
Hypoxia Induces the Expression of a 43-kDa Protein
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This study was designed to determine the expres-
ion of cellular factors that may participate in pheno-
ypic changes that occur under conditions of hypoxia.
sing the RT-PCR differential display method, we iso-

ated a cDNA fragment corresponding to a gene whose
xpression was induced in trophoblast and breast car-
inoma cells cultured under 1 or 2% oxygen vs 4%
xygen or higher. This gene encodes a 43-kDa protein
nitially identified in homocysteine-treated endothe-
ial cells and later shown to be upregulated in various
uman and mouse cell types (termed RTP, Drg1,
ap43, rit42, Ndr1). Herein we refer to this gene prod-
ct as PROXY-1, for Protein Regulated by OXYgen-1.
levated mRNA and protein levels were first observed

n cells cultured in 1% oxygen for 8 h. Although
ROXY-1 mRNA levels returned to near-control values
ithin 2 h of reexposure to 20% oxygen, protein levels

emained high 72 h after reexposure to 20% oxygen.
reatment of cells with hypoxia mimics such as cobalt
r iron chelators also increased PROXY-1 expression.
oreover, presence of 30% carbon monoxide in the

ypoxic atmosphere abrogated the upregulation of
ROXY-1 expression. These findings suggest that hyp-
xia upregulates PROXY-1 levels through a heme
rotein-dependent pathway and that assessment of
ROXY-1 expression may be of potential use in evalu-
ting tissue hypoxia. © 2000 Academic Press

Key Words: hypoxia; oxygen; gene expression; pro-
ein; heme protein; mRNA; cancer.

There is substantial evidence that local tissue oxy-
en levels play an important role in determining cell
unction and phenotype. For example, experimental
ata indicate that hypoxia may be causally-linked to

1 To whom correspondence and reprint requests should be ad-
ressed at Department of Anatomy and Cell Biology, Botterell Hall,
th Floor, Queen’s University, Kingston, Ontario, Canada K7L 3N6.
ax: (613) 545-2566. E-mail: grahamc@post.queensu.ca.
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elease of angiogenic molecules such as vascular endo-
helial growth factor (VEGF) (1), as well as by promot-
ng their ability to invade extracellular matrix (ECM)
n vitro and to metastasize in vivo (2, 3). Similarly, our
tudies have demonstrated that hypoxia stimulates the
n vitro invasive properties of both human trophoblast
nd breast cancer cells, an effect that is directly linked
o the increased expression of the cell surface receptor
or urokinase-type plasminogen activator (uPAR) (4,
). We also determined that low levels of oxygen
ncrease the expression of plasminogen activator
nhibitor-1 (PAI-1) in immortalized human trophoblast
ells and that a heme protein-based process mediates
he hypoxia-induced hyperinvasiveness, as well as the
PAR and PAI-1 upregulation (4, 6). This latter mech-
nism is very likely equivalent to the one involved in
he hypoxic upregulation of factors such as erythropoi-
tin (7), glycolytic enzymes (8), heme oxygenase-1
HO-1) (9), endothelin-1 (ET-1) (10–12) and tyrosine
ydroxylase (13) among others. Further, hypoxia in-
ucible factors (HIFs) alone as well as when complexed
ith the von Hippel-Lindau tumor suppressor protein

pVHL) have been shown to be important players in the
ypoxic control of gene expression (8, 9, 14–16). How-
ver, despite the fact that significant progress has been
ade toward elucidating components of the mecha-

isms regulating cellular responses to hypoxia, it is
lear that all of the regulatory elements have not been
ither identified or characterized. In particular, of in-
erest are genes and gene products that are expressed
n a characteristic “on–off ” manner following changes
n the level of oxygen. This type of expression pattern
ould indicate that the factor(s) plays a critical role in

he adaptive response of a cell. This is in contrast to
enes and gene products in which there is a more
radual response, thereby suggesting a modulatory,
ut not obligatory, role in the adaptive responses to low
xygen levels. The present study was designed to dis-
0006-291X/00 $35.00
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cover a novel factor(s) that would typify an “on–off ”
r
T
e
o
s
s
r
t
l
o

M

a
R
w
n
v
m
i
t
D
O
w

a
fl
o
(
c
a
i
m
a
s
2
(
2
w
c

i
2
c
r
C
b
r
p
t
w
b

d
i
D
r
p

e
e
t
f

RNAImage kit (GenHunter, Brookline, MA) as reported by us pre-
v
r
S
f
m
U
G

m
a
h
o
S
C
c
d
w
r
e

w
c
h
N
b
b
i
s
b
a
D
o
b

c
m
m
P
t
M
(
a

R

m
c
1
t
i
c

r
U
f
g
t
r
g
c
f
k

Vol. 276, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ole in the hypoxic regulation of cellular phenotypes.
o accomplish this, we used the RT-PCR based differ-
ntial display approach to demonstrate the induction
f a gene in a variety of cell types cultured under very
pecific conditions. Based on the finding that expres-
ion of this gene undergoes a striking pattern of up-
egulation under conditions of low oxygen, we propose
hat its product (PROXY-1) may play a role as a mo-
ecular “switch” that marks the phenotypic transition
f cells to the hypoxic state.

ATERIALS AND METHODS

Cells. Human metastatic MDA-MB-231 breast cancer cells (17)
nd immortalized human trophoblast cells (18) were cultured in
PMI 1640 medium (Gibco BRL, Grand Island, NY) supplemented
ith 5% fetal bovine serum (FBS; Gibco BRL). Tumorigenic, but
onmetastatic, human breast carcinoma MCF10A1T3B cells (pro-
ided by Dr. Bruce Elliot, Queen’s University, Kingston, ON) were
aintained in DMEM/F12 supplemented with 5% FBS, 10 mg/ml

nsulin, 0.2 ng/ml epidermal growth factor, and 0.5 mg/ml hydrocor-
isone. Human aortic smooth muscle cells (HASMC), a kind gift of
r. Keith McCrae (Case Western Reserve University, Cleveland,
H), were cultured in M199 medium (Gibco BRL) supplemented
ith 10% FBS.

Culture conditions. For hypoxic conditions, cells were placed in
irtight chambers (BellCo Biotechnology, Vineland, NJ) which were
ushed with a 5% carbon dioxide/95% nitrogen mixture until the
xygen concentration, measured with a Miniox 1 oxygen analyzer
Catalyst Research Corp., Owings Mills, MD), was 0%. Under these
onditions, the oxygen concentration equilibrated within 1–2 h at
pproximately 1% and remained at that level throughout the entire
ncubation period. At these levels, the pO2 values reached 10-15

mHg at the bottom of the tissue culture plate as determined with
transcutaneous pO2 analyzer (Kontron Scientific Ltd., Missis-

auga, ON). For culture in 2–10% oxygen, cells were incubated for
4 h at 37°C in a multi-gas (nitrogen–carbon dioxide) incubator
Forma Scientific, Marietta, OH) previously allowed to equilibrate at
–10% oxygen, 5% carbon dioxide, balance nitrogen. Control cultures
ere incubated in 20% oxygen/5% carbon dioxide, for 24 h, in a Sanyo

arbon dioxide incubator (Esbe Scientific, Markham, ON).
To assess whether hypoxia regulates gene expression through

ron-containing heme proteins, cells were cultured for up to 72 h at
0% oxygen in the presence or absence of either 100 mM cobalt
hloride, 30 mM sodium 4,5-dihydroxybenzene-1,3-disulfonate (Ti-
on), or 100 mM desferrioxamine mesylate (DFO) (Sigma Chemical
o., St. Louis, MO). These compounds are hypoxia mimics that have
een widely used to study the role of heme proteins in hypoxic
esponses (4–7, 19–21). Furthermore, the potential role of a heme
rotein in mediating hypoxic responses was also examined by cul-
uring cells in 1% oxygen in the presence of 30% carbon monoxide,
hich maintains the heme protein in the “oxy” state and thereby
locks heme protein-mediated hypoxic responses.
Cell viability was determined by measuring the levels of lactate

ehydrogenase (LDH) in the culture medium of triplicate plates
ncubated in 20% or 1% oxygen for up to 72 h, using a kit from Sigma
iagnostics (St. Louis, MO). This assay is based on a colorimetric

eaction that involves the reduction of pyruvate to lactate at a rate
roportional to the amount of LDH present.

RNA extraction and mRNA differential display. Total RNA was
xtracted from HTR-8/SVneo and MDA-MB-231 cells cultured under
ither standard (20% oxygen) or hypoxic (1% oxygen) conditions by
he acid guanidium phenol–chloroform. Differential display was per-
ormed according to the method of Liang and Pardee (22) using an
322
iously (23). Bands displaying differential intensities were excised,
e-amplified and cloned into pCR2.1 or pCRII vectors (Invitrogen,
an Diego, CA). The nucleotide sequence of the subcloned PCR

ragments was determined by the dideoxynucleotide sequencing
ethod at the Core Facility for Protein/DNA Chemistry (Queen’s
niversity, Kingston, ON). Comparison of DNA homology with the
enBank database was performed using the BLAST algorithm.

Northern blot analysis. Total RNA was isolated from cells and 20
g aliquots were denatured, subjected to electrophoresis in 1%
garose-formaldehyde gels, transferred to nylon membranes and
ybridized with [32P]-dCTP-labeled cDNA probe as described previ-
usly (24). Bands on exposed x-ray film were analyzed using a
igmaGel software package (Jandel Scientific Software, San Rafael,
A). Due to the substantial effect of hypoxia on the expression of
ertain “housekeeping” genes, such as glyceraldehyde-3-phosphate
ehydrogenase (GAPDH), b-actin and cyclophilin (25), 18S rRNA
as used to control for differences in total RNA loading. It has been

eported that rRNA levels in a variety of cell types are not affected by
xposure to hypoxia (25).

Production of anti-Drg1 antiserum. After transfection of E. coli
ith an almost full-length (first two codons missing) Drg1 cDNA

loned into the pProEXHT expression vector, fusion protein was
arvested from bacterial lysates by affinity chromatography with
i-NTA agarose (Qiagen, Mississauga, ON), followed by denaturing
atch purification (Qiagen). Immunization of rabbits was performed
y repeated intradermal injection of 100 mg of the protein with
ncomplete Freund’s adjuvant. Specificity of the antiserum was as-
essed by Western blot and immunohistochemistry. In Western
lots, using protein isolated from HT29 and Caco2 colon cancer cells,
s well as proteins extracted from E. coli cells transfected with the
rg1 construct or the empty vector, specificity was confirmed by the
ccurrence of a 43-kDa (Caco2 and HT29 cells) or a 53.5-kDa (recom-
inant) band, the latter lacking in empty vector-transfected E. coli.

Western blot analysis. To examine levels of PROXY-1 protein,
ells were lysed with buffer containing 40 mM Hepes, pH 7.2, 100
M NaCl, 20% glycerol, 0.1 mM EDTA pH 8.0, 0.2% Triton X-100, 1
M DTT, and 2 mM PMSF, and centrifuged briefly at 4°C. SDS–
AGE on supernatants was performed and resolved proteins were
ransferred to Immobilon-P membranes (Millipore Corp., Bedford,
A). Drg1 antigen was detected by enhanced chemiluminescence

ECL, Amersham Canada Inc., Oakville, ON) using rabbit anti-Drg1
ntiserum followed by peroxidase-labeled secondary antibody.

ESULTS

Identification of genes induced by hypoxia. The
RNA differential display technique (22) was used to

ompare gene expression in cells cultured for 24 h in
% or 20% oxygen. Each experiment was performed in
riplicate to assure reproducibility. cDNA bands exhib-
ting differential intensities were excised from the gels,
loned, and used as probes for Northern blotting.
One particular clone appeared to be markedly up-

egulated in all differential display gels examined.
pon sequence analysis, the isolated 312-bp cDNA

ragment displayed 99–100% similarity to a human
ene previously identified by three separate groups,
ermed RTP (reducing agent and tunicamycin-
esponsive protein) (26), Drg1 (differentiation-related
ene 1) (27), and Cap43 (28). Furthermore, the full
DNA sequence of the gene has been resolved and
ound to consist of 3056 base pairs that encode a 43-
Da protein (26).
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Effect of exposure to hypoxia on PROXY-1 mRNA
evels. Northern blot analysis revealed that, follow-
ng hypoxic culture, the levels of PROXY-1 mRNA
ere substantially increased (over 16-fold) in the
TR-8/SVneo trophoblast cells, the MDA-MB-231 and
CF10A1T3B breast carcinoma cells, and in the hu-
an aortic smooth muscle cells (Fig. 1A). The induc-

ion of PROXY-1 mRNA in MDA-MB-231 cells was first
pparent after 8 h of exposure to hypoxia, reached a
aximum at 36 h, and remained high for at least 60 h

Fig. 1B). Viability of the MDA-MB-231 cells incubated
n 1% oxygen, as assessed by trypan blue exclusion and
DH accumulation, also remained high (.90%) and
imilar to that of control (20% oxygen) cultures for at
east 48 h (data not shown). Following incubation of

DA-MB-231 cells for 24 h in 1% oxygen, a 2-h re-
xposure to standard (20% oxygen) conditions was suf-
cient to substantially reduce PROXY-1 mRNA levels
Fig. 1C). Oxygen dose–response analysis revealed
hat, compared with culture in 20% oxygen, PROXY-1
RNA levels were markedly increased in cells cultured

n 1% or 2% oxygen for 24 h (16- and 10-fold, respec-

FIG. 1. Effect of hypoxia on the levels of PROXY-1 mRNA as det
HTR-8/SVneo), aortic smooth muscle cells (HASMC), as well as MCF
ither standard (20% oxygen) or hypoxic (1% oxygen) for 24 h prior t
f PROXY-1 transcript expression in MDA-MB-231 cells (B). To dete
f MDA-MB-231 cells were placed in a standard incubator at 20% o
mount of oxygen required to upregulate PROXY-1 mRNA expressio
or 24 h in a multi-gas incubator (D). Ethidium bromide staining of 18
ane. The experiments shown in this figure were repeated at least t
323
ively; Fig. 1D). In contrast, no significant increases in
ROXY-1 transcript levels were observed in cultures

ncubated in 4% oxygen or higher (Fig. 1D).

Expression of PROXY-1 protein. The PROXY-1 anti-
erum recognized a protein of the expected 43-kDa
ass in Western blots. An increase in PROXY-1 pro-

ein was first apparent in MDA-MB-231 cells following
-h culture in 1% oxygen (Fig. 2A). However, the high-
st levels of the 43-kDa protein were observed in cells
ultured in 1% oxygen for at least 24 h (Fig. 2A).
lthough incubation for 24 h in 4% oxygen resulted in
small increase in protein levels, highest levels of

xpression were observed in cells cultured in 1% or 2%
xygen (Fig. 2B). Interestingly, PROXY-1 mRNA levels
n cells incubated in 4% oxygen were similar to those in
ells incubated in 20% oxygen (Fig. 1D). Furthermore,
hile PROXY-1 mRNA levels returned to control val-
es soon after re-exposure to higher oxygen levels,
eoxygenation did not result in any substantial drop in
he levels of the 43-kDa protein for at least 12 h (Fig.
C). Together, these observations suggest that the

ined by Northern blot analysis. Human first trimester trophoblasts
1T3B and MDA-MB-231 breast carcinoma cells were cultured under

nalysis of PROXY-1 mRNA expression (A). Time-course assessment
ine the effect of reoxygenation on PROXY-1 mRNA levels, cultures
en following a 24-h incubation in 1% oxygen (C). To determine the
DA-MB-231 cells were placed in 1%, 2%, 4%, 10%, and 20% oxygen

RNA was used to indicate the relative amount of RNA loaded in each
e and similar results were obtained each time.
erm
10A
o a
rm

xyg
n, M
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alf-life of PROXY-1 protein is longer than the half-life
f its transcript. They may also explain the fact
hat PROXY-1 mRNA and protein levels do not always
orrelate.

Assessment of the role of a heme protein in the hy-
oxic regulation of PROXY-1 expression. To deter-
ine whether hypoxic responses are mediated through

FIG. 2. Western blot analysis of PROXY-1 protein levels in
DA-MB-231 cells cultured in 1% oxygen for up to 60 h (A); cultured

or 24 h under various levels of oxygen (B); and cultured for 24 h in
% oxygen and then returned to 20% oxygen for up to 72 h prior to
rotein extraction (C). The data in this figure are representative of
wo or more independent experiments showing similar results.

FIG. 3. Effect of cobalt chloride, Tiron, and desferrioxamine mesy
) in MDA-MB-231 cells. Cells were cultured for up to 72 h in the p

hree independent experiments exhibiting similar results.
324
onformation of such proteins can be maintained, even
n the presence of oxygen, by replacing the ferrous iron
tom within the porphyrin ring of the heme moiety
ith metals that do not bind oxygen or do so with very

ow affinity, such as cobalt. Alternatively, the function
f heme proteins may be blocked through the use of
ron chelators such as Tiron or desferrioxamine (DFO).
inally, carbon monoxide, which like oxygen binds to
eme proteins and maintains them in the “oxy” confor-
ation, can be used to interfere with heme protein-
ediated hypoxic responses. Culture of MDA-MB-231

ells for up to 72 h in 20% oxygen with either 100 mM
obalt chloride, 30 mM Tiron, or 100 mM DFO resulted
n time-dependent increases in PROXY-1 protein (Fig.
A) and mRNA (Figs. 3B, 3C, and 3D). Furthermore,
resence of 30% carbon monoxide in the hypoxic atmo-
phere reduced the hypoxic upregulation of PROXY-1
RNA by 88% (Fig. 4A) and protein by 57% (Fig. 4B).
o rule out the possibility that the inhibition of the
ypoxic effect by carbon monoxide was not due to non-
pecific toxicity, we cultured MDA-MB-231 cells with
obalt chloride, Tiron and DFO under hypoxic condi-
ions in the presence of carbon monoxide. Western and
orthern blot analysis revealed that the presence of

arbon monoxide in the atmosphere did not inhibit the
pregulation of PROXY-1 expression induced by cobalt
hloride, Tiron and DFO (Figs. 4A and 4B).

e (DFO) on the levels of PROXY-1 protein (A) and mRNA (B, C, and
ence of the chemicals. The data in this figure are representative of
lat
res
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ISCUSSION

The major findings of the present study demonstrate
he upregulated expression of a gene (PROXY-1) in
arious cell types cultured under low levels of oxy-
en. They also reveal that the hypoxic increases in
ROXY-1 mRNA and protein levels are time-depen-
ent, showing detectable elevations at approximately
h of hypoxic culture, and that protein levels remain

igh long after cessation of the hypoxic stimulus. Fur-
hermore, a direct correlation between the extent of
ypoxia, within physiologically relevant values, and
ROXY-1 protein and mRNA levels was observed. The
xpression of PROXY-1 mRNA (as detected from total
ellular RNA extracted) and protein is almost com-
letely undetectable at 10% oxygen or higher levels but
isplays marked upregulation at 1 or 2% oxygen.
Other studies have shown increased expression of

ROXY-1 (or identical genes) in homocysteine-treated
ndothelial cells (26), colon epithelial cells (27), and in
uman lung A549 cells exposed to nickel (28). In a
ecent study, PROXY-1 expression was found to be
iminished in a variety of cultured tumor cells when
ompared with their normal counterparts (29). More-

FIG. 4. Northern and Western blot analysis of PROXY-1 mRNA
A) and protein (B) expression by MDA-MB-231 cells cultured either
lone in 20 or 1% oxygen or in 1% oxygen in the presence of carbon
onoxide, with or without cobalt, Tiron and DFO. While the hypoxic
pregulation of PROXY-1 mRNA and protein expression was re-
uced by inclusion of 30% CO in the hypoxic atmosphere, CO was
nable to inhibit the upregulation of PROXY-1 expression induced
y cobalt chloride, Tiron, and DFO, even under conditions of low
xygen.
325
ression was shown to be upregulated by DNA-
amaging agents in a p53-dependent manner, and its
verexpression in human tumor cells resulted in re-
uced cell growth both in vitro and in nude mice (29).
n addition to hypoxia, the expression of PROXY-1 is
ncreased in response to other potentially harmful
timuli, such as exposure to cytotoxic agents (28) and
lucose deprivation (H. Park and C. H. Graham, un-
ublished observations). Thus, it is possible that the
3-kDa PROXY-1 protein plays a role in protecting
ells from such insults. Although other potential func-
ions of the 43-kDa protein encoded by this gene have
ot been determined, examination of the deduced
mino acid sequence reveals the absence of a signal
equence, transmembrane domains, or metal-binding
omains (28). The presence of a putative phospho-
entetheine attachment site and a novel motif of three-
andem repeats (GTRSRSHTSE) at the C-terminal do-
ain suggests that it may belong to a novel family of

olypeptides. The fact that the 43-kDa protein exhibits
3% homology to a murine protein encoded by the Ndr1
ene (30) and 28% homology to a C. elegans protein,
K1073.1 (31) indicates a high degree of conservation
nd a likely vital role. Furthermore, alignment of the
mino acid sequences of the human and mouse pro-
eins reveals conservation in all eight cysteine resi-
ues, suggesting a similar three-dimensional confor-
ation. Table 1 summarizes the relationship of
ROXY-1 to other proteins.
Our results suggest that the hypoxic upregulation of

ROXY-1 is mediated through a putative heme pro-
ein. This conclusion is derived from experiments in
hich the ability of such a protein to regulate
ROXY-1 expression was assessed through the use of
obalt chloride, Tiron and DFO, which have tradition-
lly been shown to mimic hypoxia by preventing the
inding of oxygen (and/or other ligands) to heme
roups, or by blocking heme biosynthesis. The involve-
ent of an iron-containing heme protein in the hypoxic

pregulation of several genes, including erythropoietin
7), vascular endothelial growth factor (32, 33), and
thers (34), has been determined using similar ap-
roaches. In our study, incubation with these three
ompounds led to similar observations, suggesting that
he findings were due to inhibition of a heme-
ontaining protein and not a result of non-specific ef-
ects. Furthermore, we showed that the upregulation of
ROXY-1 expression in response to hypoxia was inhib-

ted by carbon monoxide. The fact that carbon monox-
de was unable to block the upregulation of PROXY-1
xpression induced by cobalt chloride, Tiron and DFO,
lso demonstrates that its effect was not due to non-
pecific toxicity. Interestingly, when the PROXY-1
ene was cloned independently by Zhou et al. (28)
named Cap43 by these investigators), it was found to
e induced by nickel, a molecule that also replaces
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errous iron from heme proteins. It is possible that, in
heir study, the upregulation of PROXY-1 in lung epi-
helial cells in response to nickel exposure was in part
ue to the heme protein-blocking properties of nickel.
here is also evidence that, in addition to acting at the

evel of iron-containing heme proteins, compounds
ike cobalt and DFO mimic hypoxia by preventing
roteasome-mediated degradation of HIF-1 and HIF-2
hrough a process that involves dissociation of HIF-1
nd HIF-2 from the von Hippel-Lindau tumor suppres-
or gene product (16).
The present findings demonstrated substantially in-

reased PROXY-1 expression in cells incubated in 1%
nd 2% oxygen compared to cells cultured at or above
% oxygen. These results may be of physiologic and
linical relevance, as most tissues in the body are ex-
osed to oxygen concentrations equivalent to 5% or
ower. Our study also showed that the high levels of
xpression of PROXY-1 protein persisted for at least
2 h following a hypoxic stimulus, indicating a rela-
ively slow turnover of this protein. In contrast to this,
e have found that the increased expression of cell

urface urokinase receptors in response to hypoxia re-
urns to background levels following reoxygenation for
s little as 45 min (T. E. Fitzpatrick and C. H. Graham,
npublished observations). The fact that cellular
ROXY-1 protein levels remain high for an extended
eriod following transient exposure to low levels of
xygen may also be relevant to conditions in which
elatively short periods of exposure to hypoxia occur,
uch as during temporary vasoconstriction, sleep ap-
ea, or fetal hypoxia. Our findings suggest that such
pisodes of hypoxia may lead to long-lasting pheno-
ypic changes that could persist well beyond the hy-
oxic insult and into the period of normoxia. The clin-
cal consequences of this persistent phenotype need to
e further elucidated. Since our results show a di-
ect correlation between the extent of hypoxia and
ROXY-1 expression, assessment of the levels of this
rotein may be useful in determining the extent of

Similarities between PRO

Name Reference Species
% Protein identity

to PROXY-1a

TPb (26) Human 99 Ho
rg1c (27) Human 100 Di
ap43 (28) Human 99 In
it42 (29) Human 100 In
dr1 (30) Mouse 93 N-
DD5 (38) Mouse 75 An
K1073.1 (31) C. elegans 28 Nu
F21 (39) Sunflower 29 Tr

a BLAST multiple sequence alignment.
b GenBank Accession No. NM006096.
c GenBank Accession No. X9284.
326
xygen deprivation in the above settings. In addition,
tudies have revealed an association between low in-
ratumoral oxygen levels and poor clinical outcome for
atients with various types of cancers (35–37). The
3-kDa protein may therefore be of prognostic value as
marker of hypoxic regions within the tumor mass. We
ave preliminary data that show increased PROXY-1

mmunostaining in the hypoxic, deeper layers of three-
imensional aggregates of HTR-8/SVneo cells and
DA-MB-231 cells compared with oxygenated super-

cial layers (H. Park, M. A. Adams, and C. H. Graham,
npublished observations). Furthermore, studies in
ur laboratory have revealed increased mRNA levels
n peri-infarct regions of placentae of preeclamptic
omen compared to non-infarct areas in similar pla-

entae or normal placentae (H. Park, V. K. Han, R.
ratton, and C. H. Graham, unpublished results).
In summary, our new findings demonstrate the

ypoxic induction of PROXY-1 expression over a
hysiologically relevant range of oxygen levels. Using
he methods described, PROXY-1 expression was un-
etectable in cells cultured under standard condi-
ions but its levels increased substantially in cells ex-
osed to 1% or 2% oxygen. Together with the fact that
his gene is expressed by a variety of unrelated cell
ypes, this type of gene expression suggests that it may
e a universal ‘switch’ involved in cellular adaptation
o hypoxia.
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