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Hypoxia-inducible factors, key transcription factors for hypoxia-
dependent gene expression, play important roles in angiogenesis
and tumor growth. The VHL protein binds to the αααα subunit of (HIF-αααα)
for its oxygen-dependent degradation. VHL mutations are found
frequently in sporadic RCC. Disruption of VHL results in an abnormal
accumulation of HIF-αααα, leading to the upregulation of downstream
genes such as the vascular endothelial growth factor gene. We
constructed a luciferase reporter vector driven by hypoxia-
responsive elements (5HRE/luc) and a therapeutic vector expressing
a herpes simplex virus thymidine kinase gene (5HRE/tk). In the
transient transfection assay using VHL-deficient 786-O cells,
constitutive luciferase expression was detected under both aerobic
and hypoxic conditions. In contrast, 786-O cells transfected with a
wild-type VHL showed hypoxia-inducible luciferase activity. In
in vitro MTS assay, 50% of growth inhibition of 786-O cells stably
transfected with 5HRE/tk was achieved with exposure to 0.2 µµµµg/mL
of GCV under both aerobic and hypoxic conditions. Xenografts of
the stable clone in SCID mice exhibited a marked regression on daily
injections of GCV (50 mg/kg) for 10 days. In conclusion, a hypoxia-
responsive vector may have therapeutic potential for RCC with VHL
mutations. (Cancer Sci 2005; 96: 288–294)

Hypoxia-inducible factors, known as transcription factors,
control the expression of genes that play important roles

in angiogenesis and tumor growth.(1–3) HIF are composed of a
heterodimer of α and β subunits. The α subunit of HIF (HIF-α)
is regulated tightly by oxygen availability, while the β subunit
(HIF-1β) is expressed constitutively. Three HIF isoforms
(HIF-1α, HIF-2α and HIF-3α) similar in structure and binding
capability to HIF-1β have been identified.(3) HIF activate trans-
cription by binding to the HRE, which was originally reported
in the 3′ flanking region of the human and mouse Epo genes.(4,5)

Similar HIF binding sites have been found in regulatory regions
of other hypoxia-inducible genes, such as VEGF, EPO and
GLUT-1.(6–8)

The molecular mechanisms behind the regulation of HIF have
been elucidated by recent studies, and indicate that the VHL
protein forms an E3 ligase complex in association with elongin
B, elongin C, Cul2 and Rbx1,(9–13) which binds to HIF-α for its
oxygen-dependent degradation via the ubiquitin–proteasome
pathway.(14–17) Furthermore, binding of VHL to HIF requires the
hydroxylation of several proline residues within the oxygen-
dependent domain of HIF-α in the presence of oxygen.(18–21)

Mutations of the VHL tumor suppressing gene are associated
with the development of multiple tumors, including hemangiob-
lastomas in the central nervous system, RCC and pheochromo-
cytomas.(22) In sporadic clear cell RCC, which accounts for 75%
of RCC,(23) the VHL gene was mutated in 33–57% of cases(24–28)

and silenced by hypermethylation in an additional 15–19%.(29,30)

Interestingly, most of the VHL mutations in RCC were located
at a particular site within exon 2 encoding the HIF-binding β
domain.(31) Thus, disruption of VHL results in a marked increase
in HIF-1 and/or HIF-2 activity in non-hypoxic conditions
because of the impaired VHL-dependent degradation of HIF-1α
or HIF-2α, leading to the upregulated expression of VEGF,
GLUT-1 and EPO, as demonstrated by studies using VHL-
deficient cell lines,(32,33) and clinical samples of RCC.(34–37) From
these findings, we speculated that the dysregulation of HIF-α
caused by VHL mutation in RCC might be exploited as a poten-
tial therapeutic target.

Gene therapy has been used in clinical trials for cancer treat-
ment. One of the current problems with cancer gene therapy is
the poor targeting selectivity of vectors, leading to a low effi-
ciency of gene transfer to tumor cells and an increased risk of
normal tissue toxicity. A tumor-specific gene therapy targeting
aberrant transcriptional control may be a solution because the
use of tumor-specific promoters can regulate the expression
of therapeutic genes at a specific site or in a particular tumor.
Several published studies have shown vector systems targeting
hypoxic regions within solid tumors, utilizing HRE derived
from mouse phosphoglycerate kinase-1,(38) mouse VEGF(39) and
EPO.(40) In an earlier study, a vector construct using five copies
of HRE derived from the human VEGF gene promoter ligated
to a hCMVmp (5HRE/hCMVmp) conferred a marked increase
(over 500-fold) in responsiveness to hypoxia in human fibro-
sarcoma HT1080 cells.(41) Based on this hypoxia-inducible pro-
moter system, a therapeutic model targeting tumor hypoxia
was established using the gene for Escherichia coli NTR, a
prodrug-activating enzyme.(42) HT1080 cells stably transfected
with the 5HRE/hCMVmp-NTR vector showed hypoxic induction
of NTR gene expression in correlation with increased sensitivity
to in vitro exposure to the prodrug, and a growth delay was
observed in tumor xenografts of the same stable transfectants
treated with both intraperitoneal injection of the prodrug and
respiration of hypoxic gas.(42) From these findings and results,
we expected the hypoxia-inducible vector to be useful for targeting
dysregulation of HIF in VHL-deficient RCC as well. The purpose
of this study was to test the therapeutic potential of the hypoxia-
inducible vector system for RCC harboring VHL mutations.
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Materials and Methods

Hypoxia-inducible vectors. A hypoxia-inducible vector express-
ing a firefly luciferase gene with a backbone of pGL3 (Promega,
Madison, WI, USA) (5HRE/hCMVmp/luc) was constructed
previously.(41,43) To generate a 5HRE/tk therapeutic vector, the
luciferase gene in the 5HRE/hCMVmp construct with a backbone
of pEF/cyto/myc (Invitrogen, Carlsbad, CA, USA) as shown
previously,(42) was replaced with a human HSVtk gene (Invivogen,
San Diego, CA, USA). Each plasmid construct is shown in
Fig. 1.

Cell cultures and hypoxic treatment. Human RCC 786-O cells
were purchased from the American Type Culture Collection
(Manassas, VA, USA), and 786-O cells stably transfected with
either HA-tagged wild-type VHL (786-O/VHLwt), HA-tagged
truncated VHL 1–115 (786-O/VHLmt) or an empty vector
(786-O/VHL(–/–)), were provided by Dr Kaelin WG Jr, and
are presented as WT8, 115–3, and pRc3, respectively.(44) Un-
transfected 786-O cells were cultured in Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum, while the
transfected cells were maintained in the same medium and
serum containing 800 µg/mL of G418. Human fibrosarcoma
HT1080 cells were maintained in MEMα containing 10% fetal
bovine serum. For aerobic incubation, cells were cultured in a
well-humidified incubator with 5% CO2 at 37°C. For hypoxic
treatment, cells were cultured in a Bactron II anaerobic environ-
mental chamber (Sheldon Manufacturing, Cornelius, OR, USA)
maintained with 90% N2, 5% H2 and 5% CO2.

Transient transfection and luciferase assay. Cells (1 × 105) were
seeded in six-well plates 24 h before transfection. Transfection
was carried out with 2 µg of 5HRE/luc, 0.04 µg of the control
pRL-CMV plasmid (Promega) and 6 µL of Superfect Reagent
(Qiagen, Hilden, Germany) according to manufacturer’s instruc-
tions. The medium was replaced with a fresh batch 3 h after
transfection. After incubation for 16–20 h, the cells were
trypsinized and split. They were then incubated 10–12 h before
either hypoxic or aerobic incubation for 18 h. Cell lysates
were then prepared with 400 µL of passive lysis buffer using a
Dual luciferase assay kit (Promega). Luciferase activity was
measured using a Lumat LB 9507 luminometer (Berthold, Bad
Wildbad, Germany).

Immunoblotting analysis. Cells (2 × 105) were seeded in a pair
of six-well plates. The next day, one of the plates was kept
under hypoxic conditions and the other under aerobic conditions
for 18 h. Cells were then collected in 100 µL of 1 × sample
buffer (50 mM Tris-HCl [pH 6.8], 100 mM dithiothreitol, 2%
SDS, 0.1% bromophenol blue and 10% glycerol) and heated at
95°C for 5 min when 20 µL of each sample was immediately
loaded on a SDS polyacrylamide gel (10% for VHL detection;
7.5% for HIF-2α detection) and separated by electrophoresis.
To achieve an equal amount of loading between samples,
protein volumes were normalized by cell number. Proteins were

transferred to a nitrocellulose membrane, blocked with 5% non-
fat milk in Tris-buffered saline, and incubated with 0.2 µg/mL
of anti-HA antibody (Roche Diagnostics, Indianapolis, IN,
USA) for VHL detection or with 0.1 µg/mL of anti-EPAS1
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) for
1 h for HIF-2α detection. Detection was carried out with a
chemiluminescence-based method using the ECL Plus Western
Blotting Detection System (Amersham Biosciences, Piscataway,
NJ, USA).

Stable transfection. To establish stable transfectants of 786-O/
VHL(–/–), 786-O/VHLmt, 786-O/VHLwt and HT1080 with the
5HRE/tk vector, 3 × 105 cells were seeded and stably transfected
with both 10 µg of 5HRE/tk plasmid and 1 µg of pEF6/Myc-
His-A plasmid, which expresses a blasticidin-resistance gene,
by a modified calcium-phosphate method. The cells were then
trypsinized 24 h after transfection and cultured in the selection
medium containing 5 µg/mL blasticidin for 10 days. After
selection, the mixtures of each blasticidin-resistant cell were
used directly for both RT–PCR analysis and in vitro prolifera-
tion assay without the isolation as a clone. To establish stable
clones of 786-O cells with 5HRE/tk vector, 3 × 105 of 786-O
cells were plated in a 6 cm dish. The next day, the cells were
transfected with 5 µg of plasmid using 15 µL of Superfect
Reagent. They were then trypsinized 24 h after transfection
and cultured in the selection medium containing 800 µg/mL of
G418. The G418-resistant colonies were isolated and used for
in vitro cell proliferation assays and mouse xenograft assays.

In vitro cell proliferation assay. One thousand cells were seeded
in each well of two 96-well plates and allowed to attach
overnight. Cells were treated with medium in the absence or
presence of GCV (Invivogen) at various concentrations for
24 h in either hypoxic conditions for 18 h and aerobic
conditions for a subsequent 6 h, or else in aerobic conditions for
24 h. The medium was then replaced with fresh medium without
the GCV, and subsequent aerobic incubation was carried out
for an additional 72 h. Growth inhibition was determined by
colorimetric quantification using a Celltiter 96 Aqueous One
Solution Cell Proliferation Assay Kit (Promega). Briefly, 10 µL
of MTS tetrazonium solution (3-[4,5-dimethylthiazol-2-yl]-5-[3-
carboxymethoxyphenyl]-2-[4-sulfophenyl]-2H-tetrazolium, inner
salt) was added to each well. After incubation for 2 h, abs-
orbance at 490 nm was measured using a Microplate Reader
(Bio-Rad, Hercules, CA, USA). Cell viability was calculated as
the ratio of the absorbance value at each condition against that
incubated in medium without GCV under continuous aerobic
conditions.

Semiquantitative RT–PCR analysis. Blasticidin-resistant stable
transfectants of 786-O/VHL(–/–), 786-O/VHLmt, 786-O/VHLwt
and HT1080 with 5HRE/tk vector were cultured under aerobic
and hypoxic condition for 18 h, and total RNA was extracted
using an RNA extraction kit (Qiagen). Complementary DNA
was synthesized from 2.5 µg total RNA using an oligo dT-
Adaptor Primer (Takara Biomedicals, Tokyo, Japan). Primers
used for PCR were HSV/tk-forward: 5′-ATA TCG TCT ACG
TAC CCG AG-3′; HSV/tk-reverse: 5′-CGC ACC GTA TTG
GCA AGC AG-3′; GAPDH-forward: 5′-ACC ACA GTC CAT
GCC ATC AC-3′; and GAPDH-reverse: 5′-TCC ACC ACC CTG
TTG CTG TA-3′. The PCR was carried out to amplify the HSV/
tk and GAPDH genes for 25 and 20 cycles, respectively. The
PCR products were separated by agarose gel electrophoresis and
stained with ethidium bromide.

Mouse xenograft assay. Three million cells were suspended in
100 µL PBS and inoculated in the right flank of male 6–8-
week-old C.B-17/lcr-scid Jcl mice (Clea Japan, Tokyo, Japan).
When the tumor volume had reached approximately 200 mm3,
mice were treated daily with 50 mg/kg GCV or a comparable
volume of PBS by intraperitoneal injection for 10 days. Tumors
were measured using a caliper and tumor volume was calculated

Fig. 1. Structure of hypoxia-inducible plasmids. The constructs of the
hypoxia-inducible reporter plasmid 5HRE/luc and the therapeutic plasmid
5HRE/tk are indicated.
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according to the following equation: volume = 0.5 × a × b2 (a,
larger diameter; b, the smaller diameter). The study was
approved by the ethical committee of the Kyoto University
Institute of Laboratory Animals.

Results

Constitutive luciferase expression of a hypoxia-inducible vector
in VHL-deficient and VHL-mutated RCC cells. To test the activity of
a hypoxia-inducible vector in VHL-deficient 786-O RCC cells,
luciferase activity was examined following transient transfection
with a 5HRE/luc vector (Fig. 1). In 786-O/VHL(–/–) cells, strong
luciferase expression was detected under both aerobic and
hypoxic conditions. This observation was completely different
from that for HT1080 cells, as shown in a previous report.(41)

We also tested 786-O cells transfected with the wild-type
VHLcDNA (786-O/VHLwt), and those transfected with the
truncated VHL 1–115 (786-O/VHLmt), which is a C-terminal
truncation mutant lacking a region frequently altered in sporadic
and VHL-related RCC.(44) 786-O/VHLwt showed an inducible
luciferase activity in a hypoxia-dependent manner, while 786-O/
VHLmt showed a marked expression under both aerobic and
hypoxic conditions (Fig. 2A). In addition, we examined the
expression of VHL and HIF-2α in an immunoblotting analysis.
A protein with the predicted size of the VHL protein was
detected in each of 786-O/VHLwt and 786-O/VHLmt. HIF-2α
protein was detected under both aerobic and hypoxic conditions in
786-O/VHL(–/–) and 786-O/VHLmt, while hypoxia-dependent
HIF-2α expression was detected in 786-O/VHLwt (Fig. 2B),
supporting the result of the luciferase assay. Thus, the expression
pattern of a hypoxia-inducible vector became constitutive via
mutation of the VHL gene.

In vitro cytotoxicity of 5HRE/tk influenced by different VHL
statuses. To test the therapeutic efficacy, we constructed a
plasmid expressing a HSVtk gene based on the same hypoxia-
inducible system (Fig. 1). The 5HRE/tk vector was introduced
into 786-O/VHL(–/–), 786-O/VHLmt, 786-O/VHLwt and
HT1080 cells, and stable transfectants were treated with various
concentrations of GCV for 24 h under either 18 h of hypoxic
followed by 6 h of aerobic conditions, or continuous aerobic
conditions. The growth inhibitory effects were determined by
MTS assay 96 h after the start of treatment. In 786-O/VHL(–/–)
and 786-O/VHLmt, a growth inhibition rate of 50% was
achieved with exposure to less than 0.2 µg/mL GCV under both
aerobic and hypoxic conditions. On the other hand, the growth
inhibition in both 786-O/VHLwt and HT1080 were observed
only under hypoxic conditions, while no significant growth
inhibition was observed with exposure up to 10 µg/mL of GCV
under aerobic conditions (Fig. 3A). HSVtk transcription levels
were examined using semiquantitative RT–PCR analysis (Fig. 3B).
High levels of HSVtk transcripts were detected under both
aerobic and hypoxic conditions in 786-O/VHL(–/–) and 786-O/
VHLmt, but only under hypoxic conditions in 786-O/VHLwt
and HT1080 cells, indicating HSVtk transcription levels
correlated with sensitivity to GCV. From these results, in vitro
antitumor effects of 5HRE/tk and GCV gave rise to RCC cells
with mutations in the VHL gene both under aerobic and hypoxic
conditions as well as to hypoxic cells, while cells with wild-type
VHL were spared under aerobic conditions.

In vivo antitumor effects in SCID mouse xenografts of 786-O cells
transfected with 5HRE/tk. To prepare the mouse xenograft model,
selected clones of 786-O transfected with 5HRE/tk were established
and screened by MTS assay. Among the transfected clones, clone
9 was used for further analysis, indicating a growth inhibition
rate of 50% with exposure to less than 0.1 µg/mL GCV under
both aerobic and hypoxic conditions (Fig. 4A). On the other
hand, the growth of untransfected 786-O cells was not inhibited
by up to 10 µg/mL of GCV regardless of hypoxic treatment

(Fig. 4A). To confirm in vivo therapeutic efficacy, a growth
delay assay was carried out. Tumor-bearing mice were treated
with daily injections of GCV (50 mg/kg) or PBS for 10 days. In
mice with xenografts of clone 9, marked tumor regression was
observed during GCV treatment, while tumors treated with PBS
continued to grow (Fig. 4B). Among the six mice treated with
GCV, three mice showed tumor regrowth after cessation of
GCV, while three mice showed stable tumor size (Fig. 4C). On
the other hand, the tumor xenografts of untransfected 786-O
cells grew regardless of GCV treatment (Fig. 4B).

Discussion

The most common type of human kidney tumors, clear cell
RCC, often have mutations of the VHL gene, resulting in an
abnormal accumulation of HIF-α and upregulation of hypoxia-
dependent gene expression driven by HRE regardless of oxygen
status. We have developed a hypoxia-inducible vector using
HRE derived from human VEGF to target hypoxic cells existing
in solid tumors and to overcome the resistance of hypoxic cells

Fig. 2. Constitutive gene expression from the hypoxia-inducible
promoter in VHL-deficient and VHL-mutated 786-O cells. (A) Dual
luciferase assay was carried out using 786-O/VHL(–/–), 786-O/VHLmt,
786-O/VHLwt and HT1080. The cells were transiently transfected with
both 5HRE/luc vector and pRL-CMV, and cultured under aerobic (open
bar) or hypoxic (closed bar) conditions. To normalize the firefly
luciferase activity from the 5HRE/luc vector, renilla luciferase activity
from pRL-CMV was used as an internal control. The normalized
luciferase activity under hypoxic conditions was divided by the one
under aerobic conditions to calculate the relative luciferase activity.
Results are the mean of three independent experiments ± SD. (B)
Immunoblots against VHL (upper) and HIF-2α (lower) were carried out
using 786-O/VHL(–/–), 786-O/VHLmt and 786-O/VHLwt cells under
aerobic (A) and hypoxic (H) conditions.
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to chemotherapy and radiotherapy. Here, we demonstrated a
therapeutic model for VHL-deficient RCC using the hypoxia-
inducible vector system.

First, we confirmed that HIF transcriptional activity is dysreg-
ulated by VHL mutations. Luciferase activity was remarkably
increased in response to hypoxia in HT1080 and 786-O/VHLwt
cells transfected with the 5HRE/luc vector. In 786-O/VHL(–/–)
and 786-O/VHLmt, however, strong luciferase expression was
detected under both aerobic and hypoxic conditions (Fig. 2A).
Figure 2B shows that such dysregulation in 786-O cells is pre-
sumably mediated by constitutive HIF-2α expression, because
786-O cells lack HIF-1α.(45) These results are consistent with
reports by Maxwell et al. and Hu et al.(45,46)

HSVtk is a common prodrug-activating gene used in pre-
clinical and clinical trials. GCV is phosphorylated specifically
by HSVtk to its monophosphate, which is subsequently converted
to the di- and tri-phosphate forms by guanylate kinase and other
cellular kinases. GCV-triphosphate can be incorporated into
elongating DNA, causing inhibition of DNA replication and

single strand breaks.(47) In this study, we constructed HSVtk in
conjunction with the 5HRE/hCMVmp promoter as a therapeutic
vector. HT1080 and 786-O/VHLwt stably transfected with
5HRE/tk showed that hypoxia-inducible transcription of HSVtk
correlated with increased sensitivity to GCV, as had been dem-
onstrated by Shibata et al. using the same promoter system.(42)

Here, 786-O/VHL(–/–) and 786-O/VHLmt with the 5HRE/tk
vector showed hypersensitivity to GCV, together with constitu-
tive HSVtk transcription under both aerobic and hypoxic condi-
tions. From these results, our hypoxia-inducible vector has a
selective therapeutic effect not only on hypoxic cells but also on
RCC with VHL mutations.

According to the mechanism in action described above, the
HSVtk–GCV system is particularly suitable for eradication of
rapidly dividing tumor cells. On the other hand, because acti-
vated GCV is an S-phase-specific cytotoxin, it is necessary that
target cells must be actively dividing in S-phase at the time of
exposure.(47) As shown in Fig. 4B, xenografts of 786-O cells
transfected with 5HRE/tk showed a marked response to GCV and

Fig. 3. Cytotoxicity of 5HRE/tk and GCV in VHL(–/–)
and VHLmt cells. (A) 786-O/VHL(–/–), 786-O/VHLmt,
786-O/VHLwt and HT1080 were exposed to GCV
under aerobic (open) or hypoxic (closed) conditions.
Cell viability was quantified using the MTS assay
at 72 h after the end of the GCV treatment, and
calculated as the ratio of the absorbance value at each
condition against that incubated in medium without
GCV under continuous aerobic conditions. Results
are the mean of three independent experiments ±
SD. (B) Cells were cultured under aerobic (A) or
hypoxic (H) conditions, and expression of HSVtk
mRNA was assessed using semiquantitative RT–PCR
using a specific primer set. GAPDH mRNA was also
analyzed as an internal control.
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reduction in size during GCV treatment. However, half of them
showed regrowth after cessation of GCV (Fig. 4C). This may be
because elimination of activated GCV reactivated division of
surviving cells that were not in S-phase during GCV treatment,
and because administration dose and/or duration of GCV treat-
ment might have been insufficient to eradicate tumors. In this
experimental setting, we did not plan to use 786-O/VHLwt as a
control because Iliopoulos et al. had already shown that 786-
O subclones transfected with the wild-type VHL gene sup-
pressed tumor formation in the nude mouse xenograft model.(44)

As shown in Fig. 3A, 786-O/VHLwt and HT1080 trans-
fected with 5HRE/tk exhibited clear differences in sensitivity to
GCV under aerobic and hypoxic conditions. These transfectants
have no significant growth inhibition with exposure up to 10 µg/
mL of GCV under aerobic conditions, suggesting the possibility
of the use of the 5HRE promoter to reduce toxicity to normal
tissues where hypoxic area dose not usually exist. It would be
certain that the use of constitutive promoters such as CMV instead
of HRE drive high expression of HSVtk in normal cells that
have wild-type VHL even under aerobic conditions, which may
damage normal cells. In vivo toxicity, however, remains to be
evaluated with systemic administration of CMV or HRE vectors

using a clinically relevant gene delivery system such as viral
vectors. Binley et al. reported that use of the OBHRE promoter
reduced hepatotoxicity with systemic administration of adeno-
viral vectors.(48)

In this study, we demonstrated the proof-of-principle for a
therapeutic model exploiting dysregulation of the VHL/HIF
pathway in RCC, providing for the potential application of a
hypoxia-inducible vector system to the novel therapeutic treatment
of RCC. For clinical application, however, further experiments
should be conducted using gene delivery systems such as aden-
oviral or retroviral vectors, bacteria and macrophages. Of note,
a report published during the preparation of this paper demon-
strated a therapeutic effect using an oncolytic wild-type
adenovirus with HRE from human VEGF gene promote on
VHL-deficient RCC.(49)

In present clinical practice, patients with RCC are treated
mainly with surgical resection for primary lesions. Metastatic
RCC are treated with immunotherapy using interferon-α or
interleukin-2, but are still difficult problems. Radiotherapy and
chemotherapy are often ineffective. A tumor-specific gene
therapy using the hypoxia-responsible vector system may be an
option for the treatment of RCC in addition to these therapeutic

Fig. 4. In vivo antitumor efficacy in tumor xenografts
consisting of 786-O clone stably transfected with
5HRE/tk. (A) MTS assay was carried out with the
stable 786-O clone 9 transfected with 5HRE/tk
(left) and untransfected 786-O cells (right),
indicating hypersensitivity to GCV in clone 9 under
both aerobic (open) and hypoxic (close) conditions.
(B) A growth delay assay was carried out using
xenografts derived from clone 9 (left) and
untransfected 786-O cells (right). Tumor-bearing
SCID mice were treated by daily intraperitoneal
injection of either 50 mg/kg GCV (open) or a
comparable volume of PBS (closed) for 10 days.
Relative tumor volume as a function of days from
the start of treatment is indicated. Each point and
error bar is the mean (n = 4–6) and SD. (C)
Individual tumor growth derived from clone 9 is
indicated.
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modalities. Recently, several new therapeutic approaches for
RCC have been tested in clinical trials using a radiolabeled
chimeric monoclonal antibody targeting CAIX,(50) or using a
neutralizing antibody to VEGF.(51)

In conclusion, the hypoxia-inducible vector system may
have therapeutic potential for RCC with VHL mutations. Further
study using delivery systems such as viral vectors, bacteria and
macrophages should be conducted for clinical application.
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