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Current Status of Gene Therapy as a New Drug Delivery System
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ABSTRACT-Gene therapy is fundamentally a sophisticated drug delivery technology to cure a disease by the transfer
of genetic material to modify living cells. In other words, the gene is used as a therapeutic drug much like a chemical
compound is employed in chemotherapy. Currently almost 600 clinical trials are underway worldwide since the first clin-
ical trials carried out in 1990 to treat adenosine deaminase deficiency using retroviral vectors. Despite the great progress
still is there no gene therapy product being approved as a new drug. This is partly due to a lack of an ideal gene delivery
system that is safe and can provide stable, optimal level production of the therapeutic proteins in the cell. This review
covers the current status of several different biological and physico-chemical agents that are being developed as gene
delivery vehicles. Although gene therapy promises great hopes toward the cure of a broad spectrum of genetic and
acquired diseases, the success of gene therapy heavily asks for the development of vector systems for safe and efficient

application in humans.

Keywords—Gene therapy, Gene delivery system, Viral vector, Non-viral vector, Nanospheres
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7] adenosine deaminase AR} A< X Fo)A
7Hg ol AFEL Hofo|th? frxte]
2L ox vivoSt in vivod] T 71X HEIR
ex vivo A A WH-E SxlollA
23k Aol vlojejy e HulolH 24 WEIE o]&-
SERAAE oYt & Aol 743 AEE A o]2lE=
Ho7 FHAA HEa Lo wo, YA ko] A &F o},
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Table I-Statistics of protocols and patients by disease (Ref. 3)

4 ZZEE A
A 5 % A 5 %
Cancer 376 63.1 2389 69
Monogenic diseases 75 12.6 309 8.9
Infectious diseases 38 6.4 408 11.8
Vascular disease 46 1.7 59 1.7
Other disease 11 1.8 19 0.5
Gene marking 48 8.1 274 79
Healthy volunteers 2 03 6 0.2
Total 596 100 3464 100

Table II-Statistics of protocols and patients by vectors used
(Ref. 3)

. Zoew FA45
AA S %  AAFE %
Adeno-associated virus 13 22 36 1
Adenovirus 164 27.5 644 18.6
Gene gun 5 0.8 35 1
Herpes simplex virus 3 0.5 21 0.6
Lipofection 77 12.9 619 17.9
Naked DNA / Plasmid 55 9.2 93 2.7
Pox virus 37 6.2 88 2.5
Retrovirus 212 35.6 1755 50.7
RNA transfer 5 0.8 30 0.9
N/C 23 39 143 4.1
Total 596 100 3464 100

5901 Z2EE 5 1 glREL v {7 (©QF 97.1%)0)
A FRE Aok S JAEe Y F go) AR g
ZREZ FE A8l o, 1 vggow v fHx
A% Y-S & 4 Atk(Table 1). A1) YA FL gtolut
RS oloo= FHA AL Yo 3 N8E E
Zo= sl I ot E3F HEHEE YA FA
o2 npolglg HEE FE ARSI 70%) Yo,
I 5 HEZHe|HE WEHE 7MY Bo] AR Yot
(Table D). 22|32 A YA MPFe] JPF2) A& = 57
o, REE I I T 94 VAl HE gtk
olE 37IdFol FAAREY ek kA L 2R
Fa N [FALRE 7|7 AA 3 3] WE
olm, g 4 I AldolN fdx Agag, 23, X
E8% oA iR duree 298 HoFo] v &
AZ YA Z37] Wittt &, tirie] At e
B2 FAA AY 2 SFAE Wollre] EEAQ Szt
dqe 7Igg + gl
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REA TEA

FAAREE FFHOE AAE e 3= g
Ao, HAHoF AU A Ede a3t U
Ehel gtk a8)7] flsiAe SEAE digk =2 A9
3 A BAMER {AX FLEEO] FoloRtEE &
ARE ¥ o2 Agsle ¥9Y /g ¢ B a7t
o]FAX L Ut.? FAZA] FAX HEAR 7P Bol
TFHo W Roks vlol|BAE o]&F ulojzix WE9} B
=& o83 Hule|g A HEo|t}. §3] nlulolH A B
B 2 Alzyel 43, 9ovks-g kA don, 4
YdHox = FARe] =7 Agre] Q1a1, EFAM T FF
33l7] Yot F7is B @ S8 IAS AT 40
= Aol Aok zejy HlelA wEjo)] g EAAAA
ago] Wor, fxx A dAF oz @HE 7K
I AT gl B A2 YEES o8% B
A77E P loH, dF FEY e JHAE BolX
U112 wlolZ 2 HEELS B2 §AA A &8 5o
Aol ot kAol gk 25 dRo] der v
oA wlolzx g AlXde] EA disia & o] FAIH
o2 2fEaA g

EIESHO/F HE-HEZNolg e AFE AlEANA
RNA 7AliFe] DNAZ AZE T RNA vl AgZH] 1 72
= gag, pol, envE2 TEEHE N9 FHxe} FEo] Long
terminal repeat sequence(LTRs)7} &A1t} LTRsol= /-3
2k A BEe 2dshs TR griMgel EAl%
oh. 28]3 gag 2ol packaging sequence(¥)THe= F-AAF
Aol EAgct HEZulolgs HEE 432 HE HE
9} packaging construct® €T FAR A2 EE Hlo
& AlES encapsidation 3h=H] F 83 W9} AB{HAE
7¥R)a1 9121, packaging comstructe Wo| iR A=
Hlo|Z & @A codingdhe FAAE ARG &, ¥

El9} packaging construct/} Y A|Eo] =UEHA, packa-

Table III-Stafistics of protocols and patients by clinical trial
phases (Ref. 3)

ZEEF Bz
A4

AR ¢ % A 5 %
Phase I 395 66.3 1802 52
Phase I/IT 125 21 904 26.1
Phase II 68 11.4 507 14.6
Phase II/II 4 0.7 N/C -
Phase III 4 0.7 251 7.2
Total 596 100 3464 100
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Table IV-Comparison of properties of viral vector systems (Ref. 8)

54 gEZutolgj A ofrublolzi 2 ofdli=F&utoleis  FENHolH A S AP EH ntol YA
z ) 7= & ;‘{i d
i_;‘} 187ks 27 7~7.kb ~30 kb 3.5~4.0kb 7~8 kb ~20 kb
TE 8 1 12 8 9
(ml%"ﬂ}olﬂi.’: ?:}Z}-) >10 >10 >10 > 10 >10
FRAA AL A= Ex vivo Ex/In vivo Ex/In vivo Ex/In vivo Ex vivo
SFAE A4Y Yes No Yes/No Yes No
e Stable ® Transfects o Stable transfection site  ® Long o Large insert size
e Few dividiing, specific integration exprssion ® Neurone specificity
2 = immunological nondividing cell e Long exprssion e Few
= ¢ No insertional immunological
mutagenesis
® Easy to scale up
® Transient ¢ Transient o Difficult to purity e Insertional ¢ Transient expression
o = expression expression ¢ Difficult to scale up mutagenesis?
=" e Insertional o Triggers immune  small insert size
mutagenesis? response toxicity

ging constructZ2FE] FFHARAE FRUWAS0] BAE
AEFHAE packagingste] mlojal2 AAE TED, 0)F
Al TEZ] vlolais YPrhs BAHA| X o WEF
Zrto] s3] JUANR AREe) BAd). YE=n}
olgi& W& ol9t o] A Ee] DNAY 4tgje] HE
2 7ol 7hsdithe o] du BAl A i
ol 2 7Fs7de] o] UrkTable IV). 28], £E A
Zog Gt @A7F A9 A Herpes simplex
virus-thymidine kinasef-AALE o83t A 7 A7}
P IV A8 33 o2 7P IHE 94 caseolt}?

OflEfoj2f HEf— ol enlo]g) 2= HF o|F 7iete]
DNAE 73 I+ non-enveloped virus®] AF o7 HEM]
BEEAE 5o 82 Megs ddlo] rissithe AL
JHAAL ek 2 9] 10"~ 107 pfumld] A3E &8
Hlo]H 2 QRS AL 4 o] scale-upe) 7Fs3h, okt
o] 7FsAel glvks A3E 7B Yek(Table IV). 224,
HpolZ& A7 AL BE AXe| 7Eol 71Esly] wiEel
FH QYA T E4E 7 F sloH, 55 QA=
AYUEA] ot 717k fF3AF ddo] Brbssin =3,
oftfimulo|B 27} 7IA L Qe 7B & EAlE AgEkEel
AR o) ARFEo] ofn] Aol EAISHE ofelut
olg|&d| kFEo] oldicnielzize] tist FAE /X 2
o] AFA FAAXNEE AT HE = ARgshzt] Al ofe]
mEDE ol2jgl o2 olblienloleiay WEE WA
o A718 Agdle AYsA gdort dF FAAZNA A

g H3H Fole de f-&3 A2 § ok E3] ps3
FAAE dgsie] SMEE APEAYE Z2EEF fibro-

blast growth factor 8RS HEsle] IRFS =53}
Z2EZTo] YUAE M) slom FL A3 Hol
9)\1:],‘3,16,17)
O 5% BjojF=s YE/— ol .4 vlo]2]ll= parvo-
virusoll &3k @Y 7ol DNAE Zhe Hlol{&2x o
E02E BAE & & glow, ofdx=ulo|# 2} vaccinia
= herpes viruss] helper viruset 7 ZAHAE
BA, 34 F e Holgzolth® o2 ol b}
olglie Abge] 19 FAA|e] SR R AYEo
A= ot helper virusZt ZHREH F2, WA
ojzfgt ole|iefE ol 2] Al 4681 bpe] DNAE +
Aeojlom FEe 145bp2] inverted termianl repeat
(TR 7k glom o] EAeh ¥4 HHogit). ey
ITR W Foll= EAlof] #Adh= repot +2TMAE coding
3 cap FAAE AT o] rep cap HARE UWHH
o2 WE AxA| AR FAAE A o2 F ol
& vlolg|e AA R HEZIH) Theslal, sAdA)
W29 4hgdo] AlEAA] ojudt Histe ofr|skA] gom,
thFet Aol a8402 Z49d o Utk(Table 1IV). €&
2 olticutolaiaAd HMHRR-S sk eethe AE
< 7K o] 8ol Eolu e #HE Al&Holrt ¥
A cystic fibrosis transmembrane conductance regulator
(CFTR) H+4AE ©]&3 Z2EZo] AN Il A=
case’t 9lom, 9 M JAPF 4L gick?
SlIAAEEA B[ HE-S B2 EE S vto] s
T FFAAA] Holde® 7Hdshks DNA Hle|g&g &
Apolzo] AlES 2] & Z7)9 BE s AeE

Borfr
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T AT o] e W FA) Bol olgske tE HEHE
of vHlg] 8wl o] FHAE EFLIE BA% AR
Zhe mlolE AR EgAo|X b3 HMEE HA AR
7t FE Zo] @t} giiRe] FHuAE A ulo]d
2 ¥WEE HSV-1225E A3 Aot} su2iEyga
Hlolgl WEE gxstolH W, m71& ¥ T AAA &
e A E3] H3) MEEL JE B opE), 541734
o] AEE T3] H% FE Ala"oz® AMIFs3
7] Wil ko g A Age] §AA A7 AMgEHE F
£ 9E] Aj&do] g Aot} 22

FlElBfO/2{ HE/-AE]ulolg] e HEZRlolaie]
FOE in vivooll X BEAIE ¥rlo] ol PR E N
NE, SAE 223 A9} -2 Bl EEMEA T F4
2 Aol 7Fs3ty 8kb Axe AW EAZ $AAE &
£HoZ EFANE T 2F AT + U= EAL 7}
A)aL kB2 g x A<l WEjHlo]# A2 human immunode-
ficiency virusHIVYE & < St} HIVEIEL 7L HIV
9jet gz g VSV.G BHAE tiF P o) ¥F AER
FE A 1000817FA] wpolg 2 FFo] sbeditke A
VSV-G 22 psendotyping HUS o A4 ¢&o) H
ZEAYE Bas ok® E o wEd) bjd deuks
£ & FEIRA Fevthe RS0 Qo] ®r} gk A
nlojgi 2 HEE B 2E AEQ ABAEZE RS 3 9F
B -7 1 A = '

fu)

o

HlH[O|2{AN HIE

Hlulolg &g HElE 540 g, HAWES AY =
A gom Alzdr] 43, AT frixte] 2] Algo]
fithe 5 a7 A Alagozx -89 B FHES

7HA AL JARE vlol#|/d wlEl) W) EdAHA Fgo
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C[EE-BEFE vRle|2 Y HE] AlLEY] st
A ol EE WHoE Axd] 4, AGIY Fol| G
°]g DNA £3l1E WolE & lon, AEE4ge] A9 girt
= Aol Slo] Bol AREHI Jou nlelg|i HWE A
2ol vlaia EdAEA ggo] W AR i
2 EFe 5ol Wsle] EAAAE o] adle B
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S FE3A A77F 8] APH L Yk
Y EFL A9 AHsl wg} A ol AEFTH &
o2 TXEFOE v=m F vk Yol FEEL 1987
Wg AlFteg 7y @ol Ao} HlulolgAA] AgA
2503 ol AP 2EF/DNA EHAE A
7le FRAAE Axde Aoz HzxE AFIE Yol
A4 B XZ¢&  Lipofectin(N-[-1-(2,3-dioleoyloxypropyl)-N,N,
N-trimethyl-ammonium chloride mixed with dioleoyphosp-
hatidylethanolamine)o|™ X|F7HAE Bo] ARSI it &
A lipofectionl] €]3} IL-2, CFIR, HLA-B7/Beta 2-Mi-
croglobulin, Leuvectin+Vical VCL-1102+IL-2 §3AE A
g9 TREZE0] QA Foll ATk Yol HEF
& Az7F d32, Aol A9 glon, 2AEE W= DNA
o} 44 EFAE I Aol e v A
AL Jom, EF dllA Fol2d ZHEZ/DNA EFA
© 243 we didn FAR) FHEt FEEL B
A 2717t ARA {AR G Eo] Ahdhke 5o 9
o] Ut} 20 AR o)Al BEF NEE A3 FolAd
AAe] 7= 9 B4, fEF A4 ¢ Y, 2EE/DNA
Azt vlg, FEEDONA E3A 27 5 ok e
drete] BEdAIHA 58S Boldie k¥o] & 3
ot} Fol A BEFLE Yol BEEHT QHEE
W EX40] A gloke Aol o] Hupolgay HE A
2H 02 olgdtEe RHES et Sold XS
7 DNA® 22 $43E w2 o] DNAZ & &
gFo=2 BAIE T DNAS A2ld g4 g
FAEE 7lgo] L3 ol tiF A7t JAFoH, F0]
24 BEESAHYE AXEE S 12 9] W&l DNA
& BAME dgshs A g sjdsiof & HAZ oA
< A =S EAX FEAE R T ARARIE
Aol ot BRMER FRA dee) rleEith P &
o2 ]¥Fl apolipoprotein EE §3A1AH HUVEC A&
29 EdAAH 388 IV AT Aon, ALsA
A7t ATtk Txte] EFToRE HAAY
34 Sl¥E, pH 7284 HEF, 2% 8A
o] 9Ir}29

DEYEH-vblolg A A SR ol
YEF Hsi# DNAE EFF o8 F¥she 70| 7ks3t
™, DNA= AlZZoA] EF43l7] wj&ol me A7kl o
o2 o]FHoo} st oA MoR FHA AEE &
9, i B aL2RE Woldnt? yEAY EdEe

polyethylenimine(PEI), poly-L-ornithine, poly-L-lysine(PLL),

poly(2-dimethylamino)ethyl methacrylate, chitosans-¢] =
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AFEHI gloH, MR TEAIEZ
ESE R Qi) 3 A= FHZo| fEE ExGen PEI
9] familyZ DNA/ExGen E3A|= wa] AlXo] 93 e
AOIBAIAE = EAL 7HX5L 91o] primary cell line] &
AXFM §8-8 AL eup®

Nanosphere—in vivodllX #E]7}F ZAEZHF 5um)
2|5, o) I M EAL]Q] gap(30-500 nm), AEALO]EA]
2 g g AEZREO] ol FAANA nano T2 WEZ

717y 88 HIE9 gelatin T chitosan 2+ poly-
cation? DNAQ] H-f% B3] w30l 28] FAE nano-
pheree M2-& FAA AEA| = Frislo] A2 2dct. DNA-
gelatin nanosphere= W3S W= gelaindt S4351E o
+ DNAZH 2713 AdZargel o) FHE Aoz =4
of IX HAWNEES A fmalA] ghom, Wit ass
HE DNAE #olgd & o] Aol &80l £, &8 o]
TEo g P Aol o] ol &4zt 7t
3FaL Ut} AA)E nanosphereZ vwh$-2aol Z8FAMA -S4
AL FEgo] Eokom A7|7E W] ALHYUE Hi%
At} DNA-chitosan nanospherex= chitosan®t DNA7} 2
oz AR A2 HE DNAY Huhe wo] & &
AL o] glom HHg-S Ao FE3k] o) Ed
2AA g&o] AXE ol &= FA7F 2Uct. DNA-
chitosan nanosphereE ©|-&3%t A9 o|ZA] HEK 2933}
B-3-1 AZoN 52 fd2 THEe Hilvke B 9l
3 in vivooll M= pH sensitive endosomolytic peptideZ
E3 DNA E3AIE E7l) A FUA A4 289
A AL AR BRe] ojfoRl Balm k)

o] F FAA A A28 2I7F=F nanospheredl 47
EYo2A FA3) B $84 WE B3 dmAlolEA]
25 EAA B 588 =Y & 3L lysoso-
molytic agent AMS- Al A=FE} gfo|AFA DNAZ| H3)
QL‘ Ae Y 7 don, bE AE B4 e )
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oIRAL To|al z% Az Aggs 9 W F 8L =olud)
Be A4g Byrout, 3 oz <A Y 2
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