; ! e3e; 4451 7|7|d;6; T;r.~ 0 JAN 2004 PCT/ KRO /01515 WO 02/ gBiQ\i9 @%gh
efficiency retroviral vect orgm@i ch contains genetically i P cel | ul ar

non- codj ence harborin IHM’H wmcceptor Field of i ion 5
The pr ew‘{ﬁzﬁg@enti on rel ate ,Hmml g y efficient and gg @‘Rr{)gitd?é%i ral
vector for gene therapy, derivedigrsem nmurine | eukem a virus (MV), which
contains a nutated heterol ogous splicing acceptor and | acks MV codi ng
sequences. 10 Background of the invention Retroviral vectors derived from

T o e LSRR PRI TR B gy oo e
e Bl R Yoebitig RBh enEE Har BB plienfy afeépeorl o

of gene . expression is does not get high enough to give clear therapeutic
effects. The present inventors previously constructed retroviral vectors
that copidduT the iAVenkion codi ng sequence and harbors a heterol ogous
splicing acceptor sequence fromcellular or other viral genes (KR Patent
Laisd- Open Publication No. 2000-6334). One of the vectors contains a
splicing acceptor fromthe human EF1 (err) gene, This vector gives a
si gni fi cant | yThegiresenteinstentibngretates: tp aeblghgm effigient sadcsafe rFQ%OVH'@% or
| acki ng such a splicing acceptor, sequence. ver 25 0 blemw th this
vect or weetor ar geneatherapysrdertiadeont Pl 1@%@%"%& Rm Wi“%]% used.
For exanpl e, when the T3: based PG13 |ine was used.  Viy, tit
decr eas 6eN@H¥L R wtp@cﬁlilg%qrﬂlq@pﬁ\ls\?l{?éqg \?@&CP%M (1916%]63 cl\élﬁ 5.0 e was a
3-fold decrease in viral titer. Results from RNA anal ysi s 3 0 JAN 2004
WO 02/ 28%AWN6ESY KRO / 01515 indicated that low viral titer is due to highly
efffg ci ent splicing of the genom c size transcript containing the packagi ng
T .invention relates to further inprovenent of
DACKETraungo 0. RYERoduci ng nutations into the region around the
splicing acceptor. 5 Introduction of these nutations nmake a retroviral
vector produce viral titer close to that of the control,; while still
produci ng hi - R i : ShEa ViRl Ngwcz)))hasraoul d be
much nore ef %%étr%hfk@%“gﬁ%&s |nﬁ§§% ?@ﬁ@gﬁégféne tk@@ﬁ& 10 Sunmary of
the i nvepbi Qg eI Ghone tioin 509 Rfegproved wiitticaln gene tthepapyvirialsa, safe
and highly efficient retroviral vector that is devoid of the risk of RCR
prgruct (WileyaThet i | | Jepedile of efpresdGeme a f orMeglicigene ef Websita;l y whi ch
can be used in gene 15 therapy. In accordance with the aspect_of, .the
pr esent hitpyéwmivawilesheo misfgenethexapy)e c tiowewer, vee rofothe raajes Hmtingukeni a
virus (M.V) conprises 1) ‘a region of a non-codl,i n&l %etﬁue celoffthe
el ongat ifastorsadindeningaa’ wider use of these vectors 1s that the level ol gene

expression is does not gét' high enough to giﬁre_ clear therapeutic effects. | The
_présent _inventors' previously constructed retrovir‘al v_ec__tqrs that contains no
20 | viral coding sequence and harbors a heterologous splicing acceptor sequence -
from cellular or other viral genes (KR Patent Laid-Open Publication No.
2000-6334). One of the vectors contains a splicing acceptor from the human
.EFla gene. This vector gives a significantly higher level of gene expression
than the control vector lacking such a splicing acceptor sequence. However
25 one problem with this vector was that viral titer varied d'epehding' on the
packaging lines used. For example, when the NIH3T3-based PG13 line was
used, viral titer decreas_ed.about 10 folds. In FLYAI13 derived from HT1080

cells, there was a 3-fold decrease in viral titer. Results from RNA analysis
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as an heterol ogous gene-derived non-codi ng sequence inserted 20 upstream
fromthe multi-cloning site, and 2) a mutation introduced gpwast sggam from

the splivg dge@gCePt or Wi thin the non-codi ng sequence of peT/AKR®1/0H15ef
description of the draw ngs 25 The above nentioned, and other goals and
features of the present invention will becone apparent fromthe foll ow ng
descriptions of the 2 3 p JAN 2004 WD 02/20810 PCT/I~t01/01515 invention
taken in conjunction with the accorrpanyi ng draw ngs whi ch respectively

e ot 1 oitisated W JRFFUEIR GRS Rl tifidndeplcali oPthegaibIRYL 19 &5

the int Eﬁﬁqﬁ] H‘E%Eg 1968€e mfbserted into vector

pM N—Elglggltlgdrﬁg : Iﬁp%%%%rg for preparing MTl Fig. 3. the procedure for-
pr eparing MTheRh@sert inveatibhaekses to fiarther ﬁnprovmnéﬁﬁof thisefoyirab: t he
procedure for preparing wld-type M4, Fig. 6: the procedure for preparing

MIS; Figectéi byliatpdacagunmithtiony ietpathe mggon erqwd e splicing agaepter.
| uci ferase (Luc) gene; Fig. 8: the procedure for |RES gene cl, O?I ng; 15 Fig.

9: 5t he hiteadudtion <bf)rthqfseenmtahgns eake M retrovaral \irgcier 2] duee VRlJUFE as a
sel ect abl ¢ marker; | the proceduyre for prepat ector IvrI'M4 and
MIVG, ecloisehtoithat af g@rtéolasWhl §esféutam®%gkgl gmeg? rPécsjﬁPP%d EF 1 a

non- codi ng sequencg De de crl tion t he vent i resent

i nvent i @hp@ﬁ%i@hdeﬁ’&ﬁﬁ%[% "a%iu I QN(IQ CEILEIP %Qﬁ&aygttﬁ%%};ﬁqrgvect or

t hat does not ve a viral -codi ng sequences but does 25 include a part of
a non- cByF ‘@{@3@% FeP¥he el ongation factor EF 1 a inserted upstream
fromthe nmulti-cloning site to supply a splicing acceptor, and a nutation

i ntroduced downstreamfromthe splicing acceptor within the 3

10 Summary of the invention

The objective of the present invention is to provide a safe and highly
efficient retroviral vector that is devoid of the risk of RCR production and still
capable of expressing a foreign gene efficiently which can be used in gene

15 therapy. |
In accordance with the aspect of the présent invention, the retroviral
vector derived from the murine leukemia virus (MLV) comprises
1) a region of a non-coding sequence of the elongation factor EFlo.
as an heterologous gene-derived non-coding sequence inserted
20 upstream from the multi-cloning site, and
2) 'a mutation introduced downstream from the splicing acceptor

within the non-coding sequence of EFla.

Brief description of the drawings
25

The above mentioned, and other goals and features of the present

invention will become apparent from the following descriptions of the




g 0 JAN 200 WO 02/ 20810 non-codi ng sequence of EF la. PCT/KRO 1/01515 In
the present invention, "a non-coding sequence" descri besa_@ ganegiC region
cont ai Wﬁadomron and exon region which can be transchidhagrfiiisizot 5
transl ated. Particularly, the non-coding sequence of EF 1 a in the
retrovirus vector of the present invention is derived froma human cell. It
contains a part of an intron and exon 2 sequence, preferably a sequence
just before the translation initiation codon of exon 2, nore specifically

t he nucl i: ence. qf: O i Ol W-t i portion
of the 'ﬁ%ﬁéﬁgﬁﬁsﬁ&g S‘gn% Pgagg%ev}éﬁag% %%%%h%%?o?g the tr gvrllislélﬂgti on
initi atfe@ﬁe ?SEBv@xon 2 (if a point of transcription initiation codon of
EF | a gene 1s taken for +1, it corresponds to the sequence from+773 to
+1006). The inventive retroviral vector also has a nutation introduced in
the 15 heterol ogous gene-derived non-codi ng sequence in order to acquire an
opt i mum bal afge, amting sequencespof vectors M, 3,n3;, 4aand t5, sachahaving a
efficiencies. Tt is desirable that the nutation occurs downstreamfromthe
spki ci ngmtatispintroduedcinf theaton-cpding sehiemge; that oentains @ gienwodthe| ¢ has
been 20 confirmed that the sequence surrounding the splici ceptor, in
parti culrdron andesen 2afdbedrumaie Eiden geng inperied) 186@ Nectos Iﬁ%il%sﬁii cing

acceptor plays ap jnportant role in splicing. A preferable nutation, for
exanple, is i/Fég-rg d@@%@@rezfgspaﬁaa@&bﬁﬂ GT -(guani ne-t hyni ne) base pair
(correspondi to 3977 and +978, respechiygly) in the sequence of SEQ ID
NO 1 wth a%gﬁ f%lﬁtfeﬁ? e I(WFB%&\%M%@Se pair. The retroviral vector
of the preserd. ipvent] I ‘ ri sed of a heterol ogous

pronot er ‘or Eﬁ(ﬁtﬂggﬁg&ﬁ]‘%ggﬁ{n@g%\r&?g&te) at the 4 3 0 JAN 2QQ- WO
03420810 Pdlﬁétg%gﬁ%%&g@%ﬁgmfd d MT4oning site for the

purpose of expPessin gn genes. Furthernore, U3 in

M.V- based 5' Fig%%etﬂi@cbﬂwﬁfdr@epﬁiﬁQMTﬁl- vector, or a. part thereof, may
be replaced with a heterol ogous promoter, 5 preferably t he HCW. | E (human
cyt omegal ovi 1Rig. 7mirdprecetdyresfor preparingat eectom wdiich vontaine arlyciforaseal

vector may further conprise of a sel ectable nmarker gene, e.g., NEO
(neonyc{fuag)egeinet ance) gene, and MDR (nultidrug resistance) gene. The use’ of
t he human MDR gene _as a sel ecfa rker.1Q may be advantageous in that it
is easy.to p.rFagaSetb&mpseﬁm%rmggpnﬁcmn& event harnful side effects,

"Wl type vdiboD @Mﬁ“ﬂ%m&vﬁm%ﬁ@f@@h&%ﬁ%ﬂ% B 28

i i i _ J ion. T B 15 i
Icg\r/rggtsle e’é‘%‘ﬁ%ﬁ&?ﬁﬁﬁ%ﬁ%ﬁ ?ﬁe‘aEguELagl (rjlg'n'- cc’)gi \rllmg 'sequeﬁlzge"a;/et(:thgr o
upstream of ‘g, 10! the Gl To drbpuudhig Yectdts NITMASA MTBESIRID! 2551 01

| evel by provi@i ng splfcing capabi ed in the present invention as a

control hi%gi:gﬁ MDE- $oiReadvl 4elbletabile hagrkehearid heodifiedSER enwen-sbdisigng i n
n i

Fig. 1. deal ‘exanple of the retroviral vector.provided by the
pr esent sg {on cont.ains 1) nucleotide sequences derived.fromthe
ori gi nal V vector that corresponds to the 5° LTR, the mnimal packagi ng

sefuence cont ai ni ng the splicing acceptor -at the upstream of ‘the original
gag 25 gene, pol y-purine track, and a 3" LTR 2) a nulti-cloning site; 3)
a regi oDetnileddesoripsion gbthe imvenldons £ 1 a, starting fromthe 3 5 30
JAN 200 WD 02120810 PCT/ KROL/ 0151~ end of the intron to just before the
translation initiation codon of exon 2, inserted between the m ni nal

packagi ng sedpgnee. AN it VhiibH pioitedhA MEV Gnufife leukemia virus)-based

retroviral vector that does not have any viral-coding sequences but does

25  include a part of a non-coding sequence of the elongation factor EF la,
inserted upstream from the multi-cloning site to supply a splicing acceptor,

and a mutation introduced downstream from the splicing acceptor within the



4) an SV40 m nimal pronoter or an internal ribosomnal entry@ijﬁq?ﬂg | RES)
downstream of the nulti-cloning site only when a second g€ exp sion is
r equi rqﬁﬂ_ Mago Pr ef erably, the present invention provi depcekrelnmisT al

vect or g conprising 1) nucl eotide sequences derived fromthe original MV
vector which are 10 5 LTR, the m nimal packagi ng sequence containing the
splicing donor at the upstream of the original gag gene, poly-purine track,
and 3' LTR; 2) a multi-cloning site; 3) a part of the nucleotide sequence
of EF ' gﬁml he 3" end of the intron to just before the
transl i}q%ﬁ%‘gﬁegplg%{;‘égg on %:)xf exon 2, 15 inserted between the m ni nal
packagi ng sequence . and the multi cloning site; 4) an internal ribosonal
entry site. (IRES) downstreamfromthe nulti cloning site; and 5) a GC base
pai r repl aci iy preésénbadrerive, “atndibedding Keqhlenés Bdesarihes20gdnomst r eam of
the splicing acceptor. Hereinafter, the present invention is described in
det ai | .regiorCoomstainingi amimtonavdbaedragion sxhichicandes gensenibed bahuohg no
25 viral codi ng sequences and contai ning the non-codi ng sequence of human
EF5 a Prtoamslateds for preparing the M.V-based retroviral vector MN that is 6
3 0 JAN 2004 WO 02/20810 PCT/KRQL/ 01515 dg\ﬁ)ﬁg of, 1[s V- codi ng ag; env
and pol genePsdipdadystheanansodieg segugnce Ag LQAH¥eLuence of
the human EF 1 a gt the upstream.of the multi-cloRin ls f r MmN
are deselrthedresentipyeRiiomas QHFVEQ&EP%%EQ% IcF@at &tﬁgﬂ@lﬁgﬁ%@%@g#l n
detail., 5 The structyral character|st) [ El are
as fol I'é‘%é’.n Qfé‘i?ﬁ?nl\#ﬁfe%‘b‘?ﬁ‘fﬁ’ rpgé%raﬁwgES(E@%J%ﬁR\éFgég%%n%%Nfﬁg?a e11l‘l\t)r e the
gag codi ng.kegi l,hhN '~ b G B 6P SWQ of the
M.V gen‘&?ﬁ?ﬂ%cga%fq%tg% %E]&?i e;mg; ‘@%—%ﬁeﬁgggsgg? and 4) a 3' non
1Qqtra HO ' i ofite huntarRER 1o, pbat fromdhe .
Vggtorn%lby(glTrﬁgﬁ%@%ﬁuﬁdggboghgggéﬁgg NO.el, whi ch corg(espoqu to the
sequency ehd tth§ubibaforet thentranslatiznrinitigtiost coddmoé exen 2r(@hel poinb of
initiation codon, .inserted upstreamof the nulti-cloning site of vector

M N. 15trgnsdeiption #titiatiencdodat ob Bl lal gene i takemaformhl aitreoirespondy teequence

of EFla in various packagi ng cells
the sequence from -+773 to +1006).

The inventive retroviral vector also has a mutation introduced in the

15 heterologous gene-derived non-coding sequence in -order to acquire an
optimum balance among gene expression, splicing, and translational
efficiencies.

"}t is desirable that the mutation occurs downstream from the splicing
acceptor, specifically just behind the splicing acceptor. It has been

20 confirmed that the sequence surrounding the splicing acceptor, in particular,
the sequence of the exon region adjacent to the splicing acceptor plays an
important role in splicing. A preferable mutation, for example, is to replaced
the 205™ and 206" GT (guanine-thymine) base pair (corresponding to +977

and +978, respectively) in the sequence of SEQ ID NO. 1 with a CC

25 (cytosine-cytosine) base pair.

The retroviral vector of the present invention may further be comprised

of a heterologous promoter or IRES (internal ribosomal entry site) at the



To generate the optim zed retroviral vector, delicate bal ance between
transcription, and splicing efficiency is required for the3éfJAN 208kt
expr essyyyoPosa0 a therapeutic gene in target cells. Theypl K@l 1s@ene
expression of retroviral vector MNElI is 3~5 fold hi gher t han that of
vector M N (KR Patent Lai dOpen Publication No. 2000-6334) in such a
packagi ng cell lines as Phoenix, 293T, FIyAl 3, and PGl3. However, vector
M N-EI exhibits a reduced viral titer in FIyAl 3 or PGL3 cell Iines,

pr obabl ed grﬁgﬁ

transcr?Ip‘%i’,:dgtrl\"t:l‘?h1 §tf|tg*3?]§/ih¥?%liéﬂ’%¥§§%er ?@Gﬂgé Pe ?ggs ggcsgﬂrl |ngI y, t here
exhi bi t ;ope FoRAgh %eﬂggel op a retroviral vector having both a high I evel of
gene expression and an inproved viral titer. 7 WO 02/20810 3 Q JAN 2004
PCT/ KRO / 015 Furtherfite! UstinoMEV-baedosi TAIR VeL the Sinventite nicaovirdi fi ed
non codi ng sequences of EFla gene 5 In order to fulfill the above-nentioned
need, moebtdt,edr retparyithateofeehay beareplacets twitl t £ chdtgrolagous protroteryci ng a
mutation around the intron and the splicing acceptor of the EF 1 a, gene of
M & El . peefenablnt thecHCMVYhdE whumamneytomagadovimus hénmesdistely-eatgit i on
are: 1) MI1l, wherein no nutation is introduced at the splicing acceptor and
10 t he P’éﬁn@wrcorrespondl ng to exon 2 of EF 1 oc is deleted; 2) M2,

wherein a nu ion is.introdugc downstre romthe.s I|C|n or and
the region o dice SPERRIVE) TE@OVERLREGIOR AEE Torther CORING AL BPelPEbIEnor o1

Cor T copBREH %ﬂté%%?ﬁﬁéﬁﬁé%% i Zpéérié,?l%ncﬁm%%ﬂ&tﬁaﬁgipéegi >

e E?r%ﬁtf?%%féaiﬁﬁ o PR bf HO LR c. MPR, %‘S‘% q{ RetepBlbig Sudaer™ 2 0"

t lu Eeb e’alﬁx i SRR (it § rSQ ﬁxgteéﬁ IMeland. and 3
sﬂgw a ir:\de VI ra titser t an1 vﬁgeg typ ﬂ) vgct M5 gl ves 2 ~ 3
fol ds R/f"]j%ﬁtvhﬁﬁh.ﬁill tside t &ffocts) |sichyps UL (B}&omsdwdrhg y of
vect or 5 is somewhat |ow, about 70 ~ 80% | ess than that of wld-type M4,

howeverreagtionst al anmount of the gene expressed increases due to the
enhanced vi raI titer. Such an enhancenent in the total ' 25 transduction
efficiency i & afwildstyperver Wﬂdrme:tVGﬂQﬂfSIScuWC}'laﬁgaaCWhtﬁrmé-kﬁeuki n-1
recept or antagoni st, (IL 1l ra), gene in tead of the luciferas en
reporteﬁf’o@@ﬁ@so@s witlpthsy %‘Ugfﬁe OWA Eﬂﬁﬁz@lm@}%@%ﬂ%&

|s |den ified as novel e% A vect or a B P%ﬁe'EFlot non-coding

e vector 1s compos an unmo
sequence at the upstream of the multi-cloning site in order to increase the gene -

Ct OI’ MI'5

expression level by providing splicing capability. Used in the present
invention as a control is the wild-type MT4 which has the following sequence
showing in Fig. 1. B B o
20 An ideal example of the rctrovir_’al' vector proﬁded by the .present
invention contains |
1) nucleotide sequences derived from the original MLV vector that
corresponds to the 5° LTR, the minimal packaging sequence
containing the splicing acceptor at the upstream of the original gag
25 - gene, a poly-purine track, and a 3" LTR;
2) a multi-cloning site;

3) a region of the nucleotide sequence of EFlq, starting from the 3’



hi gh | evel of gene expression as well as high viral titer. E %}’Uz Uatrai n
JMLO9 transforned with vector MI5 has been designated as I\/ﬁ’ ( gi ;
deposiﬁﬂoghostlpe Korean Culture Center of M croorgani smepd&aMeoemis July 28,
2000 5 cCéssion Number: KCCM 10205}. 4. Construction of vector MINMb
containing the nodified EFl a non-codi ng sequence and MDR sel ect abl e mar ker
gene 10 Vectors carrying the hunman MDR gene as a sel ectabl e marker gene
have al so been constructed and desi gnated as MIMb, which give an excell ent

transduction ef iggogggxiiﬂ&ggitgi p@fh&gﬁg%@% Mifigh ihitidtion Ebgonresent

invention i s de¥t exanples below 15 It should be
evident that thge§iohl Sl BciRbATha ifiriftiaA Hiellabing sequembeidndaia ate the
present invention without limting its scope. Exanpl'es 20 Exanple 1: '
Efficiency of vggfifitcliyhidgHitd;andar i ous packaging cell lines In order to
investigate the efficienCy of vector MN-ElI, containing the intron and
non-codi ng sgAugncsVEl hiairkl F;r@ngm‘leoi‘ rarv anternal pibosagialgerdey [sita nes, t he
gene expression |evel and viral titer was exam ned using commonly 25 used
pagkagi ng cel | (JRES) dowmstsaihof thecmuliedosbeg s8¢ vy \Mhﬁl)l,a 5% (Cosset
et al., J. Virol. 69: 7430-7436, 1995), and PGL3 (ATCC CR L10686, NMD, USA)
cell lines. 9 gmaexmsmsmmwosw PCTI KRO / 01515 M N- CAT and MFG CAT
(Byun et al., Gene Ther. 3: 780-788,, 1996) 5 wer.e enpl g . ol s.

M N-El - CAT alMipren meefanablis, the gresent cioygnbpn HE%Y@F?]? ] é%%gﬁgl&%?%%nent of

t he pl m d%pCRI.I : CAT (KR Patent Application No. 1998-24478}, containing
CAT (c 120 PRBAIYS| acetyl transferase) gene, into the BanHi _sites of
vectors M- frhclaped¥sblquéenceatdrived fronVeln origifid AV westonwhichigred by
inserting the Ncol BanH™ fragnment of pCRII-CAT into the Ncol:BanHl site of
vegt or MFG ( ByLTRetthe minitahpadkeging 3equence; egntaimiag)the W& dgRer F1yA13
cells were each transfected with v§ctor M N- 10 .15 CA'L,P M I&,ﬁgil’ or

MFG- CAT, cul atthedipstreansofithe erigingliges EepeopelPURe irac Ao, Rélls was
used to negsure the |evel.of gene expression. Cell-free virus was prepared
by filteridgdiHEtelaniRg SHEy ¢ supernatant through a 0.45 ,umfilter paper.

After 2 sefs of N H3T3 cel r i hd al

super nat aﬁ) aparh ﬂﬁﬁ’&a}?‘é e#‘%ﬁlg\g%ﬁ}%lﬁgs%wpggt Wg{l %?ng} ‘Fﬁsaeﬁaés(lll enpl oyed

for measurin - t4 i inftiddioms ¢3der! dfsex@s 2ysed for

det erm ni ng\glfﬁ‘lgf n?ﬁgrelftsafr?gt tb%égog-gr ugﬁlﬁc}?léﬁg%fﬁtilﬁ\cy by counting . :
15 | inserted between the minimal packaging sequence and the multi-

1%}

cloning site; | |
4) ah_intemal ribosomal entry site (IRES) downstream from the multi-
~ cloning site; and : _ _
5) a GC base péir replacing the GT base pair at the +977 ~ +978 site,

20 downstream of the splicing acceptor.

Hereinafter, the present invention is described in detail.

1. Construction of MLV-based retroviral vector MIN-EI having no

25 viral coding sequences and containing the non-coding sequence of human

EFlo

Procedures for preparing the MLV-based retroviral vector MIN that is



t he nunber of (418 resistance colonies (see table 1 and 2). In the case of
PGL3 cells, producer lines were generated to obtain the 203 AN §96-
Becausew to2)2881b MPOSSI ble to get high viral titer using tpagat®io1sis
transfection nethod in PG 13 cells. Nanely, about 0.1 mo.i of the
cell-free virus obtained by using Phoenix cells were allowed to infect PG
13 cells, and the (418 resistant cell line was selected after treatnent
with 418 for 2 weeks. The cell free viral supernatant was used to

t d t. HT. I ' MIBT d
sub] ccitiyoft 3B BLVFde e, fry AHEpdITEGhe RehieRles, A MIN- TG O

table 3 . [ Y I i 3 Th

T ansa PBS 8 R R R e e e R e phate 10
30 JA%@RQG}%Q;”&/&&B&@ vRET: HAEN 8dbdBsdrithéc i dhe A RrPAtentlcid+@pen
resuspended 1nh 0725 Mof Tris buffer (pH 7.5). The cells were |ysed by way

of condugilidaion Noe2000% 3 34nnddstailce) -t hawing (in 37 C water bath) cycles.
After heating at 60 Cfor 7 minutes to inactivate the deacetyl ase, the

resul ting celTheesttuciutalvelsaractbyistics ofttheceeetors MEN and \MIN-E are 2, 000 rpm
for 10 mnutes, and the supernatant was collected. The protein
concentfoliowsa was quantified by Bradford' s method. . A fixed anmount of

o). "5 barcb g 1 he SRR R IRICA L BRI o
or et nyidieien o)  BuliEutiits e, TREGRC Shittis g IDATEHOES ¢ "o
ﬁ86| Ogﬁ%‘#ﬁ%ﬁﬂ é_g%ﬁﬁl ﬁg{% pgﬁﬁé-ray i 9F MTRYn'®bbarddr) - The TLC plate was

drred 0osé m or brought to a phosphoi mage

anal yzer, sov‘%géTr MIN-E3 136 ehy kequétivd 6f SEQIDINO. clhlwhichnturréspaindsoul d be
e

measured. Th activity was neasured by cal culating the radi oactivity

ratio ofp {He sé%%éﬁd@bf&h@hEFIanﬁm and &xon I justt hefora theatrphslation| .

<' Table 1> 20 nmparison of retroviral vector efficiency in mni x cell
Vect or Relitistion c640n ainsexted yppstreann of the multi-cloning site of vector MIN.
titerTransi ent - Transducti ontransductionTransi ent St abl eM N1. 0l . 01. 0~

1.0M N-EI 3.5t 0.43. 30.43.00..61. 1t 0. 2M~GL.0 ~ 0.21.1 t 0.30.4t 0.21.0 ~ 0.3

ciffor anpheni doBAisieigles 0 Rescoyiral vartars ki, Bnfbhrooding'scitnee™’ o

of EFla in various packaging cells

To generate the optimized retroviral vector, deﬁ;:ate'balance between
transcription, and splicing efficiency is required for the efficient expression of
20 a therapeutic gene in target cells. The level of gene expression of retroviral
vector MIN-EI is 3~5 fold higher than that of vector MIN (KR Patent Laid-
Open Publication No. 2000-6334) in such a packaging cell lines as Phoenix,
293T, FlyA13, and PG13. However, vector MIN-EI exhibits a reduced viral
titer in FlyA13 or PG13 cell lines, probably due to the highly efficient splicing
25 and generally low transcriptional activity of FlyAl3 or PG13 cell lines.
Accordingly, there exhibits a need to develop a retroviral vector having both a

high level of gene expression and an improved viral titer.



WO 021 20810 3 0 JAN 200 PCT/ KR0O1/01515 As can be seen in Table 1, when

usi ng Phoeni x cells as a packaging cell line, the CAT act i3 tJANCHO0M N- El -
was 3 VV&OEI% g higher than that of MN or MG This sugeerkroi/buststhe gene
expression erficiency of MN-ElI is superior to that of the others. There
were no significant changes in viral titer 5 anong these vectors, and thus,
the nmeasured CAT activity of the transduced NIH3T3 cell directly reflects

t he gene expression efficiency. <Table 2> Conparison of retroviral vector
efficiency in FlyAl3 cells VectorRel ative CAT activityViral

titerTransi ent-Transduction_transducti onTransi ent St abl eM N1. 01. 01. 01. OM N-E
| 4.5t 0. 70. 6t49. ogéituthont 8f LMNIFdvikiad. $6ctord. dtaifing] modified moxFabl e 3>

Conparison of retroviral vector efficiency in PGL3 cell

Vect or i \ Aénsi ent St abl eM N1. O ‘

-1. 01&%@?8& gﬂ‘(\i%ggfl\/%gz‘ﬂ%gggl 0 However, when using F1lyAl3 (see Table 2)
or PGL3 (see Table 3) as a 15 packaging cell line, the viral titer of '
M N-ElI was quite | ow, onlé one third to one tenth_of té}% for MN&ﬁ.r MFG.
Exanpl e 2: VIn abrderothuchilfillt therfabave-mentioned aeedi meodifed, 2gXekitahy vir al
titer varies in accordance with tEe 12 WO 02/20810 3 O ﬁﬁl}lngﬁqulP

PCT/ KI vestarssars perstaugterd) hyeway ohantieducing 2 mmuaRon FoHRfi e MWL wer e

performed. First, cytoplasm S were e d from Phoeni x cells
transf@l@@%ﬁﬁﬁ%@cWOWﬂ%@Rgﬁj&gﬁq PEM@?’ hd al so from PGL3 cells
produci ng MFG an N- El es J 3 il .

t hi ocyanat e- éTQquHIYIﬁ{SPE’Jﬁ té%t @8€%¢¥'§%}%u0tgwglécﬁﬁsur ed i Hﬂgnlaé'g nm di sh
wer e washed, twHGe 4.1 h: - AkH dheSddcebtornands added
t her eafteri) m’ﬁ%ﬁﬁgﬁtmﬁﬁ%?ﬁu?@%j%mﬁ%s %ormgie)ni zed using a
sysing j ¥&! BFR1Berkddetedcontaining 2 M of 5.7 M
Cﬁ] 2etgﬁ%gg{aogf?éjﬂhgza@dﬁé%ge%gﬁZzgpggg rpmfor 16 hours to obtain an RNA
pel let. The B)NANPED| avheBinas musstivnvdd imrodieet dowistream diomathe

contai ni ng DEPC, and subjected to ethanol precipitation tq obtain 50ul of
RNA sol gyilicing adBetos anBNhe wegiom cordesgianding to exon 2offl ads deteted; of 37%
formal déhyde, and 10 ul of 10 X, MOPS. , The m xture vvasntggat d.at 70 C
for 10 m nut 83 MARY whereit acautaiion v inteodusedsypstenam from agar ose

1355 hocmmmnt o s SStessosaab e SRR 1 I 12
R e T A N T B e RS AT IR geeibb gl | Ul 05
PLanEr T Zalg Rt Nl Y OMOAR Rosalticasn fiGhhech, 20
!t roccli A AoRB o aahed (i co wi th a buffer. and exposed to an
X-ray film and.the resulting bands for genom c RNA and subgenom c RNA were

each quantified with a phosphoi mage anal yzer. 2S .
In the cases of using the luciferase gene as a reporter gene, modified

20 | vectors MT1, 2, and 3 show a reduced viral titer than wild-type MT4, but
vector MT5 gives 2 ~ 3 folds higher viral titer than wild-type MT4. The
splicing efficiency of vector MTS is somewhat low, about 70 ~ 80% less than
that of wild-type MT4, however the total amount of the gene expressed
increases due to the enhanced viral titer. Such an enhancement in the total

25 transduction efficiency 1is also pbsérved with vector MT5 carrying a human
interleukin-1 receptor antagonist (IL-1ra) gene instead of the luciferase gene

as a reporter gene.



<Tabl e 4> Conparison of RNA conposition according to packaging cell lines
13 3 0 JAN 2004. WO 02/20810 PCT/KRA /01515 Phoenix cel I3 0 iJMPHI8 cel |
IlneVechﬁ@ﬁ]rmunt of RNAVect or The anount of RNAGeno. RMA5
RNATot a no .. RNASubgeno. RNATot al: RNAMFG257 69% *118 31%375
100%FQ&241 639439 37%380 100%V N- EI 187 692834 9493021 1009M N- EI 22 5%388
95%410 100% *: ( ) represents the ratio of respective genom c RNA and
s]ch]E)_genomc RNA to total RNA As the results in Table 4 shows, the splicing
efficiency ofiyM N-El .5 0L Vi signifi.ean ] .aging cel |
i nes. II}fn th eﬁcﬁorcmglﬁgnlgeﬁ@?ﬁdésgg y'f\ ‘ﬁ%s %éz%d%&grotr@?td@?%?gél ar ger
anount ]é% ) % 8abn AN ; [

transcri hlsonar%?g?@ﬁ ﬁ%s reslgglcégelgggIhggﬁng@%;ﬁWN%éPsgﬁéym%nM%% | evel

of genenﬁﬁgfo?ﬁfédowh'%&dﬁmﬁ ak MR @eBigifatdd hd MI‘SQM% andrdepokited onal

activity ot MN-E was significantly 10 reduced, while the splicing

ef fi ci egevheiorean 'CidtwiedCahtarbeMicksbrganiemse@&CCM) on July 28, 2000
5 (Accession Number: KCCM-10205).

4. Construction of vector MTMS5 containing the modified EFla

non-coding sequence and MDR selectable marker gene

10 ‘Vectors carrying the human MDR gene as a selectable marker gene
have also been constructed and designated as MTMS5, which give an excellent

transduction efficiency due to their enhanced viral titer.
The present invention is described in detail in the examples below.

15 It should be evident that the following examples are intended to further

illustrate the present invention without limiting its scope.

Examples

20 Example 1: Efficiency of vector MIN-EI in various packaging cell lines

In order to investigate the efficiency of vector MIN-EI, containing the
intron and non-coding sequence of the EFla. gene in various packaging cell
lines, the gene expression level and viral titer was examined using commonly

25 used packaging cell lines such as Phoenix (ATCC SD3443, MD, USA),
FlyAl3 (Cosset et al., J. Virol. 69: 7430-7436, 1995), and PG13 (ATCC
CR1.10686, MD, USA) cell lines.



as in the Phoenix cell line. Thus, the absol ute anmount of %iggmw
becane | ow, which resulted in a reduction in viral titer. R 'y, 'n the.

Phoeni xug&hhodibNe: efficient splicing occurs by the actiporgiroiogsisnt ron
and non-codi ng sequence of the EFloc gene, giving nore 15 subgenom ¢ RNA
than genomc RNA, resulting in increased | evel of gene expression.

Mor eover, as genom ¢ RNA synthesis is facilitated by a high transcriptional
activity, the viral titer also remains high. However, in FlyA 3 and PGl13
cell lines, 3 i BPLLLY Ger®l Théd 3 180-gR8) £996) ve
anount of sugggﬁg%@g %ngeﬁ?g@m?@ unt of genom c RNA i's 2)0 reduced
signifi @ﬁéq b ROnifd14 OVIVIIN-FI-CATesnd MBRCA TS wese nnsuticterh of
retrovi‘%gfyé%lg? r g’%/i%%gﬁg)oth a nutation at 14 WD 02/20810 the EFla

i ntron Epdnderiap- GRAiRmER dfiageens of GAN idpgammmqﬂlmwnuer to
devel op "an inproved vector drrve a high [evel of gene expressjon w thout
conpr om’\g'gﬁgaﬁ/dm al Niol t e1998+2:447M8) At | comtasasng nt C&dﬂcedchl@nmmph@mlﬁphi n

del i cat e bal ance between splicing efficiency and viral h&er. mant
vest or sagetyleransfesasa)cgene, binto the BarmHl gsitesnof aectorsi ME‘}' qang >t he
intron and splicing acceptor of the EF 1 a gene of MN-El (gee,Fig. 1 ): 1
) Mr 1 xespeetivelyio 5 MQ‘GATrW%c%QPSéEWOWFi By Pﬁeﬁ%n%c@@ptzfﬁ”qénd t he

matat Pﬁ%&ﬁ%@%‘g&%éﬁ a@iﬁﬁr@iﬁfm@g ﬁe?ﬁé%—%ﬁligﬁsaioéﬁ%%ﬁm? regi on
. ! e o . regi

corrCSPRIGLY, LP SX0R 7ol s Efudam fodgleled. 3) M wherein a mitation s

L g Pligdhif dlt FRIRYE el vl babh b clelNORNROGIMINBIL 21 | 07

i ntroduced at acceptor; a MI5 wherein a nutation is

i Qfyr odu h fub&d 4gimsurscandithe proteih eirmitr uction
o;leTI %ﬁg&%ﬁ@ﬁg@%@@gf&%s co%}gﬂugt ed using pl aslim' d pMN-EI (KR

Pat ent EGcENS vNEs uddP 9o 23e8re abe deRIRT gemd @ixpression.heCelinfivet i ¢
ol i gonucl eotides of SEQID NO 2 (EI5 ) and 3 (EI3' -1s) as a priner pair.

100 Ul 9lrub s phretbby diltwidgtho celb onltare uperpotunighseughe B85 Mipl ace
Eycl es filtePPRpem| After 2t sais Ofé‘m{fm PGH&(WF:@QSW‘{&@F%W@@GL‘J{@S §r 1
051 5061 girah dupernatantoang inetbaeds or, 18 sholnsoch seb AL RAHTE dhs W 100
it ¢ nETIERr T Byedsbing) thebCURE VG TR otfe S 8 NIHPPs fRflsC Pnel

i sed_and | 4] - i ST 1
X! 5ol ANIOERE AdehM bl s B trafbd it ebfibleneydy eopbeingTL (see

]

Q

the number of G418 resistance colonies (see table 1 and 2).
In the case of PG13 cells, producer lines were generated to obtain the
virus. Because it is impossible to get high viral titer using transient
20 transfection method in PG 13 cells. Namely, about 0.1 m.o.i of the cell-free
virus obtaiﬁed by using Phoenix cells were allowed to infect PG13 cells, and
the G418 resistant cell line was selected after treatment with G418 for 2
weeks. The cell free viral supernatant was used to transduce 2 sets of
HT1080 cells. They were incubated for 48 hours, and subjected to CAT
25 assay and viral titer measurements, respectively (see table 3).
The CAT activity was measured by the following procedure: The
transduced cells were harvested, washed once with 1 mé of PBS (phosphate-

10



Mr2 was constructed by PCR as in the, Exanple (3-1) using the 10 plasmd
PMIN-EI as a PCR tenplate and the synthetic oligonucl eoti déd JAN | D NO
2 (EI5 woangosio( El 3' -2s) as a primer pair. The PCR anpli picggkgiagssnt of
the EFla intron having a nmutation introduced downstream fromthe splicing
acceptor was cloned into the pGEM T easy vector (Pronega, W, USA), and the
Mul BanH fragnent was 15 excised and inserted into the Mul BanH site of
PM N to generate MI2 (see Fig. 3). (3-3) Construction of M3 20 MI3 was

constr y asnHNtHene 2 §S] s PbaEret NYEl as a
PCR te%ig%gaa%dgg{%%’eagg n%t-{ééﬁgﬁ%d}r%? ?o%ﬁ%/[s]g)g? T%Eg)m Noqulv?gf)g m and

3 {El 3' Thé pelds weré 1y $e bpavdy of eendketianBl frédztdgf(imdmpitepthawiagin 1l a
intron having a nmutation introduced upstream fromthe splicing acceptor was
cl oned 37Co watet batldGEP¢las TAdteryhdabingneg6) CforUbAinues to limadtivate BantH
fragment was excised and inserted into the Mul-BanH site of pMN to

gener attheMeacetydaserithe requlting cellexiraphwasosubjeetedaioaesntrifoge apinpangt r uct i on
of MI4 PCT/KRO /0151~ The wi |l d-type vector M4 was cons ruﬁled by ,PCR as in
thé ExaatdQeOQ@rnmf%inmutepri;ﬁwqmem@anhwaé qﬁﬂ%@%irpl @ PIpteR he

e e e v b e LA S o .

' . pGEM T. (P , 1USA) , . | Adi,ncl

unsex USBn TGS TLRRE, HYth rh ik RS ristrarmenical (W RCidl IhE 2o s
Fi -2)n 40, f 3- ' ) LU CR '

he. Bxamsio2 ¢t afderPRESGHARRPh f1q - o YECBRRaI pEOARE oF 0 °° 11

synt het§ o501 FASURITRG! (12 Y.5) ad@ tRRiddaviied 4t 8FC.) AR€r thé Beattioh]) as a

primer pair.
10 chloramphenicol was extracted with ethyl acetate, and concentrated under a

reduced pressure. The 're_sidue was resuspended in 15 uf of ethyl acetate,
loaded onto'a thin I_ayer chromatography (TLC) plate, and _developed using a

) solvent (95% chlorofbrrn, 5% met'hanol)-.. The TLC platé__ was dried and then
exposed to an X-ray film or brought to a phosphoimage énalyzer, so that the

15 acetylation level of the chloramphenicol could be measured. The CAT
activity was measured by calculating the radioactivity ratio of the acetylated

chloramphenicol to the to_tal chloramphenicol.

<Table 1>

20 Comparison of retroviral vector efficiency in Phoenix cell .
Vector Relative CAT activity™ Viral titer
Transient- . Transduction
transduction Transient Stable
MIN 1.0 ' 1.0 1.0 1.0
MIN-EI 351+04 331+04 3.0£0.6 1.1£0.2
MFG 1.0+0.2 1.1£0.3 0.440.2 1.0+£0.3

*; Based on the CAT activity of vector MIN (radioactivity of

acetylated chloramphenicol/radioactivity of total chloramphenicol).

11



The PCR anplified fragnent of the EF 1 a intron was cloned into pCEM T easy
vector (Promega, W, USA), and the Mul-sacl fragment wasjggxghgegsand .

.i nsert‘gﬁo'b/?[&sqot he NI lul-Prel site of pMN-El to generateciMkRo(ssesFig. 6).
20 Exanple 4: Efficiencies of inventive vectors carrying Luc gene (4-1)
Cloning of luciferase (Luc) gene 25 The Luc gene was anplified by PCR using
the pG.2 control vector (Pronmega, W, USA) as a tenplate and the synthetic
ol i gonucl eotides of in SEQID NOs. 8 (Luc 5'} and 9 (Luc 3') as a priner
pair. The anmpld a&ﬁ]e;z%e&gf aBRN 29Hen i0 /was@é/p@tﬁé@ing; agnent

was inserted 1 nto easy’ vector (Pronmega, W, USA) in order to

gener afc%ptlhfe Rﬁ%‘@ﬁ”[(’;%}%riiﬁgéf KE-BI waes Fidofolds highee thamdiratraf MaNt ai ni ng

the luciterase gene d by treating the pGEM T easy-Luc vector with
BanH! / Bgl MF@aS THIS eiulgaésisnilattthe SendHexpréssiard efficiencycod MBENHilefsar ed in
Exanpl e 2, to generate the luciferase expression vectors shown in Fig. 7.
(4-2) Mﬂ?éﬁbﬁf@ diatoéf thecothersas eTlereiwereyna sigviificantochanges in ai@l titetont ai ni ng’
the luciTerase gene were each transfected into Phoenix.cells, &\nd he cells
wes e | mondeg ¢hieseoveat®rscands thuse ithe measured SIAT asdivitt gh e (rens to
transduce NI H3T3 cells. Luciferase activities fng.f .fromtransfected and

t r ansdO¥BE3 T3 (cell, direethy sefles fhe gRRGERRIESHOBLINLINGYci f er ase activity and
viral titer of the (418 resistant stable cell line (see 15 Table 5) were

al so neasured. In Table 5, the luciferase activity of each retroviral
vect or i,ff,}brle%esent ed as a rel ative value based on that of the wld type
M4 veStHP®¥e | uciferase activity was neasured as follows: The harvested

cell s el o MARBRG Aty oblor RBRoicAbY Gh FIOARS BgIPBS compl etel y, the

cells an approp anpunt—of X—F-eperter— ysi s

buf f er] ( PNutt@a, '

USA) an®Relative EABactivity t enper at e Y8Rl tteti (it es.

The rgaction m xt ré Teshsietits ecled to CEahsddcetien spi nning at 12, 000} rpm for
1 mnyte, and the jsuper 0 ed] Th term concentration in
the extract—was—g an.‘I:‘“g@ BB it é;l{t..cthudsté‘,&l?i Xett—amogTy ot pr ot ei n
was 29 mi xMNy th 100 wl8f thellucid a;e_ﬁs.;g_);&aﬂent ~(-Rrofreges—IV
USA), [andMINeEIeadt i omt §itx0.0r e \Was 0t6#s1 er ed 212+40.56 \el 0.3EXE i h order
to negsur g U act W T apl metler igl] 5). 2 W
02/ 20810 _<Tdhte 53 r‘nnL,gZLg(Z'??n of mgtga%mgcct"r O(éiﬁ:fc.my L1 i@..Z
10 | |
<Table 3>
Comparison of retroviral vector efficiency in PG13 cell
Vector Transduction  Viral titer
Transient Stable
MIN 1.0 1.0 1.0
MIN-EI 0.8 7.0 0.1
MFG 2.6 2.9 1.0

However, when using FlyA13 (see Table 2) or PG13 (see Table 3) as a
15~ packaging cell line, the viral titer of MIN-EI was quite low, only one third to
one tenth of that for MIN or MFG.

Example 2: Viral productivity of MIN-EI

20 To examine the reason why viral titer varies in accordance with the

12



3 0 JAN 2p04 PCT/1Q 01/ 01515 VectorRel ative luciferase activityViral
titerTransi ent Transducti ontransducti onTransi ent St abl eMr 30 JAN 2004

10. 40. 2¢fy ¢Mbdth 81. 0- 0. 6MT30. 10. 2- 0. 1MT41: 01. 01. 01. OMT50.grly/BReR151s 6 5 As
can be seen in Table 5, both the gene expression level and the viral titer
of Mrl, 2 and 3 were |lower than that of control M4 containing wild type
EFla intron and a splicing acceptor sequence. The gene expression |evel of
MI5 in the Phoenix cell reached a 50 ~ 70% | evel of that of M4, but its

viral tj EOCr t ' VRGN

t ransdu‘é&ec?a‘%IQ gﬁ%@%ﬂggﬁ%g >a %@M@g@ﬁ%hﬁ%&%%&éﬁ%@f@ﬁ%&é n%lrgt?f I ci ency
of MI5 'ng%t t Q1 A ; of
subgenoer{?gp ES . Tﬁﬁég\(??éel? t e%éeur:tgdg&plgﬂe-d;%qlgr?%y %M@gfisgeggﬂlet&hat ow but

i ts whoy] INENSHUC kédhectivelys i A uldos fsthaPGHE delds tpRodcingeMFGVehd hi gh
viral titer. The rTesults shows that the mutation introduced downstream from
the SOMIN-B, Yespectbwdlyr sing:ahe bGuanidinai thicsyanate-tésiuirnlmetbodoas veen
splicing efficiency and the amount of genom c packageabl e transcript.

Exanpl efddlovis:f i Qetlsadudtured in avidd mm dislc were washeg itwicd withr BB§earsd 3nd

anal ysis of the RNA conposition 20 (5-1) Conparison of_ efficiencies of

vect or siisofigguanidine gowFen solutien owagoadded thesgafterooWppaTbeReMIDG515 | n
order to exam ne whether the inproved actjvity of the MI5 vector observed

in Exgn%ﬁ’éspﬁrﬂgt,athjvlemrep%ﬁ gaﬁﬂ | 85 2t BTHRSR  POWEE YHOgRnes, the
Ex 4 i L J i
B{Séihgé&%aﬁ)maﬁgér@ee@“%%?&%‘éﬁﬁg g ,-Brg?fls@%nzfagg;r%ﬂq sPnEtieid,
0ot & netf 19 Sin 2000 B8 6t I :hdies Wi By KiSh, ettty PHERIGHSeelTEC
10, o RS U FIE 34 s 18 ot BistiTéARErel BRA Y DEPC R GEHEKRA b1, o e

to obtain -gene fragnent was a using the cDNA as a
tenpl at &haAel gPeci #at6A th obiAnF0 LN SERAVAl sistatioh. SEQ |1 D NGs. 10 (IRAP 5')
and 11 (IRAP 3"} ‘as a priner pair. The anplified PCR product was inserted
into the pGEM2O ggsyf RNAowad Rrivedoeith \ B0 40S8F formamitks, 10 (deof35% vect or
PCGEM T easy-IL-Ira. A fragnment containing the IL-Ira gene was obtained by
treat i nfprnteddelypde,tand;10est cof W) ¥ MOPE/ BJheminturé mwasrhaated at d0tGe BanHi
sites of M4 and MI5 15 v g:_tcgé'is: prepared i n Exanpl " r‘esp(fﬁct'i vely. The
resul tifg 1Q mmutes,pard subjected: ¢

_ ko redeceopharesisi o d _ngiﬂlﬂ@hy -8ZaK088 vect or
VRS conBh # a0) 1| The, Pl e sHerssEith Sorkad iR LMV N Hodfmici &
ot r anaGH EORat Pl B 2% 5% Selhion' GV Neft. 0 7 BB GRRNRAT o o
oLy STHSSOHAMEC AR eSOy okl TSR, SRR ol | 52 FLISA
nunber  gitrdetifiloQs hidriblanealsifg CapHlalytheat, and>izddbt 80% for 1 hour.

A_fter prchybridization wi.th. the Expr:séHyb hybridizaﬁon soiutipn (Clontech,

20 .U_SA) at 65C for30 mihut_cS, the nitroceilulose membrane was subjected to a
hybri_di'zaﬁon reaction using i_sotope—labéled CAT DNA fragment. The
nitroc_el_lulés_c_: membrane was washed_ twice with a buffer, and exposed to an
X-tay film, and the resulting bands for genomic RNA and subgenomic RNA
were each quantified with a phosphoimage analyzer. | - |

25 o
<Table 4>

Comparison of RNA composition according to packaging cell lines

13



Comparison of vector efficiency using IL-lra gene Vector R%@t%e -lra
activity Viral titer Transfection |I Transduction |I 20 WO 02/ 8@ "~ 0 JAN
2009 PIHHRI4:91~-15 MI41. 01. 01. OMI50. 51. 51. 8MFQD. 2031. 3 FHEKROSEIH18S i N

Tabl e 6 denonstrates that the transduction efficiency and the viral
productivity of MI5 are al so enhanced when it carries the IL-1 ra as a
reporter gene. 5 (5-2) Cytoplasm c RNA To exam ne whether the results
obtained in the Exanple (5-1) are due to a change in the splicing

ef ficilency, cyt dheenix celRlenas anal yzed by 10 RoiBech 1!iﬂ1&5tti ng. Brilefl Y,
cyt opl aV?c?m]N( WaFheXhoimk OFf KNAM the Veaie! eCct ethEhassint 6ERNsA and
subj eqt e 0 lyhti+trzEtrpr—ost gl '-li na gene d(g SPEgS NG
anount|s of genoqme@%hmsﬁﬁac%bgewfﬂfﬂc RNA. Th% n?‘%’é%df h@ldi zed
RNA bands were ®MNAtilfi SANAth| aRNWsphoi mage Azer ThhBRNA | 15
<Tabl § WEeNpospsyon of 11Be Phoedix delMFGARNA tt or ThE39nount 380
RNAGenjom ¢ RN,_‘\ o[ Tof ¢{0 NT4266 4 Wﬁf) 9@%901(1@@@@“5408

TOG% 1

[ of

o

10. 3550665 b ?@? = TgRgI TS| Sippy it

Su eno NA o MI4f a 1 % a N

o 3}; ve Bl opor {CHk) of T n RN oL 1ol O 20910050 v
On the ot her 4§ ) : 0 id AN 2004
PCT/ KRO / 015 15'agg§° @gﬂﬁww 0%‘%@%}’%5 %ncﬁﬁvgwer A ﬁ{é@n gtﬁﬁg?ﬁ%@lé

subgenap %tailmre than 2 folds higher than that observed for MI4.
These results explain why M5 gives a high viral titer in conparison with
MM4. 5 (S-3) Efficiencies of inventive vectors in PGL3 cell The retroviral
vector's efficiency in the PGL3 cell Iine which can be used in_an_actual
clinical triaAswdg eesalts iadTallel 4 -shoses, ¢hetsplicing | efficiemcyobf MENGEL r om
Phoeni x cells as well as the MFG (control) virus were each, .

5 does not vary significantly with the packaging cell lines. In the Phoenix cell

line, MIN-EI synthesized a considerably larger amount of subgeno'mic RNA

than MFG, and exhibited a generally.high transcripﬁdnél level. This result

explains why MIN-EI shows a high l_évél of gene expression. HoWever; in

the PG13 cell line, the transcriptional activity of MIN-EI was significantly

10 reduced, while the splicing efficiency was maintained at about the same level

as in the Phoenix cell line. Thus, the absolute amount of geﬁomic RNA
became low, which resulted in a reduction in viral titer. |

Namely, in the Phoenix cell line, efficient splicing occurs by the action

of the intron and non-coding sequence of the EFla g’ehe, giving more

15  subgenomic RNA than genomic RNA, resulting in increagsed level of gene

ekpression.' Moreover, as genomic RNA synthésis is facilitated by a high

transcriptional activity, the viral titer also remains high. However, in FlyA13

and PG13 cell lines, splicing progresses efficiently, giving a large relative

amount of subgenomic RNA, but the total amount of genomic RNA is

20 reduced significantly resulting in low viral titer.

Example 3: Construction of retroviral vector having both a mutation at

14



14 transfected into PGL3 cells, and (418 resistant viral producing cells
wer e obtained. The viral supernatant of the PGL3 produci ng Sdl WANi26 was
transdu j HT 1 @0 cells, and the TL-1 ra activityF@:lﬁd{ igal tier
of the f‘?g%ié Bg)ed cells were neasured (see Table 8) 15 <Table dgzmgosrrpari son
of vector efficiency in PGL3 cells VectorRelative IL-Ira activityViral

titer Mi41. 01. OMI57. 03. 3MFG -5.14.0 As the results in Table 8 denonstrate,
the viral titer of MI5 is about 3 N 4 folds higher than that of M4 when PG
13 cel I%% q@gn%ﬁ%—ﬁg&in%@&r&“ on of vector containing MR A
vect or 't ron and non-codi ng sequence as
MI5 but contains human MDR gene as a sel ectabl e marker, was 25 constructed
and desi gnated vector MIMb. 22 3 0 JAN 2004 WD 02/20810 (6-1) d oning of

| RES gene PCE'@Q&QbSdévélggg@mdnqirevadgmmf deiveeathigh leweb ofi pewre nal

ri bosomal entry site), 5 PCR was perfornmed using: the plasmd pCBIN (KR

Pat ent gxpressiehi withbot coffptorffiag) virahtiternithgy niiRetonswas ixtrpduced to he

ol i gonucleotide of SEQ I D NO_ 12 having BamH and Notl recognition
sefjuenamairdairn deliqaté ralanem between| spjicing| effidiencyofangE@irab tiwr. 135 havi ng
Stul; Clal and Bglll recognition sequences,as a 3' priper. 10 After the PCR
pr oduc tMutantcyester ware qonstistadoPy joRioducing, pimpiatipn @xo ashprownd

Phto t HBcaaifan S SIAEENCERIY PE R EEAShErRs of MOV Ge8 58358 ' 1 or der
f:gnfgte rotel &) VT iR NRNRkERRn, & itoddeet & %ﬁ%@ﬁ%@%ﬁc&? fod the
Rt oot e Bidlf oBnBuioiif e 10 My BPEKTE sMieledias bDtained (Tom !

h - : y h I | i f
FE@ ﬁg c " ngga&ﬁghﬂﬁﬁgﬁ?%ﬂ;{wﬁﬁ@ & "PltdRiced NoRnsaeayC fPen dBeof SEQ

recogni tion sequences as a 5 priner; and

the ol i guiRp %%{aﬁ'&r%d&ﬁ@ bl oNQort&sponding tSekon 2rst BRbdlis delsted; ti on

sequenceés as a primer. The PCR product was cloned into the vector pCRII
(1 nvi trogen, 33AT3SAhereinge mutationpSRinuced dupsireans fromftherspdicing
sequencing analysis 25 that the MDR gene was properly inserted. The

BanHl / Baficeptor angdhthe regien eemespandingrtotaxenprf b oviscresrovesid i nserted into
the plasm d NI RES after. the renoval of the Cdal/Xhol fragnent .in order
to ggner at e %Sel\/ﬁzggwdwglgl-type havrrnqg no muta?ioncm od>1§ce(li at tﬁg sprilcmg

15 acceptor; and .

—
(@]

5) MT5 wherein a mutation is introduced at the downstream from the

splicing acceptor

(3-1) Construction of MT1
20 | | .

To cbnstruct MT1, PCR was conducted using plasmid pMIN-EI (KR
Patent Application No. 1999-23398) as a PCR template and the synthetic
oligonucleotides of SEQ ID NO. 2 (EI5*) and 3 (EI3’-1s) as a primer pair.

100 pf of the PCR reaction solution containing 200 ng of the
25 template plasmid DNA and 1 gl each of the primers (10 pmol/ul) was

subjected to 30 cycles of PCR amplification reaction, each cycle being

conducted for 1 minute at 94°C (denaturation), 1 minute at 50C (annealing)

15



WO 02/20810 MIM (see Fig. 9). (6-3) Construction of vectors MIM4 and MIMb 3
D JAN 200 PCT/ KROL/ 01515 5 Mul/BanH DNA fragnents contai ni .BANE dified
non- codigRPeSRGHENCE Were obtained from vectors M4 and /‘i‘gﬁ 5 vely,
and inserted into the Mul/Banmil site of MIMvector to construct plasmds
MIV4 and MIMb; respectively (see Fig. 10). Therefore, the expression of the
MDR gene from MTMA and MIMb is derived by the spliced nRNA. 10 Exanple 7:
Ef ficiencies of MIMvectors To exam ne the efficiencies of vectors MIM

et g%?@”%@%@#@@%& T SR o Pe VrM TL T r MM L1
, MM | i ) ; )

{ranafected | hierils ARG RiErient G LEF B R WA MIONEA BhS cHE>

the cel hGBMII'E édigUsitEE (PRSMASa "W USANE thee WA BEmHIr faghibin’was ant s

were used to tranSduce NI'H3T3 ¢ells, and’1 ncubated for 48 hours. IL-Ira

activi tgesised ahddnsbitdd mns tlee MBIBImH g 6hpMINate donexhte MT3 (seee
determ ned, and the viral titer was neasured by counting the nunber of
cebls rEBg.¥ant to vincristine. <Table 9> VectorRelative IL-lra
activityViral

_titerTransfecti onTransducti onMIML. 01. 01. OMIM4A10. 03. 31. SMIMb3. 45.02.5 24

WO 02/ 20810 3 0O JAN,ZO% PC]/ KRO / 01515 As can be seen in Table 9, the gene
expr ess(3R) tragtiom 0E M3 201 y about 30% of that fox wild-type MIM4, but
it is 3 folds higher than that of MIM In addition, since the viral titer
of MIMb is nuch higher than those 5 of MIM and MIM4, MIMb perforns best in

terns of the tr i phabef . Cj : t-he amane.t he
per f or mance omﬂ%%icpgpﬁgg%?oggi t%aﬁ Jégﬁﬁé,E’g%@ht%f(gfpeﬁg,gf-tﬁ?ee vi ral
sypern 3 Mgﬂeﬂ_ t rmd% lnS : g @ﬁl&?‘é cel l
Iilllge vwaaé&gmlg?ﬁe byIsag'I %’actl on w E%é“ﬁg;h% s%q%ﬁ%équ%mdtlléne o?’gz weeks.
The vir an : | AEEIF LN dshiepffadrdair, oduci ng cel | |ine was used
to trangggg};agoioggﬁlscgﬁag gﬁdjl%)dzl :H;pacti \:;)I ty and the viral productivity
were measur edThé'EKDRealﬁgHﬂédCer%ﬁﬁ tiofvihel EFll oiairetedn ‘having raamutation

titer MTML. 01. OMTMA2. 40. 2MIMb11.3S .5 15 As the results_in Table 10 shows,

t he vi ritraduced dawngtrm fromdhe isphibing aceeptothwas chonedrintodhe p@EM  and

thus, MIMb h | I ent
1 T easyasv_e%?ore)((lgreomggna, WI, USA), and the Miul-BamHI fragment was

15  excised and inserted into the Mul-BamHI site of pMIN to generate MT2 (see
Fig. 3). '

(3-3) Construction of MT3

20 MT3 was constructed by PCR as in the Example (3-1) using the
plasmid pMIN-EI as a PCR template and the synthetic oligonucleotides of
SEQ ID NO. 5 (EI5’m) and 3 (EI3’-1s) as a primer pair.
The PCR amplified fragment of the EFla intron having a mutation
introduced upstream from the splicing acceptor was cloned into vector pGEM
25 T easy (Promega, WL, USA), and the Miul-BamHI fragment was excised and
inserted into the Mul-BamHI site of pMIN to generate MT3 (see Fig. 4).
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transductional efficiency. 20 As disclosed and verified aboéﬁ] hnggﬁresent
i'nvention provides an efficient and safe retroviral vector 8 be
advant aggppsgloyioused i n gene therapy. The retroviral vect @eratrditgsfr esent
invention has the following features: 1. Since all retroviral coding
sequences (gag, pol and env gene 25 WO 02/20810 3 0 JAN 200

PCT/ KROL/ 01515 sequences of M.V) are conpletely deleted, there is no
possibility of replication-conpetent retrovirus being produced through
honol og@+) Comstbuction of MT4 Due to the presence of a heterol ogous intron,
the splicing acceptor 5 and/or non-codi ng sequence inserted upstream from
the multi-cloning site, the foreign gene in the retroviral vector can be
expressed efficiently. 3. Due_to the introduction_of a suitableﬂgﬁtation

around t he hethewidddyre ¥peiosiMddavarpentrucied hynPeRoas améhe BExempla  he
"ogi on 6F 1) resing e plasiich RMINB] %5 & BORrreRte Fibibeciymbege
regi on & - ~t t r epy iU t

praonot es,.transcrij.pti o IZGH ar i\n ells. a_human cell-derived
Prckeg RiEbaRGIEptifes OF SFEF TDSE. 2Bl et BUBRE 4D 4n R oI IAE o 1 e
increase in visfal phbt €r or e [ be

i ntroduced i nTtlﬁeP éf‘g S%ﬁ?‘?@ﬁi’%@?@ Ofgpgt ﬁﬁ%ﬁ%@@ﬁ g{agg&éﬁgggﬁﬁa two or
nore foggl gRNeST i ar1d AN ST i din

or der tgeétrgnpﬁi mze t%?i@l%@??@’%éq?ﬂf@ 1.'Qelﬁltfeer oilgé%ﬁgﬁi nter E’g prgormt er
and_al S&é'%&hﬂ@%@deﬂriﬁ@éEE@M&PW&%‘&G@PPI\@N-EIQ ehtbhte MW @eei S

cl ai med: 11 A retroviral vector deri veé from'the m?(r:gl ne | eukem a \e/i rus
(MV) vPig. @), conprising 1 ) a part of the non-coding sequence of the

el ongat i ggn@?act or EF1 a .as an heterol ogous gene-derived non-coding
sdfuence inserted upstreamfromthe multi-cloning site, and 2) a nutation

i ntroduced downstream fromthe splicing acceptor within the non-coding
sequenc3-9) Ganstruckion ofMdiSices the 205th and 206t h nucl eoti des GT

(guani ne-thym dine) of SEQID NO 1 with CC (cytosinecytosine), said
retroviral vector l.acking viral-coding sequences. . 2. The retroviral

Locuines o SRS rpbSeERDNEISRCEE St RLERERREE 7Y S o
the: noRiBRitDMINES hsCa PCR, Al REHIME ERERE CRe BB of ) N0 1.
415 TheSEQ IDWNO2ab (qui)o‘{nd)'y (EtgeLm)JasNI?\\/f;ﬁﬁ{ér%mri ses 1) nucl eotide

sequences derived from’the original vector that are 5 LTR, the m ni nal

packagi ng seqWhsCRCRoahgplified feagmbhic ofgheoBF] oatintron wast clomedointbhe
original gag gene, poly-purine track, and a 3' LTR 2) a. nulti-cloning
site; pGEM T easy vector (Promega, WI, USA), and the Mlul-Sacl fragment was

excised and inserted into the Mlul-Pmel site of pMIN-EI to generate MTS5 (see

-

Fig. 6).
20 |
Example 4: Efficiencies of inventive vectors carrying Luc gene
(4-1) Cloning of luciferase (Luc) gene
25 The Luc gene was amplified by PCR using the pGL2 control vector

(Promega, WI, USA) as a template and the synthetic oligonucleotides of in
SEQ ID NOs. 8 (Luc 5°) and 9 (Luc 3°) as a primer pair. The amplified
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28 3 0 JAN 2004 3) a part of the nucleotide sequence of:EF 1 a, starting
fromthe 3' end of the intron to just before the transl ati®p JAN g00kti on.
codon olyydiesh | nserted between the mni mal packagi ng sReGWeRGER1843d t he
multi cloning site; and .4) an SV40 minimal: pronoter or an internal

ri bosomal entry site (I RES} downstreamfrorn nulti-cloning site: 5 .The
retroviral vector of one of the clains 1, wherein U3 in the 5 LTR of the
original MV vector or a part thereof, .is replaced with the HCW | E (human

cyt oneg ' | | t :er. 6 The
et ot PR Sl BRA RS thy bR, By edor SPRIAREAIL MSIAEL o o
sel ect a r SNt e &l meFioCl7al MThe RAI s vector
M5, coarrir.)dréirrsfiB n%éfﬁe{) nuc?l é(()}tﬁijlg{eTsée%Sg’\eqﬁgig e?égjei{r ﬁ\?ggﬁ rg?”l t k'lljeh o??gﬁir?gllt M.V -
vector tomfairihg theehiviferd® gdehe obfainsd bpatrkagng ahsepGEMeTceayyal.nt ng
splicing donor upstream fromthe original gag gene, poly-purin.e track,
.and 3' vedibr with aBamdH1/Bellbnwag insérted MntoatlparBareHItdite mfcéanht vdetosequence
of EFla, starting fromthe 3' end of intron to just before the translation

i nBti at prepacediimEsample?, 20 gemeratedhie baciferase exprassiomuectprcshayngnsequence
and the_multi-cloning site; 4) an internal ribosomal entry site (IRES)
downst rEignFromthe nulti cloning site; and 29 $ 0 , SAN 200 S) a CC base
pair replacing the GI base pair at the +977 ~ ~+978 site, downstream from
the splicing acceptor: 8. E.coli. strain . M5.(JM transformed with vector
MI5  of ' Accessi r; K 10205). 9 . The retroviral vector of
claim 6@'%%#“@%%‘8?8&%”@ iy, ng .1) nucl eotide, sequences
derived fromthe original MYV vector which are 5 LTR, the m ni nal

packagi ng sequeuce contai ning splicing donor upstreamfromthe original gag

aqne. POl Y g, 06 3L RGPS doplaih Rk thehucifed pefd SBCah! dinsHoradpart of

t he nucl eot'i'de’séqlience o starting fromthe 3" end of intron to
j ust beitoPHdeait calls, aid die coll§ wadre dncutnded fof 48twurd, Culkbfreediitydt ween
the m ni mal packagi ng sequence and the nulti-cloning site;. 4) an internal
ri bosonmmipexrnatantss were (UselJo transducee NHI3T3hcele nlluciferdsenaciiyities of . and 5)
a CC base pair replacing the GI base pair at the +977~+978 site downstream
f r om t hfrosp| transfectedc epdotranadaca) cellsprespeniively.a veaseemeasneedralher gene.
30 . AL. AnS2. AS2. AnE, AsE. A2. Af . Ay5E. A Y. Af.2. AL A2._Ay; 2. Ay. A

| A . AE1W§ (ErER am@ym.v/iyai.ﬁér zofﬁther.aﬁ%mgismm stabls Gelf Yine (see

15 Table 5) were also measured. In Table 5, the luciferase activity of each
retroviral vector is represented as a relative value based on that of the wild-
type MT4 vector.

" The luciferase activity was measured as follows: The harvested cells
were washed with 1 mé of PBS. After removing PBS cé)mpletely, the cells

20 were resuspended in an appropriate amount of 1X reporter lysis buffer
(Promega, WL, USA) and reacted at room temperature for 5 minutes. The
reaction mixture was subjected to centrifuge spinning at 12,000 rpm for 1
minute, and the supernatant was collected. The protein concentration in the
extract was quantified by Bradford’s method. A fixed amount of protein was

25 mixed with 100 ¢ of the luciferase assay reagent (Promega, WI, USA), and
the reaction mixture was transferred to a 96 well plate in order to measure the

Luc activity with a luminometer (see Fig. 5).
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(5-1) Comparison of efficiencies of vectors usingﬁIL-lra gene
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Toome! ()1 1Ot amine %ﬁ%‘}@r@vﬂ} 35 vjfy, e g MTS vector

f10% & 10 QB

[*10% o@&gﬁ%—)ﬁ %’é&%hmé%% R e ?%l n HppHiEae %@tlmﬁilj%%]/ﬁ%r()@-lgl L
10% & ( enés&tﬁe giré’&@éfeslaf ugr,ﬂ&/& ()v)ere l@eﬁ% emp 10¥1ng the human IL-

10t <1098 &' ()-! n*10%&' () --!d*10% t AWU3d Y7
10! &YYdL%Rzche- m'pa%@%&tmeLh@ﬂ:ﬁ%@sde)’rablmow () L! @10%& ()-L! @10%&' ()-L' -

-Itlviw xIy!l XYNC8 10! 10 10 10l <t 10%& ()- ! >Y‘V<10%& )

YS9 ()-! Al cvgeny wasyoltaid( from peripheral bmd;ymphomes. First,
peripheral blood lymphocytes were obtained from the blood of normal people
by using Ficoll-hypaque, and RNA was extracted and subjected to reverse
transcriptase PCR (RT-PCR) in order to obtain cDNA. The IL-1ra gene
fragment was amplified, using the cDNA as a template and the synthetic

10 oligonucleotides of SEQ ID NOs. 10 (IRAP 5°) and 11 (IRAP 3’) as a primer
pair. The amplified PCR product was inserted into the pGEM T easy vector
(Promega, WI, USA) in order to generate vector pGEM T easy-IL-lra A
fragment contalmng the IL-1ra gene was obtained by treating the resultmg
vector with BamHI/BglII and inserted into the BamHI sites of MT4 and MT5

15 vectors prepared in Efcample 3, respectively. The resultiﬁg IL-1ra expression
vectors were examined togethe_r with the vector MFG-IL-lra_ (Yu et al., Gene
Ther. 7:797-804, 2000)

Vectors MT4 MTS5, and MFG contalmng the IL-1ra gene were each
u'ansfected into Phoemx cells, and mcubated for 48 hours. The cell-free viral

20 supernatant_s were used to transduce NIH3T3 cells. The amounts of IL-1ra
secreted into supematants of tmnsfectedland transduced cells were measured
using human IL-1ra ELISA (R&D system, USA), and the viral titer was

determined by counting the number of G418 resistant cells (see Table 6).

25 <Table 6>

Comparison of vector efficiency using IL-1ra gene

Vector Relative IL-1ra activity Viral titer
Transfection | Transduction
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and the viral productivity of MT5 are also enhanced when it carries the IL-1ra
as a reporter gene.
5
(5-2) Cytoplasmic RNA
‘ To examine whether the results obtained in the Example (5-1) are due
to a change in the splicing efficiency, cytoplasmic RNA was analyzed by
10 northern blotting. ~ Briefly, cytoplasmic RNA was extracted from the
transfected Phoenix cells and subjected to hjfbridization using IL.-1ra gene as a
probe to assess the amounts of genomic RNA and subgenomic RNA. The
intensities of hybridized RNA bands were quantified with a phosphoimage
analyzer (see Table 7).
15 ’ -
<Table 7> .
Composition of the Phoenix cell RNA :
Vector The amount of RNA
Genomic RNA - Subgenomic Total RNA
RNA
MT4 266 (4.5%) 5635 (95.5%) 5901 (100%)
MTS5 408 (10.3%) 3560 (89.7%) 3968 (100%)
MFG 257 (69%) 118 (31%) 375 (100%)
The results show that subgenomic RNA of MT4 accounts for 95% of
20 the total RNA, and the relative proportion of MT5 subgenomic RNA is about

94% as compared to MT4. On the other hand, the amount of genomic RNA
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The retroviral vector’s efficiency in the PG13 cell line which can be
used in an actual clinical trial was examined. Cell-free culture solutions
obtained from Phoenix cells as well as the MFG (control) virus were each

10 transfected into PG13 cells, and G418 resistant viral producing cells were
obtained. ~The viral supernatant of the PG13 producing cell line was
transduced into HT1080 cells, and the IL-1ra activity and the viral tier of the

transduced cells were measured (see Table 8)

15 <Table 8>
Comparison of vector efficiency in PG13 cells .
Vector Relative IL-1ra activity Viral titer
MT4 1.0 1.0
MTS5 7.0 3.3
MFEG 5.1 4.0

As the results in Table 8 demonstfat'e, the viral titer of MTS5 is about 3
~ 4 folds higher than that of MT4 when PG 13 cells were used.

20
Example 6: Construction of vector éontaining MDR
A vector which has the same modified EFla intron and non-coding
sequence as MT5 but contains human MDR gene as a selectable marker, was
25 constructed and designated vector MTMS.
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20 Japan), as a template; the ohgonucleoude of SEQ ID NO. 14 havmg BamHI
and Clal recognition sequences as a 5’ primer; and the ohgonucleotlde of SEQ

ID NO. 15 having Sall and BamHI recognition sequences as a 3’ primer.
The PCR product was cloned into the vector pCRII (Invitrogaﬁ, CA,
USA) to generate pCR-MDR, and it was confirmed by sequeﬁcing analysis
25 that the MDR gene was properly inserted. The BamHI/Bglll fragment was
excised from the pCR-MDR vector, and inserted into the plasmid MSN-IRES

after the removal of the Clal/Xhol fragment in order to generate the plasmid
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(6-3) Construction of vectors MTM4 and MTMS

5 Miul/BamHI DNA fragments containing the modified non-coding
sequence were obtained from vectors MT4 and MTS, respectively, and
inserted into the Miul/BamHI site of MTM vector to construct plasmids
MTM4 and MTMS, respectively (see Fig. 10). Therefore, the expression of
the MDR gene from MTM4 and MTMS is derived by the spliced mRNA.

10
Example 7: Efficiencies of MTM vectors

.To. exémine the .efﬁcieneies_ of vectors MTM, MTM4, and MTM5

obtained in Example 6, the IL-1ra 'gene was inserted into the BamHI sites of

15 these vectors to generate vectors MTM-IL-1ra, MTM-IL-lra, and MTM-IL-
1ra, respectively. Each of the resulting vectors was transfected into 293T

cells together with gag/pol, env expression vectors, the cells were incubated

for 48 hours.
‘NIH3T3 ceIlS, and incubated for 48 hours.

20 transfected cells and the transduced cells Were determained, and the viral titer

The cell-free viral supernatants were used to transduce
IL-1ra activities of the

was measuréd by counting the number of cells resistant to vincristine.

<Table 9>

Vector Relative IL-1ra activity Viral titer
| Transfection Transduction

MTM 1.0 1.0 1.0

MTM4 10.0 3.3 1.8

MTMS 3.4 5.0 2.5
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transductional efficiency. '

To further compare i:he performance of retroviral vector in PG13 cells,

-each of the cell-free viral supernatant was used to transduce PG13 cells, and a

virus producing cell.line was obtained by selection with 25 ng/mﬂ of

10 | vincristine for 2 weeks. The viral supernatant obtained from the PG13

producing cell line was used to transduce HT1080 cells, and IL-1ra activity

and the viral productivity were measured.

<Table 10>
Vector " Relative IL-1ra activity | Viral titer
"MIM 10 1.0
MTM4 ' 2.4 o 02
MTM5 | 11.3 5.5
15
As the results in Table 10 shows, the viral titer of MTMS5 is much
higher than those of MTM, and MTM4, and thus, MTMS5 has an excellent
transductional efficiency.
- 20 As disclosed and verified above, the present invention provides an

efficient and safe retroviral vector which can be advantageously used in gene
therapy. The retroviral vector of the present invention has the following
features:

1. Since all retroviral coding sequences (gag, pol and env gene
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3. Due to the introduction of a sultable mutation around the
heterologous splicing acceptor, delicate balance between the splicing
efficiency and viral titer can be maintained.

10 4. Since the U3 region of the 5° LTR is replaced with a heterologous
promoter that promotes transcription, particularly in human. cells, a human
cell-derived packagiﬁg cell line transfected with the inventive vector exhibits
a marked increase in viral titer.

5. An IRES or a heterologous promoter may be introduced in the

15 inventive vector for the purpose of expressing two or more foreign genes. In
this case, a minimal promoter may be inserted in order to minimize the
interference by the heterologous internal promoter and also to clone a large-

sized foreign gene.
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BUDAPEST TRIFATY ON THE INTERMATIONAL
RECOGNIT[ON OF ‘I Hlx IJILPOS[T OF MICROORGANISMS
FOR THE PURI‘O‘\I:S OF PATHNT PROCEDURE

‘ INTHRNATIONAL FORM

r-Tv:). sunyoung. 'Kim ' : ' ' '
Yangsangt, Ichondang . - RECEIPT IN THE CASE OF AN ORIGINAL
Hangang Mantion ATP 18-302 " {ssued pursuint to Rule 7.1 by the
Seoul, 140-724 L INTERNATIONAL DEPOSITARY.. AU'].‘HORITY
. Korea o : S " “identified at the hottom of thxs page

[. IDENTIFICATION OF THE MICROORGANISM

[dentification reference given by the Acceqmon number given by the
DEPOSITOR. : INTERNATIONAL DEPOSITARY AUTHOR]'IY

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC: DESIGNATION

The microorganism identified under 1 above wits accompanied by: L L Ll
O] a scientific description
O a proposed taxonomic designation

(Mark with & croas wtiere spplicable) - - 37

Lol

M. RECEPT AND ACCEPTANCE . T R

This international Depositary Authouity accepis the microorganiam identified under [ above, which was
received by it on Jul 28, 2000 (date of the onzhml dcpo'ut)‘

" P

. INTER.NATIONAL DEPOSITARY AUTHOM'[’Y

Sy
S AT

.-{ Y--.-‘ l

Name & Korean Culture Center of chroorgmuqms ) :ngnature(s) of person(s) hawmg' the power
) ' 1 to represent “the Tntarmational Depositary o
Address : 361-221, Yurim B/D
Authiority of of authouized official () &

Hongje~1-dong, Y
.-:_Seoda:mun—gu A P I . o] Emgﬁﬁ P
SEOIIL 120"091 ) Date Aug 8 2000 ' o

Republic of Korea o oL ..;-_:. r c:.::
13-*‘1“751%“

1 Where Rule 6.4(d) applies, such date is the date on which the status of internaboBar depositary authorny
was acquired : where a depomt made outsid the Budapest Treaty after the acquisition of the status of i
nternational depositary authority is converted into a deposit uoder the Budapest Treaty. “such’ date is the
date on whxch the mncroorgamsm was recewed hy the Jnterrmuonal depusxtary suthouity.

Form BPM - L . _ Sole page
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[r3r7r8r<r@DryY9bUW410 pc "10%& ()- pc "109%& ()- pc "1098& ()- ) ?e)"pc
"10989& ()- pc "1098& ()- DrIrNrOrPrr,szY8bU410 y!1096& ()30 JAN 2104
a’ &$10%& ()-pc "10%& ()- )?e)"pc "10%& ()- pc "109%8& () -
,sS ttBuuu|[:bU4A10  --10%8& ()- ,$10%& ()-3 L*!10%& ()- & 10%& ()-
"$10%B& () - 3'10%B& ()-uv(v+vivlivimvnvov| [ NA41010$10$10$ | <109%8&' () -
610%& () - Whatdgclaimed1096& ()- 1! 1098& () - 3ov{vvvianwy [ : NA41010
109% 986 & ()- 110% %86 & ()-3 |
1. A retroviral vector derived from ‘the murine leukemia virus
(MLV) vector, comprising . . |
1) a part of the non-coding sequence of the elongation factor EF1a as an
heterologous gene-derived non-cading sequence 'inserted upstream
from the muti-cloning site, and
2) a mutation Introduced downstream from the splicing aceeptor within the
non-coding sequence of EF{a, which replaces the 205" and 206" nucleotides
GT (quanine-thymidine) of SEQ [D NO: 1 with CC (cytosine-cytosine),

said retroviral vector lacking viral-coding sequences. .

2. The retroviral vector of claim 1, wherein the non-coding sequence of EFlex
is the sequence- of the intron and exon 2: of the human EFfct fust before the

translation initiation codon.

3. The retroviral vector of claim 2, wherein the non-coding sequence of EFlo.
has a nucleotide sequence of SEQ ID NO. 1.

4.. The retroviral vector of ¢laim 1, which comprises
1) nucleotide sequences derived-from the original MLV vector that are

5° LTR, the minimal packaging sequence containing a splicing donor

at the upstream of the original gag gene, poly-purine track, and a 3°
LTR;

2) amulti-cloning site;
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1).nucleotide sequences derived from the original MLV ;reétor which are
5" LTR, the minimal packaging:sequence -containing-splicing donor
upstream from the original gag gene, poly-purine track and 3’ LTR;
2) a multi<cloning site;

.3).a part of the-nucleotide sequerice of EF o, starting. from the 3" end of
in'tr.an. ta just before the ﬁaxtslation- initiation ¢edon.of exon 2, inserted
between the minimal packaging sequence and the multi-cloning site;.

‘4) an internal ribosomél ‘entry site (IRES) downstreard from the multi-
‘cloning site; and |

5) a CC base pair replacing the GT base: pairiat-the +377 « +978 site
downstream from the splicing acceptor; and

6) a MDR:gene as 4 selectable marker gene.
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