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Purpose. Gene therapy using vascular endothelial growth factor
(VEGF) is a new potential treatment of ischemic disease. To be safe
and effective, VEGF expression should be enhanced locally in isch-
emic tissue. In this study, we identified the cis-regulatory element for
the hypoxia induction of the RTP801 promoter. In addition,
pRTP801-VEGF was evaluated as a therapeutic plasmid in vitro.
Methods. The cis-regulatory element for hypoxia induction was iden-
tified by deletion and mutation analyses. Antisense oligonucleotide
co-transfection assay was performed to evaluate the role of Sp1.
pRTP801-VEGF was constructed by the insertion of the RTP801
promoter into the VEGF plasmid. The hypoxia-inducible expression
of VEGF was evaluated by in vitro transfection assay.
Results. In luciferase assay, the region between –495 and –446 was
responsible for the hypoxia-induced transcription. The mutation of
the Sp1 site in this region reduced hypoxia-induced transcription. In
addition, co-transfection with antisense Sp1 oligonucleotide suggests
that hypoxia induction of the RTP801 promoter is mediated by Sp1.
In vitro transfection showed that pRTP801-VEGF had higher VEGF
expression than pEpo-SV-VEGF. In addition, VEGF expression by
pRTP801-VEGF was induced under hypoxia.
Conclusions. With strong basal promoter activity and induction un-
der hypoxia, pRTP801-VEGF may be useful for gene therapy for
ischemic disease.

KEY WORDS: hypoxia; RTP801; Sp1; transcriptional regulation;
vascular endothelial growth factor.

INTRODUCTION

Gene therapy with VEGF is a new potential treatment of
ischemic diseases such as ischemic heart disease. The delivery
of the VEGF gene to ischemic heart has been achieved by
naked DNA injection, polymeric carriers, retrovirus adeno-
virus, or adeno-associated virus (1–3). Naked DNA injection
is safe, as it does not have cytotoxicity or severe immune
response. The previous reports have shown that naked plas-
mid delivery of the VEGF gene is useful for the treatment of
ischemic myocardium (4–6). However, naked plasmid re-

quires a large amount of administration due to the low effi-
ciency of gene expression (3). To improve the plasmid deliv-
ery efficiency, polymeric gene carriers have been developed.
These polymeric gene carriers include TerplexDNA and wa-
ter-soluble lipopolymer (WSLP) (7,8). These polymeric gene
carriers increased the transfection efficiency to myocardium
up to 10-fold. In addition, the duration of the gene expression
was prolonged compared to naked DNA. The prolonged du-
ration of the gene expression by polymeric carriers may be
due to the ability of the carriers to protect from nucleases.
The virus-mediated gene transfer showed high gene transfer
and expression activity. It is generally accepted that viral car-
rier is the most efficient way to transfer the therapeutic genes.
However, virus-mediated gene transfer has potential immu-
nogenecity or host chromosomal integration, suggesting pos-
sible mutagenesis (1).

Therapeutic angiogenesis is a new potential treatment in
cardiovascular disease and hindlimb ischemia. Therapeutic
angiogenic therapy is performed by the delivery of the angio-
genic agent. Currently, VEGF is the most effective therapeu-
tic gene for neo-vascularization (3). Therapeutic angiogenesis
using VEGF gene therapy has been established after preclini-
cal and clinical studies. Previously, it was reported that both
VEGF and its receptors were up-regulated in ischemic tissues
(9). Therefore, it was suggested that ischemia is necessary for
VEGF to enhance its effects (10). However, Springer et al.
proved that exogenously delivered VEGF could exert a physi-
ological effect in normal, non-ischemic tissue (11). In addi-
tion, unregulated continuous expression of VEGF is associ-
ated with formation of endothelial cell–derived intramural
vascular tumors (12). This suggested that VEGF expression
must be regulated. Therefore, Epo (erythropoietin) enhancer
was used to enhance VEGF gene expression locally in is-
chemic tissues. Our group showed that Epo enhancer-SV40
promoter induced gene expression under hypoxia in human
embryonic kidney 293 cells in vitro and in rabbit ischemic
myocardium in vivo (13). In addition, Su et al. proved hypox-
ia-responsive element mediated VEGF expression in isch-
emic myocardium by using an adeno-associated virus (14). In
this trial, the VEGF gene was regulated by HRE and SV40
promoter. This regulation of the VEGF expression system
may be useful for safer VEGF gene therapy minimizing un-
wanted side effects.

The RTP801 promoter is an effective regulatory system
for VEGF gene therapy. The previous report showed that
RTP801 transcription was rapidly and sharply increased both
in vitro and in vivo (15). This inducible expression of RTP801
is mediated by transcriptional activation. In addition, it was
suggested that the induction of the RTP801 promoter was
mediated by hypoxia-inducible factor-1 (HIF-1) (15). HIF-1 is
a transcription factor that mediates hypoxia induction of a
number of genes (16,17). Binding of HIF-1 to the consensus
domain of the genes results in the transcriptional induction of
the gene promoters (18,19). HIF-1–mediated induction of
gene transcription is a widespread oxygen-sensing mechanism
in various types of cells (20). Sp1-mediated hypoxia induction
of gene transcription was recently proposed. The expression
of cyclooxygenase-2 gene was increased by Sp1 (21).

In the current study, we analyzed the RTP801 promoter
and identified a cis-regulatory element that was responsible
for the hypoxia induction of the promoter. A potential Sp1
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element in the RTP801 promoter was involved in hypoxia
induction. We showed that the RTP801 promoter was in-
duced under hypoxia condition in various types of cells. The
VEGF plasmid including the RTP801 promoter induced
VEGF expression under hypoxia. The results suggest that the
hypoxia-inducible VEGF gene therapy using the RTP801
promoter is effective and safe, because it will minimize the
side effect of the nonspecific VEGF expression and induce
VEGF expression specifically in ischemic tissue. Therefore,
the hypoxia-inducible VEGF plasmid, pRTP801-VEGF, may
be a useful angiogenic gene therapy for ischemic diseases such
as ischemic heart disease and hindlimb ischemia.

MATERIALS AND METHODS

Plasmids

The RTP801 promoter was cloned by polymerase chain
reaction (PCR) using genomic DNA from HepG2 cells. The
genomic DNA was extracted from HepG2 cells by using Qia-
gen DNeasy Tissue system (Qiagen, Valencia, CA, USA).
The sequences of the specific primers for the RTP801 pro-
moter were as follows: forward primer 5�-GAAGATCTA-
GCTTTAGGATCCAAGACGC-3�; backward primer 5�-
CCCAAGCTTGGTGAGGACAGACGCCAGG-3�. Bgl II
and HinD III sites were introduced to forward and backward
primers, respectively, for cloning convenience (the enzyme
sites are underlined). The PCR-amplified RTP801 (725 base)
fragment was digested with Bgl II and HinDIII and purified
by gel electrophoresis and elution. The pGL3-promoter plas-
mid was purchased from Promega (Madison, WI, USA). The
SV40 promoter was eliminated by digestion with Bgl II and
HinD III, and the plasmid backbone was purified by gel elec-
trophoresis and elution. The RTP801 promoter fragment was
inserted to pGL3-promoter, resulting in construction of
pRTP801-725. The RTP801 promoter was confirmed by
DNA sequencing.

The deletion of the 5�-region of the promoter was made
by PCR. The backward primer was the same as above. The
sequences of the forward primers were as follows: for
RTP801-645, 5�-GAAGATCTCTGGTCACGGGCTGTC-
CCCT-3�; for RTP801-545, 5�-GAAGATCTCTGCAGCC-
GCCGCGGATCCT-3�; for RTP801-495, 5�-GAAGA-
TCTGGTTCGACTGCGAGCTTTCT-3�; for RTP801-445,
5�-GAAGATCTGTCACCGGGCAGGAGAGAAC-3�; for
RTP801-395, 5�-GAAGATCTCAAGGCGGGCCACA-
CTCCCG-3�. The PCR fragments were subcloned into pGL3-
promoter in the same method as described above. The clon-
ing of each fragment was confirmed by DNA sequencing.

The Sp1 mutant constructs were generated using the
QuickChange site-directed mutagenesis kit (Stratagene, La
Jolla, CA, USA) using pRTP801-725 construct as a template.
The sequences of the mutated Sp1 oligonucleotides used are
as follows: Sp1 mutant upstrand, 5�-CTGGGGCTCAATG-
GATTATGGGCCCGGCCGCTGT-3�; Sp1 mutant down-
strand, 5�-ACAGCGGCCGGGCCCATAATCCATTG-
AGCCCCAG-3�.

To construct the VEGF plasmid, the RTP801 promoter
was isolated by digestion of pRTP801-725 with Bgl II and
HinDIII. pSV-VEGF was constructed as previously described
(13). The RTP801 was inserted at the Bgl II and HinDIII sites
of pSV-VEGF after deletion of the SV40 promoter.

Cell Cultures and Transfection

The 293, A7R5, NIH3T3, HepG2, and HUVE cells were
purchased from ATCC. The 293, A7R5, NIH3T3, and HepG2
cells were maintained in DMEM supplemented with 10%
FBS in a 5% CO2 incubator. HUVEC were maintained
in F-12K medium supplemented with 10% FBS, 2 mM
L-glutamine, 1.5 mg/ml sodium bicarbonate, 0.1 mg/ml hepa-
rin, and 0.04 mg/ml endothelial cell growth supplement
(ECGS) in a 5% CO2 incubator.

For the transfection assays, the cells were seeded at a
density of 5.0 × 105 cells/well in 35-mm cell culture dish (Fal-
con Co., Becton Dickenson, Franklin Lakes, NJ, USA) 24 h
before transfection. Polyethylenimine (PEI, 25,000 Da) was
used as a gene carrier. Plasmid/PEI complexes (2 �g plasmid/
dish) were prepared at a 5/1 N/P ratio and incubated for 30
min at room temperature. The cells were washed twice with
serum-free medium, and then 2 ml of fresh serum-free me-
dium was added. The plasmid/PEI complex was added to
each dish. The cells were then incubated for 4 h at 37°C in a
5% CO2 incubator. After 4 h, the transfection mixtures were
removed, and 2 ml of fresh medium containing FBS was
added. The cells were incubated at the desired concentration
of oxygen for 20 h. The cells and the media were harvested for
luciferase assay and enzyme-linked immunosorbent assay
(ELISA).

For co-transfection with the antisense oligonucleotides,
the plasmid/PEI complex and the oligonucleotide/PEI com-
plex (2 �g oligonucleotides/dish and 2 �g plasmid/dish) were
separately prepared at a 5/1 N/P ratio and mixed. The trans-
fection assay was carried out as described above. The se-
quences of the oligonucleotides were as follows: antisense
Sp1, 5�-ATATTAGGCATCACTCCAGG-3�; sense Sp1, 5�-
CCTGGAGTGATGCCTAATAT-3�; antisense HIF-1, 5�-
GCCGGCGCCCTCCAT-3�; sense HIF-1, 5�-ATGGAG-
GGCGCCGGC-3�.

Luciferase Assay

After incubation, the cells were washed with PBS twice,
and 150 �l of reporter lysis buffer (Promega) was added to
each dish. After 15 min of incubation at room temperature,
the cells were harvested and transferred to microcentrifuge
tubes. After 15 s of vortexing, the cells were centrifuged at
11,000 rpm for 3 min. The extracts were transferred to fresh
tubes and stored at -70°C until use. The protein concentra-
tions of the extracts were determined by using a BCA protein
assay kit (Pierce, Iselin, NJ, USA). Luciferase activity was
measured in terms of relative light units (RLU) using a 96-
well plate Luminometer (Dynex Technologies Inc, Chantilly,
VA, USA). The luciferase activity was monitored and inte-
grated over a period of 60 s. The final values of luciferase
were reported in terms of RLU/mg total protein.

Enzyme-Linked Immunosorbent Assay

ELISA was performed using ChemiKine human vascular
endothelial growth factor sandwich ELISA kit (Chemicon,
Temecular, CA, USA). One hundred microliters of sample
was added into the designated wells. Twenty-five microliters
of biotinylated rabbit anti-human VEGF polyclonal antibody
was added to each well, and the plate was incubated at room
temperature for 3 h. After the incubation, the plate was
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washed 7 times with wash buffer. Fifty microliters of the
streptavidin-alkaline phophatase was added into each well,
and the plate was incubated at room temperature for 45 min.
After the incubation, the plate was washed 7 times with wash
buffer. The substrate was added to the wells, and the absor-
bance was measured at 490 nm.

Statistical Analysis

The comparison of VEGF concentration was made by
Student’s t test. p value under 0.05 was thought to be statis-
tically significant.

RESULTS

Deletion Analysis of the Responsiveness of the RTP801
Promoter to Hypoxia

To identify the region necessary for hypoxia induction in
the RTP801 promoter, various fragments of the 5�-flanking
region up to 725 bp of the RTP801 promoter upstream from
the ATG translation initiation codon were cloned into the
luciferase reporter gene plasmid (Fig. 1A). These constructs
were transfected into 293 cells using polyethylenimine (PEI)
as a gene carrier. The transfected cells were incubated under
hypoxia (1% O2) or normoxia (20% O2) for 20 h. After in-
cubation, the cell extracts were prepared from the transfected
cells, and the luciferase activity was measured. As a result, the
activities of pRTP801-725, pRTP801-645, pRTP801-545, and
pRTP801-495 increased under hypoxia. However, the activity

of pRTP801-445 did not increase (Fig. 1B). These results in-
dicate that the cis-regulatory element that responds to hyp-
oxia exists between –495 and –446. The luciferase activity of
pRTP801-545 was lower than that of pRTP801-725 and
pRTP801-495 (Fig. 1B). This suggests that there may be a
negative regulatory element between –545 and –496. This el-
ement reduced the activity under both hypoxia and normoxia.
The negative regulatory element was not identified in this
study, because it is unlikely to regulate the promoter activity
for the hypoxia induction.

Role of Sp1 in the Induction of the RTP801 Promoter

Sequence analysis showed that there was a potential Sp1
consensus binding site in the region between –495 and –446.
To evaluate the effect of mutation of this Sp1 binding site,
site-directed mutagenesis was performed. The sequence of
GGCG (−459 ∼ −462) was replaced with the sequence of
TTAT, resulting in construction of pRTP801-SP1(−) (Fig.
2A). pRTP801-725 (wild-type) and pRTP801-SP1(−) were
transfected into 293 cells, and the transfected cells were in-
cubated under hypoxia or normoxia condition. After the in-
cubation, the luciferase activity was measured. In the cells
transfected with pRTP801-SP1(−), the hypoxia induction of
the RTP801 promoter decreased, compared to the cells trans-
fected with pRTP801-725 (Fig. 2B). Therefore, this result in-
dicates that the Sp1 element in the RTP801 promoter plays an
important role in the hypoxia induction of the RTP801 pro-
moter.

Another approach to show that Sp1 is important for hyp-
oxia induction of the RTP801 promoter was to use antisense
oligonucleotides directed against Sp1 (Fig. 3). The antisense
Sp1 oligonucleotides were co-transfected with pRTP801-725
into 293 cells. As a control, the sense Sp1 oligonucleotides

Fig. 1. (A) The structures of the pRTP801 luciferase reporter vec-
tors. The diagram shows the structures of the pRTP801 luciferase
reporter vectors containing various lengths of 5�-flanking regions of
the human RTP801 promoter. (B) Hypoxia responsiveness of the
5�-flanking region of the RTP801 promoter. The reporter constructs
were transiently transfected into the 293 cells. The cells were incu-
bated for 24 h under normoxic or hypoxic conditions, and the lucif-
erase activity was determined. The data is expressed as mean values
(±SD) of four experiments. *p < 0.01 as compared to normoxia.

Fig. 2. (A) Sequence of the RTP801 promoter between –495 and
–446. The Sp1 consensus sequence of the RTP801 promoter in the
pRTP801-725 is underlined. The sequence of the pRTP801-Sp1(−) is
also shown. The mutation position is indicated by rectangle. (B) Ef-
fect of mutation in Sp1 element in the RTP801 promoter on the
promoter activity. pRTP801-725 and pRTP801-Sp1(−) were tran-
siently transfected into the 293 cells. The cells were incubated for 20
h under normoxic or hypoxic conditions, and the luciferase activity
was determined. The data is expressed as mean values (±SD) of four
experiments. *p < 0.01 as compared to normoxia. **No statistical
significance as compared to normoxia.
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were co-transfected with pRTP801-725. The antisense HIF1
or sense HIF1 oligonucleotides were also co-tranfected with
pRTP801-725 to evaluate the effect of HIF-1. The transfected
cells were incubated under hypoxia for 20 h. The cell extracts
were prepared from the cells, and the luciferase activity was
measured. As a result, in the cells transfected with the anti-
sense Sp1 oligonucleotides, the activity of the RTP801 pro-
moter was reduced, compared to the sense Sp1 oligonucleo-
tides transfected cells (Fig. 3). This result suggests that Sp1
mediates hypoxia induction of the RTP801 promoter. On the
other hand, in the cells transfected with the antisense HIF-1
oligonucleotides, the activity of the RTP801 promoter de-
creased, suggesting the role of HIF-1. This result is consistent
with the previous report, which suggested that HIF-1 was
involved in the hypoxia induction of the RTP801 promoter
(15).

The Transcriptional Induction of the RTP801 Promoter in
Various Cell Lines

To apply the RTP801 promoter to gene therapy in vari-
ous organs, we had to confirm that the RTP801 promoter did
not have cell-type specificity in the gene expression. The first
evidence was provided in the previous study (15), which
showed that the RTP801 gene was expressed in various or-
gans at basal level. Therefore, we hypothesized that the
RTP801 promoter can be induced in the various types of cells.
To test this hypothesis, we transfected pRTP801-725 into
various types of cells, including HUVEC (human umbilical
vascular endothelial cell), A7R5 (rat smooth muscle cell),
NIH3T3 (mouse fibroblast cell), and HepG2 (human hepato-
cyte). The luciferase assay showed that the RTP801 promoter
induced the gene expression under hypoxia by about 2- to
4-fold in various types of cells (Fig. 4).

The VEGF Expression Mediated the RTP801 Promoter

To apply the RTP801 promoter to VEGF gene therapy,
we constructed pRTP801-VEGF by the insertion of the
RTP801 promoter upstream of the VEGF cDNA (Fig. 5).
pEpo-SV-VEGF, which had been constructed previously, was
used as a positive control plasmid (13). The previous report
showed that pEpo-SV-VEGF induced the VEGF expression
effectively in hypoxic 293 cells and the rabbit ischemic myo-

cardium, suggesting the possibility of the application of this
system to gene therapy. pRTP801-VEGF and pEpo-SV-
VEGF were transfected into 293 cells using PEI as a gene
carrier. pSV-Luc was transfected as a negative control. The
transfected cells were incubated under hypoxia for 20 h. The
cell culture media was collected, and the expression level of
the VEGF gene was measured by ELISA. As a result, the
VEGF expression level was induced in both the pRTP801-
VEGF and pEpo-SV-VEGF transfected cells (Fig. 6). How-
ever, the basal or induction level of VEGF expression by the
RTP801 promoter was higher than that by the Epo enhancer-
SV40 promoter.

DISCUSSION

In the current study, we focused on two points: the tran-
scriptional induction mechanism of the RTP801 promoter and
the evaluation of the RTP801 promoter–driven VEGF plas-
mid as a therapeutic plasmid. In the first part, we have shown
that the hypoxia responsiveness of the RTP801 promoter was
mediated by Sp1 element in 293 cells. Second, the hypoxia
responsiveness of the RTP801 promoter was widespread in
various cell lines, which is favorable for gene therapy appli-
cation of the promoter. Furthermore, the basal level or hyp-
oxia induction of VEGF by the RTP801 promoter was stron-
ger than that by the Epo enhancer-SV40 promoter system.

The RTP801 protein was suggested to be involved in the

Fig. 5. The structures of pEpo-SV-VEGF and pRTP801-VEGF. In
the pEpo-SV-VEGF, two copies of the Epo enhancers were inserted
upstream of the SV40 promoter. In the pRTP801-VEGF, the RTP801
promoter was inserted upstream of the VEGF cDNA. E represents
the Epo enhancer.

Fig. 3. Role of Sp1 in the hypoxia-inducibility of the RTP801 pro-
moter. pRTP801-725 was co-transfected into the 293 cells with Sp1
sense, Sp1 antisense, HIF-1 sense, or HIF-1 antisense oligonucleo-
tides. The cells were exposed to hypoxia for 20 h and assessed for
luciferase activity. The data is expressed as mean values (±SD) of
four experiments. *p < 0.01 as compared to Sp1 sense. **p < 0.05 as
compared to HIF-1 sense.

Fig. 4. Hypoxia-inducibility of the RTP801 promoter in various cell
lines. pRTP801-725 was transfected into HUVE, A7R5, NIH3T3, or
HepG2 cells. The cells were exposed to hypoxia or normoxia for
20 h and assessed for luciferase activity. The data expressed as mean
values (±SD) of three experiments. *p < 0.05 as compared to nor-
moxia.
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hypoxia-responsive apoptosis mechanism (15). However, the
detailed mechanism and function of RTP801 have not been
fully identified. It was suggested that the hypoxia induction of
the RTP801 promoter was mediated by HIF-1 transactivation
mechanism at least in mouse ES cell line. In the current study,
we suggest that the hypoxia induction of the RTP801 pro-
moter is mediated by Sp1, at least in 293 cells. Therefore, it is
likely that the RTP801 promoter is regulated by Sp1 and
HIF-1. The mechanism, which is mediated by HIF-1, has been
intensively studied by a number of researches. Mainly, the
HIF-1 transcription factor is stabilized under hypoxia condi-
tion. This stabilized mechanism is mediated by ODD (oxygen
dependent degradation) domain, which degrades the HIF-1
transcription factor under normoxia by ubiquitin-mediated
process (22). However, the Sp1-mediated induction mecha-
nism of the promoter activation has not been fully identified.
Previously, the possibility of the hypoxia induction of Sp1 was
suggested by Xu et al. (21). In this study, they suggested that
cycloocygenease-2 promoter was induced by Sp1 in hypoxic
vascular endothelium (21). In addition, it was suggested that
the binding level of Sp1 increased in response to hypoxic
condition.

In the RTP801 promoter, the relation between Sp1 and
HIF-1 is not yet identified. However, it is possible that Sp1
and HIF-1 cooperate to induce the RTP801 promoter under
hypoxia. One example of cooperation between Sp1 and
HIF-1 was recently suggested in the endoglin transcription
under hypoxia (23). It was proposed that the endoglin tran-
scription be induced under hypoxia through Sp1 interaction
with HIF-1 and Smad transcription factors (23). In a multi-
protein complex (Sp1-Smad3-HIF-1) on the endoglin pro-
moter, Smad3 appears to function not only as a co-activator
factor, but also as an adaptor between HIF-1 and Sp1 (23).

To identify the applicability of the RTP801 promoter to
the hypoxia-inducible VEGF gene for gene therapy, we
tested two criteria. First, the promoter should be active and
inducible in various cell lines, which can broaden the gene
therapy application possibilities. We showed that the RTP801
promoter was active and inducible in 293 cells, NIH3T3 cells,
HepG2 cells, A7R5 cells, and HUVEC. Second, the promoter
activity should be strong enough to express a large amount of
therapeutic gene. We used the Epo enhancer-SV40 promoter
as a control system. Previously, this Epo enhancer-SV40 pro-

moter system was evaluated in hypoxic 293 cells and the rab-
bit ischemic myocardium, suggesting the possibility of the ap-
plication of this system (13). In addition, the HRE-SV40 pro-
moter system was proven in mouse ischemic myocardium
previously in vivo. In the current study, the RTP801 promoter
had a stronger promoter activity than Epo enhancer-SV40
promoter system. The hypoxia induction fold of the RTP801
promoter was not higher than that of Epo enhancer-SV40
promoter system, which was about 5-fold in both promoter
systems. However, the RTP801 promoter had the higher basal
level promoter activity compared to the Epo enhancer-SV40
promoter system, resulting in the higher expression of VEGF
under both hypoxia and normoxia. It is well-known that non-
viral gene carriers have low transfection level compared to
viral carriers, which is often not sufficient for the clinical pur-
poses. Therefore, it has been desirable to develop efficient
nonviral gene carriers. In addition, the more efficienct gene
expression system empolying promoters, introns, 5�- or 3�-
untranslated regions would be beneficial to nonviral gene
therapy systems. Therefore, the RTP801 promoter may be
useful to nonviral gene therapy, as it was proven that this
promoter was stronger than the Epo enhancer-SV40 pro-
moter in the current study. Furthermore, hypoxia induction of
VEGF by the RTP801 promoter will be beneficial to both
nonviral and viral gene delivery.

In summary, the RTP801 promoter was induced under
hypoxia condition by an Sp1-mediated mechanism. In addi-
tion, the promoter activity of the RTP801 promoter was
higher than Epo enhancer-SV40 promoter system, suggesting
a possible application to ischemic disease gene therapy. A
model system, which includes the RTP801 promoter and the
VEGF cDNA, could successfully induce the VEGF expres-
sion under hypoxia. Therefore, this RTP801 promoter may be
useful for the development of a hypoxia-inducible gene
therapy system for ischemic diseases.
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