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acceptor Field of the invention 5 The present invention relates to a
highly efficient and safe retroviral vector for gene therapy, derived from
murine | eukema virus (NILV), which contains a nutated heterol ogous
splicing acceptor and | acks M.V coding sequences. 10 Background of the

nvention_ Ret [ SHgIALERYSrelRovil Vet WhiC coithiis geretieally ) have
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factors hindering a w der use of these vectors is that the |evel of gene
expression_is does not get high enough to give clear therapeutic effects.
The preselieldrofdhednvention ously constructed retroviral vectors that
contains no 20 viral coding sequence and harbors a heterol ogous splicing
acceptior sequence fromcellular or other viral genes (KR Patent Lai d- Cpen

Publ i cati on No. 000-6334). One of . the vect,0o cqpt ai ns ICI n
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Background of the invention

Retroviral vectors derived from murine leukemia virus (MLV) have
~been employed in more than 50% of approved clinical gene therapy trials
15 .(Wiley-The Journal ~ of Gene Medlcme Website;

http://www.wiley.co.uk/genetherapy). However, one of the maJor limiting

factors hindering a wider use of these vectors is that the level of gene

expression is does not get high enough to give clear therapeutic effects. The

. present inventors pfeviously constructed retroviral vectors 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 -

-BFlo 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 depending on the

packaging lines used. For example, when the NIH3T3-based PG13 line was

ﬁsed, viral titer decreased about 10 folds. In FLYAI13 derived from HT1080

cells, there was a 3-fold decrease in viral titer. Results from RNA analysis



WO 02/ 20810 PCT/ KROL/ 01515 indicated that low viral titer is due to highly
ef ficientygBhhdsifd Of the genomc size transcript contai ppepgkeolifisigackagi ng
si gnal sequence. The present invention relates to further | nprovenent of
this retroviral vector by introducing nutations into the region around the
splicing acceptor. 5 Introduction of these nutations nake a retroviral -
vector produce viral titer close to that of the control, while still
producin ' I Q?(iJf']alQRBF' 0 .o r : { :~shoul d .
be much %@gﬂ%&@éﬂ@g than ot hseéggifﬁigyreﬁ%%greiﬁlggﬂfe%% ; dli%lo;um‘rar y.

of the i @%Wﬁgomgmelpgﬁkamgﬁm%qﬁw@t ion is to provide a

saf e and ficient “retroviral “vector that is devoid of the risk of

RCR product i onThé @rédehnt inventivabtelatel toxfrthes improvemernt ofitide retretiralci ently -
whi ch can be used ' in gene 15 therapy. In accordance with the aspect of the

present iveetortby intrédiring nwhatioas intoethearegiter axchd thensplieingiaciceptoreuken a
virus (M.V) conprises 1) a region of a non-coding sequence of the _
el onyat i dntroduction BF theseamutations anske goretrayirad -estor, prodge vial ditersequence

inserted 20 upstreamfromthe I ti,.-clqpin ite, an ) mut.at i on

i nt r oduc dosgodp sthaé a0f fthérr%lh@oﬂgwhé]ienﬁuﬂcP yeing vﬁ%gil ﬁeYaé ﬁg’-ﬁg@@di ng

sequence of EF|a. | ef ,desgr.i ption of e draw ngs The_ aboy, )

ment i one #XPEGREIGN: heFhersiore, &Hﬂ Q’PE@F&B@@ ¢ Wéwwgg%ﬁcvﬂ%m'%ﬁ% i

beconme apparent. fromthe foll ow ng descriptions of the 2 W 02/20810
1B Teavirl gite ing

PCT/ KROL/ ff4P%ken in conjunction with the acconpanyi ng
drawi ngs; which

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 present invention, the retroviral

vector derived from the murine leukemia virus (MLYV) comprises
1) a region of a non-coding sequence of the elongation factor EFla

as an heterologous gene-deri\}ed 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



respectively show Fig. 1: the sequences of vectors MIl, 2, 3, 4 and 5,

each havi ngyagrgz/fpsigit ati on i ntroduced in the non-codi ng sequegeRr10$15
contains a region of the .intron and exon 2 of the human EF 1 a gene

inserted into vector pMN-El; Fig. 2: the procedure for preparing M1;
F.g. 3: the procedure for preparing M2; Fig. 4: the procedure for
preparing Mr3; 10 Fig. 5. the procedure for preparing wild-type MI4; Fig.
6: the profRAutien’ Gikedr Qﬂaéd_ngﬁn&ﬁén Wwith the adsmgjmﬁﬂgr drdwings; ewhidlng a
vector which contains a luciferase (Luc) gene; Fig. 8. the procedure for
| RES gene rdspectieelyshow:g. 9: the procedure for preparing the MM vector
whi ch has an MDR gene as a sel ectable marker; Fig. 10: the procedure for
preparing vectors MIMA and MIMb, each having an MDR gene as a sel ectable
mar ker, and a nodified EFla non-coding sequence. 20 Defail ed descgription
of the inventioFighd: the sequencescof veatoss MIde2,ah 4and gureiaﬁb hastingé a
virus)-based retroviral vector that does not ha&g an%i viral -codin

sequefices BuMtatioR introdngedcin the nonrgpding sequense.chal cgntains, afegion Ogﬂéﬁ

Suppl'y o SR e 56k B the Huteerh ERch v insrrted anorestobRBEINER £ om  he
Sequence of EF B #rilersopidus P ARRABR NS on coding sequence”
describes a gengfLC3. the procedure for preparing MT2;
' Fig. 4: the procé’dure for preparing MT3;
10 ' Fig. 5: the procedure for preparing wild-type MT4;
Fig. 6: the procedure for preparing MT5;
Fig. 7: the procedure for preparing a vector which contains a luciferase
(Luc) gene;
Fig. 8: the procedure for IRES gene cloning;
15 Fig. 9: the procedure for preparing the MTM vector which has an
MDR gene as a selectable marker;
Fig. 10: the pr‘ocedﬁre for preparing vectors MTM4 and MTMS, each |
having an MDR gene as a selectable marker, and a modified EF1a. non-coding
sequencé. | |

20
Detailed description of the invention

The present invention provides an MLV (murine 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



region containing an intron and exon regi on which can be transcribed but
not 5 tragssalses- Particularly, the non-coding sequence pérRRofoistst he
retrovirus vector of the present invention is derived froma hunman 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 eoti de sequence of SEQ 10 ID NO 1 which corresponds to the portion

of the h @g\ ? 3" end to just before the translation.
initiatio o 8{ ap0|nt of transcription initiation codon ,

of EF I a gene is taken for +1, it corresponds to the sequence from +773
to +1006). The inventive retrow ral vector also has a nutation introduced

in the 15 hetlarthe pgesent davention,“aambrmrcodingdequencsildesceities aogetmmico
acquire an optinum bal ance anong gene. expression, splicing, and

trans! at regioh contdinirigean iirtron land exatersgier Which gan thestranseribeshbuicaotr s
downstreamfromthe -splicing acceptor, specifically just behind the

spl iki ngtm\slam . It has been 20 confirned that the sequence surroundi ng
the splicing accept or, in partlcul ar, the seqégnce_ of the exon region

adj acent to trléarﬂgulaﬁ b heseaasin ﬁlsﬁ@éené?ﬁo b the tsirovigs ocon ng. A

?gﬁéﬁ{ﬁﬁﬁmﬁp“'f” ghtiaias (enved Swh & Tihat S88, - 1 Gorfidihg A Bhies et@?t el y)
[ S

omi 1T dHOR BB 55389899%% Tt etk UCRERES ?f*k*gﬁ*‘bﬂase
Sirey  at tpigtiofl cOfoBat R, BAGHERRBL Rl The i diSeqiepUTIEQY oni ng
sitgy for IHROPY iR SbrrE3piistotHe PoPLoH of T RuARnCEBPagsedfSfrom the

3’ end to just before the translation initiation codon of exon 2 (if a point of

transcription initiation codon of EFla gene is taken for +1, it corresponds to
the sequence from +773 to +1006). |
The inventive retroviral vector also has a mutation introduced in the
15 - heterologous :geﬁe-derived 'non—Coding sequence in order to acquire an
optimum balance among gene"_ expression, splicing, and translational
efficiencies. ' |
It 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 a_éceptor plays an
important role in splicing. A preferable mutetion, 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 i)resent invention may further be comprised
of a heterologous promoter or IRES (internal ribosomal entry site) at the



Furthernore, U3 in M.V-based 5 LTR of the inventive retroviral vector, or
a part thegx®péao8Ry be replaced with a heterol ogous pronot epcr/riifoesgr abl y
the HCW | E (human cytonegal ovirus i medi ately-early) pronoter. The
inventive retroviral vector may further conprise of- a sel ectable marker
gene, e.g., NEO (neomycin resistance) gene, and MDR (multidrug resistance)
gene. The use of the human MDR gene as a sel ectable marker 10 may be

advant ageodgwhStrb&iat of ithe SmaRi-tldfing siRAfer thedpafpede of @Xipredsine twoddor
prevent harnful side effects, such as CIL (CytOtOXIC T | yinphocyt es)

reacti ons. nore foreigh peaésor "Wl d-type vector” is used as a control to make
conparisons with the 1nventive retroviral vector that has a nutation. The
wild- 15 type vdirtherimorep s sind MEVebased n®tliTR dofHdhe inventiee EBtroviral

non- codi ng sequence at the upstreamof the nulti-cloning site in order to

i ncrease tWectggner aparkshersof) may beyrepleced (Wlﬁhj & fheterohog@izsp goomiotsr, Used
in the present _inventign as a_control is the w type, M4 which has_the
fol | odi ng pecfoeably theoRGMYn IE g{humamocmrneg@&@wwmgnme&hatphéear y)
retroviral vector provided by the present invention contains 1) nucl eotide
sequences BEMPOEE. from the ori gi naI M.V vector that corresponds to the 5

LTR, the m ni mal,packagi uen ont ai_nign h t h li.cin

t he upstream of %ﬂ?‘%aFglg% a de hanay, 13 IHféset pg@kse 5&%‘%513 f

LTR 2 ol EF
N o) are Pisker éﬁﬁﬁhﬁ%;ﬁ%ov@f@iﬁﬁé %ﬂﬁgﬁ%@&%éﬁf DR ARG

t O just beloigahl &ik!s! The Uke' Of tHePhtMan VAR Séne as a selectable marker

10 may be advantageous in that it is easy to prepare a producing cell line and
prevent harmful side effects, such as CTL (cytotoxic T lymphocytes)

reactions.
A “wild-type” or “wild-type vector” is used as a control to make
comparisons with the inventive retroviral vector that has a mutation. The wild-
15 type vector is composed of an unmodified part of the EFla non-coding
sequence at the upstream of the multi-cloning site in order to increase the gene
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.
20 An ideal example of the retroviral vector provided 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 onglnal gag
25 | gene, a poly-purine track, and a 3° LTR;
2) amulti-cloning site;

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



exon 2, inserted between the m nimal packagi ng sequence and the

mul ti-cl Q@ kge; and 4) an SVA0 m nimal pronoter or anphpikSol#sis

ri bosorralwgﬂg%o?hii te 5 (IRES) downstream of the multi-cl on?ng gllﬁit e only
when a second gene expression is required. Mire preferably, the present

I nvention provides a retroviral vector - M5 conprising 1) nucl eotide .
sequences derived fromthe original MYV vector which are 10. 5 LTR the

TNl Rl Packag! ngrReHEE S 1A R WerbRe 1P iahAGod BMad) cblien 1St Team

of the original gag gene, p rrne track,

mul ti-cloning sitgon3) fMsbAéd befwddittHe plifhaldsacks! wincERind, thehi ch
starts fromthe 3" end of the intron. to jusﬁefg@m transl ation
initiation codon mligstohiRg sitéSandiserted. between A he mininal packaging
sequence and the multi- cloning site; 4) an internal ribosomal entry site

(1 RES) downst 4dararf SV40 hminitial ipromioter 0g i tinternald ribpsemal endse sitai r

repl aci ng the base pair at the +977 N +978 site, 20 downstream of the
spl isci ng” accept or(IRBS)alowamistream woiff dhe mulki~cloning siteonly swhes arsesondi n
detail. 1. Construction of MV-based retroviral vector MN-El having no 25

viral coding seqlgﬂnﬁe@(mﬁ%ﬂ%lﬁmﬁﬂﬁé-the non- codi ng sequence of human.
EFla Procedures for preparing the V: based retraviral vector, MN that is

6 WO 02/ 20810 Meore meﬁqre 1 308 RGP Y %P!%‘Bé?%ga FEGOVIERL, VER® 01 gene
sequenceslI ﬁnd M N-.El that contains the non coding sequence of the human
EF 1 a aMTASOMPIINBEM of the o :

1) nucleotide sequences derived from the original MLV vector which are
10 5 LTR, the minimal packaging 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) apart of the nucleotide sequence of EFla., which starts from the 3’ end
of the intron.to just before the translation initiation codon of exon 2,
15 ~ inserted between. the minimal packaging sequence 'and the multi-
cloning site;
4) an internal ribosomal entry site (IRES) downstream from the multi- -
cloning site; and : _ . .
5) a GC base pair replacing the GT base'pair at the +977 ~ +9_78 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

EFla

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

6



multi-cloning site of vector MN are described in the KR Patent . Laid-Open
Publ i cat i ogyd\a/208RP0- 6334 in detail. 5 The structural charagigfitshjossisof
the vectors MN and MN-ElI are as follows: Vector MN contains 1) the
non- codi ng sequence just before the gag coding region, containing the 5
LTR and the splicing acceptor of the MLV genone; 2) a nmulti-cloning site;
3) IRES-neo cassette; and 4) a 3' non- 10 translation region, poly-purine

~track and 'vdizi%fiitm%gtcto g;gggy@ﬁv%d %ﬁ%&;@ﬁﬂéﬁ@cgwm-m tBEQ | D

NO. 1, which corresp Sequenc la intron and exon 2

- just bef or orithns! fiRNSdiitcbihg séq\ldehaéldﬂthéqsiﬁﬂan'EEﬁitaNhé tream of thde
multi-cloning site of vectorr MN. 15 2. Efficiencies of refroviral vectors

~having a naudtiadonimgssite oforctorf MINLare deseribed in the &R Patent Lasd-Qpen

generate the optim zed retroviral vector, delicate bal ance between

" transcri pt Publicatioh Na. 2600¢6334 incdetatly i s required for the efficient
expression of 20 a therapeutic gene in target cells, The |ev of gene

exprefsi on of r diheosirneturaleeharactoristics afsthe weqtersy MIlN nd Mﬂ\ﬁ It 8%

vector M N_(KR Patent Laid- Open Publication No. 2000-6334) in such a

packagi ng laws:i nes as Phoeni x, 293T, F yAl3, and PGL3. However, vector

st {2 SN S 1 Sl B s

s P Lqal bt St YOV IR ) R B
| ' ) hikal 2% i 0 15

95Tl EphiRidadbtal o) e b CUBHAPRIR B RS

3. Constru ctor's ctontal ning no codl ng

sequgpces &Enﬁﬁﬁénl%gﬁn'?pb[y-ﬁhﬁﬁé thgekfafld 8t L TR Gnahaverdegnt i oned need,

nodi fied retrovira
- Vector MIN-EI has the sequence of SEQ ID NO. 1, which corresponds

to the sequence of the EFla intron and exon 2 just before the translation

initiation codon, inserted upstream of the multi-cloning site of vector MIN.

15 2. Efficiencies of retroviral vectors having a non-coding sequence

of EFla in various packaging cells

To generate the optimized retroviral vector, deli;: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 franscriptional 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.



vectors are constructed by way of introducing a nmutation around the intron
and the ol acceptor of the EF1 a gene of MNElI. 5 ors

t hat mer?p%g%g@?%ct ed in the present invention are: 1) Nrrg?h{?mﬂdié’ygﬁg no
mutation is introduced at the splicing acceptor and 10 the region
corresponding to exon 2 of EFla is deleted; 2) M2, wherein a nutation is -
I ntroduced downstreamfromthe splicing acceptor and the region
corresponding to exon 2 of EF 1 a is deleted; 3) M3, wherein a nutation
is introduced upstream fromthe splicing acceptor and the region

cor r espondi ng 3,0 CHRfrFctvn "%Tli‘efr%viﬁIDVé&br&%dﬁtaiS{?iﬁaTgnodiﬁéd thgnpe

havi ng no nmutation at the splicing acceptor; and wherein a

nut at i onehdim: §é(ﬁ§gm§0g@p§irgeﬁmfrom the splicing acceptor In. the

cases of usi the luciferase™gene as a reporter gene, nodified 20 vectors
MIl, 2, and 3 show a reduced viral titer than wild-type MI4, but vector

MI5 gives 2 - 3 folds higher viral titer than wild-type Mr4. The  splicing
ef fisci ency of meorder NMosfulfills she whove-mentionedt newl,- matifiedesetrovizal t hat -
of wild-type M4, however the total ,amoynt, of the gene expressed. i ncreases
due to t NeCkommaRs canstrveipd iy a¥ay Of inTadUGiRg ;auHeRon; 25opRg teiRtrons -

|t er | euknd the plichedeoanion g e BRI vt MINB et ead of tho 1o, f or age
Tdent i 1 ed as S oo gl e Coparicd i feareritrinpeliion SECT M S
ng ltp h vector a@wﬂ%@‘@s@%&!@%&%ﬁ%@n bR stk plich AR A o o
Culigir e GEitdhof bolleGaitifRt #Bn 0BT 18/Ts Bileted® 2000 5 (Accession

2) MT2, wherein a mutation is introduced downstream from the

splicing acceptor and the region c‘orrespbnding to exon 2 of EFla is deleted;
3) MT3, wherein a mutation is introduced upstream from the splicing
acceptor and the region corresponding to exon 2 of EFla is removed;
15 4) MT4 is a wild-type having no mutation at the splicing acceptor;-and
5) MT5, wherein a mutation is introduced downstream from the

splicing acceptor

In the cases of using the Iuciferase gene as a reporter gene, modified

20  vectors MT]1, 2, and 3 show a te_duééd 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 MT5 is somewhat lbw, 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 is also _obsérved with vector MT5 carrying a human
interleukin-1 receptor antagonist (IL-1ra) gene instead of the luciferase gene

as a reporter gene.



4. Construction of vector MIMb containing the nodified EFla non-coding

sequence aw eddssfie! ect abl e marker gene 10 Vectors carryi ngpihscrvd/oedis VOR
gene as a sel ectabl e marker gene have al so been constructed and desi gnat ed

as MIMb, which give an excellent transduction efficiency due to their
enhanced viral titer. The present invention is described in detail in the
exanpl es below. 15 It should be evident that the foll owm ng exanples are

i ntended to furtﬁg{?’ é}aéfr%ﬁms ‘é?tiﬂ@nﬁﬁ@a%t aiﬂﬁ‘ﬁfd[',t_..'k% K%éélhp_l{haﬂ 'gﬁwi'ﬂeg its

scope. Exanpl es ficirency of vector ‘NI i n varil ous

packagi ng B Idvel'®F gefie! ssich k8RSl h9Righ vial €tér CIZB6Y stfaiy IMDO9

M N-EI, containing the intron and non-codi hg sequence of the EF | a gene

i n vari oustmasfrgiedowithVectdr NEES habbegs desipnatetbas MT5@M) anddeposiaed t i t er

was exam ned using commonly 25 used packaging cell |ines such as Phoeni x

(ATCC SD344BthdVKoresnCultiieyGestet @fsvEcroprganisms XKOCM) on6cPuly72& 0200086,
1995), and PGL3 (ATCC CRL10686, MD, USA) cell lines. 9 WO 02/20810

PCT/ K&OL/ 0{Aceession Namberd KGCVEAD208).un et al ., Gene Ther. 3: 780-788,
1996) were enployed as controls. MN-EI-CAT and M N CAT were constructed
by inserting the BanmH fragnment of the plasmd pCRII-CAT (KR Pat ent

Application No. [1998-24478), cqgntaini (chl qr pampheni col.. .5

acetyl transfera )EQBEE“Q"HPO 02 h@%ﬁﬂﬁl’%ﬁoﬂﬁm&g#‘@ mqqhﬁﬁdaﬁé“lm N,
fragment * oROBcetdibg einencs ook ROpRESHEHAbI wsKel 380, "V (Byun et Al .
Gene Ther. 3. 780-788, 1996). Phoeni x andFl yAl3 cells were each transfected
with vector MN-ElI- 10 CAT, M N CAT or MFG CAT, cultured for 48 hours, and

the gpotein ext rMaghors carrying the human MDR gene as a selectable marker gene
| have also been constructed and designated as MTMS, 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-EIL, 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
CRL10686, MD, USA) cell lines.



fromthe cells was used to neasure the | evel of gene expression. Cell-free
Virus wa gd by filtering the cell culture supernat gpgggdi .

0. 45 ui n%vﬁ ?’t%e%rr1 paper. After 2 sets of NIH3T3 cells were transdgced W th
the cell-free wviral. supernatant and incubated for 48 hours, | set of

Nl H3T3 cells was 15 enpl oyed for neasuring the CAT activity. The other set-
of NIH3T3 cells was used for determning viral titer and transduction

ef ficiency by f@P‘G r table 1
and 2). In the casmaBgl celq? 0 ucerl’lq?éhn;ésmv\g’ree?giesr?g?g?eid g obt ai n,
the Virggey S(‘)%‘i{iﬁ!é?@g'ds E6ntrdROS VIONEEL-CATS tndi MINUCAA were Qondfrubied

afns

transi ent ection nethod in PG 13 cells. Namely, about 0.1 mo.i
of the cgyl irfsefting ithe SBomEH tusf ribe Fplasmidk pCRIBCAT ¢KR |Ratet t o
i nfect PGL3 cell s and. the 18 resistant cell line was sel ected after

treat rrentApplidahGﬂ18Nmr 21998:24478)Thecanthining ee CAT al (chlproamphenicalas used
to transduce 2 sets of HT1080 cells. They were incubated for 48 hours, and
subj®ct eacetylicasferasehgens, inte ther Bumik sﬁemﬁgawtqrerN FsamdeMINy y (see

tlgi'&%d?gfgs‘ﬁ%éu%m?{gé&géXlgﬁfﬁéﬁwﬁﬁc&i@b e 1y RSHINABS ﬁeggﬁiffe- -.
% {.

0. f25 M ofgaf’ﬂgﬁf %‘501 h&ﬁT&qT%%c@Sqaé}c&?MZﬁgfd egnflr 565 S : dlﬁllc?l ng'

3 Al

2t 60 C AByun Sl Cese e an  Fo g, lﬁé@%ﬁﬁiiiyl 2o, the resulting CE?T' R

extract was su ngﬁ&daﬁfpgﬁﬂiﬁ'cfeng Bgriihﬂ%f@éte&%vm% ERIP MEN-BR.
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i1 e 8 e it gty e
virus was prepared by filtering the cell culture supernatant through-a 0.45 £m
filter paper. After 2 sets of NIH3T3 cells were transduced with the cell-free
viral supematant and incubated for 48 hours, 1 set of NIH3T3 cells was.

15 . employed for-measunng the CAT activity. The other set of NIH3T3 cells
was used for determining viral .titer and transduction efficiency by counting
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. Naniely, 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-
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10 chl or anpheni col was extracted with ethyl acetate, and concentrated under
a reducedywry @gsiMic. The residue was resuspended in 15 pt ofpcgiknoeesst ate,
| oaded onto a thin |ayer chromatography (TLC) plate, and devel oped using a
sol vent (95% chl oroform 5% et hanol). The TLC pl'ate was dried and then
exposed to an X-ray filmor brought to a phosphoi nage anal yzer, so that the
1.5 acetylation |level of the chloranphenicol could be neasured. The CAT

activity \BRfERAS gﬁr}pﬁgegbhrﬁ?'ﬂiéﬂ ?&éd%?eﬁﬂﬁd iRd.23CM Gt Tﬁrsaﬁﬁﬂeptth?.sgb

acetyl at ed h hicol to the total chloranphenicol. <Tabl'e 1> _
Conpar i sonThE cells wedte!l9ked bytway oficonidaoting Brfrébxingi(in dey-licojethaning¢imt i ve .

CAT activity* Viral titer ransi ent- Transduction transduction. Transient,

St abl e 'M N370® vaer bath)l cPcleb) NATker3hédling 8t 60.C for0D minuitds € Madidvate . 00. 2
1.10.3 0.4 0.2 1.0 0.3 *: Based on the CAT activity of vector MN

(r adi oact i thet deasktylass; tthe aesulting celbextrantivas subjactedcto cantrifuge spinning

chl or anpheni col %i 11 WO 02/20810 PCT/ KROL/ 01515 As can be seen in Table 1,
when dsi ngaPhy000 xparforsl Qminutese vad theysunsrnatanh wastgallected. a cThe protes:

i ool et o Bt oelod B R ™
vector s, aREPtERL s RIXSR IRk HAPtacer dHpiPambRsiop} 150 HEIRBQL B cel
O rectl Y TR 2,08, SPBEG RS 140 o SR MRBAESE ©
0.25 M Tris buffer (pH 7.5) and then incubated at 37TC. After the reaction,
10 cMorampheMéo_l was extracted with ethyl acetate, and concentrated under a
| | reduc_ed_:__pressﬁre. The residue was resﬁspended in 15 @4 of ethyl acetate, |
. ~ loaded onto a thin layer chromatography (TLC) plate, and developed using a
” solvent (95% chloroform, 5% methanol). | The TLC plate was dried and then
~ exposed to an X-ray film or'broﬁght to a phosphoimage analyzer, so that the
15 | acetylation level of the chlorémphenicol could be measured. The CAT
activity was measured by calculating the radioactivity ratio of the acctyléted
chld_ramphenicol to the total chldramphenjcol. | |

<T a_ble 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 3.5£04 ° | 33104 3.0+0.6 1.1£0.2
MFG . 1.0%02 | 1.1x03 04102 1.0£0.3

*; Based on the CAT activity of vector MIN (radioactivity of
acetylated chloramphenicol/radioactivity of total chloramphenicol).

11



Vector Rel ative CAT activi Viral titer Transient- Transduction
t ransducty sient Stable MN 1.0 1.0 1.0 1.0 MN-EI ;ggo.l

PC 01515
2.20.5 O%@%IJSE}EG 1.70.3 080.2 0.50..1 1.1 0.2 10 <Tabl eéyg%&o/nparl son of
retroviral vector efficiency in PGL3 cell Vector Transduction Viral titer
Transient Stable MN 1.0 1.0 1.0 MNE 0.8 7.00.1 MG 2.6 2.9 1.0
However, when using FlyAl3 (see Table 2) or PGL3 (see Table 3) as a 15

packagi ng cel | zLi /is | ye 3] ' I Mgone.
third to. one eérﬁb%?sﬁé{l%!é EA Wl%frn %;ﬁ"g@ E&arrpﬁggn%:eas\/i@‘ﬁgf %ogucti vity
of M N 0 ' MIN‘-M'W 324 foldsShi ' that af (I ance
wth th?eﬁ%sﬁ%’%gﬁ%ﬂgc? KROL 015%55/Bpa?kfg};i ngg(l:igF{It]ﬁflitrygtused, nort hern
bl ot ti ngoANIFG: eSTHRY mggswﬂmdt_he':génﬁ exprossivnl effidienciNE MINBEE xisr act ed
from Phoenix cells transtected with" MG and M N-El, respectively, and al so
f r om PGlgupegidraorthatiof thegotlless. arlTherbiviereino significant\chiapges i wizal titer

Guani di ne 't hi ocyanat e-cesi um nethod as 5 follows: Cells cultured in a 100
nm & sh amongvthsse vectarscand thusprise ameassredCAT agtivity dfrthepiranssuced| ut i on
was added thereafter. Upon_becom ng transpareni,.the mxture was

honogeni MEH3TS; eg]l diregtly mefdectp the gene expregsion efficiency. '

<Table 2>

Comparison of retroviral vector efficiency in FlyA13 cells - |
Vector : Relative CAT activity Viral titer
Transient- Transduction
transduction Transient Stable
MIN 1.0 1.0 1.0 1.0
MIN-EI | 4.5%0.7 0.61+0.1 22£05 0.3%0.1
MFG - 1.7+03 0.8+0.2 0.5+0.1 1.1+0.2
1 0 . .
<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 01
MFG . 2.6 29 1.0

However, when using FlyA"13 (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
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pol yal oma tube (Beckman) containing 2 9 of 5.7 M CsCl2, and centrifuged at

20, 29, 000wopmneio 16 hours to obtain an RNA pellet. The RNpciatr®Aj1d@ was
di ssolved in 150 pt of distilled water contai ning DEPC, and subjected to

et hanol precipitation to obtain 50 yt of RNA solution. 20 gg of RNA was
m.xed with 20 ,u.2 of formam de, 10 ,ct2 of 37% fornmal dehyde, and 10 / of
10 X MOPS. The m xture was heated at 70'C for 10 m nutes, and subjected to

Sk P ophskaRifg I REFUSHA HEnAGT ORIk ityech y R Birtoe el
sol uti on (gytypNiahic RNAMwREextlagidd fom) Flfenixd eells Mumfoctdd svith MFEH RNA

was separat'ed, transferred onto a nitrocellul ose nenbrane using capillary

neans, andahd MENSE]LSfespettively, hadr alsoAfroes BGES ydellsdpreducing VMRG t dxed
ExpressHyb hybridi zati on solution (O ontech, 20 USA) at 651 C for 30

m nutes, tNENHBI; qespdotivedy upimgr e Guaniding d¢hioeyahatescesiytnr mbthadi as
reaction using isotope-|abeled CAT DNA fragment. The nitrocellul ose
menbr dne whodlomasih e Cellgicndtoned in a 100fmer dishrwrerexwashet twicerwith BB andi3n  and
the resulting bands for g)enorri c RNA and subgenonmic RNA were each
quantifi edmév ofi guamidinm builere sahion, avas cadderh phereatteco fpen sbecamingua -
conposition accordin tggﬁacka%i ng cell ljines .13 WO 02/20810 ]
PCT/ KRO / 0#8ASPa5ERke nf fur; Was moraogetized | yingR (yringse RAED Nt Rna
Vector The nt af, R Mo, Subgeno. 5 Toj al eno., Tot al RNA
R R RO PRISTHR GubS A BeekTiEn crpRISE 238 S5 7R CoCh R et a7og
100% at 20°C, 29,000 rpm for 16 hours to obtain an RNA pellet. The RNA pellet
10 was dissolved in 150 uf of distilled water containing DEPC, and subjected to
ethanol precipitation to obtain 50 z¢ of RNA solution.
20 g of RNA was mixed with 20 ¢ of formamide, 10 #¢ of 37%
formaldehyde, and 10 zf of 10X MOPS. The mixture was heated at 70°C .
for 10 minutes, and subjected to electrophoresis on a formaldehyde-agarose
15 - gel at 50 mA. The gel was successively soaked in'50 mM NaOH, 10 mM
NaCl for 10 min and 20X SSC solution (3 M NaCl, 0.3 M sodium citrate) for

45 minutes. The treated RNA was separated, transferred onto a

nitrocellulose membrane using capillary means, and fixed at 80°C for 1 hour.
After prehybridization with the ExpressHyb hybridization solution (Clontech,
20 USA) at 65°C for 30 minutes, the nitrocellulose membrane was subjected to a
hybridization reaction using isotope-labéled CAT DNA fragment. The
nitrocellulose 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
<Table 4>

Comparison of RNA composition according to packaging cell lines
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M N 187 2834 3021 M N 22 388 410 EI (6% (94% 100% EI (50/6) (95%
(1009 *x s§Pr esents the ratio of respective genonm ¢ ENfxReflysyPgenom c
RNA to to %fﬁ/ﬂ{\&pAs the results in Table 4 shows, the splicing e?f;l%c)i ency
of MN-El 5 does not vary significantly with the packaging cell lines. In
the Phoenix. cell. 1line, MNEl synthesized a considerably |arger anmount .

of subgenomic RNA than MFG and exhibited a generally high transcriptional .

| evel . This resul Phoeniglcellisnevhy M N-El| shows a W@SIwﬂaﬂn@f gene
- expr eSS'_OVecﬁ?V\‘?VEFg‘hbfbm(Sﬁﬂ el 'V&%fort ne t Thesmhomit GFRNACti ity .
of M N El was signtfreg 10" ELIu 1 while 11 ||§$|§érﬁr 0-1& ylwas
mai ntai ned at gb Q'ha]gé’;’éﬁn?'e el O@S in the P%@i) J%N ’nle. s| the |
absol ut ¢ amount| dANdenpri BNAA | b&MAe || ow. whl € qul BINA n b RNhcdion.
in viral wEFe .| Nasgl y| irlighe L’ho}z’iﬁx caMFG i pe24effli ci 3@ sp|] i 880g ¢ccurs

by the fgtion“_o@glb)‘;’a: n_t(gq_) yan ,(TGO%)O'di Ng Senrs3%y of (37%)EF (ngg%png,

gi vi ng ot +5—-s renpnt A A ETIOT o RINE, ST T T NGhHAase

| evel o 2 xpﬂgzsi an.z eo e?OZ; gé\&?ﬁfc ng synt f i s %%H,l tated
by a hi gh Bl ansct6®) i bndP4%) i vi(d00%)He EY a| | 1(O¥e) Y03 rpi GKOGYo) iy :
However, in FlyA ' Hya] Fe] r icently, -
giving a large rﬁgﬁgefanp%%ﬁ%#fgu gelﬁgﬁiggﬁ&ﬂg?%%t egﬁlcj)gég{dngiﬁnunt of
genom ¢ [ uced significantly resulting in lowviral titer.
Exanpl e @&éotéstto?éggliq%n of retroyiral vector having both a nutation at 14
WO 02/ 20810 PCT/ KROL/ 01515 the EFla intron and a non-codi ng sequence In
order to develop an inproved vector drive a high level of gene expression
wi t hout conpr oAssthegresuital int Talsle, 4tshows,tthei splicing efficiendycefi MIN- e

mai ntai n delicate bal ance between splicing efficiency and viral titer. 5
5 does not vary significantly with the packaging cell lines. "In the Phoenix cell

line, MIN-EI synthesized a considerably larger amount of subgenomic RNA

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

explains why MIN-EI shows a high level 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 genomic 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. gene, giving more

15 subgenomic.RNA than genomic RNA, resulting in increased level of gene

expression. Moreover, as genomic RNA synthesis is facilitated by a high

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

and PG13 ceil 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



mut ant vectors were constructed by introducing a nutation into and around
the intronyapgh/su8jd Ci Ng acceptor of the EFla gene of M N-El pcgfigrotiogsisl)
1) MI1 wherein no nutation is introduced at the splicing acceptor and the
regi on corresponding to exon 2 of EFla is deleted; 10 2) M2 wherein a
mutation is introduced downstreamfromthe splicing acceptor and the

regi on corresponding to exon 2 of EF 1 a is deleted; 3) MI3 wherein a

nut ati on i@ e Bif16ChRESn Y 4 508 cddin® dedfaehiee’ Ci Ng acceptor and the region
corresponding tO EXO0M Z 0 2 oved, 4) M4 is a wld-type having
no nutati-on introduced at the splicing .15 acceptor; and 5) MI5 wherein a
mutation is introduced at the downstream fromthe. splicing acceptor (3-1)
Construction of Iiidrde?GoTdevslop tan dtapblved ReBtoradrivenallighdevel of géresni d
PM N-EI' (KR Patent Application No. 1999-23398) as a PCR tenplate and the
synthet i c expressionowithoutl eempromixing [vited. tite¢, e jmuation wasl ditroducedato a
primer pair. 100 A of the PCR reaction solution containing 200 ng of the
25 t efipl atmapitaimidelionte hadance betwesn aipliciag pefificiency( andpivinal Jiterwad

subj ected to 30 cycles of PCR anplification reaction, each cycle bein
conduct ed Mytant ¥eqtorse were sonslrueted Ry ﬂﬂB’PaBﬁ}lg a tadion into E?E‘dle@m‘m‘?

E;QP?ELL " heiiBhpn ad epTiciAg asseaor P6iAa FR)peic et VHNER GeeFigon ves
[ M, T . I

Fragnent vas didca e e ffafont 5, Rtfghoed] atciig otcidf &bty
generate MiL r(e%ﬁ?n cérrgéﬁbnﬂg to exon 2 of EFla is deleted;

10 - 2) MT2 wherein a mutation is introduced downstream from the

-

splicing acceptor and the region corresponding to exon 2 of EFla is deleted;
3) MT3 wherein a mutation is introduced upstream from the splicing
~ acceptor and the region corresponding to exon 2 of EFla is removed; ‘
4) MT4 is a wild-type having no mutation introduced at the splicing
15 . acceptor; and
5) MT5 wherein a mutation is introduced at the downstream from the

splicing acceptor

(3-1) Construction of MT1
20 o

To cﬁnstruct 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 ¢ of the PCR reaction solution containing 200 ng of the
25 template plasmid DNA and 1 gf 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



(3-2) Construction of M2 Mr2 was constructed by PCR as in the Exanple
(3-1) usi 10 plasmd pMN-El as a PCR tenpl ate andpé&Pgrd tic

ol i gonuclvgg'?%/ eéo of SEQID NO 2 (E15') and 4 (E13'-2s) aséa prlylﬁfé??pai r.
The PCR anplified fragnent of the EF 1 a intron having a nutation

I ntroduced downstreamfromthe splicing acceptor was cloned into the pGEM-
T easy vector (Pronega, W, USA), and the Mlul BanmH fragnment was 15

exci sed [ ' -}%p %Eﬁi f pM N to generate M2 (see
Fig. 3). a@@@%ﬁ?@r%@ﬁ%@%‘f 3 @g V\%isbl@bnst ructed by PCR as in the,
Exanpl e (3-1) WUstdp 'é&%éﬂt'\bﬁheaEFiaPﬁ'ﬁ'dneW@b%lénéd'%%e
synthetic oli gonuclqg%{mlgﬁg‘?ﬁ lD NO.5 (EI5S'm and 3 (E13'-Is) as a

pri mer pHGEMI TeeddgRvectot i(Pratefs AWk r’(tTSAP,_ thiee Miul-BamHi t fragmbent iwag a
nmutation” introducéd upstreamfromthe splicing acceptor was cloned into
vect or pekbisedand insated frtorthe A7l BanBAsitecofipMAN tol geraatd MTh(seent was
excised and inserted into the Mul-BanH site of pMN to generate MI3 (see
Fi g5 4). Fig. 2)D 02/ 20810 PCT/ KROL/ 01515 (3-4) Construction of M4 The

wi | d-type vector M4 was constructed by PCR as in the Exanple (3-1) using
the plasmd pMNEl as a PCR tenplate and the synthetic 5 oligonucleotides
of SEQ ID NO 2 (E15')) a (EI'3' -11) as a priner pair. The PCR anplified.
f ragnment (@'fz)t(ﬁ’éﬂﬂw‘éﬂml’m?m%as cloned into vector pGEM T easy (Pronega,
W, USA), and the Mul Hincll fragnent was excised and inserted into the
Mul Prel site of pMIN-EI to generate MI4 (see Fig. 5). 10

MT2 was constructed by PCR as in the Example (3-1) using the

10 plasmid pMIN-EI as a PCR template and the synthetic oligonucleotides of
SEQ ID NO. 2 (EI5’) and 4 (EI3’-2s) as a primer pair.

The PCR amplified fragment of the EFla intron having a mutation

introduced downstream from the splicing acbeptor was cloned into the pGEM

. T easy vector (Promega, WI, USA), and the MZuI-BdeI fragment was

15 excised and inserted into the Miul-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 EFlo intron having a mutation
introduced upstream from the splicing acceptor was cloned into vector pGEM
25 T easy (Promega, WI, USA), and the Mlul-BamHI fragment was excised and
inserted into the MIul-BamHI site of pMIN to generate MT3 (see Fig. 4)..
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(3-5) Construction of MI5 MI5 was constructed by PCR as in the Exanple

7 o i) .0 20 152 £ el 20 i

ol i gonucl e 15 SEQ ID NO.. 2 (E15') and 7 (E13'-21)

pair. The PCR anplified fragnment of the EFla intron was cloned into pGEMT
easy vector (Pronmega, W, USA), and the Mul-Sacl fragnent was excised and
inserted into the Mul-Pnel site of pMIN-El to generate MI5 (see Fig. 6).

20 Exanpl qﬂ)@&nm&ﬁbﬁ%m;pventlve vectors carrying Luc gene (4-1)
Cloning of 'TuCiferase (Luc) gene 25 The Luc gene was anplified by PCR using

the pG.2 control vector (Pronega, W, USA) as a tenplate and the synthetic
oligonucleotides of in SEQ ID NGs. 8(Luc 5') and 9 (Luc 3') as a priner
pair. The anpl i f Thd wild-tyge ectadT4Aeasd kemitixsd by PERasin tiresExample ed
into the pGEM T easy vector (Pronega, W, USA) in order to generate the
PGEM T eas{3-l)cusingt the (plasmid Eltas arE niemplate and ibe tymthetic

| uci ferase ne obtained by treati n%_éE M T eas¥ Luc vector with

Bant Ag! HolgommelseRdesof SEE IRNELHELS N and6 (LS Detbprises masar ed N
Example 2, to ge t he |y se expre vegtors sho

(4-2) I\/Easurerrenﬂ‘ﬁé?f’&& ]éﬁ%&aé‘l‘-gmﬁﬂ Ofotiﬁrrﬁ% lg. nfron wgﬁ\é\pqgn%dpgp ni ng
the luciferase h tran and the
cell's wereV PWP&%M&PW@%@F@%@L WMM%@%‘*&@W@ used
to transdu f t and

t ransduced(ég‘élls%‘?ﬁagg%ég@ Wg#%éwg?r@%%&e#ﬁ% ﬁl&é%&é@gi&?ﬁ (gﬁg?y and

viral ti teFlé’fS)t he (418 resistant stable cell line (see

10 _
(3-5) Construction of MT5

MT5 was constructed by PCR as in the Example (2-1) using the
plasmid pMIN-EI as a PCR template and the synthetic oligonucleotides of -
15 SEQ ID NO. 2 (EI5’) and 7 (EI3°-2l) as a primer pair.
- The PCR amplified fragment of the EFla intron was cloned into
pGEM T easy vector (Promega, WI, USA), and the Mlul-Sacl fragment was
excised and inserted into the MIul-Pmel site of pMIN-EI to generate MT5 (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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15 Table 5) were also neasured. In Table 5, the luciferase activity of each
retrovir § iS represented as a relative value basegcpikgolgisi9f the
wi | d- tyéﬁom&\?ector. The luciferase activity was measureg F’g*l ows: The
harvested cells were washed with 1 nt of PBS. After renoving PBS
conpletely, the cells 20 were resuspended in an appropriate anount of 1 X
reporter lysis buffer (Promega, W.,, USA) and reacted at roomtenperature

¢ 12, oogteilent AS indeFRG) 505 o BN PGhsy ARG (Brohiegs WIL U0 8900 o
concent gty bendils (X pIEN TOGasHUERS Vot (@le Bigdfy! O Theteidtasnt A fixed

anount of protePn was ,rr.Qof the luciferase assay
reagent (eI tY ludifihse e SiAINed Y weatiriocthe HUBM (T 2asflied to a
96 well plate 1M order to measure the Luc activity with a |um noneter (see
Fig. 5). vk8tofOvh/ BRAXI/Bell w4 /ifidéricd intbatliec BamMDb siter of @achfvertorant - -
vector efficiency Vector Relative luciferase activity Viral titer |

Tr ansi entprdpared dn BxanpletZ, 4o gemerato thehuvifsrase expression wectars showan in 0. 1

M2 0.8 1.0- 0.6 MI30.10.2- 0.1 M41.01.01°01.0 M50.51.30.9
140 5 Adigah be seen in Table 5, both the gene expression |evel and the
viral titer of MIlL, 2 and 3 were |lower than that of control M4 containing
w | d- type EFla intron and a splicing acceptor Sequence. The gene

eXpressi 0(2-2) Measurement of luciferase activity

J

10 MT1, 2, 3, 4, and 5 containing the luciferase gene were each transfected
into Phoenix cells, and the cells were incubated for 48 hours. Cell-free viral
supernatants were used to transduce NIH3T3 cells. Luciferase activities of
from transfected and transduced cells, respectively, were measured. The

~ luciferase activity and viral titer of the G418 resistant stable cell line (see

15 Table 5) were also measured. In Table 5, the luciferase activity of each
retroviral vector is represented as a relative fralue 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 completely, 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 spimﬁng 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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| evel- of MI5 in the Phoenix cell reached a 50 -' 70% | evel of that of M4,
but its Viggbdgsiger | ncreased about 2 folds, and the |ucifetageroamisgi ty
in transduced 10 NIH3T3 cells also increased. That is, the splicing
efficiency of MI5 was slightly lower than that of- M4, giving a reduced
amount of subgenomic RNA. Therefore,. the gene expression of MI5 is
sonewhat |ow but its whole transduction efficiency is enhanced due to its
relatively high viral titer. The results shows that the nutation

i ntroduced downstream fromthe, splicing 15 acceptor is capabl e of

. mai ntai ni ngTabke 8l ance -bet ween splicing efficiency and the anount of

genom ¢ packageabl e transcript. Exanple 5: Efficiencies of inventive
vectors ca(}mnpmddrrd)fmlmmwwl'eﬁmI;Ws of the RNA conposition 20 (5-1)

Conmpari so UL es—of Ot YT L., d Jenme \ 0220810
PC%)KROU 151%6410T or dbr ¢ o ex. V@BME&BML&A&@L@@ wrﬁfgf&tha M5
vector obpserved in Eki(arrﬂ'rans,lent; a generaITnanedWmm)n applijcable to ot her
foreign enes, the pyo¢pmedastion HxaTpumsidntiere r Susbieed errpl oyi ng the
human 1L, ﬂﬁﬁ”e M ptacg,of thg LCUuT ne (3ce r1aple o). 11r gene
was obt ai ped m A nharg bt-eoed-H S ALITA y't a5+ St pCI t |JIICI a—bt u)d

| ynphocyt ¢s_wMd2obt af ned i@@mthe bl ood-8f nodnal _npeople |hy 1&g

Fi col | - hypaqudMT8nd RNA wasOdxtractled ai2subj écted t+o revgrse 0.1

transcri ptasel\ﬁ@ (RT PCR) 1/p order] to gbpain ¢DNA. flpe |IL{lra geme
A P 1 R T AN e R BT A Sylz:e;,:,fé?

pai r. The anpl |f|ed PCR product was |nserted into the pGEM T easy vector
(Promega, W, USA) in order to generate vector pGEM T easy-|L-lra. A :
fragmsnt cont aj rAsgan fbe Sdenlmél‘atglelieboﬂsﬂw)ganmedpteﬁsmbtvehgndmhe vixalil ti ng

tlter of MT1, 2 and 3 were Iower than that of control MT4 containing wild-
type EFla intron and a splicing acceptor sequence. The gene expression
level of MTS5 in the Phoenix cell reached a 50 ~ 70% level of that of MT4, but
its viral titer increased about 2 folds, and the luciferase activity in transduced

10 NIH3T3 cells also increased. That is, the épiicing efficiency of MTS was
slightly lower than that of MT4, 'giVing a reduced amount of subgenomic
RNA. Therefore:,'_, the gene expression of MT5 is somewhat low but its whole
transduction efficiency is enhanced due to its relatively high viral titer. The
results shows that. the mutation introduced downstream from the splicing

15 acceptor is capable of maintaining tﬁe balance between splicing efficiency and
the amount of genomic packageable transcript.

Example 5: Efficiencies of inventive vectors carrying I1.-1ra gene and
analysis of the RNA composition

20

(5-1) Comparison of efficiencies of vectors using IL-1ra gene
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vector wth BamiWBgf and. inserted into the BanH sites of M4 and MI5 15

vectors Ry6BdsRty | N Exanple 3, respectively. The resultingetikrol/disis
expression vectors were exam ned together with the vector MFG IL-Ira (Yu

et al., Gene Then. 7:797-804, 2000). Vectors Mr4, Mr5, and MG cont ai ni ng
the IL-lra gene were each transfected into Phoenix cells, and incubated
for 48 hours. The cell-free viral 20 supernatants were used to transduce

NI H3T3 cells. §P§¥ 1 LECG e/ whetheA tikCRh d dﬁtﬁl_iﬁl‘géﬁfﬁ@m‘s vebfor

transfected an cell's were neasured usi humman | L-lra ELISA

(R&D SYSPBLEB b@%’Eﬁdiﬂglém'iﬁid gendral ?heﬂ@ﬁ‘aendﬁt ficablt foy ofteyrfordignt he.

nunber o 8 resistant cells (see Table 6). 25 <Table 6> Conpari son of
vect or egtnés, ¢he procedifes of Exangsios! Wert eepdated employing the humanilly Viral .
titer Transfecti on Transducti on 20 WD 02/ 20810 PCT/ KROL/ 01515 M4 1.0
1.0 Mr51fa gerie in plase offite B2 gene (seesTable G)esul tss in Table 6 denonstrates:
that the transduction efficiency _and the viral pr fUCt |vity of MI5 are

al sé& enhanced Wadmaigencavas ebtaingsl from peripherad bl X18p s. sPust,0) -

(5-15 o peripberal bieod amphosyies Here pprainer ok the blegtt Of pOBBALESRISRNA vias
From t ne by usiae iiceli Prmaex g ROA, v ekracieicind bl s8TRsres. g

|L-lra ggnes&iptdse PCR (RT-PCR) in order to obtain cDNA. The IL-Ira 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 containing the'IL-li'a; gene was obtained by treating the resulting
- vector with BamHI/Bg/II and inserted into the BamI-ﬁ sites of MT4 and MT5

15 vectors prepared in Example 3, respecﬁvely. The resulting IL-1ra expression
vectors were examined together with the irector MFG-IL-1ra (Yu et al., Gene
Ther. 7:797-804, 2000).
' - Vectors MT4, MT5, and MFG containing the IL-1ra gene were ‘each
transfected into Phoenix cells, and incubated for 48 hours. The cell-free viral
20 | supernatants were used to transduce NIH3T3 cells. The amounts of IL-1ra
| secreted into supernatants of transfectedland transduced cells were measured
using human I-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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probe to assess the amounts of genomic- RNA and subgehom c RNA. The
intensiti esy@b2Augls | di zed RNA bands were quantified with a lis@e
anal yzer (see Table 7). 15 <Table 7> Conposition of the Phoenix cell RNA
Vect or The anmpbunt of RNA Genomi ¢ RNA Subgenomic Total RNA RNA M4
266(4.5% 5635 (95.5% 5901 (100% MI5 408 (10.39% 3560 (89.7% 3968(100%
MFG 257(69% 118(31% 375 (100% The results show that subgenom c RNA of
Mr4 accoupts foMBP4% of [20.thelotal RNA andlthe rel ative prldporti on| of
MI5 subgephom c Bjdpgi S abcput 94fpsas conpared tq Mr4. O the otfpr hand| the

anount of jgeno VWO U‘! ﬁUSTG—P(, .
V\A”“ Ch | S Ir‘h | fhﬁn fhﬁf ouhnondm. o DN | S P& fhorl 'Fn| de
T Uu”g\.’ll\‘lll A\~ 1\.“\ T UrJ

~hi gher than that observed for MT4 These results expl al n why MT5 gi ves a
high viral titer in conmparison with Mi4. 5 (5-3) Efficiencies of inventive
vectors in PGL3 Thelrehktsy &1 Table 6/ derronsirates ¢hiti theetragsductioneeffiziéicyel |
line which can be wused in an actual clinical trial was exam ned. Cell-free

cul ture sobnd thevirabpraduotivity ofiMTioare alsoenhanced whien it caries edL-domt r ol )
virus were each 10 transfected into PGL3 cells, and (418 resistant viral
produci ng a&frepPa’erEgenht ai ned. The viral supernatant of the PGL3 producing
cell line was transduced into HT1080 cells, and the IL-lra activity and
the vPral tier of the transduced cells were measured (see Tabl e 8)

(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 hybridization using IL-1ra gene as a

_. probe to assess the amomits 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
MTH4 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

21



15 <Tabl e 8> Conpari son of vector efficiency in PGL3 cells Vector Relative
I L-1ra acyigi2igsigi ral titer M4 1.0 1.0 M5 7.0 3.3 M As t he
results in Table 8 denonstrate, the viral titer of M5 |s$‘%ﬂé¥(ﬁ§)q§llfol ds
hi gher than that of MI4 when PG 13 cells were used. 20 Exanple 6:
Construction of vector containing MDR _ A vector which has the sane

nodi fied EFl a i ntron and non-codi ng sequence as MI5 but contains human MDR

%ﬁ% agz%\/%e 2/ 2@1%?&%?%%‘1@1%% on| ng g?ggéggﬂgsene ggg:ler'"ate

a gene fragretianc? foldshighe tancthat obeGed! fof MTH. SiTHeke reSuliEx; %‘ﬂﬁ:
performed using: the plasmd pCBI N (KR Patent Application No. 1997 48095)

cont ai ni rnghy MEBSgives 4 high wire! titehdn cohgparisohewith 8dT4f SEQ ID NO 12 having
BanH and Notl| recognition sequences as a 5 priner; and the

ol i gonucl eot i de of SEQ D NO. 13 having Stul, d al and Bgl Il recognition
sequences _as a_3' i mer. 10 After the PCR . product was cloned into the
vectdr péﬁﬁ)l@iﬁmnwgafmvmwmtmmm ceBgl 11 fragment was excised
fromthe resulting vector and inserted into the BamH site of MSN (KR

Pat ent Application No. 1999- 23398) 'in order to generate the plasmd

MM To gener at SRS AR VECHarat RERTISR AR TS TREH Geflcine, atigh gan be © 25 ¢

used in an actual clinical trial was examined. Cell-free culture solutlons

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
MT5 7.0 3.3
MFG 5.1 4.0

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

20

Example 6: Construction of vector containing 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.

22



pl asm d containing MDR, which was obtained fromDr. Suginoto (Cncer

Chenot her agyg §95sfy . Japanese Foundation for Cancer Resear chorhokoinis140. 20
Japan), as a tenplate; the oligonucleotide of SEQ ID NO 14 havi ng BanH
and Cl al recognition sequences as a 5 primer; and the oligonucl eotide of
SEQ ID NO 15 having Sail and BanHl recognltlon sequences as a 3' prinmer.
The PCR product was cloned into the vector pCRII (Invitrogen, CA ~ USA) to
generate pCR-MDR, and it was: confirmed by sequencing analysis 25 that the
MDR gene was properly |nserted The BanHl I Bgl Il fragnment was excised from

t he pCR— 2 S;m,m% IRESEefid i nto the plasmd MSNIRES after the
renmoval of ‘th hol fragment in order to generate the plasmd 23 WO
02/ 20810 PCT/1 R0O1/01515 MIM (see Fig. 9). (6-3) Construction of vectors
MIM4 and MIMb 5 Mul/Banf DNA fragments containing the nodified non-coding.
sequence were obfai getratecangene tfoagmbfit! ofl IR BV (interaab eibosomial entrydsite),
inserted into the Mul/BanmH site of MIMvector to construct plasmds MIW4
and MBNVG, PERexas petforined aisingr. theoplasmidnEBIN, (KRePaent Application Nohe MDR
gene from MIMA and MIMb i s derived by the spliced mRNA 10, Exanpl.e 7:

Ef fi ci enci d998148099) vaenteining SRES a5 gctomplats; rthe | eigonuiclentide of SYEQMEM

the Bami SOel2deving Bamitland Nas ciogiion SedueisLe ae s PG ARd he

vas 1 ranst BEEOAUMEP @f%@ﬁb‘aﬁﬁ?iﬁw‘fw@uﬁ lelofia Fe ety ©

stper nat anbeaigiss S BRBED Cllce’ N EBTS cel s, and | neubat ed for -48

hour S'10 IL-1ra actigitigspeR fnfbﬂuct was cloned into the vector pCRII (Inv1trogen
CA, USA), the BamHI/BglII fragment was excised from the resulting vector
and inserted into the BamHI site of MSN (KR Patent Application No. 1999-
23398) in order to generate the plasmid MSN-IRES.

15 | (6-2) Cloning of the MDR gene and thé construction of plasmid MTM

To genefate an- MDR gene fragment, PCR was | performed using a
plasmid containing MDR,. which was obtained from Dr. Sugimoto (Cncer
Chemotherapy center, Japanese Foundation for Cancer Research, Tokyo 170,

20 Japan), as a template; the oligonucleotide of SEQ ID NO. 14 having BamHI
and Clal recognition sequences as a 5° primer; and the oligonucleotide of SEQ |
ID NO. 15 having Sa/l and BamHI recognition sequences as a 3° primer.
The PCR product was cloned into the vector pCRII (Invitrogen, CA,
USA) to generate pCR-MDR, and it was confirmed by sequencing analysis
25 that the MDR gene was properly inserted. The BamHI/BglII 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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20 transfected cells and the transduced cells were determained, and the
viral titggoznosfs Neasured by counting the number of celbémmgghﬁﬁﬁgt to
vincristine. <Table 9> Vector Relative IL-lra activity Viral titer
Transfection Transduction MM 1.0 1.0 1.0 MI'M4 10.0 3.3 1.8 MIMb 3.4 5.0
2.5 24 WO 02/20810 PCT/ KRO1/ 01515 As can be seen in Table 9, the gene -
expression |evel of MIMb is only about 30%of that for wld-type MIM4, but
it is 3 ﬁﬁﬁﬂ&éﬁk ?han that of MM In addition, since the viral titer
of MIMb i'S than those 5 of MIM and MIM4, MIMb perforns best in
terns of the overaII transductional efficiency. To furt her conpare the
performance of retroviral vector in PGL3 cells, each of the cell-free

viral sugg:3)aCenstrustionvfcvéctors MEMAend®MTIMS! |'s, and a virus producing
cell. line was obtained by selection with 25 ng/n2 of 10 vincristine for 2
weeks. The viral supernatant obtained fromthe PGL3 producing cell line

was used to transduce HT1080 cells, and IL-Ira activity_ and the_viral

productivity wiMleliBamlll SONATHegments- contaisingrthe : medified |nop-geding; ¢ y

Viral titer MIM1.0 1,0 M 2.4 0.2 15 As hersultsm
Tabl e 10 sequemse Weseypbtgined (fEpmo vertars %“%1«1 31\/151‘55 réspectively, 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 examine the efficiencies of vectors MTM, MTM4, and MTMS
obtained in Example 6, the IL-1ra gene was inserted into the BamMI sites of
15 - these vectors to generate vectors MTM-IL-1ra, MTM-IL-1ra, and MTM-IL~.
1ra, respectively. Bach of the resulting vectors was transfected into 293T
cells together with gag/pol, env expression vectors, the cells were incubated
for 48 hours. The cell-free viral supema_tants were used to transduce:
| NIH3T3 cells, and ‘incubated for 48 hours. IL-lra activities of the
20  transfected cells and the transduced cells were determained, and the viral titer

was measuréed 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 33 1.8

MTMS5 34 5.0 25
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hi gher than those of MIM and MIM4, and thus, MIMb6 has an excell ent
transduct i qrpbasiid ci ency. 20 As disclosed and verified abopermigopé@sent
i nvention provides an efficient and safe retroviral vector which can be
advant ageously used in gene therapy. The retroviral vector of the present
i nvention has the followng features: 1. Since all retroviral coding
sequences (gag, pol and env gene 25 WD 02/20810 PCT/ KRO1/ 01515 sequences
of MLV) are conpletely deleted, there is no possibility of

TR b B el 01 B oy
1 orHRgR A o s AR ERACHD &fs{s:@agéﬂﬂw:@m i
T i, S DP00

| Si h u3 -
spl i cisng NEIMIJTéénl " rmdcm ﬁéﬁﬁﬂﬁs”ﬁbﬁt 3N 9kms 16 4he ScRepall he

regi on of t et erol ogous pronoter that

pronot es t frafsdiidtignabeffigieneycul arly in human cells, a human cell-derived
packaging cell line transfected with the inventive vector exhibits a

mar ked increase To fuithet coipare the pérfoirRiieoof rettostiealolentorum P6ddutells, may
be introduced in the 15 inventive vector for the purpose of ex?re55|ng t wo

or nore f oﬁaﬁ]‘gnf@m‘@@ ~free viral supeseaiantiwas msad to pransdues dadra ed in
e U S0t f TR Bt LBl
10 vincristine for 2 weeks. The viral supernatant obtained from the PGI3
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
MTM 1.0 _ 1.0
MTM4 2.4 : 0.2
MTMS5S 11.3 55
15 - o
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

25



PCT/ KROL/ 01515 BUDAPEST TRF-1A' | Y ON THE | NTERNATI ONAL, RECOGNI TI ON OF ' |
F1>~ D s' ®Wa2hosfs M CROORGANI SM5 FOR THE PURPOSES OF PXl%llﬂéﬁﬁ%%?RE

IN 1'"1IMNATIONAL FORM r -t To. sunyoung. Ki m Yongsangu, | chondong CEl PT

. IN THE CASE OF AN ORI G NAL Hangang Mantion ATP 18-302 issued pursuant to
Rule 7.1 by the Seoul, 140-724 | NTERNATI ONAL DEPCSI TARY ATf HORI TY Korea .
identified at the bottomof this page L J 1. |DENTIFI CATION OF THE

M CROORGAsyséndeseofi MEY)i are rooiapletely deleted,byheree is\coe spossibitibyrbef gi ven.
by the DEPGSI TOR : | NTI' RNATI ONAL DBPDSI ZARY A(Y1Th)RI 7Y: I\/rl'5(1J|\/p

KCCM 102@splicationscpmpetentc mtoviusr| mingNproducedr ghaxbemalegous

DESI GNATI ON The m croorgani smidentified under | above was acconpani ed by:

A a sci efPFQ i ption N a proposed taxononi c designation (Mark with a

cro wher e appl kgcabl e LI RECEI RT AND ACCEPTANCE, Thi s. }nt er nati onal

beposi tary Adt RodTEs 16 dhe. presepkE Of cherahiaB G It thf, pdicifi PPt e,

whi . . i oi pal .

N | Rl S B Seipdiicd sl prsiotin SOR SimaldHIGing R, 6FRCT o)

- of M crodpgigh sehe $h @S tetriifal vebtdiuantiy epressed éfficishippver.  Address
361-221, YurimB/D to represent the International Depositary

| dongj e- | -1 ong 3. Aldueortot yhef inifodactibnuiofed shithblealmutation 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, particuiarly in human cells, a human
cell-derived packagiﬁg cell line transfected with the inventive f/ector exhibits
a marked increase in viral titer. | ' |
5. An IRES or a heteroiogous promoter may be introduced in the
15 inventive vector for the purpose df expressing Wo 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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Seodaenun-gu SEOUL 120-091 Date: Aug. 8. 2000. f'" f | c'rtl~ii Republic of
Koreas | ‘Wiere Rule 6.4(d) applies, such date is tht date opc#itriiniss
status of internal epnsitary authority was acquired :- where a deposit nade
out si dh the Budapest Treaty after the acquisition. of the status of i
nt.ernati onat depositary authority is converted into a deposit under the
Budapest Treaty, such date is the date on which the m croorgani smwas
~received by the international depositary authouity. Form BP/ 4 Sol e page 27
WO 02/ 20810 PCT/ KRO1/01515 Wat is clainmed: 1. Aretroviral vector derived
fromthe marine | eukem a wupABESTMRVYXTY €N THE INTERMATIONADY 5 1) a part of the
non- codi ng sequence of phciReNphBN T | 1 DLBBLAT niEFherRGSRAARSARE! €r o ogous

gene-derived non coding s YA [(fam the nul ti-cloning
RO T 2R B PR PRari

~site, and 2) a nutation i ownst ream e splicing acceptor
“within the non-coding sequence of EFla, 10 said retroviral vector |acking
viral - codi ng sequences. 2. The r BIVBWTIONALRARY of claim 1, wherein the
non- codi ng sequence of EF 1 a is the sequence of the intron and exon 2 of
the human EF 1 a just before the translation initiation codon. 15 3. The
r et r oviPapyeeg-ofimof claim 2, wherein the non-codin seduence of EFla has
a nucl eot Y‘t&‘és“%?é;gag‘éﬁ'&’@"%f SEQ ID NO. 1. 4. F‘ﬁ?é"ﬂre‘ﬂ“rg%' FAPE PEANPREFIINAL ai m 1,
wherei n t gﬂﬁ@. B ATS 8 HBr oduced 20 doviFfstd Rzt te Rile el Bhtteci n

accept or ¥t A€ Ps5th and 206° GT (guani néﬁwm QERQS it t‘ﬁé“"é&ﬁ'ﬁ‘énce

of SEQl ‘T{B ey , identified at the hottoni of this page

I. IDENTIFICATION OF THE MICROORGANISM

" Identification teference given by the Accession number given by the
DEPOSITOR : INTERNATIONAL DEPOSITARY AUTHORITY:
MTS(M) - - KCCM-10205

- II. SCIENTIFIC DESCRIPTION AND/OR PRUPOSED TAXONOMIC DESIGNATION

- The microorganism identified under ! above wis accompanied by:
- a scientific description
.0 a proposed taxonomic designation

(Mark with a cross where applicable)

- II. RECEIPT AND ACCEPTANCE

—— e esee.d

This fnternational Depositary Authouity accepls the microotganism identified under I above, which was
received by it on Jul. 28. 2000. (date of the original deposit)®

V. INTERNATIONAL DEPOSITARY AUTHONRITY

Name : Korean Culture Center of Microorganisms Signature(s) of person(s) having the power

Address : 361-221, Yurim B/D
Hongje~1~dong,
Secdaemun—gu
SEQUL 120~091 _ Date: Aug. 8. 2000.
Republic of Korea

to represent the International Depositary
Authority of of authouized official

==} 4
1 Where Rule _6.4(d) applies, such date is the date on which the status of inteFnabonal epositary authority
was aczqmred : vc_rhere a de;:osxt_ made outsid: the Budapest Treaty after the acquisition of the status of i
nternatlonal. deposﬂmf authongy Is converted into a deposit under the Budapest Treaty, sich date is the
date on which the microorganism was received hy the internationat depositary authouity.

Form BP/4 : . Sule page
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5. The retroviral vector of claim4, wherein the GI base pair is replaced
wth a %"%H; psfsi ne-cytosine) base pair. 25 6. The retroyé,f,ﬁhoﬁﬁgi§r of
claim1l, I'ch conprises 1) nucl eoti de sequences derived fromthe original
M.V vector that are 5 LTR the m niml packagi ng sequence containing a

splicing donor 28 ILLLLEL LR EEErErErrrtretrrrill ¢ L ns' W 02/20810
[/ /17 11111 P CT/ KRO1/ 01515 € M 11111011111 S at the upstream of
t he ori gWigdt isadai poly-purine track, and a 3 LTR 2) a multi-cloning

site; 3) a part of the nucleotide sequence of EF 1 a, starting fromthe 3",
end of 5 the intron to just before the translation initiation codon of

exon 2, _inserted between_ the m.ningl packagj ng sequence the I ti-

cl oni ng biAete WGQFPT%W%%P%%ep TR HC CUBFIUE, VITHS rY56%nal
entry site_I.R’ngg) downstream fromnulti-cloning site. 10 7. The retroviral
vector oFOTBRESWE {he claims 1 through 6, wherein U3 in the 5 LTR of the

oyt Snegal ovil) vbriptdhe hoRZtddibg SEiitnce of ABRIBAEHIN FbiorRFTEMs an - (720
8. The retr ovigaleSAAGY gahoSichivadd nohiciting Usddiehos REiEESupfERaen MR

gene as a sel rgene. .
from the multi-cloning site, and

2) a mutation introduced downstream from the splicing acceptor within
the non-coding sequence of EFla.,

10 said retroviral vector lacking viral-coding sequences.

2. The retroviral vector of claifn 1, wherein the non-coding sequence of EFla
is the sequence of the intron and exon 2 of the human EFla just before the
translation initiation codon.

15 | .
3. The retroviral vector of claim 2, wherein the non-coding sequence of EFla

has a nucleotide sequence of SEQ ID NO. 1.

4. The retroviral vector of claim 1, wherein the mutation is introduced
20 downstfeam from the splicing acceptor at the 205 and 206™ GT (guanine-
thymine) site of the sequence of SEQ ID NO. 1.

5. The retroviral vector of claim 4, wherein the GT base pair is replaced with a
CC (cytosine-cytosine) base pair. |
25 -
6. The retrovirél vector of claim 1, which comprises
1) mucleotide sequences derived from the original MLV vector that are

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

-

L]
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9. The retroviral vector of mctor MI5, conprising 20 1)

nucl eot i dewamopssoes deri ved y jainal MV vector tpgr/kRm/o158 5
LTR, the m ni mal packagi ng se ﬂlﬂ HE

l yﬂﬂlspl i ci ng donor upstream
fromthe original gag gene, polYy-guriney and 3' LTR 2) a

multi-cloning site; 3) a part of the nucleoti'de sequence of EF 1 a,
starting fromthe 3' end of 25 intron to just before the translation
initiation codon aftheupstream of éhe oviginaltgag: gene,cpolyrpunine prackaghdp 3°
sequence and the n,flti-cl oning site; 4) an internal ribosomal entry site
(I RES) downst r eadk ¥Rbm the nulti- cl oni ng site; and 29 WD 02/ 20810

PCT/ KRA / 0151, 5) a,CC.base ir replacing the GI base pair at the +977 -
+978 site, dz)/mgm@y?ﬁq?mﬁ‘}gt »splicing acceptor. 10. E.coli strain

MI5(JM transforned w vector 5 of cl ai 5 (Accession.Nupber .

kG 10205 % Bt ot b it Rotite sedpefied b B o8 staipEEbE e Pord pfis,
conprizsing 1) nu | e | iie¥al el \/. or

whi ch%are 5' LT%gt *érg%t}l %%@@Eﬂgﬁ%ﬁ%&gﬁﬁ‘cgﬂggﬁ% %%gn y&?’%"ﬁﬁ *donor
10 upstream fromij iHetWaen 9he HEARN: b N&adl; ' j-2) a
multi-cloning site; 3) a partno tﬁg nug{)gg%lf%hge%ir@gbo@dﬁtﬁg, 1“n:s';'{ti)%tlrti ng
fromthe 3' end Qfloningtsinahd j ust before the translation initiation codon
of exon 2, inserted etween the m ni mal packagi ng sequence and the -

mul ti-cl oni ngdki tas; SY804nimEmal premoder or &m sntermal ettiospnsaltent(y BESYIRES)
downstream fromthe nulti- cloning site; and 5) a CC base pair replacing

the GT base pair downsteeany from clongeg sdewnst r eam from t he splicing
acceqbor; and

=
o~

7. The retroviral vector of one of the claims 1 through 6, wherein U3 in the 5’
LTR of the original MLV vector or a part thereof, is replaced with the HCMV
IE (human cytomegalovirus immediate-early) promoter as a heterologous
promoter. |

15 |
8. The retroviral vector of claim 6, which further comprises NEO or MDR

gene as a selectable marker gene.

9. The retroviral vector of claim 1, which is vector MTS, comprising
20 1) nucleotide sequences derived from the original MLV vector that are the
5’ LTR, the minimal packaging sequence containing splicing donor
upstream from the original gag gene, poly-purine track, and 3’ LTR;
2) amulti-cloning site;
3) a part of the nucleotide sequence of EF1a, starting from the 3’ end of
25 intron to just before the translation initiation codon of exon 2, inserted
between the minimal packaging sequence and the multi-cloning site;
4) an internal ribosomal entry site (IRES) downstream from the multi-

- cloning site; and
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5) a CC base pair replacing the GT base pair at the +977 ~ +978 site,

downstream from the splicing acceptor.

10. E.coli strain MTS(JM) transformed with vector MT5 of claim 9
5 (Accession Number: KCCM-10205). '

11. The retroviral vector of claim 8, which is vector MTMS5, comprising

1) nucleotide sequences derived from the original MLV vector which are

5" LTR, the minimal packaging sequence containing splicing donor
-10 upstream from the original gag gene, poly-purine track and 3’ LTR;
| 2) a muiti—cloning site; '

3) a part of the nucleotide sequence of EFla, starting from the 3° end of -
intron to just before the translation initiation codon of exon 2, inserted
between the minimal packaging sequence and the multi-cloning site;

15 4) an internal ribosomal entry site (IRES) downstream from the multi-
cloning site; and :

5) a CC base pair replacing the GT base pair at the +977 ~ +978 site
downstream from the splicing acceptor; and

6) a MDR gene as a selectable marker gene.

20
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