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Effect of hypoxia and re-oxygenation on cell invasion and
adhesion in human ovarian carcinoma cells
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Abstract. Hypoxia inducible factor la (HIF-1a) regulates the
transcription of a number of genes under hypoxia and other
extracellular or intracellular stimulations. It also promotes
angiogenesis, tumor metastasis and invasion. To investigate
the effect of hypoxia and reoxygenation on cell proliferation,
invasion and adhesion, which are all related to ovarian cancer,
we applied chemically-induced hypoxia in the cultured human
ovarian carcinoma cell line, HO-8910PM. Semi-quantitative
RT-PCR results show that CoCl, induces the expression of
HIF-1o in a time- and dose-dependent manner. MTT assay
results show that CoCl,-induced hypoxia inhibits cell
proliferation which is recovered by reoxygenation. The
Boyden and cell adhesion test results indicate that CoCl,-
induced hypoxia inhibits cell invasion and adhesion which
are markedly enhanced by reoxygenation in the human
ovarian carcinoma cell line, HO-8910PM. Collectively, our
data provide insight into understanding molecular mechanisms
of the invasiveness of ovarian cancer under the conditions of
hypoxia and reoxygenation.

Introduction

Hypoxia inducible factor (HIF)-1 is composed of O,-regulated
HIF-1a and constitutively expressed HIF-1f subunits (1), and
functions as a transcriptional activator and a master regulator
of O, homeostasis. HIF-1a plays a key role in the cellular
response to hypoxia, regulating genes that are associated with
energy metabolism, erythropoietin, membrane glucose
transporters, vascular epithelial growth factors and
glycolytic enzymes. Almost 100 genes have been identified
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that are regulated by HIF-1. Although HIF-1a accommodates
the tissue physiological hypoxia response, it has been
expressed in various types of human tumor cells (2) with
abundant data demonstrating that HIF-1a is closely related to
tumor development and metastasis (3).

Hypoxia is one of the basic features in a solid carcinoma
microenvironment. HIF-1 plays a very important role in tumor
development and metastasis (4,5), and has been considered as
one of the most important drug targets for cancer treatment
(6). While the molecular and cellular mechanism of HIF-1
under hypoxia is under investigation in vivo, a number of
chemicals including CoCl, or conditions that induce hypoxia
are applied in in vitro experiments. Our previous studies have
shown that UV radiation induces HIF-1a expression, which
may be associated with UV-induced skin cancer (7).

Ovarian cancer remains the leading cause of mortality of
gynecological cancer types. Ovarian carcinoma is expected to
develop in 1 of 70 women in their lifetime, and one woman in
100 will ultimately succumb to complications associated with
this aggressive disease. Studies have shown that despite
good initial responses to chemotherapy, 75% of patients
will succumb due to disease recurrence, progression and
complications (8).

Ovarian cancer cells behave aggressively and are resistant
to various cancer drugs. Our previous studies have shown
that resistance to drugs such as taxol is due largely to the
transient activation of EGFR and expression of survivin (9-12).
HIF-1a has been shown to be associated with cancer chemo-
resistance and poor prognosis (13), although cancer drugs
such as cisplatin and doxorubicin repress vascular endothelial
growth factor expression and differentially down-regulate
HIF-1a activity in human ovarian cancer cells (14).

Given that HIF-1a is involved in cancer cell invasion and
metastasis under hypoxia, we undertook this study to
investigate the effect of chemically-induced hypoxia and
reoxygenation on cell proliferation, invasion and adhesion in
cultured ovarian cancer cells. We found that CoCl,, one of the
hypoxia inducible agents, induces HIF-1a expression in
cultured HO-8910PM cells. Reoxygenation after hypoxia
enhances cell proliferation, invasion and adhesion.

Materials and methods

Cell culture. As previously described (11), human ovarian
cancer HO-8910PM cells were cultured in RPMI-1640 with
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Table I. Cell proliferation in HO-8910PM cells under different hypoxia/reoxygenation conditions.

Cell proliferation

CoCl, (uM) H16h H24 h H16hRO, 8 h H16h RO, 24 h
0 0.765+0.067 0.859+0.062 0.830+0.045 0.824+0.090
50 0.422+0.095 0.339+0.086 0.567+0.070 0.466+0.128

100 0.4100.145 0.221+0.062 0.466+0.053 0.340+0.056

150 0.356+0.073 0.219+0.070 0.283+0.033 0.321:0.030

300 0.337+0.047 0.202 +0.092 0.3110.1000 0.307+0.032

20% FBS and 1% penicillin-streptomycin. The media were
changed every other day. The passage period was ~3 days.
Cells were trypsinized with 0.25% trypsin provided by the
Shanghai Institute of Cell Biology.

RT-PCR detection of expression of HIF-1a after hypoxia.
HO-8910PM cells (10x10°) were seeded in 25 c¢cm? culture
flasks, and cultured for 24-48 h. When the cells were at a
confluence of 80%, CoCl, was added into the media. Cells
were treated with either 150 uM of CoCl,, and collected at
4,8, 16, 24 and 48 h after treatment; or they were treated with
CoCl, at a concentration of 0, 50, 100 and 150 xM, and
collected at 16 h after treatment. Total RNAs were isolated
using TRIzol (Sigma, St. Louis, MO). RT-PCR was performed
using kit (Promega, USA). First-strand cDNA was
synthesized with 4 ug of total cellular RNA and 0.5 ug of
Oligo(dT) 18 primer. After synthesis, the reaction mixture
was immediately subjected to PCR, which was carried out
using the PCR system (Promega). The primers for HIF-1a
are AATTCTACACCCACAGGCCA (sense) and AGG
GGCCGGACTCGTGATACT (antisense). The primers for
3-actin as a control are TCCGATGGAAGCACTAGACA
(sense) and TCAAAGCGACAGATAACACG (antisense).
The HIF-1o PCR regimen was: 94°C/5 min, 94°C/30 sec,
58°C/30 sec, 72°C/30 sec for 30 cycles, 72°C for 10 min, and
4°C refrigeration. The B-actin PCR regimen was: 94°C/5 min,
95°C/30 sec, 56°C/30 sec, 72°C/45 sec for 28 cycles, 72°C
for 7 min, and 4°C refrigeration. PCR products were electro-
phoresed on 1.5% agarose gels, and the bands were visualized
with ethidium bromide and photographed with a camera.
Densitometric analysis was used for band quantification using
NIH image software.

MTT dye assay. As previously described (11), 0.2-0.4x10°
HO-8910PM cells in 200 ul of complete medium were seeded
into a 96-well plate, and the plate was incubated at 37°C in a
5% CO,/95% air incubator overnight. Cells were treated at
different concentrations of CoCl, (0, 50, 100, 150 and 300 M)
for 16 and 24 h, and re-oxygenated for 8 and 24 h after being
treated with CoCl, for 16 h. In the last 4 h of the time period,
20 ul of MTT (5 mg/ml) were added into the media. When the
time period ended, 150 p1 of DMSO were added to the wells.
After having discarded the medium, the plate was placed on a
shaker at low speed for 10 min. The absorption at 492 nm
was measured. The data from three wells were used for
statistical analysis in each experiment from all the groups.

Cell invasion assay. Cells were prepared for the control;
hypoxia 24-h; and hypoxia 16-h and re-oxygenated 24-h
groups. Twelve-millimetre-diameter polycarbonate filters
(8-pm pore size, Millipore, USA) at 1:3 dilution in serum-free
medium were used. HO-8910PM cells (10x10%) in 400 ul of
complete medium were seeded into the inner chamber. Media
(600 ul) were added to the lower chamber, and the plate was
incubated at 37°C in a CO, incubator for 16 h. Cells on the
lower surface of the filter were stained with haematoxylin and
counted under microscope.

Cell adhesion test. Cells were prepared for the control;
hypoxia 16-h; hypoxia 24-h; as well as the hypoxia 16-h and
re-oxygenated 24-h groups. Limnin (1 pg/cm?, Sigma) was
fixed in a 24-well plate at 4°C overnight. BSA (5%) was used
to block for 60 min at 37°C. Hank's was used to wash the plate.
Prepared cells (10x10°) were seeded in the wells of a 24-well
plate at 37°C in a CO, incubator. Cells were trypsinized with
0.25% trypsin after being cultured for 30, 90, 120 and 180 min,
respectively. The cells that adhered to the wells were counted
under microscope.

Results

Effect of CoCl,-induced hypoxia on cell proliferation in
cultured HO-8910PM cells. Existing data have shown that
CoCl, induces hypoxia and inhibits cell proliferation in other
cancer cells. To examine the effect of CoCl,-induced hypoxia
on cell proliferation in ovarian cancer HO-8910PM cells, the
cells were cultured in 96-well plates, and MTT dye assay
was performed. The results showed that CoCl, treatment
inhibits cell proliferation in a time- and dose-dependent manner
(Table I). However, reoxygenation after hypoxia markedly
enhances cell proliferation.

Effect of CoCl, on HIF-1a expression in HO-8910PM cells. To
investigate the mechanism of CoCl,-induced inhibition of cell
proliferation and enhancement by reoxygenation post-hypoxia,
we measured the expression of HIF-1a using RT-PCR. Cells
were cultured in 6-well plates and treated with 150 yM of
CoCl,. The cells were collected at different time points (4, 8,
16, 24 and 48 h) and total RNAs were extracted. RT-PCR
results showed that CoCl, induces HIF-1a expression in a
time-dependent manner. The expression starts at 4 h and
peaks at ~24 h and remains elevated at 48 h (Fig. 1A and B).
CoCl, also induces HIF-1a expression in a dose-dependent
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Table II. Cell adhesion of HO-8910PM cells under hypoxia/reoxygenation conditions.
Treatment 30 min 90 min 120 min 180 min
Control 5.0% 5.5% 9.3% 15.7%
Hypoxia 16 h 4.0% 32% 6.8% 11.3%
Hypoxia 24 h 0.3% 0.5% 0.7% 1.0%
Hypoxia 16 h RO, 24 h 5.3% 9.0% 9.5% 17.0%
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Figure 1. Effect of CoCl, on HIF-1a expression (time course) in HO-8910PM
cells. Cells were cultured and treated with 150 M of CoCl,. The cells were
collected at various time points after treatment (4, 8, 16, 24 and 48 h) for the
detection of HIF-1a expression by RT-PCR (A). The bands were quantified
(B).
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Figure 2. Effect of CoCl, on HIF-1a expression (dose response) in HO-
8910PM cells. Cells were cultured and treated with various concentrations of
Co(l, (50, 100 and 150 #M). The cells were collected at 24 h after treatment
for the detection of HIF-1a expression by RT-PCR (A). The bands were
quantified (B).

manner at a concentration of 150 yM, which induces the
highest HIF-1a expression (Fig. 2A and B).

Effect of CoCl,-induced hypoxia on cell invasion in the
HO-8910PM cells. To study cell invasion under conditions

Hours Post CoCl, (150 uM) 24 h Reoxygenation

Figure 3. Effect of hypoxia and reoxygenation on cell invasion in HO-
8910PM cells. Cells were cultured and prepared in the control; CoCl,-treated
16- and 24-h; and CoCl, 16- and 24-h reoxygenation groups. A cell invasion
test was performed as described in Materials and methods. Cell invasion
was presented as arbitrary units.

CoCl, 24h CoCl, 16h

Reoxygenation 24h

Figure 4. Effect of hypoxia and reoxygenation on cell adhesion in HO-
8910PM cells. Cells were prepared for the control; hypoxia 16-h; hypoxia
24-h; hypoxia 16-h and reoxygenated 24-h groups. A cell adhesion test was
performed as described in Materials and methods.

of hypoxia and reoxygenation, the Boyden cell invasion test
was used. The results showed that after 24-h hypoxia, cell
invasion decreases greatly (the number of cells through the
artificial basement membrane is 13.33+3.06 and that of the
control group is 52.67+10.21). However, after being under
hypoxia for 16 h and being reoxygenated for 24 h, the cell
invasion is enhanced sharply (the number of cells through the
artificial basement membrane is 86.00+9.17 and that of the
control group is 52.67+10.21) (Fig. 3).

Effect of CoCl,-induced hypoxia on cell adhesion in the
HO-8910PM cells. To study cell adhesion under hypoxia and
reoxygenation, the Limnin cell adhesion test was used. The
results showed that compared to the control group, hypoxia
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induced by CoCl, inhibits cell adhesion in a time-dependent

manner. However, reoxygenation after hypoxia enhances cell
adhesion (Table II, Fig. 4).

Discussion

HIF-1a is induced by hypoxia, and by other factors such as
chloride ion, desferrioxamine, and oncogenes. CoCl, is a
chemical reagent and remains an important tool for studying
the role of HIF-1a in a number of cells, including skin (7). In
this study, we used the ovarian cancer HO-8910PM cell
line, which is a high metastasis serous cystadenocarcinoma
one. Our study shows that there is HIF-1a expression in
HO-8910PM cells and it is induced by CoCl,. However, the
question of whether the expression of HIF-1la is tightly
correlated with a malignant grade of ovarian carcinoma
remains to be addressed (15,16).

Our study, using MTT dye assay, shows that CoCl, inhibits
cell proliferation in HO-8910PM cells. Choosing an optimal
CoCl, concentration and culture time is very important for
the establishment of a hypoxia cell model. The results
presented above demonstrate that CoCl, induces HIF-1a
expression in HO-8910PM cells in a time- and dose-
dependent manner at mRNA level (Figs. 1 and 2). Other
studies have shown that the regulation of HIF-1a occurs at
the protein level (17-19). In this study, we used 150 uM as the
optimal concentration for the induction of hypoxia and 24 h
as the optimal culture time.

Available evidence indicates that tumor cell apoptosis or
survival is determined by a degree of hypoxia. Studies have
shown that hypoxia/reoxygenation increases cell prolife-
ration, suggesting that HIF-1a is a key modulator under
hypoxia. Our MTT data show that cell growth is inhibited
under chemical hypoxia induced by CoCl,. Furthermore, the
inhibition is in a time- and dose-dependent manner. As
expected, a high concentration of CoCl, induces cell death in
cultured HO-8910PM cells.

Metastasis and invasion are very important biological
characteristics of malignant tumors (20). Our study shows
that cell invasion and adhesion are enhanced under hypoxia/
reoxygenation treatment when HIF-1a is overexpressed by
CoCl,. Our data suggest that HIF-1a overexpression regulates
the expression of a number of related genes such as VEGF,
which is associated with tumor angiogenesis. The regulatory
effect of HIF-1a may take place at the transcriptional and
post-transcriptional level (21).

HIF-1a also up-regulates MMP, and down-regulates E-cad,
which decreases the power of intercellular adhesion and
increases the power of extracellular matrix, promoting tumor
cell invasion and metastasis (22). Hypoxia is a challenge for
promoting tumor cell malignancy. If tumor cells survived
under hypoxia, the cell malignant behavior would be more
powerful than before hypoxia. Therefore, HIF-1a is a promoter
of tumor cell deterioration and metastasis.

Thus, HIF-1a has been considered as one of the most
important target proteins of neoplasm-targeted therapies. It is
envisioned that better understanding of the molecular role of
HIF-1a in promoting dissemination and metastasis in ovarian
cancer would eventually improve prognosis and increase
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patient survival. Our data provide insight into understanding
the molecular mechanism of cell proliferation, invasion and
adhesion under hypoxia/reoxygenation in ovarian cancer
cells.
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