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Abstract

 

The 150-kD oxygen-regulated protein (ORP150) was ini-

tially characterized based on its selective expression in as-

trocytes subjected to oxygen deprivation (Kuwabara, K., M.

Matsumoto, J. Ikeda, O. Hori, S. Ogawa, Y. Maeda, K.

Kitagawa, N. Imuta, K. Kinoshita, D.M. Stern, et al. 1996.

 

J. Biol. Chem.

 

 279:5025–5032). We have found that expo-

sure of cultured human aortic smooth muscle cells and

mononuclear phagocytes (MPs) to hypoxia (pO

 

2

 

 

 

z

 

 12–14

torr) induces ORP150 transcripts and production of the an-

tigen, whereas incubation with either hydrogen peroxide,

sodium arsenite, heat shock, or 2-deoxyglucose was without

effect. Tissue extracts prepared from human atherosclerotic

lesions demonstrated expression of ORP150 mRNA and an-

tigen, vs lack of ORP150 in samples from nonatheroscle-

rotic areas. In situ hybridization using ORP150 riboprobes

showed the mRNA to be predominately present in mac-

rophages in atherosclerotic plaques. Furthermore, autoanti-

body to ORP150 was demonstrated in the serum of patients

with severe atherosclerosis, consistent with inducible in vivo

expression of ORP150. Introduction of antisense oligonucle-

otide for ORP150 selectively diminished hypoxia-mediated

induction of ORP150 antigen and reduced the viability of

hypoxic MPs, especially in the presence of modified (oxi-

dized/acetylated) LDL. In support of a role for ORP150 in

the MPs’

 

 

 

response to the microenvironment of an atheroma,

the presence of oxidized LDL enhanced by 

 

z

 

 10-fold ORP150

expression in hypoxic cultures. These data indicate that

cells of the atherosclerotic vessel wall express ORP150 as

part of a protective mechanism, potentially triggered by lo-

cal hypoxia/hypoxemia and augmented by modified lipo-

proteins. The presence of antibody to ORP150 in sera of pa-

tients with severe atherosclerosis emphasizes the possibility

that ORP150 may be a marker of vascular pathology. (

 

J.

Clin. Invest. 

 

1996. 98:1930–1941.) Key words: atherosclero-

sis
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Introduction

 

The cellular response to oxygen deprivation involves redirec-
tion of biosynthetic mechanisms with expression of a set of
polypeptides termed oxygen-regulated proteins (ORPs)

 

1

 

 (1).
Such stress proteins induced by hypoxia can overlap with those
synthesized in response to glucose deprivation and heat shock.
For example, a 78-kD polypeptide induced by hypoxia/reoxy-
genation in cultured astrocytes is identical to glucose-regulated
protein 78, and functions as a molecular chaperone to facilitate
elaboration of a neurotrophic cytokine, interleukin 6 (2, 3). In-
duction of heat shock protein (HSP) 70, shown to have a pro-
tective function in a gerbil forebrain ischemia model (4), also
occurs in response to hypoxia followed by replacement into
normoxia.

Recently, we isolated and cloned a novel 150-kD polypep-
tide termed oxygen-regulated protein (ORP150) that is in-
duced in astrocytes by hypoxia. This polypeptide is localized in
the endoplasmic reticulum, suggesting that it may participate
in protein folding and/or translocation in response to environ-
mental stress. In contrast with many other ORPs, which over-
lap with HSPs and glucose-regulated protein, synthesis of the
150-kD polypeptide was only triggered by hypoxia, not by glu-
cose deprivation, heat shock, or multiple other stimuli (5). This
leads us to propose that expression of ORP150 is more closely
tied to oxygen depletion or cellular events initiated in this situ-
ation. In the current study, we demonstrate expression of this
novel stress protein in human atherosclerotic plaques, espe-
cially in mononuclear phagocytes. Biosynthesis of ORP150 in
cultured monocyte-derived macrophages exposed to hypoxia
is potentiated by 

 

z

 

 10-fold in the presence of modified lipo-
proteins. Furthermore, suppression of ORP150 expression
markedly attenuated survival of mononuclear phagocytes un-
der hypoxic conditions in the presence of modified lipopro-
teins. Consistent with the presence of ORP150 in abnormal
vasculature, sera from patients with severe atherosclerosis
showed the presence of IgG reactive with ORP150 by immu-
noblotting. These data lead us to suggest that ORP150 is a
component of the protective response of macrophages to envi-
ronmental stress, in this instance the combination of modified
lipoproteins and possible concomitant hypoxia.
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Abbreviations used in this paper:

 

 1A4, monoclonal antibody to

 

a

 

-smooth muscle actin; Ac-LDL, acetylated LDL; HSP, heat shock
protein; LDH, lactate dehydrogenase; MP, mononuclear phagocyte;
ORP, oxygen-regulated protein; Ox-LDL, oxidized LDL; SMC,
smooth muscle cell.
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Methods

 

Cell culture and induction of hypoxia. 

 

Human peripheral blood–
derived mononuclear phagocytes (MPs) were prepared as described
(6). In brief, the mononuclear cell fraction was separated by density
gradient centrifugation (Histopaque 1077; Sigma Chemical Co., St.
Louis, MO) followed by adherence to tissue culture plasticware for 4 h
at 37

 

8

 

C. Adherent cells were cultured for 10–14 d in RPMI 1640
(Gibco Laboratories, Grand Island, NY) containing human serum
(10%) and penicillin/streptomycin (100 U/ml, 100 

 

m

 

g/ml). Human
aortic smooth muscle cells (SMCs) were purchased from KURABO
(Osaka, Japan) and cultured in S-BM medium (KURABO) contain-
ing recombinant human basic fibroblast growth factor (2 ng/ml), re-
combinant human EGF (10 ng/ml), gentamicin (50 

 

m

 

g/ml), ampho-
terin-B (amphotericin B, 50 ng/ml), dexamethasone (0.39 

 

m

 

g/ml), and
FCS (5%). SMCs used for experiments were at passage 5. When cul-
tures achieved confluence, they were exposed to hypoxia using an in-
cubator attached to a hypoxia chamber that maintained a humidified
atmosphere with low oxygen tension (pO

 

2

 

, 12–14 torr; Coy Labora-
tory Products, Ann Arbor, MI) as described previously (7). Where in-
dicated, after exposure to hypoxia, cultures were returned to the am-
bient atmosphere (reoxygenation), at which time the conditioned
medium was rapidly exchanged with fresh medium. Oxygen tension
in the medium was measured using a blood gas analyzer (ABL-2; Ra-
diometer, Sweden). Cell viability was assessed by morphological cri-
teria, trypan blue exclusion, lactate dehydrogenase (LDH) release,
and general protein synthesis measured by the incorporation of
[

 

3

 

H]leucine to trichloroacetic acid–precipitable material (8).

 

Modification of LDL. 

 

Modification of native LDL was per-
formed as described. In brief, acetylated LDL (Ac-LDL) was pre-
pared by incubating human LDL with acetic anhydride at 4

 

8

 

C over-
night as described (9). Oxidized LDL (Ox-LDL) was prepared by
incubating LDL at 180 

 

m

 

g/ml in 5 

 

m

 

M CuSO

 

4

 

 for 24 h at 37

 

8

 

C (10).
Ac-LDL and Ox-LDL were characterized by SDS-PAGE (11), aga-
rose gel electrophoresis, immunoblotting, and quantification of
thiobarbituric acid–reactive substances. Based on these criteria, our
preparations of Ac-LDL and Ox-LDL conformed to what has been
observed previously (12, 13).

 

Preparation of anti–ORP150 antibody and immunoblotting. 

 

A pep-
tide was synthesized based on the NH

 

2

 

-terminal 15 amino acids ob-
tained from purified rat ORP150 (5). This sequence is identical to the
predicted NH

 

2

 

-terminal amino acid sequence of human ORP150 de-
duced from the human cDNA (Ikeda, J., H. Yanagi, K. Kuwabara, S.
Ogawa, M. Matsumoto, and Y. Yura, manuscript in preparation
[Genbank No. U41853]). Synthetic peptide was aggregated by the
Multiple Antigen Peptide method (Sawadie Technology Inc., Tokyo,
Japan; reference 14) and used to immunize rabbits as described (15).
Animals received a second immunization at 4 wk, 1 mo later, immune
serum was harvested and IgG was prepared by affinity chromatogra-
phy using immobilized protein A (Econopack; Bio-Rad Laboratories,
Hercules, CA). The titer of antiserum raised against the NH

 

2

 

-termi-
nal ORP150 synthetic peptide was assessed by the ELISA. Protein
concentration was measured by the protein assay (Bio-Rad Labora-
tories) after overnight dialysis vs PBS (

 

z

 

 1 mg/ml in each case).
Induction of ORP150 antigen was analyzed by immunoblotting

with anti–human ORP150 IgG by the method of Towbin et al. (16).
In brief, U373 cells (a human glioma cell line, kindly provided by
Prof. Hirano, Osaka University, Japan), Hela cells (American Tissue
Culture Collection, Rockville, MD), human aortic SMCs and MPs
were cultured to a density of 

 

z

 

 10

 

6

 

 cells, and then exposed to hy-
poxia. At the indicated time points, cells were harvested, pelletted by
centrifugation, and lysed in phosphate-buffered saline containing
NP-40 (1%) and EDTA (5 mM). Then, after determination of pro-
tein content (17), the indicated amount of each sample was subjected
to SDS-PAGE (11) and immunoreactive material was detected by in-
cubation with anti–human ORP150 IgG (5 

 

m

 

g/ml) followed by horse-
radish peroxidase–conjugated secondary antibody (Sigma Chemical
Co.). Where indicated, either native LDL, Ac-LDL, Ox-LDL, LPS,

or 

 

g

 

-interferon (Sigma Chemical Co.) was added to cultures media
with no serum, and cells were further incubated in either hypoxic or
normoxic condition for 8 h before harvest (18).

To assess the effect of chemical stress on induction of ORP150,
cultured MPs were either exposed to 2-deoxyglucose, heat shock, hy-
drogen peroxide, or cobalt chloride for the indicated times at nor-
moxic condition. Cells were washed with PBS and subjected to West-
ern blotting as above.

To determine the specificity of anti–human ORP150 IgG raised
to the synthetic peptide for detection of intact ORP150, immunoad-
sorption using anti–ORP150 IgG raised against purified rat ORP150
was employed as described (5). In brief, protein extract was prepared
from U373 cells (

 

z

 

 5 

 

3

 

 10

 

8

 

) exposed to hypoxia for 48 h by treatment
with Tris-buffered saline (

 

z

 

 12 ml) containing NP-40 (1%), EDTA
(5 mM), and PMSF (1 mM) for 12 h at 4

 

8

 

C with either anti–rat
ORP150 IgG or preimmune IgG (1:50 dilution, 20 

 

m

 

g/ml in each
case). Then, a suspension of 

 

Staphylococcus aureus

 

 protein A (0.4 ml/
tube, 10% suspension of IgGSorb; The Enzyme Center, Malden,
MA) was added to each tube and incubated for 1 h at 4

 

8

 

C. After cen-
trifugation (4,000 rpm for 10 min), the supernatant was collected,
concentrated 50 fold by ultrafiltration, an aliquot (20 

 

m

 

l containing

 

z

 

 10 

 

m

 

g protein) was subjected to Western blotting, and membranes
were reacted with anti–human ORP150 IgG raised to the human
ORP150 synthetic peptide.

 

Northern analysis of cultured vascular cells. 

 

To assess expres-
sion of ORP150 transcripts, Northern analysis was performed using a

 

32

 

P-labeled probe comprising a partial rat ORP150 cDNA corre-
sponding to basepairs 151–381 (deduced amino acid residues 51–127)
(5). Total RNA (

 

z

 

 10 

 

m

 

g) was extracted from either aortic SMCs or
MPs exposed to hypoxia or hypoxia/reoxygenation for the indicated
times as described (19). RNA was separated by agarose gel (1%)
electrophoresis, transferred overnight onto Hybond N

 

1

 

 (Amersham
International, Little Chalfont, UK), and then fixed to the membrane
by ultraviolet irradiation before hybridization. The membrane was
prehybridized for 3 h at 50

 

8

 

C in hybridization buffer (0.9 M NaCl,
90 mM sodium citrate, pH 7.0) containing 5 

 

3

 

 Denhardt’s solution,
SDS (0.5%), and heat-denatured salmon sperm DNA (100 

 

m

 

g/ml). A
rat ORP150 cDNA was radiolabeled with [

 

32

 

P]

 

d

 

CTP (DuPont-NEN,
Boston, MA) by the random primer procedure (Megaprime DNA
Labelling System, UK). After hybridization overnight at 50

 

8

 

C in hy-
bridization buffer containing radiolabeled cDNA probe, filters were
washed twice with 2 

 

3

 

 SSC/0.1% SDS and 0.2 

 

3

 

 SSC/0.1% SDS for
30 min at 50

 

8

 

C, exposed to x-ray film (Eastman Kodak Co., Roches-
ter, NY), and subjected to autoradiography. The level of ORP150
mRNA was evaluated by the comparison with 

 

b

 

-actin mRNA. To as-
sess the effect of oxidized LDL or lipopolysaccharide on MPs, cul-
tures were exposed to normoxia or hypoxia, and these agents were
added 8 h before harvest. Total RNA was then extracted and sub-
jected to Northern blotting as described above.

 

Preparation of human tissues. 

 

In accordance with our approved
human investigation protocol from the Osaka University Hospital
Ethics Review Board (Osaka, Japan), all specimens of human aortae
and coronary arteries were obtained from autopsy cases within 1 to 4 h
of death (18 individuals aged 1–83-yr-old). Specimens were divided
into two categories based on macroscopic inspection: either nonath-
erosclerotic lesions (early lesions but no atheromatous plaques), or
atherosclerotic lesions (advanced lesions with apparent atheromatous
plaques) (20). Tissue samples for RNA extraction were frozen at

 

2

 

80

 

8

 

C until use, and those for in situ hybridization and immunohis-
tochemistry were fixed with 4% paraformaldehyde in 0.1 M phos-
phate buffer, pH 7.0, and embedded in paraffin. Serial sections (3 

 

m

 

m)
were cut from either thoracic or coronary artery and subjected to fur-
ther experiments.

 

Detection of ORP150 antigen and mRNA in human aortae. 

 

Hu-
man aortae were washed with phosphate-buffered saline and aortic
tissue was disrupted using a Polytron homogenizer in buffer contain-
ing NP-40 (1%), EDTA (5 mM), PMSF (1 mM), leupeptin (10 

 

m

 

g/ml),
and aprotinin (10 

 

m

 

g/ml) at 4

 

8

 

C. After acetone precipitation, protein
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extracts were resuspended in PBS containing NP-40 (1%), and immu-
noblotting was performed with monoclonal antibody to 

 

a

 

-smooth
muscle actin (1A4) (21). Protein content was adjusted such that ap-
proximately the same amount of 

 

a

 

-smooth muscle actin was detected
in each sample (total protein content was also comparable between
samples), and the presence of immunoreactive ORP150 was assessed
by Western blotting using anti–human ORP150 IgG (5 

 

m

 

g/ml).
Total RNA was extracted from aortic tissue as above (19). After

the purification of RNA, the quality of RNA was examined by North-
ern blot analysis and hybridization with a human 

 

b

 

-actin probe. RNA
samples that failed to show a 

 

b

 

-actin band were excluded from fur-
ther experiments. For Northern blotting, total RNA (10 

 

m

 

g) was frac-
tionated in agarose gel (1%) electrophoresis and transferred to Hy-
bond N

 

1

 

 nylon membrane. Membranes were prehybridized and then
hybridized with the 

 

a

 

-[

 

32

 

P]

 

d

 

CTP–labeled rat ORP150 cDNA frag-
ment. After hybridization, the membranes were washed and signals
were detected by autoradiography.

 

Laser densitometric analysis. 

 

Where indicated, laser densitomet-
ric analysis was performed to standardize results of Western and
Northern blots. Autoradiograms from either Western or Northern
blots were scanned with a laser densitometer and density of the corre-
sponding bands was further analyzed with Quality One software (pdi,
Huntington Station, NY).

 

In situ hybridization analysis of ORP150 in human atherosclerotic

plaques. 

 

A rat ORP150 cDNA fragment (151–381) was subcloned
into the EcoRV site of pBluescript KS(

 

2

 

) vector (Stratagene Inc., La
Jolla, CA) and the sequence was confirmed as described (22). After
linearization of the plasmid, digoxigenin-labeled single-stranded RNA
was synthesized by T7 and T3 RNA polymerase with digoxigenin-
UTP and unlabeled ATP, GTP, and CTP. Details of the in situ hy-
bridization protocol have been described (23). Hybridization of
ORP150 mRNA was performed at 50

 

8

 

C for 16 h, and signals were lo-
calized using a Nucleic Acid Detection Kit (Boehringer Mannheim,
Mannheim, Germany). Controls included: (

 

a

 

) hybridization with
sense probe; (

 

b

 

) RNase treatment before hybridization; and (

 

c

 

) use of
neither the antisense RNA probe nor the antidigoxigenin antibody.

 

Immunohistochemical analysis of ORP150 in aortic samples. 

 

Im-
munohistochemistry was carried out as described previously (23).
Sections were incubated in H

 

2

 

O

 

2

 

 (0.3%) in methanol for 30 min, fol-
lowed by washing in phosphate-buffered saline (0.01 M) and treat-
ment with normal mouse serum (1%) for 30 min at room temperature
to block nonspecific binding. Slides were then incubated with the pri-
mary antibodies for 18 h at 4

 

8

 

C; mouse mAbs 1A4 (21) and PG-M1
(anti–CD68) (24) (DAKO SA, Glostrup, Denmark). Binding of
mAbs was demonstrated using Vectostain ABC KIT (Vector Labora-
tories, Inc., Burlingame, CA). Sections were incubated with either
nonimmune mouse serum instead of the primary antibody or with
phosphate-buffered saline instead of the secondary antibody as nega-
tive controls.

 

Effect of human ORP150 antisense oligonucleotide on the viability

of MPs. 

 

Three antisense 20-mer phosphorothioate oligonucleotides
corresponding to three different structures around the initiation
codon (named BK-59, 60, and 61) were synthesized (Yuki Gosei Ko-
gyo Co., Ltd., Japan) and used as described (25). The effect of these
oligonucleotides on expression of ORP150 was assessed by immuno-
blotting of MP extracts after exposure to hypoxia for 24 h in the pres-
ence of either oligonucleotides (20 mM in each case). Human MPs
plated on 24-well plates (

 

z

 

 10

 

5

 

 cells/well) were transferred to the hy-
poxia chamber followed by the exchange of the medium with RPMI
1640 containing human serum (0.5%), and then incubated for 24 h in
the presence or absence of the antisense oligonucleotides. The selec-
tivity of the antisense for suppressing expression of ORP150 was con-
firmed by performing two lines of experiments: comparing their ef-
fect (antisense and sense, BK-60

 

9

 

) on induction of HSP72 (3), and
evaluating the effect of the sense oligonucleotide (BK-60

 

9

 

) on the in-
duction of ORP150 by hypoxia.

Where indicated, MP cultures were exposed to hypoxia for 24 h in
the presence of either antisense or sense oligonucleotides (20 

 

m

 

M in

both cases) and then Ox-LDL (50 

 

m

 

g/ml) was added to the culture 8 h
before harvest. Viability of MPs was assessed by measuring the re-
lease of LDH activity (Sigma Chemical Co.) into the culture superna-
tant at the end of the experiment. Where indicated, either probucol
(10 

 

m

 

M) or 

 

N

 

-acetylcysteine (10 mM, both reagents were from Sigma
Chemical Co.) was added to the culture at the beginning of hypoxia.

 

Detection of human endogenous antibody to ORP150 in the serum

of patients with severe atherosclerosis. 

 

The existence of endogenous
anti–ORP150 antibody in the serum of patients with severe athero-
sclerosis was evaluated by immunoblotting using patient serum. Pro-
tein extract of human MPs (corresponding to 

 

z

 

 5 

 

m

 

g protein) ex-
posed to hypoxia (24 h) was subjected to SDS-PAGE (10%),
transferred to polyvinylidene difluoride paper, and reacted with test
serum (1:50 dilution) obtained from patients with severe atheroscle-
rosis (see Results for definition of this patient group) or healthy age-
matched volunteers. To confirm that patient serum specifically re-
acted with human ORP150, membranes with immobilized extract of
hypoxic MPs were pretreated with excess rabbit anti–rat ORP150 an-
tibody. The membranes were then washed and stained with goat anti–
human IgG (Organon-Teknika, West Chester, PA) as described
above.

To better compare the level of anti–ORP150 autoantibody in pa-
tient sera, an ELISA was developed as described previously (26) us-
ing fractions from hypoxic U373 cells. In brief, U373 cells (

 

z

 

 10

 

8

 

cells) were exposed to hypoxia for 48 h and ORP150 was partially pu-
rified by ion exchange chromatography on fast protein liquid chroma-
tography Mono Q as described (5). The ORP150-enriched fraction
(

 

z

 

 20 

 

m

 

g protein) was then absorbed onto microtiter wells of ELISA
plates to which rabbit anti–human ORP150 IgG (

 

z

 

 5 

 

m

 

g; derived
from immunizing rabbits with ORP150-derived peptides; see above)
had already been bound. After incubation at 37

 

8

 

C for 1 h, plates were
washed three times with PBS containing Tween-20 (0.05%) and incu-
bated for 1 h at 37

 

8

 

C with patients’ serum at indicated dilution in PBS
with Tween-20 (0.05%) and casein (0.1%). Plates were then washed
four times with PBS containing Tween 20 (0.05%), sites of primary
antibody were visualized after addition of peroxidase-conjugated
anti–human IgG (Boehringer Mannheim) and OD

 

495

 

 was measured
by Titerteck (Dainippon Co., Japan). Background OD

 

520

 

 in each se-
rum was obtained by preincubating anti–rat ORP150 IgG (10 

 

m

 

g in
each well) 1 h at 37

 

8

 

C before the addition of patient serum. Anti–
ORP150 autoantibody in patient serum was titrated by the diluting
until OD

 

495

 

 

 

5

 

 0.2 was obtained.
Statistical analyses were performed by either Newman-Keul’s

method for the multiple comparisons, employing analysis of variance,
or nonpaired 

 

t

 

 test, as indicated.

 

Results

 

Expression of ORP150 antigen and message in cultured vascu-

lar cells. 

 

Exposure of cultured HeLa cells (Fig. 1 

 

A

 

), the hu-
man glioma cell line U373 (Fig. 1 

 

A

 

), MPs (Fig. 1 

 

C

 

), and aor-
tic SMCs (Fig. 1 

 

D

 

) to hypoxia resulted in expression of the
150-kD ORP based on immunoblotting of cell lysates with an-
tibody raised to a peptide derived from the sequence of human
ORP150. The specificity of the 150-kD band observed with
anti–human ORP150-derived peptide IgG for ORP150 was
confirmed by absence of an immunoreactive band when lysate
of hypoxic U373 cells was preadsorbed with rabbit antibody
raised to purified rat ORP150 (Fig. 1 

 

B

 

, ORP150; note that rat
ORP150 shows about 90% homology to human ORP150). In
contrast, pretreatment of hypoxic cell lysates with nonimmune
IgG had no effect on detection of the 150-kD band based on
immunoblotting with anti–ORP150-derived peptide antiserum
(Fig. 1 

 

B

 

, nonimmune). Time course experiments in MPs and
SMCs showed increased expression of the ORP150 antigen
within 12 and 24 h of hypoxia, and diminished expression by 24 h
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Figure 1. Expression of ORP150 antigen in cultured human cells exposed to hypoxia and specificity of the anti–human ORP150 antibody and 
cultured human vascular cells. (A) HeLa or U373 cells (human glioma cell line) were cultured and exposed to hypoxia (H) or normoxia (N) for 
24 h. Cell extracts (3 mg protein each) were subjected to SDS-PAGE (7.5%) and immunoblotting. Immunoreactive protein was visualized by re-
acting blots with anti–human ORP150 antibody followed by secondary antibody. (B) Lysate of hypoxic U373 cells (5 3 108 cells) was pread-
sorbed with either anti–ORP150 IgG raised against purified rat ORP150 (a ORP150) or nonimmune IgG (Nonimmune) and protein A was 
added. IgG–protein A complexes were collected by centrifugation, supernatant was concentrated (to z 20 ml in each case) and subjected to re-
duced SDS-PAGE (7.5%) followed by immunoblotting. Other samples applied to the gel were lysate of normoxic (Normoxia) or hypoxic (Hy-

poxia) U373 cells (z 3 mg protein) without further processing. After Western blotting, membranes were reacted with anti–ORP150 IgG (5 mg/
ml) raised against the peptide synthesized to the NH2-terminal sequence of human ORP150. (C and D) Human peripheral blood–derived 
mononuclear phagocytes (MPs, C) or vascular smooth muscle cells (SMCs, D) were plated in 10-cm dishes (106 cells in each case) and exposed to 
hypoxia alone for the indicated times (H0, 0 h; H12, 12 h; and H24, 24 h), or hypoxia (24 h) followed by reoxygenation (R24, 24 h). At the indi-
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cated times, cells were harvested as above, and each sample (3 mg) was subjected to immunoblotting using anti–ORP150 IgG. The migration of 
simultaneously run molecular weight markers is indicated on the left side of the gel (ovalbumin [46 kD], bovine serum albumin [66 kD], phos-
phorylase b [97.4 kD], b-galactosidase [116 kD], and myosin [200 kD]). (E) Laser densitometric analysis of Western blots of mononuclear pha-
gocytes (open column) derived from six different donors and human aortic SMCs (closed column) derived from three different donors. The den-
sitometric value of each band was expressed as the percentage of maximal induction of ORP150 in each cell type. Mean6SD is shown. These
experiments were repeated a minimum of four times.

Figure 2. Induction of ORP150 antigen in cultured human peripheral 
blood–derived MPs under normoxic (A), hypoxic (B) conditions, 
and laser densitometric analysis (C). Effect of modified LDL, li-
popolysaccharide (LP), g-interferon (IN), 2-deoxyglucose (2D), 
heat shock (HT), hydrogen peroxide (HP), and cobalt (Co). (A and 
B) MPs were plated in 10-cm dishes (106 cells in each case) and ex-
posed to either normoxia (N) or hypoxia (H) alone for 24 h, or in the 
same environment (normoxia or hypoxia) in the presence of one 
of the following added 8 h before harvesting of cells: native LDL 
(Na, 50 mg/ml), acetylated LDL (Ac, 50 mg/ml), oxidized LDL (Ox, 
50 mg/ml), lipopolysaccharide (LP, 10 mg/ml), or g-interferon (IN, 
5 ng/ml). MPs in normoxia were also subjected to either heat shock 
(438C for 3 h, HT), exposure to hydrogen peroxide (5 mM for 10 min, 
HP) followed by a 6-h incubation period, 2-deoxyglucose (25 mM, 
2D) or cobalt chloride (1 mM, Co) for 24 h. Cells were then har-
vested as described in Fig. 1, and 5 mg from each sample were sub-
jected to immunoblotting using the same antibody preparations. The 
migration of simultaneously run molecular weight markers is shown 
on the left side of the gel. (C) Induction of ORP150 in MPs obtained 
from six different donors was quantified by the laser densitometric 
analysis. Values are expressed as percent induction of that observed 
in MPs exposed to hypoxia alone. Mean6SD is shown. These experi-
ments were repeated a minimum of three times.

after replacement in normoxia or reoxygenation (Fig. 1, C
and D, respectively). More detailed studies in MPs demon-
strated that hypoxia was unique in eliciting expression of
ORP150 compared with multiple other stimuli, including hy-
drogen peroxide, 2-deoxyglucose, oxidized/acetylated LDLs,

LPS, g-interferon, or heat shock (Fig. 2, A and C). In contrast,
the combination of hypoxia in concert with these other factors,
such as modified LDLs, LPS, and g-interferon, greatly potenti-
ated induction of ORP150 antigen (. sevenfold by densitome-
try) compared with hypoxia alone (Fig. 2, B and C). Substitu-
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tion of native LDL for oxidized/acetylated LDLs resulted in
no enhancement of ORP150 expression (Fig. 2, B and C). The
enhancement of ORP150 in MPs’ expression by the combina-
tion of hypoxia and the latter stimuli was not observed in cul-
tured human SMCs under the same conditions (data not
shown). Experiments with human MPs employed cells from a
total of 10 donors (6 donors for Western analysis as in Fig. 1 C,
and 4 donors for Northern analysis as in Fig. 3 A, see below).
With cells from each donor, hypoxia enhanced ORP150 induc-
tion, although the absolute level of increased ORP150 expres-
sion varied somewhat from donor to donor.

Expression of ORP150 antigen was preceded by an in-
crease in transcripts in both MPs and SMCs, compared with
virtually undetectable mRNA levels in normoxic cultures or
hypoxic cultures incubated in normoxia for 24 h (Fig. 3, A–C).
The band to which the rat cDNA for ORP150 hybridized in
RNA extracted from these human cell types displayed similar
migration to the 4.2 kb corresponding to the size of the full-
length cDNA for human ORP150. At the mRNA level, hy-
poxia 1 either oxidized LDL or lipopolysaccharide appeared
to augment the level of transcripts in MPs compared with hy-
poxia alone (no band was evident in samples from cultures ex-
posed to oxidized LDL under normoxic condition, data not
shown). Native LDL at the same concentration had no effect
on the level of ORP150 mRNA (Fig. 3 A).

Expression of ORP150 antigen and message in human vas-

cular tissue. These data suggested that the presence of modi-
fied lipoproteins might promote ORP150 induction, leading
us to assess its expression in human aortae. Anti–human

ORP150-derived peptide antibody visualized a single band
with Mr z 150 kD in the samples from segments of aorta with
severe atherosclerosis. In contrast, slight or no corresponding
band was detectable in the tissue extract obtained from aortae
without atherosclerotic changes beyond early lesions (Fig. 4,
A and C). Northern analysis showed marked induction of
ORP150 mRNA in samples from severe atherosclerotic le-
sions (Fig. 4, B and C). In contrast, slight or no ORP150 mes-
sage was detected in RNA harvested from portions of aorta
with or without only minimal atherosclerosis, or in apparently
normal aortic tissue from younger individuals (Fig. 4, B and C).
These data suggest that ORP150 is selectively induced in se-
vere atherosclerotic lesions of human aorta.

To further assess the localization of ORP150 message in
atherosclerotic lesions, in situ hybridization using rat ORP150
riboprobes was undertaken. In aortic samples, ORP150 tran-
scripts were detected in neointima and close to atheromatous
debris (Fig. 5, A, C, and E) of an atherosclerotic lesion in tho-
racic aorta (Fig. 5 B shows hematoxylin and eosin staining of
an adjacent section to A for orientation). When sections were
hybridized with sense probe in place of antisense probe, no sig-
nificant staining was observed. Other controls, in which sam-
ples were pretreated with RNase or either the antisense ribo-
probe or antibody to digoxigenin was omitted, similarly
showed no staining (data not shown). Adjacent sections
stained with antibodies to the smooth muscle cell a-actin (Fig.
5 D) and the macrophage marker CD68 (Fig. 5 F) indicated
that the predominant cells colocalized with ORP150 mRNA
were macrophages. Additional studies in sections of athero-

Figure 3. Induction of ORP150 transcripts in cultured human MPs and vascular SMCs. Either human MPs (A) or SMCs (B) (z 108 cells in each 
case) were exposed to normoxia (N) or hypoxia alone for 24 h (H), or hypoxia followed by reoxygenation for 24 h (R). MPs were also incubated 
under hypoxic conditions (24 h) in the presence of either native LDL (Na, 50 mg/ml) or oxidized LDL (Ox, 50 mg/ml), or lipopolysaccharide (LP, 
10 mg/ml) added for the 8 h before harvest. RNA was extracted, subjected to agarose (1%) gel electrophoresis, transferred to nylon membranes, 
and hybridized to a radiolabeled rat ORP150 cDNA probe. The membrane was dried and subjected to autoradiography. Samples were also hy-
bridized with radiolabeled human b-actin probe as shown in the lower panels. The migration of ribosomal RNA bands is indicated in the right 
side of the gel. (C) Expression of ORP150 transcripts in MPs (open bars) obtained from four different donors and SMCs (closed bar) from three 
different donors was standardized by laser densitometric analysis. Values are expressed by relative intensity compared with that of b-actin. 
Mean6SD is shown. These experiments were repeated a minimum of four times.



1936 Tsukamoto et al.

sclerotic coronary arteries in which few infiltrating macro-
phages were present demonstrated the presence of ORP150
mRNA (Fig. 6, B and E) in a subpopulation of SMCs (Fig. 6, C
and F, these panels demonstrate anti-smooth muscle a-actin
staining of sections adjacent to B and E, respectively; Fig. 6, A
and D show hematoxylin and eosin staining of adjacent sec-
tions to B and E, respectively, for orientation). Comparing
SMC and MP expression of ORP150 in these atherosclerotic
lesions suggested that MP production of ORP150 was strongly
inducible, probably as a result of the microenvironment of the
atherosclerotic plaque.

Effect of ORP150 antisense nucleotides on the viability of

MPs subjected to hypoxia. To understand functional effects
of ORP150 in hypoxic mononuclear phagocytes, studies were
performed using three antisense constructs corresponding
to regions around the initiation codon of human ORP150 (Fig.
7 A). Of these, BK-60 most effectively suppressed induction of
ORP150, as was found previously when these antisense con-
structs were employed in cultured astrocytes (25). MPs ex-
posed to hypoxia expressed ORP150 (Fig. 7 B, lane 2), which
was suppressed to virtually undetectable levels on addition of
BK-60 (Fig. 7 B, lane 3), comparable to what was observed in
normoxic MPs (Fig. 7 B, lane 1). In contrast, the correspond-
ing sense oligonucleotide (BK-609) had no effect on ORP150
expression in hypoxic MPs (Fig. 7 B, lane 4). The specificity of

the effects of BK-60 for suppression of ORP150 expression
were confirmed by experiments demonstrating its lack of ef-
fect on induction of HSP72 after exposure of MPs to heat
shock (Fig. 7 B, lanes 6 and 7; note that lane 5 shows control
MPs not exposed to heat shock and lane 8 shows hypoxic MPs
exposed to the sense oligonucleotide).

A functional role for ORP150 in the adaptation of cultured
MPs to hypoxia was suggested by the impairment of cell viabil-
ity in cultures subject to oxygen deprivation, especially in the
presence of oxidized LDL. Although MPs exposed to hypoxia
for 24 h showed no significant release of LDH into the me-
dium, when BK-60 was added to suppress ORP150 expression,
cell viability was diminished to a small, but significant extent.
Addition of oxidized LDL to the medium of hypoxic MPs in-
cubated with BK-60 markedly diminished cell viability com-
pared with cultures in which ORP150 expression was not sup-
pressed (Fig. 7 C). Addition of Ac-LDL diminished viability of
MPs in a manner analogous to Ox-LDL (data not shown). In
contrast, native LDL did not affect the viability of hypoxic MPs,
even in the presence of antisense oligonucleotide (Fig. 7 D).

To further assess mechanisms through which ORP150 ex-
erted its cytoprotective effect in hypoxic MPs incubated with
oxidized LDL, we evaluated the effect of antioxidants, probu-
col, and N-acetylcysteine. Cultures in which ORP150 expres-
sion was suppressed by the antisense oligonucleotide (BK-60)

Figure 4. Expression of ORP150 antigen (A), mRNA (B) in human aorta, and laser densitometric analysis of both blots (C). (A) Protein was ex-
tracted from human aorta after acetone precipitation in PBS containing NP-40 (1%). The concentration of protein (based on total protein and 
the content of SMC a-actin, see text) in samples was adjusted to be equivalent, and samples were subjected to immunoblotting using anti–human 
ORP150 antibody. Lanes represent samples obtained from normoxic astrocytes (N), hypoxic astrocytes (H), early (1, 3, 5), and advanced lesions 
(2, 4, 6) from three patients: case A, a 65-yr-old female who died of sepsis after operation for dissecting aneurysm (1 and 2); case B, a 65-yr-old 
male who died of rupture of dissecting aneurysm (3 and 4); and case C, a 71-yr-old male who died of cerebral infarction (5 and 6). The migration 
of simultaneously run molecular weight markers is shown on the left side of the gel. (B) Total RNA (10 mg/lane) purified from human aortae was 
subjected to Northern analysis using either radiolabeled rat ORP150 probe (top) or b-actin probe (bottom). RNA for lane 1 was obtained from 
the aorta of a 1-yr-old boy who died of congenital heart disease, and that for lane 2 from a 9-yr-old boy who died of chondrosarcoma. RNA for 
lanes 3 and 4 was from the same samples as in lanes 1 and 2 in A. RNA for lanes 5 and 6 was from early and advanced aortic lesions, respectively, 
of a 77-yr-old male who died of cardiac rupture after acute myocardial infarction. RNA from lanes 7 and 8 was from early and advanced lesions, 
respectively, of an 83-yr-old male who died of cerebral infarction. The migration of ribosomal RNA is indicated on the right side of the gel. (C) 
The content of ORP150 antigen (open bars) and transcripts (closed bars) is represented by the percent ratio to that of a-actin for ORP150 anti-
gen and b-actin for ORP150 transcripts, respectively.
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were exposed to hypoxia and oxidized LDL (50 mg/ml); both
probucol and N-acetylcysteine had strong protective effects
(Fig. 7 E).

The presence of anti–ORP150 antibody in plasma of pa-

tients with severe atherosclerosis. In view of the association of
ORP150 expression with cellular stress, as in severe athero-

sclerosis, we speculated that patients with extensive vascular
disease might develop autoantibodies. Western blotting was
performed using cell lysates from cultured human MPs ex-
posed to hypoxia as the source of ORP150, and patient sera at
1:50 dilution (Fig. 8). Sera from two patients with angiographi-
cally demonstrated severe atherosclerotic vascular disease of

Figure 5. Localization of ORP150 
mRNA in atheromatous plaque of 
aorta. Thoracic aorta was prepared 
from the 77-yr-old male who died of 
cardiac rupture after acute myocar-
dial infarction (Fig. 4 B, lanes 5 and 
6) within 3 h of death and fixed with 
4% paraformaldehyde in 0.1 M phos-
phate buffer, pH 7.0. Tissue speci-
mens were subjected to in situ hy-
bridization using rat ORP150 probe 
(A, 203; C and E, 803). Adjacent 
sections were stained with hematoxy-
lin and eosin (B, 203), monoclonal 
antibody 1A4 (D, 803), or mono-
clonal antibody PG-M1 (anti–CD68 
IgG; F, 803).

Figure 6. Localization of ORP150 mRNA 
in coronary artery. Coronary artery was 
obtained from the 83-yr-old male who 
died of cerebral infarction (Fig. 4 B, lanes 
7 and 8), and subjected to in situ hybrid-
ization using rat ORP150 probe (B, 403 
and E, 1003). Adjacent sections were 
stained with hematoxylin and eosin (A, 
403 and D, 1003) or 1A4 (C, 403 and F, 
1003).
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Figure 7. Effect of ORP150 antisense oligonucleotide BK-60 on the induc-
tion of stress proteins and viability of MPs in hypoxia. (A) Schematic de-
piction of ORP150 antisense (BK-59, 60, 61) and sense (BK-609) oligonu-
cleotides. (B) Human MPs (z 106 cells) were cultured and exposed to 
hypoxia for 24 h either in the absence (lane 2) or presence of ORP150 an-
tisense (BK-60, 20 mM, lane 3) or the sense oligonucleotide (BK-609, 20 
mM, lane 4). Cells were harvested and 3 mg protein was subjected to im-
munoblotting using anti–ORP150 IgG as described (lanes 1–4). Normoxic 
control sample is shown in lane 1. For detection of HSP72 (lanes 5–8), cul-
tured MPs were exposed to elevated temperature (438C) for 3 h in the ab-
sence (lane 6) or presence of ORP150 antisense (BK-60, 20 mM, lane 7) or 
sense oligonucleotide (BK-609, 20 mM, lane 8). Protein was extracted from 
each sample (z 3 mg) and subjected to immunoblotting with anti–HSP72 
antibody. A control experiment was also performed with MPs without ex-
posure to elevated temperature (lane 5). The migration of simultaneously 
run molecular weight markers is shown on both sides of the gel. (C) Hu-
man MPs (z 2 3 105 cells) were cultured under either normoxic (N) or hy-
poxic (H) condition for 24 h either in the absence (open bars) or presence 

of sense oligonucleotide (BK-609, 20 mM, hatched bars) or antisense oligonucleotide (BK-60, 20 mM, closed bars). Where indicated, oxidized 
LDL (50 mg/ml) was added to the culture 8 h before harvest (OxLDL). LDH activity in the culture supernatant was then measured and ex-
pressed as a percentage of maximal release (arbitrarily defined as 100% in the presence of hypoxia 1 oxidized LDL 1 BK-60). Mean6SD is 
shown (n 5 6). *P , 0.01 by Newman-Keul’s analysis compared with H in the presence of BK-60. (D) Human MPs (z 2 3 105 cells) were cul-
tured under hypoxic (H) conditions for 24 h either in the absence (open bars) or presence of sense oligonucleotide (BK-609, 20 mM, hatched 

bars) or antisense oligonucleotide (BK-60, 20 mM, closed bars). Either oxidized LDL (OxLDL, 50 mg/ml) or native LDL (NaLDL, 50 mg/ml) 
was added to the culture 8 h before harvest. LDH activity in each culture was measured and expressed as a percentage of maximal release (that 
observed in cultures exposed to hypoxia 1 oxidized LDL 1 BK-60 assigned a value of 100%). **P , 0.01 compared with H 1 NaLDL 1 BK-60 
by nonpaired t test. (E) Human MPs (z 2 3 105 cells) were cultured for 24 h under hypoxia in the presence (closed bars) or absence (open bars) 
of antisense oligonucleotide (BK-60, 20 mM). Oxidized LDL (50 mg/ml) was added to each culture 8 h before harvest. Where indicated, either 
probucol (10 mM; Pb) or N-acetylcysteine (10 mM; NAC) was added to the culture 30 min before addition of oxidized LDL. LDH activity in 
each culture was measured and expressed as a percentage of maximal release (that observed in cultures exposed to hypoxia 1 oxidized LDL 1 
BK-60 assigned a value of 100%). The arbitrarily defined 100% point for loss of cell viability used in panels C–E corresponds to the release of 
85% of the LDH activity observed when a freeze–thaw lysate of the cell preparations was made. **P , 0.05 by Newman-Keul’s analysis com-
pared with H in the presence of BK-60. In each case, experiments were repeated a minimum of four times.
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the thoracic and abdominal aorta were studied. Patient A was
a 73-yr-old male with angina pectoris who also suffered from
occlusion of the right common carotid artery, and patient B
was a 65-yr-old male whose vascular disease included subcom-
plete stenosis of both carotid arteries. Sera from patients A
and B detected the 150-kD band in hypoxic MPs (Fig. 8, lanes
3 and 5), and appearance of the band was blocked by addition
of excess of anti–human ORP150 antibody (Fig. 8, lanes 4
and 6). Sera from an age-matched control individual with no
evident vascular disease showed no immunoreactivity with the
150-kD band (Fig. 8, lanes 7 and 8). We developed an ELISA
to facilitate comparison of anti–ORP150 antibodies in patient
sera, and used this method to analyze additional patient sam-
ples (Table I). The results in the ORP150 ELISA confirmed
the presence of significant titers of autoantibodies in four of six
patients with advanced atherosclerosis, whereas none of the
age-matched controls (i.e., patients without evidence of ath-
erosclerotic complications) had significant titers. It is impor-
tant to note that sera from patients with atherosclerosis were
also reactive with other polypeptides whose expression was in-
duced in MPs by oxygen deprivation, especially those with Mrs
corresponding to z 72 and 98 kD.

Discussion

Chronic and intermittent hypoperfusion in arterial wall, result-
ing in insufficient delivery of nutrients to vascular cells, is be-
lieved to contribute to the pathogenesis of atherosclerotic le-

sions (27–30). One important facet of this ischemic milieu is
oxygen deprivation in the vascular microenvironment (31).
In this context, experimental atherosclerosis and hypertension
are associated with diminished arterial wall oxygenation (32, 33),
suggesting that relative hypoxia of vascular cells may be a com-
mon event in vascular dysfunction.

ORP150, originally purified and cloned from cultured rat
astrocytes exposed to hypoxia, has also been observed in cer-
tain tumor cells subject to oxygen deprivation (34). A principal
factor underlying ORP150 induction is lowering of ambient
oxygen tension in a range of cell types (HeLa, U373, MPs, and
smooth muscle cells). Among cells of the atherosclerotic vessel
wall, MPs appear to express the highest levels of ORP150. This
is consistent with our results in cell culture demonstrating in-
creased expression of ORP150 by MPs, which is further poten-
tiated in the presence of pathophysiologically relevant pertur-
bants such as modified LDL. The observed elevated levels of
ORP150 mRNA in MPs present in atherosclerotic plaques em-
phasize the association of ORP150 with cellular stress, al-
though it is likely that more complex mechanisms may contrib-
ute to ORP150 expression in late atherosclerotic lesions
compared with those operative in vitro. Previous studies have
shown that a range of other stress proteins are induced by hy-
poxic and/or ischemic stress, (e.g., glucose-regulated and heat
shock proteins) (1). In view of the likely protective function of
these other stress proteins in promoting cell survival in re-
sponse to environmental challenges (35), we speculated that
ORP150 might behave similarly. The role of MPs as scaven-

Figure 7.
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gers of cellular debris and orchestrators of vascular remodeling
suggests their facile adaptation to stressful stimuli (36, 37).

Our previous analysis of ORP150 provided certain clues
as to how this inducible polypeptide might have cytoprotective
properties. First, it has two HSP70 family-specific signatures,
structural motifs likely to have ATPase activity. Second, the
presence of a COOH-terminal KNDEL sequence suggests
ORP150 may be retained in the endoplasmic reticulum, a loca-
tion in which other stress proteins are found (38) and where
it is ideally positioned to facilitate protein folding. Our recent
studies have confirmed localization of this stress protein in the
endoplasmic reticulum by immunocytochemical analysis (5).
Further insight into the mechanisms through which ORP150
exerts its effects is the ability of antioxidants, such as probucol
or N-acetylcysteine, to protect MPs from death after suppression
of ORP150 expression in a hypoxic environment with oxidized
LDL. These data imply that ORP150 bound to the endoplas-
mic reticulum may have cytoprotective properties, potentially
related to the oxidant status of the cell. Expression of ORP150
in macrophages under ischemic microenvironments promotes
cell survival and thus is likely to be critical in enabling mac-
rophages to redirect their biosynthetic activities in hypoxia.
This results in events such as the elaboration of growth and/or
migratory factors central to stimulation of angiogenesis in re-
sponse to hypoxia (39, 40).

The presence of autoantibodies to ORP150 in the plasma
of patients with severe atherosclerosis also emphasizes the

presence of this protein in vascular lesions. Although we have
not performed a detailed analysis of every tissue for ORP150
at this time, the association of autoantibodies with severe vas-
cular disease suggests a possible sequence of events: ORP150
induction occurs in vascular cells, especially macrophages in
atherosclerotic lesions. During the course of lesion formation,
certain cells that express ORP150 die (such as degenerating
macrophages, observed in atherosclerotic lesions) or cata-
strophic events such as plaque rupture (41) disrupt a large
number of cells, releasing their contents and allowing the host
to mount an antibody response. Consistent with these data, au-
toantibody to other stress proteins has been detected in patient
plasma (42). This may account for the other bands visualized
when patient sera were reacted with lysates of hypoxic, vs lack
of reactivity with normoxic, extracts of mononuclear phago-
cytes (Fig. 8).

In summary, our study provides evidence that a novel hy-
poxia-inducible protein, ORP150, is present in the atheroscle-
rotic vessel wall, especially in mononuclear phagocytes. The
cytoprotective role of macrophage ORP150 in the setting of
oxygen depletion and the presence of oxidized LDL suggests
that it may be an important survival factor allowing MPs to
carry on their role of tissue remodeling and scavenging under
environmentally challenging conditions.
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Figure 8. Detection of autoantibody to ORP150 in the plasma of pa-
tients with atherosclerosis. Protein extract from MPs (5 mg) cultured 
under normoxic (lane 1) or hypoxic (lane 2) conditions for 24 h was 
subjected to immunoblotting using rabbit anti–human ORP150 anti-
body. Other lanes of the blot, containing extract of hypoxic MPs, 
were reacted with serum prepared from three patients (see below) in 
the absence (lanes 3, 5, and 7) or presence (lanes 4, 6, and 8) of rabbit 
anti–human ORP150 antibody (200 ng/ml). Patient A was a 73-yr-old 
male with angina pectoris and cerebral infarction (lanes 3 and 4). Pa-
tient B was a 65-yr-old male with cerebral infarction (lanes 5 and 6). 
Patient C was a 74-yr-old female without any evidence of atheroscle-
rosis (7 and 8). In each case, atherosclerosis was evaluated by angiog-
raphy of the thoracic and abdominal aorta and cerebral arteries. The 
migration of simultaneously run molecular weight markers is shown 
on the left side of the gel.

Table I. ELISA for Anti–ORP150 Autoantibody in Patient 
Sera

Case Age/sex Clinical feature Dilution

1* 73/M Angina & cerebral infarction 640

2* 65/M Cerebral infarction 640

3 60/F Hypertension & ASO 1,280

4 68/M ASO 640

5 63/M Dissecting aneurysm 320

6 61/M Hypertension 320

7* 74/F Age-matched control , 80

8 54/M Age-matched control 160

9 80/F Age-matched control 160

10 66/M Age-matched control , 80

11 68/M Age-matched control , 80

The ORP150-enriched fraction was absorbed to wells of ELISA plates

to which anti–human ORP150 IgG had been bound. After incubation at

37°C for 1 h, plates were washed three times with PBS containing

Tween 20 (0.05%) and incubated for 1 h at 37°C with patient sera as in-

dicated. Plates were then washed four times, sites of primary antibody

visualized using peroxidase-conjugated anti–human IgG, and OD495 was

measured. The background in each serum sample was obtained by pre-

incubating with anti–rat ORP150 IgG. Anti–ORP150 autoantibody in

patient serum was titrated to a dilution at which OD520 5 0.2 was ob-

tained. *Cases 1, 2, and 7 in this table correspond to patients A, B, and

C in Figure 8, respectively. ASO, arteriosclerosis obliterans.
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