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Abstract. Hypoxia occurs during development of cervical 
cancer and is considered to correlate with its invasion. Hypoxia 
mediates tumor cells to have more invasive property in a 
variety of cancers. Urokinase plasminogen activator receptor 
(uPAR) which mediates invasion is considered to be induced 
by hypoxia. We sought to determine the regulators of uPAR 
expression during hypoxia in cervical cancer. We showed that 
cervical cancer cell lines, CaSki and CA, were more invasive 
under hypoxic condition (1% O2) than under normoxic condi-
tion (20% O2) by invasion assays. Using western blot analysis, 
hypoxia enhanced the endogenous hypoxia-inducible factor 
(HIF)-1α and uPAR protein expression. uPAR mRNA level 
was also upregulated by hypoxia using real-time RT-PCR. 
Overexpression of HIF-1α which is induced by hypoxia 
activated the transcriptional activity of the uPAR promoter 
by luciferase assays. HIF-1 protein bound the putative HIF-1 
response element on the uPAR promoter using electrophoretic 
mobility shift analysis, and additional luciferase assays show 
that this is essential for uPAR transactivation by HIF-1. HIF-1 
overexpression enhanced the endogenous uPAR expression 
and introduction of siRNA for HIF-1α diminishes uPAR 
expression during hypoxia. These results indicate the upregu-
lation of uPAR by hypoxia in cervical cancer cells is mediated 
through HIF-1. In cervical cancer tissues, we also demon-
strated that uPAR protein expression was detected in cervical 
cancer but not in normal cervix or cervical intraepithelial 
neoplasia (CIN) by immunohistopathological staining. Our 
results provide evidence that regulation of uPAR expression 
by HIF-1 represents a mechanism for cervical cancer invasion 
during hypoxia.

Introduction

Hypoxia within solid tumors may have a profound impact 
in malignant progression. Hypoxia within the tumor mass is 
an independent marker of poor prognosis for patients with 
a variety of cancers including cervical cancers, soft tissue 
sarcoma and head neck cancers (1-3). Hypoxic stress underlies 
a number of biologically important processes in which cellular 
migration and invasion occur (4). Hypoxia may play an impor-
tant role in promoting tumor metastasis and invasion into the 
extracellular matrix (5). Hypoxia upregulates the expression of 
the urokinase plasminogen activator receptor (uPAR) which is 
a component of a protease system implicated in tumor inva-
sion and metastasis (6). The uPAR is activated by binding with 
its ligand, urokinase plasminogen activator (uPA), allowing the 
conversion of inactive plasminogen into plasmin that in turn 
can degrade extracellular matrix proteins, facilitating invasion 
by tumor cells (7).

Hypoxia-inducible factor (HIF)-1 is a heterodimeric tran-
scriptional complex that plays a pivotal role in the regulation 
of cellular utilization of oxygen and is an essential regulator of 
angiogenesis in solid tumor and ischemic disorders. HIF-1 is 
composed of the bHLH-PAS proteins HIF-1α and aryl hydro-
carbon receptor nuclear translocator (ARNT). HIF-1 mediates 
the transcriptional response to oxygen deprivation by binding 
to HIF-1 response elements (HRE) within the promoters or 
enhancers of genes involved in glycolysis, glucose transport, 
erythropoiesis and angiogenesis (8,9). The HIF-1 activity 
is critical for cancer development and HIF-1 is essential for 
proliferation, survival or differentiation of multiple tumor 
tissues (9). In light of the above considerations, we investigated 
how uPAR expression is induced by hypoxia in cervical cancer 
cell lines. We also sought to determine the regulator of uPAR 
expression during hypoxia. HIF-1 is a possible candidate for 
the regulator of uPAR expression.

Materials and methods

Samples. The samples were obtained from patients undergoing 
surgery or biopsy at Tokyo Medical University Hospital with 
informed consent. We used ten normal cervices and 35 cervical 
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cancers. To extract total RNA, the tissues were finely minced 
into small pieces with scissors, washed in phosphate-buffered 
saline (PBS), snap-frozen and stored at -80˚C. For immuno-
histochemistry analysis, the tissues were formalin-fixed and 
embedded in paraffin.

Cell culture. The human cervical cancer cell lines, CaSki and 
CA, were maintained in Modified Eagle Medium (MEM; 
Invitrogen, Carlsbad, CA, USA) supplemented with 10% 
fetal bovine serum (FBS). For hypoxic exposure, these cells 
(1.0x107 cells) were plated in 10 ml of medium in 100-mm 
dishes and incubated overnight in 1% O2 in a water-jacketed 
CO2 incubator (NAPCO, Winchester, VA, USA) at 37˚C in a 
humidified atmosphere with 5% CO2 for indicated times. In 
experiments using transfected cells, each transfection was 
performed before exposure to hypoxia.

DNA plasmids. Sequence analysis of the human uPAR 
promoter revealed one putative binding site for HIF-1, the 
HRE motifs 5'-BACGTSSk-3'. The putative HIF binding site 
at position -34 to -39 was identified on the sense strand (10). 
Luciferase reporter constructs, puPAR-141-luc, containing the 
uPAR promoter which is produced by PCR were prepared 
by ligation into pGL3-basic vector (Fig. 3A). We prepared 
the puPAR-141mt-luc, where the putative HRE is mutated by 
replacement of ACG with TTT using PCR-based site-specific 
mutagenesis. HIF-1α and ARNT constructs were kindly 
provided by Dr L. Eric Huang (Departments of Neurosurgery 
and Oncological Sciences, University of Utah, USA).

Invasion assays. For invasion assays, 12-mm-diameter 
Transwell polycarbonate filters (12-mm pore size; Costar) in a 
modified Boyden chamber were coated with Matrigel (100 ml; 
Sigma, St. Louis, MO, USA) at 1:20 dilution in serum-free 
medium and air-dried for 24 h. Cells (5x104) in the complete 
medium (200 ml) were seeded into the inner chamber. A total 
of 600 ml of the medium was added to the lower chamber, 
and the plate was incubated at 37˚C in a 5% CO2/95% air 
incubator (20% O2). For hypoxic treatment, plates containing 
Boyden chambers were placed in 1% O2 in a water-jacketed 
CO2 incubator (NAPCO) at 37˚C in a humidified atmosphere 
with 5% CO2 overnight. Cells on the lower surface of the 
filter were scraped with a rubber scraper into the medium 
from the lower chamber, pelleted, resuspended in the medium 
(50 ml), and counted using a hemocytometer. Each condition 
was performed in quadruplicates, and the experiments were 
carried out twice.

Real-time RT-PCR analysis. Total RNA was isolated using 
Isogen reagent (Nippon Gene, Tokyo, Japan) and quanti-
fied by A260/A280 measurement using an Ultraspec 3000 
(Amersham Biosciences, Piscataway, NJ, USA). Total RNA 
(50 mg) was reverse-transcribed into cDNA using an RT-PCR 
kit (Stratagene, La Jolla, CA, USA) according to the manufac-
ture's recommendations.

Real-time PCR was performed for the quantitative estima-
tion of the DNA level. PCR reactions (20 ml) were set-up with 
the final concentrations of 5 mM MgCl2, SYBR-Green Master 
Mix (2 ml; Roche Applied Science, Mannheim, Germany), 
cDNA (1:10 dilution; 5 ml), and forward and reverse primers 

(0.3 mM each). The primer sequences were as follows: 5'-CAA 
CACCACCAAATGCAACG-3' (forward), and 5'-GGTTTTT 
CGGTTCGTGAGTG-3' (reverse). The reactions were then 
cycled in a LightCycler (Roche Applied Science) with the 
following parameters: denaturation for 1 cycle at 95˚C for 
10 sec, 45 cycles (temperature transition of 20˚C/sec) of 95˚C 
for 10 sec, 62˚C for 10 sec, and 72˚C for 6 sec. Fluorescence 
readings were taken at 72˚C and, melting curve analysis was 
performed with continuous f luorescence reading. The 
LightCycler software generated a standard curve (from 
measurements taken during the exponential phase of the 
amplification) that enabled the amount of each gene in each 
test sample to be determined.

Western blot analysis. CaSki and CA cells were seeded 
at 2.5x106 cells/150 mm dish, and incubated overnight at 
37˚C. Subsequently, cells were exposed to hypoxic condi-
tions. Cells were harvested and lysed on ice for 30 min. In 
lysis buffer [10 mM Tris (pH 8.0), 1 mM EDTA, 400 mM 
NaCl, 10% glycerol, 0.5% NP40, 5 mM sodium fluoride, 
0.1 mM phenylmetylsulphonyl fluoride and 1 mM DTT], 
containing complete protease inhibitor cocktail (Boehringer 
Mannheim, Indianapolis, IN, USA). The lysate was centri-
fuged at 14,000 rpm for 15 min and the soluble fractions 
were collected. Protein concentrations were measured using 
Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, 
CA, USA). Equal amounts of protein (40 mg) were loaded 
onto a 4-12% SDS-polyacrylamide gel and subjected to elec-
trophoresis at 200 v for 50 min. The protein was transferred 
onto a polyviniylidene difluoride membrane and probed with 
an anti-uPAR antibody (FL-290; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), anti-HIF-1α antibody (NB100-105; 
Novus Biologicals, Littleton, CO, USA), and anti-actin anti-
body (C4; Boehringer Mannheim). The same blot was probed 
with different antibodies after stripping the membrane. Each 
protein was detected by horseradish peroxidase-conjugated 
secondary antibody coupled with enhanced chemilumi-
nescence western blotting detection reagents (Amersham 
Biosciences). Each band intensity was normalized to the inten-
sity of the actin band.

Transfection and luciferase assays. Each cell line was seeded 
at 5.0x105 cells/35-mm dish and incubated overnight at 37˚C 
in a 5% CO2 incubator. For each transfection, empty or expres-
sion vectors (1.0 mg) along with the promoter-luciferase DNA 
(0.3 mg) were mixed in Opti-MEM (0.2 ml) and a precipitate 
was formed using Lipofectamine 2000 (both from Invitrogen) 
according to the manufacturer's instructions. Cells were washed 
with Opti-MEM, and complexes were applied to the cells. 
After transfection for 24 h, cells were harvested and extracts 
were prepared with the Glo Lysis Buffer (Promega, Madison, 
WI, USA). Luciferase activity was measured in extracts from 
triplicate samples using the Bright-Glo Luciferase Assay 
system (Promega).

Electrophoretic mobility shift assays. The HIF-1 protein was 
synthesized in vitro in the presence of unlabeled amino acids 
using the pcDNA3-HIF-1α and pcDNA3-ARNT expression 
constructs with the coupled transcription/translation system 
(TNT) from Promega (11). Translated products were analyzed 
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by western blotting using anti-HIF-1α antibody (NB100-105; 
Novus Biologicals).

Oligonucleotides containing the HIF-1 consensus 
DNA-binding site from uPAR promoter (HRE/uPAR) and 
the HIF-1 binding site from the erythropoietin promoter 
(HRE) were purchased as single-stranded DNAs from 
Genosys Biotechnologies (Woodlands, TX, USA). Double-
stranded oligonucleotides were prepared by annealing 
complementary oligonucleotides, in a buffer containing 
10 mM Tris (pH 8.0), 500 mM NaCl and 1 mM EDTA. 
The sequences of the complementary pairs were as 
follows: 5'-AAGGAGAGAAGACGTGCAGGGACCCC-3' 
and 5'- GGGGTCCCTGCACGTCTTCTCTCCTT-3' 
(HRE/uPAR); 5'-TCTGTACGTGACCACACTCACCTC-3' 
and 5'-GAGGTGAGTGTGGTCACGTACAGA-3' (HRE). 
Equimolar amounts of the complementary oligonucleotides 
were mixed in a 1.5-ml microcentrifuge tube and placed in 
a heat block at 95˚C. The heat block was allowed to cool to 
room temperature, and the samples were desalted on a G-25 
Microspin column (Amersham). The double-stranded oligo-
nucleotides were end-labeled with 32P using T4 polynucleitide 
kinase and [γ-32P]-ATP. For electrophoretic mobility shift 
analysis, end-labeled double stranded oligonucleotides, 
5,000 cpm, were incubated with HIF-1 protein (2 ml) prepared 
by in vitro transcription/translation at room temperature (22˚C) 
for 30 min in the presence of a binding buffer containing 10% 
glycerol, 20 mM HEPES (pH 7.5), 25 mM kCl, 2 mM DTT, 
2 mM MgCl2, 0.4 % NP-40 and 1 mg sheared salmon sperm 
DNA. When competition assays were performed, an unlabeled 
HIF-1 consensus sequence oligonucleotide was incubated 
with proteins and buffer for 5 min before the addition of 
each labeled oligonucleotide. For supershift assays, 0.5 mg of 
HIF-1α antibody (Oz15; Lab vision Corporation, Fremont, 
CA, USA) was incubated with the binding mixtures for 5 min 
before the addition of the labeled oligonucleotide. Samples 
(20 ml) were loaded onto a 5% non-denaturing polyacrylamide 
gel and subjected to electrophoresis at 150 v for 1 h using 
0.5X Tris-borate EDTA [1X Tris-borate EDTA: 89 mM Tris, 
8 mM boric asid and 2 mM EDTA (pH 8.3)] as running buffer. 
After electrophoresis, gels were transferred to Whatman 3 
MM paper and exposed to Kodak XAR film with intensifying 
screens at -80˚C.

siRNA transfection. Gene silencing was achieved by transient 
transfection of siRNA oligonucleotides encoding specific 
sequences for HIF-1α according to the manufacturer's instruc-
tions (Santa Cruz Biotechnology). In brief, CaSki and CA 
were plated overnight in antibiotic-free medium to reach 50% 
confluency. Cells were transfected the following morning 
using Lipofectamine 2000 with 100 pmol/ml of siRNA 
oligonucleotides. Control siRNA was transfected to exclude 
non-specific effects. After exposure to 1% O2 for 24 h, cells 
were harvested for protein.

Immunohistopathological analysis. Immunohistochemistry 
was performed on representative formalin-fixed, paraffin 
embedded sections. Each tissue block was sectioned at 
4-mm thickness, deparaffinized in xylene and rehydrated in 
graded alcohols. Primary antibodies against uPAR (CD87, 
clone HD-uPAR-13.1; 1:50 dilution; American Diagnostica, 

Stamford, CT, USA) and HIF-1α (NB100-105, clone 
H1alpha67; 1:500 dilution; Novus Biologicals) were used. 
Pretreatment for unmasking of antigens was carried out either 
via protease XXIv (Sigma Chemicals, Perth, WA, USA) for 
10 min at room temperature for uPAR, or by autoclaving for 
10 min at 110˚C for HIF-1α.

Results

Hypoxia mediates invasion. To determine the functional 
correlates of hypoxia-induced uPAR expression and invasion, 
we first compared the invasion of cervical cancer cells through 
a reconstituted basement membrane (Matrigel). The cervical 
cancer cell line, CaSki and CA, were incubated in hypoxic (1% 
O2) and normoxic conditions (20% O2), respectively. Invasion 
assays showed that these cells were 2-fold more invasive under 
hypoxic conditions than under normoxic conditions (Fig. 1).

Hypoxia induces endogenous uPAR expression. To analyze 
whether there is a correlation between HIF-1α and uPAR, we 
examined the effect of hypoxia on HIF-1α and uPAR expres-
sion in cervical cancer cell line, CaSki and CA. Whole cell 
extracts prepared from controls and from cells exposed to 
1% O2 for 24 h were subjected to western blot analysis. As 
shown in Fig. 2, both HIF-1α and uPAR protein expressions 
were increased significantly under hypoxic conditions. These 
results indicate that hypoxia induces the endogenous expres-
sions of uPAR.

HIF-1 transactivates the uPAR promoter. To examine whether 
the induction of uPAR expression by hypoxia is mediated 

Figure 1. Hypoxia induces invasion in cervical cancer cells. Error bars indi-
cate standard deviation from quadruplicate assays.

Figure 2. Hypoxia induces uPAR protein expression. CaSki and CA cells 
were cultured at 20% O2 or 1% O2 for 24 h. Whole cell extracts (40 mg) were 
prepared and subjected to western blot analysis.
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via a transcriptional mechanism, CaSki and CA cells were 
transfected with puPAR-141-luc (Fig. 3A) and then exposed to 
1% O2 for 24 h. Hypoxia transactivated the uPAR promoter 
by 2-fold (Fig. 3B). Additional cotransfection experiments 
were performed with puPAR-141-luc, HIF-1α and ARNT or 
empty vectors. HIF-1 overexpression transactivated the uPAR 
promoter by 5-6 fold (Fig. 3C).

The uPAR promoter contains a putative HRE. To confirm 
whether the uPAR promoter regions are responsible for 
transactivation by HIF-1, we prepared a reporter construct, 
puPAR-141mt-luc, where the putative HRE is mutated by 
replacement of AGG with TTT (Fig. 3A). Neither hypoxia nor 

HIF-1 overexpression increased the activity of this mutated 
promoter, indicating that this putative HRE (HRE/uPAR) 
is essential for the regulation of uPAR by hypoxia and 
HIF-1 (Fig. 3B and C).

HIF-1 interacts with the putative HRE in the uPAR promoter. To 
determine whether HIF-1 has direct interaction with the HRE on 
the uPAR promoter, electrophoretic mobility shift assays were 
performed. Oligonucleotide corresponding to nucleotides -50 
to -25 (HRE/uPAR) of the uPAR promoter was incubated with 
HIF-1α and ARNT prepared by in vitro transcription/transla-
tion and subjected to electrophoresis. A DNA-protein complex 
was formed when HRE/uPAR was incubated with the HIF-1-
programmed rabbit reticulocyte lysate (Fig. 4A), but not with 
the unprogrammed lysate (data not shown). This complex was 
specifically retarded by anti-HIF-1α antibody (Fig. 4). The 
addition of a 30-fold molar excess of cold HIF-1 consensus 
oligonucleotide (HRE) markedly reduced binding (Fig. 4A). 
To additionally substantiate a HIF-1 binding to this oligo-
nucleotide, we performed competition assays using end-labeled 
HIF-1 consensus oligonucleotide and cold HRE/uPAR as a 
competitor. The unlabeled HRE/uPAR competed with HIF-1 
binding to the wild-type probe when present in the reaction at 
50- and 200-fold molar excess (Fig. 4B). These results confirm 
that HIF-1 binds to the HRE/uPAR and indicate that the 
affinity of HIF-1 binding to the HRE/uPAR is similar to that of 
the consensus HIF-1 sequence.

These data indicate that hypoxia-induced uPAR expression 
is induced by the enhanced activity of HIF-1 on the HRE/uPAR 
promoter. Taken together, the putative HIF-1 binding site in 
the proximal region of the uPAR promoter is essential for the 
regulation of uPAR.

Disruption of the uPAR expression by HIF-1 siRNA. HIF-1α 
siRNA was previously used to inhibit HIF-1α expression (12). 
In the present study, we used this HIF-1α siRNA to examine 
whether hypoxia-induced uPAR expression is mediated by 
HIF-1 upregulation. When CaSki cells were transfected with 
siRNA and exposed to hypoxic conditions, the HIF-1α and 
uPAR expressions were downregulated compared with the 
control siRNA transfected cells (Fig. 5A). The level of actin 
was monitored as a control and was found to be unaltered 
by siRNA (Fig. 5A). Similar results were obtained using CA 
cells (Fig. 5A). These results indicate that HIF-1α is required 
for hypoxia induced uPAR expression.

To examine the effect on invasiveness by HIF-1α knock-
down, we performed invasion assay in CaSki and CA cells 
after HIF-1α siRNA tranfection. Downregulation of HIF-1 
expression significantly diminishes invasion in cervical cancer 
cells (Fig. 5).

uPAR mRNA expression in cervical cancer tissue. The expres-
sion of uPAR mRNA was examined in cervical cancer from 
35 patients and normal cervix from 10 patients who suffered 
from uterine myoma or prolapse of the uterus. Triplicate 
measurements were carried out. uPAR mRNA levels were 
much higher in cervical cancer than in normal tissues (Fig. 6).

Localization of the uPAR expression. Immunohistochemical 
analysis of uPAR may lead to the understanding of neoplastic 

Figure 3. Transactivation of uPAR promoter activity by hypoxia exposure and 
HIF-1 overexpression. (A) The schematics of the HIF-1 response elements 
and the puPAR141-luc and puPAR141mt-luc reporters are shown. (B) CaSki 
and CA cells were transfected with the puPAR141-luc/puPAR141mt-luc 
(0.3 mg) in hypoxic conditions (1% O2) and activity reported as relative lumi-
nescence units (RLU). Error bars indicate standard deviation in triplicate 
assays. (C) CaSki and CA cells were co-transfected with the puPAR141-
luc/puPAR141mt-luc (0.3 mg) and 1.0 mg of HIF-1 expression constructs 
(HIF-1α and ARNT) or empty vector, pcDNA3 in hypoxic conditions (1% 
O2) and activity reported as relative luminescence units (RLU). Error bars 
indicate standard deviation in triplicate assays.
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progression of invasion in cervical carcinogenesis. Increased 
nuclear staining of HIF-1α was observed in invasive cervical 

cancer tissue samples (Fig. 7C). However, no or faint staining 
was observed in CIN3 (Fig. 7A). High-level cytoplasmic 
staining of uPAR was detected in invasive cervical cancer, 
whereas not in CIN3 (Fig. 7B and D).

Discussion

Tumor cells need to migrate through the extracellular matrix 
and invade blood vessels into systemic circulation to be 
disseminated to metastatic organs (13,14). Firstly, tumor cells 
detach from the primary tumor, invade blood vessels and then 
metastasize in organs where they form the secondary lesion. In 
spite of significant progress in cancer biology, it is not known 

Figure 4. Analysis of HIF-1 interaction with the putative HRE in the uPAR promoter. (A) 32P end-labeled HRE/uPAR oligonucleotide was used as a probe. 
For the competition assays, 30- or 100-fold molar excess of the HRE was used. For the supershift assay, anti-HIF-1α antibody (0.5 mg) was added into the 
binding reaction. The thin arrow indicates HIF-1/DNA complexes and the thick arrow indicates supershifted bands. (B) The HIF-1 consensus oligonucleotide 
was end-labeled with 32P. For the competition assays, 50- or 200-fold molar excess of HRE/uPAR was added to the binding reaction, respectively. For the 
supershift assay, anti-HIF-1α antibody (0.5 mg) was added into binding reaction. The thin arrow indicates HIF-1/DNA complexes and the thick arrow indicates 
supershifted bands. NS, non-specific.

Figure 5. (A) Disruption of uPAR expression by the HIF-1α siRNA. CaSki 
and CA cells were transfected with the HIF-1α siRNA or control siRNA 
using Lipofectamine 2000. Cells were then exposed to hypoxic conditions 
(1% O2). A cell lysate was prepared after 24 h and analyzed by western blot-
ting for protein level using antibodies to HIF-1α, uPAR and actin. (B) HIF-1α 
siRNA diminishes invasion in cervical cancer cells.

Figure 6. uPAR mRNA level in cervical cancer.
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why only some but not all cells of a clonal tumor population 
acquire the ability to migrate through the tissue barriers (14). 
One hypothesis is that specific transient regional tumor micro-
environment of low oxygen mediates a distinctive epigenetic 
gene expression profile in a subset of cells, which likely causes 
selection of more invasive cell clones (15,16). Tumor hypoxia 
is one of the most critical situations during development of 
tumor invasion.

Our data show that HIF-1 transactivates the uPAR 
promoter and then mediates the induction of uPAR and 
invasion in cervical cancer cells during hypoxia. We have 
also shown that the protein level of uPAR in cervical cancer 
samples is higher than that in normal cervix. The level of 
uPAR was increased under hypoxic conditions, as determined 
by real-time RT-PCR analysis and western blotting in cervical 
cancer cell lines. When siRNA was used to reduce HIF-1α 
expression, not only uPAR expression but also invasiveness 
was significantly diminished during hypoxia. According to 
electrophoretic mobility shift assay, we identified the active 
HRE in the uPAR core promoter. These findings may be 
relevant to several biological processes in which cell inva-
sion occurs. For example, increased expression of uPAR 
in cancer may facilitate their invasion through hypoxic 
regions of the stroma (17). In addition, increased expression 
of uPAR is enhanced in migrating endothelial cells in vitro, 
and the fact that neovascularization of transplanted tumors 
in vivo is inhibited by uPAR antagonists suggests a role for 
hypoxia-stimulated uPAR expression in tumor angiogen-
esis (18-20). uPAR antagonists inhibit tumor metastasis, as 

well as local invasion, perhaps explaining the association of 
elevated uPAR levels in cervical, breast and other types of 
carcinomas with a poor clinical outcome (21-23).

Correlation between HIF-1 and regulation of uPAR has 
rarely been shown. The protease system of uPA/uPAR and 
metalloproteinases participate in the metastatic disease 
progression, which depends on hypoxia (13). A previous 
study showed that exposure of MDA-MB231 human breast 
carcinoma cells to hypoxia upregulated uPAR expression and 
increased invasion (17). It has also shown that these effects 
were prevented by incubating the cells with a blocking anti-
body to uPAR (17). It was hypothesized in that previous study 
that HIF-1 may be involved in the transcriptional activation 
of the uPAR gene (17). Also, Büchler et al has shown that 
the effects of hypoxia on uPAR and invasion were mediated 
directly by HIF-1 in pancreatic cancer cells (24).

The HRE (5'-RCGTG-3') overlaps the E-box (CACGTG), 
which is known to bind to several nuclear factors, such as 
c-Myc, Max and Mad (25-28). It is unclear whether HIF-1 
competes with these factors for binding to these sites, whereas 
recent findings showed that hypoxia downregulated the 
c-Myc expression (29). Under hypoxic conditions, HIF-1α 
may play a predominant role in regulating promoter activity 
of uPAR. Taken together, these data strongly indicate that 
hypoxia-induced uPAR expression is due to the enhanced 
activity of HIF-1 on the uPAR promoter. Furthermore, 
the proximal HRE in the uPAR promoter is essential for 
the upregulation of uPAR during hypoxia since the uPAR 
promoter was no longer transactivated by hypoxia when we 

Figure 7. Immunohistochemical staining of HIF-1α and uPAR in cervical cancer. (A) CIN3 shows no staining with HIF-1α antibody. (B) CIN3 shows no 
staining with uPAR antibody. (C) Increased nuclear staining was observed in invasive cervical cancer. (D) Strong cytoplasmic staining was detected in invasive 
cervical cancer. (A-D) Magnification, x100.
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used the puPAR-141mt-luc which had the mutated putative 
HRE by replacement of AGG with TTT.

These data may be important for future therapeutics since 
local tumor invasion and early metastatic progression are the 
most challenging clinical features of cervical cancer. The 
coordinated activation by HIF-1 of a large battery of target 
genes, the protein products of which perform diverse but 
related functions contributing to tumor invasion, suggests that 
inhibitors of HIF-1 activity may have therapeutic utility as 
anticancer agents (30). In conclusion, our results indicate that 
hypoxia-induced upregulation of uPAR is mediated by HIF-1 
in cervical cancer cells, and provide evidence that regulation 
of uPAR expression by HIF-1 represents a mechanism for 
invasive cervical cancer during hypoxia.
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