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efficiency retroviral vector which contains genetically engineered cellular
non-coding sequence harboring splicing acceptor Field of the invention 5
The present invention relates to a highly efficient and safe retroviral
vector for gene therapy, derived from murine leukemia virus (MLV), which
contains a mutated heterologous splicing acceptor and lacks MLV coding
sequences. 10 Background of the invention Retroviral vectors derived from
murine leukemia virus (MLV) have been employed in more than 50% of approved
clinical gene therapy trials 15 (Wiley-The Journal of Gene Medicine
Website; http://www.wiley.co.uk/genetherapy). However, one of the major
limiting factors hindering a wider use of these .vectors is that the level
of gene . expression is does not get high enough to give clear therapeutic
effects. The present inventors previously constructed retroviral vectors
that contains no 20 viral coding sequence and harbors a heterologous
splicing acceptor sequence from cellular or other viral genes (KR Patent
Laid-Open Publication No. 2000-6334). One of the vectors contains a
splicing acceptor from the human EF1 (err) gene. This vector gives a
significantly higher level of gene expression than the control vector
lacking such a splicing acceptor sequence. However 25 one problem with this
vector was that viral titer varied depending on the packaging lines used.
For example, when the NIH3T3-based PG13 line was used, viral titer
decreased about 10 folds. In FLYA13 derived from HT1080 cells, there was a
3-fold decrease in viral titer. Results from RNA analysis    3 0 JAN 2004
WO 02/20810 PCT/KROl/01515 indicated that low viral titer is due to highly
efficient splicing of the genomic size transcript containing the packaging
signal sequence. The present invention relates to further improvement of
this retroviral vector by introducing mutations into the region around the
splicing acceptor. 5 Introduction of these mutations make a retroviral
vector produce viral titer close to that of the control, while still
producing high levels of gene expression. Therefore, this vector should be
much more effective than others in retroviral gene therapy. 10 Summary of
the invention The objective of the present invention is to provide a, safe
and highly efficient retroviral vector that is devoid of the risk of RCR
production and still capable of expressing a foreign gene efficiently which
can be used in gene 15 therapy. In accordance with the aspect of the
present invention, the retroviral vector derived from the murine leukemia
virus (MLV) comprises 1) a region of a non-codling sequence of the
elongation factor EFIa, 



as an heterologous gene-derived non-coding sequence inserted 20 upstream
from the multi-cloning site, and 2) a mutation introduced downstream from
the splicing acceptor within the non-coding sequence of EF 1 a. Brief
description of the drawings 25 The above mentioned, and other goals and
features of the present invention will become apparent from the following
descriptions of the  2   3 p JAN 2004 WO 02/20810 PCT/I~t01/01515 invention
taken in conjunction with the accompanying drawings; which respectively
show: Fig. 1: the sequences of vectors MT1, 2, 3, 4 and 5, each having a 5
mutation introduced in the non-coding sequence, that contains a region of
the intron and exon 2 of the human EF 1 a gene inserted into vector
pMIN-EI, Fig. 2: the procedure for preparing MT1; Fig. 3: the procedure for
preparing MT2; Fig. 4: the procedure for preparing MT3; , 10 Fig. 5: the
procedure for preparing wild-type MT4; Fig. 6: the procedure for preparing
MT5; Fig. 7: the procedure for preparing a vector which contains a
luciferase (Luc) gene; Fig. 8: the procedure for IRES gene cloning; 15 Fig.
9: the procedure for preparing the MTM vector which has an MDR gene as a
selectable marker; Fig. 10: the procedure for preparing vectors MTM4 and
MTM5, each having an MDR gene as a selectable marker, and a modified EF 1 a
non-coding sequence. 20 Detailed description of the invention The present
invention provides an MLV (murine leukemia virus)-based retroviral vector
that does not have any viral-coding sequences but does 25 include a part of
a non-coding sequence of the elongation factor EF 1 a inserted upstream
from the multi-cloning site to supply a splicing acceptor, and a mutation
introduced downstream from the splicing acceptor within the 3 



g 0 JAN 200 WO 02/20810 non-coding sequence of EF la. PCT/KRO 1/01515 In
the present invention, "a non-coding sequence" describes a genomic region
containing an intron and exon region which can be transcribed but not 5
translated. Particularly, the non-coding sequence of EF 1 a in the
retrovirus vector of the present invention is derived from a human cell. It
contains a part of an intron and exon 2 sequence, preferably a sequence
just before the translation initiation codon of exon 2, more specifically
the nucleotide sequence of SEQ 10 ID NO. 1 which corresponds to the portion
of the human EF 1 a gene from the 3' end to just before the translation
initiation codon of exon 2 (if a point of transcription initiation codon of
EF I a gene is taken for +1, it corresponds to the sequence from +773 to
+1006). The inventive retroviral vector also has a mutation introduced in
the 15 heterologous gene-derived non-coding sequence in order to acquire an
optimum balance among gene expression, splicing, and translational
efficiencies. It is desirable that the mutation occurs downstream from the
splicing acceptor, specifically just behind the splicing acceptor. It has
been 20 confirmed that the sequence surrounding the splicing acceptor, in
particular, the sequence of the exon region adjacent to the splicing
acceptor plays an important role in splicing. A preferable mutation, for
example, is to replaced the 205 and 206th . GT (guanine-thymine) base pair
(corresponding to +977 and +978, respectively) in the sequence of SEQ ID
NO. 1 with a CC ` 25 (cytosine-cytosine) base pair. The retroviral vector
of the present invention may further be comprised of a heterologous
promoter or IRES (internal ribosomal entry site) at the 4   3 0 JAN 2QQ~ WO
02/20810 PCT/K1t01/01515 downstream of the multi-cloning site for the
purpose of expressing two or more foreign genes. Furthermore, U3 in
MLV-based 5' LTR of the inventive retroviral vector, or a part thereof, may
be replaced with a heterologous promoter, 5 preferably the HCMV IE (human
cytomegalovirus immediately-early) promoter. The inventive retroviral
vector may further comprise of a selectable marker gene, e.g., NEO
(neomycin resistance) gene, and MDR (multidrug resistance) gene. The use of
the human MDR gene as a selectable marker 10 may be advantageous in that it
is easy to prepare a producing cell line and prevent harmful side effects,
such as CTL (cytotoxic T lymphocytes) reactions. A "wild-type" or
"wild-type vector" is used as a control to make comparisons with the
inventive retroviral vector that has a mutation. The wild 15 type vector is
composed of an unmodified part of the EF 1 a non-coding sequence at the
upstream of the multi-cloning site in order to increase the gene expression
level by providing splicing capability: Used in the present invention as a
control is the wild-type MT4 which has the following sequence showing in
Fig. 1. 20 An ideal example of the retroviral vector provided by the
present invention contains 1) nucleotide sequences derived from the
original MLV vector that corresponds to the 5' LTR, the minimal packaging
sequence containing the splicing acceptor at the upstream of the original
gag 25 gene, a poly-purine track, and a 3' LTR; 2) a multi-cloning site; 3)
a region of the nucleotide sequence of EF 1 a, starting from the 3' 5   3 0
JAN 200 WO 02120810 PCT/KRO1/0151~ end of the intron to just before the
translation initiation codon of exon 2, inserted between the minimal
packaging sequence and the multi-cloning site; and 



4) an SV40 minimal promoter or an internal ribosomal entry site 5 (IRES)
downstream of the multi-cloning site only when a second gene expression is
required. More preferably, the present invention provides a retroviral
vector MTS comprising 1) nucleotide sequences derived from the original MLV
vector which are 10 5' LTR, the minimal packaging sequence containing the
splicing donor at the upstream of the original gag gene, poly-purine track,
and 3' LTR; 2) a multi-cloning site; 3) a part of the nucleotide sequence
of EF 1 a, which starts from the 3' end of the intron to just before the
translation initiation codon of exon 2, 15 inserted between the minimal
packaging sequence . and the multi cloning site; 4) an internal ribosomal
entry site. (IRES) downstream from the multi cloning site; and 5) a GC base
pair replacing the GT base pair at the' +977 N +978 site, 20 downstream of
the splicing acceptor. Hereinafter, the present invention is described in
detail. 1. Construction of MLV-based retroviral vector MIN-EI having no .
25 viral coding sequences and containing the non-coding sequence of human
EFla Procedures for preparing the MLV-based retroviral vector MIN that is 6
3 0 JAN 2004 WO 02/20810 PCT/KRO1/01515 devoid of its MLV-coding gag; env
and pol gene sequences, and MIN-EI that contains the non-coding sequence of
the human EF 1 a at the upstream of the multi-cloning site of vector MIN
are described in the KR Patent Laid-Open Publication No. 2000-6334 in
detail. 5 The structural characteristics of the vectors MIN and MIN-EI are
as follows: Vector MIN contains 1) the non-coding sequence just before the
gag coding region, containing the 5' LTR and the splicing acceptor of the
MLV genome; 2) a multi-cloning site; 3) IRES-neo cassette; and 4) a 3' non
10 translation region, poly-purine track and 3' LTR, in that order: .
Vector MIN-EI has the sequence of SEQ ID NO. 1, which corresponds to the
sequence of the EFIa intron and exon 2 just before the translation
initiation codon, inserted upstream of the multi-cloning site of vector
MIN. 15 2. Efficiencies of retroviral vectors having a non-coding sequence
of EFla in various packaging cells 



To generate the optimized retroviral vector, delicate balance between
transcription, and splicing efficiency is required for the efficient
expression of 20 a therapeutic gene in target cells. The level of gene
expression of retroviral vector MIN-EI is 3~5 fold higher than that of
vector MIN (KR Patent LaidOpen Publication No. 2000-6334) in such a
packaging cell lines as Phoenix, 293T, FIyAl3, and PG13. However, vector
MIN-EI exhibits a reduced viral titer in FIyAl3 or PG13 cell lines,
probably due to the highly efficient splicing 25 and generally low
transcriptional activity of F1yA13 or PGl3 cell lines. Accordingly, there
exhibits a need to develop a retroviral vector having both a high level of
gene expression and an improved viral titer. 7   WO 02/20810 3 Q JAN 2004
PCT/KROl/01515 3. Construction of retroviral vectors containing modified
non coding sequences of EFIa gene 5 In order to fulfill the above-mentioned
need, modified retroviral vectors are constructed by way of introducing a
mutation around the intron and the splicing acceptor of the EF 1 a, gene of
MIN-EI. 5 mutant vectors that were constructed in the present invention
are: 1) MT1, wherein no mutation is introduced at the splicing acceptor and
10 the region corresponding to exon 2 of EF 1 oc is deleted; 2) MT2,
wherein a mutation is introduced downstream from the splicing acceptor and
the region corresponding to .exon 2 of EF 1 a is deleted; 3) MT3, wherein.
a mutation is introduced upstream from the splicing acceptor and the region
corresponding to exon 2 of EF 1 a is removed; 15 4) MT4 is a wild-type
having no mutation at the splicing acceptor; and 5) MT5, wherein a mutation
is introduced downstream from the splicing acceptor In, the cases of using
the. Iuciferase gene as a reporter gene, modified 20 vectors MT1, 2, and 3
show a reduced viral titer than wild-type MT4; but vector MT5 gives 2 ~ 3
folds higher viral titer than wild-type MT4. The splicing efficiency of
vector MT5 is somewhat low, about 70 ~ 80% less than that of wild-type MT4,
however the total amount of the gene expressed increases due to the
enhanced viral titer. Such an enhancement in the total ' 25 transduction
efficiency is also observed with vector MT5 carrying a human interleukin-1
receptor antagonist (IL-1 ra) gene instead of the luciferase gene as a
reporter gene. 8   WO 02/20810 $ 0 JAN ZOp~ PCT/KROl/01515 Thus, vector MT5
is identified as a novel, safe vector that provides 



high level of gene expression as well as high viral titer. E.coli strain
JM109 transformed with vector MT5 has been designated as MT5(JM) and
deposited at the Korean Culture Center of Microorganisms (KCCM) on July 28,
2000 5 (Accession Number: KCCM-10205}. 4. Construction of vector MTM5
containing the modified EFla non-coding sequence and MDR selectable marker
gene 10 Vectors carrying the human MDR gene as a selectable marker gene
have also been constructed and designated as MTM5, which give an excellent
transduction efficiency due to their enhanced viral titer. The present
invention is described in detail in the examples below. 15 It should be
evident that the following examples are intended to further illustrate the
present invention without limiting its scope. Examples 20 Example 1:
Efficiency of vector MIN-EI in various packaging cell lines In order to
investigate the efficiency of vector MIN-EI, containing the intron and
non-coding sequence of the EF 1 a gene in various packaging cell lines, the
gene expression level and viral titer was examined using commonly 25 used
packaging cell lines such as Phoenix (ATCC SD3443, MD, USA), FlyA13 (Cosset
et al., J. Virol. 69: 7430-7436, 1995), and PG13 (ATCC CR.L10686, MD, USA)
cell lines. 9   $ Q JAN ZQQ~ WO 02I20810 PCTIKROl/01515 MIN-CAT and MFG-CAT
(Byun et al., Gene Ther. 3: 780-788, 1996) 5 were employed as controls.
MIN-EI-CAT and MIN-CAT were constructed by inserting the BamHI fragment of
the plasmid pCRII-CAT (KR Patent Application No. 1998-24478}, containing
CAT (chloroamphenicol acetyltransferase) gene, into the BamHI sites of
vectors MIN-EI and MIN, respectively. Vector MFG-CAT was constructed by
inserting the NcoIBamHI fragment of pCRII-CAT into the NcoI-BamHI site of
vector MFG (Byun et al., Gene Ther. 3: 780-788, 1996). Phoenix and F1yA13
cells were each transfected with vector MIN-EI 10 15 CAT, MIN-CAT or
MFG-CAT, cultured for 48 hours, and the protein extract from the cells was
used to measure the level of gene expression. Cell-free virus was prepared
by filtering the cell culture supernatant through a 0.45 ,um filter paper.
After 2 sets of NIH3T3 cells were transduced with the cell-free viral
supernatant and incubated for 48 hours, 1 set of NIH3T3 cells was employed
for measuring the CAT activity. The other set of NIH3T3 cells was used for
determining viral titer and transduction . efficiency by counting 



the number of G418 resistance colonies (see table 1 and 2). In the case of
PG13 cells, producer lines were generated to obtain the 20 25 virus.
Because it is impossible to get high viral titer using transient
transfection method in PG 13 cells. Namely, about 0.1 m.o.i of the
cell-free virus obtained by using Phoenix cells were allowed to infect PG
13 cells, and the G418 resistant cell line was selected after treatment
with G418 for 2 weeks. The cell free viral supernatant was used to
transduce 2 sets of HT1080 cells. They were incubated for 48 hours, and
subjected to CAT assay and viral titer measurements, respectively (see
table 3). The CAT activity was measured by the following procedure: The
transduced cells were harvested, washed once with 1 ml of PBS (phosphate 10
3 0 JAN 200 WO 02/20810 PCT/KROl/01515 buffered saline), and then
resuspended in 0.25 M of Tris buffer (pH 7.5). The cells were lysed by way
of conducting 3 freezing (in dry-ice)-thawing (in 37 C water bath) cycles.
After heating at 60 C for 7 minutes to inactivate the deacetylase, the
resulting cell extract was subjected to centrifuge spanning 5 at 12,000 rpm
for 10 minutes, and the supernatant was collected. The protein
concentration was quantified by Bradford's method. . A fixed amount of
protein was mixed with 1 ul of 14C-chloroamphenicol (60 mCi/mmol, 0.1
mCi/ml), 2ul of acetyl-coenzyme A (40 mM), and an appropriate amount of
0.25 M Tris buffer (pH 7.5) and then incubated at 37 C . After the
reaction, 10 chloramphenicol was extracted with ethyl acetate, and
concentrated under a reduced pressure. The residue was resuspended in 15 ul
of ethyl acetate, loaded onto a thin layer chromatography (TLC) plate, and
developed using a solvent (95% chloroform, 5% methanol). The TLC plate was
dried and then exposed to an X-ray film or brought to a phosphoimage
analyzer, so that the 15 acetylation level of the chloramphenicol could be
measured. The CAT activity was measured by calculating the radioactivity
ratio of the acetylated chloramphenicol to the total chloramphenicol.
<'Table 1> 20 Comparison of retroviral vector efficiency in Phoenix cell
VectorRelative CAT activity *Viral
titerTransient-TransductiontransductionTransientStableMIN1.0I .01.0~
1.0MIN-EI3.5t0.43.30.43.00.61.1t0.2MFG1.0 ~ 0.21.1 t 0.30.4 t 0.21.0 ~ 0.3
*: Based on the CAT activity of vector MIN (radioactivity of acetylated
chloramphenicol/radioactivity of total chloramphenicol). n 



WO 02I20810 3 0 JAN 200 PCT/KR01/01515 As can be seen in Table 1, when
using Phoenix cells as a packaging cell line, the CAT activity of MIN-EI
was 3 ~ 4 folds higher than that of MIN or MFG. This suggests that the gene
expression efficiency of MIN-EI is superior to that of the others. There
were no significant changes in viral titer 5 among these vectors, and thus,
the measured CAT activity of the transduced NIH3T3 cell directly reflects
the gene expression efficiency. <Table 2> Comparison of retroviral vector
efficiency in F1yA13 cells VectorRelative CAT activityViral
titerTransient-Transduction_transductionTransientStableMIN1.01.01.01.0MIN-E
I4.5t0.70.6t0.12.2t0.50.3t0.1MFG1.7t0.30.8t0.20.5t0.11.1t0.2 10 <Table 3>
Comparison of retroviral vector efficiency in PG13 cell
VectorTransductionViral titerTransientStableMIN1.0
-1.01.0M1N-EI0.87.00.1MFG2.62.91.0 However, when using F1yA13 (see Table 2)
or PG13 (see Table 3) as a 15 packaging cell line, the viral titer of
MIN-EI was quite low, only one third to one tenth of that for MIN or MFG.
Example 2: Viral productivity of MIN-EI 20 To examine the reason why viral
titer varies in accordance with the 12   WO 02/20810 3 0 JAN 2004
PCT/KIt01/01515 packaging cell line used, northern blotting analyses were
performed. First, cytoplasmic RNAs were extracted from Phoenix cells
transfected with MFG and MIN-EI, respectively, and also from PG13 cells
producing MFG and MIN-EI, respectively, using the Guanidine
thiocyanate-cesium method as 5 follows: Cells cultured in a 100 mm dish
were washed twice with PBS and 3 ml of guanidine buffer solution was added
thereafter. Upon becoming transparent, the mixture was homogenized using a
syringe, poured into a polyaloma tube (Beckman) containing 2 ml of 5.7 M
CsCl2, and centrifuged at 20 C , 29,000 rpm for 16 hours to obtain an RNA
pellet. The RNA pellet 10 was dissolved in 150ul of distilled water
containing DEPC, and subjected to ethanol precipitation to obtain 50ul of
RNA solution. 20ug of RNA was mixed with 20ul of formamide, 10 ul of 37%
formaldehyde, and 10 ul of 10 X . MOPS. , The mixture was heated at 70 C
for 10 minutes, and subjected to electrophoresis on a formaldehyde-agarose
15 gel at 50 mA. The gel was successively soaked in 50 mM NaOH, 10 mM NaCI
for 10 min and 20 X SSC solution (3 M NaCI, 0.3 M sodium citrate) for 45
minutes. The treated RNA was separated, transferred onto a nitrocellulose
membrane using capillary means,. and .fixed at 80 C for 1 hour. After
prehybridization with the ExpressHyb hybridization solution (Clontech, 20
USA) at 65 C for 30 minutes, the nitrocellulose membrane was subjected to a
hybridization reaction using isotope-labeled CAT DNA fragment. The
nitrocellulose membrane was washed twice with a buffer, and exposed to an
X-ray film, and the resulting bands for genomic RNA and subgenomic RNA were
each quantified with a phosphoimage analyzer. 2S 



<Table 4> Comparison of RNA composition according to packaging cell lines
13   3 0 JAN 2004. WO 02/20810 PCT/KROl/01515 Phoenix cell linePG13 cell
lineVectorThe amount of RNAVectorThe amount of RNAGemo. RNASubgeno.
RNATotal RNAGemo ..RNASubgeno. RNATotal RNAMFG257 69% *118 31%375
100%MFG241 63%139 37%380 100%MIN- EI187 6%2834 94%3021 100%MIN- EI22 5%388
95%410 100% *: ( ) represents the ratio of respective genomic RNA and
subgenomic RNA to total RNA As the results in Table 4 shows, the splicing
efficiency of MIN-EI 5 does not vary significantly with the packaging cell
lines. In the Phoenix cell line, MIN-EI synthesized a considerably larger
amount of subgenomic RNA than MFG, and exhibited a generally high
transcriptional level. This result explains why MIN-EI shows a high level
of gene expression. However, in the PG13 cell line, the transcriptional
activity of MIN-EI was significantly 10 reduced, while the splicing
efficiency was maintained at about the same level 



as in the Phoenix cell line. Thus, the absolute amount of genomic RNA
became low, which resulted in a reduction in viral titer. Namely, in the
Phoenix cell line, efficient splicing occurs by the action of the intron
and non-coding sequence of the EFloc gene, giving more 15 subgenomic RNA
than genomic RNA, resulting in increased level of gene expression.
Moreover, as genomic RNA synthesis is facilitated by a high transcriptional
activity, the viral titer also remains high. However, in FlyAl3 and PG13
cell lines, splicing progresses efficiently,. giving a large relative
amount of subgenomic RNA, but the total amount of genomic RNA is 20 reduced
significantly resulting in low viral titer. Example 3: Construction of
retroviral vector having both a mutation at 14   WO 02/20810 the EFla
intron and a non-coding sequence 3 0 JAN 200I PCT/KRO1/01515 In order to
develop an improved vector drive a high level of gene expression without
compromising viral titer, the mutation was introduced to 5 ~ maintain
delicate balance between splicing efficiency and viral titer. 5 mutant
vectors were constructed by introducing a mutation into and around the
intron and splicing acceptor of the EF 1 a gene of MIN-EI (see Fig. 1 ): 1
) MT 1 wherein no mutation is introduced at the splicing acceptor and the
region corresponding to exon 2 of EF 1 a is deleted; 10 2) MT2 wherein a
mutation is introduced downstream from the splicing acceptor and the region
corresponding to exon 2 of EF 1 a is deleted; 3) MT3 wherein a mutation is
introduced upstream from the splicing acceptor and the region corresponding
to exon 2 of EF 1 a is removed; 4) MT4 is a wild-type having no mutation
introduced at the splicing 15 acceptor; and 5) MT5 wherein a mutation is
introduced at the downstream from the splicing acceptor (3-1) Construction
of MTl 20 To construct MT1, PCR was conducted using plasmid pMIN-EI (KR
Patent Application No. 1999-23398) as a PCR template and the synthetic
oligonucleotides of SEQ ID NO. 2 (EI5') and 3 (EI3'-ls) as a primer pair.
100 ul of the PCR reaction solution containing 200 ng of the 25 template
plasmid DNA and 1 ul each of the primers (10 pmol/ul) was subjected to 30
cycles of PCR amplification reaction, each cycle being conducted for 1
minute at 94 C (denaturation), 1 minute at 50 C (annealing) 15   WO
02/20810 and 1 minute 30 seconcds at 72 C (polymerization). 3 0 JAN 200
PCT/KROl/01515 After the amplified fragment of the EFla intron was cloned
into the pGEM T easy vector {Promega, WI, USA), the MluI-BamHI fragment was
excised and inserted into the MIuI-BamHI site of pMIN to generate MT1 (see
5 Fig.2). (3-2) Construction of MT2 



MT2 was constructed by PCR as in the, Example (3-1) using the 10 plasmid
pMTN-EI as a PCR template and the synthetic oligonucleotides of SEQ ID NO.
2 (EI5') and 4 (EI3'-2s) as a primer pair. The PCR amplified fragment of
the EFla intron having a mutation introduced downstream from the splicing
acceptor was cloned into the pGEM T easy vector (Promega, WI, USA), and the
MIuI BamHI fragment was 15 excised and inserted into the MIuI BamHI site of
pMIN to generate MT2 (see Fig. 3). (3-3) Construction of MT3 20 MT3 was
constructed by PCR as in the Example (3-1) using the plasmid pMIN-EI as a
PCR template and the synthetic oligonucleotides of SEQ m NO. 5 (EI5'm) and
3 {EI3'-ls) as a primer pair. The PCR amplified fragment of the EF 1 a
intron having a mutation introduced upstream from the splicing acceptor was
cloned into vector pGEM 25 T easy (Promega, WT, USA), and the MIuI-BamHI
fragment was excised and inserted into the MIuI-BamHI site of pMIN to
generate MT3 (see Fig. 4). 16   3 0 JAN 2004 wo oa/aoslo (3-4) Construction
of MT4 PCT/KROl/0151~ The wild-type vector MT4 was constructed by PCR as in
the Example (3-1) using the plasmid pMIN-EI as a PCR template and the
synthetic 5 oligonucleotides of SEQ ID NO. 2 (EIS') and 6 (EI3'-11) as a
primer pair. The PCR amplified fragment of the EF 1 a, intxon was cloned
into vector pGEM T easy (Promega, WI, USA), and the MluI HincII fragment
was excised and inserted into the MIuI-PmeI site of pMIN-EI to generate MT4
(see Fig. 5). 10 (3-5) Construction of MT5 MT5 was constructed by PCR as in
the Example (2-1) using the plasmid pMIN-EI as a PCR template and the
synthetic oligonucleotides of 15 SEQ ID NO. 2 (EI5') and 7 (EI3'-21) as a
primer pair. 



The PCR amplified fragment of the EF 1 a intron was cloned into pGEM T easy
vector (Promega, WI, USA), and the MIuI-sacI fragment was excised and
.inserted into the NIIuI-PmeI site of pMIN-EI to generate MT5 (see Fig. 6).
20 Example 4: Efficiencies of inventive vectors carrying Luc gene (4-1)
Cloning of luciferase (Luc) gene 25 The Luc gene was amplified by PCR using
the pGL2 control vector (Promega, WI, USA) as a template and the synthetic
oligonucleotides of in SEQ ID NOs. 8 (Luc 5'} and 9 (Luc 3') as a primer
pair. The amplified 17   3 0 JAN 2004 WO 02/20810 PCTlKR01/01515 fragment
was inserted into the pGEM T easy vector (Promega, WI, USA) in order to
generate the pGEM T easy-Luc vector (see Fig. 7). The fragment containing
the luciferase gene obtained by treating the pGEM T easy-Luc vector with
BamHI/BglII was inserted into the BamHI site of each vector 5 prepared in
Example 2, to generate the luciferase expression vectors shown in Fig. 7.
(4-2) Measurement of luciferase activity 10 MT 1, 2, 3, 4, and 5 containing
the Iuciferase gene were each transfected into Phoenix cells, and the cells
were incubated for 48 hours. Cell-free viral supernatants were used to
transduce NIH3T3 cells. Luciferase activities of from transfected and
transduced cells, respectively, were measured. The luciferase activity and
viral titer of the G418 resistant stable cell line (see 15 Table 5) were
also measured. In Table 5, the luciferase activity of each retroviral
vector is represented as a relative value based on that of the wild type
MT4 vector. The luciferase activity was measured as follows: The harvested
cells were washed with 1 ml of PBS. After removing PBS completely, the
cells 20 were resuspended in an appropriate amount of 1 X reporter lysis
buffer (Promega, WL, USA) and reacted at room temperature for 5 minutes.
The reaction mixture was subjected to centrifuge spinning at I2,000 rpm for
1 minute, and the supernatant was collected. The protein concentration in
the extract was quantified by Bradford's method. A fixed amount of protein
was 2S mixed with 100 ul of the luciferase assay reagent (Promega, WI,
USA), and the reaction mixture was transferred to a 96 well plate in order
to measure the Luc activity with a Iuminometer (see Fig. 5). 18   WO
02/20810 <Table 5> Comparison of mutant vector efficiency 



3 0 JAN 2p04 PCT/IQt01/01515 VectorRelative luciferase activityViral
titerTransientTransductiontransductionTransientStableMT
10.40.2-0.1MT20.81.0-0.6MT30.10.2-0.1MT41:01.01.01.0MT50.51.30.9 ~I.6 5 As
can be seen in Table 5, both the gene expression level and the viral titer
of MT1, 2 and 3 were lower than that of control MT4 containing wild type
EFIa intron and a splicing acceptor sequence. The gene expression level of
MT5 in the Phoenix cell reached a 50 ~ 70% level of that of MT4, but its
viral titer increased about 2 folds, and the luciferase activity in
transduced 10 NIH3T3 cells also increased. That is, the splicing efficiency
of MT5 was slightly lower than that of MT4, giving a reduced amount of
subgenomis RNA. Therefore, the gene expression of MT5 is somewhat low but
its whole transduction efficiency is enhanced due to its relatively high
viral titer. The results shows that the mutation introduced downstream from
the' splicing 15 acceptor is capable of maintaining the balance between
splicing efficiency and the amount of genomic packageable transcript.
Example 5: Efficiencies of inventive vectors carrying IL-lra gene and
analysis of the RNA composition 20 (5-1) Comparison of efficiencies of
vectors using IL-lra gene 19   WO 02/20810 3 0 JAN 2004 PCT/KROl/01515 In
order to examine whether the improved activity of the MT5 vector observed
in Example 4 is a general phenomenon applicable to other foreign genes, the
procedures of Example 4 were repeated employing the human IL Ira gene in
place of the Luc gene (see Table 6). 5 IL-lra gene was obtained from
peripheral blood lymphocytes. First, peripheral blood lymphocytes were
obtained from the blood of normal people by using Ficoll-hypaque, and RNA
was extracted and subjected to reverse transcriptase PCR (RT-PCR) in. order
to obtain cDNA. The IL-lra gene fragment was amplified, using the cDNA as a
template and the synthetic 10 oligonucleotides of SEQ ID NOs. 10 (IRAP 5')
and 11 (IRAP 3'} as a primer pair. The amplified PCR product was inserted
into the pGEM T easy vector (Promega, WI, USA) in order to generate vector
pGEM T easy-IL-Ira. A fragment containing the IL-lra gene was obtained by
treating the resulting vector with BamHI/BgllT and inserted into the BamHI
sites of MT4 and MT5 15 vectors prepared in Example 3, respectively. The
resulting IL-lra expression vectors were examined together with the vector
MFG-IL-Ira (Yu et al., Gene Ther. 7:797-804, 2000). Vectors MT4, MT5, and
MFG containing the IL-lra gene were each transfected into Phoenix cells,
and incubated for 48 hours) The cell-free viral 20 supernatants were used
to transduce NIH3T3 cells. The amounts of IL-Ira secreted into supernatants
of transfected and transduced cells were measured using human IL-lra ELISA
(R&D system, USA), and the viral titer was determined by counting the
number of G418 resistant cells (see Table 6). 25 <Table 6> 



Comparison of vector efficiency using IL-Ira gene Vector Relative IL-lra
activity Viral titer Transfection I Transduction I 20   WO 02/20810 ~ 0 JAN
200g PCT/KRO1/01~15 MT41.01.01.0MT50.51.51.8MFG0.2031.3 The resultss in
Table 6 demonstrates that the transduction efficiency and the viral
productivity of MT5 are also enhanced when it carries the IL-1 ra as a
reporter gene. 5 (5-2) Cytoplasmic RNA To examine whether the results
obtained in the Example (5-1) are due to a change in the splicing
efficiency, cytoplasmic RNA was analyzed by IO northern blotting. Briefly,
cytoplasmic RNA was extracted from the transfected Phoenix cells and
subjected to hybridization using IL-lra gene as a probe to assess the
amounts of genomic RNA and subgenomic RNA. The intensities of hybridized
RNA bands were quantified with a phosphoimage analyzer (see Table 7). 15 .
<Table 7> Composition of the Phoenix cell. RNA VectorThe amount of
RNAGenomic RNASubgenomic RNATotal RNAMT4266 4.5%5635 95.5%5901 100%MT5408
10.3%3S60 89.7%3968 100%MFG257 69%118 31%375 100% The results show that
subgenomic RNA of MT4 accounts for 95% of 20 the total RNA, and the
relative proportion of MT5 subgenomic RNA is about 94% as compared to MT4.
On the other hand, the amount of genomic RNA 21   WO 02/20810 3 0 JAN 2004
PCT/KROl/01515 observed for MT5, which is much lower than that of
subgenomic RNA, is more than 2 folds higher than that observed for MT4.
These results explain why MT5 gives a high viral titer in comparison with
MT4. 5 (S-3) Efficiencies of inventive vectors in PG13 cell The retroviral
vector's efficiency in the PG13 cell line which can be used in an actual
clinical trial was examined. Cell-free culture solutions obtained from
Phoenix cells as well as the MFG (control) virus were each 



14 transfected into PG13 cells, and G418 resistant viral producing cells
were obtained. The viral supernatant of the PG13 producing cell line was
transduced into HT 1 O80 cells, and the TL-1 ra activity and the viral tier
of the transduced cells were measured (see Table 8) 15 <Table 8> Comparison
of vector efficiency in PG13 cells VectorRelative IL-lra activityViral
titerMT41.01.0MT57.03.3MFG. -5.14.0 As the results in Table 8 demonstrate,
the viral titer of MT5 is about 3 N 4 folds higher than that of MT4 when PG
13 cells were used. 20 Example 6: Construction of vector containing MDR A
vector which has the same modified EFIa intron and non-coding sequence as
MT5 but contains human MDR gene as a selectable marker, was 25 constructed
and designated vector MTM5. 22   3 0 JAN 2004 WO 02/20810 (6-1) Cloning of
IRES gene PCT/KRO1/01515 To generate a gene fragment of IRES (internal
ribosomal entry site), 5 PCR was performed using: the plasmid pCBIN (KR
Patent Application No. 1997-48095) containing 1RES as a template; the
oligonucleotide of SEQ ID NO. 12 having BamHI and Notl recognition
sequences as a 5' primer; and the oligonucleotide of SEQ ID NO. 13 having
StuI; CIaI and BgIII recognition sequences as a 3' primer. 10 After the PCR
product was cloned into the vector pCRII (Invitrogen, CA, USA), the
BamHIlBgllI fragment was excised from the resulting vector and inserted
into the BamHI site of MSN (KR Patent Application No. 199923398) in order
to generate the plasmid MSN-IRES. 15 (6-2) Cloning of the MDR gene and the
construction of plasmid MTM To generate an MDR gene fragment, PCR was
performed using a plasmid containing MDR, which was obtained from Dr.
Sugimoto (Cncer Chemotherapy center, Japanese Foundation for Cancer
Research, Tokyo 170, 20 Japan), as a template; the oligonucleotide of SEQ
ID NO. 14 having BamHI and CIaI recognition sequences as a 5' primer; and
the oligonucleotide of SEQ ID NO. 15 having SalI and BamHI recognition
sequences as a 3' primer. The PCR product was cloned into the vector pCRII
(Invitrogen, CA, USA) to generate pCR MDR, and it was confirmed by
sequencing analysis 25 that the MDR gene was properly inserted. The
BamHI/BglII fragment was excised from the pCR-MDR vector, and inserted into
the plasmid MSN-IRES after the removal of the CIaI/XhoI fragment in order
to generate the plasmid 23   



WO 02/20810 MTM (see Fig. 9). (6-3) Construction of vectors MTM4 and MTM5 3
D JAN 200 PCT/KRO1/01515 5 MIuI/BamHI DNA fragments containing the modified
non-coding sequence were obtained from vectors MT4 and MT5, respectively,
and inserted into the MIuI/BamIiI site of MTM vector to construct plasmids
MTM4 and MTM5; respectively (see Fig. 10). Therefore, the expression of the
MDR gene from MTM4 and MTM5 is derived by the spliced mRNA. 10 Example 7:
Efficiencies of MTM vectors To examine the efficiencies of vectors MTM,
MTM4, and MTM5 obtained in Example 6, the IL-lra gene was inserted into the
BamHI sites of 15 these vectors to generate vectors MTM-IL-1 ra, MTM-IL-1
ra, and MTM-IL 1 ra, respectively. Each of the resulting vectors was
transfected into 293 T cells together with gaglpol, env expression vectors,
the cells were incubated for 48 hours. The cell-free viral supernatants
were used to transduce NIH3T3 cells, and incubated for 48 hours. IL-Ira
activities of the 24 transfected cells and the transduced cells were
determined, and the viral titer was measured by counting the number of
cells resistant to vincristine. <Table 9> VectorRelative IL-lra
activityViral
titerTransfectionTransductionMTM1.01.01.0MTM410.03.31.8MTM53.45.02.5 24
WO 02/20810 3 0 JAN 2004 PCT/KROl/01515 As can be seen in Table 9, the gene
expression level of MTM5 is only about 30% of that fox wild-type MTM4, but
it is 3 folds higher than that of MTM. In addition, since the viral titer
of MTM5 is much higher than those 5 of MTM, and MTM4, MTM5 performs best in
terms of the overall transductional efficiency. To further compare the
performance of retroviral vector in PGI3 cells, each of the cell-free viral
supernatant was used to transduce PG13 cells, and a virus producing cell
line was obtained by selection with 25 ng/ml of 10 vincristine for 2 weeks.
The viral supernatant obtained from the PG I3 producing cell line was used
to transduce HT 1080 cells, and IL=1 ra activity and the viral productivity
were measured. <Table 10> VectorRelative IL-lra activityViral
titerMTM1.01.0MTM42.40.2MTM511.3S .5 15 As the results in Table 10 shows,
the viral titer of MTM5 is much higher than those of MTM, and MTM4, and
thus, MTM5 has an excellent 



transductional efficiency. 20 As disclosed and verified above, the present
invention provides an efficient and safe retroviral vector which can be
advantageously used in gene therapy. The retroviral vector of the present
invention has the following features: 1. Since all retroviral coding
sequences (gag, pol and env gene 25   WO 02/20810 3 0 JAN 200
PCT/KRO1/01515 sequences of MLV) are completely deleted, there is no
possibility of replication-competent retrovirus being produced through
homologous recombination. 2. Due to the presence of a heterologous intron,
the splicing acceptor 5 and/or non-coding sequence inserted upstream from
the multi-cloning site, the foreign gene in the retroviral vector can be
expressed efficiently. 3. Due to the introduction of a suitable mutation
around the heterologous splicing acceptor, delicate balance between the
splicing efficiency and viral titer can. be maintained. 10 4. Since the U3
region of the 5' LTR is replaced with a heterologous promoter , that
promotes transcription, particularly in human cells, a human cell-derived
packaging cell line transfected with the inventive vector exhibits a marked
increase in viral titer. 5. An IRES or a heterologous promoter may be
introduced in the 15 inventive vector for the purpose of expressing two or
more foreign genes. In this case, a minimal promoter may be inserted in
order to. minimize the interference by the heterologous internal promoter
and also to clone a largesized foreign gene. 26   3 0 JAN ~I~ What is
claimed: 1, A retroviral vector derived from 'the murine leukemia virus
(MLV) vector, comprising 1 ) a part of the non-coding sequence of the
elongation factor EF1 a .as an heterologous gene-derived non-coding
sequence inserted upstream from the multi-cloning site, and 2) a mutation
introduced downstream from the splicing acceptor within the non-coding
sequence of EFla, which replaces the 205th and 206th nucleotides GT
(guanine-thymidine) of SEQ ID NO: 1 with CC (cytosinecytosine), said
retroviral vector lacking viral-coding sequences. . 2. The retroviral
vector of claim .1; wherein the non-coding sequence of EFl(err) is the
sequence of the intron. and exon 2 of the human EF1(err) just before the
translation initiation codon. 3. The retroviral vector of claim 2, wherein
'the non-coding sequence of EFIa has a nucleotide sequence of SEQ ID N0. 1.
4 . The retroviral vector of claim 1, which comprises 1) nucleotide
sequences derived from the original MLV vector that are 5' LTR, the minimal
packaging sequence containing a splicing donor at the upstream of the
original gag gene, poly-purine track, and a 3' LTR; 2) a. multi-cloning
site; 



28   3 0 JAN 2004 3) a part of the nucleotide sequence of:EF 1 a, starting
from the 3' end of the intron to just before the translation initiation.
codon of exon 2, inserted between the minimal packaging sequence and the
multi cloning site; and .4) an SV40 minimal: promoter or an internal
ribosomal entry site (IRES} downstream frorn multi-cloning site: 5 .The
retroviral vector of one of the claims 1, wherein U3 in the 5' LTR. of the
original MLV vector or a part thereof, .is replaced with the HCMV IE (human
cytomegalovirus immediate early) promoter as a heterologous promoter. 6 The
retroviral vector of Claim 4 which further comprises NEO or MDR gene as a
selectable marker gene. 7 The retroviral vector of claim 1, which is vector
MT5, comprising: 1) nucleotide sequences .derived from the original MLV
vector that are the 5' LTR, the minimal packaging sequence containing
splicing donor upstream from the original gag gene, poly-purin.e track,
.and 3' LTR; 2) a multi-cloning site; 3) a part of the nucleotide sequence
of EFIa, starting from the 3' end of intron to just before the translation
initiation codon of exon 2, inserted between the minimal packaging sequence
and the multi-cloning site; 4) an internal ribosomal entry site (IRES)
downstream from the multi cloning site; and 29   $ 0 ,SAN 200 S) a CC base
pair replacing the GT base pair at the +977 ~ ~+978 site, downstream from
the splicing acceptor: 8. E.coli. strain . MT5.(JM) transformed with vector
MT5 of claim.(Accession Number: KCCM-10205). 9 . The retroviral vector of
claim 6 , which is vector MTM5, comprising .1) nucleotide, sequences
derived from the original MLV vector which are 5' LTR, the minimal
packaging sequeuce containing splicing donor upstream from the original gag
gene, poly-purine track and 3' LTR; .2) a multi-cloning site; 3) a part of
the nucleotide sequence of EFl(err), starting from the 3' end of intron to
just before the translation initiation codon of exon.2, inserted between
the minimal packaging sequence and the multi-cloning site;. 4) an internal
ribosomal entry site (IRES) downstream from the multi cloning site; .and 5)
a CC base pair replacing the GT base pair at the +977~+978 site downstream
from the splicing acceptor; and 6) a MDR gene as a selectable marker gene.
30 .AL.AnS2.AS2.AnE.AsE.A2.Af.Ay5E.A,.AE.AuY.Af2.A.A2.Ay;2.Ay.A;
l.A,.AE.Ay.A@a2.Ak@Y.A.AN.Af2.Au,2.Ah r.A`.A)*X\i 
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