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Abstract: Disclosed is a recombinant adenovirus with a protein containing a
VSV-G epitope derived from vesicular stomatitis  



virus (VSV). Also, the present invention discloses a pharmaceutical
composition comprising such a recombinant adenovirus and a pharmaceutically
acceptable carrier. Further, the present invention discloses a recombinant
plasmid capable of expressing the  recombinant adenovirus and a host cell
transformed with the recombinant adenovirus. 24 March 2006 WO 03/029448
PCT/KR02/01831 RECOMBINANT ADENOVIRUS WITH ENHANCED THERAPEUTIC EFFECT  AND
PHARMACEUTICAL COMPOSITION COMPRISING SAID RECOMBINANT ADENOVIRUS TECHNICAL
FIELD The present invention relates, in general, to a recombinant
adenovirus with  improved therapeutic efficacy, and more particularly, to a
recombinant adenovirus  prepared by introducing a ligand responsible for
infection of vesicular stomatitis virus  (VSV) into adenovirus. Also, the
present invention is concerned with a  10 pharmaceutical composition
comprising such a recombinant adenovirus. BACKGROUND ART With recent rapid
developments in molecular biology, considerable advance  has been made in
development of therapeutic agents for various cancers and other intractable
diseases using recombinant DNA technologies. Also, since gene therapy  15
was first attempted clinically in 1990, studies on delivery systems of
therapeutic genetic materials have been carried out. Among clinical gene
therapies, about 60%  focus on treating cancers, and various vectors based
on human or non-human viruses  have been developed as vehicles to transfer
therapeutic genes into target cells, in which  .adenovirus with many
advantages as a gene transfer vehicle is attractive as a substitute  20 for
retroviruses. For practical use of gene therapy in clinical fields, first
of all, gene transfer  vehicles capable of safely. and effectively
delivering therapeutic genes to targeted 24 March 2006 WO 03/029448
PCT/KR02/01831 



regions should be developed. The potential of recombinant adenovirus as a
gene  transfer vehicle was reported in 1984 by Graham, F. L. (Graham, F.
L., EMBO J.,  1:2917-2922, 1984). Since the first clinical trial of gene
therapy in adenosine  deaminase (ADA)-deficient patients in 1990, active
research into gene therapy was 5 performed until the mid-1990s, in which
expression of a specific gene was induced in  target cells using
replication-defective recombinant adenoviral vectors constructed by
inserting the specific gene thereinto. Such research was promoted by the
fact that  adenovirus has many benefits as a gene transfer vehicle, in
terms of being excellent in  transferring exogenous genes into a variety of
cell types regardless of cell cycle state of 10 target cells, easily
producing high titer virus, being capable of being lyophilized and  thus
structurally stable, and being easily formulated into pharmaceutical
preparations (Yeh, P. et al., FASEB J., 11:615-622, 1997). However,
adenovirus has several significant problems in mediating gene  transfer,
including the relatively short-term expression of foreign genes and the  15
induction of strong immune response to viral proteins and virus-infected
cells. To overcome such problems, various efforts to modify structure of
adenovirus have been  made. For example, it was reported by S. Kochaneck in
1996 that gutless virus  produced by removing all adenoviral coding
sequences is advantageous in terms of  being capable of carrying maximum 30
kb of foreign genes, as well as not producing 20 viral proteins and thus
not inducing immune response in host cells (Kochanek, S., Proc.  Natl.
Acad. Sci. 93:5731-5736, 1996). Korean Pat. Publication No. 1999-22941
discloses an adenovirus vector having no overlap with a suitable packaging
cell line, in  which adenovirus loses self replication ability and is
incapable of being encapsidated,  thus avoiding interference with the host
immune system. 25 Since recombinant adenovirus was known to be effective in
gene therapy and  .easily delivered into a body owing to being produced in
high titer and easily concentrated, clinical cancer gene therapy mediated
by recombinant adenovirus has 24 March 2006 WO 03/029448 



PCT/KR02/01831 rapidly increased in the past five years. When cancer is
treated using gene therapy  mediated by recombinant adenovirus, since
prolonged and continuous expression of  therapeutic genes is not required,
and host immune response induced by virus or viral  proteins is not
essential and can be advantageous in some cases, adenovirus become 5
attractive as a gene transfer vehicle for cancer therapy (Pallard, F. Hum.
Gene Ther.,  9:283-286, 1998). Most recombinant adenoviruses for cancer
therapy, which carry a single  therapeutic gene, are gene transfer systems
first used in cancer gene therapy.  Recently, efforts have been made to
improve therapeutic efficacy of gene therapy 10 through simultaneous
expression of two therapeutic genes encoding proteins with  different
functions, rather than expression of one gene, or adenovirus-mediated gene
therapy in combination with administration of antitumuor agents or
radiotherapy, which  have been commonly used for cancer therapy (Roth, J.A.
et al., J. Nat. Cancer Ins.,  89:21-39, 1997). For example, Korean Pat. No.
1997-5206 discloses a method of 15 treating cancer using recombinant
adenovirus harboring the p53 gene, known to have  an antitumor effect, in
which the recombinant adenovirus does not produce replication- competent
viral particles and thus displays effective antitumor activity. However, it
has been reported that such replication-incompetent adenoviral  vectors can
induce antitumor activity in only primary infected cells or a very small
20 number of surrounding cells. Therefore, a great number of recombinant
adenovirus should be administered at once or administered repeatedly over
several times, thus  inducing cellular immunity and limiting its clinical
applications. To overcome such  problems, a variety of efforts have been
made to develop a modified adenovirus  capable of selectively replicating
in and killing tumor cells, since the McCormick 25 research group reported
a recombinant adenovirus. The E1B 55 kDa gene-deleted  adenovirus ONYX-015
(d11520), which was developed by McCormick, selectively  replicates and
induces cytolysis in tumor cells lacking functional p53 (Heise, C. et al.,
24 March 2006 



WO 03/029448 PCT/KR02/01831 Nature Med., 3:639-645, 1997). In clinical
trials for the treatment of head and neck  cancer, the recombinant
adenovirus ONYX-015 showed excellent therapeutic efficacy.  Furthermore,
another type recombinant adenovirus prepared by inserting a cancer-'
specific gene-regulatory region into El region was developed, in which
viral  proliferation is induced in a cancer tissue-specific manner. Also,
antitumor effect and  safety of a recombinant adenoviral vector can be
improved by inserting the herpes  simplex virus-thymidine kinase (HSV-TK)
gene or CD gene into the El region, and  thus the recombinant adenovirus
loses its proliferation capacity (Freytag et al., Nat. Biotech.,
15:866-870, 1997). In this regard, adenovirus-mediated gene therapy can be
10 clinically applied under various circumstances. In particular, the
recombinant adenovirus with tumor cell-specific cytotoxic effect was
demonstrated to be more  effective in cancers associated with mutations in
the p53 gene, such as brain cancer,  which is resistant to previous
chemotherapies or radiation therapies (Shinoura, N. et al.,  Cancer Res.
59:3411-3416, 1999). However, administration of a high titer of 15
adenovirus to brain is limited by its toxicity. Thus, methods of enhancing
gene  delivery efficiency should be developed in order to reduce the
administration amount of  adenovirus. Adenovirus infects host cells mainly
through coxsackievirus and adenovirus  receptor (CAR) on the host cells
(Tomko, RP. et al., Proc. Natl. Sci. USA 94:3352- 20 3356, 1997). Most
cells in the host typically express sufficient amount of CAR, but no or
little expression of CAR is found in muscle cells in matured bone tissues,
lymphocytes, fibrocytes, pulmonary macrophages and some tumor cells, where
adenovirus-mediated gene transfer efficiency is relatively low. Recent
clinical trials  using adenovirus as a gene delivery vehicle demonstrated
that poor gene delivery into 25 several tumor cells is attributed to lack
of expressed CAR on the tumor cells. In  addition, the recombinant
adenovirus can infect normal cells with relatively high  expression of CAR
rather than target cells (tumor cells) with a low CAR level, resulting 



24 March 2006 WO 03/029448 PCT/KR02/01831 in reduction of its infection
rate into tumor cells. To overcome such low transduction  efficiency and
lack of specificity for target cells by the recombinant adenovirus, there
is  a need for development of high-titer adenovirus. However, the
high-titer adenoviral  vectors can have increased toxicity and induce
immune response in the host, thus  5 threatening safe and effective
clinical cancer therapy. The disadvantages of recombinant adenoviral
vectors in gene therapy owing to  the above reasons can be overcome through
infection of adenovirus into target cells in a  CAR-independent manner.
Effective gene transfer on epithermal cell was found when  adenovirus type
2 fiber protein is replaced with that of adenovirus type 17. Also, a 10
chimeric adenovirus prepared by replacing the knob domain of adenovirus
type 5 with  the knob domain of adenovirus subgroup B was demonstrated to
effectively infect bone  marrow cells not easily infected with adenovirus
type 5. Wickham, T. J. J. reported  that introduction of a polylysine motif
or Arg-Gly-Asp (RGD)-containing peptide motif  at the C-terminal region of
adenovirus fiber protein allows adenovirus to specifically 15 recognize
alternative receptors, cell surface receptors including heparin and the
integrin  receptor, leading to successful infection of the virus (Wickham,
T. J. J. Virol., 71:8221- 8229, 1997). In addition, Kransnykh, V. et al.,
reported that transduction efficiency of  adenovirus can be increased by
inserting a targeting group capable of recognizing and  then binding a
target cell-specific receptor into the HI loop of the adenovirus fiber 20
(Kransnykh, V. et al., J. Viro., 72:1884-1852, 1998; Yoshida, Y. et al.,
Hum. Gene.  Ther. 9:2503-2515, 1998; and Shinoura, N. et at., Cancer Res.
59:3411-3416, 1999).  However, such modifications were 'not sufficient for
improvement of the transduction  efficiency of adenovirus, and there are
still efforts to develop a method of increasing  the trasduction efficiency
of adenovirus. 25 A plurality of patents and papers are referred and cited
herein. All references  cited herein are incorporated herein by reference
in their entireties, and the current state 



24 March 2006 of the conventional techniques in the art and the features of
the present invention will  be more clearly understood with the cited
references. DISCLOSURE OF THE INVENTION Leading 'to the present invention,
the intensive and thorough research into  5 recombinant adenovirus with
improved therapeutic efficacy, conducted by the present inventors, resulted
in the finding that a recombinant adenovirus comprising a protein
containing a VSV-G epitope, which is prepared by introducing the protein
into an  adenovirus, has improved transduction efficiency and thus enhanced
therapeutic effect  in adenovirus-based gene therapy, especially increasing
tumor cell-killing effect of  10 adenovirus, which is achieved in a
CAR-independent manner. It is, therefore, an object of the present
invention provides a recombinant  adenovirus with improved therapeutic
efficacy for various diseases, including improved  tumor cell-killing
.effect. It is another object of the present invention provides a
pharmaceutical.  15 composition comprising the recombinant adenovirus. In a
first aspect of the present invention, there is provided a recombinant
adenovirus comprising a protein containing a VSV-G epitope derived from
vesicular  stomatitis virus, which has improved therapeutic efficacy. In a
second aspect of the present invention, there is provided a pharmaceutical
20 composition comprising: (a) a therapeutically effective amount of a
recombinant  adenovirus comprising a protein containing a VSV-G epitope
derived from vesicular  stomatitis virus which is prepared by introducing
the protein into an adenovirus; and (b)  a pharmaceutically acceptable
carrier. In a third aspect of the present invention, there is provided a
recombinant  plasmid expressing the recombinant adenovirus of the first
aspect. In a fourth aspect of the present invention, there is provided a
host cell  transformed or transfected with the recombinant plasmid of the
third aspect. 6 



24 March 2006 WO 03/029448 PCT/KR02/01831 BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and other advantages of the present
invention will be more clearly understood from the following detailed
description  taken in conjunction with the accompanying drawings, in which:
5 Fig. 1 is a schematic representation of the C-terminus of adenovirus
fiber  protein to which the VSV-G epitope is attached through a glycine
linker; Fig. 2 is a schematic representation of a retargeting infection
pathway of a  recombinant adenovirus YCI-Ad-VSVG of the present invention
carrying a VSV-G  epitope into a target cell; 10 Fig. 3 shows a schematic
representation of the construction of the  recombinant adenovirus
YCI-Ad-VSVG carrying a VSV-G epitope gene and a  process for preparing the
recombinant adenovirus through homologous  recombination; Fig. 4 shows a
schematic representation of the construction of the  15 recombinant
adenovirus d1324-LacZ-VSVG with a VSV-G ligand incorporated into  the
carboxy terminus of the fiber protein and a process for preparing the
recombinant  adenovirus through homologous recombination; Fig. 5 is a
photograph showing PCR products for open reading frames  contained in El
gene contained in the recombinant adenovirus YCI-Ad-VSVG; 20 Fig. 6 is a
photograph showing a result of PCR to confirm incorporation of a  VSV-G
epitope into the fiber of the recombinant adenovirus YCI-Ad-VSVG; Fig. 7a
is a photograph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U343 cells; Fig. 7b is a
photograph showing increased gene transfer efficiency of the  25
recombinant adenovirus d1324-LacZ-VSVG to U118MG cells; Fig. 7c is a
photograph showing increased gene transfer efficiency of the  



recombinant adenovirus d1324-LacZ-VSVG to U251N cells; 7 24 March 2006 WO
03/029448 PCT/KR02/01831 Fig. 7d is a photograph showing increased gene
transfer efficiency of the  recombinant adenovirus d1324-LacZ-VSVG to U87MG
cells; Fig. 7e is a photograph showing increased gene transfer efficiency
of the  recombinant adenovirus d1324-LacZ-VSVG to CHO-K1 cells; 5 Fig. 7f
is a photograph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Lec2 cells; Fig. 7g is a
photograph showing increased gene transfer efficiency of the  recombinant
adenovirus d1324-LacZ-VSVG to MCF-7 cells; Fig. 7h is a photograph showing
increased gene transfer efficiency of the  10 recombinant adenovirus
dl324-LacZ-VSVG to ProS cells; Fig. 8a is a graph showing increased gene
transfer efficiency of the  recombinant adenovirus d1324-LacZ-VSVG to U343
cells; Fig. 8b is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U118MG cells; 15 Fig. 8c is a
graph showing increased gene transfer efficiency of the  recombinant
adenovirus d1324-LacZ-VSVG to U25 1N cells; Fig. 8d is a graph showing
increased gene transfer efficiency of the  recombinant adenovirus
d1324-LacZ-VSVG to U87MG cells; Fig. 8e is a graph showing increased gene
transfer efficiency of the  20 recombinant adenovirus d1324-LacZ-VSVG to
CHO-K1 cells; Fig. 8f is a graph showing increased gene transfer efficiency
of the  recombinant adenovirus d1324-LacZ-VSVG to Lec2 cells; Fig. 8g is a
graph showing increased gene transfer efficiency of the  recombinant
adenovirus d1324-LacZ-VSVG to MCF-7 cells; 



25 Fig. 8h is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Pro5 cells; Fig. 9a is a
photograph showing increased tumor cell-lolling effect of the 8 24 March
2006 WO 03/029448 PCT/KR02/01831 recombinant adenovirus YCI-Ad-VSVG on
Hep3B cells through cell lesion analysis,  wherein 1= AE1, 2= YKL-1, and 3=
YCI-Ad-VSVG; Fig. 9b is a photograph showing increased tumor cell-killing
effect of the  recombinant adenovirus YCI-Ad-VSVG on C33A cells through
cell lesion analysis,  5 wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG; Fig.
9c is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on U343 cells through cell lesion
analysis,  wherein 1= AEI, 2= YKL-1, and 3= YCI-Ad-VSVG; Fig. 9d is a
photograph showing increased tumor cell-killing effect of the  10
recombinant adenovirus YCI-Ad-VSVG on U87MG cells through cell lesion
analysis,  wherein 1= LEI, 2= YKL-1, and 3= YCI-Ad-VSVG; Fig. 9e is a
photograph showing increased tumor cell-killing effect of the  recombinant
adenovirus YCI-Ad-VSVG on Hepl cells through cell lesion analysis,  wherein
1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG; 15 Fig. 9f is a photograph showing
increased tumor cell-killing effect of the  recombinant adenovirus
YCI-Ad-VSVG on U25 1-N cells through cell lesion analysis,  wherein I= AEl,
2= YKL-l, and 3= YCI-Ad-VSVG; Fig. 9g is a photograph showing increased
tumor cell-killing effect of the  recombinant adenovirus YCI-Ad-VSVG on
HepG2 cells through cell lesion analysis,  20 wherein 1= AE 1, 2= YKL-1,
and 3= YCI-Ad-VSVG; Fig. 9h is a photograph showing increased tumor
cell-killing effect of the  recombinant adenovirus YCI-Ad-VSVG on MCF-7
cells through cell lesion analysis, wherein 1= AE I, 2= YKL-1, and 3=
YCI-Ad-VSVG; 



Fig. 10 is a schematic representation of a characteristic part of the  .25
construction of the recombinant adenovirus YKL-1; Fig. 11 is a schematic
representation of a characteristic part of the  construction of each of
E1B-mutated adenoviruses Ad-AElB19, Ad-AE1B55 and Ad 9 24 March 2006 WO
03/029448 PCT/KR02/01531 AE 1B 19155 as well as Ad-AEI and Ad-WT; Fig. 12
is a process for construction of the recombinant adenovirus YCI-Ad- VSVG
according to the present invention; Fig. 13 is a graph showing a result of
an MTT assay after infecting human  5 brain cancer cell line U251 with 5
MOI of the recombinant adenovirus YCI-Ad- VSVG; Fig. 14 is a graph showing
a result of an MTT assay after infecting human brain cancer cell line U343
with 5 MOI of the recombinant adenovirus YCI-Ad VSVG;  10 Fig. 15 is a
graph showing a result of an MTT assay after infecting human ovarian cancer
cell line HeLa with 10 MOI of the recombinant adenovirus YCI-Ad- VSVG; Fig.
16 is a graph showing a result of an MTT assay after infecting human
breast cancer cell line MCF-7 with 100 MOI of the recombinant adenovirus
YCI-Ad- 15 VSVG; Fig. 17 is a graph showing inhibitory effect of the
recombinant adenovirus  YCI-Ad-VSVG on the growth of Hep3B tumor cells
produced in nude mouse; Fig. 18 is a graph showing inhibitory effect of the
recombinant adenovirus  YCI-Ad-VSVG on the growth of U343 tumor cells
produced in nude mouse; 20 Fig. 19 is a graph showing inhibitory effect of
the recombinant adenovirus  YCI-Ad-VSVG on the growth of U87MG cells
produced in nude mouse; 



Fig. 20 is a graph showing viral titer of the recombinant adenovirus d1324-
LacZ-VSVG after infecting 293 cells with 10 MOI of the recombinant
adenovirus; and  25 Fig. 21 is a graph showing viral titer of the
recombinant adenovirus YCI-Ad VSVG after infecting human brain cancer cell
line U25IN with 10 MOT of the  recombinant adenovirus. 10 24 March 2006 WO
03/029448 BEST MODES FOR CARRYING OUT THE INVENTION PCT/KR02/01831 The
present invention is directed to a recombinant adenovirus comprising a
protein containing an epitope derived from vesicular stomatitis virus
G-protein (VSV- G), which is prepared by introducing the protein into
adenovirus. 5 Adenovirus useful in the present invention includes
adenovirus type 1, type 2,  type 3, type 4 and type 5, and most preferably,
type 5. In addition, all types of  adenovirus used in the present invention
may be replication-competent or replication- incompetent. E1A gene is known
to be essential for replication of adenovirus.  Thus, replication-competent
adenovirus constructed in the present invention contains 10 an E1A gene,
and replication-incompetent adenovirus constructed in the present
invention is E1A-deleted or carries a mutated E1A gene. In accordance with
the  present invention, a replication-competent recombinant adenovirus
comprising a  protein containing a VSV-G epitope infects tumor cells at
high efficiency in a CAR- independent manner, replicates in the tumor cells
and then eventually kills the tumor 15 cells wiht high efficiency. On the
other hand, a replication-incompetent  recombinant adenovirus comprising a
protein containing a VSV-G epitope according  to the present invention,
which typically carries one or more therapeutic genes, entries into target
cells via CAR-independent infection at high efficiency, and expresses the
therapeutic genes in the target cells, thus allowing treatment of various
diseases  



20 including cancer, with improved therapeutic efficacy. Mutation at the
tumor suppressor gene p53 is found in about 50% of human  cancers including
non-small cell lung cancer, large intestine cancer, breast cancer,  head
and neck cancer and ovarian cancer (Brennan J.A. et at., N. Engl. J. Med.,
332,  429-435, 1995; Bergh et al., Nature Med., 1, 1029-1034, 1995; and
Perkins, AS. and 25 Steern, D.F., Lippincott-Raven, 5th edition,
Philadelphia, 79-102, 1997). In addition, 11 24 March 2006 WO 03/029448
PCT"/KR02/01831 in many cancer patients harboring the wild-type p53
protein, p53 was demonstrated to  be inactivated by overexpression of mdm2
gene (Leach F.S. et al., Cancer Res., 53,  2231-2234, 1993; and Marchetti
A. et al., Dign. mol. Pathol., 4, 93-97, 1995), infection  with human
papillorna virus (Scheffner M. et al., Cell., 63, 1129-1136, 1990; and 5
Joseph, R.N. and Vogt, P.K., Lippincott-Raven, 3rd edition, New York,
301-343,  1996), or other unknown mechanisms (Chang, F., et al., J. Clin.
Oncol., 13, 1009-1022,  1995). The functional loss of p53 is associated
with the pathogenic states at the  terminal stages of human cancers, for
example, unfavorable convalescence and  resistance after typical cancer
therapy (Harris, C.C. and Holstein, M., N. Engl. J. Med., 10 329,
1318-1327, 1993; and Kirsch, D.G. and Kastan, M.B., J. Clin. Oncol., 16,
3158- 3168, 1998). El gene, which is one of the adenovirus early genes, is
an essential  factor for replication of adenovirus, and encodes a plurality
of open reading frames,  including those for E1A, E1B-19 kDa and E1B-55 kDa
(Graham F. L. et al., J. Gen.  Virol., 36, 59-72, 1987; and Shenk, T.
Lippincott-Raven, 3rd edition, 2111-2148, New 15 York, 1996). The E1A
protein, which is a transcriptional factor binding to pRB, p300  and other
transcription regulatory proteins, mainly functions to convert the
adenovirus- infected cells to S phase, at which the viral genome is
replicated (Shenk, T. Lippincott- Raven, 3rd edition, 2111-2148, New York,
1996; and Shenk, T. and Flint, S. J., Adv.  Cancer Res., 57, 47-85, 1991).
The E1A expression and unpredicted synthesis of 20 exogenous DNA induce the
expression and activation of p53 known as a tumor  



suppressor gene (Lowe, S.W. and Ruley, H.E., Genes Develop., 7, 535-545,
1993; and  Nakajima T. et al., JBC., 273, 20036-20045, 1998). In contrast,
the EIB-55 kDa  protein physically binds to and inactivates the p53 protein
(Yew, P.R. and Berk, A.J.,  Nature, 357, 82-85, 1992; and Joseph, R.N. and
Vogt, P.K., Lippincott-Raven, 3rd 25 edition, New York, 301-343, 1996).
Therefore, using such a functional mechanism of  the EIB-55 kDa protein,
wild-type adenovirus can be modified for effective replication  and
proliferation in host cells through control of the.host cells. Since the
binding of 12 24 March 2006 WO 03/029448 PCT/KR02/01831 the E1B-55 kDa
protein encoded by an adenovirus E1B gene to p53 inhibits the  function of
p53, leading to induction of viral proliferation and eventually lysis of
infected cells, adenovirus used in the present invention includes E1B-55
kDa- attenuated or deleted adenovirus. The EIB-55 kDa-attenuated
recombinant 5 adenovirus developed by Bischoff J. et al. was known to
selectively replicate and  induce cytolysis in p53-deficient cells
including most human tumor cells (Bischoff J. et  al., Science, 274,
373-376, 1996). Such EIB-55 kDa-attenuated recombinant  adenovirus is known
to serve as an effective oncolytic agent in in vitro and in vivo tests
(Heise C. et al., Nature Med., 3, 639-645, 1997), and encouraging data was
also 10 obtained in its clinical trials for the treatment of recurrent head
and neck cancer (Kira  D. et al., Nature Med., 4, 1341-1342, 1998). The
present inventors reported that the  YKL-1 adenovirus with a mutated E1B-55
kDa gene selectively replicates in tumor  cells with p53 mutations and
kills the tumor cells (Lee H. et al., int. J. Cancer  2000;88:454-463; and
Kim J. S. et al., J. Korean Cancer Assoc 2000;32(1):200-209). 15 The E1B
gene, expressed at the early phase of infection, encodes the E1B-19  kDa
and E1B-55 kDa proteins. The EIB-19 kDa protein is encoded by a nucleotide
sequence similar to that of Bcl-2 acting as a potential apoptosis
suppressor, and has  similar fu fiction to Bel-2 (Chiou S. K. et al., J.
Virol 1994;68(10):6553-6566). The  E1B-19 kDa protein is known to inhibit
apoptosis mediated by the adenovirus (Ad) 



20 E1A protein, as well as by p53 in tumor cells (Debbas M. et al., Genes
Dev 1993,  7:546-554; and Han J. et al., Genes Dev 1996, 10:461-477). Also,
the functional  similarity between EIB-19 kDa and Bcl-2 is found in that
both of them suppress  apoptosis induced by removal of growth factor,
radiotherapy or antitumor agents  (Huang D. C., Oncogene 1997, 14:405-414).
Therefore, E1B-19 kDa-deficient, 25 replication-competent adenovirus may be
also useful for gene therapy. The E1B 19 gene-deleted recombinant
adenovirus, constructed by the present inventors, was  reported to have
excellent tumor cell-killing effect and a spread oncolytic effect to  13.
24 March 2006 WO 03/029448 PCT/KR02/01831 surrounding, tumor cells, by
inducing apoptosis by viral proliferation in adenovirus- infected cells
(Kim J. S. et al., Cancer Gene Therapy 2002, 9:725-73 6; and Kim J. S. et
al., Cancer Research and Treatment 2001, 33(6):500-5 11). In addition,
adenovirus preferably used in the present invention includes E1B- 5 55 kDa
and E1B-19 kDa-deficient adenovirus. In accordance with another aspect of
the present invention, adenovirus useful  in the present invention includes
an E1/E3-deleted replication-incompetent adenovirus.  Such an E1/E3-deleted
replication-incompetent adenovirus has been widely used in  gene therapy
because of having gene transfer efficiency relatively higher than other 10
adenovirus vectors and expressing trans-genes in a broad spectrum of cell
types.  Therapeutic genes are typically introduced into adenovirus by
replacing the EIA gene  essential for viral replication. Various genes
encoding proteins having antitumor  activity and eventually degenerating
tumor cells, including cytokine genes,  immunostimulating factor genes,
suicide genes and tumor suppressor genes can be 15 introduced into the
adenovirus. The suicide genes encode enzymes capable of  conferring to
tumor cells sensitivity to chemotherapeutic agents, or of inducing toxic
conditions in tumor cells. The most well-known suicide gene is the herpes
simplex  virus-thymidine kinase (HSV-TK) gene (U.S. Pat. Nos. 5,631,236 and
5,601,818).  



Cells expressing HSV-TK are susceptible to selective cell death by the
nucleoside 20 analog ganciclovir. The tumor suppressor genes encode
polypeptides functioning to  inhibit formation of tumor. The tumor
suppressor genes are naturally occurrng, and  their deletion or
inactivation is believed to be a prerequisite for the incidence of tumor.
Examples of the tumor suppressor genes include members of the tumor
suppressor gene  INK4 family, which are exemplified by APC, DPC4, NF-1,
NF-2, MTS1, WT1, 25 BRCA 1, BRCA2, VHL, p53, p l l ORb, p16 and p21, and
therapeutically effective  fragments thereof (e.g., p56Rb, p94Rb). It will
be understood that other known  antitumor genes can be used by those of
ordinary skill in the art. 14 24 March 2006 WO 03/029448 PCTIKR02/01831 In
addition, a variety of therapeutic genes useful in treating various
diseases are  known. Non-limiting examples of the therapeutic genes include
genes encoding  cytokines (e.g., interferon-a, interferon-j3, interferon-8
and interferon-y), interleukin  (e.g., IL-1, IL-2, IL-4, IL-6, IL-7 and
IL-10), and colony-stimulating factors (e.g., GM 5 CSF and G-CSF). Further,
the therapeutic genes include genes encoding tissue-type  plasminogen
activator (tPA) or urokinase-type plasminogen activator (uPA) (Trends in
Cardiovascular Medicine, Vol. 3, No. 2, 1993, p61), and the gene encoding
lysosomal  acid lipase (LAL) essential for the hydrolysis of cholesterol
esters and triglycerides that  are delivered to the lysosomes via the low
density lipoprotein receptor system and thus 10 preventing hyperlipidemia
(Proceeding the National Academy of Science, Vol. 90,  April 1993, p.2812).
Also, nucleotides available for treatment of various diseases  including
cystic fibrosis, adenosine deaminase deficiency, AIDS and other infectious
diseases, and malignant and inflammatory diseases are known to be useful as
therapeutic genes, which are obtainable from DNA sequence databanks such as
15 GenBank or EMBL. The VSV-G epitope, which is a part of the envelope
glycoprotein of vesicular  



stomatitis virus (VSV-G), is responsible for infection of VSV into a wide
variety of  host cells (Ory, D. S. et al., Proc. Natl. Sci. USA,
93:11400-11406, 1996). The VSV- G epitope binds to phosphatidyl serine
overexpressed on cell membranes of a broad 20 range of human cells.
Therefore, the present invention is characterized by introducing  a protein
containing a VSV-G epitope, directly associated with binding to
phosphatidyl  serine on cell membranes of human cells, to an adenovirus.
The protein containing a  VSV-G epitope comprises an oligopeptide having an
amino acid sequence given in  SEQ ID NO 9, and includes a glycoprotein
containing the oligopeptide and all  25 derivatives from the glycoprotein.
In accordance with the present invention, the protein containing a VSV-G
epitope is linked to any position of the adenovirus proteins, including the
adenovirus 15 24 March 2006 WO 03/029448 PCT/KR02/01831 fiber, capsid and
penton base. It is known that an exogenous ligand can be introduced  into
the HI loop of the fiber knob, penton base or the carboxy terminus of the
fiber of  adenovirus (Kirby, I. et al., J. Virol., 74:2804-2813, 2000). The
carboxy terminus of  the fiber protein, which is present at the most
distant position from the body of 5 adenovirus, practically participates in
binding of adenovirus to its primary receptor  CAR.. That is, the carboxy
terminus of fiber protein is the most optimal site for  recognition of and
binding to phosphatidyl serine on cell membranes by adenovirus via  the
VSV-G epitope. Therefore, in accordance with the present invention, the
protein  containing a VSV-G epitope is linked to the knob of the adenovirus
fiber protein, and 10 more preferably, the carboxy terminus of the fiber.
Figs. 1 and 2 show an  embodiment of linkage of a VSV-G epitope to the
terminal end of the adenovirus fiber  protein. In a preferred aspect of the
present invention, there is provided a recombinant  adenovirus containing a
VSV-G epitope derived from vesicular stomatitis virus linked 



15 to the carboxy terminus of the adenovirus fiber protein, which has
improved oncolytic  effect. The introduction of the protein containing a
VSV-G epitope into adenovirus  may be achieved using conventional
techniques known in the art. Various approaches  to CAR-independent
infection of adenovirus have been attempted, and such alternative 20
infection can be achieved by both genetic and immunologic methods. The
immunologic retargeting strategy is based on conjugates, in which
adenovirus is  conjugated with targeting molecules. Such a method requires
a multi-component  system. The genetic strategy includes modification of
viral structures using genetic  engineering techniques, which is relatively
advantageous in terms of requiring only a 25 single-component system. As an
example of the conjugate-based strategy to develop a targeted  adenovirus
infecting cells via an alternative pathway, the surface of adenoviral
vectors 16 24 March 2006 WO 03/029448 PCT/KR02/01831 is coated with
bispecific retargeting conjugates. Such a method was introduced first  in
1996 by the Douglas research group, in which folate was chemically
conjugated to  the neutralizing Fab fragment of an anti-knob monoclonal
antibody, leading to alter the  adenoviral native tropism and thus produce
a recombinant adenovirus with a novel 5 tropism. The bispecific retargeting
conjugates allow tissue-specific retargeting of the  virus and tumor-cell
specific gene delivery. In case of genetic targeting strategies, a targeted
adenovirus may be developed  by modification of the adenovirus fiber,
penton base and hexon capsid proteins. Since  the fiber knob is essential
for binding of adenovirus to CAR, the targeting of 10 adenovirus is mainly
achieved by modification of the fiber protein. In order to  genetically
modify the fiber knob region binding to CAR to alter adenoviral tropism,
the trimeric structure of the fiber should be preserved, and a targeting
ligand should be  well expressed in a form of being conjugated with the
fiber, and thus bind accurately to  



a specific receptor for the targeting ligand. To express a targeting ligand
conjugated 15 to the fiber on the surface of adenovirus, the
transcriptional stop codon is deleted from the fiber protein and a gene
encoding the targeting ligand is inserted to the stop site,  thus producing
an adenovirus with a targeting ligand-fiber conjugate. Such a ligand
renders adenovirus to have a new tropism and infection specificity, thus
improving  transduction efficiency. Figs. 3 and 4 show an embodiment of
targeting of adenovirus 20 using the genetic targeting method. When
conjugating a VSV-G epitope to an  adenovirus protein, and preferably, to
the carboxy terminus of the adenovirus fiber, a  linker is preferably
linked between the adenovirus fiber and the VSV-G epitope to  obtain a
suitable 3D configuration. The linker is preferably composed of about 5 to
about 15 amino acids, in which the amino acids may be any one selected from
natural 25 amino acids and chemically synthesized amino acids, and also
amino acid derivatives  known in the art. In general, amino acids ' having
a small R group, for example,  glycine and alanine, are suitable. Amino
acids such as serine having hydrophilic R 17 24 March 2006 WO 03/029448
PCT/KR02/01831 group, such as serine, are also suitable. In accordance with
a more preferred aspect of  the present invention, the linker consists of
about 5 to about 12 glycine residues. In accordance with a specific
preferred aspect of the present invention, there is  provided a recombinant
adenovirus YCI-Ad-VSVG (KFCC-11215) having a linker  5 consisting of S
glycine residues between the terminal end of the adenovirus fiber and a
VSV-G epitope. According to the genetic targeting method, a recombinant
virus according to  the present invention is produced by constructing a
shuttle vector containing a  fragment of adenoviral gene and a DNA fragment
encoding a protein containing a 10 VSV-G epitope linked thereto, obtaining
a recombinant adenovirus plasmid through  homologous recombination between
the shuttle vector and an adenoviral vector, and  



transforming or transfecting a suitable cell using the recombinant
adenovirus plasmid.  In Example 3, targeting of adenovirus using the
genetic method is exemplified by the  construction of a recombinant
adenoviral vector pYCI-Ad-VSVG and production of a 15 recombinant
adenovirus YCI-Ad-VSVG. A plasmid useful in constructing a shuttle  vector
containing a part of the adenoviral genome as well as a nucleotide sequence
encoding a protein containing a VSV-G epitope may be prokaryotic or
eukaryotic, or  known in the art or commercially available. In addition, a
host cell for a  recombinant plasmid, useful for production of a
recombinant adenovirus, is well 20 known to those of ordinary skill in the
art, and exemplified by human embryo kidney  cell line 293 (E1A/B+)
transformed with a nucleotide sequence nt 1-4344 of AdS, and  human embryo
retinoblastoma cell 911 containing a nucleotide sequence nt 79-5789  of
Ads. The recombinant adenovirus according to the present invention is much
more  25 effective in killing various tumor cells, including liver cancer,
ovarian cancer, breast cancer, brain cancer and lung cancer, than the
conventional recombinant adenoviruses. 18 24 March 2006 WO 03/029448
PCT/KR02/01831 In another aspect of the present invention, there is
provided a pharmaceutical  composition comprising: (a) a therapeutically
effective amount of a recombinant  adenovirus comprising a protein
containing a VSV-G epitope derived from vesicular  stomatitis virus, which
is prepared by introducing the protein into an adenovirus; and  5 (b) a
pharmaceutically acceptable carrier. In another aspect of the present
invention, there is also provided a  pharmaceutical composition with
antitumor effect comprising: (a) a therapeutically  effective amount of a
replication-competent recombinant adenovirus comprising a  protein
containing a VSV-G epitope derived from vesicular stomatitis virus, which
is 10 prepared by introducing the protein into an adenovirus containing an
E1A gene; and (b)  a pharmaceutically acceptable carrier. Since the
replication-competent recombinant  



adenovirus has oncolytic effects on various tumor cells, such a
pharmaceutical  composition is useful in treating tumor-related diseases,
including stomach cancer, lung  cancer, breast cancer, ovarian cancer,
liver cancer, bronchogenic cancer, 15 nasopharyngeal cancer, laryngeal
cancer, pancreatic cancer, bladder cancer, colon  cancer, and uterine
cervical cancer. In another aspect of the present invention, there is
further provided a  pharmaceutical composition comprising: (a) a
therapeutically effective amount of a  replication-incompetent recombinant
adenovirus comprising a protein containing a 20 VSV-G epitope derived from
vesicular stomatitis virus, which is prepared by  introducing the protein
into an EIA-deleted or mutated adenovirus, and one or more  therapeutic
genes; and (b) a pharmaceutically acceptable carrier. Since the therapeutic
gene introduced into the replication-incompetent recombinant adenovirus is
expressed  in target cells, such a pharmaceutical composition is useful in
treating cancer and other 25 diseases. For example, the pharmaceutical
composition of the present invention is  useful for treatment of colorectal
cancer and melanoma when HLA-B7 is used as a  therapeutic gene, breast
cancer and lung cancer when IL-2 is used, neuroblastoma when 19 24 March
2006 WO 03/029448 PCT/KR02/01831 IFN is used, renal cell carcinama when
GM-CSF is used, terminal breast cancer and  ovarian cancer when MDR -1 is
used, and brain cancer, head and neck cancer, ovarian  cancer and
mesothelioma when HSV is used. In addition, when the therapeutic gene  is a
polynucleotide associated with therapy of infectious diseases and malignant
and 5 inflammatory diseases and states, the pharmaceutical composition of
the present  invention is useful for treatment of diseases corresponding to
known effects of the  polynucleotide, which are, but are not limited to,
exemplified by cystic fibrosis,  adenosine deaminase deficiency, and AIDS
and other infectious diseases, as described  above. Such a therapeutic gene
is known to those of ordinary skill in the art, and it 10 will be
understood that the therapeutic gene can be suitably utilized in the
present  



invention. Owing to infection independent of CAR distributed on a broad
range of cells in  the host, the recombinant adenovirus according to the
present invention is beneficial in  terms of effectively delivering
therapeutic genes to cells expressing a very small 15 amount of CAR or none
at all. Examples of the cells include blood cells (e.g.,  leukocytes, such
as T cells, B cells, eosinophils or neutrophils, erythrocytes, platelets),
lymphocytes, fibrocytes, pulmonary macrophages, and muscle cells in matured
bone  tissues. Therefore, the pharmaceutical composition comprising the
recombinant  adenovirus according to the present invention is useful for
treatment of damage to the 20 above-mentioned cells and diseases related to
the cell damage. For example,  hematopoietic growth factors, including EPO,
G-CSF, GM-CSF, CSF-1, IL-1, IL-2, IL- 3, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-9, IL-10, IL-11, IGF-1 and LIF, and DNA sequences  thereof are well
known in the art, and the pharmaceutical composition comprising a
recombinant adenovirus containing one or more selected from nucleotide
sequences 25 encoding the hematopoietic growth factors may be useful for
treatment of  hematopoietic disorders. 20 24 March 2006 WO 03/029448
PCT/KR02/01831 The term "treatment", as used herein, refers to a perfect
cure, suppression or  alleviation of diseases or disorders. Therefore, the
term "therapeutically effective  amount", as used herein, means an amount
sufficient to achieve the pharmaceutical  effect described above. 5 The
pharmaceutically acceptable carrier contained in the pharmaceutical
composition of the present invention, which is commonly used in
pharmaceutical formulations, but is not limited to, includes lactose,
dextrose, sucrose, sorbitol,  mannitol, starch, rubber arabic, potassium
phosphate, arginate, gelatin, potassium  silicate, microcrystalline
cellulose, polyvinylpyrrolidone, cellulose, water, syrups, 



10 methyl cellulose, methylhydroxy benzoate, propylhydroxy benzoate, talc,
magnesium  stearate, and mineral oils. The pharmaceutical composition
according to the present  invention may further include a lubricant, a
humectant, a sweetener, a flavoring agent,  an emulsifier, a suspending
agent, and a preservative. The pharmaceutical composition according to the
present invention may be  15 administered through the routes used commonly
in gene therapy, and preferably,  administered parenterally, i.e., by
intravenous, intraperitoneal, intramuscular,  subcutaneous, or local
administration. For example, the pharmaceutical composition  may be
administered intraperitoneally to treat ovarian cancer and intravenously to
treat  liver cancer, directly injected to visible tumor mass to treat
breast cancer, directly 20 injected to enema to treat colon cancer, and
directly injected to a catheter to treat  bladder cancer. A suitable dosage
amount of the pharmaceutical composition of the present  invention may vary
depending on pharmaceutical formulation methods, administration  methods,
the patient's age, body weight, sex, pathogenic state, diet, administration
25 time, administration route, an excretion rate and sensitivity for a used
pharmaceutical  composition, and doctors of ordinary skill in the art can
determine an effective amount  of the pharmaceutical composition for
desired treatment. Generally, the 21 24 March 2006 WO 03/029448
PCT/KR02/01831 pharmaceutical composition of the present invention
comprises .5x10' to 5x101  pfu/ml of a recombinant adenovirus, and N1010
1010 pfu of a recombinant adenovirus is  typically injected once per two
days over two weeks. The pharmaceutical composition comprising a
recombinant adenovirus  5 according to the present invention may be
formulated into a unit dose formulation using  a pharmaceutically
acceptable carrier and/or excipient, or a multidose formulation by  being
contained in a multidose container. The pharmaceutical composition may be
formulated into extracts, powder, granules, tablets or capsules, and
further include a  



dispersion agent or a stabilizer, and the pharmaceutical composition may be
solutions  10 of oil or aqueous medium, suspensions or emulsions. The
pharmaceutical composition comprising a recombinant adenovirus  according
to the present invention may be utilized alone or in combination with
typical  chemotherapy or radiotherapy. Such combination therapy may be more
effective in  treating cancer. The chemotherapeutic agent useful for the
combination therapy 15 include cisplatin, carboplatin, procarbazine,
mechlorethamine, cyclophosphamide,  ifosfamide, melphalan, chlorambucil,
bisulfan, nitrosourea, dactinomycin,  daunorubicin, doxorubicin, bleomycin,
plicomycin, mitomycin, etoposide, tamoxifen,  taxol, transplatinum,
5-fluorouracil, vincristin, vinblastin and methotrexate. Examples  of the
radiotherapy useful for the combination therapy include X-ray illumination
and  20 y-ray illumination. In order to increase stability at room
temperature, reduce the need for high-cost  storage at low temperature, and
prolong shelf life, the pharmaceutical composition  comprising a
recombinant adenovirus according to the present invention may be
lyophilized. A process for freeze-drying may comprise the steps of
freezing, first 25 drying and second drying. After freezing, the
composition is heated under pressure to  evaporate vapor. At the second
drying step, residual water is removed from the dry product. 22 24 March
2006 WO 03/029448 PCT/KR02/01831 For preparation of DNA vaccine,
freeze-drying of the pharmaceutical  composition according to the present
invention may be achieved according to the  following steps: (1)
determining collapse temperature of the pharmaceutical  composition through
a freeze-drying microscopic analysis (Pikal, M. J. et al., Int. I. 5 Pharm.
62, 165-186, 1990); (2) placing a vial on the shelf of a freeze-drier at
room temperature and then equilibrating it for about 30 min at -1C; (3)
cooling the shelf to  55C and then maintaining it at -55C for 2 hrs; (4)
performing a first drying at about - 



32C of product temperature or 5C lower temperature than the collapse
temperature;  (5) performing a second drying at 35C under pressure of 55 to
120 mmHg; and (6) 10 covering the vial with the lid under vacuum condition
of the freeze-drier, and storing it  at 2 to 8C after crimp-sealing. . The
freeze-dried pharmaceutical formulation may include an excipient and a.
lyoprotectant, Non-limiting examples of the excipient include a buffer
solution  containing 0.9% NaCl and 10 mM sodium phosphate (pH 7.0) or 10 mM
sodium citrate 15 (pH 7.0). The lyoprotectant functions to protect
biological molecules contained in the  composition during the
freeze-drying, and supply mechanical support to the final  product, which
is exemplified by PBS (pH 7.0), and PBS/4%, 12% or 15% trehalose. The
present invention will be explained in more detail with reference to the
following examples in conjunction with the accompanying drawings. However,
the  following examples are provided only to illustrate the present
invention, and the present  invention is not limited to them. EXAMPLE 1:
Preparation of an E1B-55kDa-deleted recombinant adenovirus To delete only
the open reading frame of E1B-55 kDa protein from the  20 adenovirus El
gene, after designing primers capable of amplifying a part of BIAl gene
containing ORFs for E1A and E1B-19 kDa, polymerase chain reaction (PCR) 23
24 March 2006 WO 03/029448 PCT/KR02/01831 was performed using pXCI
(Microbis, Ontario, Canada) as a DNA template, and a  sense primer
5'-TTATTGGATCCTTTGTCTAGGGCCGCGGG-3' (SEQ ID NO. 1)  containing a BamHI
restriction site at its end, and an anti-sense primer 5'-
TCTTGGATCCAGATCTATACAGTTAAGCCACCTATACAAC-3' (SEQ ID NO: 2) 5 containing a
BamHI restriction site and a BglII restriction site at the ends and two
stop  codons by substitution at nt 2253 (C::T) and nt 2262 (G::T). As a
result, a PCR  product comprising nt 343-2270 of the adenovirus genome was
obtained (Fig. 10).  The PCR product of 1.9 kb was digested with BamHI and
then inserted into a Bglli  



site of El gene-deleted pCA14 (Microbis, Ontario, Canada). After digesting
the 10 resulting shuttle vector pCA14-EIA/EIB-19 kDa with Xnnnl, E. cola
B15183 was  transformed with the shuttle vector along with an E1/E3
gene-deleted adenovirus  vector vmd1324Bst digested with BstBl(Dr. Verca,
University of Fribourgh,  Switzerland) to induce homologous recombination
between the two vectors (Fig. 10),  giving a recombinant adenoviral pYKL-l
vector. pYKL-1 DNA was isolated from 1.5 the transformed E. coil and
digested with Hindlll, confirming that the 55 kDa EIB  segment had been
deleted from pYKL-1. Thereafter, 293 cells were transfected with
Pacl-digested linear pYKL-1 to produce an E1B-55 kDa-deleted recombinant
adenovirus. The produced recombinant adenovirus was designated as YKL-1,
and  deposited in Korean Culture Center of Microorganisms (KCCM) with the
accession  20 No. KCCM-10424 on Sep. 19, 2002. EXAMPLE 2: Preparation of an
E1B-19 kDa or E1B-19 kDa/E1B-55 kDa-deleted recombinant adenovirus To
construct a recombinant adenovirus shuttle vector pAE1B19/55 with BIB- 19
kDa and EIB-55 kDa genes deleted, a primer set capable of giving a PCR
product 25 containing only an EIA gene was designed first, and PCR was
carried out using an 24 24 March 2006 WO 03/029448 PCT/KR02/01531
adenovirus El shuttle vector pXC1 (Microbix, Ontario, Canada) as a DNA
template  and the primer set composed of a sense primer 5'-TTATTGGATCCTTTGT
CTAGGGCCGCGGG-3' (SEQ ID NO: 3) and an antisense primer 5'-CCAGGAT
CCAGATCTCCCCATTTAACACGCCATGC-3' (SEQ ID NO: 4). The amplified 5 PCR product
was digested with Baml-II and inserted to the BgIII site of pCA14, thus
giving a shuttle vector pAE1B19/55. Separately, to construct a shuttle
vector  piElBl9kDa carrying an E1B-19 kDa gene in which the start codon is
substituted  with a stop codon, a DNA fragment of 1.3 kb prepared by
digesting pXC1 with Xbal  



and BamHI restriction enzymes was subeloned to a cloning vector pSP72
(Promega, 10 USA), and site directed mutagenesis (Stratagene, La Jolla, CA,
USA) was performed  on the subcloned DNA fragment using a sense primer
5'-GTTACATCTGACCT  CCTGTAGGCTAGCGAGTGTTTGGAAG-3' (SEQ ID NO: 5) and an
antisense  primer 51-CTTCCAA ACACTCGCTAGCCTACAGGAGGTCAGATGTAAC-3' (SEQ  ID
NO: 6), of which one contains a mutation in which a start codon is
substituted 15 with a stop codon. As a result of the mutagenesis, the
produced pSP72/  pXCl/l.3kb/Ai9mt plasmid was confirmed to have a mutation
through DNA  sequencing. Thereafter, the pXCI/l.3kb/A19mt plasmid was
digested with Xbal and  BarnHI and then subcloned to XbaI and BamHI sites
of pXCI, thus producing a shuttle  vector pAE1B19kDa. According to the same
method as in Example 1, the shuttle 20 vectors pAE1B19/55 and pAEIB 19kDa
were digested with XmnI, and each of the two  shuttle vectors was
introduced into E. coli BJ5183 along with BstBI-digested single- strand
adenovirus vmdl324Bst (Dr. Verca, University of Fribourgh, Switzerland) to
induce homologous recombination between the two vectors (Fig. 11). Plasmid
DNA  was.then isolated from the transformed E. cola and digested with
Hindlll. As a result, 25 it was found that an Ad-pAE1B plasmid with both
E1B-19 kDa and E1B-55 kDa  genes deleted, and an Ad-pAE1B19 plasmid with an
E1B-19 kDa insert in which a  start codon is substituted with a stop codon
were produced. Thereafter, 293 cells 25 24 March 2006 WO 03/029448
PCT/KR02/01831 were transfected with each of the two recombinant adenoviral
vectors digested with  Pacl to produce Ad-pAElB19/55 and Ad-pAE1B19
recombinant adenoviruses. A  recombinant adenovirus with an E1B-19 kDa gene
deleted was designated as YKC-1,  and deposited in the Korean Culture
Center of Microorganisms (KCCM) with the  accession No. KCCM-10425 on Sep.
19, 2002. EXAMPLE 3: Preparation of recombinant adenoviruses 



A. Preparation of a recombinant adenovirus YCI-Ad-VSVG Retargeting of
adenovirus was performed in such a way that an epitope  consisting of 19
amino acids, derived from the envelope glycoprotein of vesicular 10
somatitis virus (VSV-G), was introduced to the YKL-1 adenovirus with a gene
encoding an E1B-55 kDa protein deleted, prepared in Example 1, as follows
(Figs. 1, 2,  3 and 4). First, an adenoviral shuttle vector was prepared. A
DNA fragment of 5543 bp  from vmdl324Bst, which contained a gene encoding
the adenovirus fiber protein, was  15 digested with Sad and Kpnl, and
subcloned to the SacII and KpnI-digested pBluescript SK plasmid
(Stratagene, Canada), thus producing of a recombinant vector  pSK[5543]
(Fig. 12). In order to redone the 3' end region of the fiber, PCR was
performed using  pSK[5543] as a DNA template and a primer set composed of a
sense primer 5'- 20 GGCCTTTACTTGTTTACAGC-3' (SEQ ID NO: 7) and an antisense
primer 5' GGGGAGCTCGGATCCTCCTTCTTGGGCAATGTATG-3' (SEQ ID NO: 8). The
antisense primer was designed to substitute a stop codon (TTA) with a codon
encoding  Gly (TCC), thus removing a stop codon from the C-teminus of the
fiber, and having  BamHI and Sacs restriction sites. 26 24 March 2006 WO
03/029448 PCT/KR02/01831 In detail, PCR was carried out with 100 ng of the
DNA template and 10 ng of  the primer set. PCR conditions included
denaturation at 94C for 2 min, and 30  cycles of denaturation at 94C for I
min, annealing at 55C for 1 min and elongation at  72C for 1 min, followed
by final elongation at 72C for 10 min. A PCR product of 5 about 850 bp was
digested with HindIH and SacI, and was inserted into HinIII and SacI
.sites of a cloning vector pSP72 (Promega, USA), thus giving pSP72[805]
(Fig. 12).  Further, a VSV-G epitope known to participate in entry of VSV
into host cells 



consists of 19 amino acids ranging from 118 to 136, and its amino acid
sequence and its  corresponding nucleotide sequence were as follows:
GTWLNPGFPPQSCGYATVT  10 (SEQ ID NO: 9); and 5'-GGAACTTGGCTG
AATCCAGGCTTCCCTCCTCAAA  GTTGTGGATATGCAACTGTGACG-3' (SEQ ID NO: 10). In
order to obtain suitable spatial configuration of the epitope when being
incorporated to the carboxy terminus of the adenovirus fiber, a nucleotide
sequence  encoding a linker consisting of 8 glycine residues was inserted
between the nucleotide 15 sequences encoding the epitope and the fiber, as
follows. To insert a DNA fragment encoding 8 Gly to the pSP72[805] vector,
based on the known nucleotide sequences  corresponding to both the linker
and the VSV-G epitope, a single-stranded  oligonucleotide coding both the
linker and the VSV-G epitope was synthesized, which  contained a BarnHI
site at S' end and a SacI site at 3' end, and had a nucleotide  20 sequence
as follows: 5'-GA/TCCIGGC/GGG/GGC/GGTIGGA/GGA/GGG/GGT/GGAIACT/TGG/
CTG/AAT/CCA/GGC/TTC/CCT/CCTICAA/AGT/TGT/GGA/TAT/GCAIACT/GTG/
ACG/TGA/GCT-3' (SEQ ID NO: 11). Then, a single-stranded DNA complementary
to the sequence of the above  25 oligomer was synthesized using a DNA
synthesizer. Thereafter, the two synthesized  single-stranded oligomers
were incubated at 37 C for 5 min to allow to form a hybrid.  In addition,
to amplify the hybrid, a primer set of 27-mers was prepared: a sense 27 24
March 2006 WO 03/029448 PCT/KR02/01831 primer:
5'-GAA/GGG/GGA/TCC/GGCIGGG/GGCIGGTIGGA-3' (SEQ ID NO: 12);  and an
antisense primer 5'-CCCIGAG/CTC/ACG/TCA/CAG/TTG/CAT/ATC-3' (SEQ  ID NO:
13). PCR was performed according to the above-mentioned conditions, using
10 ng  5 of the primer set and 100 ng of the hybrized oligomer as a DNA
template. The  amplified PCR product was digested with BamHI and Sacl, and
the resulting DNA  



fragment of 103 bp was subcloned to BamHl and Sacs-digested pSP72[805]
vector,  thus generating pSP72[805+103bp] (Fig. 12). Thereafter, the
pSP72[805+103bp] vector was cleaved with Hindi and EcoRl  10 to produce a
fragment [805+103bpp] containing portions of the adenovirus. fiber and the
VSV-G epitope linked thereto.  The shuttle vector pSK[5543], carrying a
nucleotide  sequence encoding the adenovirus fiber, was digested with
Hindlll and Mfel, and the  resulting fragment of about 833 bp was then
replaced with the fragment [805+103bp],  thereby producing an adenovirus
shuttle vector pSK[5510+103bp] (Fig. 12). 15 After digesting the pYKL-1
plasmid prepared in Example 1 with Spel, the  linearized pYKL-1, together
with the shuttle vector pSK[5510+103bp], was introduced  into E. coil
BJ5183 to induce homologous recombination. After incubation for 1 day,
plasmid DNA was then isolated from the transformed E. coll. Through PCR
using the  27-mer primer set, a DNA fragment of 103 bp was amplified (Fig.
6). 20 The plasmid DNA demonstrated to carry the 103 bp DNA fragment was
introduced again into DH5u (Gibco, USA) having high copy number. The
recovered  plasmid DNA was analyzed through digestion with Pacl to
investigate production of a  2kb fragment and digestion with HindIIE. The
resulting recombinant adenovirus  plasmid was designated as pYCI-Ad-VSVG.
25 After being digested with Pacl, the linearized pYCI-Ad-VSVG plasmid was
introduced into 293 cells (Microbix, Canada) to produce recombinant
adenoviral  virions. As a result of PCR performed using genomic DNA
isolated from the 28 24 March 2006 WO 03/029448 PCT/KR02/01831 produced
adenovirus, the 103-bp fragment corresponding to the VSV-G epitope was
amplified (Fig. 6). The produced adenovirus was designated as YCI-Ad-VSVG,
and  deposited in the Korean Culture Center of Microorganisms (KCCM) with
the accession  No. KCCM-10423 on Sep. 19, 2002. B. Preparation of a
recombinant adenovirus d1324-LacZ-VSVG 



To analyze the effect of the incorporation of the VSV-G epitope on
transduction efficiency of adenovirus, a LacZ gene was introduced to a
replication- incompetent adenovirus, as follows. A pcDNAhygroLacZ plasmid
(Invitrogen, USA)  was digested with Spel and XbaI, thus giving a LacZ
fragment, and the LacZ fragment 10 was then subcloned to the adenovirus
shuttle vector pCA14 (Microbix, Canada)  digested with Xbal, thus
generating a pCA14LacZ plasmid. After digesting the  E1/E3-deleted
vmdl324Bst (Heider, H. et al., Biotechniques, 28(2):260-265, 268-270,
2000) with BstBI, homologous recombination was induced according to the
same  procedure as described above, resulting in production of d1324/
pCA14/LacZ. Next, 15 in order to incorporate the VSV-G epitope into the
carboxy terminus of the fiber of the d1324/ pCAl4/LacZ adenoviral vector,
after digesting the shuttle vector  pSK[5510+103bp], carrying a nucleotide
sequence encoding the VSV-G epitope, with  SacU and Kpnl, E. cols BJ5183
was transformed with the linearized shuttle vector and  Spel-digested
d1324/pCA14/LacZ. to induce homologous recombination between the 20 two
vectors. The produced recombinant adenovirus was designated as d1324-LacZ-
VSVG. The recombinant adenovirus was grown in 293 cells, and viral titer
was  determined through limiting dilution or optical density analysis. C.
Gene constitution analysis of the El region of the recombinant adenovirus
YCI-Ad VSVG 29 24 March 2006 WO 03/029448 PCT/KR02/01531 Human hepatoma
cell line Hep3B (HB-8044, ATCC, USA) was infected with  adenovirus Ad-AEI
(whole El-deleted adenovirus), YKL-1, YCI-Ad-VSVG and the  wild-type
adenovirus Ad-wt, respectively, at 10 multiplicity of infection (MO].
After 2 days, viral genome was isolated using a genomic DNA isolation kit
(Qiagen, 5 USA). The replication-incompetent adenovirus Ad-tiEl used as a
control was  prepared using pCA14 (Microbix) as a shuttle vector according
to the same procedure  in Example 2. 



Thereafter, an El gene was amplified by PCR using each of the isolated
viral  genomes as a template and a primer set composed of a sense primer:
5'- 10 TTTGTGTTACTCATAGCGCGT-3' (SEQ ID NO: 14); and an antisense primer:
5' ATTCTTTCCCACCCTTAAGCC-3' (SEQ ID NO: 15). The resulting reaction
mixtures were electrophoresed on an agarose gel (Fig. 5). As apparent in
Fig. 5,  because of harboring the same El gene as that contained in the
YKL-1 adenovirus, in which the EIB-55 kDa gene was selectively deleted, the
YCI-Ad-VSVG recombinant  15 adenovirus according to the present invention
produced a PCR product of about 2 kb, while an approximately 3.2 kb
fragment was found in the wild-type adenovirus with  the whole El gene
encoding E1A, E1B-19 kDa and E1B-55 kDa. D. Identification of incorporation
of a VSV-G epitope into the carboxy terminus of the  fiber protein of the
recombinant adenovirus YCI-Ad-VSVG 20 To investigate incorporation of a
nucleotide sequence encoding the VSV-G  epitope into the 3' end of the
fiber of the recombinant adenovirus YCI-Ad-VSVG of  the present invention,
PCR was carried out using the viral genome of Ad-AEI, YKL-1  and
YCI-Ad-VSVG, prepared in B of Example 3, as template and a primer set
capable . of amplifying the nucleotide sequence corresponding to the VSV-G
epitope: a sense 30 24 March 2006 WO 03/029448 PCT/KR02/01831 primer
5'-GAA/GGG/GGA/TCC/GGC/GGG/GGC/GGT/GGA-3' (SEQ ID NO: 16);  and an
antisense primer: 5'-CCC/GAG/CTC/ACG/TCA/CAG/TTG/CAT/ATC-3' (SEQ  ID NO:
17), where the cloning vector pSP72[805+103bp] carrying a nucleotide
sequence of 103 bp encoding the VSV-G epitope linked to a linker consisting
of 8 Gly  5 was used as a positive control. The resulting reaction mixtures
were electrophoresed on an agarose gel (Fig.  6). As apparent in Fig. 6, a
PCR product of about 103 bp was not found in the PCR  samples of YKL-1 and
Ad-AE I, which harbor the native fiber gene, while being found  



in the PCR sample of YCI-Ad-VSVG with a nucleotide sequence encoding a
VSV-G 10 epitope incorporated into the 3' end of the fiber. Also, the 103
bp. fragment was  observed in the PCR sample of the positive control
pSP72[805+103bp]. EXAMPLE 4: Assay for gene transfer efficiency of
d1324-LacZ-VSVG To investigate the effect of incorporation of a VSV-G
epitope into the  adenovirus fiber on infection efficiency, gene delivery
efficiency was evaluated in a 15 gene transfer system using the
41324-LacZ-VSVG adenovirus expressing beta- galactosidase encoded by the
LacZ gene as a marker. Human brain cancer cell lines,  U343, U118MG
(HTB-15, ATCC, USA), U251N and U87MG (HTB-14, ATCC,  USA), and other cell
lines expressing CAR at low level, CHO-Kl (CCL-61, ATCC),  MCF-7 MM-22,
ATCC), Pros (CRL-1781, ATCC) and Lec2 (CRL-1736, ATCC), 20 were infected
with the adenovirus d1324-LacZ as a control and the d1324-LacZ-VSVG
adenovirus with a VSV-G epitope attached at various multiplicities of
infection (MOI),  respectively. After 2 days, the infected cells were
stained with X-gal (Figs. 7a, 7b,  7c, 7e, 7f, 7g and 7h). Figs. 7a to 7h
show results of X-gal staining of the infected  cell line, U343, U118MG,
U251N, U87MG, CHO-K1, Lec2, MCF-7, and Pro 5, 25 respectively. As apparent
in Figs. 7a to 7b, the expression level of LacZ gene was 31 24 March 2006
WO 03/029448 PCT/KR02/01831 found to be increased in all tested cell lines,
indicating that the d1324-LacZ-VSVG  adenovirus had improved infection
efficiency. In particular, the high expression of  LacZ was found in the
CHO-K1, MCF-7, Pro 5 and Lee 2 cell lines, which expressed  the native
receptor CAR of adenovirus at a low level and thus were not easily infected
5 with wild-type adenovirus, indicating that the d1324-LacZ-VSVG adenovirus
infected  the cells in a CAR independent manner, through binding to
phosphatidyl serine  highly-expressed on cell membranes of a broad range of
cell types, thus remarkably  increasing gene transfer efficiency to cell
lines. Increasing of the gene transfer efficiency by the incorporation of a
VSV-G  



10 epitope quantitatively, and the results of X-gal staining were given as
graphs (Figs. 8a,  8b, 8c, 8d, 8e, 8f 8g and 8h). Figs. 8a to 8h show
quantitative analysis of the results  of X-gal staining of the infected
cell lines, U343, U118MG, U25 IN, U87MG, CHO- K1, Lec2, MCF-7, and Pro 5,
respectively. As shown in Figs. 8a to 8h, expression  levels of the LacZ
gene greatly increased in all cell lines infected with 41324-LacZ 15 VSVG,
indicating that the d1324-LacZ-VSVG adenovirus had increased infection
efficiency. The dl324-LacZ-VSVG adenovirus showed infection efficiency
increased by over 100% in U251N (MOI 1), U118MG (MOI 50), CHO-KI (MOl 50)
and Pro5 (MOI 50) cell lines, and also remarkably increased infection
efficiency in  other cell lines. Especially, the d1324-LacZ-VSVG adenovirus
showed CAR 20 independent infection in the cell lines, CHO-K1, MCF-7, Pro5
and Lec2, which  expressed CAR essential for infection of wild-type
adenovirus at a low level, which  was higher than that of the d1324-LacZ
adenovirus with the fiber not modified.  Also, expression levels of the
LacZ gene increased with the MOI of recombinant  adenovirus, indicating
that the dl324-LacZ-VSVG adenovirus had significantly  25 increased
transduction efficiency. EXAMPLE 5: Assay for tumor cell-killing effect of
YCI-Ad-VSVG 32 24 March 2006 WO 03/029448 PCT/KR02/01831 Increased
Tumor-cell killing effect of the recombinant adenovirus YCI-Ad- VSVG was
investigated in carcinoma cell lines, Hep3B, Hepl, HepG2, C33A, U343,
U87MG, U251 -N and MCF-7. The carcinoma cell lines were infected with the
replication-incompetent adenovirus d1324/LacZ, YKL-1, and YCI-Ad-VSVG at
10, 1 5 or 0.1 MOI, and cell viability was assessed. Their killing effect
was monitored daily  under a microscope. At the moment that the cells
infected with any one of the virus at  an MOI of 0.1 exhibited complete
cell lysis, cells on the plate were then stained with  0.5% crystal violet
in 50% methanol. Photographs of the stained cells are given in  Figs. 9a to
9h. Figs. 9a to 9h are photographs showing the result of cell lesion 



10 analysis for determining increased tumor-specific killing effect of
YCI-Ad-VSVG on  Hep3B cells, C33A cells, U343 cells, U87MG cells, Hepl
cells, U251-N cells, HepG2  cells, and MCF-7 cells, respectively, in which
lane 1 shows infection with d1324/LacZ,  lane 2 shows infection with YKL-l,
and lane 3 shows infection with YCI-Ad-VSVG.  As. shown in Figs. 9a to 9h,
YCI-Ad-VSVG was found to have a tumor cell-killing 15 effect about 100
times higher than that of YKL-1 in Hep3B and U343 cells, and about  10
times higher in other carcinoma cell lines. These results indicated that in
all tested carcinoma cell lines, the recombinant adenovirus YCI-Ad-VSVG had
significantly increased oncolytic activity by the  incorporation of a VSV-G
epitope, in comparison with the control YKL-1. 20 EXAMPLE 6: MTT assay for
tumor cell-killing effect of YCI-Ad-VSVG To analyze quantitatively the
tumor cell-killing effect of YCI-Ad-VSVG, after  infecting various tumor
cells with the replication-deficient adenovirus d1324-LacZ, the
replication-competent adenovirus YKL-1, and the replication-competent
adenovirus  YCI-Ad-VSVG with a VSV-G epitope attached, cell viability of
the infected cells was 33. 24 March 2006 WO 03/029448 PCT/KR02/01831
measured by MTT assay. Figs. 13 and 14 are results of MTT assay for the
human  brain tumor cell lines U251 and U343, respectively, infected with an
adenovirus at a  multiplicity of infection (MOI) of 5, Fig. 15 is a result
of MTT assay for the human  ovarian cancer cell line HeLa infected with an
adenovirus at 10 MOI, and Fig. 16 is a 5 result of MTT assay for the human
breast cancer cell line MCF-7 infected with an  adenovirus at 100 MOI. As.
apparent in Figs. 13 to 16, when being infected with the replication-
incompetent adenovirus d1324-LacZ as a negative control, no cell death was
found.  In contrast, when being infected with the replication-competent
adenoviruses YKL-1 10 and YCI-Ad-VSVG, cell viability of the infected tumor
cells was gradually reduced by  viral proliferation increased with the
passage of time. Particularly, because of having  



high infection efficiency due to the incorporation of a VSV-G epitope into
the carboxy  terminus of the fiber, the recombinant adenovirus YCI-Ad-VSVG
was found to have  much higher oncolytic activity than YKL-1. 15 EXAMPLE 7:
Testing of antitumor effect of YCI-Ad-VSVG in a nude mouse model In vivo
assay for measuring antitumor effect of the recombinant adenovirus
YCI-Ad-VSVG was performed using nude mice. Human hepatoma cell line Hep3B
(HB-8044, ATCC, USA), human brain cancer cell line U343, or human brain
cancer  cell line U87MG (HTB-14, ATCC, USA) was subcutaneously injected to
nude mice 5 20 6 weeks old (Charles River Japan Inc., Japan). When tumor
size reached 5x5 mm, the  recombinant adenovirus YCI-Ad-VSVG at a
concentration of 5x108 pfu/50 l, which  dialyzed with PBS after being
recovered by ultracentrifugation, was injected to the  tumors. The size of
tumor was measured using calipers once every 2-3 days, and the  results are
given in Figs. 17 to 19. 34 24 March 2006 WO 031029448 PCT/KR02/01831 As
shown in Figs. 17 to 19, in a control group receiving only PBS, tumor size
was increased with the passage of time. In contrast, in mice injected with
the YCI- Ad-VSVG adenovirus, tumor growth was significantly inhibited. In
addition,  inhibition of tumor growth was also seen in mice infected with
the YKL-1 adenovirus,  5 but antitumor efficacy of YKL-1 was lower than
that of YCI-Ad-VSVG. These results indicate that the recombinant adenovirus
YCI-Ad-VSVG of the  present invention had excellent antitumor effect in
vivo. Such high antitumor efficacy  of YCI-Ad-VSVG is attributed to CAR
independent infection via the VSV-G epitope  incorporated into the carboxy
terminus of the fiber, thus enabling the YCI-Ad-VSVG  10 adenovirus to
enter tumor cells with low CAR expression at high efficiency. EXAMPLE 8:
Assay for viral titer of YCI-Ad-VSVG 293 cells were infected with 10 MOI of
each of the replication-incompetent  adenovirus d1324-LacZ and the
adenovirus dl324-LacZ-VSVG with a VSV-G epitope  



attached. 24, 48 and 72 hrs after infection, cell pellets and supernatants
were 15 collected, and viral titer was then measured. The results are given
in Table 1, below, and Fig. 20. TABLE 1 Incubation time after
infectionViral titer of d1324/LacZViral titer of d1324/LacZIVSVG
2416,000,00020,000,000 48200,000,000399,000 000 72320,000,000502,000 000 As
apparent in Table 1 and Fig. 20, the d1324-LacZ-VSVG adenovirus  produced
viral particles in high titer due to its increased infection efficiency. 35
24 March 2006 WO 03/029448 PCT/KR02101831 In addition, to investigate the
increased viral titer of YCI-Ad-VSVG, brain  cancer cell line U25 IN was
infected with 10 MOI of each of the replication-competent  adenoviruses
YKL-1 and YCI-Ad VSVG. 24 hr, 48 hr and 72 hr after infection, cell
pellets and supernatants were collected, and viral titer was then measured.
The results  5 are given in Table 2, below, and Fig. 21. TABLE 2 Incubation
time after infectionViral titer of YKL-1Viral titer of YCI-Ad-VSVG 2412,600
00015,900,000 4820,000,00025,200 000 7225,200,00039,900,000 As apparent in
Table 2 and Fig. 21, the YCI-Ad-VSVG adenovirus with a  VSV-G epitope
incorporated into the carboxy terminus of the fiber showed higher virus
yields than the YKL-1 adenovirus with a native fiber protein. 10 INDUSTRIAL
APPLICABILITY As described hereinbefore, the present invention provides a
recombinant  



adenovirus prepared by introducing a part of a ligand responsible vesicular
stomatitis  virus (VSV) entry into adenovirus, which has improved
therapeutic efficiency, and a  pharmaceutical composition comprising such a
recombinant adenovirus. 15 In accordance with the present invention,
through the incorporation of a  VSV-G epitope into the carboxy terminus of
the fiber, the recombinant adenovirus  according to the present invention
has increased infection efficiency, especially for  cells not infected
easily with wild-type adenovirus, thus enhancing its transduction
efficiency and generation of viral particles in the infected cells. In
addition, such 20 high infection efficiency allows the recombinant
adenovirus to be administered at a 36 24 March 2006 WO 03/029448
PCT/KR02/01831 lower amount, thereby minimizing the host humoral and
cellular immune response to  viral proteins and viral infected cells, as
well as the combination therapy with  radiotherapy or chemotherapy, thus
being useful for development of new gene  therapies capable of maximizing
therapeutic effect. 37 24 March 2006 WO 03/029448 DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL PCT/KR02/01831 A. The indications made below
relate to the deposited microorganism or other biological material referred
to in the description on page 24, line 15-25 B. IDENTIFICATION OF DEPOSIT
Further deposits are on an additional sheet^ Name of depositary institution
Korean Culture Center of Microorganisms(KCCM) Address of depositary
institation(including postal code and country) 361-221, Yurim BID,
Hongje-l-dong, Seodaemun-gu, 



SEOUL 120-091, Republic of Korea Date of deposit Accession Number
14/09/2002 KCCM 10424 C.ADDITIONAL INDICATIONS(leTeblmdtifintgga5z6k) This
information is continued on an additional sheet ^ D.DESIGNATED STATES FOR
WHICH INDICATIONS ARE MADE (fdreindicafronsamnotfor01designaled5'trt )
E.SEPARATE FURNISHING OF INDICATIONS(leave blank if not applicable) The
indications listed below will be submitted to the International Bureau
later(specify the general nature of the indications e.q., "Accession Number
of Deposit') For receiving Office use only ^ This sheet was received with
the international  application Authorized officer Form PCTIRO/134(July
1998) CT Rule 13his For international Bureau use only ^ This sheet was
received by the International Bureau an: Authorized officer 38 24 March
2006 WO 03/029448 INDICATIONS RELATING TO DEPOSITED MICROORGANISM OR OTHER
BIOLOGICAL MATERIAL PCT/KR02/01831 A. The indications made below relate to
the deposited microorganism or other biological material referred to in the
description on page 26, line 1-10 B. IDENTIFICATION OF DEPOSIT Further
deposits are on an additional sheet^ Name of depositary institution 



Korean Culture Center of Microorganisms(KCCM) Address of depositary
institution(including postal code and country) 361-221, Yurim BID,
Hongje-l-dong, Seodaemuu-gu, SEOUL 120-091, Republic of Korea Date of
depositAccession Number 140912002KCCM 10425 C.ADDITIONAL
INDICATIONS(lueNxdcf Mq& This information is continued on an additional
sheet D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(rftieindia
nsamnotforald&4nm dSt es)  E.SEPARATE FURNISHING OF INDICATIONS(leave blank
if not applicable) The indications listed below will be submitted to. the
International Bureau Iater(specify the general nature of the indications
e.q., `Accession Nnnther of Deposit') For receiving Office use only ^ This
sheet was received with the international  application Authorized officer
Form PCT/RO/134(July 1998) CT Rule 13bis  39 For international Bureau use
only ^ This sheet was received by the International Bureau on: Authorized
officer 24 March 2006 WO 03/029448 INDICATIONS RELATING TO DEPOSITED
MICROORGANISM OR OTHER BIOLOGICAL MATERIAL PCT/KR02/01831 



A. The indications made below relate to the deposited microorganism or
other biological material referred to in the description on page 29, line
1-10 B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional
sheet[] Name of depositary institution Korean Culture Center of
Microorganisms(KCCM) Address of depositary institution(includingpostal code
and country) 361-221, Yurim BAD, Hongte-1-dong, Seodaemun-gu, SEOUL
120-091, Republic of Korea Date of deposit Accession Number 14/09/2002 KCCM
10423 C.ADDITIONAL INDICATIONS(kuwh kifimlq This information is continued
on an additional sheet ^ D.DESIGNATED STATES FOR WHICH INDICATIONS ARE
MADE(ifikeutdicaliousarenotforalldes(gnaIsd,SYates)  E.SEPARATE FURNISHING
OF INDICATIONS(leave blank if not applicable) The indications listed below
will be submitted to the International Bureau later(specify the general
nature of the indications e. q., "Accession Number ofDepasit") For
receiving Office use only ^ This sheet was received with the international
application Authorized officer Form PCTAROA134(July 1998) 5 (PCT Rule 13bis
For international Bureau use only ^ This sheet was received by the
International Bureau on: Authorized officer 40 24 March 2006 



WO 03/029448 WHAT IS CLAIMED IS: PCT/KR02/01831 L. A recombinant adenovirus
comprising a protein containing a VSV-G  epitope derived from vesicular
stomatitis virus, which is prepared by introducing said  protein into an
adenovirus. 2. The recombinant adenovirus as set forth in claim. 1, wherein
the  adenovirus retains an ability to replicate. 3. The recombinant
adenovirus as set forth in claim 1, wherein the  adenovirus is
replication-incompetent and contains one or more therapeutic genes. 10 4.
The recombinant adenovirus as set forth in claim 1, wherein the  adenovirus
is E1B-55 kDa-deleted, E1B-19 kDa-deleted, or E1B-19 kDaJE1B-55
kDa-deleted. 5. The recombinant adenovirus as set forth in claim 1, wherein
the  VSV-G epitope is linked to an adenovirus fiber protein. 15 6. The
recombinant adenovirus as set forth in claim 5, wherein the  adenovirus
fiber protein is a knob region. 7. The recombinant adenovirus as set forth
in claim 6, wherein the  adenovirus fiber knob is a HI loop region, penton
base, or the carboxy terminus of the  fiber protein. 41 24 March 2006 WO
03/029448 PCT/KR02/01831 8. The recombinant adenovirus as set forth in
claim 1, wherein the VSV-G epitope has an amino acid sequence given in SEQ
ID NO: 3. 9. The recombinant adenovirus as set forth in claim 1, wherein a
linker is inserted between the adenovirus fiber and the VSV-G epitope. 5
10. The recombinant adenovirus as set forth in claim 9, wherein the linker
consists of 5 to 15 amino acids. 



11. The recombinant adenovirus as set forth in claim 10, wherein the amino
acid is glycine or alanine. 12. The recombinant adenovirus as set forth in
claim 1, wherein the 10 recombinant adenovirus is YCI-Ad-VSVG. 13. A
pharmaceutical composition comprising: (a) a therapeutically  effective
amount of a recombinant adenovirus comprising a protein containing a VSV- G
epitope derived from vesicular stomatitis virus, which is prepared by
introducing the  protein into an adenovirus; and (b) a pharmaceutically
acceptable carrier. 15 14. The pharmaceutical composition as set forth in
claim 13,  comprising: (a) a therapeutically effective amount of a
replication competent  recombinant adenovirus comprising a protein
containing a VSV-G epitope derived  from vesicular stomatitis virus, which
is prepared by introducing the protein into an  adenovirus containing an
ElA gene; and (b) a pharmaceutically acceptable carrier. 20 15. The
pharmaceutical composition as set forth in claim 13, 42 24 March 2006 . WO
03/029448 PCT/KR02/01831 comprising: (a) a therapeutically effective amount
of a replication-incompetent  recombinant adenovirus comprising a protein
containing a VSV-G epitope derived  from vesicular stomatitis virus, which
is prepared by introducing the protein into an  ElA-deleted or mutated
adenovirus, and one or more therapeutic genes; and (b) a  pharmaceutically
acceptable carrier. 16. The pharmaceutical composition as set forth in
claim 13, wherein  the recombinant adenovirus contains a -VSV-G epitope
derived from vesicular  stomatitis virus linked to an adenovirus fiber
protein. 10 17. The pharmaceutical composition as set forth in claim 13,
wherein the recombinant adenovirus is YCI-Ad-VSVG. 18. A recombinant
plasmid expressing the recombinant adenovirus of claim 1. 



19. A host cell transformed or transfected with the recombinant plasmid 15
of claim 18. 43 24 March 2006 WO 03/029448 PCT/KR02/01831 Sequence Listing
<110> YUN, Chae-Ok  KIM, Joo-Hang <120> Recombinant Adenovrius with
Enhanced Therapeutic Effect and  Pharmaceutical Composition Comprising Said
Recombinant Adenovirus <160> 17 <170> Kopatentln 1.71 <210> 1  <211> 29
<212> DNA <213> Artificial Sequence <220>  <223> primer <400> 1 ttattggatc
ctttgtctag ggccgcggg 29 <210> 2  <211> 40  <212> DNA <213> Artificial
Sequence <220> <223> primer <400> 2 tcttggatcc agatctatac agttaagcca
cctatacaac 40 



<210> 3  <211> 29  <212> DNA <213> Artificial Sequence 24 March 2006 WO
03/029448 PCT/KR02/01831 Sequence Listing <220> <223> primer <400> 3
ttattggatc ctttgtctag ggccgcggg 29 <210> 4  <211> 35  <212> DNA <213>
Artificial Sequence <220> <223> primer <400> 4 ccaggatcca gatctcccca
tttaacacgc catgc 35 <210> 5  <211> 40  <212> DNA <213> Artificial Sequence
<220> <223> primer <400> 5 gttacatctg acctcctgta ggctagcgag tgtttggaag 40
<210> 6  <211> 40  



<212> DNA <213> Artificial sequence 24 March 2006 WO 03/029448 Sequence
Listing PCT/KR02/01831 <220> <223> primer <400> 6 cttccaaaca ctcgctagcc
tacaggaggt cagatgtaac 40 <210> 7  <211> 20  <212> DNA <213> Artificial
Sequence <220> <223> primer .<400> 7 ggcctttact tgtttacagc 20 <210> 8
<211> 35  <212> DNA <213> Artificial Sequence <220> <223> primer <400> B
ggggagctcg gatcctcctt cttgggcaat gtatg 35 <210> 9  <211> 19  <212> PRT 



<213> Vesicular stomatitis virus <400> 24 March 2006 WO 03/029448
PCT/KR02/01831 Sequence Listing Gly Thr Trp Leu Asn Pro Gly Phe Pro Pro Gln
Ser Cys Gly Tyr Ala  1 5 10 15 Thr Val Thr <210> 10  <211> 57  <212> DNA
<213> Vesicular stomatitis virus <400> 10 ggaacttggc tgaatccagg cttccctcct
caaagttgtg gatatgcaac tgtgacg 57 <210> 11  <211> 92  <212> DNA <213>
Artificial Sequence <220> <223> oligomer <400> 11 gatccggcgg gggcggtgga
ggagggggtg gaacttggct gaatccaggc ttccctcctc 60 aaagttgtgg atatgcaact
gtgacgtgag ct 92 <210> 12  <211> 27  <212> DNA <213> Artificial Sequence
<220> <223> primer 



24 March 2006 WO 03/029448 Sequence Listing PCT/KR02/01831 <400> 12
gaagggggat ccggcggggg cggtgga 27 <210> 13  <211> 27  <212> DNA <213>
Artificial Sequence <220> <223> primer <400> 13 cccgagctca cgtcacagtt
gcatatc <210> 14  <211> 21  <212> DNA <213> Artificial Sequence <220> <223>
primer <400> 14  tttgtgttac tcatagcgcg t <210> 15  <211> 21  <212> DNA
<213> Artificial sequence <220> <223> primer 27 



21 <400> 15 24 March 2006 WO 03/029448 PCT/KR02/01831 Sequence Listing
attctttccc acccttaagc c 21 <210> 16  <211> 27  <212> DNA <213> Artificial
sequence <220> <223> primer <400> 16 gaagggggat ccggcggggg cggtgga 27 <210>
17  <213.> 27  <212> DNA <213> Artificial Sequence .<220> <223> primer
<400> 17 .cccgagctca cgtcacagtt gcatatc 27 




