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Committee for Medicinal Products for Human Use

Chinese hamster ovary

#EOI I 1T O11 A

#1 111717 ET OACOAOQOEIT T TET OAOOEI T OE(
#EAI EOOOU - AT OEAAOOOET ¢ AT A #1171 (
Cytomegalovirus

Carbon dioxide

#A1T OOAT 1T AOOI OO OUOOAI

Central polypurine tract

#AOOAO OAATIT AET AOCET 1

#2)302 2.

#1 OOOAOAA OACOI AOIT U ET OAOODPAAAA
#HEEAERT 1T AET ET 001 AOT ©



>

R ~Bw
>g\./

O

& T T H H H
VR

# 1 AEOBEIEMA CE OAOET C
HOAOT ET Al
#UAI A OEOAOEI I A

#1 1 OOEOOOEOA 40A1T OPT OO0 %l Al A1 O
I AA

# A1 OOA1T OAOI ET AOET T OANOAT A
#@DAAAO
I AATET AR COATET A 10O OEUIETA

$AT AOEOGEA AAIl I

$EEUAOT £ 1 AOA OAAOAOAOA

$01 AAAAT 80 -T AEEZEAA %ACI AGO - AAI
Dimethyl sulfoxide

Deoxyribonucleic acid

Deoxyribonucleotides triphosphate

Double stranded

$1 OA1I A OOOAT A AOAAE

$EDEOAOEA OI @EI

Dithiothreitol

%D OOAET " ADOELGAAI AAO

Epstein Barr virus

Escherichia Coli

Ethylenediaminetetraacetic acid

%&AB ' &0 2 %

%l 1T CAOEIT AAAOT O p | OOAOITEO
%&POET OO DPOT I T OAO

Enhanced green fluorescent protein

%l v AT EAAT @i OAART O AOOAL
%001 PAAT - AAEAET AO ! CA
% OA1 1T DA

%l AOUT T EA OOAI AAIlI
Expressed Sequence Tag

Farad

Fluorescenceactivated cell sorting

Fetal calfbovine serum

Food and drug Administration

&1 O OAOAAT AA ET OEOO EUAOEAEOAOE
&1 O1T OAOAAET EOI OEET AUAT AOA

&A OO 1 BAEHARET T AOGOIT | ADORAAOAR z BECE A
OEOI OCEDPOO

&1 EDDAOA

&1 B OAATTCIEOETIT OAOCAOO

Fluorescent wnits

&1 ATEUIO@OAO

&i Ox AOA
“OAT ET A ) )
"EAATT APA 1 AOEAAIEA OE0OGO

" OTDODPAAEEEA Al OECAI
Gram or gravitational force units

Genomic deoxyribonucleic acid

' OAT 1 OET A AEDPET OPEAOA



' -0
GHT

') 2)
'3 &
ele]

CDb
GRAS
GS
GRCh37
GSK

' 40

(024

) ' %4

YT S Awwwd
T
~&¥ - oMNH
N O o

R w = I
wWH O
ro—/

+ + R~ M~~~ —~—~ T ~—~—~—~ T
abhowNNOMT -
onN Fake
H

~ 3
—~~

s o~ A~ N oA N s o~ A o~

Qycine, hypoxanthine, hymidine
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Retroviral vectors
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Super gtimal broth with catabolite repression
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6EOAI BOI OAET

6EOAI DOl OAET 8

6i 1 O A7O011 Oi A

Vesicular stomatitis virus dycoprotein
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Chapter 1
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1.1 Lentiviral gene therapy and packaging cell lines

1.1.1 A brief overview of the history of gene therapy

1 ¢c AAEI OA OEA AT TAADPO 1T &£ OEA CAT A xAC
ET OAT OETT Al 1T U AOAA AT EI AT O AT A bl AT 0O
DOl AOAOEOA OPAAEI AT O AT A AiT OANOAT Ol U
AAT AT AOs8 AEEO AAOI U £ O 1T&£ CAT AOEA Al CE
CAT AOAOGEIT T O AD FEDABHOVRAAEGTAOGEI T AT #11 CO/
ET )QEAREAE OEA AEOAIT OAOU 1T &£ CAT A AOAT Oi E
Agthi pAT@EA DT OOAOEIT OO AEOAD ®ADOUI £/ OEAAU 7
i ATA &OAT EITETGE 10 ®AovicE CAT AOEA AT T AADPOO
A bl OAT OEAl OEAOAPAOOEA APPIEEAOECEADA O |
171 ¢ AOOAI POAA AU AEAT EAAT 1T AAT O O1 ETAO
OPAAEZAEA AEAT CAO xEEAE OEAOAAEOAO AT Ol A
AEAOKBORERT EAADOORAA O OO O1T EIi bI U OEOOOA
AAT TT O@EMEA AAET EOU O OOAT OZEZAO CATAO E
AT T TARRI AAACABEUBROAACGKET AET CO xAOA A@OA

s N o~ s .

xEAT 271 00 OAOAT T A OEOO36 §12Q 6QE AAIA BAI AAT ~
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Ol AA OAOPITOEAT A A O AAIT OOA1T OA& Oi AOCEIT
AAT 606 OEA bl OA1 OEAl G@OEOCOBEKO HEI 1 AkKAEE GEE
i A AAT AZEOh ET OEARGRAOE ACANT AGEGVCE AAG AETDIT &
OEABGADU

e o~ D

1] OEIEXCECRABIT A GAODEBARAOB OxAOAPUOECET AITT U A
OEA AAOI U pwemnOh QGQGEA ACHOI BOEA AATAA AROT EALIUI
OEA CAT AOAT ET OAOAOO O1 OEA AT A 1T &£ OEA

DOAI AOGOOAQ AAOI U APDPOI AAE T £ CAT A OEAOADL
xEAT 2ROBGDAAOAA EUPAOAOCKEBEAAIEHEA AbARBGEH
DPAPEITT T A OEOOO AOCOEI ¢ OEAO OEA OEOAI ¢
CAP&k (1T xAOAOh OB TAZDA®EIATHOI WEET £ OAT AA
POl £ZET A | mBOERp OEBDBEBAT OAAT I AET AT O $.! AOA
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AEA EI DOl OAT AT O ET OEA ETIASAICA Al EIGAIC

~ o~y AR

iAOETAOx@@@EAM@AE@A PEOBA ESBOAD MN G AAAD O

El QEQOAAOQCETT T1ZECEUVEIT HAE O BEIMN @UHEA OAOA i(
A A £E A Edjl O @RIl © ©E EOO AEFEAEAT AU xAO 110 ¢
xAl1T AO OEA CAEAOCAICERADOADOAT HDAA AA OOAA

Ol A TAx OAATT OEAAOAOQCEIT 1T &£ OEA bi OAT GEAI

PDAOAEDT xEKOI DEARA £ AODHAATKRBAOERA ET EOI AT A,

7EAT ADE EEAQA |1 ¢O1T AACET e

Yi A O0O0OAOI OEABG OAA AEAAA 1T £ @O61 AET A

AobAO&IAATI & O OGAOMEEOAT A OEIABDIABAAT OOEAI E

ET . AOOOA Ei O®A) OFAAOCRA GQAAKR | AGOTAEAAT I
EA E
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CAT A OOGEIic¢c O AAlT AEOI DPET ODE ADAA BEO ARAIED TE K
DAOPRPART 00 OETI OCE OEA OEAIAGADHEA AE EDHAAA DBDOK 1A,
OAAOTH AGBEAR AZPAOEI AT O POIT OEAAA 11 1 AATETC
I ACET AT 1T CEAATT U Al AccGAEADBDEEERRAI | BPEQ OABL
AO 5#,! AT A EBODEEQEI ELEGIOARI @©EA EIi Bl OO0AT O
ACAT AEAOG 11 OEA AOOEI OEUAOEIT E&ZAOOBEADO,
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iTTT CATEA | AEARAGDERAOA EO 11 ®HOEOAARIOA Al
I'TAAOOTT j.)(h pwwng BATiABI I BAECPp ddc @ T RAA O 4
OEA AEOOO ADPDPOI OAA AIZREBAOADOEAI A OOAT Q
AAAT T OET A AAAT ET AOAR Of A3 AQ PADEEAEBRTANMO ART I
i AT ATl £O01 pi EACEROACOAROEART 08 "1 OEDAMDOAT BC
Eiil OT A OQUOEGDIOOBAAT TADG OAI T OAOU OAODI T OA
xAO 1106 Aiibpi AGATU AOOAOEOA OEIT AA OEA b
OAPI AAAT Aje@B<OEAOADU

I A£ UAAOO 1 AOAWhU DB PADAEBE O £AOOA ' Al OET
A TEITA TOITEOEET A OOAT OAAOAAKRBKEAOCARBREEAE
AOOTI AEAOAA Oi gEAEOCHOBATRA EAHRIOERD AD GEEADE
OAEAT OEZEA AT ii OITEOU AT A AAOOAA A COAAOD
OAOAAT AA OAOET OO0 OEEITIBADEDPIOAOHITT OO00EARAOADD
EAT I DPAOEAI A xEOE OEA ET AIIOGEHIA ORIMD0 AORRAA El
AET AO AATAI O KOERKD ARG &1 O OEA 1 AAABI ¢ OAOAA
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1$1qQ AEQHHITIOE] 6A T 11 O0EO AEOAO OAET £OOEI I
I 00COT xOE 1T £ OOAT BxAEGEAEA 14A A WITD EIOOORIES A A

OAOCOTI OMOEIHEI EI AO OAOOI 0O xAOA T AOAOOGAA E
OOEBSIEOAAOAO AEEAAOEI ¢ OEA [T HEAIERA AEIOCDA
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1.1.2 Vectors as tools for gene delivery
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T ATT DAOOEABA (DOAREODEOCAO 1100 1T 4&# OEA AOOC
OAAGIOOEIT A AOO OEA OATPA T £ OEEO OAOAA
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T AOOARBEMDAT AT I BT TAT OO0 EAOGA AAAT OADPI AA
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Vector Gammaretroviral Lentiviral Vaccinia Adenoviral AAV Herpes viral Naked/plasmid DNA

Size of the particle 100nm 100nm 360 x 270 x 250nm 90-100nm 25nm 120-300nm 10-100nm

Enveloped Yes Yes Yes No No Yes NA

Transduce non

- No Yes No Yes Yes Yes Yes
dividing cells

Integration Yes Yes No No No/(Yes***) No No

Scale up

adaptability Pilot scale up Not tested Easy Easy Difficult Difficult Easy

Pre existing host

. - Unlikely Unlikely Yes Yes Yes Yes No
immunity

Various (mainly

Main application Pl Pl Cancer Cancer Retina, CNS, liver, muscle CNS
cancer)
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1.1.3 Lentiviral vectors

, AT OEOGEOAT CATTiT A AT A OOOOAODHOA

, AT OEOE OAT A AOREAGN A0 OEQN GAEA DT ARD R BOOAOD E OEAA .
AAT ET U8 2A001 OGEOGOA A BAMOAA BA W AGHE ®AGA @ nGiE A O
I £ CcCO02.! ET OEAEO OEOEIT £ 0i8 100 1 £ <
Al Bt ARADEO A BADIDIOZEAA | ZAT A Zj HDIAGBDT QOEODOOAOK (¢
Oxji AAOCAEAARBEBARAPA AAAT OGAAADEBO4EAT AE AEAC
AEEAZAO ET 11 OPETITTCUh ET OACOAOQEIT DOl £EI

' EOAT OEAEO OOA EI OEEO OOOAUh 1 AT OEOEOAI

, AT OEOEOOOAOR TEEA All 1 O0EAO OMBG & AYEXEIG
OO00OAOACUh xEEAE OANOEOAO OKDAOOAADODAT OEDE
ET OTEICEAR AAI 1T CATTi A AO A DPOI OEOAI AOS$. !
DPAOOEOOO EI OGRAA RRAGGOADVAEDOAOAAEET AOU Ol
CAT AOG8 6EOAI DAOOEAI AO AOA AOAAAA OOEIT C
CATTIT A T£ 1 AT OEOEOAI OEOEIT O EO Ai kbl OAA
pmmEA ET 1 ATCROHBNA GATIOEEM 1T OAR ADAGHC OADEDE
Al i p1 AGAOG DPT OOAOO OEA OEIT cOl AO AEAAOOOA i
1 OAT AAO AT OAT 1T PA AT A OEAOAAEI OA ET OACOAOA
AEOEAET ¢ j NOBROART OGARAREOOET AGKEOEE GQE A O,
AEEEAEAT AU ABABI EORAOCRERADAEDADAEA AA£ExAAITI

AEA CATTTA T&£ A ATi bl Ag OAOOI OEBOBAEARLT A
OANOAT AAO8 4EA Al AET ¢ OKORAKIMMEAC Al T QLA
DOl OAEAICOIOEADA O OOOAIOE® Al £ADE o | GEOERG -j1 A A
T OAI AT AAPOEA . # AT A bpeogqh OEA POI OAAOA | 0:
Al AAOACA AOOET ¢ OEOAI | AOGO@AGHEIA ROEBIAT BRO
i E1 OACOADRA OAOAODA2 DOQARDAOCEDOA®DI ARET O

OO Ai ADAGQAOEAO BODEZAOCENHARMES EOB OEA £OT
I £ OACOI AOT OU DPOT OAEDKOORICKIT AOA OA D ADBDAE OE/
i OCAROEOAOI O T £ OOAT OBOEGAOEIN ® qj D BGh AGHGD
AAOAOEAAA EIERAR @BIghEcd ARAIOT AO ABEOAOARBDE A (
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AEA QEIGAB@UAAOO ACAQE DI !N GAAGAKUCEHK 26E AT A
ATl T OAET AOAO OAOAOOA OOAJ 20A OE BAREG HIT 108 GHARDE /
i YWbq EAT PO POT AAOOET ¢ OEA w0AAIAIAEDICE 1BJ 1 U
cBEOAAOGEI T h OEA DPOEIRDRAADI ABT QUOBAROAD AAB
pYyAD EI OBAxPORAE DPOEI EOOEAOAL OEINIET OO 0OOC
1 AT COE 2.1 OOAT GAOEBOOA KT OIATOEREITOBOOET A
ET OEGENT #AAGK] A OEA PI 1 UDPOOET A IOBMAAD i
OEAG42q A@PROBIGABC OACEI T O OEAO AT AAT A OEA
O0O0AT L ABAGRAIOOA BOAT OAOEDPOEIT I
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MA

PR

RT
IN

NC

@
O
su
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CA

5'LTR pol vpr Env 3LTR

aag PR| RT | IN | |_| | su ™ pp'|'| u3 |R|U5|

IMAI cA ”Nclpe

SP2 SP1 vif D tat [I nef
rev

us [R|Us|y pgs

Transcription

and
Translation
|MA| CA IPRJ RT |IN|V
| MA | CA NC | pé | Gag-Pol polyprotein (p160)
i | SuU ™ |
Gag polyprotein (p55) viral
protease Env polyprotein (gp160)
Post-translational viral | | | | | || | | | cellular furin
modifications  |protease MA A PR RT IN protease
p10 p66/p51 p32
| s |[m]
] o 0]
gp120 gpdl
p17 p24 p7 p6

SECOPA 3AEATI AOGEA 1T £ OEA OHOOEOEDOA TAEAA AiDAOBODE( ) 6
CAT AOs

4 0AT O1 AT AOAT A cCci1 UAT pOT OAET aqn OOO0O&A&AAA cCi UAT pOI
j#1gqn 1 O0A1T AT AAPOEA | . #Qn EloAQOAoA i) . q OAOAOOA
Ol ENGA 5IqQN OADPAAQ f R0QaOOERMROEE DO ATOBBREPOEDI O 1 £
OEOEOAOQN 1 ACAOEOA OAcCOI AOi OU AAAQCI O j1 AZEQN OEOAI
OPAAEAEA AT OECAT j CAcqn mIibDIAGIADD /G G EBNBIAGA AR ADIOIET
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-T1 AAOGI AO AP 1T CU T £
Transcription of integrated proviral DNA
4EBG4 B30 OAJHIQ@AEEAT AAOTODANORDAAO DEAO AT A
DI 1 UI AODAGA ) ) )oP@AOABEDA | ZEABA AT O ERO AR TOBOE!
DOl OEOA)BT AOEA AABAPAAET EGPEAOUI WERAIGOITO®D 2.
ET OOAT OAGCHEHEHGGD A 01T 1 UAAAT UBAOAKRXx AOADR C
DET OPET OUl ADROI ET £ OEXE 2.! bil )) DOAOAI
OAOI ET ACEIOEAMMZADAQOLET QI A& OU DPOTWBAEGAZOO 4A 0N
AAOEOAOET ¢ EAAOI O 4A0 EAAAO AAAE OEA PEI
OAODPT j OE®@AAIT ED OEAT R. OAAOOEOO AUAI ET 4p
Al BUPDAODPET OPEIN BUI AVAOT [T AAEAOCAXxBT I OXLAOEmI
Al OAOT AGEOAT A&p2 EAARAGEEOGAD AOI 1T A 6O ObPI EX
AAAADPOT OO AOA OOAT Ol AGAA CEOET GOREWAA A1
AA coOi 6pAA ET O1 Obpl EAAA wEA CATTITEA 2.!h
i2.10 j Al OBCERY T BOMDTI T pq AT A OEA p8yYE,
OP1 EAAA 2.1 Ok GM&AEBEEBC#1 1 6011 1T OAO OE.
AET AT U OAcOlI AGAA AU OEA OOOAT COE T &£ OPIE
AET OOTTEA AT A A@giTEA OBOBPBEDEEOEDPREARAADOI
2. OADOAOGAT OO AAT 6O A pbrg(lim AFERAOKOTAGD O AKOKI
OEOAT 2. 'AGOANTA CE EAOBA 1 QBAOO DAGDHEA AAIT I
OAT AU EO ADORPADOEARU ODADA 1T &£ ET EAAOQE

AAOCI AEOCAO ZEOMAGOEET T8 10OBAT AU Al 11 x
O1 ET1 OACOAOAA &I O0i 6 ET OEA AUOI PI AOI 1T £ #
Al O COAdT OABA O@HITEDAG@ OAOETT 1T AOAT AU AT 10O
OAOAOOGEAT A Al 1T AEACA 1T &£ AoPOAOGOEI T 1 £ OEO
OAOGAOAT IPAARATOEBDDHEAOET OOOOAOOOA AO OEA
T OA1 AAO AOAEEOAAOOOAYTAEOI I T OI T AI AEODI Ol
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3AOAOAT OACOI AOT Ou Al Al AlOEA@ PAABAOAOAEGE A

OAAT cl RAOBIT UAZAT Ul AGETT OECTAI j1rirsr11.q
, 428 AEMADGBEAARAEAME A AT 1T OAET A OPOOOAAI ATE
PDOT I 1T OA OCAATEN KABATCHNANADERAOGET 8 OPRIAKEEEQ@ E

I £ AAAOT OO0 OO0 OEARO MAA I EANOCAHG4CQE Avicd ABAAA OO
Ol 2.0 OPI EAEI®I IAANAOOBOMED @FOAT OAET ¢ EOO OC

Nuclear export of viral RNA

51 0PI EAAA 1 2.1 AT A PAOGEAA U0 AR IGEBDESD OD. !
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Translation of viral proteins
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