1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
/nt J Radiat Oncol Biol Phys 2011 October 1; 81(2): 521-528. doi:10.1016/j.ijrobp.2011.04.027.

IMPACT OF HYPOXIA ON THE METASTATIC POTENTIAL OF
HUMAN PROSTATE CANCER CELLS

YAO DAI, PH.D.1, KYUNGMI BAE, PH.D.2, and DIETMAR W. SIEMANN, PH.D.1

1 Department of Radiation Oncology, University of Florida Shands Cancer Center, Gainesville,
Florida USA

2 Department of Urology, University of Florida Shands Cancer Center, Gainesville, Florida USA

Abstract

Purpose—Intratumoral hypoxia is known to be associated with radioresistance and metastasis.
The present study examined the effect of acute and chronic hypoxia on the metastatic potential of
prostate cancer PC-3, DU145 and LNCaP cells.

Methods and Materials—Cell proliferation and clonogenicity were tested by MTT assay and
colony formation assay, respectively. “Wound-healing” and Matrigel-based chamber assays were
used to monitor cell motility and invasion. Hypoxia-inducible factor 1 alpha (HIF-1c) expression
was tested by Western blot and HIF-1-target gene expression was detected by real time PCR.
Secretion of matrix metalloproteinases (MMPs) was determined by gelatin zymography.

Results—When PC-3 cells were exposed to 1% oxygen (hypoxia) for various periods of time,
chronic hypoxia (=24 h) decreased cell proliferation and induced cell death. In contrast, prostate
cancer cells exposed to acute hypoxia (<6 h) displayed increased motility, clonogenic survival and
invasive capacity. At the molecular level, both hypoxia and anoxia transiently stabilized HIF-1a..
Exposure to hypoxia also induced the early expression of MMP-2, an invasiveness-related gene.
Treatment with the HIF-1 inhibitor YC-1 attenuated the acute hypoxia-induced migration,
invasion, and MMP-2 activity.

Conclusions—The length of oxygen deprivation strongly impacted the functional behavior of
all 3 prostate cancer cell lines. Acute hypoxia in particular was found to promote a more
aggressive metastatic phenotype.
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INTRODUCTION

In cancer patients tumor hypoxia has been identified as a common environmental stress
factor associated with resistance to radiation therapy (1) and poor prognosis (2). As cancers
progress, tumor cells acquire the ability to adapt to hypoxic environments by co-opting
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blood vessel formation while also migrating and invading toward vessels (3). Clinical
investigations have indicated hypoxia to be a common feature of most solid tumors, a
characteristic that may relate to the incidence of cancer metastasis (4). Preclinical
experimental evidence derived from animal models has demonstrated that exposure to
hypoxia increases tumor metastatic ability in vivo (5). Tumor hypoxia has generally been
classified into two types: chronic and acute hypoxia (6). Tumor cells residing at the limits of
oxygen diffusion from functional blood vessels may experience chronic or “diffusion-
limited” hypoxia. Such hypoxic conditions typically last for relatively long periods of hours
or days (6). In contrast, some tumor cells may be exposed to short-term (minutes to hours),
transient hypoxia as a result of intermittent blood flow due to tumor vasculature
abnormalities (7). Such acute or “perfusion-limited” hypoxia is characterized by rapid
reoxygenation and hypoxic-oxic cycles (8) shown to have periodicities of minutes, hours or
days. Although both types of hypoxia occur in human tumors, their relative impact on the
metastatic dissemination of cancer cells may vary (9).

HIF-1 is a key transcriptional factor that may serve as a surrogate marker of tumor
oxygenation and response. In general, HIF-1 is believed to mediate a pleiotropic role under
both aerobic and anaerobic conditions. In the presence of ambient oxygen tension, the
HIF-1a subunit is degraded by the ubiquitin-proteasome system via binding to the von
Hippel-Lindau (VHL) protein. Under hypoxic conditions, HIF-1a is rapidly stabilized and
functionally activated (10). HIF-1 mediates key hypoxia-associated genes involved in
angiogenesis, metabolism, survival and invasion (11). In some cancer types, HIF-1 can also
be constitutively activated in an O-independent manner under aerobic conditions as a
consequence of dysregulated signaling pathways that involve hyperactivation of oncogenes
or inactivation of tumor suppressor genes. Given the central role of HIF-1 in driving
multiple cellular behaviors in response to environmental oxygen loss, HIF-1 serves as an
attractive target for drug development (10).

As is the case in other solid tumors, intratumoral hypoxia is emerging as a common feature
of prostate cancers that are associated with poor prognosis. HIF-1a has been shown to be
activated in prostate cancer as compared to normal prostatic epithelium, suggesting a
possible role for HIF-1a as a biomarker for premalignant lesions of the prostate (12).
Upregulation of HIF-1a represents an early event in prostate carcinogenesis (13) that is
highly correlated with the risk of metastases (14). Moreover, in prostate cancer patients
treated with radiotherapy, increased HIF-1a expression is associated with reduced time to
progression (15). Although the effects of hypoxia on prostate cancer cell function have been
studied (16), there is limited information directly comparing the effects of acute and chronic
hypoxia. The present study examined the impact of acute and chronic hypoxia on
metastasis-associated cell functions and behaviors in human prostate cancer models.

METHODS AND MATERIALS

Cell culture and hypoxia

Human prostate cancer cells (PC-3, DU145, LNCaP) were purchased from American Type
Culture Collection. Cells were maintained in appropriate media plus 10% fetal bovine serum
(FBS) in humidified 5% CO, at 37°C. For hypoxic culture conditions, cells were incubated
in glass dishes in a modular incubator chamber (Oxygen Sensors, Gladwyne, PA) flushed
with a gas mixture containing 1% O, (hypoxia) or 0% O, (anoxia) balanced with 5% CO,
and N, at 37°C. For reoxygenation after hypoxic incubation, cells were transferred back to
5% CO> and air. Cells were used for all experiments in 20 passages.
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Cell proliferation

Cells were seeded into glass dishes (7x10°/dish) and allowed to attach over night. Cells then
were exposed to hypoxia (1% O,) for various durations. Adhered cells were trypsinized and
counted using a hemocytometer. Cell proliferation was determined by comparing the cell
number under hypoxic to normoxic conditions. Cell death was assessed by trypan blue
exclusion in adhered and floating cell populations, and expressed as % of positive stained
cells.

Cell motility

Cell motility was determined using an in vitro “wound-healing” assay. Cells were seeded in
glass dishes (10%/dish) and grown for 48 h to allow them to reach confluency. Scratches (~2
mm wide) were made in the confluent cell monolayer using a sterilized 1 ml pipette tip
(8~10 scratches/sample). After scratching, cells were cultured under hypoxic (1% O,) or
anoxic (0% O,) conditions for the desired period of time and then cultured under aerobic
conditions until assessed. In some circumstances, cells were cultured under hypoxic/anoxic
conditions before scratching the cell monolayers. Cell migration was then monitored and
scored 24 h later.

Cell invasion

Cell invasion was detected as described previously (17). Briefly, cells (10%) were seeded into
Matrigel-coated invasion chambers (BD Biosciences, San Diego, CA) and incubated under
hypoxia for desired periods of time. Cells that invaded to the underside of the filters were
counted microscopically. Fold-changes in invasion were calculated as the ratio of invading
cells under hypoxic to normoxic conditions.

Colony formation

Cells were exposed to 1% O for 0.5, 2, 6 or 24 h before seeded into 6-well plates (200 and
100/well in triplicate, respectively) and incubated under aerobic conditions for 14 days.
Plates were stained with crystal violet and cell colonies (> 50 cells) were counted. Plating
efficiency was calculated from the ratio of the number of colonies formed divided by the
number of cells seeded.

Western blot

Preparation of whole cell lysates and Western blot analysis were described previously (17).
Nuclear HIF-1a expression was tested from nuclear extracts prepared as described
previously (18). Primary antibodies against HIF-1a (BD Bioscience) and B-actin (Sigma)
were used.

Quantitative real time PCR (gPCR)

gPCR was performed as previously described (18) to determine the HIF-1a target gene
expression level. Primers were designed as: vascular endothelial growth factor (VEGF),
forward, 5'-GCCTTGCTGCTCTACCTCCAC-3', reverse, 5'-
ATGATTCTGCCCTCCTCCTTCT-3’; lysyl oxidase (LOX), forward, 5'-
CAGCATACAGGGCAGATGTCAGA-3/, reverse, 5'-
GTGTTGGCATCAAGCAGGTCA-3'; MMP-2, forward, 5'-
TTGATGGCATCGCTCAGATC-3', reverse, 5-GCTTGTCACGTGGCGTCA-3'; MMP-9,
forward, 5'-GAGGCGCTCATGTACCCTATGT-3, reverse, 5'-
CCGTGGCTCAGGTTCAGG-3'. Actin (an internal control): forward, 5'-
CTCCTCCTGAGCGCAAGTACTC-3, reverse, 5'-TCCTGCTTGCTGATCCACATC-3.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

DAl et al. Page 4

Gelatin zymography
Subconfluent cells were incubated under normoxia or hypoxia in serum-free medium.
Conditioned medium (CM) was concentrated by centrifuging at 2,000xg for 20 min using an
Amicon Ultra Centrifugal filter device (cut-off molecular weight 10 kDa, Millipore). CM
was normalized to equal cell numbers and separated on a zymogram gel (Bio-Rad) under
non-denaturing and non-reducing conditions. The gel was washed with a renaturing buffer
(2.5% Triton X-100) and incubated in a developing buffer (50 mM Tris-HCI, pH 7.5, 0.2 M
NaCl and 5 mM CaCl,) at 37°C overnight. The gel was stained with Coomassie blue R-250
(0.1%) and destained for visualization. Bands were shown after image inversion by
Photoshop CS2 and the density was quantified with the aid of the Image J software program
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis

Data are presented using a box plot with whiskers above and below the box indicating the
90t and 10t percentiles, respectively. The Kruskal-Wallis test was used to analyze the
effect of hypoxic duration on cell functions. The Wilcoxon non-parametric rank sum test or
Student’s t-test was applied to investigate difference between two individual groups. All
statistical analysis was performed using GraphPad Prism 5.0 software (San Diego, CA). A
threshold of p < 0.05 was defined as statistically significant.

RESULTS

Chronic but not acute hypoxia inhibits cell growth and induces cell death

Previous reports indicate that that long-term intratumoral hypoxia can lead to cell loss and
necrosis (19, 20). In PC-3 cells, 24 h of hypoxia resulted in ~10% cell loss (p < 0.01), while
hypoxia for 48 h significantly suppressed cell growth ~25% (p < 0.001) and enhanced cell
death (p < 0.001) (Table 1). Short-term hypoxic exposure (2 — 6 h) had no effect on either
cell growth or cell death (Table 1). Similar results were observed when PC-3 cells were
exposed to anoxia (data not shown).

Acute hypoxia/anoxia promotes cell motility

To test the effect of hypoxia or anoxia (the latter was investigated to mimic a scenario of
complete vessel shut-down) on tumor cell motility, two treatment schedules were evaluated.
In the first (schedule 1), cells were exposed to hypoxia/anoxia before the “wound” was made
(Fig. 1A and B), while in the second (schedule 11), the cell layer was scratched before
exposure to hypoxia/anoxia (Fig. 1C and D). The results showed that irrespective of the
treatment schedule, hypoxia or anoxia significantly affected cell migration (p < 0.001,
Kruskal-Wallis test). Furthermore, short-term exposure to hypoxia (0.5, 2 or 6 h) or anoxia
(0.5 or 2 h) significantly increased cell movement. The greatest increase in cell migration
occurred following a 2 h exposure to hypoxia (36.6+3.5%, p < 0.001 and 38.8+5.1%, p <
0.01 in schedule I and Il, respectively) or anoxia (48.5+5.4%, p <0.01 and 40.6+3.0%, p
<0.05 in schedule I and I1, respectively) (Fig. 1). In contrast, chronic hypoxia or anoxia (24
h) failed to significantly enhance tumor cell migration (p > 0.05).

Hypoxia mediates prostate cancer cell invasion in atime-dependent manner

A 6 h exposure to hypoxic conditions significantly enhanced cell invasion in all 3 prostate
cancer cell lines (p < 0.001, Kruskal-Wallis test, Fig. 2). Longer periods of hypoxia (24 h)
also increased the ability of PC-3 cells to invade through a Matrigel layer (2.6+0.2-fold vs.
normoxia, p < 0.001), but not as effectively as the 6 h exposure (4.7+0.6-fold vs. normoxia,
p < 0.001; p <0.001 vs. 24 h hypoxia, Fig. 2A); an observation also found in DU145 (Fig.
2B) and LNCaP cells (Fig. 2C). In contrast, very short periods of oxygen deprivation (2 h)
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did not alter PC-3 cell invasion (Fig. 2A) and extended hypoxia (48 h) resulted in a
decreased invasive ability (data not shown).

Acute hypoxia enhances clonogenic survival

The impact of hypoxia on the ability of PC-3 cells to form macroscopic colonies was
assessed using a clonogenic cell survival assay (Fig. 3). The results showed that compared to
aerobic conditions (plating efficiency of 30.6+4.8 %), tumor cells pre-incubated under
hypoxia for short periods of time (0.5 or 2 h) formed significant more colonies (plating
efficiencies of 54.5+6.2% and 44.6+6.4% for 0.5 h and 2 h, respectively, p < 0.001, Fig.
3A). A 6 h hypoxia pretreatment resulted in a modest increase in plating efficiency (p =
0.075) while a 24 h hypoxic exposure had no effect (Fig. 3A and B).

Hypoxia induces transient stabilization of HIF-1a, activates HIF-target gene expression and
promotes MMP-2 secretion

The HIF-1o expression in PC-3 cells was observed to accumulate at 30 min, reach a peak
level at 2 h, and decrease with the longer exposure to hypoxia (Fig. 4A). In DU145 and
LNCaP cells, the maximal expression of HIF-1a was found when cells were exposed to
hypoxia for 6 h, with a significantly decayed expression at 24 h (Fig. 4A). A similar result
was found under anoxic conditions, where nuclear HIF-1a increased from 0.5 to 2 h (highest
expression at 1 h) and decreased at 5 h in PC-3 cells (Fig. 4B). The hypoxia-induced HIF-1a
rapidly disappeared (within 2 h) when PC-3 cells were returned to normoxia (Fig. 4C). At
the mRNA level, hypoxia activated the expression of multiple HIF-1-target genes involved
in tumor angiogenesis and invasion including VEGF, MMP-2 and LOX (Fig. 4D). Notably,
MMP-2 gene expression was significantly upregulated (3.2+0.2-fold) after PC-3 cells were
exposed to hypoxia for 6~24 h whereas the activation of MMP-9 was only slightly altered.
Consistent with the gene expression, the active form of MMP-2 (72 kDa), but not MMP-9
(92 kDa), showed elevated enzymatic activity after 24 h hypoxia, although the basal level of
MMP-9 was much higher than that of MMP-2 (Fig. 4E).

Hypoxia-induced cell migration and invasion is HIF-1-dependent

To examine the role of HIF-1a activation in hypoxia-induced cell invasion YC-1, a HIF-1
inhibitor reported to suppress HIF-1a activation (21), was applied to PC-3 cell exposed to
short-term oxygen deprivation. YC-1 treatment (60 uM (22)) had little effect on cell
migration when PC-3 cells were treated under normoxic conditions (p = 0.21) (Fig. 5A).
However, the same dose of YC-1 significantly decreased 2 h hypoxia-induced cell migration
(p <0.01, Fig. 5A). Similarly, increased cell invasion after 6 h hypoxic exposure was
significantly attenuated by YC-1 treatment (p < 0.05, Fig. 5B) as was the MMP-2 activity
(Fig. 5C). The active MMP-9 level, however, remained unchanged by either hypoxia or
YC-1 (Fig. 5C).

DISCUSSION

The relative contributions of acute versus chronic hypoxia on cancer metastasis remain
controversial. While some studies appear to favor chronic hypoxia as the key factor (23, 24),
others suggest that acute hypoxia may be equally or more critical in mediating a cancer
cell’s metastatic behavior (9, 25, 26). The present study shows that in prostate cancer cells
acute and chronic exposures to hypoxia trigger different cell responses. Whereas chronic (=
24 h) hypoxia appears to result primarily in decreased PC-3 cell proliferation and increased
cell death (Table 1), acute hypoxia (< 6 h) notably enhances cell migration (Fig. 1), invasion
(Fig. 2) and clonogenic survival (Fig. 3). These functional changes imply that the shorter
(acute) oxygen deprivations are most effective at elevating the metastatic phenotype,
suggesting that varying contributions of acute and chronic hypoxia to the microenvironment

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 October 1.
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may significantly influence the metastatic potential of cancer cells (Fig. 6). The observed
response of PC-3 cells under chronic hypoxia is consistent with other studies that have
previously reported 48 h hypoxia to decreases invasion (27) and induce apoptosis (28) in
this model. The present results together with data indicating that acutely hypoxic cells may
be more resistant to radiation than cells exposed to chronic hypoxia (29), further serve to
highlight the possible role of acute hypoxia in radiotherapy failure in prostate cancer.

It is interesting that short-term oxygen deprivation enhanced the ability of PC-3 cells to
migrate into a denuded area irrespective of whether the exposure to hypoxia occurred prior
to or during the migratory phase (Fig. 1). These two conditions were investigated in an
attempt to mimic the cyclic nature of acute hypoxia observed in tumors that results from
transient occlusion of vessels and arteriolar vasomotion (25). When such fluctuations were
exacerbated in tumor-bearing mice by exposing the animals to repeated short-term intervals
of hypoxia, the frequency of lung metastases was markedly increased (25, 30). Consistent
with other studies (31, 32), the present results support a role for the process of reoxygenation
in acute hypoxia-mediated cell functions, given that cells exposed to hypoxia for short
periods before being returned to normoxia displayed significantly elevated locomotive and
invasive capacity, as well as increased clonogenicity; factors that would suggest the
possibility of enhanced metastatic colonization. Although the current experiments do not
allow us to distinguish which of the altered phenotypes will ultimately prove to be most
relevant to the metastatic process, the findings do provide important evidence that short
hypoxic exposures (< 6 h) readily facilitate key metastasis-related cellular functions.

At the molecular level, HIF-1a protein accumulation occurred over the same time frame
(0.5~6 h for hypoxia; 0.5~2 h for anoxia) that also elevated functional cell behavior
(migration and invasion). Hypoxic exposure did not induce the expression of motility-
associated genes such as hepatocyte growth factor, transforming growth factor alpha or
autocrine motility factor, nor triggered the activation of signaling molecules involved in
migration (c-Met, data not shown); a finding inconsistent with other reports (33, 34).
Hypoxia did however trigger the activation of VEGF and LOX, two HIF-1 target genes
whose increased expression has been associated with elevated aggressiveness in prostate
cancer (35, 36). MMP-2 expression, both transcriptional (Fig. 4D) and functional (Fig. 4E)
also was increased by hypoxic exposure, indicating that MMP-2 may be involved in
hypoxia-mediated cell invasiveness. This possibility was further supported by the
observation that treatment with the HIF inhibitor YC-1 attenuated PC-3 cell migration (Fig.
5A) and invasion (Fig. 5B) in a manner that correlated with MMP-2 activation by acute
hypoxia (Fig. 5C). Taken together, these results implicate HIF-1a as a crucial factor that
facilitates both cellular and molecular events in transiently hypoxic PC-3 cells and suggest
in particular that the metastatic phenotype associated with acute hypoxia exposure is at least
in part HIF-1-dependent.

It should be noted that the elevated levels of HIF-1a observed following hypoxic exposure
were rapidly destabilized once the tumor cells were returned to normoxic conditions (Fig.
4C). This suggests that the augmented cell functions resulting from acute hypoxia exposure
may not require continuous HIF-1a activation. Speculation regarding the role of HIF-1a in
the current experiments is further complicated by the fact that in PC-3 cells HIF-1a is
constitutively expressed even under aerobic conditions (likely due to PTEN loss).
Furthermore, it is conceivable that signaling pathways already activated by HIF-1 during
hypoxia may be sustained during the reoxygenation phase even though HIF-1a has been
inactivated, as has been suggested in other prostate cancer cell models (37).

Finally, it is worth noting that in the current study chronic hypoxia (24 h), despite having a
negative effect on cell growth and only a minor impact on migration and clonogenicity, did
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increase tumor cell invasion and MMP-2 secretion. Hence these data may suggest an
adaptation mechanism for cells that have experienced chronic hypoxia. Acquisition of
invasive characteristics by tumor cells existing in chronically hypoxia regions of a tumor
coupled with the notion that hypoxia selects for the survival of more aggressive tumor cells
therefore could increase the risk of tumor progression (38). In keeping with such a
possibility, a 24 h hypoxic exposure was recently shown in PC-3 cells to lead altered
expression of multiple proteins that predict for the induction of the epithelial-mesenchymal
transition (39).

CONCLUSIONS

The present studies have demonstrated that hypoxic exposure leads to highly similar
outcomes in both molecular signaling and critical cell functional behavior in three human
prostate cancer cell lines. Specifically, tumor cell behaviors associated with a metastatic
phenotype were found to be correlated with HIF-1a expression. The results also support the
notion that acute hypoxia plays a more crucial role than chronic hypoxia in mediating the
metastatic potential of prostate cancer cells. Taken together our in vitro findings provide
mechanistic insights that set the stage for in vivo investigations directed at determining the
deleterious impact of tumor hypoxia on prostate cancer metastasis.
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Fig. 1.

Motility of tumor cells exposed to acute and chronic hypoxia or anoxia. (A) PC-3 cells
grown as monolayers were exposed to hypoxia or anoxia, then scratches were made and
cells were incubated under normoxia for an additional 24 h. (B) Typical photographs of A
are shown (original magnification, x50). C=control (0 h after scratching); N=normoxia;
A=anoxia. (C) PC-3 cell monolayers were scratched and then incubated under hypoxia/
anoxia for 0.5, 2, 6 or 24 h, followed by re-culturing under normoxia for 23.5, 22, 18 or 0 h,
respectively. (D) Typical photographs of C are shown (original magnification, x50).
N=normoxia; H=hypoxia. Cells that migrated into the denuded areas were scored from 4
random fields/sample with >3 independent samples. *, p < 0.05; **, p < 0.01; ***, p < 0.001
(n=12, Wilcoxon test). The global effect of hypoxia on cell migration was analyzed by the
Kruskal-Wallis test.
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Fig. 2.

Cell invasion under hypoxic environments. Prostate cancer cells were seeded into transwells
containing Matrigel and the inserts were incubated under hypoxia for 2, 6, and 24 h, then re-
culturing under aerobic conditions for 22, 18 and 0 h, respectively. Invasion was determined
by counting the number of invading cells from 8 random fields/sample (original
magnification, x100), with 3 independent samples. N=normoxia. *, p < 0.05; *** p < 0.001
(n=24, Wilcoxon test). The global effect of hypoxia on cell invasion was analyzed by the
Kruskal-Wallis test.
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Fig. 3.

Clonogenic cell survival under hypoxia. (A) PC-3 cells were exposed to 1% oxygen for 0.5,
2, 6 or 24 h, prior to culturing them in an aerobic environment (21% oxygen) for 14 days.
Cell colonies (> 50 cells) were counted macroscopically (6 wells/sample with 3 independent
samples). N=normoxia; H=hypoxia. ***, p < 0.001 (n=18, Wilcoxon test). (B) Typical wells
in A are shown.
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Fig. 4.

Molecular response of prostate cancer cells under hypoxia. (A) PC-3, DU145 and LNCaP
cells were exposed to 1% oxygen for various periods of time. (B) PC-3 cells were exposed
to 0% oxygen for various periods of time. (C) PC-3 cells were exposed to 1% oxygen for 2 h
followed by reoxygenation (Re-oxy). Whole cell lysates (A and C) or nuclear extracts (B)
were analyzed by Western blot for HIF-1a expression using actin as a loading control. (D)
PC-3 cells were exposed to 1% oxygen as in A and HIF-1-target gene expression was
determined by qPCR. Bars, SD (n=3). (E) PC-3 cells were cultured under hypoxia or
normoxia in serum-free medium for 24 h. Conditioned medium (from 2x10° cells) was
harvested for gelatin zymography analysis. N=normoxia; H=hypoxia.
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Fig. 5.

Effect of treatment with the HIF inhibitor YC-1 on PC-3 cell migration and invasion. PC-3
cells were untreated or pretreated with YC-1 (60 uM) for 1 h. (A) Cells then were exposed
to 1% oxygen for 2 h prior to a “wound-healing” assay. After scratching the monolayer, the
cells were incubated aerobically for 24 h. (B) After drug exposure, cells were seeded into the
invasion chambers. Cells were then incubated under hypoxia for 6 h followed by normoxia
for 18 h. In both A and B, YC-1 was in the medium throughout the experiments. Migrated
(A) or invaded (B) cells were scored from 4 random fields/sample using 2 independent
samples. *, p < 0.05; **, p < 0.01 (n=8, Wilcoxon test). (C) PC-3 cells were untreated or
exposed to YC-1 as in B in serum-free medium. Conditioned medium (from 10° cells) was
harvested for gelatin zymography. N=normoxia; H=hypoxia.
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Paradigm of hypoxia-mediated cell response in PC-3 cells. While chronic (=24 h) hypoxia
reduces cell proliferation, increases cell death and moderately enhances invasion, acute (<
24 h) hypoxia significantly promotes multiple metastasis-related functions including
migration, invasion, and clonogenicity, leading to an increased metastatic potential. Such
functional behaviors are partially associated with the expression of HIF-1a, which is
transiently stabilized under acute hypoxia but destabilized under chronic hypoxia.
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