinlusmeialunaunufiun
Aaundlen®?® TSantunliidunnsinfiufsacnis

wnTUAe retrovirus (agenhisanivsedndanlu
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Nsaslaining
wazngAnansuInladia

N5 infect adunsnywdliiduatnod uaslusa
Ta¥dtaedl proteins #1n +) AsudmAeztawl¥ viral
genome 3wFNiNlUAY  genome wawmAdfign
infect 168 wanainiianassli modified adeno-
virus %38 herpes simplex virus filiiiagann
Th¥an 2 ufiafianansn infect 1aduansnanals
Bt INIINE0 1w adiday (epithelial cell)’

R

Retroviral-mediated gene transfer
Retrovirus filififluwmzluntswdsudediv
finesliifunnnAe single-strand RNA virus ity
Molony murine leukemia virus (MoMLV) lag
WMAAeT viral genome sanllsun gag, pol

LTR V gag pol

B
LTR V¥ LTR

Ua env genes Aovinniinfiaina structural proteins,
woulasising + uaznfonassinhiaudadeldiudisas
nsdluun® (Ui 1) Teduhiafdunmzeas
fufisaonsls  udhiasilbisunsausiiandie
wnsmanls atenuefin gag, pol uar env
Jesiasanfuiaddunisunin  “packaging cell
line”® #aamns0a$e gag-pol-env sequence 14
WAlMAIN190d510 psi n3a encapsidation seque-
nce #oriminfsausan mRNA washiausznau
dndwsihialdanyseiushiafdunmzsaofiu
finan15tiedINIs0a510 psi M3a  encapsidation

v & o v _ o g P
saudialdhiandunmeuacfiug

sequence 18"
poun1slinlflu packaging cell line 9srinliizas

& o @ i35 v
wunaneidy  “producer cell line” @1w150d379

Mo MLV
env LTR

m—{ Gene 1 H P H{ Gene2 Hum

LTR V¥ LTR
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(A) Retrovirus filfiann Moloney murine leukemia virus (MoMLV) (B) Single gene vector

(C) Double gene vector. F1tia : LTR = long terminal repeat region rimtifidu viral

. . o o v
promotor Ua¥ enhancer, Y = encapsidation sequence, gag = HUNAIUANNITAINIAU-

' & . o o v s
Taslsing ] 994NN reverse transcriptase, env = HUNAIUANNITHIN envelope protein tag

sinl3d, Gene

o dawv v ' Y v v
fiufisiasnisaanldiinlng, P = exogenous promotor dmiunszsulH

gene Y197 (310 Cornetta K. Br J Haematol. 1992 ; 80 : 421-6)
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Packaging Cell Vector DNA Producer Cell

p retroviral
vector

nsudnlianliiduwmsluniswdsudieii wadnedrefiadiu  packaging cell line #udl
fiuvashhsannatneuniu encapsidation sequence (y-) F98111508570 protein NnuHinuATR
Falamsuuslianisasiusin mRNA vaghiausenauiindiushiala wiaskosafy vector
DNA #fifiu (y+) aguarfifiufisasnisaanldliudy (Asenarsdmunsasnn) ldiinlulu
packaging cell line F9aznanedu producer cell line (iadnteuanila) Faezamnsandnhia
fanysel dwhiawmeAliluniswaeudefivld (39 Cornetta K. Br J Haematol. 1992 ;

80 : 421-8)

Incubate with
medium from vector

Coculture with o | producer cell line

vector producer cell line

Collect target cells
+/- selection

Assay for vector DNA
and expression

uanoiinsnhiafndunmsasfiufidaenisiinlulu target cell (Transduction protocol) #a
anarild 2 38 Ae (1) wndee target cell fu vector producer cell line Tigufu (#nedla)
w5 (2) ldawshannsmindon producer cell line nldlunanafinnzidng target cells
ndtaIntuTounn target cell aanarinsfmdaniawizizad Adnandnanfuidasnissaly
(970 Cornetta K. Br J Haematol. 1992 ; 80 : 421-6)
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T¥afidunmzuafiuidanislanidufalhyad
anysedaasauLaseglfRNUNA (guﬁ 2) tu
daltlunisfieslihiafidunnsuasiufisaonis
infect il lwizadfisoon1swanuiin  (target
cell)” a199srinllaenn producer cell line uay
target cell wmanfuudINALIlifnfy na
virdmsfinazdne producer cell line 31 incu-
bate fiu target cell fla° (jﬂﬁ 3)

fousiin retrovirus auiuwinglunssingin

|G ey

fidaanisinluluzadfiealifuuin  usfdfia
dfanatuatine Usenisusn hiadfisunadn n1g
analdfiudnlulaatneunlaifiu 10 kilobases ud
fingasuysdurduivuialnguindelaiainisald
Wwhiadld Usznnsfiaes retrovirus 9% infect
Thawizaadfidndautafaminiy  adfagluszes
wndalianunsainunAsuiuls Usznisiiann i
retrovirus taudinazgnriaeladneludsunaegion
Melunadusnga lawssuuduyueasitoniegloy
(complement-dependent immune response)™

v & o avy 1% o o I |
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simplex virus #oaunsndanldfiuiifvuinlnginin
dlTE° waneandu 1638 sRes 1N aRdu
wimsinfiufdansiufiafensiianuiaunilslay
msainld adenovirus uas adeno-associated virus
(AAV) adflunne {iia191n AAV taufiet infect
wadiaysine 4 Taniawazadofis AAV vneniia
fienasnzianzessaifiaylussuumadumielenn
Soaansoiunliduwmelunsiniuunilufiadens
fiasnunlsm cystic fibrosis Anfiaiiageinnis
118 protein figdvanizadifiayniaduniely vin
Wisimsandoves =) wribidlaidiovasantngade-
i’

Gene replacement
Tunsien gene therapy unlfisnulsaf
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fienufinunfivasiiuiy  dndnnisAsdanlsafiay

aad G e

dunsainwlasaeifudsesa (1) avmandulsa
fiflaansguuseanaNmeliin (2) d@wnse clone
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ﬂuﬂ’]'mﬂ)gﬂﬂil:iﬂ‘d'ﬂiﬂﬂmﬂﬁ]’lﬂ single gene

disorders fnsTuuuauLA? W adenosine
deaminase immunodeficiency® uarsndafisia”
v Wlsrnmzgiduiuunwsasiiinainniseg
wulzsl adenosine deaminase (ADA) ¥u vinns
T-cell
fihaudnianlign infect Tow retrovirus Tl

daonldfin ADA Uniliuda sauteaanldiv

Waswaetiulalasuen 2ANNI27N

neomycin-resistance gene (iluuwalfifiu
marker lun1sAamufufidsudeliing Tan
Wt Tecell H1M03quAuTAlunananmans au
N1 Tcell Horfifufiudnudelilnsifisnauann
waudrdnindudnlluiagian  Tcell manil
annsowdmanlad ADA Témaund #ausing
116N gene therapy ugjihuidnndga 2
swidulsadladunadide  filhudiniduiundy
wwunAasnsasniniinetoundla” us T-cell
mariisinaguithuinsiaasamniy flheey
FoanduluwAsudniuly T-cell finn 2-3 (faw
sofuasaaun stem cell nasiagjihnannurinis
wasndeiuliudiIninaulusginglnl  dels
stem cell fiunfitiasna T-cell fiundnalufined
mumantsadl 6

(] s v
mMasnwlsanzi5ame gene therapy
I & ae v ' o -
nsinulsanFenldduaglulleqin  Aa
ANSHIGA  N1IRBLEISIASNEY  wasn1sltiead
i fifedfafinsHnde  wazn1senuudesed
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uinnirinsEaniauinaflfsuniseiauaeed
Snwle dauniseeiintalaaiunsalsanly
punfiganafasitaiuizaduziSeonualsidas
NniEadUnArasineneazgnYInaEiLT I IEad
uzGeamnsafesnlilunadant Ferinldnnssnm
wzFolilanadmnfas anmaslusssuTuiana
warfuifsafunafinlspude dafaeindinianse
AW oncogenes WAL/N383NT13NA tumor sup-
pressor genes Y1#N13AILANNIIRIGFALTALAY
wadfiaundludindunsGoin’ THduumamiold
dn19uan  gene therapy wlddmiuinenlin
uzGolimenals  Aeanavinlimainds®®  Aous
N158579 antisense nucleic acid way ribozyme
Aoduiafiaunile informational drugs flifdm3u
muANN ST masiufiimihiaasunnsiu
Wizadin1swigivlawos  Sadunstudelals
adnFoeiannuiuanla®, wian1saanldiin
firmiinfiadne  cytokines #ne ) Wiluluizad
uz50*® win lymphocyte e dnadnl¥izad
uzFognrinanefessuugdifuiurassneniuannd
? wiansaasldiudniuzaduzSerinliizad
uzGoiugnaingnusnaitaliunty’ niasanld
fuinllugadundvinizadunfdianusituniuse
gpiinTarauTeaasalieaiuita e
qols Tanlidudunsudaadund aunsefionns
aanldfulauianizatnofin  tumor suppressor
genes W lunaunuiufivianie  IWluizaduzide
ri1l# tumor suppressor genes &N13AYN0416

v 1

ANUnA  HuhnfznisianuiSela®

A6
e 4 mantansnsorinlasen ™

1. Antisense agents’ {1991uiin151d anti-
sense oligodeoxynucleotides i'nl{lu‘[ular]aum
nucleotides AidaiAT1EATUAN TR QAR Uy
dauas DNA w3a RNA fiflu oncogenes 1

AH1991NITI9IE98 (complementary) Yi1l# onco-

genes 1y < Tdld@ansaring e Aa N1 transcrip-
tion w38 13 translation wawfiududugnnAly
nuadalianansalunseiuiaduzsolfiniaancals
faatinn 1y N13§01AsIeA antisense oligodeoxy-
nucleotides AMNYNINEY 21 base pairs 1HIUJufiy
abnormal c-myc gene Iuizaduas  Burkitt’s
lymphoma® &11130aAN3@310  c-myc protein
uasfufoniswigudivlavanaad  Burkitt’s lym-

v

phoma Tevinuaaidieaflsfifgdansieh antisense
oligodeoxynucleotides fin N-myc gene 14 neu-
roblastoma™, c-myb 1u colon adenocarci-
noma”, ber-abl 14 chronic myeloid leukemia,
waz c-raf 1 1 raf-transformed N1H3T3 cells”®
dlusiu nsdaimsned antisense oligonucleotides
fa mRNA vilfdnendiifiesludufu DNA
Wesen mRNA fiagllu cytoplasm vevizAAWS
a199zdulAsITR antisense oligonucleotide THTY
Jufudmladaunils (major groove) tas DNA
viWiAaiu triple helix tu fufaguinutufli
dunsavimiinf  transcription 16 finidudnating
nilowasdinnsiinAe  oligonucleotide wanfiiiia
Wit lwgadudrezgnrinanelsdrasuanlal
nucleases Fusinasinuangusnnaliana it
a- oligodeoxynucleotides 399sHdAMILAINUNIN
i’

2. Genetic immunomodulation®™ 1#aa

urndufouanuasntasnoniedegnrinatslay

sruuiAuiuasneniy  ualugiansednng
fiszuugiAniugauua biswnsaidazaanzdelaa

v & o awv a o v
moundefifnerannaanldinnaine

cytokines
A ) i fiufias1e  tumor necrosis factor
(TNF) iy lymphocyte fiunsnéatsay
faunziSe (tumor-infiltrating lymphocyte-TIL)™
uda3eld lymphocyte duiinlulusagiaeIng
U57n931910n133nw1§e  melanoma 50 578
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Nsaslanainegn
waznIMansuINIslaka

aad v

papdsfansaudansiiiug  n13nwse TIL
Tonafiesanay 30 wavfiheonun® Bnidniiaua
mMidnwmuzdenAa  nsriradansSeliuauiiou
wativezlFgninaesessuuduyuasinanu s
i Heiiilaternnuinzaduzdednlngd major
histocompatibility (MHC) class I Hptm3afiauni
Tudoiudedigneneaaanldfiufiadne MHC class I
Wl lwadnsSolugiae  lymphoma, sarcoma
uat melanoma WelMizadnseiuauiioy MHC
class I fifiananizadunniuusingin amnsariali
flnefl remission TARousidngiandulsalauns
nszaeluanuan”

3. Drug targeting gynidrAgyuasnisld
gupiintalulsandoide  nsResWenzinenie
waauzSeusbivnauadung uianeezliignisnae
gene therapy antanlinAfivintinidanaangns
Tnuastrnzadusdels d0dundn virally directed

10,11

enzyme-prodrug therapy (VDEPT)™", #ann1s
1avifnnsiinAaasefiugnuan  (chimeric gene)
tundeusznaudaefunlauiainizaduzon
winfidiu  promotor gene wanfufufias1oau-
Tasifvimifasuenaivntaddilieangnd (non
toxic prodrug) Wiluuafitntiafiaangndls
(cytotoxic drug) ifladanldfiugnuaniiinily
waavaesnenedian windilluzaduzdeiees
aduziFeasriminfnseiulifiuiaitoaulal
v wameuladunwdsuen prodrug Wiflu
cytotoxic drug 16 usmniiwzadundliauisa
nszfuiufiairoonladls  adunAvuialasuus
prodrug  flifiduAswIesaniuaInnsinatea
guafitials  faatitadu  1un133nwn hepato-
cellular carcinoma Tatin15@am dEiu herpes simplex
thymidine kinase gene Waufiu «- fetoprotein
promotor W retrovirus Wituwmeiinlulu

Y o & . v o v v
waduaosy” GuflezrinewTlindenngnnsziusion

- » - - ¢ & W &
fiu a- fetoprotein Fufiagluizaansiesuriiug
wslwzaasivndiaslignnszsuaulzasl thymidine
kinase Jugnairstunnenizluzadsiuiidunsise
. o . .
#99vauw prodrug 6-methoxypurine arabino-
side (Ara-M) #elifidunsuaigaasuung iy
phosphates Ara AMP, ADP uaz ATP #Hudlu
potent cytotoxic drug Failuariiauianzizadsmy
o & o
niusziag
4. Gene replacement therapy uizad
@ o | - a e v da a
N50ANUI oncogenes  firimviNNHAUNF Y
#3807@ tumor-suppressor gene Na199 N3
o - o a v v
Snwlasdanlddununsinluunuld 910073
Anw1lunaaanaaay  wuaInIswasuulasiinung
o « & - ' o
awluzadusieamsonasuguine, Ansme uas
AINNUTIBANIZAGNSISIANIH W ras, rap 1A,
WAy c-jun Wuein™ dwueda Wiy mm23 @190
v & ] 5
HULIANAINITOUDINITUNINTENE  (metastasis
potential) vaNAAANGAUAINNLALZAS N2I5097N
colorectal cancer 16" n3afiu wild type p 53 (WT
. o -
p 53) #ullu tumor-suppressor gene iHadnnld
v « o v & a a
W luwigadusiseasainisatutenisnigiaula
vanidaanzismatutiiala® n3a  retinoblastoma
. -
(RB) gene #Awilu tumor-suppressor gene fiu1A
v I, 5 & [
welulugian retinoblastoma 3aumMelugeung
37818y breast cancer, osteosarcoma Wae pros-
. - v
tate carcinoma \iladanld RB gene inl/lwizad
Anuiananissnanswigiula  wazanAu
MuseluNISUNS nIzaLnanANsGIlA”
ingfalun1sinwlsAnziGosoe  gene re-
placement therapy An G1snen1sdanldduuni
v - da o a - o '
W luunuiiunfinundnie  gunvieaniell  ww
o @ v - &
tumor-suppressor gene SulwuAnsdanldiui
v ¢ o '3 - ¢ & aw '
WlilwzadusiGimnizad  nndizaduzisandell
v - - ' s &
Immﬁuuuﬂauuuwanmaaag aanzSaNNnee
a - | v e e & @ &
WigAuTaLIFIWNTINTNsa U aunaliunzGe
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n3inwlsARIL  gene therapy #38n13
ney < ag 2 38Ae nsaaaldinlnsibnluly soma-
ticcells Folfufizaasing - uaesronufilalld germ
cells A8Hatlgnmisedusssutioumsnznanniss
wilauAun1sugnanadedressuet  nandinas
waswaola 4 mevugnssutandiagusianiziaad
vavsnanieasgiaefilaiunisaanldiuliing
mau? nsdanldiulnddnlile germ cells i
WlAlFFunsuanuasideinfmaannuiiauas
$10neniolu somatic cells uaz germ cells 9%dl
fufiwdsulilng  deardavfinadiananluauiodu
gniumausialy  Jefiuansznusianiseiusssadiv
at19HIN

foinlunisinunlsadian  gene therapy
sniiudaefiiBidan target cell uviNTsALNGNE
fulilmiatnomanzay, waznmame (vector) fi
Uasasuussiuszansnmlunisindulnsdidinlulugad
fidaenis®  wenentazsatindngunsiduating
witaludninaaasudainduiiinnisaanldidinly
TmidiuanansorinalFduunadunaiuuasnse
uilemafiaundvesinals  wasfdAgifalas
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