
WO 2004/076668 PCT/M004/000427  MODIFIED TERT PROMOTER
WITH ENHANCED TUMOR-SPECIFICITY AND STRENGTH AND
RECOMBINANT VECTOR COMPRISING THE SAME  Technical
Field The present invention relates to a
transcriptional regulatory sequence with  enhanced
tumor-specificity and strength and a recombinant
vector comprising the  transcriptional regulatory
sequence. More particularly, the present invention
relates  to a transcriptional regulatory sequence
comprising a human telomere reverse  transcriptase
(hTERT) promoter linked to a nucleotide sequence that
comprises one  or more c-Myc binding sites and/or one
or more Sp1 binding sites, and a recombinant vector
comprising a certain gene that is operably linked to
the transcriptional  regulatory sequence. Background
Art Adenovirus was known to have several advantages of
mediating gene  transfer with high efficiency in vivo
and in vitro, transferring exogenous genes into a
variety of cell types and allow for expression of the
genes, regardless of cell division state of target
cells, producing high-titer virus and not causing
cancer in humans. Due  to these advantages, adenovirus
has greatly increased in use in clinical cancer gene
therapy (Graham, F.L. 'Adenovirus vectors for
high-efficiency gene transfer into  mammalian cells.'
lmmunol. Today, 2000,21,426-8; Castell, J.V. et al.
'Adenovirus mediated gene transfer into human
hepatocytes: analysis of the biochemical
functionality of transduce cells.' Gene Ther.,
1997,4,455-64). When cancer is treated  using gene
therapy mediated by adenovirus, long term expression
of therapeutic genes  is not required, and host immune
response induced by virus or viral proteins is not  WO
2004/076668 PCT/KR2004/000427  highly significant or
even can be beneficial in some cases. Thus, adenovirus
becomes  attractive as a gene transfer vehicle for
cancer therapy. 



However, the most conventional recombinant
adenoviruses for cancer  therapy, which are known as
replication-incompetent first-generation viruses,
display  antitumor activity in only primary infected
cells or a very small number of surrounding cells
(Vile, RG. et al. `Cancer gene therapy: hard lession
and new courses.' Gene  Ther., 2000,7,2-8; Paillard,
F. Cancer gene therapy annual conference. 1997: trends
and  news, Hum. Gene Ther., 1998,4,283-6; Lattime,
E.C. et al. `Selectively replicating  viruses as
therapeutic agents against cancer.' in: D. Kim (Ed),
Gene therapy of cancer,  Academic Press, New York,
1999,235-50). To overcome such problems, the McCormick
research group reported first a  recombinant
adenovirus that replicates selectively in tumor cells
and eventually kills  the tumor cells. After that, a
variety of efforts were made to develop modified
adenoviruses causing tumor-specific cytolysis
(Bischoff, J.R. et al. `An adenovirus mutant that
replicates selectively in P53-deficient human tumor
cells.' Science,  1996,18,274(5286),373-6; Heise, C.
et al. `ONYX-015, an EIB gene-attenuated  adenovirus,
causes tumor-specific cytolysis and antitumoral
efficacy that can be  augmented by standard
chemotherapeutic agents.' Nat. Med.,
1997,3(6),639-45). The  oncolytic adenoviral vectors
have a domino effect on cancer therapy by displaying
antitumor activity not only in primary infected cells,
but also in secondarily infecting  surrounding tumor
cells by replication thereby remarkably increasing
therapeutic  efficacy against cancer. Also, the
oncolytic adenoviral vectors further include the
advantage of being inhibited replication in
surrounding normal cells, and thus, having  low
cytotoxicity to the normal cells. Tumor-specific
replication-competent adenoviruses have been developed
mainly by two methods, as follows. First,
tumor-specific replication-competent  adenoviruses can
be developed by regulating cancer tissues expression
of E1A  WO 2004/076668 PCT/KR2004/000427  protein
which is essential for replication of adenovirus using
tumor- or tissue-specific  



promoters. Rodriguez, R. et al. reported in 1997 that,
when the upstream promoter  of ElA gene is replaced by
the promoter/enhancer region of prostate-specific
antigen  (PSA) selectively expressed in prostate
cancer cells, adenovirus replicates selectively in
PSA-positive prostate cancer cells (Rodriguez, R. et
al. `Prostate attenuated  replication competent
adenovirus (ARCA) CN706: a selective cytotoxic for
prostate- specific antigen-positive prostate cancer
cells.' Cancer Res., 1997,1,57(13),2559- 63). The
prostate attenuated replication competent adenovirus
(ARCA) CN706  (Calydon Pharmaceuticals, CA, USA) is
under a phase I clinical trial in patients suffering
from recurred prostate cancer. In addition, some
attempts have been made  to develop more potent
prostate cancer-specific replicative adenoviruses. For
example, the expression of the two early genes, E1A
and EIB, of adenovirus can be  regulated according to
expression levels of PSA by additionally inserting a
prostate- specific enhancer region into the upstream
of EIB gene that is one of early genes of adenovirus
(Yu, D.C. et al. `Identification of the
transcriptional regulatory sequences of  human
kallikrein 2 and their use in the construction of
cyldon virus 764, an attenuated  replication competent
adenovirus for prostate cancer therapy.' Cancer Res.,
1999,1,59(7),1498-504). Further, employing promoters
of genes activated only in  specific tumor cells, such
as alpha-fetoprotein (AFP), carcinoembryonic antigen
(CEA) and MUC-1, tumor-specific replication-competent
adenoviruses have been developed  (Kanai, F. et al.
`Gene therapy for alpha-fetoprotein-producing human
hepatoma cells  by adenovirus-mediated transfer of the
herpes simplex virus thymidine kinase gene.'
Hepatology, 1996,53,963-7; Marshall, J.F. et al.
`Tissue specific promoters in targeting  systemically
delivered gene therapy.' Semin. Oncol., 1996,23,154-8;
Osaki, T. et al. `Gene therapy for carcinoembryonic
antigen-producing human lung cancer cells by cell
type specific expression of herpes simplex virus
thymidine kinase gene.' Cancer Res.,  1994,54,5258-61;
Kurihara, T. et al. `Selectivity of a
replication-competent adenovirus  WO 2004/076668
PCT/KR2004/000427  



for human breast carcinoma cells expressing the MUC1
antigen.' J. Clin. Invest.,  2000,106,763-71). In the
second strategy for the development of tumor-specific
replication- competent adenoviruses, some attempts
have been tried to develop tumor-specific
replication-competent adenoviruses by selectively
knocking out adenoviral genes that are essential for
active viral replication in normal cells but not
essential in tumor cells  (Whyte, P. et al. `Cellular
targets for transformation by the adenovirus EtA
proteins.'  Cell, 1989,56,67-75; Fueyo, J. et al. `A
mutant oncolytic adenovirus targeting the Rb  pathway
produces anti-glioma effect in vivo.' Oncogen.,
2000,19,2-12). Bischoff J.R. et at. reported first in
1996 that an adenovirus mutant deficient in the
adenoviral early  protein EIB-55kD that functions to
bind to and then inactivate the tumor suppressor
protein p53 is capable of replicating selectively in
p53 deficient tumor cells. When a  wild-type
adenovirus infects normal cells, the infected cells
inhibit viral proliferation  by activating the tumor
suppressor protein p53. The E1B-55kD protein is
responsible for the p53 activation, which binds to p53
and inhibits its function. As a result the  wild-type
adenovirus actively proliferates in the normal cells
and eventually destroys  the cells (Yew, P.R. et al.
`Adenovirus ElB oncoprotein tethers a transcriptional
repression domain to p53.' Genes, 1994,8,190-202;
Dobner, T. et al. `Blockage by  adenovirus E4 or F6 of
transcriptional activation by the p53 tumor
suppressor.' Science, 1996,7,272(5267),1470-3.).
However, when the E1B-55kD gene-deleted  recombinant
adenovirus infects normal cells, viral proliferation
is inhibited because p53  inactivation is not induced,
whereas the virus actively proliferates in several
tumor cells  in which the function of p53 is inhibited
and eventually induces cell death of the  infected
cells. Based on these fact, the present inventors
developed an E1B-55kD gene-deleted, tumor-specific
cytolytic adenovirus, YKL-1, which was demonstrated to
be superior to the conventional first-generation
adenoviruses that is replication- deficient in
transfection efficacy. YKL-1 also has the oncolytic
effect against several  



WO 2004/076668 PCT/KR2004/000427  human tumor cells
(Lee, H. et al. `Oncolytic potential of
E1B55kDa-deleted YKL-1  recombinant adenovirus:
Correlation with p53 functional status.' Int. J.
Cancer,  2000,88,454-63). In addition to inactivating
p53, the E1B55kD protein stimulates to transport  the
adenovirus mRNA to the cytosol and synthesize the
composed proteins of  adenoviruses, and thus is
essential for replication of adenoviruses. Therefore,
the  E1B55kD gene-deleted replication-competent
adenovirus is proliferation-restricted in  tumor cells
and thus has reduced cytotoxic activity, resulting in
a decrease in vivo  antitumor efficacy. To solve this
problem, the present inventors construct an Ad AE1B19
adenovirus deleted for the adenovirus EiBl9kD gene of
which translational  product functions to inhibit
apoptosis, and revealed that the Ad-AE1B19 adenovirus
has  greatly enhanced cytolytic effect and in vivo
antitumor effect (Kam, J. et al. `Evaluation  of ElB
gene attenuated replicating adenoviruses for cancer
gene therapy.' Cancer Gene  Therapy, 2002,9,725-736).
However, in this case that the EIB55kD gene is not
deleted to achieve effective replication of
adenovirus. Cell death is increased by  elevated
adenovirus replication, but the tumor-specific
replication activity is lost.  Thus, the Ad-AE1B19
adenovirus is required to have tumor specificity for
use in cancer  treatment by gene therapy. Human
telomere reverse transcriptase (hTERT) is one subunit
of the  telomerase holoenzyme that is involved in
uniformly maintaining telomere length  during
chromosome replication, and known to be related to
cell aging, tumorogenesis  and cell immortalization
(Counter, C.M. et al. 'Telomere shortening associated
with  chromosome instability is arrested in immortal
cell which express telomerase activity.'  EMBO J.
1992,11,1921-29; Kim, N.W. et al. `Specific
association of human telomerase activity with immortal
cells and cancer.' Science, 1994,21,66,2011-5;
Harley, C.B. et al. `Telomeres shorten during aging of
human fibroblasts.' Nature,  



1990,345,458-60). Telomerase activity is detected in
germline cells and lymphocytes  WO 2004/076668
PCT/KR2004/000427  in human ovaries and testes, but
not found in normal somatic cells (Wright, W.E. et al.
`Telomerase activity in human germline and embryonic
tissues and cells.' Dev. Genet.  1996,18,173-9).
Therefore, normal somatic cells have below a threshold
length of  telomere after a limited number of cell
divisions, and eventually senesce (Yasumoto, S. et al.
`Telomerase activity in normal human epithelial
cells.' Oncogene. 1996,13,433- 9). In contrast,
telomerase activity is elevated in benign tumor cells
before tumor  progression and cancer cells (Broccoli,
D. et al. `Telomerase activity in normal and
malignant hematopoietic cells.' Proc. Nat'l. Acad.
Sci. USA. 1995,92,9082-6.). After  the first report in
that telomerase activity is increased in ovarian
cancer, elevated telomerase activity is detected in
almost all human cancers, including blood cancer,
stomach cancer, lung cancer, liver cancer, large
intestine cancer, brain cancer, prostate  cancer, head
and neck cancer and breast cancer (Counter, C.M. et
al. `Telomerase  activity in human ovarian carcinoma.'
Proc. Nat'l. Acad. Sci. USA. 1994,91,2900-4;  Counter,
C.M. et al. `Stabilization of short telomeres and
telomerase activity accompany immortalization of
Epstein-Barr virus-transfonned human B lympho- cytes.'
J. Virol., 1994,68,3410-4; Shay, J.W. et al. `A survey
of telomerase activity in  human cancer.' Eur. J.
Cancer, 1997,33,787-91; Harle-Bachor, C. et al.
`Telomerase  activity in the regenerative basal layer
of the epidermis in human skin and in immortal  and
carcinoma-derived skin keratinocytes.' Proc. Nat'l.
Acad. Sci. USA. 1996,93,6476- 81). Expression of hTERT
that plays a critical role in the function of
telomerase is  associated with telomerase activity.
Recent data suggest that telomerase expression is
regulated according to the activity of hTERT promoter,
that is, mRNA levels of  hTERT. The minimum hTERT
promoter region to regulate hTERT activity is 181 bp
in length. The wild-type hTERT promoter contains two
c-Myc binding sites and five  



Sp1 binding sites. According to some reports the c-Myc
oncoprotein which is highly  expressed in tumor cells
compared to normal cells is binding to the
transcription factor  Sp1 . This binding activates
hTERT promoter. Takakura M. et al. reported in 1999
that the activity of hTERT promoter is elevated by
overexpression of c-Myc (Cerni, C.  `Telomeres,
telomerase, and myc.' An update. Mutat. Res.,
2000,462,31-47;  Greenberg, R.A. et al. `Telomerase
reverse transcriptase gene is a direct target of c Myc
but is not functionally equivalent in cellular
transformation.' Oncogene,  1999,18,1219-26; Takakura,
M. et al. `Cloning of human telomerase reverse
transcriptase gene promoter and identification of
proximal core promoter essential for  transcriptional
activation of hTERT in immortalized and cancer cells.'
Cancer Res.,  1999,59,551-9). As described by Shoji K.
et al., apoptosis-inducing toxic genes such as
caspase-8 can be expressed in only tumor cells by
inducing expression of cancer cell- specific genes
using the hTERT promoter (Shoji, K. et al. `A novel
telomerase-specific  gene therapy: gene transfer of
caspase-8 utilizing the human telomerase catalytic
subunit gene promoter.' Human Gene Therapy,
2000,11,1397-406.). However, the use of the hTERT
promoter alone has a limitation in attaining
sufficient tumor  specificity. Disclosure of the
Invention To solve the aforementioned problems, the
inventors provide a  transcriptional regulatory
sequence comprising a human telomere reverse
transcriptase (hTERT) promoter linked to a nucleotide
sequence that comprises a c-Myc binding site and/or a
Spl binding site, and then constructed a recombinant
vector, in particular, a recombinant adenoviral vector
that carries the  transcriptional regulatory sequence.
In a first aspect, there is provided a transcriptional
regulatory sequence  with a wild-type human telomere
reverse transcriptase (hTERT) promoter that  



contains two c-Myc binding site and five Sp1 biding
site linked to a nucleotide  sequence that comprises
one or more c-Myc binding sites and/or one or more Sp1
binding sites.  In a second aspect, there is provided
a recombinant viral vector comprising the
transcriptional regulatory sequence as defined above,
which is  operably linked to a gene required for viral
replication In a third aspect, there is provided the
recombinant non-viral vector  comprising the
transcriptional regulatory sequence as defined above,
which is  operably linked to a therapeutic transgene.
Disclosed is a recombinant vector comprising a certain
gene that can be  operably linked to the
transcriptional regulatory sequence. In a fourth
aspect, there is provided a host cell transformed or
tranfected  with the recombinant vector as defined
above. Disclosed can be a pharmaceutical composition
comprising (a) a  therapeutically effective amount of
the recombinant vector; and (b) a  pharmaceutically
acceptable carrier. In a fifth aspect, there is
provided a pharmaceutical composition  comprising: (a)
a therapeutically effective amount of a recombinant
viral vector  comprising a transcriptional regulatory
sequence comprising a wild-type human  telomere
reverse transcriptase (hTERT) promoter that contains
two c-Myc  binding site and five Sp1 biding site
linked to a nucleotide sequence that  comprises one or
more c-Myc binding sites and/or one or more Spl
binding sites,  wherein the transcriptional regulatory
sequence is operably linked to a gene  required for
viral replication ; and (b) a pharmaceutically
acceptable carrier. In a sixth aspect, there is
provided a pharmaceutical composition  comprising :
(a) a therapeutically effective amount of a
recombinant viral vector  with a transcriptional
regulatory sequence comprising a wild-type human  



telomere reverse transcriptase (hTERT) promoter that
contains two c-Myc  binding site and five Sp1 biding
site linked to a nucleotide sequence that  comprises
one or more c-Myc binding sites and one or more Spl
binding sites,  wherein the transcriptional regulatory
sequence is operably linked to a therapeutic
transgene ; and (b) a pharmaceutically acceptable
carrier In a seventh aspect, there is provided a
pharmaceutical composition  comprising: (a) a
therapeutically effective amount of a recombinant
non-viral vector with a transcriptional regulatory
sequence comprising a wild-type human  telomere
reverse transcriptase (hTERT) promoter that contains
two c-Myc  binding site and five Sp1 biding site
linked to a nucleotide sequence that  comprises one or
more c-Myc binding sites and one or more Sp1 binding
sites,  wherein the transcriptional regulatory
sequence is operably linked to a therapeutic
transgene; and (b) a pharmaceutically acceptable
carrier 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:
FIG. 1 shows the nucleotide sequence of an m-hTERT
promoter  according to an embodiment of a
transcriptional regulatory sequence of the  present
invention; FIG. 2A shows schematic chart of the
replication-deficient recombinant  adenoviral vectors
dl-CMV-Z, dl-TERT-Z and dl-mTERT-Z according to the
present invention; FIG. 2B shows schematic chart of
the replication-competent recombinant  adenoviral
vectors Ad-AE1B19, Ad-TERT-A19 and Ad-mTERT-Al9
according  to the present invention; FIG. 3 is a graph
showing relative activity of endogenous telomerase in



various tumor cell lines and normal cell lines; FIG. 4
is a photograph showing expression patterns of a LacZ
gene of the  replication-deficient recombinant
adenoviral vectors dl-CMV-Z, dl-TERT-Z and  dl WO
2004/076668 PCT/KR2004/000427  mTERT-Z according to
the present invention in various tumor cell lines and
normal  cell lines; FIG. 5A is a graph showing results
of quantitative analysis of the expression  patterns
of the LacZ gene of the replication-deficient
recombinant adenoviral vectors  dl-CMV-Z (.),
dl-TERT-Z (o) and dl-mTERT-Z (A) according to the
present invention  in tumor cell line(H460); FIG. 5B
is a graph showing results of quantitative analysis of
the expression  patterns of the LacZ gene of the
replication-deficient recombinant adenoviral vectors
dl-CMV-Z (n), dl-TERT-Z (o) and dl-mTERT-Z (A)
according to the present invention  in tumor cell
line(A549); FIG. 5C is a graph showing results of
quantitative analysis of the expression  patterns of
the LacZ gene of the replication-deficient recombinant
adenoviral vectors  dl-CMV-Z (a), dl-TERT-Z (o) and
dl-mTERT-Z (A) according to the present invention  in
tumor cell line(C33A); FIG. 5D is a graph showing
results of quantitative analysis of the expression
patterns of the LacZ gene of the replication-deficient
recombinant adenoviral vectors  dl-CMV-Z ([err]),
dl-TERT-Z (o) and dl-mTERT-Z (A) according to the
present invention  in tumor cell line(SK-Hep 1); FIG.
5E is a graph showing results of quantitative analysis
of the expression  patterns of the LacZ gene of the
replication-deficient recombinant adenoviral vectors
dl-CMV-Z (.), dl-TERT-Z (o) and dl-mTERT-Z (A)
according to the present invention  in tumor cell
line(HepG2); 



FIG. 5F is a graph showing results of quantitative
analysis of the expression  patterns of the LacZ gene
of the replication-deficient recombinant adenoviral
vectors  dl-CMV-Z (.), dl-TERT-Z (o) and dl-mTERT-Z
(A) according to the present invention  in tumor cell
line (Hep3B); FIG. 5G is a graph showing results of
quantitative analysis of the expression  WO
2004/076668 PCT/KR2004/000427  patterns of the LacZ
gene of the replication-deficient recombinant
adenoviral vectors  dl-CMV-Z (.), dl-TERT-Z (o) and
dl-mTERT-Z (A) according to the present invention  in
tumor cell line (U343); FIG. 5H is a graph showing
results of quantitative analysis of the expression
patterns of the LacZ gene of the replication-deficient
recombinant adenoviral vectors  dl-CMV-Z (.),
dl-TERT-Z (o) and dl-mTERT-Z (A) according to the
present invention  in tumor cell line (U25 IN); FIG.
51 is a graph showing results of quantitative analysis
of the expression  patterns of the LacZ gene of the
replication-deficient recombinant adenoviral vectors
dl-CMV-Z (a), dl-TERT-Z (o) and dl-mTERT-Z (A)
according to the present invention  in tumor cell line
(MCF7); FIG. 5J is a graph showing results of
quantitative analysis of the expression  patterns of
the LacZ gene of the replication-deficient recombinant
adenoviral vectors  dl-CMV-Z (i), dl-TERT-Z (o) and
dl-mTERT-Z (A) according to the present invention  in
normal cell line (173 WE); FIG. 5K is a graph showing
results of quantitative analysis of the expression
patterns of the LacZ gene of the replication-deficient
recombinant adenoviral vectors  dl-CMV-Z (a),
dl-TERT-Z (o) and dl-mTERT-Z (A) according to the
present invention  in normal cell line (CBHEL); FIG.
5L is a graph showing results of quantitative analysis
of the expression  patterns of the LacZ gene of the
replication-deficient recombinant adenoviral vectors  



dl-CMV-Z (a), dl-TERT-Z (o) and dl-mTERT-Z (A)
according to the present invention  in normal cell
line (MRCS); FIG. 5M is a graph showing results of
quantitative analysis of the expression  patterns of
the LacZ gene of the replication-deficient recombinant
adenoviral vectors  dl-CMV-Z (.), dl-TERT-Z (o) and
dl-mTERT-Z (A) according to the present invention  in
normal cell line (IMR90);  WO 2004/076668
PCT/KR2004/000427  FIG. 5N is a graph showing results
of quantitative analysis of the expression patterns of
the LacZ gene of the replication-deficient recombinant
adenoviral vectors  dl-CMV-Z (.), dl-TERT-Z (o) and
dl-mTERT-Z (A) according to the present invention  in
normal cell line (W138); FIG. 50 is a graph showing
results of quantitative analysis of the expression
patterns of the LacZ gene of the replication-deficient
recombinant adenoviral vectors  dl-CMV-Z (a),
dl-TERT-Z (o) and dl-mTERT-Z (A) according to the
present invention  in normal cell line (BJ); FIG. 6
shows expression patterns of an El gene of the
replication-competent  recombinant adenoviral vectors
Ad-mTERT-A19, Ad-TERT-A19 and Ad-AE1B19  according to
the present invention in various tumor cell lines and
normal cell lines (1:  C33A, 2: A549, 3: HeLa, 4:
SK-Hepl, 5: W138, 6: BI and 7: IMR90); FIG. 7A shows
oncolytic effect of the replication-competent
recombinant  adenoviral vectors according to the
present invention on tumor cell line SK-Hepl (1:
dl-CMV-Z, 2: Ad-AEIB19, 3: Ad-TERT-A19 and 4:
Ad-mTERT-A19); FIG. 7B shows oncolytic effect of the
replication-competent recombinant  adenoviral vectors
according to the present invention on tumor cell line
H460 (1: dl- CMV-Z, 2: Ad-AE1B19, 3: Ad-TERT-A19 and
4: Ad-mTERT-A19); FIG. 7C shows oncolytic effect of
the replication-competent recombinant  



adenoviral vectors according to the present invention
on tumor cell line C33A (1: dl- CMV-Z, 2: Ad-AE1B19,
3: Ad-TERT-A19 and 4: Ad-mTERT-A19); FIG. 7D shows
oncolytic effect of the replication-competent
recombinant  adenoviral vectors according to the
present invention on tumor cell line U251N (1: dl-
CMV-Z, 2: Ad-AE1B19, 3: Ad-TERT-A19 and 4:
Ad-mTERT-A19); FIG. 7E shows oncolytic effect of the
replication-competent recombinant  adenoviral vectors
according to the present invention on tumor cell line
A549 (1: dl- CMV-Z, 2: Ad-AE1B19, 3: Ad-TERT-A19 and
4: Ad-mTERT-A19); WO 2004/076668 PCT/KR2004/000427
FIG. 7F shows oncolytic effect of the
replication-competent recombinant adenoviral vectors
according to the present invention on tumor cell
line(HeLa) (1: dl- CMV-Z, 2: Ad-AE1B19, 3: Ad-TERT-A19
and 4: Ad-mTERT-A19); FIG. 7G shows oncolytic effect
of the replication-competent recombinant  adenoviral
vectors according to the present invention on tumor
cell line(BJ) (1: dl- CMV-Z, 2: Ad-AEIB19, 3:
Ad-TERT-A19 and 4: Ad-mTERT-A19); FIG. 7H shows
oncolytic effect of the replication-competent
recombinant  adenoviral vectors according to the
present invention on tumor cell line(W138) (1: dl-
CMV-Z, 2: Ad-AE1BI9, 3: Ad-TERT-A19 and 4:
Ad-mTERT-A19); FIG. 71 shows oncolytic effect of the
replication-competent recombinant  adenoviral vectors
according to the present invention on tumor cell
line(IMR90) (1:  dl-CMV-Z, 2: Ad-AE1B19, 3:
Ad-TERT-A19 and 4: Ad-mTERT-A19); FIG. 8A is a graph
showing results of quantitative analysis of the
oncolytic  effect on tumor cell line(SK-Hepl) which is
infected with the replication-competent  recombinant
adenoviral vectors according to the present invention
(.: dl-CMV-Z, o:  Ad-AE1B19, o: Ad-TERT-A19 and A:
Ad-mTERT-A19); FIG. SB is a graph showing results of
quantitative analysis of the oncolytic  effect on
tumor cell line(H460) which is infected with the
replication-competent  



recombinant adenoviral vectors according to the
present invention (a: dl-CMV-Z, o:  Ad-AE1B19, o:
Ad-TERT-A19 and A: Ad-mTERT-A19); FIG. 8C is a graph
showing results of quantitative analysis of the
oncolytic  effect on tumor cell line(C33A) which is
infected with the replication-competent  recombinant
adenoviral vectors according to the present
invention(r dl-CMV-Z, o:  Ad-AE1B19, o: Ad-TERT-A19
and A: Ad-mTERT-Al9); FIG. 8D is a graph showing
results of quantitative analysis of the oncolytic
effect on tumor cell line(U251N) which is infected
with the replication-competent  recombinant adenoviral
vectors according to the present invention(c dl-CMV-Z,
o:  WO 2004/076668 PCTIKR20041000427  Ad-AE1Bl9, o:
Ad-TERT-A19 and A: Ad-mTERT-A19); FIG. 8E is a graph
showing results of quantitative analysis of the
oncolytic  effect on tumor cell line(A549) which is
infected with the replication-competent  recombinant
adenoviral vectors according to the present
invention(.: dl-CMV-Z, 0:  Ad-AE1B19, o: Ad-TERT-A19
and A: Ad-mTERT-A19); FIG. 8F is a graph showing
results of quantitative analysis of the oncolytic
effect on tumor cell line(HeLa) which is infected with
the replication-competent  recombinant adenoviral
vectors according to the present inventiion(u:
dl-CMV-Z, ^:  Ad-AE1B19, o: Ad-TERT-A19 and A:
Ad-mTERT-Al9); FIG. 8G is a graph showing results of
quantitative analysis of the oncolytic  effect on
tumor cell line(BJ) which is infected with the
replication-competent  recombinant adenoviral vectors
according to the present invention((r): dl-CMV-Z, 0:
Ad-AE1B19, o: Ad-TERT-A19 and A: Ad-mTERT-A19); FIG.
8H is a graph showing results of quantitative analysis
of the oncolytic  effect on tumor cell line(W138)
which is infected with the replication-competent
recombinant adenoviral vectors according to the
present invention(o: dl-CMV-Z, 0:  Ad-AE1319, o:
Ad-TERT-A19 and A: Ad-mTERT-A19); 



FIG. 81 is a graph showing results of quantitative
analysis of the oncolytic  effect on tumor cell
line(IMR90) which is infected with the
replication-competent  recombinant adenoviral vectors
according to the present invention(r dl-CMV-Z, 0:
Ad-AE1B19, o: Ad-TERT-A19 and A: Ad-mTERT-A19); FIG. 9
is a graph showing oncolytic effect of the
replication-competent  recombinant adenoviral vectors
according to the present invention on nude mice with
established tumors (r PBS, 0: Ad-AE1B19, o:
Ad-TERT-A19 and A: Ad-mTERT- A19); FIGS. IOA, I OB and
IOC show expression patterns of the LacZ gene of the
replication-deficient recombinant adenoviral vectors
dl-CMV-Z, dl-TERT-Z and dl-  WO 2004/076668
PCT/Kffi004/000427  mTERT-Z according to the present
invention in various in vivo normal tissues; FIG. 11A
shows expression patterns of the LacZ gene of the
replication- deficient recombinant adenoviral vectors
dl-CMV-Z, dl-TERT-Z and dl-mTERT-Z  according to the
present invention in in vivo tumor tissues; FIG. 11B
shows LacZ gene expression patterns in the liver from
mice  intratumorally administered with the
replication-deficient recombinant adenoviral  vectors
dl-CMV-Z, dl-TERT-Z and dl-mTERT-Z according to the
present invention; FIG. 12A is a graph showing viral
production yields of the replication- competent
recombinant adenoviral vectors according to the
present invention in the  tumor cell line HeLa (o:
Ad-AE1B19, o: Ad-TERT-A19, A: Ad-mTERT-A19 and ^:
dl-CMV-Z); FIG. 12B is a graph showing viral
production yields of the replication- competent
recombinant adenoviral vectors according to the
present invention in the  normal cell line BJ(o:
Ad-AE1B19, o: Ad-TERT-A19, A: Ad-mTERT-A19 and (r):
dl- CMV-Z); 



FIG. 13 shows results of immunohistochemistry for
comparison of  replication ability in tumor tissues of
the replication-competent recombinant  adenoviral
vectors Ad-AE1B19, Ad-TERT-Al9 and Ad-mTERT-A19
according to the  present invention; FIG. 14 shows
results of Hematoxylin-eosin staining for comparison
of  toxicity to normal liver of the
replication-competent recombinant adenoviral vectors
Ad-AE1BI9 and : Ad-mTERT-A19 according to the present
invention; FIG. 15A is a graph showing mouse viability
according to the amount of  administration of the
replication-competent recombinant adenoviral vectors
Ad- AE1B19 and Ad-mTERT-A19 according to the present
invention, when the adenoviral  vectors were
administered intravenously; FIG. 15B is a graph
showing mouse viability according to the amount of
WO 2004/076668 PCT/KR2004/000427  administration of
the replication-competent recombinant adenoviral
vectors Ad- AE1B19 and Ad-mTERT-A19 according to the
present invention, when the adenoviral  vectors were
administered intraperitoneally; FIG. 15C is a graph
showing mouse viability according to the amount of
administration of the replication-competent
recombinant adenoviral vectors Ad- AE1B19 and
Ad-mTERT-A19 according to the present invention, when
the adenoviral  vectors were administered
intratumorally; FIG. 16A is a photograph showing
toxicity to normal tissues according to the  amount of
administration of the replication-competent
recombinant adenoviral  vectors Ad-AE1B19 and
Ad-mTERT-A19 according to the present invention, when
the  adenoviral vectors were administered
intravenously; FIG. 16B is a photograph showing
toxicity to normal tissues according to the  amount of
administration of the replication-competent
recombinant adenoviral  



vectors Ad-AE1B19 and Ad-mTERT-A19 according to the
present invention, when the  adenoviral vectors were
administered intraperitoneally; FIG. 16C is a
photograph showing toxicity to normal tissues
according to the  amount of administration of the
replication-competent recombinant adenoviral  vectors
Ad-AE1B19 and Ad-mTERT-A19 according to the present
invention, when the  adenoviral vectors were
administered intratumorally. Best Mode for Carrying
Out the Invention The present invention provides a
transcriptional regulatory sequence  comprising a
human telomere reverse transcriptase (hTERT) promoter
linked to a  nucleotide sequence that comprises one or
more c-Myc binding sites and/or one or  more Spl
binding sites. In one aspect, the present invention
provides a transcriptional regulatory sequence
comprising an hTERT promoter linked to a  WO
2004/076668 PCT/KR2004/000427  nucleotide sequence
that comprises a single c-Myc binding site and/or five
Spl  binding sites. Typically, transcriptional
regulatory sequences indicate all sequences
regulating transcription of genes operably linked
thereto such as promoters and  enhancers. However, in
the present specification, the transcriptional
regulatory sequences are preferably used as promoters,
and thus, should be adjacent to each  other to
regulate transcription of a certain gene. An m-hTERT
promoter is provided  as an aspect of the
transcriptional regulatory sequence according to the
present  invention. In the present invention, most
preferably, the hTERT promoter is a wild-type  hTERT
promoter (SEQ ID NO: 1) derived from human genome.
Also, as the  hTERT promoter, a mammalian-derived TERT
(telomere reverse transcriptase)  promoter, or a TERT
promoter mutated, artificially synthesized within the
range  maintaining its biological functions may be
used. The term "biological functions 



maintaining functions range" refers to a state at
which c-Myc oneogenic protein and  Sp1 protein as well
as RNA polymerase can bind to any TERT promoter and
which is  capable of inducing expression of a certain
gene operably linked to the TERT  promoter. For
example, the endogeneous c-Myc binding site or the Spl
binding site  in the hTERT promoter may be replaced by
other c-Myc or Spl binding sites, which  are known in
the art. On the other hand, the hTERT promoter may be
easily prepared by a method  known in the art, for
example, by carrying out PCR using human genome as a
template with proper primers, or by using an automatic
DNA synthesizer  (commercially available from the
companies BioSearch, Applied Biosystems, etc.). The
"c-Myc binding site" is an oligonucleotide to which
c-Myc oncogenic  protein binds, and includes a
consensus sequence of cacgtg (SEQ ID NO: 2). All
known sequences to which c-Myc oncogenic protein binds
may be introduced into the  WO 2004/076668
PCT/KR2004/000427  transcriptional regulatory sequence
according to the present invention. A plurality  of
c-Myc binding sites is identified, which includes, for
example, cacgcg (SEQ ID  NO: 3) and catgcg (SEQ ID NO:
4). In addition, the "Spi binding site" is an
oligonucleotide to which Spi  oncogenic protein binds,
and includes a consensus sequence of gggcgg (SEQ ID
NO:  5). All known sequences to which Spi oncogenic
protein binds may be introduced  into the
transcriptional regulatory sequence according to the
present invention. A  plurality of Spi binding sites
are identified, which includes, for example, ccgccc
(SEQ ID NO: 6), ctccgectc (SEQ ID NO: 7), cccagcccc
(SEQ ID NO: 8),  gggcgg (SEQ ID NO: 5), ggggcgg (SEQ
ID NO: 9) and ccccegcccc (SEQ ID NO: 10).  As used
herein, the term "consensus sequence" is a nucleotide
sequence used to define a family of sequences that are
not identical but related to each other. Each
position in the consensus sequence shows the
nucleotide most frequently found at that  



position within the family. In the transcriptional
regulatory sequence according to the present
invention,  the nucleotide sequence comprising one or
more c-Myc binding sites and/or one or  more Sp1
binding sites may be linked to a 5'-end or a 3'-end of
the hTERT promoter,  or introduced into the hTERT
promoter within the biological functions maintaining
range. However, in the present invention, the
nucleotide sequence comprising a c Myc binding site
and/or an Spl binding site is preferably linked to a
3'-end of the  hTERT promoter. On the other hand,
linkage of the hTERT promoter with the  nucleotide
sequence comprising a c-Myc binding site and/or an Sp1
binding site is  achieved by ligation at convenient
restriction enzyme sites. In case that the
restriction enzyme sites are not present, a synthetic
oligonucleotide adaptor or linker  is used according
to a method known in the art. Since the
transcriptional regulatory sequence according to the
present  invention allows a certain gene operably
linked thereto to be expressed with high   WO
20041076668 PCT/KR2004/000427  efficiency in a tumor
cell-specific manner, it may be applied to a vector
commonly  used as a gene vehicle for cancer therapy.
Herein, the vector includes viral vectors  and
non-viral vectors. Therefore, in an aspect, the
present invention provides a recombinant viral  vector
with a transcriptional regulatory sequence comprising
an hTERT promoter  linked to a nucleotide sequence
that comprises one or more c-Myc binding sites  and/or
one or more Sp1 binding sites, wherein the
transcriptional regulatory sequence  is operably
linked to a gene required for viral replication. The
viral vector is  introduced into tumor cells or normal
cells, replicates itself in a cancer cell-specific
manner, and eventually kills tumor cells with high
efficiency. In addition, in another  aspect, the
present invention provides a recombinant viral vector
with a  



transcriptional regulatory sequence comprising an
hTERT promoter linked to a  nucleotide sequence that
comprises one or more c-Myc binding sites and/or one
or  more Sp1 binding sites, wherein the
transcriptional regulatory sequence is operably linked
to a therapeutic transgene. The viral vector includes
replication-deficient and  replication-competent both.
After being introduced into tumor cells or normal
cells,  the replication-deficient recombinant viral
vector may treat cancer by expressing the  therapeutic
transgene specifically in the tumor cells. In
contrast, the replication- competent recombinant viral
vector may have an additive antitumor effect by
displaying cytolytic effects by both viral replication
and expression of the therapeutic  transgene. In a
further aspect, the present invention provides a
recombinant non- viral vector comprising a
transcriptional regulatory sequence comprising an
hTERT  promoter linked to a nucleotide sequence that
comprises one or more c-Myc binding  sites and/or one
or more Sp1 binding sites, wherein the transcriptional
regulatory sequence is operably linked to a
therapeutic transgene. After being introduced into
tumor cells or normal cells, the non-viral vector may
treat cancer by expressing the  therapeutic transgene
specifically in the tumor cells. WO 2004/076668
PCT/KR2004/000427  As used herein, the term "Virus" is
used interchangeably with "viral vector", and refers
to any of the obligate intracellular parasites having
no protein-synthesizing  or energy-generating
mechanism. The viral genome is RNA or DNA surrounded
by a  lipid-bilayered coating structure composed of
proteins. Examples of the virus useful in the practice
of the present invention include baculoviridiae,
parvoviridiae,  picornoviridiae, herpesviridiae,
poxviridae, adenoviridiae and picotinaviridiae. The
term "recombinant virus" includes chimeric viruses (or
multimer viruses) that are  constructed by employing
corresponding coding sequences derived from one or
more  virus subtypes (Feng et at., Nature
Biotechnology 15,866-870). The term "non-viral
vector", as used herein, refers to all vectors
commonly  



used in gene therapy except for the aforementioned
viral vectors. Such non-viral  vector is exemplified
by a variety of plasmids capable of being expressed in
eukaryotic cells and liposome. The term "operably
linked", as used herein, refers to a linkage of
polynucleotide sequences in a functional relationship.
A nucleotide sequence is  "operably linked" when it is
placed into a functional relationship with another
nucleotide sequence. In the present invention, a
transcriptional regulatory sequence is  operably
linked to a coding sequence if it affects the
transcription of the coding  sequence. The term "genes
required for viral replication", as used herein,
refers to all  genes comprising viral genome, which
are classified into "early genes" and "late  genes".
The early genes are viral genes that start to be
expressed at the early phase  of the viral
proliferation up to replication of the viral genome
taking place, and are  involved in the replication of
the viral genome. Among the early genes, some are
transcribed to RNA molecules by using the host system,
whereas others are not  transcribed if some early gene
products have not been produced in advance. As
described above, gradual information expression occurs
in the early genes, and, in   WO 2004/076668
PCT/KR2004/000427  particular, genes transcribed by
host enzymes immediately after the infection are also
called "very early genes". The late genes are viral
genes that are expressed after  replication of viral
genome is initiated when a virus infects a host cell.
The late genes  determine the structure of outer
envelope proteins. The term "therapeutic transgene",
as used herein, refers to a nucleotide  sequence
expression of which in tumor cells produces
therapeutic effects. The term  therapeutic transgene
includes, but is not limited to, tumor suppressor
genes,  chemoldne gene, cytokine gene, antigenic
genes, cytotoxic genes, cytostatic genes,  



apoptotic genes and anti-angiogenic genes. The term
"tumor suppressor gene", as used herein, refers to a
nucleotide  sequence, the expression of which in a
target cell is capable of suppressing the  neoplastic
phenotype or inducing apoptosis. Examples of the tumor
suppressor genes  useful in the practice of the
present invention include p53 gene, Rb gene, APC gene,
DPC-4/Smad4 gene, BRCA-1 gene, BRCA-2 gene, WT-1 gene,
retinoblastoma gene (Lee et al., Nature, 1987,
329,642), MMAC-1 gene, adenomatous polyposis coil
protein  (Albertsen et al., U.S. Pat. No. 5,783,666),
deleted in colon carcinoma (DCC) gene,  MMSC-2 gene,
NF-I gene, nasopharyngeal carcinoma tumor suppressor
gene that  maps at chromosome 3p2l.3 (Cheng et al.,
Proc. Nat'l. Acad. Sci., 1998, USA  95,3042-3047),
MTS1 gene, CDK4 gene, NF-1 gene, NF-2 gene and VHL
gene. The term "antigenic genes", as used herein,
refers to a nucleotide sequence,  the expression of
which in a target cell results in the production of a
cell surface  antigenic protein capable of recognition
by the immune system. Examples of the  antigenic genes
include carcinoembryonic antigen (CEA), prostate
specific antigen  (PSA), a-feto protein (AFP), p53
(Levine, A. International Pat. Publication No.
W094/02167). In order to facilitate immune
recognition, the antigenic gene may be  fused to the
MHC class I antigen. The term "cytotoxic gene", as
used herein, refers to a nucleotide sequence, the  WO
2004/076668 PCT/KR2004/000427  expression of which in
a cell produces a toxic effect. Examples of the
cytotoxic genes  include nucleotide sequences encoding
Pseudomonas exotoxin, ricin toxin, diphtheria  toxin,
and the like. The term "cytostatic gene", as used
herein, refers to a nucleotide sequence, the
expression of which in a cell produces an arrest in
the cell cycle. Examples of the  cytostatic genes
include, but are not limited to, p21, retinoblastoma
gene, E2F-Rb  fusion protein gene, genes encoding
cyclin-dependent kinase inhibitors such as p16,  



p15, p18 and p19, growth arrest specific homeobox
(GAX) gene (International Pat.  Publication Nos.
W097/16459 and W096/30385). The term "cytokine gene",
as used herein, refers to a nucleotide sequence, the
expression of which in a cell produces a cytokine.
Examples of the cytokines include  GM-CSF,
interleukins (especially, IL-1, IL-2, IL-4, IL-12,
IL-10, IL-19 and IL-20),  interferon a, Q and y
subtypes (especially, interferon a-2b), and fusions
such as  interferon a-2a-1. The term "chemokine gene",
as used herein, refers to a group of structurally
related low-molecular weight cytokines secreted by
cells having mitogenic,  chemotactic or inflammatory
activities. They are primarily cationic proteins of 70
to  100 amino acid residues that share four conserved
cysteine residues. These proteins  can be sorted into
two groups based on the spacing of the two
amino-terminal cysteine residues. In the first group,
the two cysteine residues are separated by a single
residue  (Cys-x-Cys), while in the second group, they
are adjacent (Cys-Cys). Examples of  proteins
belonging to the `Cys-x-Cys' chemokine group include,
but are not limited to,  platelet factor 4 (PF4),
platelet basic protein (PBP), interleukin-8 (IL-8),
melanoma  growth stimulatory activity protein (MGSA),
macrophage inflammatory protein 2 (MIP-2), mouse Mg
(ml 19), chicken 9E3 (or pCEF-4), pig alveolar
macrophage  chemotactic factors I and I (AMCF-I and
-II), pre-B cell growth stimulating factor  (PBSF) and
IP10. Examples of proteins belonging to the `Cys-Cys'
group include,  WO 2004/076668 PCT/K1U004/000427  but
are not limited to, monocyte chemotactic protein 1
(MCP-1), monocyte chemotactic  protein 2 (MCP-2),
monocyte chemotactic protein 3 (MCP-3), monocyte
chemotactic  protein 4 (MCP-4), macrophage
inflammatory protein la (MIP-l (X), macrophage
inflammatory protein 1(3 (MIP-1(3), macrophage
inflammatory protein ly (MIP-ly), macrophage
inflammatory protein 3a (MIP-3a), macrophage
inflammatory protein 3(3  (MIP-3(3), chemokine (ELC),
macrophage inflammatory protein 4 (MIP-4),  



macrophage inflammatory protein 5 (MIP-5), LD78(3,
RANTES, SIS-epsilon (p500),  thymus and
activation-regulated chemokine (TARC), eotaxin, 1-309,
human protein  HCC-l/NCC-2, human protein HCC-3, and
mouse protein CIO. The term "pro-apoptotic gene", as
used herein, refers to a nucleotide sequence,  the
expression of which results in the programmed cell
death of the cell. Examples of  the pro-apoptotic
genes include p53, adenovirus (Ad) E3-11.6K (derived
from Ad2 and  Ad5) or adenovirus E3-10.5K (derived
from Ad), adenovirus E4 gene, Fas ligand,  TNF-a,
TRAIL, p53 pathway genes, and genes encoding caspases.
The term "anti-angiogenie gene", as used herein,
refers to a nucleotide  sequence, the expression of
which results in the extracellular secretion of anti-
angiogenic factors. Anti-angiogenesis factors include
angiostatin, inhibitors of  vascular endothelial
growth factor (VEGF) such as Tie 2 (Proc. Nat'l. Acad.
Sci. USA,  1998, 95,8795-8800), and endostatin. As
described above, the transcriptional regulatory
sequence according to the  present invention may be
introduced into a viral vector or a non-viral vector,
which are  commonly used as a gene vehicle. However,
an adenoviral vector is recognized as a  suitable gene
vehicle, and, practically, has been increasingly used.
For this reason, the  transcriptional regulatory
sequence according to the present invention is
suitable to be introduced into an adenoviral vector.
Therefore, the present invention provides a
recombinant adenoviral vector with a transcriptional
regulatory sequence comprising  an hTERT promoter
linked to a nucleotide sequence that comprises one or
more c-  WO 2004/076668 PCT/KR2004/000427  Myc binding
sites and/or one or more Sp I binding sites, wherein
the transcriptional  regulatory sequence is operably
linked to a therapeutic transgene. The term
"replication-competent adenoviral vector", as used
herein, refers to  an adenoviral vector in which genes
essentially required for replication are conserved,  



and may treat cancer by being replicated in tumor
cells and eventually killing the tumor cells. Also,
the term "replication-deficient adenoviral vector"
refers to an  adenoviral vector deleted of genes
essentially required for replication, especially,
required at the early phase of infection. The
replication-deficient adenoviral vector  mainly
comprises a therapeutic transgene and may treat cancer
by expressing the therapeutic transgene in tumor
cells. However, as described above, the present
invention includes a viral vector comprising a
therapeutic transgene as well as being
replication-competent. That is, in the present
specification, the "replication- deficient adenoviral
vector" refers to a replication-deficient adenoviral
vector  provided as an aspect of the adenoviral vector
comprising a therapeutic transgene. As used herein,
the terms "adenovirus" and "adenoviral vector" are
interchangeably used, and refer to viruses belonging
to the genus Adenoviridae. The  term "Adenoviridae"
refers collectively to animal adenoviruses of the
genus  Mastadenovirus including, but not limited to,
human, bovine, ovine, equine, canine,  porcine, murine
and simian adenovirus subgenera. In particular, human
adenoviruses include the A-F subgenera as well as the
individual serotypes thereof. The A-F  subgenera
include, but are not limited to, human adenovirus
types 1, 2, 3, 4, 4a, 5, 6, 7,  8, 9, 10, 11 (Ad 11A
and Ad 11P), 12, 13, 14, 15, 16, 17, 18, 19, 19a, 20,
21, 22, 23,  24,25,26,27,28,29,30,31,32,33,34, 34a,
35, 35p, 36, 37, 38, 39, 40,41,42,43,44,  45, 46, 47,
48 and 91. Ina desirable aspect of the present
invention, the adenovirus is  derived from a human
adenovirus of serotype 2 or 5. The adenoviral genome
slightly differs according to adenoviral serotypes,
but  is typically composed of early genes of Elk ElB,
E2, E3 and E4 and late genes of LI,  WO 2004/076668
PCT/KR2004/000427  L2, L3, L4 and L5. In the early
genes, the E1A gene is expressed prior to other viral
genes immediately after viral infection (0-2 hrs). ElA
protein serves as a  transcriptional regulatory factor
and is essentially required for expression of other
early  



genes. The deletion of the EIA gene results in no
production of gene products needed for viral DNA
replication, and eventually leads to no further
infection. El B protein is  essential for the
transport of late gene mRNA transcripts to the cytosol
from the  nucleus. The defect in expression of E1B
expression leads to the weak expression of  viral late
genes and incomplete blocking of protein synthesis of
host cells. The E4  gene encodes several
transcriptional products. The open reading frames
(ORFs) 3 and 6 of the E4 transcriptional unit increase
accumulation of major late transcriptional unit  mRNAs
by binding to the E1B-55kD protein and the E2F-l/DR-l
heterodimer. In  case of bearing lesions in both
proteins of the E4 ORFs 3 and 6, mutant viruses form
plaques with an efficiency less than 10-6 that of
wild-type virus. The late genes  including Ll, L2, L3,
L4 and L5 encode structural proteins of adenovirus.
Both early and late genes are required for effective
replication of adenovirus.  Therefore, in an aspect,
the present invention includes an adenoviral vector
with a  transcriptional regulatory sequence comprising
an hTERT promoter linked to a  nucleotide sequence
that comprises one or more c-Myc binding sites and/or
one or  more Spl binding sites, wherein the
transcriptional regulatory sequence is operably linked
to one or more genes of early genes and late genes of
adenovirus. In  particular, among the early and late
genes, since the early genes are involved in
replication of viral genome, in a preferred aspect,
the present invention provides an  adenoviral vector
with a transcriptional regulatory sequence comprising
an hTERT  promoter linked to a nucleotide sequence
that comprises one or more c-Myc binding sites and/or
one or more Spl binding sites, wherein the
transcriptional regulatory  sequence is operably
linked to one or more genes of early genes of
adenovirus.  Among the early genes, in particular, the
EIA gene serves as a transcriptional factor  WO
2004/076668 PCT/KR2004/000427  inducing expression of
other viral genes and is thus the most important
element in the  viral replication. Therefore, the
present invention provides a recombinant  



adenoviral vector with a transcriptional regulatory
sequence comprising an hTERT  promoter linked to a
nucleotide sequence that comprises one or more c-Myc
binding sites and/or one or more Spl binding sites,
wherein the transcriptional regulatory  sequence is
operably linked to an adenovirus EIA gene. The
recombinant adenoviral vector comprising the
transcriptional regulatory  sequence operably linked
to a gene required for adenoviral replication
according to the  present invention is introduced into
tumor cells harboring telomerase activated in the
presence of the c-Myc oncoprotein or the Spl protein,
proliferates itself with high  efficiency and
eventually kills the tumor cells. In contrast, in case
of being introduced  into normal cells, the adenoviral
vector is rarely capable of proliferating and thus
does  not affect the normal cells. In a more preferred
aspect involved in a recombinant adenoviral vector
having  the effect of killing tumor cells by viral
replication, a recombinant adenoviral vector  having a
deletion in E1B-19kD gene is used. EIB-l9kDa protein,
which is a potent  apoptosis inhibitor, is known to
inhibit apoptosis mediated by the adenovirus early
gene  product, EIA protein, as well as inhibiting
apoptosis induced by p53 in tumor cells.  Also, the
functional similarity between EIB-19 kDa and Bel-2 is
found in that both suppress apoptosis induced by the
removal of growth factor, radiotherapy or antitumor
agents. Therefore, an EIB-19kD gene-deleted
recombinant adenovirus has excellent  tumor
cell-killing effect and a spread oncolytic effect to
surrounding tumor cells, by  inducing cell lysis by
viral proliferation as well as apoptosis in
adenovirus-infected  cells. Thus, due to its
high-efficiency proliferation in a tumor cell-specific
manner, the recombinant adenoviral vector may be more
effective in killing selectively tumor  cells. In
addition to having the tumor cell-killing effect by
adenoviral proliferation,  WO 2004/076668
PCTIKR2004/000427  the adenoviral vector may treat
cancer by carrying a therapeutic transgene by a gene  



cloning technique and being then expressed in tumor
cells. Therefore, the present  invention provides a
recombinant adenoviral vector with a transcriptional
regulatory  sequence comprising an hTERT promoter
linked to a nucleotide sequence that comprises one or
more c-Myc binding sites and/or one or more Sp1
binding sites,  wherein the transcriptional regulatory
sequence is operably linked to a therapeutic
transgene. The therapeutic transgene is expressed with
high efficacy specifically in  tumor cells whereas
being incapable of being expressed in normal cells,
and thus does  not have cytotoxicity or side effects
in normal cells. The El or E3 gene of the adenovirus
genome is typically deleted and replaced  by a
therapeutic transgene. Therefore, the present
invention provides a replication- deficient
recombinant adenoviral vector comprising the
transcriptional regulatory  sequence that is operably
linked to a therapeutic transgene introduced in place
of the  adenovirus El gene. This recombinant
adenoviral vector is replication-deficient due to the
deletion of the El gene essential for viral
replication, and may treat tumor by  expressing the
therapeutic transgene. In addition, in another aspect,
the present  invention provides a
replication-competent recombinant adenoviral vector
comprising  the transcriptional regulatory sequence
that is operably linked to a therapeutic  transgene
introduced in place of the adenovirus E3 gene. This
recombinant adenoviral vector is capable of
replicating and thus has an additive antitumor effect
by displaying cytolytic effects by both viral
replication and expression of the  therapeutic
transgene. However, since adenoviruses having
deletions in both El and  E3 genes has gene transfer
efficiency greatly higher than other vectors and
expresses  transgenes in a broad spectrum of cell
types, in a preferred aspect, an adenovirus is an
E1/E3-deleted replication-incompetent adenovirus.
Therefore, the present invention  provides an
E1/E3-deleted recombinant adenoviral vector comprising
the  transcriptional regulatory sequence that is
operably linked to a therapeutic transgene  WO
2004/076668 PCT/KR2004/000427  



introduced in place of the adenovirus E1A gene. To
prepare the aforementioned recombinant vectors on a
large scale, each  recombinant vector should be
introduced into a suitable host cell. Therefore, the
present invention provides a host cell transformed or
transfected with the recombinant viral vector. The
preferred methods for the introduction of the vector
into a host cell  include, for example, calcium
phosphate transfection, DAEA-dextran mediated
transfection, transvection, microinjection, cationic
lipid-mediated transfection,  electroporation,
transduction, scrape loading, ballistic introduction
and infection. On  the other hand, the host cell maybe
selected depending on the recombinant vectors, and
desirable host cells are known in the art. In the
present invention, a recombinant adenoviral vector is
produced by  constructing a shuttle vector carrying a
transcriptional regulatory sequence comprising  an
hTERT promoter linked to a nucleotide sequence that
comprises a c-Myc binding  site or an Sp1 binding
site, obtaining a recombinant adenovirus plasmid
through homologous recombination between the shuttle
vector and an adenoviral vector, and  transforming or
transfecting a suitable cell with the recombinant
adenovirus plasmid. A plasmid used for the
construction of the shuttle vector, carrying a
transcriptional regulatory sequence comprising an
hTERT promoter linked to a  nucleotide sequence that
comprises a c-Myc binding site or an Spl binding site,
may be prokaryotic or eukaryotic which is known in the
art or commercially available.  In addition, the host
cell for a recombinant plasmid, used for the
production of a  recombinant adenovirus, is well known
to those skilled in the art, and exemplified by  human
embryo kidney cell line 293 (E1AB+) transformed with a
nucleotide  sequence nt 1-4344 encoding Ad5, and human
embryo retinoblastoma cell 911  containing a
nucleotide sequence nt 79-5789 of Ad5. The recombinant
viral vector or non-viral vector according to the
present  invention has high-efficacy killing effect
specifically against various tumor cells,  



WO 20041076668 PCTIKR2004/000427  especially, tumor
cells expressing high level telomerase, including
liver cancer, lung  cancer, cervical cancer and brain
cancer. Therefore, the present invention is intended
to provide a pharmaceutical composition comprising the
recombinant viral or non-viral  vector as an active
component. The present invention provides a
pharmaceutical composition comprising (a)  a
therapeutically effective amount of a recombinant
viral vector with a transcriptional  regulatory
sequence comprising an hTERT promoter linked to a
nucleotide sequence  that comprises one or more c-Myc
binding sites and/or one or more Spl binding sites,
wherein the transcriptional regulatory sequence is
operably linked to a gene required for viral
replication; and (b) a pharmaceutically acceptable
carrier. Since the  recombinant viral vector contained
in the pharmaceutical composition of the present
invention, as described above, has oncolytic effects
against a variety of tumor cells, the  pharmaceutical
composition is useful in treating various diseases and
tumor-related  diseases, including stomach cancer,
lung cancer, ovarian cancer, liver cancer,
bronchogenic cancer, nasopharyngeal cancer, laryngeal
cancer, pancreatic cancer,  bladder cancer, colon
cancer, and cervical cancer. The present invention
provides a pharmaceutical composition comprising (a)
a therapeutically effective amount of a recombinant
viral vector with a transcriptional  regulatory
sequence comprising an hTERT promoter linked to a
nucleotide sequence that comprises one or more c-Myc
binding sites and/or one or more Sp1 binding sites,
wherein the transcriptional regulatory sequence is
operably linked to a therapeutic  transgene; and (b) a
pharmaceutically acceptable carrier. Since the
therapeutic  transgene introduced into the recombinant
viral vector is expressed in tumor cells, such  a
pharmaceutical composition is useful in treating
diverse types of cancer, for example, melanoma, breast
cancer, lung cancer, neuroblastoma, renal cell
carcinoma, ovarian  cancer, brain cancer, head and
neck cancer and mesothelioma. 



WO 2004/076668 PCT/KR2004/000427  As an ideal aspect
involved in the aforementioned pharmaceutical
composition, a viral vector is an adenoviral vector.
Therefore, the present invention  provides a
pharmaceutical composition comprising (a) a
therapeutically effective  amount of a recombinant
adenoviral vector with a transcriptional regulatory
sequence comprising an hTERT promoter linked to a
nucleotide sequence that comprises one or  more c-Myc
binding sites and/or one or more Spi binding sites,
wherein the  transcriptional regulatory sequence is
operably linked to a gene required for viral
replication; and (b) a pharmaceutically acceptable
carrier. In addition, the present  invention provides
a pharmaceutical composition comprising (a) a
therapeutically effective amount of a recombinant
adenoviral vector with a transcriptional regulatory
sequence comprising an hTERT promoter linked to a
nucleotide sequence that  comprises one or more c-Myc
binding sites and/or one or more Spi binding sites,
wherein the transcriptional regulatory sequence is
operably linked to a therapeutic  transgene; and (b) a
pharmaceutically acceptable carrier. The present
invention provides a pharmaceutical composition
comprising (a)  a therapeutically effective amount of
a non-viral vector with a transcriptional  regulatory
sequence comprising an hTERT promoter linked to a
nucleotide sequence  that comprises one or more c-Myc
binding sites and/or one or more Spl binding sites,
wherein the transcriptional regulatory sequence is
operably linked to a therapeutic  transgene; and (b) a
pharmaceutically acceptable carrier. 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 above  pharmaceutical effect. The
pharmaceutically acceptable carrier contained in the
present composition,  which is commonly used in
pharmaceutical formulations, but is not limited to,
includes  



lactose, dextrose, sucrose, sorbitol, mannitol,
starch, rubber arabic, potassium  WO 2004/076668
PCT/KR2004/000427  phosphate, arginate, gelatin,
potassium silicate, microcrystalline cellulose,
polyvinylpyr olidone, cellulose, water, syrups, methyl
cellulose, methylhydroxy  benzoate, propylhydroxy
benzoate, talc, magnesium stearate, and mineral oils.
The  pharmaceutical composition of 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 of the present
invention may be administered  using the conventional
methods commonly used 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 into a visible tumor mass to
treat breast cancer and head  and neck cancer,
directly injected to enema to treat colon cancer, and
directly injected  to a catheter to treat bladder
cancer. In the present invention, intravenous
administration, intraperitoeneal administration or
administration into tumor mass is  particularly
preferred. A suitable dosage 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 states and diet,
administration time, administration route, and an
excretion rate of 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  pharmaceutical composition of the
present invention comprises lx105 to 1x1015  PFU/ml of
a recombinant adenovirus, and 1x1010 PFU of a
recombinant adenovirus is  typically injected once
every two days for two weeks. 



the pharmaceutical composition comprising a
recombinant vector according to  the present invention
may be fonnulated into a unit dose formulation using a
WO 2004/076668 PCT/KR2004/000427  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  of oil or aqueous medium, suspensions or
emulsions. The pharmaceutical composition comprising a
recombinant vector 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 include cisplatin, carboplatin, procarbazine,
mechlorethamine, cyclophosphamide,  ifosfamide,
melphalan, chlorambucil, busulfan, 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  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 vector according to the present
invention may be  Lyophilized. A process for
freeze-drying may comprise the steps of freezing,
first 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. In an aspect,
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 free-drying microscopic analysis (Pikal, M.
J., et al., Int. J. Pharm. 62, 165-186, 1990); (2)
placing  a vial on the shelf of a freeze-drier at room
temperature and then equilibrating it for  WO
2004/076668 PCT/KR2004/000427  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) 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 composition may include an
excipient and a  lyoprotectant. Non-limiting examples
of the excipient include a buffer solution  containing
0.9% NaCI and 10 mM sodium phosphate (pH 7.0) or 10 mM
sodium citrate  (pH 7.0). The lyoprotectant functions
to protect biological molecules contained 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: Selection
of tumor cell lines and normal cell lines and cell
culturing  The following cell lines were used in the
present invention: tumor cell lines:  human hepatoma
cell lines (SK-Hepl, Hep3B and HepG2), human glioma
cell lines  (U251N and U343), human lung carcinoma
cell lines (A549 and H460), human cervical carcinoma
cell lines (C33A and HeLa), and human breast cancer
cell lines  (MCF7); and human normal cells: 173We,
CBHEL, MRCS, WI38, IMR90 and BJ.  All cell lines were
purchased from American Type Culture Collection
(ATCC), and  cultured in an incubator at 37C under 5%
CO2 in DMEM medium supplemented with  



10% fetal bovine serum (GIBCO BRL, NY) and
penicillin/streptomycin (GIBCO BRL,  WO 2004/076668
PCT/KR2004/000427  NY). EXAMPLE 2: Assay for
endogenous telomerase activity in the cell lines
Endogenous telomerase activity was measured in each
cell line using a  TRAPEZE ELISA (enzyme linked
immunosorbent assay) telomerase assay kit (Oncor,
Gaithsberg, MD) according to the direction by the
manufacturer, as follows. First, 1 x 106 cells were
lysed with 200 Al of a pre-cooled cell lysis solution
and centrifuged at  1 0,000xg for 15 min. Immediately
after the centrifugation, the cell extract was stored
at -80C. Protein concentrations were determined using
a protein assay kit (Bio-Rad,  Hercules, CA). Then,
the samples with an equal protein concentration were
evaluated for telomerase activity by a telomeric
repeat amplification protocol (TRAP) assay. A  50-1il
reaction mixture was prepared by mixing 100 ng of each
cell extract with 10 isl  of 5xTRAP reaction mix and 2
units of Taq polymerase. After being preincubated at
room temperature for 30 min for TRAP extension, the
reaction mixture was subjected  to PCR. PCR conditions
included 33 cycles of 30 sec at 94C and 30 sec at 55C.
To analyze telomerase activity of each sample,
absorbance was measured at 450 nm  and 650 nm by
ELISA. All tests were repeated more than three times,
and the mean  values were calculated. As shown in FIG.
3, all tumor cell lines except for the MCF-7 breast
cancer  cell line, that is, the human hepatoma cell
lines (SK-Hepl, Hep3B and HepG2), the  human lung
carcinoma cell lines (A549 and H460), the human
cervical carcinoma cell lines (C33A and HeLa) and the
human glioma cell line (U251N), displayed high
telomerase activity. In contrast, telomerase activity
was rarely detected in the normal  cell lines 173 We,
BJ, IMR90 and W138. EXAMPLE 3: Preparation of hTERT
promoter and m-hTERT promoter  WO 2004/076668
PCT/KR2004/000427  



In order to obtain wild-type hTERT promoter (also
referred to simply as 'hTERT promoter'), human genomic
DNA was isolated from normal MRC 5 cells,  derived
from human lung tissue. For amplification of hTERT
promoter containing  two c-Myc binding sites and five
Spl binding sites, PCR was carried out using the
human enomic DNA as a template and a g primer set: a
sense primer 5'- cccaaagcttaggccgattc a atctctcc-3'
(SEQ ID NO: 11) containing a PvuII site  (underlined)
for convenience of cloning; and a an anti-sense primer
5'- gaattcaaecttcgcggggtggccggggcc-3' (SEQ ID NO: 12)
containing an EcoRl site and a  Hindul site
(underlinded). The 447 by PCR product was treated with
Bg1II and HindIII, and inserted into a pSEAP-basic
vector (Clontech, Palo Alto, CA) expressing  alkaline
phosphatase, thus giving a pSEAP-TERT plasmid. In
order to prepare m-hTERT promoter (SEQ ID NO: 13; and
see, FIG. 1)  comprising hTERT promoter further
containing one c-Myc binding site and five Sp1
binding sites, the wild-type hTERT promoter containing
two c-Myc binding sites and five Sp1 binding sites was
linked to an hTERT promoter containing one c-Myc
binding site and five Spl binding sites, as follows. A
pGL2-hTERT vector  containing one c-Myc binding site
and five Spl binding sites was digested with EcoRI
and HindIII. The excised hTERT promoter fragment was
inserted into the pSEAP- TERT vector digested with the
same restriction enzymes, thus giving a pSEAP-mTERT
plasmid. EXAMPLE 4: Preparation and production of
recombinant adenoviruses A. Preparation and production
of replication-deficient recombinant adenoviruses dl-
CMV-LacZ, dl-TERT-Z and dl-mTERT-Z In order to prepare
an El adenovirus shuttle vector containing a LacZ gene
WO 2004/076668 PCT/KR2004/000427  expression of which
was under CMV promoter control, peDNA-hygro-LacZ
expressing  



LacZ (expression of the LacZ gene was under CMV
promoter control) was digested  with HindlII and Nael,
and the fragment of CMV promoter-LacZ-polA site was
inserted into an El adenovirus shuttle vector
pAE1SPIA, thus yielding a  $ElSPIA/CMV-lacZ shuttle
vector. To prepare vectors carrying a LacZ gene
expression of which was under the  hTERT promoter and
the m-hTERT promoter control, first, the pSEAP-TERT
and  pSEAP-mTERT plasmids were digested with BglII and
EcoRI. The excised hTERT  promoter and m-hTERT
promoter fragments were treated with BamBI and EcoRl,
and individually inserted into a pAE1SPIA/LacZ
prepared by excising out the CMV  promoter from the
pAEISPIA/CMV-lacZ, thus yielding pAE1SPIA/TERT-LacZ
and  pAlSP1A/mTERT-LacZ shuttle vectors, respectively.
The prepared shuttle vectors were digested with Xmnl.
Then, E. coil  BJ5183 was co-transfected with each of
the shuttle vectors along with an adenovirus
dl324BstB1 (a gift from Ph. Verca in the university of
Fribourgh, Swiss) linearized by BstBI digestion to
induce homologous recombination between the two
vectors. The  homogeneously recombinant plasmid DNA
was digested with Pacl, and introduced into  293 cells
to produce recombinant adenoviruses dl-CMV-Z,
dl-TERT-Z and dl-mTERT- Z (FIG. 2A). The produced
recombinant adenovirus dl-mTERT-Z was deposited in the
Korean Culture Center of Microorganisms (KCCM) with
accession No. KCCM- 10471 in Feb. 20, 2003. B.
Preparation and production of replication-competent
recombinant adenoviruses  Ad-TERT-A19 and Ad-mTERT-A19
In order to prepare adenoviruses replication of which
was regulated by each  of the hTERT promoter and
m-hTERT promoter, an E1B-19kD-deleted replication-
competent adenovirus Ad-AE1B19 was used as a template
adenovirus plasmid. First,  WO 2004/076668
PCT/KR2004/000427  the pSEAP-TERT and pSEAP-mTERT
plasmids were digested with Bg1II and EcoRl.  



The excised hTERT promoter and m-hTERT promoter
fragments were treated with  BamHI and EcoRI, and
individually inserted into a BamHI/EcoRI-digested
pAE1SPIA/AE1B19, thus generating
pt1E1SP1A/hTERT-AE1B19 and  pAE1SPIA/mTERT-AElB19
shuttle vectors, respectively. The prepared shuttle
vectors were digested with Xmnl. Then, E. coli  BJ5183
was co-transfected with each of the shuttle vectors
along with an Ad-AE1B19  linearized by BstBI digestion
to induce homologous recombination between the two
vectors, thus generating Ad-TERT-A19 and Ad-mTERT-A19
replication-competent adenoviruses, respectively (FIG.
2B). Production, concentration and determination of
viral titer of the recombinant adenoviruses were
performed in the 293 cell line. The  produced
recombinant adenovirus Ad-mTERT-A19 was deposited in
the Korean  Culture Center of Microorganisms (KCCM)
with accession No. KCCM-10470 in Feb.  20, 2003.
EXAMPLE 5: Examination of gene expression patterns of
replication-deficient  recombinant adenoviruses In
order to determine whether gene expression under the
hTERT promoter or  the m-hTERT promoter control was
associated with the activity of intracellular
telomerase, LacZ gene expression patterns were
examined in tumor cell lines using the
replication-deficient recombinant adenoviruses
dl-CMV-Z, dl-TERT-Z and dl- mTERT-Z, which carried a
LacZ marker gene. Tumor cell lines (C33A, U251N and
MCF-7) and normal cell lines (WI38 and 173We) were
individually aliquotted onto 24- well plates at a
density of 2x 105 cells per well, and infected with
the 0-galactosidase- expressing adenoviruses dl-CMV-Z,
dl-TERT-Z or dl-mTERT-Z at a multiplicity of infection
(MOI) of 50. After two days, the cells. were stained
with X-gal. (3- 36 WO 2004/076668 PCT/KR2004/000427
galactosidase ((3-gal) expression was examined by
X-gal assay. In brief, the cells  



were fixed in a fixation solution (1% formaldehyde,
0.2% glutaraldehyde, in H2O) for  5 min, and incubated
in a staining solution (0.4 mg/ml X-gal, 4 mM
potassium  ferricyanide, 4 mM potassium ferrocyanide,
2 mM MgCl2, in PBS) at 37C for 4-16  hrs. As shown in
FIG. 4, when all of the tested cell lines were
infected with the  dl-CMV-Z, they were highly positive
for the expression of the LacZ gene product f3-
galactosidase, regardless of intracellular telomerase
activity. These results indicate  that the CMV
promoter lacks tumor-specificity. However, when the
tested cell lines were infected with the dl-TERT-Z or
the dl-mTERT-Z, respectively carrying the  hTERT
promoter and the m-hTERT promoter, which were capable
of regulating gene  expression in a tumor
cell-specific manner, (3-galactosidase expression was
detected in  only cell lines with high telomerase
activity. These results defined that the hTERT  and
m-hTERT promoters were tumor-specific promoters. In
particular, in the cell lines with high telomerase
activity (C33A and U25 IN), in comparison with the
case in  that the LacZ gene was under the hTERT
promoter, (3-galactosidase was expressed at  higher
levels when the LacZ gene was under the control of the
m-hTERT promoter  further containing one c-Myc binding
site and five Spl binding sites, indicating that  the
m-hTERT promoter has higher promoter activity than the
hTERT promoter. Also, in the cell lines with low
telomerase activity (MCF-7, 173We and WI38), 3-
galactosidase expression was significantly reduced in
the case of infection with the dl- mTERT-Z, indicating
that the m-hTERT promoter has excellent
tumor-specificity. The hTERT and m-hTERT promoters
according to the present invention  were
quantitatively evaluated for gene expression efficacy
and tumor-specificity.  After the dl-CMV-Z, dl-TERT-Z
and dl-mTERT-Z adenoviruses infected several tumor
cell lines and normal cell lines at various titers for
two days, the cells were lysed  and (3-gal activity
was measured. Tumor cell lines (H460, A549, C33A,
SK-Hepl,  WO 2004/076668 PCT/KR2004/000427  



HepG2, Hep3B, U343, U251N and MCF7) and normal cell
lines (173 WE, CBBEL,  MRCS, IMR90, W138 and BJ) were
individually aliquotted onto 24-well plates at a
density of 2x105 cells per well, and infected with the
dl-CMV-Z, dl-TERT-Z or dl- mTERT-Z adenoviruses at
MOIs of 10, 50 and 100. n-gal activity was measured by
the Cheng and Baltimore's method (Cheng,G. et al. `A
co-inducer with TRAF2 of  TNF-and CD40L-NK-kappaB
activation.' Genes & Develop., 1996,10,963-973.). In
brief, after the culture medium was removed from each
well, the cells were detached  using Z buffer (60 mM
Na2HPO4, 40 mM NaH2PO4, 10 mM KCI, 1 MM MgSO4, 50  mM
(3-mercaptoethanol). 1x106 cells were lysed with 100 1
of cell lysis buffer ((3 mercaptoethanol-free Z buffer
+ 1% NP-40) supplemented with protease inhibitors
(20M PMSF, 20M TLCK, 20M TPCK). After each of the cell
lysates was  centrifuged, 30 l of the supernatant was
aliquotted onto 96-well plates. 120 l of an  ONPG
solution, prepared by dissolving 4 mg ONPG in 6 ml of
the Z buffer, was added  to each well, and the plates
were incubated at 37C for 30 min. Absorbance was
measured at 420 nm. As shown in FIGS. 5A to 50, when
regulated under the CMV promoter, the  LacZ gene
expression increased with the viral titers. In
particular, regardless of the  intracellular
telomerase activity, all of the tested cell lines
including the normal cell  lines exhibited high-level
LacZ gene expression. In contrast, when being under
the hTERT promoter or m-hTERT promoter control, the
tumor cell lines with high  telomerase activity, that
is, all of the tumor cell lines except for the human
breast  cancer cell line MCF-7 expressed the LacZ gene
product (3-galactosidase increasingly  with the viral
titers, whereas, in the normal cell lines, R-gal
activity was rarely  detected even at the highest
titer of MOI 100. These results indicate that the
hTERT and m-hTERT promoters have excellent
tumor-specificity. In detail, in case of the  normal
cell line IMR90 infected with each adenovirus at MOI
100, the OD420 value,  which reflected a relative
amount of expressed (i-galactosidase, when the LacZ
gene  



WO 2004/076668 PCT/KR2004/000427  was under the CMV
promoter control, was 1.714, whereas, when the LacZ
gene was  regulated under the hTERT promoter or the
m-hTERT promoter, the relative OD420.  values were
0.101 and 0.025, respectively. In this case, compared
to the case of  being under the CMV promoter control,
under the control of the hTERT and m hTERT promoters,
the LacZ gene expression levels decreased by about 17
times and  about 68 times, respectively. In case of
the normal cell line BJ infected with each  adenovirus
at MOI 500, when the LacZ gene was regulated under the
CMV, hTERT  or m-hTERT promoter, the relative OD420
values were 0.548, 0.001 and 0.001,  respectively.
These results indicated that the hTERT and m-hTERT
promoters were rarely activated in the normal BJ
cells. These large difference between the CMV
promoter and the hTERT and m-hTERT promoters in the
LacZ gene expression  levels was observed in other
normal cell lines 173We, CBHEL, W138 and MRC5.  On the
other hand, in the tumor cell lines with high
telomerase activity, the LacZ gene  was expressed in
much higher levels under the control of the m-hTERT
promoter than under the control of the wild-type hTERT
promoter. That is, when the SK-Hepl  cells were
infected with the dl-TERT-Z at MOI 50, the relative
OD420 value for the  LacZ expression level was 0.182.
In contrast, when the SK-Hepl cells were  infected
with an equal titer of the dl-mTERT-Z, the relative
OD420 value for the LacZ  expression level was 1.82,
and this level was about 10-fold higher than the case
of being infected with the dl-TERT-Z. In addition, in
Hep3B cells, in comparison with  the case of being
under the m-hTERT promoter control, the LacZ gene was
expressed  in about 10-fold higher levels when being
under the m-hTERT promoter control  (relative OD420
values: dl-TERT-Z: 0.135; dl-mTERT-Z: 1.322) (Table
1). As  described above, compared to the wild-type
hTERT promoter, the m-hTERT promoter according to the
present invention was a stronger promoter capable of
much  



strongly inducing gene expression. In addition, since
the m-hTERT promoter rarely  had promoter activity in
normal cell lines, it had excellent tumor
cell-specificity. WO 2004/076668 PCT/KR2004/000427
<Table 1> dl-CMV-Z dl-TERT-Z dl-mTERT-Z  MOI 10 50 100
10 50 100 10 50 100  H460 1.780 1.879 1.847 0,033
0.399 0,829 0.142 1.594 1.883  0.18  0.12  0.10 0.10
0.05  0.08  0.01  0.01  0.06  A549 1.658 1.65 1.706
0.010 0.178 0.384 0.062 0.650 1.011  0.090.080.09
0.04  0.06  0.07  0.01  0.02 0.07  1,733 1,765 1.768
0.267 1.042 1.291 0.939 1,7$5 1.815 U451N  0.05  0.05
0.04  0.16  0.12  0.03  0.13  0.04  0.08  0343 1,831
1.902 1.807 0.079 0,732 1.174 0.379 1.819 2.057
0,011 0.07  0.03  0.01  0.13  0.01  0,01  0.03  0.07
2.027 1.844 1.892 0.022 0.020 0.036 0.020 0.136 0.183
MCF7  0.07  0.03  0.08  0.03  0.03  0.03  0.02  0.05
0.05  C33A 1.798 1.796 1.731 0.037 0,640 0.964 0.385
1.730 1.712  0.080.050.09  0.08  0.21  0.07  0.02
0.04  0.09 Hep3B 1,858 1.680 1.921 0.060 0.135 0.337
0.331 1.322 1.731   0,10  0.18  0.14  0.05  0.13  0.03
0.04  0.10  0.05  HepG2 1.647 1.714 1.662 0.038 0.231
0.402 0.652 1.705 1.716 0,010.06  0.07  0.01 1 0.0
0.04  0.11  0.05  0.11  8H- 1.916 1.941 1.933 0.047
0.182 0.373 0.435 1,82 1.994  Hepl 0.060,010.04  0.01
0.04  0.01  0.05  0.04  0.02  173WE 0.059 0.647 1.453
0.003 0.025 0.040 0.021 0.026 0.035  0.02  0.12  0.04
0.02  0.12  0.01  0.03  0.01  0.03  CBHEL 0.117 0,928
1.642 0.006 0.005 0.007 0.069 0.061 0.103  



0,010.010.03  0.01  0.01  0.01  0.10  0.01  0.01 IMR90
0.658 1.758 1.714 0.019 0.075 0.101 0.040 0.012 0.025
0.04  0.01  0.01  0.02  0.02  0.11  0.04  0.01  0.01
W138 0.376 1.43 2,012 0.001 0.001 0.034 0.045 0.035
0.093  0.05  0.22  0,31  0.01  0.03  0.05  0.02  0.05
0.04  0.032 0.115 0.548 0.001 0.001 0,001 0.001 0.001
0.001  BJ  0.06  0.02  0.15  0.01  0.02  0.01  0.01
0.01  0.01 0.721 1.696 1,683 0.011 0.044 0.059 0.013
0.060 0.053  MRC5  0.12  0.03 0.05 0.01  0.02  0.01
0.01  0.06  0.03  EXAMPLE 6: Immunoblotting analysis
of the replication-competent recombinant  adenoviruses
In order to determine whether the viral replication
happened in a tumor cell- 40 WO 2004/076668
PCT/KR2004/000427  specific manner, tumor cell lines
and normal cell lines were infected with a control
Ad-AE1B19 or each of the replication-competent
recombinant adenoviruses, and were  evaluated for
expressed El protein levels. Tumor cell lines (C33A,
A549, HeLa and  SK-Hepl) and normal cell lines
(IIvlR90, MRC5 and BJ) were individually aliquotted
onto 6-well plates at a density of 3x105 to 1x106
cells per well, and, next day, infected  with the
Ad-AE 1B19, Ad-TERT-A19 or Ad-mTERT-A19 at an MOI of 1
for the tumor  cell lines or at an MOI of 10 for the
normal cell lines. After two days of the viral
infection, the infected cells were harvested, and
lysed with a cell lysis buffer (50 mM  HEPES, 0.15 M
NaCI, 0.5%u NP-40, protease inhibitors: PMSF, TLCK,
TPCK). The cell lysates were subjected to SDS-PAGE
(Sodium dodecyl sulfate polyacrylamide gel
electrophoresis). Then, proteins separated on a
SDS-PAGE gel were electro- transferred onto a PVDF
membrane, and was hybridized with, as a primary
antibody,  an antibody specifically recognizing the
adenovirus E1A protein (sc-430; Santa Cruz  



Biotech., Santa Cruz, CA) and then with a HRP(horse
radish peroxidase)-conjugated secondary antibody. Each
blot was developed using an ECL Idt (Enhanced Chemi-
Luminescence: se-2048; Santa Cruz Biotech., Santa
Cruz, CA) to analyze protein  expression patterns. As
shown in FIG. 6, in case of the Ad-AE1B19, in all of
the tumor cells and  the normal cells, the adenovirus
actively replicated, resulting in high expression
levels  of the El protein. In contrast, when the cells
were infected with the Ad-mTERT-A19 adenovirus, the El
protein was expressed in only the tumor cell lines
with high  telomerase activity, absolutely not in all
of the normal cell lines (WI38, BJ and IMR90)  with
low telomerase activity. These results indicate that
the replication of the Ad- mTERT-A19 adenovirus is
regulated by the m-hTERT promoter in a tumor cell
specific manner. However, in the case of the
Ad-TERT-A19 replication of which  was regulated by the
wild-type hTERT promoter, the adenovirus actively
replicated in  the tumor cells, resulting in high
expression levels of the El protein, while the El   WO
2004/076668 PCT/KR2004/000427  protein expression was
observed in the normal cell lines W138 and BJ. These
results indicate that the Ad-TERT-A19 adenovirus is
less tumor-specific in replication  than the
Ad-mTERT-A19. EXAMPLE 7: Evaluation of the cytolytic
effect of the replication-competent  recombinant
adenoviruses In order to investigate the tumor
cell-specific cytolytic effect of the Ad-TERT- A19 and
Ad-mTERT-A19 adenoviruses, several tumor cell lines
and normal cell lines  were infected with the
adenoviruses using an Ad-AE1B19 replication-competent
adenovirus as a positive control and a dl-CMV-Z
replication-deficient adenovirus as a negative
control, with various titers, and cell viability was
then assayed. Tumor cell  lines (SK-Hepl, H460, C33A,
U251N, A549 and HeLa) and normal cell lines (BJ,  



WI38 and IMR90) were individually aliquotted onto
24-well plates at a density of 2- 5x104 per well, and,
next day, infected with the dl-CMV-Z, the Ad-AEIB19,
the Ad- TERT-A19 or the Ad-mTERT-A19 at various MOIS
of 0.01, 0.1, 1, 10 and 100. When the Ad-AEIB19
adenovirus almost completely killed cells at an MOI of
0.01 or 0.1, all  culture media were removed, and
cells attached on the bottom of the plates were fixed
and stained with 0.5% crystal violet in 50% methanol.
As shown in FIGS. 7A to 7F, the negative control
dl-CMV-Z replication- deficient adenovirus rarely
replicated in the tumor cells and thus did not display
oncolytic effect. In contrast, the Ad-TERT-A19 or the
Ad-mTERT-A19 killed most of the tested tumor cells in
the similar levels to the Ad-AE1B19, indicating that
the two  adenoviruses have highly potent oncolytic
effect. However, as shown FIGS. 7G to 71,  in the
normal cell lines BJ, W138 and IMR90, the Ad-TERT-A19
killed the normal  cells in the almost similar levels
to the Ad-AEIB 19 with no tumor-specificity, whereas
the Ad-mTERT-AI 9 displayed the cytolytic effect about
100-fold lower than the Ad WO 2004/076668
PCT/KR2004/000427  AE1B19. These results demonstrate
that the Ad-mTERT-A19 has tumor cell- specificity. To
analyze quantitatively the cytolytic effect of the
Ad-TERT-A19 or the Ad- mTERT-A19 according to
telomerase activity of cell lines, MTT assay was
carried out,  as follows. Tumor cell lines (SK-Hepl,
H460, C33A, U251N, A549 and HeLa) and normal cell
lines (BJ, WI38 and IMR90) were individually
aliquotted onto 24-well  plates with 70-90%
confluency, and, next day, infected with the dl-CMV-Z,
the Ad- AE1B19, the Ad-TERT-A19 or the Ad-mTERT-A19
adenoviruses at an MOI of 10 for  the tumor cells and
at an MOI of 50 for the normal cells. 200 l of an MTT
(3-(4,5 dimethylthiazol-2yl)-2,5-diphenyltetrazolium
bromide, 2 mg/ml) solution was added to  each well at
regular time intervals. After incubation at 37C for 4
hrs, 1 nil of DMSO  (dimethyl sulphoxide) was added to
each well, followed by incubation at 37C for 10  



min. Relative cell viability was analyzed by measuring
absorbance at 540 nm. As shown in FIGS. 8A to 817, in
all of the tested tumor cell lines, the Ad- TERT-A19,
the Ad-mTERT-A19 and the Ad-AEIB19 were found to kill
the tumor cells  as time had been passed at similar
levels to each other. In contrast, as shown in FIGS.
8G to 81, in the normal cell lines, the cells showed
cell viability (5-20%) sharply  reduced as time had
been passed in case of being infected with the
Ad-AE1BI9 and the  Ad-TERT-A19. However, in case of
being infected with the Ad-mTERT-A19, the normal cells
of about higher than 90% were found to have survived
even after 9 days of  infection. These results
demonstrate that the Ad-mTERT-A19 has excellent tumor
cell-specific cytolytic effect and greatly improved
stability in normal cells in  comparison with the
positive control of Ad-AE1B19 replication-competent
adenovirus,  and the Ad-TERT-A19 replication of which
is regulated by the wild-type hTERT  promoter. WO
2004/076668 PCT/KR2004/000427  EXAMPLE 8: Evaluation
of the in vivo antitumor effect of the
replication-competent  recombinant adenoviruses The
Ad-TERT-A19 adenovirus replication of which was
regulated by the wild- type hTERT promoter and the
Ad-mTERT-A19 replication of which was regulated by
the m-hTERT promoter were evaluated for in vivo
antitumor effect. The Ad-TERT A19 and the Ad-mTERT-A19
adenoviruses were directly administered into tumors
formed in nude mice inoculated with a human cervical
carcinoma cell line, using the  Ad-AE1B19 as a
positive control, and tumor size was analyzed. In
detail, 1x107 cells  of the human cervical cell line
C33A were intraperitoneally injected to postnatal 6-8
week-old nude mice. When tumors were grown to about
50-80 mm3, the Ad-AE1B19,  the Ad-TERT-A19 and the
Ad-mTERT-A19 were directly injected to the tumors at a
concentration of 5x10$ plaque forming unit (pfu) three
times at intervals of two days,  with a negative
control, PBS. Thereafter, tumor growth was monitored.
The volume  



of the tumors was determined by measuring the long
length and the short length using calipers and
calculating tumor volume according to the following
equation: tumor  volume= (short length mm)2 x long
axis mm x 0.523. As shown in FIG. 9, in the nude mice
administered with PBS as a negative  control, tumor
size was rapidly grown to 4,232+7,185 mm3 on day 32
after the  intratumoral viral injection. In contrast,
in the nude mice administered with the
replication-competent adenoviruses, Ad-TERT-A19,
Ad-mTERT-A19 and Ad-AE1B19,  tumor growth greatly
decreased. That is, on day 32 after the intratumoral
viral  injection, tumor size was 4438 mm3 in the nude
mice administered with the Ad- AE1B19, while, in the
nude mice administered with the Ad-TERT-A19 and the
Ad- mTERT-A19, tumor size was 229168 mm3 and 1820 mm3,
respectively (p<0.05). These results indicate that the
replication-competent adenoviruses have potent
antitumor effect. In addition, on day 60 after the
viral administration, tumor growth  WO 2004/076668
PCT/K112004/000427  could not be observed since all of
the six nude mice administered with only PBS were
killed. On day 60, the tumor size, in the nude mice
administered with the Ad- AE1B19, the Ad-TERT-A19 and
the Ad-mTERT-A19 and, was found to be 62104  nun3,
550368 mm3 and 1515 mm3, respectively (p<0.05). As
apparent in these data, the Ad-mTERT-A19 adenovirus
replication of which was regulated by the m- hTERT
promoter had excellent antitumor effect that was
similar to that of the Ad- AE1B19. In addition, in the
case of being administered with the Ad-mTERT-A19, in
two of five nude mice, the tumors completely
disappeared on day 10 after the viral  administration
and were not re-grown even after two months. EXAMPLE
9: Evaluation of promoter activity in vivo normal
tissues of the hTERT  and m-hTERT promoters In order
to evaluate the promoter activity of the hTERT and
m-hTERT  promoters in vivo normal tissues, the
dl-TERT-Z and dl-mTERT-Z replication- 



deficient adenoviruses, which carried the LacZ marker
gene respectively under the hTERT and m-hTERT promoter
control, were intravenously administered into mice,
using the dl-CMV-Z as a positive control. 100 l of
each of the adenoviruses of  5x1010 PFU was injected
to the tail vein of postnatal 6-8 week-old mice. After
three  days, organs (liver, heart, lung, spleen,
kidney, stomach, testis and muscle) were  excised from
the mice. Each excised organ was fixed in 4%
paraformaldehyde at 4C for 4-8 his, and dehydrated in
a sucrose solution overnight. The dehydrated tissue
was cryo-embedded in OCT compound (Sakura Finetec,
Torrance, CA) and sectioned  into sections 8m thick.
Each tissue section was attached onto slide glasses
coated  with gelatin and stained with X-gal. As shown
in FIGS. 10A, 10B and 10C, in the case of the
intravenous  administration of the dl-CMV-Z adenovirus
carrying the LacZ gene that was under the  WO
20041076668 PCT/KR2004/000427  regulation of the
constitutive promoter, the LacZ gene was expressed
with extremely  high levels in the liver, while being
expressed with low levels in the spleen, the  stomach
and the kidney. However, in the case of the
administration of the dl-TERT-Z  and dl-mTERT-Z, the
LacZ gene was absolutely not expressed in the liver,
which was an organ in which adenoviruses were known to
be most abundantly detected when  intravenously
administered into organs. These results indicated that
the hTERT and  m-hTERT promoters had no promoter
activity in normal hepatic cells. In the spleen,  the
LacZ gene expression was very weak in the case of the
administration of the dl- TERT-Z or the dl-mTERT-Z in
comparison with the case of the administration of dl
CMV-Z, indicating that the promoter activity of the
hTERT and m-hTERT promoters  was suppressed also in
the splenocytes. In the stomach, low expression of the
LacZ  gene was detected in the case of the
administration of the dl-CMV-Z or the dl-TERT-Z,
whereas no expression of the LacZ gene was observed in
the case of the administration  of the dl-mTERT-Z. In
the kidney, weak LacZ gene expression was found in the
case 



of the administration of the dl-CMV-Z, whereas no
expression of the LacZ gene was  observed in the case
of the administration of the dl-TERT-Z or the
dl-mTERT-Z.  These results demonstrate that the
m-hTERT promoter has excellent tumor-specificity  in
vivo condition, too. EXAMPLE 10: Evaluation of
promoter activity of in vivo tumor tissues and normal
tissues of the hTERT and m-hTERT promoters The hTERT
and m-hTERT promoters were evaluated for the promoter
activity  of in vivo tumor tissues and liver tissues,
respectively. lx107 cells of the human  cervical cell
line C33A were subcutaneously injected to postnatal
6-8 week-old nude  mice. When tumors were grown to
about 100 mm3, the dl-TERT-Z and dl-mTERT-Z
adenoviruses were intratumorally injected to the mice
once at a concentration of 5x10s  46 WO 2004/076668
PCT/KR2004/000427  PFU, using the dl-CMV-Z as a
negative control. After three days, the tumor tissues
and the liver tissues were excised and stained with
X-gal according to the same method  as described
above. As shown in FIGS. 11A and 1IB, in the mice
intratumorally injected with the  dl-CMV-Z, the LacZ
gene was expressed with high levels in tumor tissues
and also  expressed in the normal liver tissue. In
contrast, in the mice administered with the dl- TERT-Z
and the dl-mTERT-Z, high expression of the LacZ gene
was detected in tumor  tissues, whereas no LacZ gene
expression was observed in the normal liver tissue. In
addition, the dl-TERT-Z adenovirus induced the LacZ
gene expression only in a very small portion of tumor
cells, whereas the dl-mTERT-Z adenovirus induced the
LacZ  gene expression in a large portion of tumor
cells in tumor tissues. These results  indicate that
the m-hTERT promoter has stronger promoter activity in
tumor cells than  the wild-type hTERT promoter.
EXAMPLE 11: Comparison of viral production yield in
tumor cells and normal cells  



In order to compare viral production yield by tumor
cell-sepcific replication by  the hTERT or m-hTERT
promoter in tumor cells and normal cells, tumor cells
(HeLa  cells) and normal cells (BJ cells) were
aliquotted onto 6-well plates at a density of  3x105
cells per well, and, next day, infected with the
Ad-AEiB19, the Ad-TERT-A19,  the Ad-mTERT-A19 and the
replication-deficient dl-CMV-Z as a negative control
at an MOI of 10 for 4 hrs. Then, the culture medium
containing the viruses was removed  and replaced by a
new medium, and cells and culture supernatants were
collected at  regular time intervals. After freezing
and thawing of three times, viral titers were
determined in 293 cells by the limiting titration
method. As shown in FIGS. 12A and 12B, in the HeLa
cells infected with the Ad- mTERT-A19, viruses were
actively produced with the similar yield to the case
of being  WO 2004/076668 PCTIK1R2004/000427  infected
with the Ad-AEIB19. In contrast, when the HeLa cells
were infected with  the Ad-TERT-A19, the viral
production yield was remarkably reduced. However,
when the human normal BJ cells were infected with the
Ad-mTERT-A19, viral  production was rarely detected,
indicating that this adenovirus has also tumor cell-
specific replication ability. EXAMPLE 12: Evaluation
of replication ability of the replication-competent
adenoviruses in tumor tissues. 1x107 cells of the
human cervical cell line C33A were subcutaneously
injected  to postnatal 6-8 week-old nude mice. When
tumors were grown to about 50-80 mm3,  the Ad-AE1B19,
the Ad-TERT-A19 and the Ad-mTERT-A19 adenoviruses were
intratumorally injected to the mice at a concentration
of 5x l Os PFU. After seven days,  the tumors were
excised and embedded in paraffin. The paraffin blocks
were  subjected to immunohistochemistry with an
antibody selectively binding to the  adenovirus hexon
region. The paraffin blocks were hybridized with the
antibody selectively binding to the adenovirus hexon
protein (AB1056F: Chemicon, Temecula,  



CA, USA) as a primary antibody, and then with an
HRP(horse radish peroxidase)- conjugated secondary
antibody to analyze expression patterns of the hexon.
As shown in FIG. 13, adenovirus was detected in wider
region of the tumor  tissues injected with the
Ad-AE1B19 and the Ad-mTERT-A19, than the case of being
injected with the Ad-TERT-A19. These results indicate
that the Ad-mTERT-A19 has  higher replication ability
in tumor tissues than the Ad-TERT-A19. EXAMPLE 13:
Evaluation of cytotoxicity of the
replication-competent adenoviruses  against the liver
WO 2004/076668 PCT/KR2004/000427  First, the human
cervical cell line C33A was inoculated to nude mice.
Into developed tumors in the mice, each of the
Ad-mTERT-A19 and the Ad-AE1B19  adenoviruses was
injected. After seven days, the liver tissues were
excised from the  mice, and stained with
hematoxylin-eosin for histologic analysis. As shown in
FIG. 14, in the liver of the mice administered with
the Ad- AE1B19, many cells underwent mitosis while the
nuclei were enlarged and darkly  stained, indicating
that the nuclei were damaged by the virus. In
addition, Kupffer  cell proliferation, a large number
of inflammatory cells and cells undergoing apoptosis
were observed. In contrast, in the liver of the mice
administered with the Ad mTERT-A19, although the
nuclei were slightly enlarged, no cells undergoing
mitosis  were observed, and Kupffer cells had the
normal morphology. Also, this liver did not  show
reactive hepatitis and inflammation. These results
indicate that the Ad-mTERT- A19 adenovirus has a very
low cytotoxicity in comparison with the Ad-AE1B19 in
liver  tissue. EXAMPLE 14: Evaluation of mortality of
mice according to the amount and route of  the
administration of adenovirus The tumor-specifically
replication-competent adenovirus Ad-mTERT-A19 and  the
control virus Ad-AE1B19 were evaluated for in vivo
toxicity according to the  



amount of its administration through various
administration routes. A. Toxicity of intravenous
administration of the viruses In order to investigate
toxicity of administration into the mouse tail vein of
adenovirus according to the amount of the
administration, postnatal 6-8 week-old mice  were
injected through the tail vein with the Ad-AE1B19 or
Ad-mTERT-A19 at various  concentrations of 1x1010,
3x1010 and 5x1010 PFU, respectively, or 100 I of PBS,
and WO 2004/076668 PCT/KR2004/000427  mouse viability
was then investigated (FIG. 15A). When intravenously
administered with lx1010 PFU of the Ad-AE1B19 or the
Ad-mTERT-A19, all of the tested ten mice were survived
until day 15 after the viral  administration. That is,
the systemic administration via the intravenous route
of 1x100 PFU of the viruses caused zero mortality in
mice. When systemically  administered with the 3x100
PFU, in case of the Ad-mTERT-A19, four of five mice
were survived until day 15 after the viral
administration, whereas, in case of the Ad- AE1B19,
all of five mice were killed within day 8 after the
viral administration. That  is, in the 3x1010 PFU, the
Ad-AE1B19 lacking tumor-specificity was toxic to mice
because of showing 100% mortality, whereas the
Ad-mTERT-A19 with tumor- specificity showed 20%
mortality and thus identified to have attenuated
toxicity. In  the 5x1010 PFU, all mice administered
with the Ad-AE1Bl9 or the Ad-mTERT-A19  were killed
within day 5 after the viral administration,
indicating that such a high titer  of the viruses is
highly toxic upon systemic administration via the
intravenous route. B. Toxicity of intraperitoneal
administration of the viruses In order to investigate
toxicity of intraperitoneal administration of
adenovirus  according to the amount of the
administration, postnatal 6-8 week-old mice were
injected intraperitoneally with 1 ml of the Ad-A19 or
the Ad-mTERT-A19 at  concentrations of 5x1010 and
1x101 PFU, and mouse viability was then investigated
(FIG. 15B). 



When intraperitoneally administered with 5x1010 PFU of
the Ad-A19 or the  Ad-mTERT-A19, all of the tested ten
mice were survived until day 15 after the viral
administration. That is, the intraperitoneal
administration of the 5x1010 PFU of the  viruses
caused zero mortality in mice. When intraperitoneally
administered with N1011 1011 PFU, in case of the
Ad-mTERT-A19, four of five mice were survived until
day 15 after the viral administration, whereas, in
case of the Ad-AE1 B 19, three of five mice  50 WO
2004/076668 PCT/KR2004/000427  were survived within
day 15 after the viral administration. That is, the
Ad-AE1B19  lacking tumor-specificity showed 40%
mortality, whereas the Ad-mTERT-A19 with
tumor-specificity showed 20% mortality and thus
identified to have attenuated toxicity.  In the case
of the 5x 1010 PFU, as described above, when
systemically administered via the intravenous route
with the viruses, all mice were found to be killed
within day 5  after the viral administration. In
contrast, in the same PFU, the intraperitoneal
administration displayed zero mortality in mice. These
results indicate that  adenovirus is safer when it is
administered by the intraperitoneal route than by the
intravenous route. C.Toxicity of intratumoral
administration of the viruses In order to investigate
toxicity of intratumoral administration of adenovirus
according to the amount of the administration, B16F10
cells were intraperitoneally  injected to postnatal
6-8 week-old mice. When tumors were grown to about 100
mm3,  the Ad-AE1B19 and the Ad-TERT-A19 adenoviruses
were intratumorally injected to  the mice at a
concentration of 5x 1010 PFU and 1 x 1011 PFU (FIG.
15C). All of the tested twenty mice were survived
until day 15 after the viral  administration. That is,
the intratumoral administration of the 5x1010 PFU of
the  viruses caused zero mortality in mice. When
intratumorally administered with the  1x1011 PFU, in
case of the Ad-AE1B19, two of the tested ten mice were
killed on day 8 



after the viral administration, while, in case of the
Ad-mTERT-A19, two of the tested  tern mice were killed
within day 12 after the viral administration. That is,
for the test  period of 15 days, the two cases showed
the same mortality of 20% to each other.  However, the
mice administered with the Ad-mTERT-A19 survived for a
longer time  than the mice administered with the
Ad-AE1B19. Taken together, upon the intravenous or
intraperitoneal administration, the
tumor-specifically replicating Ad-mTERT-A19 showed a
reduction in mouse mortality  WO 2004/076668
PCT/K1t2004/000427  in comparison with the Ad-A19
adenovirus lacking tumor-specificity, indicating that
the in vivo toxicity by the Ad-mTERT-Al 9 is
attenuated by such administration routes.  In
addition, in the same PFU of the adenoviruses, the
systemic administration via the  intravenous route can
cause stronger toxicity of the adenoviruses and
eventually higher  mortality, than the intraperitoneal
and intratumoral administration. EXAMPLE 15 Evaluation
of Toxicity according to the route of the
administration of adenovirus in  normal tissues The
tumor-specific, replication-competent Ad-mTERT-A19 and
a control  virus Ad-AE1B19 were evaluated for in vivo
toxicity according to the route of  administration
with respect to pathology. Postnatal 6-8 week mice
were administered  via the tail vein,
intraperitoneally or intratumorally with 1x1010 PFU of
the Ad- mTERT-A19 or the Ad-AE1B19 or PBS. After seven
days, organs (kidney, liver, lung  and spleen) were
excised from the mice, cryo-embedded and stained with
hematoxylin- eosin (H&&E) for histologic analysis
(FIGS. 16A to 16C). In the liver of the mice
intravenously administered with the Ad-AE1B19,  severe
inflammation was observed in the surroundings of the
hepatic portal vein,  Kupffer cell proliferation and
cells undergoing apoptosis were also observed. Also, a
high percentage of mitosis and the enlarged and darkly
stained nuclei indicated that the 



nucleus was damage by the administered virus.
Moreover, lymphocytes were not  observed in the
reticulum cells of lymphoid follicles. However, in the
liver of the  mice systemically administered with the
Ad-mTERT-A19 via the intravenous route,  weak
inflammation and slightly enlarged nuclei were
observed, but cells undergoing  mitosis were not
found. Also, in other tissues, such abnormalities were
not observed. When the Ad-mTERT-A19 or the Ad-AElB19
adenovirus was not systemically  WO 2004/076668
PCTIKR2004/000427  administered via the intravenous
route but intraperitoneally or intratumorally
administered at the same titer, all of the excised
tissues were found to be at normal  states. Taken
together, the systemic administration of the
adenoviruses was found to  cause severe toxicity in
comparison with the intraperitoneal or intratumoral
administration. In addition, the Ad-mTERT-A19
adenovirus replication of which was  regulated in a
tumor-specific manner was found to have much lower in
vivo toxicity to  biological tissues than the
Ad-AE1B19. EXAMPLE 16 Evaluation of Toxicity according
to the amount and route of the administration of
adenovirus by blood assay In vivo toxicity of the
adenoviruses was further investigated by analyzing
blood samples collected from the mice administered
with the adenoviruses. In this  test, hepatic
function-related enzymes (GOT, GPT and T-bililubin),
renal function  parameters (blood urea nitrogen (BUN),
Creatine and uric acid), total cholesterol and
electrolytes (Na+, W and Cl) were quantitatively
measured (Tables 2 to 4). A. Administration of the
adenoviruses of 1x1010 or 5x1010 PFU via various
routes When mice were systemically administered via
the tail vein with the Ad- mTERT-A19 or the Ad-AE1B19
adenovirus of 5x1010 PFU, the mice were killed within
seven days after the viral administration, and thus,
could not be subjected to blood 



analysis. In contrast, when the adenovirus of the same
titer was intraperitoneally or  intratumorally
administered, on day 7 after the viral administration,
severe hepatic  toxicity occurred. However, in this
case, no renal toxicity was observed, and the
electrolytes were present within normal levels. These
results indicate that the  WO 2004/076668
PCT/KR2004/000427  intraperitoneal or intratumoral
administration of the adenoviruses was safer than the
intravenous administration. When systemically
administered to mice at a concentration of 1 x 1010
PFU, the  adenoviruses were evaluated whether causing
hepatic toxicity in the mice. In mice  administered
with the Ad-AE1B19, GOT and GPT levels were remarkably
increased while exceeding the analyzable maximum
levels. In contrast, when administered with  the
Ad-mTERT-A19, mice showed about 5-16-fold higher GOT
and GPT levels than  normal levels. However, the level
of another hepatic function marker enzyme T- bililubin
was found to be greatly increased in the mice
administered with the Ad AE1B19 while being within the
normal range in the mice administered with the Ad-
mTERT-A19. In addition, when mice were
intraperitoneally administered with the Ad- AE1B19
adenovirus of 5x1010 PFU, the mice displayed increased
GPT levels. In  contrast, in mice intraperitoneally
administered with the Ad-mTERT-A19 of the same titer,
GPT levels were in the normal range. When these
adenoviruses were  intratumorally administered, GOT
and T-bililubin levels were increased in mice
administered with the Ad-AElB19. These results
indicate that the tumor-specific
replication-competent adenovirus has decreased hepatic
toxicity in vivo in comparison  with the adenovirus
with no tumor-specificity. TABLE 2 Analysis of blood
samples from mice intravenously administered with
adenoviruses of  lx1010PFU  



Description Test Unit PB Ad- Ad-mTERT S AE1B19 A19
Hepatic function GOT U/L 176 >1000 914  test OPT U/L
48 >1000 792 T-bililubin U/L 0.9 22.0 1.3  WO
2004/076668 PCT/KR2004/000427  Renal function BUN
mg/dl 18. 20.8 16.2 test 2  Creatine mg/dl 0.3 0.8 0.4
Lipid test Total otalrol mg/dl 110 257 124  chl Na
mEq/ 114 145 143  dI Electrolyte test K mEq/ 4.3 4.2
4.3  dl  Cl- mEq/ 96 97 98 dl  TABLE 3 Analysis of
blood samples from mice intraperitoneally administered
with adenoviruses  of5xlO'PFU  Description Test Unit
PB Ad- Ad-mTERT S AE1B19 A19  Hepatic function GOT U/L
176 166 101  test GPT U/L 48 109 24 T-bililubin U/L
0.9 0.6 0.5  Renal function BUN mg/dl 18. 24.8 18  



test 2 Creatine mg/dl 0.3 0.3 0.2  Lipid test Total
mg/dl 110 128 132  chloesterol NC mEq/ 144 143 144  dl
Electrolyte test K mEq/ 4.3 4.3 4.3  dl  Cr mEq/ 96 96
98 dl  TABLE 4 Analysis of blood samples from mice
intratumorally administered with adenoviruses of
5x1010PFU  Description Test Unit PB Ad- Ad-mTERT S
AE1B19 A19  Hepatic function GOT U/L 176 372 132  WO
2004/076668 PCT/KR2004/000427  test GPT U/L 48 45 19
T-bililubin U/L 0.9 3.5 0.7  Renal function BUN mg/dl
18. 19.6 23.1  test 2 Creatine mg/dl 0.3 0.4 0.4
Lipid test Total mg/dl 110 117 130  chloesterol Na
mEq/ 144 142 142  dl Electrolyte test K mEq/ 4.3 4.3
4.2  



dl  cr mEq/ 96 98 98 dl  Industrial Applicability As
described above, the transcriptional regulatory
sequence according to the  present invention is
capable of killing selectively tumor cells by inducing
tumor- specific, high-efficiency expression of a gene
operably linked thereto. Therefore, the
transcriptional regulatory sequence is useful as an
anticancer agent with minimum  side effects. WO
2004/076668 PCT/KR2004/000427  INDICATIONS RELATING TO
DEPOSITED MICROORGANISM OR OTHER BIOLOGICAL MATERIAL
(PCT Rule 13bis) A. The indications made below relate
to the deposited microorganism or other biological
material referred to in the  description on page 36,
line 6-14 B. IDENTIFICATION OF DEPOSIT Further
deposits are on an additional sheet[]  Name of
depositary institution Korean Culture Center of
Microorganisms(KCCM) Address of depositary
iustitutiou(includingpostal code and country)
361-221, Yurim BID, Hongje-l-dong, Seodaemun-gu, SEOUL
120-091, Republic of Korea Date of deposit Accession
Number  20/02/2003 KCCM-10470  C.ADDITIONAL
INDICATIONS(laanlbadafu tYgp&t This information is
continued on an additional sheet ^  D.DESIGNATED
STATES FOR WHICH INDICATIONS ARE MADE (cf
theindrv6ansarenotforaldedg atedSYmo)  E.SEPARATE
FURNISHING OF INDICATIONS(leave blank iinot
applicable) The indications listed below will be
submitted to the International Bureau later(specijy
the general nature of the  



Indications eq., "Accession Number ofDeposit") For
receiving Office use only For international Bureau use
only ^ This sheet was received with the international
^ This sheet was received by the International Bureau
application on:  Authorized officer Authorized officer
Form PCT/RO1134(July 1998)  WO 2004/076668
PCT/KR2004/000427  INDICATIONS RELATING TO DEPOSITED
MICROORGANISM OR OTHER BIOLOGICAL MATERIAL  (PCT Rule
13bis A. The indications made below relate to the
deposited microorganism or other biological material
referred to in the  description on page 35, line 13-21
B. IDENTIFICATION. OF DEPOSIT Further deposits are on
an additional sheet^  Name of depositary institution
Korean Culture Center of Mieroorganisms(KCCM) Address
of depositary institution(inctuding postal code and
country)  361-221, Yurim B/D, Hougje-I-dong,
Seodaemun-gu, SEOUL 120-091, Republic of Korea Date of
deposit Accession Number  20/022003 KCCM-10471
C.ADDITIONAL INDICATIONS(/eneb'mky)at This information
is continued on an additional sheet ^  D.DESIGNATED
STATES FOR WHICH INDICATIONS ARE MADE(g'dmutd
lioasarenatforalldesignatedSiMS)  E.SEPARATE
FURNISHING OF INDICATIONS(7eave blank floe applicable)
The indications listed below will be submitted to the
International Bureau later(spectyy the general nature
of dte  indications e.q., Accession Number ofDeposit")
For receiving Office use only For International Bureau
use only ^ This sheet was received with the
international ^ This sheet was received by the
International Bureau  



application on:  Authorized officer Authorized officer
Form PCT/RO/134(July 1998) Claims  A transcriptional
regulatory sequence with a wild-type human telomere
reverse transcriptase (hTERT) promoter that contains,
two c-Myc binding site  and five Spl biding site
linked to a nucleotide sequence that comprises one or
more c- Myc binding sites and one or more SpI binding
sites. 2, The transcriptional regulatory sequence as
set forth in claim 1,  wherein the hTERT promoter is
linked to the nucleotide sequence that comprises one
c-Myc binding site and five Spl binding sites. 3, The
transcriptional regulatory sequence as set forth in
claim 1  or 2, wherein the c-Myc binding site is
selected from the group consisting of SEQ ID  NOS: 2,3
and 4. 4.The transcriptional regulatory sequence as
set forth in claim 1  or 2, wherein the Spl binding
site is selected from the group consisting of SEQ ID
NOS: 5, 6, 7, 8, 9 and 10. 5. The transcriptional
regulatory sequence as set forth in claim 1,  wherein
a 5'-end or a 3'-end of the hTERT promoter is linked
to the nucleotide  sequence that comprises one or more
c-Myc binding sites and one or more Spl  binding
sites. 6. The transcriptional regulatory sequence as
set forth in claim 1,  wherein the transcriptional
regulatory sequence has the nucleotide sequence of SEQ
ID NO: 13. 7. A recombinant viral vector comprising
the transcriptional  regulatory sequence of any one of
claims 1 to 6, which is operably linked to a gene
required for viral replication. 



8. 1 The recombinant viral vector as set forth in
claim 7, wherein  the viral vector is a virus
belonging to the genus adenoviridiae. 9. The
recombinant viral vector as set forth in claim 7 or 8,
wherein the gene required for viral replication is an
adenovirus early gene. 10. The recombinant viral
vector as set forth in claim 9, wherein  the
adenovirus early gene is an E1A gene. 11. The
recombinant viral vector as set forth in any one of
claims  8 to 10, wherein the adenovirus comprises a
deletion of an EIB-19kDa gene. 12. The recombinant
viral vector as set forth in claim 11, wherein  the
recombinant viral vector is KCCM-10470. 13. A
recombinant viral vector comprising the
transcriptional  regulatory sequence of any one of
claims 1 to 6, which is operably linked to a
therapeutic transgene. 14. The recombinant viral
vector as set forth in claim 13, wherein  the
therapeutic transgene is selected from the group
consisting of tumor suppressor  genes, antigenic
genes, cytotoxic genes, cytostatic genes, apoptotic
genes and anti- angiogenic genes. 15. The recombinant
viral vector as set forth in claim 13, wherein  the
viral vector is a virus belonging to the genus
adenoviridiae. 16. The recombinant viral vector as set
forth in claim 14 or 15,  wherein the therapeutic
transgene is introduced in place of an adenovirus El
gene, and  the recombinant viral vector is
replication-deficient. 17. The recombinant viral
vector as set forth in claim 14 or 15,  wherein the
therapeutic transgene is introduced in place of an
adenovirus E3 gene, and  the recombinant viral vector
is replication-competent. 18. The recombinant viral
vector as set forth in claim 14 or 15,  wherein the
therapeutic transgene is introduced in place of an
adenovirus EIA gene,  



and the recombinant viral vector comprises a deletion
of adenovirus El and E3 genes. 19. A recombinant
non-viral vector comprising the transcriptional
regulatory sequence of any one of claims I to 6, which
is operably linked to a  therapeutic transgene. 20.
The recombinant non-viral vector as set forth in claim
19,  wherein the therapeutic transgene is selected
from the group consisting of tumor  suppressor genes,
antigenic genes, cytotoxic genes, cytostatic genes,
apoptotic genes  and anti-angiogenic genes. 21. A host
cell transformed or transfected with the recombinant
viral vector of any one of claims 7 to 12. 22. A host
cell transformed or transfected with the recombinant
viral vector of any one of claims 13 to 18. 23. A host
cell transformed or transfected with the recombinant
non-viral vector according to claim 19 or 20. 24. A
pharmaceutical composition comprising: (a) a
therapeutically effective amount of a recombinant
viral vector  comprising a transcriptional regulatory
sequence comprising a wild-type human  telomere
reverse transcriptase (hTERT) promoter that contains
two c-Myc binding site  and five Sp1 biding site
linked to a nucleotide sequence that comprises one or
more c- Myc binding sites and one or more Sp1 binding
sites, wherein the transcriptional  regulatory
sequence is operably linked to a gene required for
viral replication; and (b) a pharmaceutically
acceptable carrier. 25. The pharmaceutical composition
as set forth in claim 24,  wherein the viral vector is
a virus belonging to the genus adenoviridiae. 26. A
pharmaceutical composition comprising: (a) a
therapeutically effective amount of a recombinant
viral vector with a  transcriptional regulatory
sequence comprising a wild-type human telomere reverse



transcriptase (hTERT) promoter that contains two c-Myc
binding site and five Sp1  biding site linked to a
nucleotide sequence that comprises one or more c-Myc
binding sites and one or more Sp 1 binding sites,
wherein the transcriptional regulatory  sequence is
operably linked to a therapeutic transgene; and (b) a
pharmaceutically acceptable carrier. 27. The
pharmaceutical composition as set forth in claim 26,
wherein the viral vector is a virus belonging to the
genus adenoviridiae. 28. A pharmaceutical composition
comprising: (a) a therapeutically effective amount of
a recombinant non-viral vector with  a transcriptional
regulatory sequence comprising a wild-type human
telomere reverse  transcriptase (hTERT) promoter that
contains two c-Myc binding site and five Spl  biding
site linked to a nucleotide sequence that comprises
one or more c-Myc binding  sites and one or more Sp1
binding sites, wherein the transcriptional regulatory
sequence  is operably linked to a therapeutic
transgene; and (b) a pharmaceutically acceptable
carrier.   WO 2004/076668 PCT/KR2004/000427 Sequence
Listing  <110> YUN, CHAS-OK KIM, J00-HANG  YANG,
JAI-MYUNG <120> MODIFIED TERT PROMOTER WITH ENHANCED
TUMOR-SPECIFICITY AND  STRENGTH AND RECOMBINANT VECTOR
COMPRISING THE SAME <150> KR1O-2003-0012364  <151>
2003-02-27  <160> 13 <170> Kopatentln 1.71  



<210> 1 <211> 408  <212> DNA  <213> Homo sapiens <220>
<221> promoter  <222> (1)..(408)  <400> 1 ctccgctggg
gccctcgctg gcgtccctgc accctgggag cgcgagcggc gcgcgggcgg
60  ggaagcgcgg cccagacccc cgggtccgcc cggagcagct
gcgctgtcgg ggccaggccg 120  ggctcccagt ggattcgcgg
gcacagacgc ccaggaccgc gcttcocacg tggcggaggg 180
actggggacc cgggcacccg tcctgcccct tcaccttcca gctccgcctc
ctccgcgcgg 240  accccgcccc gtcccgaccc ctcccgggtc
cccggcccag ccccctccgg gccctcccag 300  cccctcccct
tcctttccgc ggccccgccc tctcctcgcg gcgcgagttt caggcagcgc
360  tgcgtcctgc tgcgcacgtg ggaagccctg gccccggcca
cccccgcg 408  <210> 2 WO 20041076668 PCT/KR2004/000427
Sequence Listing  <211> 6 <212> DNA  <213> Homo
sapiens  <220> <221> protein-bind  <222> (1)..(6)
<400> 2 cacgtg 6  <210> 3 



<211> 6  <212> DNA  <213> Homo sapiens <220>  <221>
Protein bind  <222> (1)..(6)  <400> 3 cacgcg 6  <210>
4 <211> 6  <212> DNA  <213> Homo sapiens <220>  <221>
protein - bind  <222> (1)..(6)  <400> 4 catgcg 6
<210> 5 <211> 6 -2 WO 2004/076668 PCT/KR2004/000427
Sequence Listing  <212> DNA <213> Homo sapiens  <220> 



<221> protein bind  <222> (1)..(6)  <400> 5 g9gogg 6
<210> 6 <211> 6  <212> DNA  <213> Homo sapiens <220>
<221> protein-bind  <222> (1)..(6)  <400> 6 ccgccc 6
<210> 7 <211> 9  <212> DNA  <213> Homo sapiens <220>
<221> protein bind  <222> (1)..(9)  <400> 7 ctccgcctc
9  <210> 8 <211> 9  <212> DNA -3 WO 2004/076668
PCT/KR2004/000427 



Sequence Listing  <213> Homo sapiens <220>  <221>
protein bind  <222> (1)..(9)  <400> 8 cccagcccc 9
<210> 9 <211> 7  <212> DNA  <213> Homo sapiens <220>
<221> protein bind  <222> (1)..(7)  <400> 9 9gggogg 7
<210> 10 <211> 10  <212> DNA  <213> Homo sapiens <220>
<221> protein-bind  <222> (1)..(10)  <400> 10
cccccgcccc 10  



<210> 11 <211> 31  <212> DNA <213> Artificial Sequence
-4 WO 2004/076668 PCT/KR2004/000427 Sequence Listing
<220> <223> primer  <400> 11 cccaaagctt aggccgattc
gagatctctc c 31  <210> 12 <211> 30  <212> DNA <213>
Artificial Sequence  <220> <223> primer  <400> 12
gaattcaagc ttcgcggggt ggccggggcc 30  <210> 13 <211>
902  <212> DNA <213> Artificial Sequence  <220> <223>
promoter  <400> 13 agatctctcc gctggggccc tcgctggcgt
ccctgcaccc tgggagcgcg agcggcgcgc 60  



gggcggggaa gcgcggccca gacccccggg tccgcccgga gcagctgcgc
tgtcggggcc 120  aggccgggct cccagtggat tcgcgggcac
agacgcccag gaccgcgctt cccacgtggc 180  ggagggactg
gggacccggg cacccgtcct gccccttcac cttccagctc cgcctcctcc
240  -5 I WO 2004/076668 PCT/KR2004/000427 Sequence
Listing gcgcggaccc cgccccgtcc cgacccctcc cgggtccccg
geccagcccc ctccgggccc 300  tcccagcccc tccccttcct
ttccgcggcc ccgccctctc ctcgcggcgc gagtttcagg 360
cagcgctgcg tcctgctgcg cacgtgggaa gccctggccc cggccacccc
cgcgtgaagc 420  ttgcatgcct gcaggtcgac tctagaggat
ctactagtca tatggatgag ctcgagctgc 480  accctgggag
cgcgagcggc gcgcgggcgg ggaagcgcgg cccagacccc cgggtccgcc
540  cggagcagct gcgctgtcgg ggccaggccg ggctcccagt
ggattcgcgg gcacagacgc 600  ccaggaccgc gcttcccacg
tggcggaggg actggggacc cgggcacccg tcctgcccct 660
tcaccttcca gctccgcctc ctcggggcgg accccgcccc gtcccgaccc
ctcccgggtc 720  cccggcccag ccccctccgg gccctcccag
cccctcccct tcctttccgc ggccccgccc 780  tctcctcgag
ctcgagatcg gatccccggg taccgaggcg aattcggctt ctcgagccac
840  tcttgagtgc cagcgagtag agttttctcc tccgagccgc
tccgacaccg ggactgaaaa 900  tg 902   


