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EFFI Cl ENCY RETROVI RAL VECTORS THAT CONTAI N NONE OF VI RAL CODI NG SEQUENCES
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i mproved retroviral vectors for gene therapy. Particularly, this-

i nvention relates to safe and efficient retroviral expression vectors,
where all of the retroviral genes, i.e. gag, env and pol, are deleted

conpl etely; where a 10 het erol ogous intron, splicing acceptor, and/or
non- codi ng sequence are/is_ inserted |nto the pesl tion of cloning

site for a foreign gene; S-SR o-SHITSe . Dt er or an
I nternal ribosonal ' ' f t . S") is 15
inserted into the site; and

where the full-length U3 sequence of 5" LTR (Long Term nal Repeat) or a
strong heterol ogous pronoter controls the expression of the foreign gene.

20 BACKGROUND Retroviral vectors has been used
for gene therapy nore frequent%ﬁﬁﬂﬁﬂgﬁﬂﬁhéiﬂgénmggﬁpr; bei ng enpl oyed in
nore than 50% of the approved cl'inical protocols
5 The  present invention relates to improved
’ retroviral vectors for gene therapy. Particularly,

this invention relates to safe and efficient retroviral
expression vectors, where all of the retroviral genes,
i.e. gag, env and pol, are deleted completely; where a
10 heterologous intron, splicing acceptor, and/or non-
coding sequence are/is inserted into the upstream
position of cloning site for a foreign gene; where a
heterologous internal promoter or an internal ribosomal
entry site (hereinafter, referred to as "“IRES”) is
15 inserted into the the downstream position of the
cloning site; and where the full-length U3 sequence of
5 LTR (Long Terminal Repeat) or a strong heterologous

promoter controls the expression of the foreign gene.

20 | BACKGROUND
Retroviral vectors has been used for gene therapy
more frequently than any other vector, being employed
in more than 50% of the approved clinical protocols

worldwide (Wiley - Journal of Gene Medicine Website;

25 http://www.wiley.co.uk/genetherapy) . Although Murine



wor | dwi de (Wl ey - Journal of Gene Medicine Wbsite; 25
http://ww. w | ey. co. uk/ genet her apy) . Al t hough Muri ne WO 00/ 00629
PCT/ KRO9/ 00334 wieetmezsa Virus (hereinafter, referred to as "MYCrKrIanssds

vectors are used dom nantly, there are still many problens with the
retroviral vectors in clinical use. The nost serious problemis their
safeties; retroviral 5 vector is one of the viral vector and thus may
be converted in cells into replication-conpetent retrovirus

(hereinafter, referred to as "RCR') . Above all, RCR production through
honol ogous r ecdmikeatiizonVhassbedre e imatftter ,of rgfaveedortoer as 1TILV7) -~ Al |
avai |l abl e retroviral vectors contain significantly long vira
codi ng sequencéases mestrssarseysedcdembnantlye phesenarensthbl geamyre of
packagi ng cells fromwhich the packaged vectors are released, it has been
suggest ed t hat PFORSISoust Hocbiadi RaEFovinal Ysctorgcdiy chidti@dn U$te sane

nucl eoti de sequence in the packadgin enonme, and the, vector, resulfing in
h h sp %glemg igs their sa%eties; retrovisral 9

t he e most serious pro
5 vector 1s one of the viral vector and thus may be
converted in cells into replication-competent
retrovirus {(hereinafter, referred to as “RCR”}. BAbove

all, RCR production through homologous recombination
has been a matter of grave concern.

10 All available retroviral vectors contain
significantly long viral coding sequences. Since these
sequences are also present in the genome of packaging
cells from which the packaged vectors are released, it
has been suggested that homologous recombination may

15 occur between the same nucleotide séquence in the
packaging genome and the vector, resulting in the
production of RCR, which was reported by Miller et al.
{Miller et al., Human Gene Ther., 1: 5, 199%0).

Two types of MLV-based retroviral vectors, LN

20 series vectors and MFG vector, have been most
frequently used for gene therapy (Miller and Roseman,
Biotechniques, 7:980-990; 1989; Dranoff et al., Proc.
Nat’l. Acad. Sci. USA 90: 3539-3543, 1993). While the
expression of a foreign gene in LN series vectors is

25 controlled by a heterologous internal promoter or by
LTR, transcription level in MFG vector is under the

control of LTR, and the foreign gene is expressed as a

2



pﬁoduction of RCR, which was reported by Mller et al. (MIller et al.

Human .Gene ThewQ 00400623, 1990) .

LN 20 series vectors and MG vector, have been nost frequen
used for gene therapy (MIler and Rosenman, Biotechni ques, 7:980-990,
Dranoff et al., Proc. Nat'l. Acad. Sci. USA 90: 3539-3543, 1993). Wi

expression of a foreign gene in LN series vectors is 25 controll ed
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thought to play an important role in viral packaging,
it has been disclosed that gag region can be deleted
without any significant effect on the viral packaging
and titer under some conditions (Kim et al., J. Virol.,
71: 994-1004, 1998).

Compared with LN series vectors, MFG vector is
known to drive more stable and higher levels of gene
expression, and produce higher viral titers in most of
human- or mouse-derived cell lines (Byun et al., Gene
Ther., 3: 780-788, 1996). However, MFG vector contains
even more viral coding sequences, 420-bp for gag, 377-
bp for pol, and 99-bp for env, raising the possibility
of even higher frequency of producing RCR than the LN
series vectors.

To overcome these disadvantages associated with
conventional retroviral- - vectors, we, the inventors of
this invention, constructed a retroviral vector (KOREA
PATENT APPLICATION NO: 97-48095), which had several
features as follows:

@ transcripts- of the cloned gene was effectively
spliced, producing higher expression levels of
the gene,

® gag and env sequences were completely deleted
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-wi thout any significant effect on the viral packaging and titer under sone
conditions (Kimet.-al., J. Virol., 71: 994-1004, 1998). 10 Conpar-ed
with LN seri eswows@beaps, M-G vector is known to drive nore SRGIBKRO9A3B4
hi gher | evels of gene expression, and produce higher viral titers in nost
of human- or nouse-derived cell lines (Byun et al., Gene Ther., 3: 780-788,
1996). However, MG vector contains 15 ~even nore viral codi ng sequences,
420-bp for gag, 377- bp for pol,.and 99-bp for env, raising the possibility
of even higher frequency of producing-RCR than the LN series vectors. To
overcone these di sadvahthgets askoes aiedrisialh t2@ker, conventional retrovira
vectors, we, the inventors of this invention, constructed a retroviral

vect or ( KOREA PATENN IRPS | G [\ GhedTon thscoiul hamesish gxkpressian odat ur es
as follows: [err] transcripts- of the cloned gene was effectively 25
spliced, producing hi§HeroBExXpRER IPHLS eelS WickHe gene, [err] gag and env

sequences were conpletelg del eted 3, . ,
- ® multicloning site was inserted into the vector

5 to facilitate the cloning of foreign gene
Since gag and env sequences were deleted from the
retroviral vectors, the safety of the vectors was
increased when compared with those of other retroviral
vectors. However, this vector still contains the 377-
10 bp pol coding sequence that harbors the splicing
acceptor sequence as well as its downstream sequence
containing the  284-bp 1leader  (transcribed but
untranslated) sequence for env, because the deletion of
pol sequence would lead to abnormal or inefficient
15 splicing. Since the 377-bp for pol sequence is also
present in the genome of packaging lines, the
possibility of homologous recombination resulting in

RCR production still remains in the vector.

20 To develop novel retroviral vectors with elevated
efficiency of gene expression as well as enhanced
safety, we have constructed the retroviral vectors that
do not contain any viral coding sequence. This
invention is performed by constructing retroviral

25 vectors, where MLV-derived pol gene 1is completely
deleted, excluding the possibility of RCR production

through homologous recombination in packaging cell
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| oss of viral titer err] I'RES was used for the sinultaneous expression  of
two or -nore geﬂ@?oﬁﬂo Pvector, [err] multicloning site was | Ns ePCEHRPHE0334
the vector 5 ° to facilitate the cloning of foreign gene Since gag

and env sequences were delete fmgrgﬁ%;ggggm} al vectors, the safety of
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the vectors was increased when conpﬁ bse of other retroviral
vectors. However, this vector fstill s.the 377- 10 bp pol coding
sequence that . harbor t he | i cing acceptor sequence as well as its

s .
downst r eam sequ%ﬁ’é%"c&’?f?ﬁ?nianghgtet%wgof@- Cropgadeticipgr ARGERYEY  but
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possibility of ogou reconmbrnation reés
remains in the ¥eeiQising the efficiency of gene expression; where

5 either 5’ LTR or human cytomegalovirus (hereinafter,
referred to as “HCMV”) major immediate early promoter
(MIEP: the promoter of iel gene) is employed as cis-
element for the regulation of foreign gene expression;
and where either a heterologous internal promoter or an

10 IRES is inserted in the the downstream position of the
cloning site, allowing the simultaneous expression of

- two or more foreign genes,

SUMMARY OF THE INVENTTION

15 It is an object of this invention to provide safe
retroviral vectors where foreign gene(s) is/are
expressed in higher levels and thus can be efficiently

used for gene therapy.

20 In accordance with the present invention, the
foregoing object is readily obtained. .

This invéntion provides MLV-based retroviral
vectors wherein the MLV-coding g¢ag, env and pol
sequences are completely deleted.

25 In one aspect, the MLV-based retroviral vectors of

this invention may contain a heterologous intron and/or

This Sheet Has Been Replaced
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20 To devel op novel retroviral vectors with elevated efficiency of
gene expression as well as enhanced safety, we have constructed the T
retroviral vecweore/ooéeat do not contain any viral coding BETHBAY334
This invention is performed by constructing retroviral 25 vectors,
where M.V-derived pol gene is conpletely deleted, excluding the
possibility of RCR production through honol ogous reconbi nati on i n packagi ng
cell 4 5 line; where a heterol ogous intron, splicing acceptor, and/or
non- codi ng sequence are/is inserted into the upstream position of cloning
site for a forei gretgersogmis Mipdileg ngh@csepiteirendyialf aye@dd sexigrsasiash;
where 5 either 5 LTR or human cytonegal ovirus_(hereinafter, referred
to as "HOW') rgiter itheedHRSEreamR| \Pofidrditer ofM ERODLRE pPbE®t SFO%f 3 el
gene) is enployed as cis- elenent for the regulation of foreign gene
expressi on; andoRfI® SifPfer a heterol ogous internal promoter or an

In another aspect, the MLV—ba;ed retroviral
5 vectors of this invention may contain a heterolégous
non-coding sequence inserted into the upstream position

of cloning site for a foreign gene.

In furtheér aspect, the full-length U3 sequence (-
419 to -1 bp) of MLV 5/ LTR may be replaced with a

10 heterologous promoter in the MLV-based retroviral
vectors of this invention.

In still further aspect, the MLV-based retroviral
vectors of this invention may contain a heterologous
promoter in the downstream position of cloning site for

15 a foreign gene.

This invention also provides the E. coli strains
transformed with the MLV-based retroviral vectors of
this invention.

Further features of the present invention will

20 appear hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 represents the procedure where pol-coding |
region is deleted from MON vector to construct ASA
25 vector, and then the CAT gene is inserted into the ASA

vector to produce ASA-CAT vector,
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10 . IRES is inserted in the the downstream position of the cloning site,
al l owi ng the sinmultaneous expression of two or nore foreign genes. 15 )
It is an obj ectY}P¥PM% i nvention to provide safe retroviral VRECYERP00334
where foreign gene(s) i s/are expressed in higher levels and thus can
be/efficiently used for gene therapy. 20 In accordance wth the
present invention, the foregoing object is readily obtained. This

i fventi on provides M_.V- based retroviral vectors wherein the

MLV- codi , d | s | |y del et ed. -5A-
The M. based’ retFhgi 2ol SCHRRATHEIIY eRESSHRbeiha MYERES DIt oy Ofe

constructed by del eti.on,of r naln|nggretLOV|%gélgoglngogggzences fro%Lknomn

MLV- based r et r ARV iFEdt JESTOES S arpre "y 8r|p_83(9898 g
sequence 5 froqg%BffggN}%ﬁﬁgg?eg§§£{|bed i n Korean Patent Application No.

97-48095. Alter oviral vectors of the
FIG 3a represents the procedure where a SV40

5 minimal promoter-nec cassette is substituted for an
IRES~-neo cassette to obtain MSN vector, and then SN-
3LTR vector is constructed through the insertion of the
fragment containing SV40 minimal promoter and MLV 3/
LTR into pUC18,

10 FIG 3b represents the procedure where a chimeric
LTR containing HCMV major immediate early promoter is
inserted into the SN-3LTR vector,

FIG 4a represents the procedure where a DNA
fragment containing the exon 1, intron A and partial

15 exon 2 of HCMV iel (UL123) gene is inserted into pCM
vector to construct DONl.2 vector, and then the
bacterial CAT gene is 1inserted into the DON1.2 to
produce DON1.2-CAT,

FIG 4b represents the procedure where a DNA

20 fragment containing the partial intron A and partial
exon 2 of HCMV iel (UL123) gene is inserted into pCM
vector to construct DON2Z2 vector, and then the bacterial
CAT gene is inserted into the DON2 to produce DON2-CAT,

FIG 4c represents the procedure where a splicing

25 acceptor of mouse immunoglobulin gene and the exon 1 of

HCMV iel (UL123) gene are inserted into pCM ;ector to

construct DONSAl vector, and then the bacterial CAT

7
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present invention nmay be constructed by sinultaneous deletion of al
of the MLV retroviral coding sequences, for exanple by construction of the
M N vect or as Wegwwbdsed 10 herein. In one aspect, the MV-baseRFTERIPPHal

vectors of this invention may contain a heterol ogous intron and/or WO
00/ 00629 PCT/ KR99/ 00334 a

het er ol ogous splicing acceptor which are/is inserted into the upstream
position of cloning site for a foreign gene. In another aspect, t he
M.V-based retroviral 5 vectors-of this invention may contain

het er ol-ogous ngeneodls nnsexrtcarinsda KPNSRlo %@rﬁﬁélicleeQWﬁag‘l Fﬁ@m of
cloning site for a foreign gene. In_ further aspect, .the %# Iength U3
sequence (- 419 to EIf bp) s6 eNEV’-SalUl'RrﬁWeﬁé Féplt:ﬂ?eds phture

het er ol ogous pronoter _in M_V- based etroviral ors of this
i nvention. In §?FFPV¥E?%hg?CESﬁ%cFonF%En%BW'g%%ean 5??8va$§ ehofls ¥

human genes,

5 FIG 6 represents the procedure where a DNA
fragment containing MLV 5’ and 3’ LTR is prepared and
inserted into pUC18 to give p53LTR vector, and then MIN
vector is constructed through the insertion of the
IRES-neo cassette isolated from pCBIN into the p53LTR.

10 FIG 7a represents the procedure of MIN-AI
construction, wherein a genomic PCR product containing
human B-actin gene is obtained, and then a DNA fragment
containing the partial intron 1, splicing acceptor and
partial exon 2 of human B-actin gene is inserted into

15° the MIN vector.

FIG 7b represents the procedure of MIN-EI
construction, wherein a genomic PCR prqduct containing
human EFla gene is obtained, and then a DNA fragment
containing the partial intron 1, splicing acceptor and

20 partial exon 2 of human EFla gene is inserted into the
MIN vector.

FIG 7c represents the procedure of MIN-GI
construction, wherein a DNA fragment containing the
partial intron 1, splicing acceptor and partial exon 2

25 of human GAPDH gene is obtained through genomic PCR and
then inserted into the MIN wector.

FIG 74 represents the procedure of MIN-2

8



vectors of this invention may contain a heterol ogous pronoter in the
downstream position of cloning site for 15 a foreign gene. This

i nvention al so pooorode® the E. coli strains transformed with thechﬂ&&bmmﬁd
retroviral vectors of this invention. Further features of the present "

I nvention wll 20 appear hdTEl}L ’ DESCRI PTI ON OF THE DRAW NGS
FIG 1 represents the procedurg region is deleted from MON
vector to construct ASA 25 e I e CAT gene is inserted into
the ASA vector to produce [err] SA-CAT vector, 6 WO 00/ 00629

PCT/ KRQ9/ 00334 EbGsRrschénnii cdheh;mmepaesmS firegmsnrtuctonésiningettrtovi r al
vectors containing the intron and/or exon of HCOW iel (UL123) gene, FIG 3a
represents the peastégdr anhfeneRa Spddcing acceptor and partial exon 2

of HCMV 1iel (UL123} gene 1is inserted into the MIN

vector.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides both safe and

efficient retroviral vectors that are derived from MLV-

based vectors, specifically from MON or MIN. In the

10 vectors of this invention, retroviral genes (gag, env

and pol coding sequences) are completely deleted; a

heterologous intron, splicing acceptor, and/or non-

coding sequence are/is inserted into the upstream

position of cloning site for a foreign gene; a strong

15 heterologous promoter is contained in 5 LTR; and a

heterologous promoter or an IRES is positioned in the
downstream position of the cloninglsite.

Particﬁlarly, in the vectors of this invention,

-since pol coding sequence containing a splicing

20 acceptor 1is completely deleted, the possibility of

homologous recombination, which has been a disadvantage

of the conventional retroviral vectors, can be excluded.

Deleting pol! sequence 1leads to the reduction of

gene expression level. To restore the reduced

25 expression efficiency and wvirus titer, various

retroviral vectors are provided in this invention, as

9
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5 m nimal pronoter-neo cassette is substituted for an |IRES-neo
cassette to obtain MSN vector, and then SN- 3LTR vector is constructed -

through the i ngeydolesroof the fragnment containing SV40 nmini mal PCTKREKI3IRNI
M.V 3' LTR into pUC18, 10 FI G 3b represents the procedure where a
chimeric LTR contai ning HCW maj or inmedi ate early pronoter is inserted
into the SN-3LTR vector, FIG 4a represents the procedure where a DNA
fragnent containing the exon 1, intron A and partial 15 exon 2 of HCOW
iel (UL123) gene is inserted into pCMvector to construct DONl.2 vector,
and then the baoiaowal: CAT gene is inserted into the DONL.2 to
produce DON1. 2- CAT, FIG 4b represents the procedure where a DNA 20
fragment cont ai ni ng®t Paipathivahtion rmrovidesl patrdelradx siectasts MUY el
(UL123) gene is inserted into pCMvector to construct DON2 vector, and then
the bacterial CAT gene ihetarndiogeysi findndie ¥oSPpLaghie BOEERERE FIG

4c represents the procedure where % splici n% 25 acca%gtorso£.gousgr
i munogl obul i n gene aRderRE SdFerieds IRHR/ TOE (BIADBHEHeRRSAFET NS t ed
nto pCNl%gctor to cloning site for a foreign gene in order to
complement the deleted splicing acceptor that
overlaps with the 3’ portion of pol coding
sequence. .All the introns and/or splicing
acceptors of known viral or cellular genes may
10 be used for this purpose, preferably the introns
and/or splicing acceptors of HCMV 1iel (UL123)
gene, elongation factor la {hereinafter,
referred to as “EFla”)} gene, glyceraldehyde 3-
phosphate dehydrogenase (hereinafter, referred
15 to as “GAPDH”) gene, P-actin gene etc.
® This invention also provides retroviral vectors
where a heterologous non-coding sequence is
inserted in the upstream position of the cloning
site. The non-coding sequence is used to
20 promote translational efficiency; and defined as
a transcribed DNA sequence that is not
translated to a protein, including intron and
untranslated exon. Preferably, the non-coding
sequence is selectred from the group comprising
25 the non-coding sequences of HCMV iel (UL123)
gené, EFloe gene, GAPDH gene, and P-actin gene.

The insertion of heterologous non-coding

10



construct DONSAl1 vector, and then the bacterial CAT 7 WO 00/ 00629

PCT/ KR99/ 00334 gene is inserted into the DONSAL to produce DONSAL-CAT, FI'G
5 schenaticallﬁg?éﬁmﬁyénts the structures of retroviral vector FEFREUPIg
the introns and exons of human genes, 5 FIG 6 represents the
procedure- where a DNA fragnent containing MLV 5' and 3" LTR is prepared
and inserted into pUC18 to give p53LTR vector, and then M N vector is
constructed through the insertion of the | RES-neo cassette isolated from

CBINinto th 53LTR 10 FI.G ., t.h d f
IIC\)/I N- Al | Qo(r)\st rﬁcltoi on, \ifdENTes SERARse éﬁﬁﬁa r ;e)%ﬁ%e&%%lrﬁ%ﬁ ﬁ?% r‘?\%ﬁ%gg °
-acti i bt ai d, dth . f t t ai ni h
ot arCintroeng 1S Piadheihy he "oRrdnSPribf (OgEA SO N BeRdcESe iin

gene is inserted into 5 - thg M NfVEEBBEnoﬁEQ rER. represents t he
procedure of MNE

® In addition, this invention provides retroviral
5 vectors where a heterologous internal promoter
or IRES is harbored in the downstream position
of the cloning site.
® Finally, this invention provides retroviral
vectors where either a full-length U3 sequence
10 of 5’ LTR or a strong heterologous promoter is

contained.

Hereinafter, the present invention is described in
detail.
15
1. The deletion of pol coding segquence: ASA
construction
To develop retroviral vectors with improved safety,
that 1is, retroviral vectors without the homologous
20 recombination activity, pol coding sequence including a
splicing acceptor was deleted from MON vector (KOREA
PATENT APPLICATION NO: 97-48095), constructing a
deletion mutant vector, ASA. In addition, ASA-CAT
vector was constructed through the insertion of a
25 bacterial CAT (; chloramphenicol acetyltransferase) as
a reporter gene (see FIG.li. Subsequently, the cell

lines transfected or transduced with the ASA-CAT were

11



construction, wherein a genom c PCR product containing human EF1[err] gene
I s obtained, and t-hen a DNA fragnment containing the partial intron 1, -
splici ng accepworosassds 20 partial exon 2 of human EFl a gene iRCTVKRS/0033d
into the MN-vector. FIG 7c represents the procedure of MNQG 7
construction, wherein a DNA fragnent containing the partial intron 1,
splicing acceptor and partial exon 2 25 of human GAPDH gene i s obtai ned
t hrough genom ¢ PCR and then inserted into the MN vector. FIG 7d
represents t he pr ocedur e of MN2 8 9 construction, wherein a
DNA fragment cewepamedg and paouighlt | ber SRTA, aspRYei ngTééceﬁEﬁ'Jbr a&ﬁéypart i al
exon 2 of HCW iel (UL123 ene is inserted into the M N vecto

DETAI LED DESCRBCORser bPREEERRED wEwedD eers Cr%etb?eéﬁﬂrﬁtﬁﬁveﬁ%téﬁt

rovi des both safe and
P was comparable to that of parental vector MON-CAT but

the gene expression was reduced (see Table 1). These
5 results proposed that pol gene containing splicing
acceptor be involved in the regulation of a foreign
gene expression in a vector.
As expected from the results, the expression level
of a foreign gene will be elevated if a heterologous
10 splicing acceptor and/or intron are/is inserted into
the upstream position éf cloning site for a foreign
gene so as to complement the splicing site deleted
éoncommitantly with the pol gene. However, if the
splicing takes place too much, the ratio of subgenomic
15 RNA to genomic RNA will increase, leading to the
decrease of viral titers in spite of the high levels of
gene expression.
To construct the ideal retroviral vectors,
therefore, the vectors should be designed so that the
20 rates of transcription, splicing and translation may be
balanced in transfected or transduced cell line. 1In
other words, preferable are the vectors where a foreign
gene 1is transcribed abundantly and the amount of
genomic RNA is balanced with the amount of subgenomic
25 RNA, so that genomic RNA may be produced enough to be
packaged into viral particles and that subgenomic RNA

may be translated into the plenty of protein encoded by

12



efficient retroviral vectors that are derived from M.V- based vectors,
preferably the MON or M N vectors as described herein. In the vectors of
this inventi onWO®M06 oviral genes (gag, env and pol codi ng sBEUERIEEIB4, e
conpletely déleted; a heterologous intron, splicing acceptor, and/or

non- codi ng sequence are/is inserted into the upstream position of cloning
site for a foreign gene; a strong heterol ogous pronoter is contained in 5
15 LTR, and a heterologous pronmoter or an |RES is positioned in the
downst ream posi tion of the cloning sb&g Particul ar e vectars of

) ly, int
this inventiofPesi f&epER c88PRy se néﬁ“ﬁ%nt%ﬂ?ﬁqgé%Péihﬁ?:ﬁﬂf%f pt or
20 [ letely deleted, th ibilit f h inat | ,
whi ch has. boen BeEEdvant bge BB L onvElEFSnal VEELIDY: ¢ Ao SRARY *Can
b | uded. Del et | | eads, . th '
oxpression | cgerueideBoAGIEREE BT AL By BANTRIEE GondS Gre

efficiency  anqdse ¥elUsntd itHY ‘del MAlnOUSut Al O¥bERLr YEGHAT £haRe sRf OVi ded
in this invention, as
5 is investigated whether this insertion has an effect on

the viral titers and gene expression levels,

2. The insertion of a heterologous DNA sequence
enhancing splicing and trnaslational efficiency:
10 DON1.2, DON2 and DONSAl construction
In oxrder to keep the balance of splicing rate and
gene expression rate as well as to elevate the overall
yield of wviral RNA, retroviral vectors were constructed
where the U3 region of MLV 5’ LTR was replaced with a
15 strong promoter, HCMV major immediate early promoter,
and where a heterologous non-coding sequence was
inserted.
In a preferred embodiment, the untranslated exon
and/or intron of HCMV iel (UL123) gene were/was
20 employed as the heterologous non-coding sequence which
was inserted into the upstream position of the cloning
site of the vector (see FIG 2}). It has been known that
the exon and/or intron sequences of HCMV iel (UL123)
gene enhance the translation efficiency when inserted
25 into an expression vector.
Particularly, pCM vector was prepared as follows:

all of retroviral coding sequences were deleted; the

13



WO 00/ 00629 PCT/ KR99/ 00334 fol | ows:
* This invention provides retroviral vectors where a heterol ogous introin
and/ or. splici nyOR8B8§Por are/is inserted into the upstream poskEBRIMISH
cloning site for a foreign gene in order to conplenent the deleted splicing

acceptor that overlaps with the 3" portion of pol coding sequence. Al
the introns and/or splicing acceptors of known viral or cellular genes
may 10 be used for this purpose, preferably the introns and/or

(her ol naf tor . FatirReastd 43 ~eryencd - FEgaite, LRy theal HERARSS. TihBsphat o
Lort] - actin geHEw: Gha 1% [ fpRRL=FRyFRFbh RESBONPEY dEb:F ettt KF ect or s
bosi t1on of t nASERSRAng Lifie FBETRY IER Byt I BrbilkRchos, LASHEEEY | o
pronot e trans'Waisonglnpfggfia&ieggy’aar}ge@eegél%%n%s internal promoter.

5 Subsequently, DON1.2, DON2 and DONSAl vectors were
constructed through inserting the exon 1, intron A,
and/or exon 2 of HCMV iel (UL123) gene into the pCM
vector (see FIG 3a, FIG 3b, and FIG 4a to 4c}. Then,
the DON1.2-CAT, DON2~-CAT, and DONSAl-CAT vectors were

10 prepared through the insertion of CAT reporter gene.

Cell lines transfected or tansduced with these vectors
were brought to CAT assay. From the result of CAT
assay, it was confirmed that all three vectors showed
much higher efficiencies of splicing and gene

15 expression than the control vector L-CAT-SN (see Table

2).

3. The insertion of cellular DNA sequences which can
promote splicing and gené expression: MIN-AIL, MIN-

20 EI, and MIN-GI construction
In another preferred embodiment, retroviral
vectors were further devised so that the balance of
splicing rate and gene expression rate might lead to
higher efficiencies both of wviral titers and of gene
25 expression. In these vectors, the exon and/or intron
sequences of human genes were inserted into the

upstream position of cloning site for foreign gene in

14



a transcribed DNA

sequence that IS not translated to a protein,,

i ncluding intr ntransl at ed exon. Preferably, the non- )
sequence is seﬁ@%@%@gﬂﬁron1the group conprising 25 t gqﬂgﬁwggﬁing

sequences of HCOW iel (UL123) gene, EFl[err] gene, GAPDH gene, and
[err]-actin gene. The I nsertion of het er ol ogous non- codi ng 10 WO
00/ 00629 PCT/ KR99/ 00334 seqguence
enabl es both the efficient splicing of foreign gene transcript and the

effective tran%h%tkg@rggi§gpg@gegbgsFqgge[pf@]sjn addi ti on,

provi des retroviral vectors where a heterologous I nt erna

promoter or |RES 'Srcharéefx%'rﬁatth%h@@@nSt\F&ﬂ{Bﬂ@S'tMm ofyelch@rc! qp §19
Finally, this invention provides retroviral vectors where

site. [err]

ei ther a full-leeghked3 wiestene@1100f retrovifil 5'cddiRgOr ragsbhongas
het er ol ogous pronoter is

10

15

20

25

deleted; MLV-derived 5’ and 3 LTR were maintained; and
EMCV IRES-neo cassette was employed as a heterologous
inteinal promoter. Especially, MIN vector was prepared
through following steps: the amplification of a DNA
fragment containing MLV 5’ and 3 LTR region, the
insertion of this fragment into pUC18 vector, and the
insertion of IRES-neo cassette into the recombinant
vector (see FIG 6). A DNA fragment containing the
partial intron and partial exon 2 of human f-actin,
EFla, or GAPDH gene, was inserted into the upstream
position of the cloning site of MIN vector,
constructing MIN-AI, MIN-EI, or MIN-GI vector,
respectively (see FIG 7a to 7c¢}.

To compare the wvector using cellular gene as a
splicing acceptor (e.g. MIN-AI, etc.}) with one using a
viral gene (e.g. DON1l.2, etc.}, another MLV-based
vector MIN-2 was prepared. Specifically, DNA sequence
containing the partial intron A and partial exon 2 of
HCMV iel (UL123) gene is inserted into MIN vector {see
FIG 7d). This insert is identical to that of DON2
vector.

Then, MIN-CAT, MIN-AICAT, MIN-EICAT, MIN-GICAT and
MIN-2CAT vectors were prepared through the insertion of

CAT reporter gene into the corresponding vector. Cell

15

this invention



contained. Hereinafter, the present invention is described in detail. 15 1.

The deletion of - pol codi ng sequence: [err] SA construction To
devel op retrovWOA0/00@8t ors with i nproved safety, that is, ret rRAKR00334
vectors wi thout the honol ogous 20 reconbi nation activity, pol codi ng

sequence including a splicing acceptor was del eted from MON vector (KOREA
PATENT APPLI CATION NO  97-48095), <constructing a deletion nutant

vector, ASA In addition, [err]SA-CAT vector was constructed through
the insertion of a 25 bacterial CAT

acetyl t r ansf er 43B83SaBrans £peredroyditd g Or%gpt%%ﬁﬁsgﬁﬁgﬁfﬁy?er?he cel
e ronrnsbecked gt iasgiged il g ASKCHT el Lhe A 0010020
disclosed that the viral titers of all the vectors of
this invention are similar to those of control vectors
5 1LXSN and MFG, while the gene expression levels in cell
lines transfected or transduced with MIN-2 and MIN-EI

are much higher than cell lines containing the control

vectors {see Table 3}.

10 EXAMPLES

Practical and presently preferred embodiments of
the present invention are illustrative as shown in the
following Examples.

However, it will be appreciated that those skilled

15 in the art, on consideration of this disclosure, may

make modifications and improvements within the spirit

and scope of the present invention.

20 {(1-1) ASA construction
To prepare the 5’ LTR downstream sequence lacking
pol coding sequence, PCR (; Polymerase Chain Reaction)
was perfo;med, wherein MON vector (KCREA PATENT
APPLICATION NO: 97-48095) was employed as a template

25 and two single-stranded synthetic oligonucleotides

16



di sclosed that the viral titer of the deletion nutant was conparable to

that of parent afyo@eb&o MON- CAT but the gene expression was redpepstros6R34
Table 1). These 5 results proposed that pol gene containing splicikng

acceptor be involved in the regulation of a foreign gene expression in a
vector. As expected fromthe results, the expression |level of a foreign
gene will be elevated if a heterol ogous 10 splicing acceptor and/or
intron are/is inserted into the upstream position of cloning site for a

foreign gene soq@sctob&é@mphensnd time soki i ngagiRe weledgd aascawos tantly
wi th the pol gene. However, 1f the splicing takes place too nuch, the
rati o of subgenprEZ3dém philetrd wgaronds pBidersil| THecampbbfiedeadiang to
the decrease of viral titers in spite of the high | evels of gene
expression. To feamséntst cortbéspondisdl to ther auciabtideesegrencehdrefror e,

t he vectors should be designed so that the 20 rates of transcription,
splicing and tr¥hél &f i 3ARTeRe beShl bpcddeen FlGanf.ectld BrisraAsduced cel |
line. In other words, preferable are the vectors where a foreign gene is
transcri bed abunepressnandthdetanpseription start site of MLV genome,

and the sequence from +212 to +523 bp is a non-coding
sequence that is required to package genomic RNA.

The PCR product was subcloned into  pCRII

(Invitrogen, CA, USA), and then the HindIII-BamHI

10 fragment was prepared from the resulting vector. A

partial HindIII-BamBI fragment of MON vector was

replaced with the HindIII-BamHI fragment of PCR product,

constructing ASA vector. This ASA vector is used as an

elementary backbone of retroviral vectors which contain

15 MLV 5’ and 3/ LTR, and 5’ non~-coding sequence

comprising a splicing acceptor, IRES-neo cassette and

polygprine “track, with all of retroviral coding

§eqﬁénces deleted (see FIG 1).

20 (1-2) ASA-CAT construction
To investigate the effect of the above genetic
manipulation on the foreign gene expression and on the
packaging of retroviral genomic RNA, a bacterial CAT
gene was employed as a reporter gene.
25 CAT gene was obtained through PCR, in which pCAT3-
basic vector (Promega, WI, USA) was used as a template

and two synthetic oligonucleotides described by SEQ ID

17



genom c RNA is balanced with the anount of subgenomic 25 RNA, so that_
genom ¢ RNA may .be produced enough to be packaged into viral particles and
t hat subgenomni aBM0Ay be translated into the plenty of prot PF/ERYUEH by

12 WO 00/ 00629 PCT/ KR99/ 00334 t he
foreign gene. In this invention, retroviral vectors are provided,
wher e vari ous non- codi ng sequences originated fromviral or cellular
genes are inserted into the deletion nmutant vector, and then it 5 S

i nvestigated whether this insertion has an effect on the viral .titers and
gene expressi oMNQe\@| ECATATGNTRrinexd epidoNO o (CATRHOE, AXIJET

sequence enhancing splicing and trnaslational efficiency: 10, DON1. 2,
DON2 and DONSAREoRSEFEESH on IGF oFHRr ROy VAR Hﬁsfr%@diflgb?i & rate

R, et r ovt 1 aIPWBER of SO s ERac BN andre ThE GFF B SHSERL Y | LTR
was replaced\Méﬁga'resulting vector, containing CAT gehne, was
5 introduced into pC3.1 (Invitrogen, CA, USA) to prepare
pC3.1-CAT. ASA-CAT vector was constructed through the
insertion of CAT gene (Klenow-treated XbaI-HindIII
fragment of pC3.1-CAT) into the Hpal site of ASA vector
(see FIG 1).
10
{1-3) CAT assay
ASA-CAT and control vector (MON-CAT), together
with Gag-Pol and Env packaging vectors, were
transfected to 293T cells {(DuBridge et al., Mol. Cell.
15 Biol., 7: 379-387, 1987). After the transfected cells
were cultured for 48 hours, cytosolic proteins were
extracted to measure CAT activity, an indicator of
foreign gene expression level. Meanwhile, cell-free
viral supernatants, obtained by filtrating the cultured
20 medium. with 0.45-pm filter, were used to transduce
NIH3T3 «cells (ATCC CRL - 1658}. The level of CAT
activity was determined using the protein extract 48
hours after the transduction.
CAT assay was performed as follows: first, cells
25 were harvested and washed with 1 ml of PBS (phosphate-
buffered saline), and then resuspended in 0.25 M Tris

buffer (pH 7.5}. The cells were 1lyzed through

18



15 strong pronoter, HCW nmgjor imedi ate early pronoter, and where a
het er ol ogous non COdI é)sequence was inserted. In a preferred enbodi nent,’
W62%nd/ or intron of HOW iel (UL123) gene WECA/KRSS/09334
enpl oyed as the heterologous non- codi ng sequence which was inserted into
the upstream position of the cloning site of the vector (see FIG 2).

t he untransl at &

been known that the exon and/or
enhance the translation efficiency when inserted 25

vector.

It has

I ntron sequences of HCW iel (UL123) gene
i nto an expression

codi ng sggLékgggg%g §C¥%F§5&8%hélﬁ3 Egpﬁéggofﬁgéggng“?ina£5%9f ret;;;iral
PCT/KR99/00334 f %hél%ﬁﬁﬂyen %t%fN%O L r|ve&5§péﬁ§i<é%g{5é%

maj or i mredi at € ea?ly pronot er’, mnth

SV40 promoter-peq cazsglle AS &PLoyed as 22 hahRiQlsogqs ﬂ{aeé{@ate

pronot er .

10

15

20

25

deacetylase, it was centrifuged at 12,000 rpm for 10
minutes and the supernatant was rescued. The protein
level in the extract was quantified according to
Bradfofd’s method. The normalized extract was mixed
with 1 pl of C-chloramphenicol (60 mCi/mmole, 0.1
mCi/ml), 2 pl of acetyl-coenzyme A (40 mM), and
appropriate volume of 0.25 M Tris (pH 7.5). This
reaction mixture was incubated at 37°C for appropriate
reaction time. 'After the reaction, chloramphenicol was
extracted with ethyl acetate and concentrated under
reduced pressure. The pellet was resuspended in 15 pl
of ethyl acetate and loaded onto thin layer
chromatography (TLC) plate. After TLC was performed
using TLC developing solvent (95% éholoroform, 5%
methanol), TLC plate was dried and then exposed to X-
ray film or brought to phosphoimage analyzer, so that
the acetylafion level of chloramphenicol may be
measured. CAT activity in a sample could be calculated
from the radioactivity ratio of acetylated
chloramphenicol to total chloramphenicol.

Table 1 shows that CAT activity in 293T cell line
transfected with ASA-CAT lacking pol gene was lower
than in control line transfected with MON-CAT. This

suggests that pol coding sequence be involved in the

19
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5 Subsequently, DONl.2, DON2 and DONSAl vectors were constructed

t hrough inserting the exon 1, intron A and/or exon 2 of HCOW iel (UL123)
gene into the POMOBeEPor (see FIG 3a, FIG 3b, and FIG 4a to 4cHCT/KEPRAN334 he
DON1. 2- CAT, DON2- CAT, and DONSAl- CAT vectors were 10 prepared through the
insertion of CAT reporter gene. Cell lines transfected or tansduced wth

t hese vectors were brought to CAT assay. Fromthe result of CAT assay, it
was confirmed that all three vectors showed nuch higher efficiencies of
splicing and gene 15 expression than the control vector, L- CAl- SN (see
Table 2). 3. TREULALEPR| off of 98RE | (BHRTERILPbquendds WAL 108N pﬁéﬁote

splicing and gene,exg§essi n. M

N-AlL, MN 20 El,. . INE
construction | ASEX4hEY héP rBPéFEF?@dllnﬁnﬁ§8Wﬁgane Sﬁ@ﬁ?%%igéFtﬁggtors
furth devi t.hat th | . i ci
2§L$esg{one;atgghfgﬂfiﬁeéﬂétotﬁ§5%%¥§%¥fi8?3%%iggi%%%%f%§ SggggePﬁpgrs and
of gene 25 §é@%§§§hgneffkeiansgeigefé%éedttas ehEaN ARY Vxprdlsk9Bn

sequences of htma nés were Irnserted rnto the upstream position of

cloning sige fgrffgeg_ghgp_ gene in

Table 1. The effect of pol deletion on gene expression

level
10
Vect Cell line
sctoxr 293T cells NIH3T3 cells
MON-CAT 1.0 . 1.0
ASA-CAT 0.5 £ 0.1 0.4 = 0.1
15 In order to keep the balance of splicing rate and
translation rate as well as to enhance the overall
yield of wviral RNA, MON-derived retroviral vectors
comprising the following three vectors were
constructed:
20 ® DON1.2 vector where the full-length U3 sequence

of MLV 5’ LTR 1is replaced with HCMV major
immediate early promoter; and MLV splicing

acceptor 1is replaced with a DNA fragment

20



14 WO 00/00629 PCT/ KR99/ 00334 .t he

retroviral C e FIG5). To construct these vectors or
was prepared Wé@w@?ﬁ retroviral coding region was del et ed?C%g{é&%ed

5" and 3' LTR were maint a| ned; and 5 EMCV | RES- neo cassette was enpl oyed
as a heterol ogous internal pronoter. Especially, MN vector was prepared

through follow ng steps: the anplification of a DNA fragnent containing MV
5" and 3' LTR region, the insertion of this fragnment into pUCl8 vector, and

the 10 insert) on of LEES: NenscERelisy LI Addivon b declos, (see

FIG 6). A DNA fragren onanln rtiral intro artla exon
2 of huran [err]-actip, ERLCA idnds0 &P%m sast Eéabh?ddfmﬁtmhe

upst ream position cloni ng site vector, 15
constructing MNAl je1 th'lﬁi’.) e, MNG vect or respectively (see
FIG 7a to 7c). To conpare the vector Usi ng cellular gene as a

® DON2 vector where the full- length_UB sequence of
5 MLV 5’ LTR is replaced with HCMV major immediate
early promoter; and MLV splicing acceptor is
replaced with DNA fragment containing the
partial intron A and partial exon 2 of HCMV iel
{UL123) gene, and
10 ® DONSAl vector where the full-length U3 sequence
of MLV 5’ LTR is replaced with HCMV major
immediate early promoter; and MLV splicing
acceptor 1is <replaced with a DNA fragment
containing the splicing acceptor of mouse
15 immunoglobulin gene and the exon 1 of HCMV iel
(UL123) gene
The detailed method of constructing these vectors

is described as follows (see FIG 3a, FIG 3b, and FIG 4a

‘to 4c¢).
20
(2~-1) sSN-3LTR construction
In three wvariant vectors, SV40 promoter-neo
cassette is inserted into the downstream position of
cloning site for a foreign gene (see FIG 2}. To
25 construct these variant vectors, a vector containing

SV40 promoter-neo cassette was prepared as follows (see

FIG 3a and 3b).

21



splicing acceptor (e.g. MN-AI, etc.) with one using a viral gene (e.g.
DONL. 2, etc.), another M.V-based 20 vector M N2 was prepared. )
Specifically, BRQAMBGZAence containing the partial intron A andT&RYAB3M¥yon
2 of HOW iel (UL123) gene is inserted into MN vector (see FIG 7d). Thi s
insert is identical to that of DON2 vector. 25 Then, M N- CAT,

M N- Al CAT, M N EI CAT, M N d CAT and M N-2CAT vectors were prepared through
the insertion of CAT reporter gene into the correspondi ng vector. Cel

WO 00/ 00629 nes

EI_Lansfecltted ?rthragi_?_m%Zhatr@%%ec‘#bﬁ%e w3 gggégﬁt@tgégg%%g%ééay
e resu o] |
Vectors of ¢hi hiekeRbEoRohFEOL: AE aV4% PROLESE S5fd FEdmfef hebn®

S e St A ose Of control vectors LXSN
an ile_ the gene exp | I Wnpedl | lfdnggdr f egggdyor
transduced witfi@RFP eaﬁgéwpﬁéalgggeﬂégéﬁghi gpﬁlgr' t%:?n ceelt Iﬁ%’negtgbﬁt ai ni ng

the control Ve?£86§t£§§§hJH€A? 8%A) was employed as a template, and

5 two synthetic oligonucleotides described by SEQ ID NO:
5 {SV40-5 primer) and NO: 6 (Neo-3 primer} were as PCR
primers.

After the SV40 promoter-neo cassette was subcloned
in pCRII (Invitrogen, CA, USA), the BamHI-Xhol fragment

10 of the resulting vector was inserted into the
BamHI/Xhol site of MON. The resulting vector, MSN was
digested with BamHI and EcoRI restriction enzymes, and
the BamHI-EcoRI fragment containing SV40 promoter-neo
cassette and 3/ LTR was ligated with the BamHI-EcoRI

15 =~ fragment of pUCl8 so as to construct SN-3LTR veéctor

{see FIG 3a).

{2-2) pCM construction
PCR was performed in order to prepare retroviral
20 vector where 5/ LTR was replaced with a strong
heterologous promoter. Employed as a PCR template was
a retroviral vector MCC-CAT (KOREA PATENT APPLICATION
NO: 97-48095) containing chimeric LTR in which full-
length U3 sequence {-419 to -1 bp) of MLV 5’ LTR was
25 replaced with the full-length HCMV major immediate
early promoter. PCR primers were two synthetic

oligonucleotides, described by SEQ ID NO: 1 (HHIR

22



10 EXAMPLES Practical and presently preferred,
enbodi nent s of resent invention are illustrative as shown_in th

fol | ow ng Exanﬁ#‘ggm%ﬁ?mever, it will be appreciated that t hose PSR g@“‘ﬁ?ﬁ
in the art, on consideration of this disclosure, my nake nodifications and
I nprovenents within the spirit and scope of the present invention. Exanple
1: The deletion of pol gene from MON vector 20 (1-1) [err]SA
construction To prepare the 5° LTR downstream sequence | acking pol coding

vear o Ckorea BERLERE ABRE S o (P2 EhAn DhetRe P e L%%ﬁ%&a‘“?%@rﬁ% e
25 —and two SingkasgtEaRdRa SYGLAGLL CrrOhi SRIMC)£O

00/ 00629 PCT/ KR99/ oo%gi de%’%. bed
by SEQ I D NO %ﬁ(A'é!ﬂdQ b dESneNth NGER2T ( R2RIBAFLBEHTECK , Wassn)asS PrHdTES S.

The anplified
HindIII-BamHI fragment of the subcloned sequence was
5 inserted into the HindIII-BamHI site of SN-3LTR vector
(obtained in Example 2-1} to prepare pCM vector (see
FIG 3b}. In the pCM, all of the retroviral coding
sequences were deleted just like ASA vector of Example
1-1, while 5’ LTR and IRES-neo cassette of ASA vector
10 were replaced with chimeric LTR and SV40 promoter-neo
cassette, respectively. The pCM vector was employed as

‘a starting material for DON1.2, DON2 and DONSAl vector,

as shown in Example 2-3 to 2-5.

15 {2-3) DON1.2 and DON1.2-CAT construction
To obtain DNA fragment containing the exon 1,
intron A and exon 2 (to start codon) of HCMV iel
(UL123) gene, PCR was performed. Template in the PCR
was pEQ276 wvector (Bieéalke et al., Virology, 183: 381-
20 385, 1991) containing DNA sequence from HCMV major
immediate early promoter to the exon 5. '~ Two PCR
primers were described by SEQ ID NO: 7 (RIS primer,
hybridized with the exon 1) and NO: 8 (CMVexon2.3
primer, hybridized with the exon 2), respectively. 1-
25 kb DNA fragment was amplified in the PCR and contained
the exon 1, intron A, and partial exon 2 (which ends

just before start codon) of HCMV iel (UL123) gene.
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fragments corresponded to the nucleotide sequence fromMV 5 LTR to +523
bp (see FIG1). In this case, +1 5 represents the transcription start
site of MV geM@R#@00@hd t he sequence from +212 to +523 bp is ECRERONMBAg
sequence that is required to package genom c RNA. The PCR product  was
subcl oned into PCRI1 (Invitrogen, CA, USA), and then the H ndllI-BanH
10 fragnment was prepared fromthe resulting vector. A partia
?lndIII-Ba?HI fragnent of MON vector was replaced with the H ndllI-BanH
ragnment of PCR product, construycting ASA.ector.. This AS t | s used
as an el enentary bﬁ%%%oﬁ@Ropr%$ Svi MAS veESEE eﬁhi&ﬁ%gon a%%&i@iuﬁﬁtv 5'
and 3 LTR, and 5'_ ngn-codin S n L.Si I
accept or, IRESYﬁ%B°Eaé%ﬂﬁ%%??ﬂﬁf”ngyp@%ﬁﬁe%%tﬁggggkam??ﬁgogF? §%éﬁbr.
retroviral cogjng seguence d (se s trearkd 2
[err] SiA- CAT coﬂé?guctﬁ%&oirnﬁgb?ga Jsé te%i;é%]fl)ezct ofs thgegbove ‘)éle%%t I C
mani pul ation o forel gege ep3ligR aduhoHN t hehPagoroi PecObr
retroviral gengﬁéggﬁNAflégghcteria CAT gene was enpl oyed as a reporter
gene. 25 g obEAIn8ENEnVBR 2P &l Pesl A5 0HOGe SR witMhBehH D CérByme
and treated with Klenow enzyme. Two DNA fragments with
blunt ends were ligated to construct DON1.2 vector.
Additionally, DON1.2-CAT vector was constructed through
the insertion of a CAT gene into the Klenow-treated

10 HindIII fragment of DON1.2 (see FIG 4a).

(2-4) DON2 and DON2-CAT construction
The HpaI-EcoRI fragment of pZerol.2 of Example 2-3
was prepared, which contained 112-bp 3’ region of the
15 intron A and 5’ region of exon 2 (from +837 to +3964,
just before start codon). Then, this DNA fragment was
treated with Klenow enzyme to make blunt ends. On the
other hand, the pCM vector obtained in Example 2-2 was
digested with BamHI enzyme and treated with Klenow
20 enzyme. The above two DNA fragments with blunt ends
were ligated to construct DON2 vector. Additionally,
DON2-CAT vector was constructed through the insertion
of a CAT gene into the Klenow-treated HindIII fragment
of DON2 {see FIG 4b}.
25
(2-5) DONSAl1l and DONSA1-CAT construction

To prepare the splicing acceptor of mouse

24



basic vector (Pronega, W, USA) was used as a tenplate and two synthetic.

ol i gonucl eoti des_described by SEQ ID 17 WO 00/ 00629

PCT/ KRO9/ 00334 WRIVHSICATATGN primer) and NO 4 (CATSTOP pri meff (e OR
prinmers. The PCR product was inserted into the pCRIl (Invitrogen, CA,
USA), and the BanmH fragnent of the resulting vector, contai ning CAT
gene, was 5 I ntroduced into pC3.1 (Invitrogen, CA, USA) to prepare
pC3. 1- CAT. ASA- CAT vector was constructed through the insertion of CAT gene

ASA vect or (sed EBopTebRip, GPALT s RaI traoh, O faoitetBELides ©
here transt ect S b SETPesi e (Bhgeraites WeorRAH A M YD 4.
379-387, 1987). 5\ beh thEi Jr1Sf e6h@d el | 30 (SA bottom oligomer},
respectively. Annealing reaction of the two oligomers
5 produced splicing acceptor fragments with cohesive ends.
pGEM4-SA vector was prepared through the insertion of
the fragment into the BamHI site of pGEM4 vector
{Promega, WI, USA) (see FIG_4c).
To amplify the exon 1 of HCMV iel (UL123) gene,
10 PCR Qas performed, wherein the pEQ276 vector of Example
2-3 was employed as a template and two synthetic
‘oligonucleotides described by SEQ ID NO: 7 (RIS primer)
and NO: 11 (exon 13 primer), respectively, as primers.
The amplified exon 1 fragment was subcloned in the
15 EcoRI site of pZero-blunt vector (Invitrogen, CA, USA),
producing pZero-exonl vector. Then, EcoRI fragment of
pZero-exonl was subcloned in the EcoRI site of the
pGEM4-SA to prepare pGEM-SA-exonl vector.
The Xbal-BamHI fragment of pGEM4-SA-exonl was
20 treated with Klenow to make blunt ends, and then
ligated with the Klenow-treated BamHI fragment of pCM
(obtained in Example 2-2), constructing DONSAl vector.
Additionally, DONSAl1l-CAT vector was constructed
through the insertion of CAT gene into the Hpal site of

25 DONSA1 (see FIG 4c).

{2-6) CAT assay



were cultured for 48 hours, cytosolic proteins were extracted to neasure
CAT activity, an indicator of foreign gene expression |evel. Meanwhi | e
cel | -free vira™@WWWHat ants, obtained by filtrating the cul t UPEKBHS00334
mediumwith "0.45-[errJmfilter, were used to transduce NIH3T3 cells

(ATCC CRL 1658). The level of CAT activity was determ ned using the
protein extract 48 hours after the transduction. CAT assay was performed as
follows: first, cells 25 were harvested and washed with 1 ml of PBS

(Prosphat e buf ereggel) Nl Wbk o= uaRgBAEdchr, 0ag8, Myl i e
.5). e ‘e 'hr ot
bath) cycl e 6 HEOE AMeas ¢ eanssebPedy” oy backaginay BufleEqymIS vater

0L Conetof (A ko ghize gL oL potepcly L paso-asma oot ma ot

the transfected lines were cultured for 48 hours, cell-

5 free viral supernatants were prepared to transduce
NIH3T3 cells. The transduced lines were cultured for
48 hours. CAT activities in the transfected ox
transduced lines were measured according to the method
of Example 1-3, thereby analyzing the relative gene

10 expression levels.

As shown in Table 2, markedly higher level of CAT
activity was observed in FlyAl3 line transfected with
DON1.2~CAT or DON2-CAT than in a control 1line
{(transfected with L-CAT-SN). In addition, NIH3T3 cells

15 transduced stably with DON1.2-CAT or DON2-CAT vector
showed 5- to 10-fold higher CAT activity than control
cells did. In case of cell line transfected or
transduced with DONSAl1-CAT, a little higher CAT
activity was observed than in control. These results

20 suggested that splicing efficiency and gene expression
efficiency can be elevated if a heterologous non-coding
sequence involved in splicing is inserted into the
upstream position of foreign gene in an expression
vector.

25 E. coli strains transformed with DONZ and DONSAl
vector ‘were designated TOP10-DON2 and ToplO~DONSAL,

respectively. They were deposited in Korean Culture

26



| evel in the extract was quantified according to Bradford' s nethod. The
normal i zed extE%ct m@@ mxed with 1 [err]l of [err] C chloranpheni.col 60
nCi / nmol e, , 2 [err]l of acetyl-coenzynme A (40 nﬂ@?cgﬁﬁwie 34
appropriate volune of 0.25 M Tris (pH 7.5). This reaction m xtur e
was incubated at 37[err]C for appropriate reaction tine. After the
reaction, chl oranpheni col was extracted with ethyl acetate and concentrated
under reduced pressure. The pellet was resuspended in 15 [err]l 15 of

et hyl acet at%ﬁ{l %Q,dof tﬂ%q:%% p&_gm o%] Eg&evlsayeir %rgacte%gsrl yNO,(TLC)

pl at e. After EShas per ormed usin €l’opi'ng sol vent %
chol orof orm 59 t ), - éﬂﬂ then exposed to X- ray
filmor brought 10 E%ggbﬁoﬁﬁgﬁgggﬁé yzer % at” 20 the acetylation

| evel of chloranphenlcol may be measured. CAT activity in a sanple

could be calculated from the radi oactivity ratio of acetyl at ed
chl or anpheni col to total chloranphenicol. Table 1 shows that CAT activity
in 293T cell line 25 transfected with ASA- CAT | acki ng pol gene was | ower

than in cohtrolrabilee granghect edfacth MMN-€d. hetdnrslsyugogestsequmiceol
codi ng sequence be involved in the
insertion on the gene expression level

Vector Cell line
FlyAl3 NIH3T3
L~CAT-SN 1.0 1.0
DON1.2-CAT 10.1 £ 1.5 7.7 £ 1.6
DONZ2—-CAT 12.5 £ 2.1 8.0 £ 2.0
DONSA1-CAT 5.0 £ 2.0 1.8 1.2

10

In this Example, MIN-derived retroviral vectors,
MIN~AI, MIN-EI, MIN-GI and MIN-2 were constructed, so
thét the rates of transcription, splicing and
15  translation of a foreign gene might be balanced in
eukaryotic cells. None of viral sequences are contained
in MIN vector as well as in ASA vector, but MIN
contains IRES-neo cassette instead of SV promoter-neo
cassette (see FIG 5). The features of the above four

20 vectors are as follows:

® A DNA fragment containing the intron, splicing
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19 WO 00/ 00629

PCT/ KR99/ 00334

regul ation of .gene expression. In addition, CAT activity in

transduced |i n@GHOREY the sinilar pattern to that in transfecR(EKRIIRIIZ4

i mpl yi ng that the packaging efficiency is related to the gene expression 5

efficiency. Table 1. The effect of pol deletion on gene expression |evel

Vect or Cell line 293T cells Nl H3T3 cel |l s MON- CAT

1.0 1.0 ASA- CAT 0.5 0.1

10

0.4 0.1 Exanple 2: The

i nsertion of pronoter and exon and/or intron of EF?%Singéﬁﬁlégg?gfge 15I
n ner S we

In order to keep the 3EFERRF ofPEpIRAGHG Y af%¥°Rn

as to enhance the ovegréirllel i el d of é’e'»cga:{ntRNA‘ MON-derived re

vect ors as inser

foreign gene in MIN-AI vector.

® A DNA fragment containing the intron,
5 acceptor and partial exon 2 of human EFla gene

was inserted into the upstream position

foreign gene in MIN-EI vector.

® A DNA fragment containing the intron,
acceptor and partial exon 2 of human GAPDH gene

10 was inserted into the upstream position

foreign gene in MIN-GI wvector.

Besides these constructs, a vector was prepared,
where a heterologous, viral sequence was
Eépecially, MIN-2 vector was prepared where a DNA

15 fragment containing the intron, splicing acceptor and
partial exon 2 of HCMV iel (UL123} gene was inserted

into the upstream position of cloning site of the MIN

vector.

MIN and MIN-derived MIN-AI, MIN-EI,

20 MIN-2 vectors were constructed as follows.

(3-1) MIN construction

To obtain MLV 3’ LTR region, PCR was performed,

which pMLV (Shinnick et al., WNature, 293:

25 1981) was employed as a template and two synthetic
oligonucleotides described by SEQ ID NO:

primer} and NO: 13 (3LTR3 primer) were as primers.

28

o the upstream pos{{

inserted.

MIN-GI and

12

ovira
ion ©

splicing

splicing

543~548,

{3LTRS

of

of

in



conpri sing t he fol |l ow ng t hree vectors wer e construct ed 20
[err] DONL.2 v ere the full-length U3 sequence of M.V 5

replaced with M&% i medi ate early pronoter; and M.V spl |P€|Tﬁ§R99’°°334
acceptor is replaced W|th a DNA fragnent 20 VO 00/ 00629

PCT/ KR99/ 00334 containing the exon 1, intron A and partial exon 2 (which
ends just before start codon) of HCW iel (UL123) gene, [err] DON2 vector
where the full-length U3 sequence of 5 M.V 5 LTR is repl aced

L0 U Tl o TR 058 | Y DLOID! 2o S MR 1 G RERNOElS |

replaced with aining t artral “intron

2 of HCOW i el (P&éfég g%ﬂ% ﬁﬁ:@/‘}gagﬁxﬁ Itrac[ke”lmm e %C'V%?ﬁa}’%frﬁLbhe

full-1ength U3 seguente o S repl ace
genome. PCR product subcloned in pCRII vector

(Invitrogen, CA, USA} was digested with BamHI and EcoRI
5 enzymes, and the resulting fragment was inserted into
the BamHI-EcoRI site of pUC18 to prepare p3LTR vector
{see FIG 6).
On the other hand, to obtain non-coding sequence
containing retroviral 5’ LTR and splicing donor, PCR
10 was performed, where pMLV was employed as a template
and two synthetic oligonucleotides described by SEQ ID
"NO: 1 (HHIR primer) and NO: 14 {(5LTR3 primer} were as
primers. Amplified PCR product contained nucleotide
sequence from 5’ LTR to +623 bp (just before gag coding
15 sequence} of MLV genome. After PCR product was
subcloned in pCRII vector, .the HindIII-BamHI fragment
of the vector was inserted into the HindIII-BamHI site
of p3LTR to prepare p53LTR vector (see FIG 6).
Finally, IRES/neo cassette were isolated from
20 pCBIN (KOREA PATENT APPLICATION NO: 97-48095) through
BamHI-Xhol digestion, and then inserted into BamHI-XhoI
site of the p53LTR vector to construct MIN vector (see
FIG 6). | |
MIN-CAT vector was also constructed through the
25 insertion of a CAT gene into the BamHI site of MIN
vector so as to analyze the expression efficiency of

MIN vector.
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i medi ate early pronoter; and MV splicing acceptor is replaced with a DNA
fragnment containing the splicing acceptor of nouse 15 ' )

i mmunogl obul i NWGEREEAd t he exon 1 of HOW iel (UL123) gene ThECTHERY/Q03YH
met hod of constructing these vectors is described as follows (see FIG 3a,
FIG 3b, and FIG4a to 4c). 20 (2-1) SN-3LTR construction In three variant
vectors, SV40 pronoter-neo cassette is inserted into the downstream
position of cloning site for a foreign gene (see FIG 2). To 25
construct these variant vectors, . a vector containing SV40 pronoter-neo
cassette was prepared as follows (see FIG 3a and 3b). 21 WO 00/ 00629

PCT/ KR99/ 00334 To p?gpﬂ %yfftcogns\@}g{cq:i%%o gene i s expressed

To prepare human nucleotide sequences that would
be inserted into MIN vector, genomic DNA was extracted
5 from human cells. First, peripheral blood mononuclear
cells were separated from human blood by Ficoll-paque
gradient centrifugation. After washed once or twice
and gathered again, the cells were lysed with TES (10
mM Tris-Cl (pH 7.0), 10 mM EDTA, 0.7 % SDS).
10 Proteinase K (400 ug/ml) was added to the cell lysate,
and the lysate was incubated at 50-55°C for 1-2 hours,
‘followed by phenol/chloroform extraction and ethanol
precipitation.
‘ The isolated genomic DNA was employed as a
15 ‘template in PCR, which amplified DNA fragment
containing the promoter, exon 1, intron and partial
exon 2 of human B-actin gene. The PCR primers were two
synthetic oligonucleotides described by SEQ ID NO: 15
(beta—actin 5 primexr) and NO: 16 (beta-actin 3 primer).
20 The PCR product was subcloned in pCRII vector, and then
the Miul-Nhel fragment of the vector was inserted into
the MluI-Nhel site of pC3.1 vector {Invitrogen, CBA,
USA) to prepare pfactin.
The Klenow-treated BglI-BamHI fragment of pfactin
25 (corresponding to +717 ~ +849 of human B-actin gene)
was inserted into the T4-polymerase-treated Apal/BamHI

site of MIN vector (see FIG 7a). The resulting vector
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under the control of SV40 pronoter, SV40 pronoter-neo cassette was produced
through PCR  lup bdaReBCR PC3.1 (Invitrogen, CA, USA) was enpl gxegaies/igsss
tenplate, and 5 two synthetic oligonucleotides described by SEQID N& 5
(SV40-5 primer) and NO 6 (Neo-3 priner) were as PCR priners. After the
SV40 pronoter-neo cassette was subcloned in pCRII (Invitrogen, CA USA),

t he BanHl - Xhol fragnment 10 of the resulting vector was inserted

into the BanH / Xhol site of MON. The resulting vector, MSN was di gested
with BanH and {goRledigfiidted iMam-@nzynes, and the BarmHl - EcoRl fragnent
cont ai ni ng SV40 pronoter-neo cassette and 3' LTR was ligated with the
BanHl - ECoRI 15 fragneaddatiphC18MSN-ASCAD couastonct w8k 3cdRsteutbed(see
FIG 3a). (2-2) pCMconstruction PCR was perforned in order to prepare
retroviral 20 themight thehdmserXion R aw@dT wepkadade whehBagHIssibag

het er ol ogous pronoter. Enployed as a PCR tenplate was a retroviral vector
MCC- CAT ( KOREA ¢RATENN-AZPLVEATEON 80 Y- 48093nadarreni ey ERPEeFBAORTR in

which full- length U3 sequence (-419 to -1 bp) of MLV 5 LTR was
. 5 efficiency of MIN-AI.

(3-3) MIN-EI construction
To obtain the non-coding seguence of human EFla
gene, genomic PCR was performed. The genomic DNA
10 isolated in Example 3-2 was employed as a template in
the PCR, and two synthetic oligonucleotides described
by SEQ ID NO: 17 (EFla5 primer) and NO: 18 (EFla3
primer) were és PCR primers. The PCR product contained
the promoter, exon 1, intron and partial exon 2 of
15 human EFla gene. The PCR product was subcloned in
PCRII vector, and then the Mlul-Nhel fragment of the
vector was inserted into the MluI-Nhel site of pC3.1
vector (Invitrogen, CA, USA) to prepare pEFla.
The Klenow-treated XhoI-BamHI fragment of pEFla
20 (corresponding to +772 ~ +1008 of human EFla gene) was
inserted into the T4-polymerase-~treated Apal-BamHI site
of MIN vector (see FIG 7b). The resulting vector was
designated MIN-EI.
In addition, MIN-EICAT vector was constructed
25 through the insertion of CAT cassette into the BamHI
site of MIN-EI vector in order to analyze the

expression efficiency of MIN-EI vector. The MIN-EICAT
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25 replaced with the full-length HCW mgjor immediate early

pr onot er . PCR prinmers were two synthetic oligonucleoti dpeg§r
by SEQ | D NO YO 440e922 WO 00/ 00629

PCT/ KR99/ 00334

cont ai ned the DNA sequence fromchineric 5
pCRI I (Invitrogen,

sequence was 5

The pCM vect or
DONSAL vect or,

primer) and NO 2 (R523Bam priner). The PCR products

mqgﬁo%ﬁ;;b ed

LTR to +523 bp and subcl oned in
CA, USA). The HindlIl-BanmH fragnment of the subcl oned

o . :nserted into the Hndlll-BamH site of SN-3LTR vector

obtained in Exanple 2-1) to, prepar CM.vec El.G 3 h cM

g(l o:‘ t he re\tmr""@?ﬁ r:‘é}t"t%%icr?éi &&&en‘gegcﬁé\l{e%‘g{a&g?ﬁp&gﬂ Iﬁ% Rgén\;:te'cfof of
ample 1-1, ile 5 LT d | RES-

reprgced wi th Afhfer by %%WﬁtSVEﬁygg%%%gﬁgﬁég &ENLEEEbgﬁngféPrak

er-neo casset

own I n to 2-5. 15

DONL. 2- CAT CONSifiChi OR 999 (Accession NO: KCCM~10163).

5

10

15

20

25

{3-4) MIN-GI construction

To obtain the non-coding sequence of human GAPDH
gene, genomic PCR was perforrhed. The genomic DNA
isolated in Exainple 3-2 was employed as a template in
the PCR, and two synthetic oligonucleotides described
by SEQ ID NO: 19 (Gint5 primer) and NO: 20 (Gint3
primer) were as PCR primers. The PCR product contained
the partial intron and partial exon 2 of human GAPDH
gene, corresponding to +185 ~ +317 of human GAPDH gene.
The PCR product was subcloned in pCRII vector, and then
the Mlul-BamHI fragment of the vector was inserted into
the Mlul-BamHI site of MIN vector. The resulting
vector was designated MIN-GI (see FIG 7c}.

In addition, MIN-GICAT vector was constructed
through the insertion of a CAT gene into the BamHI site
of MIN-GI vector in order to analyze the expression

efficiency of MIN-GI vector.

{3-5) MIN-2 construction
The MIlul-BamHI fragment of DON2 (corresponding to
+837 ~ +964 of HCMV iel gene) was prepared, which

contained the intron, splicing acceptor and partial
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To obtain DNA fragnment containing the exon 1, intron A and exon 2 (to start

codon) of HCW. ?;(gegﬁé123) gene, PCR was perforned. Tenpl ate ipibgﬁ?ggﬁgyﬁs

PEQR76 vect or e et al., Virology, 183: 381- 20 385,

containing DNA sequence fromHCW major inmediate early pronoter to
the exon 5. . Two PCR priners were described by SEQID NGO 7 (RI5
primer, hybridized with the exon 1) and NO 8 (CWexon2.3 priner,
hybridi zed with the exon 2), respectively. 1- 25 kb DNA fragnent was

anplified in tgs‘ PCR,and. cgy W gglt hﬁ]fﬁi%}/vlgeh@t ron ﬁ‘msa”ﬁlzﬁ’f‘lééxﬁﬂil \e/\éon 2

(which ends ju Bef 6r e st ar on) o (UL123) gene.
00/ 00629 was 1nseﬁﬁed into the MIYILBERATOQ3IZE FthEﬁR

product was |nsert 3 I'nto pZero-blunt vector (lInvitrogen, CA, USA) to
prepare pZer0l.g MGt Orﬁse@errx&w@) fragnap ofeqifatiolg 2 v&@stdr ea@sl Wi th

Kl enow enzyne to nmake bl unt ends. The pCM vector 5 obtai ned in Exanple
2-2 was di gest eksighatBanmInenzynme '
5 In addition, MIN-2CAT vector was constructed
through the insertion of CAT gene into the BamHI site
of MIN-2 so as to analyze the expression efficiency of
MIN-2 wvector. The MIN-2CAT was introduced into E. coli
strain Topl0. The E. coli transformant was designated
10 MIN-2CAT (Topl0) and deposited in Korean Culture Center

of Microorganisms on June 2, 1999 (Accession NO: KCCM-

10164).

{3-6) CAT assay
15 To investigate the foreign gene expression
efficiencies and the packaging capabilities of the
above four vectors, the vectors were brought to CAT
assay, wherein the CAT-inserted forms of well-known
retroviral vectors, MFG and LXSN, were employed as
20 control vectors {(Miller et al., Biotechniques, 7: 980-
990, 1989; Ohashi et al., Proc. Natl. Acal. Sci. USA,
89: 11332-11336, 1992). .The packaging line Phoenix
{Kinsella and Nolan, Hum. Gene. Ther. 7: 1405-1413) was
transfected with these vectors and then cultured for 48
25 hours. Meanwhile, cell-free viral supernatants,
obtained by filtrating the cultured medium with 0.45 um

filter, were used to transduce NIH3T3 cells (ATCC CRL
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and treated wth Kl enow enzynme. Two DNA fragments with blunt ends were .

| igated to con uct 1.2 vector. Additionally, DONL.2-CAT vector S
constructed th?%%ﬁﬂmﬁﬁgNinsertion of a CAT gene into the Kleno T¢qgﬁﬁkﬁﬁﬂ
H ndl Il fragnent of DONL1.2 (see FIG 4a). (2-4) DON2 and DON2- CAT
construction The Hpal - EcoRI fragnment of pZerol.2 of Exanple 2-3 was
prepared, which contained 112-bp 3' region of the 15 intron A and 5
region of exon 2 (from +837 to +964, just before start codon). Then, this

DNA f | I . .

other hand.  t he St vears: SHER (0 TR Bie s e, Rt nBle, (A

enzyme and treghed g&{ﬁ?eﬂue%&‘ﬁr%%t f”é)éggba\ﬁé?r a??Xﬁs&&@gP’o%.” nts
I'g Ad

wi th blunt ends wer ated to construc N2 vector. Itionally,
DON2- CAT vect ora a8, 1GqNSthUCt REa b BF QUGN A h@ehnSentnen ofalsfédre@ned Nt o
the Klenowtreated H ndl Il fragnent of DON2 (see FIG 4b). 25 (2-5) DONSA1l

and DONSAL- CAT wsuiddudeld onwien pregsn e dt@orspl i(eeBg BReepteslumfs nouse
24

5 “transiently transfected” and “transduced, transient”
in Table 3) as well as in antibiotics-resistant cell
population (see the column “transduced, stable” in
Table 3). Additionally, CAT activity was measured in
the stable cell population subcultured for 4 weeks (see

10 the column “transduced, stable {4 weeks)” in Table 3}.
The gene expression levels and the viral titers in
transfected lines were determined from CAT activities
that were measured in transfected or transduced line
with each vector.

15 As shown in Table 3, all the retroviral vectors
showed higher CAT activities than MIN wvector, except
for LXSN vector. However, the CAT activities were
varied, depending on the heterologous sequence inserted.
Especially, MIN-EI and MIN~2 produced strikingly high

20 levels of gene expression. It was gquite remarkable
that the cells transduced stably with MIN-EI or MIN-2
produced far higher gene expression levels, even after

the subculture for 4 weeks.

25
Table 3. The effect of heterologous sequences on the

efficiency of retroviral vectors

34



WO 00/ 00629 PCT/ KR99/ 00334 ..
innunoglobulin ngl e- stranded ol i gonucl eoti des were syn '

whi ch were descrlﬁﬁug ?y SEQ ID NO 9 (SA Top oligomer) and NG ﬁ%}éﬁ%o_}_&z
bottom ol i gonmer), respectively. Annealing reaction of the two oligoners 5
produced splicing acceptor fragnents with cohesive ends. pGEMA- SA vector
was prepared through the insertion of the fragnment into the BanH site of
pGEMA vector (Promega, W, USA) (see FIG 4c). To anplify the exon 1 of HCOW
el (UL123) gene, 10 PCR was performed, wherein the pEQ76 vector of
Exampl e 2-3 s enplayed as _a tenplate and two synthetic oligonuclegtdes

described by §EQ ID NO L. Z(RL5 nrhﬂ‘éhv%ﬁﬁ_&miﬁe*on—is—pr REB{ive
respectively, |asvetoler brraheeraplt-fiod exckFaBsdycs Srent—was—subdkened| i n
the 15 EcoRI| site of pZﬁm@fhkuﬂtTmaﬁﬁeht Iﬁvammﬂgbn gﬂf USAﬁﬁtpwoducing
pZer o- exonl VEetat EUV., EQQ?I TagRERt—o pﬁFpu € Siq:%ég tthgigred i n
the EcoRl sit e e PP P 50 R PP b 5[ £ 55 Phoo + 6.3
MIN-AICAT | 0.9 +0.2 [1.1%0.2]1.1+0.2/0.9+0.2{0.8 % 0.2
MIN-EICAT | 3.5+ 0.4 |3.3%0.4[3.5+0.4/2.7+0.4{1.1%0.2
MIN-GICAT | 2,0 + 0.5 |2.4 £ 0.3]2.2 £0.4{1.5 +0.3|1.3+ 0.2
MFG-CAT 1.0+ 0.2 1.1 +0,3{0.8 +0.2[0.3%0.1/1.0% 0.3
LXSN-CAT { 0.2 +0.1 0.2 +0.1(0.2 +0.1]/0.1%0.0j0.5%0.2
INDUSTRIAIL APPLICABILITY
5 As disclosed and verified above, this invention

provides retroviral vectors which have many advantages
for gene therapy and so on. The vectors of this

invention have following features:

1. Since all of retroviral coding sequences (gag,

10 env, and pol sequences) are deleted, the
possibility can be utterly excluded that
replication-competent retrovirus is produced

through homologous recombination.

2., Since a heterologous intron, splicing acceptor,

15 and/or non-coding sequence are/is inserted into
| the upstream position of cloning site for a

foreign gene, thé foreign gene in the vectors

can be expressed both stably and efficiently.
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The Xbal - BanH fragnent of pGEMA- SA-exonl was 20 treated with Kl enow
to make blu and then ligated with the Klenowtre

fragment of pQRPG@@&Q?ned in Exanpl e 2-2), constructing DCNSA§k§§9§%(?§4
Addi tional |y, DONSALl- CAT vector was constructed through the insertion of
CAT gene into the Hpal site of 25 DONSAL (see FIG 4c). (2-6) CAT assay

25 WO 00/ 00629 PCT/ KR99/ 00334
DON1. 2- CAT, DONZ2- CAT, DONSA1- CAT and L-CAT-SN vector were transfected

t kagi i [ : PSRN SO V/ 1 o] IS YA 7 995
Ator the transt ectey THSSs ir £oEhpfutBe Yor H58 Asurep e Wk 00
viral —supernatants wgl ro‘léo?%%%f%&&%tetf a’E‘I?QH%n?EK@I@ef I Raullls

transduced |ines were cu ture ours. CA ~activities in t he
transfected or transduchbddifRS ofer 8spEasAI B 3¢COnGhAS t&iie mehBod of

Exanpl e 1-3, thereby analyzing the relative gene :
human cell-derived packaging lines transfected
5 with the vectors can produce higher levels of

RNA and thus show increased wviral titers.

4. An IRES or a heterologous promoter is used
simultaneously to express two or more foreign
genes in the vectors. In this case, a minimal

10 promoter may be employed as the inserted
heterologous promoter, in order to diminish an
interference of the heterologous internal
promoter and to c¢lone a foreign gene with

larger size.

15
Those skilled in the art will appreciate that the
conceptions and specific embodiments disclosed in the
foregoing description may be readily utiiized as a
basis for modifying or designing other embodiments for
20 carrying out the same purposes of the present invention.

Those skilled in the art will also appreciate that such
equivalent embodiments do not depart from the spirit
and scope of the invention as set forth in the appended

claims.
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10 expression levels. As shown in Table 2, markedly higher |evel of CAT
activity was I n FIyA13I|netransfected w th DONL. 2-

DON2- CAT thaﬁpﬁ%&g&% control line (transfected with L-CAT- %Tﬂ&gmoa&
addition, NIH3T3 cells 15 transduced stably w th DONL. 2- CAT or DON2- CAT
vector showed 5- to 10-fold higher CAT atRivity than control cells did.
In casepepf cell line transfected or transduced wth DONSAl- CAT, a
little higher CAT activit o BIBMSFIPNY pinted pp 2495 €YASIHI2PM These results 20

suggeste y—aRd—gere—expresstor—eftHetrency—can—be—
el evat ed %'t & Q,Q@y&pm cddi ng sequence involved in splicing is

i nserted Int(MchB&gdd {&)loe@ther Bidisgidal jon of forei gn gene in an expression
vector: 25  Materal (RCTRg®I3pB) strains transformed with DON2 and DONSAL vect or
were desPiat{Berarty®no- DON2 and TAREF-BE&RSAVersiepcl-B88cly.  They were
deposited i n{Korean Cul ture 26 (updated 01.06.15999)

0-2 international Application No

03 |Applicants or agent's file reference |[9FPO-05-10

1 The indications made below relate to
the deposited microorganismi(s) or
other blological material referred to In

the description on:
1-t . lpage 27, 39
1-2 line 2, 24
13 identification of Deposit .
1-31 | Name of depositary institution Korean Culture Center of Microorganisms
1-3-2 | Address of depositary institution Department of Food Engineering
College of Eng. Yonsei University
Sodaemun-gu, Seoul 120-791, Korea
1-3-3. | Date of deposit 05 June 1998 (05.06.1998)
1-34 | Accession Number KCCM 10127
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21 page 27,39
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WO 00/ 00629 PCT/ KR99/ 00334 Cent er of

M croorgani smon June 5 1998 (accession NO KCCM 10128, KCCMm 10127
respectively) WgOUBEEY ¢ 2. The effect of the heterol og&'@g}@é’éfﬁ ce
insertion on the gene expression | evel Vector Cell Iine

Fl yA13 NI H3T3 L- CAT- SN 2 1.0 1.0

DONL. 2- CABt 10.1 1.5 7.7 1.6 DON2- CAT 12.5 2.1

8.0 2.0 DONSAl-CAT Brighhal (fi2 SEBMISSION) - printed dn 2806.1880203:1362 PMExanpl e 3: The

insertion_of the intron and/ar exon of hunman gene In this Exanple,

M N- der i ridfepiBsAiqea P ors, MN-AI, MN-EI, MN.G apd MN 2 were
constr uc\g’gg, gg)met"??ﬁ‘f‘gé?e%g"f"n ates |RgFeam Gudburs: Cepter §§?¥%Fﬁ§°‘g§ﬂa=‘f§
transl at i3 gfddessohieern "I ni gfA61r@23al Fweés BrDeuRarysricded®rs. None
of viral sequences are contained jSwdsleRupcguor Seowhe| F2850Ph, ARppyldigrof
but M N cont&a ns | RES-neo cassett®aonest ead of SV pronoter-neo cassette (see

FIG 5). 3R [peatfveped of the abovpZ Gune2Q999vqoRQ0S.2889ns fol |l ows:

3-3-4 |Accession Number KCCM 10163
34 Additional Indications NONE
35  |Designated States for Which all designated States

Indications areMade
38  |Separate Furnishing of Indications | NONE

These indications will be submitted to
the International Bureau later

4 The indications made below relate to
the deposited microorganism{s) or
other biological material referred to in
the description on:
4-1 page 33,40
4-2 line 12,6
43 Identification of Deposit _
4-3-1  [Name of depositary institution Korean Culture Center of Microorganisms
4-3-2 | Address of depositary institution 361-221, Yurim B/D, Honje-l-dong,
Sudaemun-gu, Seoul, 120-091, Republic of
B Korea
433 |Date of deposit 02 June 1999 (02.06.1999)
4-3-4 ]Accession Number KCCM 10164
44 Additional Indications g NONE
4-5 Designated States for Which all designated States
indications are Made

46  |Separate Furnishing of Indications |NONE
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[err] A DNA fragnent containing the intron, splicing 27 WO 00/ 00629

PCT/ KR99/ 00334 r and partial exon 2 of human [err]-actin gene was
inserted into Fﬁg&ﬁﬁégrean1position of foreign gene in M N Al ¢E§W%F$m?€¥r]

A DNA fragnent containing the intron, splicing 5 _ acceptor and
partial exon 2 of human EFl[err] gene was inserted into the upstream

position of foreign gene in MN-El vector. [err] A DNA_LLQQHEDL_EQELE%BLPQ
the intron, splicing acceptor and partial exon 2 of human GAPDH gene

was inserted into the upstream position of forei gﬂmmmmn,mlmm'
vector. Besides theWbatobstelaimedaisector was prepared! ' "
het er ol ogous, viral sequence was inserted. Especially, M'N-2 Vectfor swas

prepared where a DNA 15 fragment containing the intron, splicing acceptor
and partial exon 2 of HCOW iel (UL123) gene was inserted

1. MLV-based retroviral vector, wherein the MLV (;

murine leukemia virus)-coding gag, env and pol
5 sequences are completely deleted.

2. The MLV-based retroviral vector of claim 1, which
contains a heterologous intron and/or a
heterologous splicing acceptor which are/is
inserted into the upstream position of cloning

10 site for a fofeign gene.

3. The "MLV-based retroviral vector of claim 2,
wherein the Theterologous intron and/or the
heterologous splicing acceptor are/is selected
from the group comprising the introns and/or

15 splicing acceptors of HCMV (; human
cytomegalovirus) iel {UL123) gene, EFla {(;
elongation factor la) gene, GAPDH {:
glyceraldehyde 3-phosphate dehydrogenase) gene, B~
actin gene, and mouse immunoglobulin gene.

20 4. The MLV-based retroviral vector of claim 1, which
contains a heterologous non-coding sequence
inserted into the upstream position of cloning
site for a foreign gene.

5. The MLV-based retroviral vector of claim 4,

25 wherein the heterologous non-coding sequence is

selected from the group comprising. the non-coding
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into the upstream position of cloni ng site of the MN vector. MN and
M N-derived MN-Al, MNE, vectors were

construct ed asWOI0{0BARE. ( 3- 1) M N c al n MV FCVERYER4
PCR was performed, in which pM.V (S i“ﬂﬂﬂ u ture, 293: 543-548, 25
1981) was enpl oyed as atenplate a ol i gonucl eot i des

described by SEQ ID NO 12 (3LTR5 priner) and NO 13 (3LTR3 prinmer) were as
priners. 28 WO 00/ 00629

PCT/ KR99/ 00334 Anplified PCR p I

the pol ypurine tg’éfke&mfmol 5" W ey (Eneas. SetbiorEtasnadges e O
cl one in p ctor nv. USA di ted h BanHi

and EcoRl 5 enzy%g¥ a?ﬁ:f‘et'heanr‘isgjla%% 8 gg&m&n% ﬁi ilnggft:d }Mn':o tﬁe'

BanHl - EcoRl - site of (pUCI 1,0, RLERAT £ PELTRYECT Qbckdee B Braim 1,

wherein the full-length U3 sequence (-419 to -1

5 bp} of MLV 5’ LTR is.replaced with a heterologous
promoter. |

7. The MLV-based retroviral vector of claim 6,
wherein the heterologous promoter is HCMV major
immediate early promoter.

10 8. The MLV-based retroviral vector of claim 1, which
contains a heterologous promoter inserted into the
downstream position of cloning site for a foreign

- gene.

9, The MLV-based retrqviral vector of claim 8,

15 wherein ﬁhe heterologous promoter is SV40 minimal
promoter.

10. The MLV-based retroviral vector of claim 2, which
is DONSAl vector wherein the splicing acceptor of
mouse immunoglobulin gene and the exon 1 of HCMV

20 iel (UL123) gene are inserted into the upstream
position of cloning site for the foreign gene; the
full-length U3 sequence (-419 to -1 bp) of MLV 5/
LTR is replaced with HCMV major immediate early
promoter; and SV40 minimal promoter is inserted

25 into the downstream position of cloning site for
the foreign gene.

11. The MLV-based retroviral wector of c¢laim 2, which
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On the other hand, to obtain non-coding sequence containing retroviral 5'.
LTR and splici , P d, where pM.V was S
a tenpl ate andagﬁo s%%theti Ry Lles described by SEQP?%Hk@éﬁ%@Q
(HHIR priner) and NO 14 (Sa"m ,;m Eas priners. Anplified PCR
product contai ned nucl eoti de *sequencen 1T " LTR to +623 bp (just before
gag codi ng 15 sequence) of MV genone. After PCR product was
subcloned in pCRII vector, the Hindlll-BanH fragnment of the vector was

inserted into the Fﬂgm%éﬁzB@gt{°§i&ﬁegéiHBkﬁgtE%r??%ﬁfgg“ﬂ§§t2§|KF% or (see

FIG6). Finally, IRES/ neo cassette were 1so OREA
PATENT APPLI CATI ON O 397-#A48Q08%ht )t ¥ opaBankh - edn dbgegiri opragndnt hen

i nserted into BaanggLol site of the p53LTR vector to construct %ﬁN vect or
(see FIG 6). M N CRdowmetiny $asmalsso epdsigrucérent I otgh thize 28quence
insertion of a CAT gene into the BanH site of MN vector so as to anal yze
the expression effijpisndyefdréd ftaect osdoRP of HCMV iel (UL123) gene

5 are inserted into the upstream position of cloning
site for the foreign gene; the full-length U3
sequence (-419 to -1 bp} of MLV 5/ LTR is replaced
with HCMV major immediate early promoter; and SV40
minimal promoter is inserted into the downstream

10 position of cloning site for the foreign gene.

12. The MLV-based retroviral vector of c¢laim 4, which
is MIN-EI vector wherein a DNA fragment containing
the partial intron and partial exon 2 (+772 to
+1008 bp) of human EFla gene is inserted into the

15 upstream position of cloning site for the foreign
gene.

13. The MLV-based retroviral vector of claim 4, which
is MIN-2 vector wherein a DNA fragment containing
the partial intron A and partial exon 2 ({+837 to

20 +964 bp) of HCMV iel {(UL123) gene is inserted into
the wupstream position of cloning site for the
foreign gene.

14. E. coli strain ToplO-DONSAl (Accession NO: KCCM-
10127) transformed with DONSAl vector of claim 10.

25 15. E. coli strain ToplO-DON2 (Accession NO: XCCM-
10128) transformed with DON2 vector of claim 11.

16. E. coli strain MIN-EICAT{ToplO) (Accession NO:
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WO 00/ 00629 PCT/ KR99/ 00334 (3-2) ..
M N- Al construction To prepare hu i nces that_woul d be

inserted into WP or, genonic ed 5 f r om FolBRO¥ER4
First, peripheral blood nononucl ear mmlm{%’%
by Ficoll-paque gradient centrifugatkOne | Algt €l hed once or tw ce and

ated from hurman bl ood
gat hered again, the cells were lysed with TES (10 nM Tris-d (pH 7.0),
10 mM EDTA, 0.7 % SDS). 10 Proteinase K (400 [err]g/m) was added to
a

the cell lysate, 1y6%§1t e %A@%éﬁigocrubeaé edw?%hSO'bﬁ%L%rIthg fo‘;eéfgrrhour S,
extr

fol |l owed by phenol ﬂ%ﬁ%ﬁg{‘ or i on and ethanol pré&cipitation: The

i solated genom c v$§ oye ;@11 tenp i

which anplified %h ra%a(rarien %og?g?ﬁlrﬁglt %&Tprg'no%lg%?rae%ﬁneﬁf@ltron
and partial exon 2 B nsterhsaft (Rndeng: tHe ARG MBS W echdo
synthetic oli gonuclée%et%es esgrri geg gyn%EQ I D NGO 15 (lgjet a-actin 5 prinmer)
and NO 16 (beta-aGiddtor R ®Rkim 38. The PCR product was subcloned in
pCRI1 vector, and then

5 17. E. coli strain MIN-2CAT(Topl0) (Accession NO:

KCCM~10164) transformed with MIN-2CAT vector which
contains a bacterial CAT {; chloramphenicol
acetyltransferase) gene in the cloning site of the

vector of claim 13.
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the M ul-Nhel fragment of the vector was inserted into the Mul Nhel site
of pC3.1 VeCtO\’gé,l nwtrogen CA, USA) to prepare p[err]actin. 99,0034
Kl enow-t r eat ed Y PYCOREHI fragnent of p[err]actin 25 (correspo 'ng -
+717 - +849 of human [err]-actin gene) was inserted into the
T4-pol ynerase-treated Apal/BanH site of MN vector (see FIG 7a). The
resulting vector 30 WO 00/ 00629
PCT/ KR99/ 00334 was designated M N Al. FAGddik i on, M N Al CAT vector was
constructed through the insertion of a CAT gene into the BanH site of
M N- Al vector so as to analyze the expressi on 5 efficiency of MNAI.
(3-3) MN-ElI constr on To obtain hbqnon codi ng segeence of human
EFl[err] gene, ’ PCR was M@ The genoxic DNA 10
isolated in Exanpfe 3-2 was errpld%P& tenplate in the PCR, and two

I eot | des deésgn bed

HHIR R523Bam
HindIll 5 E&~ BamH]
- =
D Bamiil HindIIl/BamH]I
pCRII-SLTR-SD
' HindlIl/BamHI fragment
- Y
4 ASA
HindIll SD  BamHI/Sall/Hpal Notl/EcoR1
LTR ——HRES [NEO UIR
Hpal
Xbal HindII1
Xbal/HindIII fragment CAT
Klenow treatment
pC3.1-CAT
\
ASA-CAT
Hind1I1 D _ _ Notl/EcoRl
LR+ carHmes [NgO UIR

1/13



by SEQID NO 17 (EF1l[err]5 prinmer) and NO 18 (EFl[err]3 priner) were
as PCR priners._The PCR product contained the pronoter, exon 1, intron ard
partial  exon 2‘3 09/8062% ,uman EF1[err] gene. The PCR product WR&IKRIBHIBHed
in pCRII vector, and then the Mul-Nnhel fragnent of the vector was inserted
into the Mul-Nhel site of pC3.1 vector (lnvitrogen, CA USA) to prepare
pEFl[err]. The Kl enowtreated Xhol-BanH fragnent of pEFl[err] 20
(corresponding to +772 - +1008 of hunelIEFl a dene) was inserted into the
T4- pol ynerase-treated Apal-BanH site of MN vector (see FIG 7b). The
resulting vector was designated MN-EI. In addition, MN El CAT vector was
constructed 25 t hrough the insertion of CAT cassette into the BanH site
of MN-ElI vector jpoazpyder to afary &fficiency of MN-EI

vector. The I\/II\I-E;IJ?Ine’Sl ASUCY i tHi
PCT/ KR99/ 00334 was Fntroduced isnt® & colg strain ToglO, and the E

R
—HIE
- : [H
i ;,7
1 2 8
121 17

=l Yo i b

ATG
ZV 4 [} | ITR | : DONL.2
5D
SA 8D
ATG
/| LTR . DON2
sD
SA
ATG
7 LTR | = DONSAI
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coli transformant was designated M N-EI CAT(Topl0) and deposited in Korean
Culture Center organi sns on June 2, 1999 (Accession NG

KCCM 10163) . .5‘?@9%&%%)N-G construction To obtain the non-codipﬁngsRegaﬁ%sr?ée
of human GAPDH gene, genomc PCR was perforned. The genomc DNA
isolated in Exanple 3-2 was enployed as a tenplate in 10 the PCR, and two
synthetic oligonucl eotides descri bed %éEQ%g NGO 19 (G nt5 prinmer) and
NO 20 (G nt3 primer) were as PCR pri S PCR product contai ned the
partial intron and partial exon 2 of human GAPDH gene, corresponding to
+185 ~ +317 of human GAPDH gene. 15 The PCR product was subcl oned in
pCRI I vector, and then the Mul-BanH fragnment of the vector was inserted
into the Mul-Ba stt-e=—of=ttir——wgct or . The resulting vector was
designated M N-Qf (see FIG 7c). In aadition, MN G CAT vector was
constructed 20 |t hrough linsertioh of a CAT gene into the BanHl site of

wmlOI
-b -4—
pCRII MON
BamH1/Xhol BamH1/Xhol
fragment &
SD §A BamHI/Sall/Hpal xphol Notl/EcoR}

R svaop[ N0 | LR

MSN
BamHI1/EcoR1
fragment
- pUC18
BamHI/EcoRI
A 4
BamHI/Sall/Hpal Notl/EcoRF
HindIIf | - 2ol i

—Hsvaop[NEO—{ LR

SN-3LTR

3/13



25 The Mul-BanmH fragnent of DON2 (corresponding to +837 ~ +964 of
HCW i el gene) ared, which contained the intron, splicing acceptor
and partial 32 WBHReEs, 00620 PCT/KROS/00334
PCT/ KR99/ 00334 exon 2 of HCOW iel (UL123) gene. This M ul - BanH
fragment was inserted into the Mul-BanH site of MN vector (see FIG
7d) . The resulting vector vvas dgi&o silqMN-Z. 5 I n
addition, M N 2CAT vector con hrough the insertion of CAT
gene into the BanH site of M N—2 so as to anal yze the expression
efficiency of MN-2 vector. The M N 2CAT was introduced into E. coli strain
Topl0. The E. coli transformant was designated 10 M N- 2CAT( Topl0) and
deposited in Korean Cultu Center of M croorgani sns on June Z,

(Accession NO KCCM 101¢4). (3-6) CAT aMaWC-CAT To investigate

the foreign gene e prrgaMSL-b.ﬁP M3L-LCP

~15D SA r "1
74 H ] caTH V7
HindI1I ~21 g~ BamHI
- -
pCRII
HindII1/BamHI HindI11/BamHI

fragment < SN-3LTR

HindIII SD BamHI/Sall/Hpal xXpo  Notl/EcoRI
} {{ svao]NEOH— LTR

pCM-HR
}

HindIIl , Treatment with Klenow

}

EcoRI, Treatment with Klenow

I

_ SO BamHIl/Sall/Hpal Xhol Notl.
N ! { svao[nEOl TR
pCM
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efficiencies and the packagi ng capabilities of the above four vectors, the
vectors were b o CAT assay, wherein the CAT-inserted fo

wel | - khown ret&gU@Q%F&Vectors, MFG and LXSN, were enpl oyed as ggﬁK%B%gﬁ?ﬁol
vectors (Mller et al., Biotechniques, 7: 980- 990, 1989; Onhashi et al.,
Proc. Natl. Acal. Sci. USA, 89: 11332-11336, 1992). The packagi ng |ine
Phoeni x (Kinsella and Nol an, Hum quﬁ her, . 7: 1405-1413) was transfected
with these vectors and then cul tured JH 48 hours. Meanwhi | e,
cell-free viral supernatants, obtained by filtrating the cultured nmedi um
with 0.45 [errImfilter, were used to transduce NIH3T3 cells (ATCC CRL 33

WD 00/ 00629 'PCT/ KRO9/ 00334 1658) .
The | evel of CAT acti vpCyfwas determ ned using the protein extract 2 days
after transduction. T activity was neasured in cell line transfected or
transduced with each  vector (see the colums 5 "transiently

transfected" and "transgduced, transient"

pEQ 276
Esxton
1 N 2 3 4 5
BamH]I EcoRI ~A20 B~ HindI1l
fragment — <

A ———

Treatment
reanmen EcoRI HindI1I

!
with Klenow EcoRI
‘ pZero 1.2 ’
}

EcoRI fragment

Treatment-with Klenow
—
DON 1.2
Xhol :
HindI1I/Sall/Hpal 1 Notl
§V40 NEOH LTR
SD SA
.- HindIIl fragment BamHI fragment
Treatment with Klenow pCRII"CAT

Treatment with Klenow

DON 1.2-CAT
Xhol
1 Notl
- \ CAT [ 5V40 INEO LTR

8D SA
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I n Table 3) as well as in antibiotics-resistant cell population (see the.
colum "transduced, stable" in Table 3). Additionally, CAT ac%' ' %ﬁﬁk
measured in th& QUM% cel| popul ation subcul tured for 4 weeks %éggg% "
the columm "transduced, stable (4 weeks)" in Table 3). The gene expression
| evel s and the viral titers in transfected |lines were determ ned from CAT
activities that were neasured in transfected,  or transduced |line with each
vector. 15 As shown in Tabl e 3FEGI. t4B retroviral vectors showed
hi gher CAT activities than M N vector, except for LXSN vector. However ,
the CAT activities were varied, depending on the heterol ogous sequence

I nserted. Especially, MN EI and M N2 produced strikingly high 20

| evel s of gene expression. AR B a1 qbl e that the cells
transduced stably with MN-Ef or M N—2 produced far higher gene expression
| evel s, even after the subcylture éﬁ%% s; 25 fTabl e 3. The effect of
het er ol ogous sequences on tHe effi cy of retrovral vectors 34

EcoRI EcoRI ‘ E‘

pCM

BamHI fra.lgment Hpal HindIII
Treatment with Klenow

bl Hpal /EcoRI fragment
Treatment with Klenow

DON2
gp Hindlll/Sall/Hpal

v H ‘vr}-l-—vsvm NEO LTR

HindII]
BamHI fragment
Treatment with Klenow | < pCRH-CAT

Treatment with Klenow

< DONZ-CAT
\

VA ' CaTHSVa0 INEOF LTR
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WO 00/ 00629 PCT/ KR99/ 00334

Rel ative CAT acg}iVYi Rel ati ve Vector Transiently
Transduced . %6%/6%2% ral transfected Transient Stable SELB{HRRI9/00334
titer (4 weeks) M N CAT 1.0 1.0 1.0 1.0 1.0

MN2CAT 3.8 0.5 3.7 0.54.5 0.52.3 0.50.9 0.3 MNAICAT 0.9
0.2 1.1 0.2 1.1 0.20.9 0.20.8 %EE MN,EICAT 3.5 0.4 3.3 0.4 3.5
0.427 0.41.1 0.2 MNGCAT 2.0 6.242 0322 0415 0.31.3
0.2 \VMGCAT 1.0 0.2 1.1 0.3 0.8 0.20.3 0.11.0 0.3 LXSNNCAT 0.2
0.1 0.2 0.10.2 0.10.1 0.00.5 0.2 INDUSTRI AL APPLI CABILITY 5

As disclosed and verified above, this invention provides retroviral

vect ors whi ch have nmany advant gdes T or gene tnerapy —ami—sou The
vectors of this invention haye follow ng feB8Qazés: 1. Since all of
retroviral coding sequences (gkg, 10 env, and pol sgquences)
are del eted, t he .
1 2113 4. 5
~ B
> <
EcoRI
Xbal | BamHI
BamHI i\\
PGEM4SA ‘//
: EcoRJ EcoRI
EcoRI fragment
“
EcoRl pZero-exon]

pGEM-SA-exont

Xbal BamH! fragment
_Treatment with Klenow

BamHI
‘Treatment with Klenow

DONSA1
sp Sall /Hpal

SV«HNEB}—L:;R

Hpal # BamHI fragment T
Treatment with Klenow !

DONSA1-CAT

SO

eont}l CAT }|5v40 INEOH 1TR
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possibility can be wutterly excluded that replicati.on-conpetent
retrovirus is ﬁ&fduced t hr ough honol ogous reconbi nation. 2. Since a

het er ol ogous | WO WW628p| i ci ng acceptor, 15 and/ or KB4
sequence are/is inserted into the upstream position of cloning site for a
foreign gene, the foreign gene in the vectors can be expressed both stably
and efficiently. 35 WO 00/ 00629

PCT/ KR99/ 00334 3. Since U3 region in FIGRS s repl aced with a heterol ogous
pronoter that intensively induces transcription especially in human cells,
the human cel |l -derived packaging lines transfected 5 with the
vectors can produce higher |levels of RNA and thus show i ncreased viral
titers. 4. An IRES or a heterol ogous pronoter is used sinultaneously to
express two or nore foregn gases in vectors. In this cags g g§ni nal

MIN —+————47CD§T IRES | Neo
sD :
ATG
== e
SA
—
P |
ATG
-—+————4N~1ICD¥T IRES | Neo |-
SD SA
MIN-AI Human B-actingene  (+717 to +849)
MIN-GI Human GAPDH gene (+185 to +317)
MIN-EI Human EF1-o gene (+772 to +1008)
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10 pronoter may be enployed as the inserted heterol ogous.
pronmoter, in orgd imnish an interference of +the heter

i nt er nal pronofgﬁﬁgﬁgmfo clone a foreign gene with |arger size?kf§&$%8§%4
skilled in the art will appreciate that the conceptions and specific
enbodi nents disclosed in the foregoing description may be readily utilized
as a basis for nodifying or designing 3££§{ énbodinents for 20 carrying
out the sane purposes of the present i i¥n. Those skilled in the art
will also appreciate that such equival ent enbodi mrents do not depart from
the spirit and scope of the invention as set forth in the appended cl ai ns.
36 WO 00/ 00629

PCT/ KR99/ 00334 1/2 PCTgag pol env gag pol env____
I5' LTR ‘r: ' ; pML\/ 5' LR ¢+ t 3'LTR
5D SA SD SA %
PCR
§ PCR BAmHI/Xho! gy gm. ECORI

Hindlll o g MWl/Apal/Sacll/BamHI

: :

pCRIl pPCRH
BamHi-EcoRl BamHi-EcoRl
pUC] 8 = fragment
Hingi BamHi  EcoRl

Hindll-BamH] fragment TR

P3LTR
ligation /

MIiul/Apal/Sacli/BamHi/Xhol

5 R |— =

Hindill SD EcoRl
pS3LIR

BamHl-Xhot  ligation. lBamHl—Xhol
—————————————
fragment

PCBIN —

Mivl/Apal/Sacli/BamBl  Xhol

5 LTR ' IRES| neoH 3' LR }+-
Hingm SD EcoRl

MIN
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Oiginal (for SUBM SSION) - printed on 24.06.1999 03:13:52 PM0-1 Far m
- PCT/ RO 134 (EAS | ndi cations Relating to Deposited M Croorgﬁgﬂéﬁﬂ;ﬁ&osﬂr
Q her Bi ol ogi cHO i al (PCT Rule 13bis) 0-1-1 Prepared usi

PCT- EASY Version 2.84 (updated 01.06.1999) 0-2 I nt er nat i onal
Application No 0-3 Applicant's or agents file reference 9FPO- 05-10 1
The indications nade below relate to t!’hﬁ deposi ted m croorgani sn(s) or

ot her biological material referred to Gt description on: 1-1 page
27, 39 1-2 li ne 2, 24 1-3

I dentification of Deposit 1-3-1 Nane of depositary institution Kor ean

Culture Center of Mcroorganisns 1-3-2 Addr ess of depositary
institution Departnenttrafscripsion s Eﬁ%’iﬂeerl ng ColAltége of ENng. Yonsei
Uni versity Sodaenun-gu, Seoul - , Korea 1-3- Dat eof deposi t
05 June 1998 (05. 06.{1998) i Bxeh 1 AccessE:onz er numan genome
KCCM 10127 Firosssessoses

Intron

l sal 1 Nhet
pCRII pC3.1
Miul - Nhel < . Mlul - Nhel
fragment ligation
Bgl Il BamHI
Pll—actin
pBactin SA Nhel
MIN Bgt 1, Treatment with Klenow
Apal BamHI fragment
T4 polymerase
BamHI ligation
> BamHI
5 LTR {SP D_ IRES| nco {|3°LTR

MIN-AI

v

Insertion of CAT gene into BamHI site
5 LTR (b N { ! CAT [JIRES| neo 1}3'LIR

SA
MIN-AICAT

Moo
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1-4 Addi ti onal I ndications NONE 1-5 Desi gnated St at es

for VWi ch wo 8d/b0s2€Si gnated  States Indications are Made F@
Separ at e Furni shing o? I ndi cati ons NONE These indications w ft‘)ceR”z_o”?‘
submitted to the International Bureau |ater 2 The i ndi cati ons nade

bel ow relate to the deposited m croorganisn(s) or other biological material
referred to in the description on: 2- e

27,39 2-2  line FIG W, 56 54

I dentification of Deposit 2-3-1 Nane of depositary institution Kor ean
Culture Center of Mcypporganisnms 2-3-2 Address of depositary
institution Department ANSGORION B4
Uni versity Sodaenmun-gu, Seoul 1p0-791 orea 2-3-3

Dat e of deposit

05 June 1998 (05. 06. 1998 23 @“’n’lAccessi oFx¢ddypm Human genome
KCCM 10128 2-4 —Wi Bclie 6 Bl b O Soasvososnoeeliid NONS 2.
Desi gnated States for I Ct al | Idem gnated f

Stat es 1'ndi cati ons are

Made Mhul —py gy Nhel
PCR
Miul - Nhel < Mlul - Nhel l
fragment ligation
':;{;‘? XhOI 5
ngm 'ﬁ: oo _L_ - 3
p EFla
MIN Xho I, Treatment with Klenow
Apal v BamHI
T4 polymerase
BamHI p | lgation
v _ BamH]1
5 LTR |SD covecad | IRES| neo ||37LTR
MIN-EI

5 LTR (SD

CAT d IRES| neo _is’ LTR

MIN-EICAT

11/13



2-6 Separate Furnishing of Indications NONE These indications wll.be
submtted to t nternati onal Bureau | ater 3 The indi ca}l ig@gﬁl
bel ow rel ate t VQ%@O&onsi ted m croorgani sm(s) or other biol ogﬁ;éclg?ﬁ irer al

referred to In the description on: 3-1 page

32,40 3-2 l'i ne 4,1 36/1 WO 00/ 00629
PCT/ KRO9/ 00334 2/ 2 PCT Oiginal (for %&Sﬁ - printed on 24.06. 1999
03:13:52 PM 3-3 I dentification of £ 3-3-1 Nane of depositary
institution Korean Culture Center of M croorganisns 3-3-2 Addr ess
of depositary institution 361-221, Yurim B/ D, Honje-1-dong,

Sudaemun- gu, Seoul , rgn%gnptﬁ%)s?m Pf Kor ea ATG

Human genome
A\

i

A\N
Mhul BB . BamHI
PCR
MIN | pCRII
Miul - BamHI fragment Mlul - BamHI fragment
Higati
gation >
v
5 LTR 1ISD e IRES| neo {{3 LTR
SA
MIN-GI

5 LTR | CAT [ IRES| neo [{3'LTR

sA
MIN-GICAT
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3-3-3 Dat e of deposit 02 June 1999 (02. 06. 1999)
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4-5 Desi gnat ed States for Wich all designated States

| ndi cat.i ons are—Made 4=6— " "Separate Furnishing of Indications NONE

These |nd|catigﬁﬁ | g.jted to the International Bureau later FOR

RECEI VI NG OFF This formwas received with the

i nternational ap .. S or no) Reglademen i FOR

| NTERNATI ONAL BU 0-5 This formwas received by the

i nternational Bureau on: 0-5-1 Aut hpri zed officer 36/2 WO 00/ 00629

PCT/ KR99/ 00334_What is claimed is 1. MUV-based retroviral vector, wherein

the MLV (; nuline; | wbrssi & vheteyokegrwy dagroany siddcdsg acceptor,
and/or non-coding sequence are/is inserted into the
upstream position of cloning site for a foreign gene,
maximizing the efficiency of gene expression; where
either 5’ LTR or human cytomegalovirus (hereinafter,
referred to as “*HCMV”) major immediate early promoter
(MIEP: the promoter of iel gene) is employed as cis-
element for the regulation of foreign gene expression;
and where either a heterologous internal promoter or an

& IRES is inserted in the the downstream position of the

cloning site, allowing the simultaneocus expression of

two or more foreign genes.

SUMMARY OF THE INVENTION

It is an object of this invention to provide safe
retroviral vectors where foreign gene(s) is/are
expressed in higher levels and thus can be efficiently

used for gene therapy.

In accordance with the present invention, the

foregoing object is readily obtained.

This invention provides MLV-based <retroviral
vectors constructed by using MLV-based vector, MON or
MIN, as a starting vector, wherein the MLV-coding gag,

env and pol sequences are completely deleted.

In one aspect, the MLV-based retroviral vectors of
this invention may contain a heterologous intron and/or
construction, wherein a DNA fragment containing the
partial intron A, splicing acceptor and partial exon 2

This is the replacement sheet
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5 sequences are conpletely deleted. 2. The MV-based retroviral
vector-of Crarm1, whi ch cont ai ns a  heterol ogous I ntron and/ or a
het er ol OgOUSmsﬁBétHGSIBthRepE@dept or whi ch are/is inserted into the

upstream posi t [ site for a foreign gene. 3. The
M.V- based .reiuﬂm ﬂl‘l‘ “Eﬁé“ r of cl ai Repl@&emghSherts 18 Septembae2G000| ogous

I ntron and/ rol ogous splicing acceptor are/is selected from
the group conprising the introns and/gor 15 splicing acceptors

of HCW (; human cyt onmegal ovi rus) i el (uL123) gene,

EF1l[err] (; &fongdivi Ofel {WCIDY) gehkelid) insed9RR® intGARE MIN
gl ycer al dehyde 3-phosphate dehydrogenase) gene, [err]- actin gene, and

nmouse i nmunoglrkdm. gene. 20 4. The M.V-based retroviral vector of
claim1l1, which contains a het er ol ogous non- codi ng sequence inserted
into the upstream position of cloning site for a foreign gene. 5. The

M_.V- based retroviral vector of <claim 4, 25 wherein the

het er ol ogous non-coding sequence is selected fromthe group conprising

t he non-codi ng DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides both safe and
efficient retroviral vectors which are constructed by
using MLV-based vector, MON or MIN as a starting

N vector. In the vectors of this invention, retroviral
genes (gag, env and pol coding sequences) are
completely deleted; a heterologous intron, splicing
acceptor, and/or non-coding sequence and/is inserted
into the upstream position of cloning site for a
foreign gene; a strong heterologous promoter is
contained in 5’ LTR; and a heterologous promoter or an
IRES is positioned in the downstream position of the

cloning site.

Particularly, in the vectors of this invention,

since pol coding sequence containing a splicing

S acceptor is completely deleted, the possibility of
homologous recombination, which has been a disadvantage

of the conventional retroviral vectors, can Dbe

excluded.

Deleting pol sequence leads to the reduction of
gene expression level. To restore the reduced
expression efficiency and wvirus titer, various

retroviral vectors are provided in this invention, as

This is the replacement sheet
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37 WO 00/ 00629 PCT/ KR99/ 00334
sequences of .HOW iel (UL123) gene, EFla gene, GAPDH géﬁé}”&ﬁd'?eﬁ Zactin
gene, 6. The M.V-based retroviral vector of claiml, wherein the
full-length U3 sequence (-419 to -1 5 bpé f N&M’ﬁ' _Tﬁ ' gzg#aced
wi th a heterol'ogous pronoter. 7. The M.V- based Jac L eak4 3 ! I m
6, .wherein the heterol ogous pronoter3 s HCW major i mediate early
pronoter. 10 8. The M.V-based retroviral vector of claim1l, which
contains a heterol ogous pronoter inserted into the downstream position of
cloning site for, .a foreign gene. 9. The MV-pased retroviyral vector of
claims8, 15 lingierthere ha Retersiogols pritritter PRLISAMRE nRRFRAFOT,

pronoter. 10. The V- based rgtroviral vector of,,clajm 2, w@ich
and/or non-coding sequence are/is 1nserte into the

upstream position of cloning site for a foreign gene,
maximizing the efficiency of géne expression; where
5 either 5/ LTR or human cytomegalovirus (hereinafter,
referred to as “HCMV”) major immediate early promoter
(MIEP: the promoter of iel gene) is employed as cis-

element for the regulation of foreign gene expression;

(’

and where either a heterologous internal promoter or an
10 IRES is inserted in the the downstream position of the
cloning site, allowing the simultaneous expression of

two or more foreign genes.

SUMMARY OF THE INVENTION
15 It is an object.of this invention to provide safe
‘retroviral vectors where foreign gene (s) is/are

expressed in higher levels and thus can be efficiently

N\ used for gene therapy.

20 _ In accordance with the present invention, the
foregoing object i;'readily obtained.

This .invention ..pfovides MLV-based retroviral

vectors whereiﬁ the MLV-coding gag, env and pol

sequences are complgtely deleted.
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I s DONSAL. vector .wherein the splicing acceptor of nouse inmunogl obulin gene
apd the'exon 1 of HCOW 20 el (UL123) gene are inserted into the
upstream position of cloning site for the foreign gene; the full-length U3

sequence (-419 to -1 bp) of MLV 5 LTR is replaced, with maj or

i medi ate early pronoter; and SV40 mi ni mal prom@'i%’@—q—s%iééé%ﬂ;c ent ety 2001
into the downstream position of cloning site for the foreign gene. 11. The
M.V- based retroviral vector of claim2, whichA38 WO 00/ 00629

PCT/ KR99/ 00334 is DON2 vector wherein the partial intron A (112- bp 3
fragment) and partial exon 2 (5 fragnment covering from5' end of exon 2 to

the sequence just befhee stiar-bagedon)réfird¥dhal elvebtd2d) @HNe bhe presh
inserted into the upstream position of cloni ng site for the foreign gene;
the full-1engt h18eBE§QRNCEAY- 4 t gonstppyted Npy 5delgRipn r ofl aremaining

retroviral coding sequences from known MLV-based retroviral

vectors, for example by deletion of the pol-coding sequence

5 from the MON vector described in Korean Patent Application

No. 97-48095. Alternatively, the retroviral vectors of the

present invention may be constructed by simultaneous

deletion of all of the MLV retroviral coding sequences, for

example by construction of the MIN vector as described

S 10 herein.

. In one aspect, the MLV-based retroviral vectors of this

invention may contain a heterologous intron and/or

REPLACEMENT SHEET
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]

wi th HCW mgj or i nmedi ate early pronoter; and SV40 m ni mal pronoter is
ijnserted, into the downstream 10 position of cloning site for the
foreign gene. 12. The M.V-based r'étroviral vector of claim4, which is

M N-EI vector wherein a DNA fragnent containin [

partial exon 2 -(+772 to +1008 bg) of human EFl a oxt gce%méh%t 4 he

15 f Th
UpS LbASMRREE RN § ef{eﬂ?' r},g %\% CE?Eg&Eﬁﬁ g&%g%ﬂ%?fﬂmﬁeréei?en . gNA

M.V-based retroviral vectbr aim 4,
yon and arti al exon&lPé+837 to, 20

f t t th t '
+523”§B) 819” Boit n e% Ilgen%prilscjr‘?%e??‘é £k o2 Pag afi%®35i€ion of

cloning site for the forel gn gene. 14. E. coli strain Topl0--DONSAL
(Accessi on NOPEKCHMV1o0iek) [&élé’éif)orﬁéﬂevm i DossatedeciBEoof theai¥dNo. 25

15. E. coli strain ToplO DON2 (Accession NO KCCv 10128) transforned
wi th DON2 vecwectofr.claim 11. 16. E. coli strain M N ElI CAT( Topl0)

(Accession NO 39 _
5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides both safe and
efficient retroviral vectors that are derived from MLV-
based wvectors, preferably the MON or MIN vectors as
described herein. In the vectors of this invention,

10 rétroviral genes (gag, env and pol coding sequences) are
comp_]..et;ely deleted; a heterologous intron, splicing
acce{ator, and/or non-coding »sequence are/is inserted
into the upstream position of cloning site fér a foreign
gene; a strong -heterologous prométer is contained in 5'

15 LTR; and a heterologous promoter or an IRES ‘is

positioned in the downstreamn position of the cloning
site.

Particularly, in the vectors of this inveﬁtion,
since pol coding sequence containing a splicing acceptor

is completely deleted, the possibility of homologous

|

‘recombination, which has been a disadvantage of the

conventional retroviral vectors, can be excluded.

Deleting pol sequence Jeads to the ‘reduction of

LOS JAN 2001 {
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gene expression level. To restore the reduced

25 expression efficiency and virus titer, -various

retroviral vectors are provided in this invention, as
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(57) Abstract

The present  invention
relates to improved retroviral
vectors for gene therapy. In this
invention, retroviral vectors with
higher safety and efficiency are
constructed from MLV-based
starting vectors, MON and MIN.
The improved vectors have
following features: 1) sequences
corresponding : to MLV-derived
pol pgene are  completely
deleted in the vectors, avoiding
homologous recombination which
has been a baffiing problem in
conventional retroviral vectors,
2) a heterologous intron, splicing
acceptor andfor  non-coding
sequence arefis inserted into
the upstream position of cloning
site, maximizing the expression
of a foreign geme through
efficient splicing, 3) the vectors
contain either the full-length
U3 sequence of 5* LTR or a
strong  heterologous  promoter
instead, permitting the abundant
production of RNA, 4) either
IRES (Internal Ribosomal Entry
Site) or intemal SV40 minimal

gene therapy and the like.
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promoter is inserted into the downstream position of cloning site, enabling the simultancous expression of two or more foreign genes.
Since the improved retroviral vectors of this invention turn out to be safe and to express the foreign gene efficiently, they are useful for




