
H
L

A
A
*
A
N
D

R

w
t
h
i
t
r
K
m
p
f
a
t
t
t
(
a
s
n
n
a

t

b
t

l
a
l
d
c

C
O
B
c

Biochemical and Biophysical Research Communications 277, 228–235 (2000)

doi:10.1006/bbrc.2000.3663, available online at http://www.idealibrary.com on

0
C
A

eat Shock Protein 60 Is a High-Affinity High-Density
ipoprotein Binding Protein

lexander V. Bocharov,* Tatyana G. Vishnyakova,† Irina N. Baranova,†
lan T. Remaley,‡ Amy P. Patterson,† and Thomas L. Eggerman*,1

Center for Biologics and Evaluation and Research, Division of Cellular and Gene Therapies, Food and Drug
dministration, 8800 Rockville Pike, Bethesda, Maryland 20892; †National Heart, Lung and Blood Institute,
ational Institutes of Health, 8800 Rockville Pike, Bethesda, Maryland 20892; and ‡Clinical Pathology
epartment, National Institutes of Health, 10 Center Drive, MSC 1508, Bethesda, Maryland 20892-1508

eceived September 8, 2000
High-density lipoproteins (HDL) have been proposed
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A new 55-kDa HDL/apolipoprotein binding protein
as demonstrated in plasma membrane prepara-

ions of the human cell lines and primary cultured
epatocytes. Analysis of specific binding by ligand

mmunoblots of HDL, apoA-I, and apoA-II to a par-
ially purified 55-kDa PA-I plasma membrane prepa-
ation demonstrated a Kd,HDL 5 50 nM (10 mg/ml),
d,apoA-II 5 20 nM (0.4 mg/ml), and Kd,apoA-I 5 330 nM (10
g/ml). Following preparative SDS–PAGE electro-
horesis of a plasma membrane preparation isolated
rom human PA-I cells, fractions with apoA-II binding
ctivity were collected, concentrated, and subjected to
wo-dimensional electrophoresis. Internal micropro-
ein sequencing of the 55-kDa protein band revealed
he binding protein as being heat shock protein 60
hsp60). The hsp60 monoclonal antibody LK-1 blocked
poA-II binding to the 55-kDa HBP preparation. In
ummary, these results provide a potential mecha-
ism to explain the known association between immu-
ity developed against hsp60 and the development of
therosclerosis. © 2000 Academic Press
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s mediators of reverse cholesterol transport, the pro-
ess whereby cholesterol is removed from peripheral
issues and delivered to the liver for subsequent excre-
ion (1). It has been demonstrated that in part the
fflux of the plasma membrane cholesterol to HDL is a
assive diffusional process, and it does not require the
nteraction of HDL apolipoproteins with the cell sur-
ace (2, 3). In contrast, part of reverse cholesterol trans-
ort appears to be an energy dependent process and is
ediated by ABCA1, an ATP-binding cassette trans-

orter, which was recently shown to be defective in
angier disease (4, 5).
A number of HDL-binding proteins, potentially in-

olved in HDL apolipoprotein interactions with cell
urface binding sites, have been reported (6). These
nclude HBP (7), BP-2 (8) and GRP94 (9); however,
heir physiologic roles have not been clarified. In con-
rast, SR-BI, a HDL receptor interacting with multiple
igands, has been reported as the primary protein re-
ponsible for cholesterol ester delivery to steroid pro-
ucing cells and the liver (10). Although some data
how that it may facilitate cholesterol diffusion to ac-
eptor particles in vitro, it is not involved in HDL-
ediated cellular signaling or energy dependent cho-

esterol pumping to the plasma membrane (11–13).
he ABCA-1 cassette transporter has been recently

dentified to be the energy dependent phospholipid/
holesterol transporter (4, 5). By apoA-I cross-linking
xperiments with ABCA-1 overexpressing cells, ABCA-1
as been recently demonstrated to bind apoA-I (14, 15).
his indicates that when overexpressed, ABCA-1 may
ediate cholesterol efflux to lipid free apolipoproteins

y direct binding of the apolipoproteins to the cell
urface. Overexpression of ABCA-1 has not appeared
o affect HDL binding (14) demonstrating that a sub-
tantial amount of “molten” (globular like state with
ell-defined secondary structure folded in a compact



globular shape) apoA-I conformation (16), is required
f
t
l
c

m
m
b
e
r
c
n
s
(
m
c
m
d
h
a
w
t
h
o

t
b
h
4
m
a
p
a
h

M

w
t
t
t
S

a
E
S
a
i
H
c
H
c

o
w
a
a
8

fluoride using a Polytron homogenizer at 24,000 rpm for 20 s. The
s
t
r
b

p
p
c
o
s
(
l
w
T
s
o
p
w
a
i
b
w
(

H
p
d
m
S
S
w
l
c
s

s
K
o
a
A
p
a
g
l
c
a
B

q
t
c
c
f
w
p
o
c
c
a
s
t
0
T
g
E

Vol. 277, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
or the apoA-I binding. ApoA-II and apoC-I, apolipopro-
eins which also exist in the molten form (17, 18) when
ipid free demonstrate a similar ability to efflux intra-
ellular cholesterol to the plasma membrane (19).

Recently, an autoimmune response to hsp60, the
onomer of cpn60 complex responsible for productive
olecular conformational folding, has been shown to

e associated with the premature development of ath-
rosclerosis (20). In a large epidemiological study, se-
um antibodies to mycobacterial hsp65, which strongly
ross reacts with human hsp60, were found to be sig-
ificantly increased in clinically healthy subjects with
onographically demonstrable carotid atherosclerosis
21, 22). Furthermore, immunization of rabbits with
ycobacterial hsp65 induces atherosclerosis in normo-

holesterolemic rabbits (23) and accelerates lesion for-
ation in hypercholesterolemic rabbits (24). Upon the

evelopment of atherosclerotic lesions, hsp60 was
ighly expressed in the macrophages, smooth muscle
nd endothelial cells (25, 26) in the areas colocalizing
ith HDL staining. An immune response to mycobac-

erial hsp65, which shares 50% homology with human
sp60, has been implicated with the premature devel-
pment of atherosclerosis (24, 26–28).
In this report, we describe a new HDL-binding pro-

ein that has a high affinity for apoA-II and HDL and
ut a lower affinity for apoA-I, and was identified to be
sp60. A hsp60 monoclonal antibody to sequence 383–
49, which is identical in the first 24 amino acids to
ycobacterial hsp65 (sequence 356–393), blocked

poA-II binding to hsp60. These findings provide a
otential link with the HDL apolipoprotein cell binding
nd the development of atherosclerosis due to anti-
sp60 immunity.

ETHODS

HDL and apolipoproteins. Human HDL3 (1.125 , d , 1.216)
ere isolated from plasma of healthy donors by two repetitive cen-

rifugations by the method of Redgrave (29). The HDL3 were passed
hrough a heparin–Sepharose column, and an apoE-free HDL frac-
ion was collected. Purified apoA-I and apoA-II were obtained from
igma.

Cell lines. PA-I, HepG2, HeLa, RAW 264, J774, Caco-2, COS cells
nd human fibroblast were grown until 50–60% confluence in
MEM medium containing 10% FCS, and 100 mg/ml of kanamycin.
ubsequently, cells were washed to remove residual serum with PBS
nd further cultured in Williams’ E medium, containing 2 mg/ml
nsulin, 1027 M dexamethasone, 100 mg/ml kanamycin and 20 mM
epes for a 3-day period. The medium was replaced daily, and the

ells were subsequently used for plasma membrane preparations.
uman and rat hepatocytes were isolated as reported before (30) and

ultured as specified for cell lines.

Preparation of plasma membranes. All procedures were carried
ut on ice. Confluent monolayers of cell lines were washed 3 times
ith ice-cold 10 mM Tris–HCl (pH 8.0), 150 mM NaCl, 5 mM EDTA
nd 1 mM phenylmethylsulfonyl fluoride, removed by scraping with
rubber policeman, and then homogenized in 10 mM Tris–HCl (pH

.0), 300 mM sucrose, 5 mM EDTA and 1 mM phenylmethylsulfonyl
229
upernatant obtained by centrifugation at 10,000g for 10 min was
hen centrifuged at 100,000g for 60 min. The supernatant was then
emoved, the pellet resuspended and boiled in SDS–PAGE sample
uffer and then analyzed in the ligand immunoblot assay.

Ligand immunoblot assay for HDL-binding proteins. Samples of
lasma membrane proteins were separated by 7.5% SDS–
olyacrylamide gel electrophoresis (SDS–PAGE), under nonreducing
onditions (31) and electrophoretically transferred (15 V, 18 h, 8°C)
nto nitrocellulose membranes (32). The nitrocellulose membranes/
trips were incubated for 2 h with blocking buffer (10 mM [Tris] HCl
pH 7.4), 150 mM NaCl, 5% [wt/vol] lipid deficient (5% wt/wt) low
ipid milk powder) at room temperature. Subsequently, the strips
ere incubated for 45 min with HDL, apoA-I or apoA-II at 4°C in
BS buffer containing BSA at a concentration of 10 mg/ml. The
trips were then washed with 10 ml of ice-cold blocking buffer with-
ut milk followed by fixation with 4% paraformaldehyde in 100 mM
hosphate buffer, pH 7.4 for 30 min at room temperature. The strips
ere washed 3 times with blocking buffer, and incubated with goat
nti-human apoA-I or anti-apoA-II (Boehringer-Mannheim) in block-
ng buffer for 1 h at room temperature. After washing with blocking
uffer (5 times for 5 min), rabbit anti-goat IgG antibodies conjugated
ith alkaline phosphatase preabsorbed with human plasma proteins

Sigma) were added as the second antibody.

Preparative protein electrophoresis. For partial purification of the
DL-binding proteins, plasma membranes were prepared from ap-
roximately 109 PA-I cells grown until confluence on 500-cm2 petri
ishes. Membrane preparations were delipidated with chloroform/
ethanol/water (1:4:4) and dissolved in 10 ml of SDS-sample buffer.
eparation was performed with a Bio-Rad Model 491 utilizing a 7.5%
DS–PAGE gel in a 37 mm gel tube. Fractions in a volume of 2 ml
ere collected and analyzed by ligand blotting, using apoA-II as the

igand. Fractions with apoA-II binding activity were collected, con-
entrated and dialyzed against TBS, pH 7.4. Preparations were
tored at 270°C.

Two-dimensional electrophoresis. Two-dimensional electrophore-
is was performed according of the method of O’Farrell (33) by
endrick Labs, Inc. (Madison, WI). Isoelectric focusing was carried
ut in a glass tube of inner diameter 2.0 mm using 2% pH 4–8
mpholines (Gallard Schlesinger, Long Island, NY) for 9600 V-h.
pproximately 25 ml (100 mg) of partially purified HDL-binding
rotein were mixed with 25 ml of IEF sample buffer (Bio-Rad) and
pplied to the IEF gel. For the second dimension, a 7.5% SDS–PAGE
el was utilized. Proteins were electroblotted onto BA83 nitrocellu-
ose and characterized by ligand blotting, utilizing apoA-II at the
oncentration of 1 mg/ml. Ligand blotting was performed as outlined
bove. In separate experiments, gels were stained with Coomassie
lue.

Internal protein microsequencing. Internal micro-protein se-
uencing was performed by Kendrick Labs, Inc. as reported. Briefly,
he band of interest was identified in Coomassie G250-stained gel by
omparing with apoA-II ligand immunoblots. Pieces of the gel were
ut, washed with 500–1000 ml of 0.05 M Tris, pH 8.5/50% acetonitrile
or 20 min with shaking. The supernatant was discarded, and the
ash was repeated twice. The washed gel pieces were dried com-
letely in a Speed-Vac. In-gel digestion was performed by incubation
f the dried pieces in 50 ml digestion buffer (25 mM Tris, pH 8.5)
ontaining 0.08 mg trypsin for 20 h at 32°C. When digestion was
omplete, the gel pieces were extracted three times with 100 ml 50%
cetonitrile/0.1% TFA each followed by shaking for 30 min, and the
upernatants were transferred to a Hewlett–Packard HPLC injec-
ion vial and dried in a Speed-Vac. After redissolving in 200 ml of
.1% TFA, sample was applied on HPLC utilizing Vydac C18 column.
he elusion was performed at a flow of 0.2 ml/min with 1.5–65%
radient acetonitrile. Selected fractions were analyzed on a Perkin–
lmer Model 494 sequencer.
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Western blotting. Partially purified the 55-kDa HBP or recombi-
ant hsp60 were subjected to 7.5% SDS–PAGE followed by an elec-
rotransfer to nitrocellulose membrane. After blocking in TBS (5%
at-free milk, pH 7.4), nitrocellulose membranes were incubated for

h at room temperature with LK-1 mouse monoclonal anti-human
sp60 (1:500; Sigma) antibodies in blocking buffer. After five washes
or 3 min with blocking buffer, alkaline phosphatase-conjugated
nti-mouse, -rabbit or -rat antibodies (all from Sigma) in blocking
uffer at a dilution of 1:10,000 were incubated for 1 h at room
emperature as second antibodies. Visualization was performed uti-
izing nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate in

mM MgCl2, 100 mM Tris, pH 9.5.

ESULTS

igand Immunoblotting of HDL, ApoA-I
and ApoA-II in PA-I Cell Line

Using a crude membrane preparation from PA-I
ells, at least three different binding proteins could be
bserved by ligand blotting (Fig. 1A). When compared
o HDL and apoA-I, apoA-II binds to the 55-kDa band
ith the greatest intensity (Fig. 1A, lanes 1–3). No
etectable binding was demonstrated when incubating
n ligand free solution, followed by the incubation with

mixture of anti-apoA-I and apoA-II antibodies (Fig.
A, lane 4). A 55-kDa band was also observed in sam-
les prepared from human and rat hepatocyte cells,
AW264, J774 macrophages, Cos, HeLa and Caco-2

ells. The 55-kDa band was barely detectable in human
broblasts (Fig. 1B, lane 4).

artial Purification of the 55-kDa
Lipoprotein-Binding Protein

Using a partially purified fraction, the binding of
poA-II to the 55-kDa protein was further character-
zed. The 55-kDa band was partially purified by pre-
arative gel electrophoresis. Collected fractions were
oncentrated and evaluated by apoA-II ligand blotting

FIG. 1. Ligand blotting of plasma membrane preparations with
DL, apoA-I, and apoA-II. (A) Ligand blotting PA-I with: 1, HDL (10
g/ml); 2, apoA-I (1 mg/ml); 3, apoA-II (1 mg/ml); 4, ligand-free con-
rol. (B) Ligand blotting of apoA-II (1 mg/ml) with plasma membrane
reparations from 1, human hepatocytes; 2, rat hepatocytes; 3,
epG2 cells; 4, human fibroblasts; 5, HeLa cells; 6, RAW 264 cells; 7,
774 cells; 8, Caco-2 cells; 9, COS cells.
230
inding activity were concentrated and applied to a 5%
DS–PAGE column. Fractions collected after the sec-
nd round of purification, were concentrated and ex-
ensively dialyzed against TBS, pH 7.4. This prepara-
ion was than used for two-dimensional electrophoresis
nd the further analysis of HDL, apoA-I and apoA-II
inding.

DL, ApoA-I, and ApoA-II Binding to a Partially
Purified 55-kDa HDL-Binding Protein (HBP)

Several reports have demonstrated HDL-binding
roteins, which bind both apoA-I and apoA-II apoli-
oproteins; however, lipoprotein-binding proteins with
higher affinity for apoA-II relative to apoA-I have not
een previously reported (Oram J., 1992; Fidge, 1997;
riger, 1996). To determine if the higher intensity of

he 55-kDa band observed with apoA-II binding is the
esult of a higher affinity for this ligand, concentra-
ion-dependent curves were performed followed by
catchard analysis. HDL, apoA-I and apoA-II all dem-
nstrated concentration-dependent binding to the par-
ially purified 55-kDa HBP by immunoligand blot anal-
sis (Fig. 3). The highest affinity determined by
catchard analysis was for apoA-II (Kd 5 0.4 mg/ml),
hich corresponds to a Kd 5 20 nM. Lower Kd’s of 10
nd 15 mg/ml were demonstrated for HDL and apoA-I,
espectively, which when represented on a molar basis
ielded a Kd 5 50 nM for HDL (MW 5 200 kDa) and a
d 5 500 nM for apoA-I (MW 5 28 kDa).

wo-Dimensional Electrophoresis and Microsequencing
of the 55-kDa HDL-Binding Protein

After resolution by 2D gel electrophoresis, the par-
ially purified 55-kDa HBP primarily appeared as a
riplet on both Coomassie stained gel (Fig. 4A) and by
poA-II immunoligand blot (Fig. 4B). The shape and
osition of the bands by either method were similar.
he 55-kDa protein was cut out of the gel, treated with

FIG. 2. Partial purification of the 55-kDa HBP utilizing prepar-
tive electrophoresis. 10 ml of each fraction was added with 23 SDS
ample buffer and applied on 10% SDS–PAGE. After electrotransfer
nto nitrocellulose, factions containing the 55-kDa HBP were re-
ealed by ligand immunoblotting utilizing 1 mg/ml of apoA-II as a
igand.
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rypsin and subjected to HPLC. Six peptide peaks re-
olved by HPLC were used for protein microsequenc-
ng. The results of micro sequencing are shown in Fig.
C. All sequences obtained fit the sequence of hsp60, a
itochondria matrix protein (34).

he Effect of Monoclonal Antibody (LK-1) to Hsp60
on ApoA-II Binding

When visualized by both apoA-II immunoligand blot
nd Western blotting with the LK-1 monoclonal anti-
ody against hsp60, the 55 kDa HBP was located in a
imilar position (Figs. 5A and 5B). Similar results were
btained when recombinant human hsp60 (Sigma) was
sed for both immunoligand blotting and Western blot-
ing (Figs. 5C and 5D). Furthermore, the LK-1 anti-
ody blocked apoA-II binding to the 55 kDa HBP prep-
ration in a concentration-dependent manner (Fig. 5E,
anes 2–7). No effect was observed when nonimmune
ontrol mouse antibody was coincubated with apoA-II
Fig. 5E, lane 1). The slightly higher molecular weight
f recombinant human hsp60 is most likely attribut-

FIG. 3. Concentration-dependent binding of HDL, apoA-I, and a
ependent binding of the ligand; middle graphics: immunoligan
oncentration-dependent binding of the ligands. In A, HDL; B, apoA
231
ble to the differences in post-translational modifica-
ion between bacteria and animal cells.

ISCUSSION

ApoA-II is the second most abundant protein in HDL
articles. It has been demonstrated that in contrast to
poA-I, human apoA-II overexpression in mice appears
o be pro-atherogenic, by inducing fatty streak lesion
ormation in experimental animals (35, 36). In addition
o its blocking effects upon a wide spectrum of enzymes
f lipid metabolism (37, 38), apoA-II has also been
ecently demonstrated to convert HDL into a proin-
ammatory particle when overexpressed in mice (36).
DL particles isolated from apoA-II transgenic mice
id not prevent oxidation of LDL and stimulated mac-
ophage migration by inducing chemoattractant re-
ease in coculture. Although it was suggested that the
resence of oxidized lipids or other factors in apoA-II
ransgenic HDL might promote the production of
onocyte chemotactic protein-1, a direct interaction of

-II to the 55-kDa HBP preparation. Upper graphics: concentration-
lotting with the ligands; lower graphics: Scatchard analysis of
C, apoA-I were used as the ligands.
poA
d b
-II;
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poA-II enriched HDL with a HDL-binding protein
as not ruled out as a potential mechanism.
A crude plasma membrane preparation from PA-I

ells demonstrated the presence of the 55-kDa protein,
hich most significantly interacted with apoA-II and
DL. A much weaker binding was observed for apoA-I

Fig. 1A). Several cell lines were evaluated for the
5-kDa protein, including hepatocytes, fibroblasts and
acrophages. Fibroblasts demonstrated apoA-II bind-

ng to the 55-kDa protein, only when larger amounts of
embrane protein were used (data not shown). After

wo cycles of purifying the crude plasma membranes
rom PA-I cells by preparative 7.5% SDS–PAGE, the
artially purified 55-kDa protein was utilized for HDL,
poA-I and apoA-II binding studies and Scatchard
nalysis. The highest affinity, with a Kd 5 20 nM, was
emonstrated for apoA-II. HDL and apoA-I were found
o have Kd’s of 50 nM and 500 nM respectively (Fig. 3).
fter two-dimensional electrophoresis, the band corre-
ponding to the 55-kDa HBP by apoA-II ligand blotting
as analyzed by micro-sequencing. All six HPLC peaks
nalyzed corresponded to the hsp60 sequence, a mo-
ecular chaperone with a molecular mass of 58 kDa
Fig. 4C).

Hsp60 is a highly conserved protein that is most
bundant in mitochondria. Hsp60 forms an oligomeric

FIG. 4. Two-dimensional electrophoresis and microsequencing of
he 55-kDa HBP preparation. (A) Coomassie staining of 2D gel; (B)
poA-II immunoligand blotting; (C) internal microsequencing re-
ults of six peptide peaks separated by HPLC.
232
r eight (eukaryotic) subunits, with each ring sur-
ounding a central cavity, which is known as cpn60. By
epetitive cycles of folding and unfolding, cpn60 pre-
ents irreversible aggregation of non-active conforma-
ions and keep proteins on the productive folding path-
ay (39). The oligomeric state of hsp60 during the

igand blot is not known, but it is possible that after the
ransfer to the nitrocellulose it could in part self-
ssociate into the cpn60 form. A small amount of ap-
arent hsp60 aggregates with molecular weights of
pproximately 240 kDa and higher were detected when
erforming non-reducing SDS by both anti-hsp60
estern blotting and apoA-II/HDL ligand blotting

data not shown), suggesting that oligomeric hsp60 can
nteract with HDL and apoA-II. Since the molecular
eight limit for the peptide binding to cpn60 is approx-

FIG. 5. The blocking effect of anti-hsp60 monoclonal antibody
K-I on apoA-II binding to the 55-kDa HDL-binding protein. (A)
estern blotting of the 55-kDa HBP preparation with LK-1: lane 1,
W standard; lanes 2–4, various amounts of the 55-kDa HBP prep-

ration (2, 4.5 mg; 3, 1.5 mg; 4, 0.5 mg). (B) Ligand blotting of 1 mg/ml
f apoA-II to the 55-kDa HBP preparation; lane 1, MW standard;
anes 2–4, various amounts of the 55-kDa HBP preparation (2, 4.5
g; 3, 1.5 mg; 4, 0.5 mg). (C) Western blotting of human hsp60 with
K-1: lane 1, MW standard; lanes 2–4, various amounts of hsp60 (2,
.5 mg; 3, 1.5 mg; 4, 0.5 mg). (D) Ligand blotting of 1 mg/ml of apoA-II
o hsp60: lane 1, MW standard; lanes 2–4, various amounts of hsp60
2, 4.5 mg; 3, 1.5 mg; 4, 0.5 mg). (E) The effect of LK-1 on the binding
f 1 mg/ml apoA-II with the 55-kDa HBP tested by ligand blotting: 1,
onimmune control (10 mg/ml); 2. LK-1 antibody-free control; 3. LK-1
1 mg/ml); 4, LK-1 (2 mg/ml); 5, Lk-1 (5 mg/ml); 6, LK-1 (10 mg/ml); 7,
K-1 (15 mg/ml); 8, apoA-II-free control).
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asily accommodated. ApoA-I had a much lower affin-
ty than apoA-II, perhaps because of apoA-I’s struc-
ural features, including the higher a-helical content
80%) than apoA-II (30%) (16). Weaker folding and
ower stability of lipid free apoA-II conformations may
acilitate its avid interaction with hsp60 (18). Interest-
ngly, HDL also showed high affinity binding to hsp60,
hich would not be expected given the typical size of
ost other ligands for cpn60/GroEL (40). The size of
DL (200 kDa) exceeds the cage size of the cpn60

omplex (70 kDa). This suggests that hsp60 may bind
DL and perhaps apoA-I and apoA-II as a monomer or

ligomer rather than in a highly structured cpn60
omplex.

Although hsp60 predominantly resides in the mito-
hondria matrix, about 15–20% of hsp60 has also been
eported in other cellular compartments with an un-
lear physiologic function (41, 42). A plasma membrane
ocation has been reported for several cell types, in-
luding ovary cells (41), monocytic cell (43), endothelial
ells (44) and lymphocytes (45). It has been reported
hat cell surface hsp60 is involved in L-system amino
cid transport (45) and interacts with p21ras (46). Sur-
ace bound hsp60 has also been reported as a HIV virus
p41 binding protein which may be involved with an-
horing the virus to the cell surface thereby facilitating
ontact between viral gp120 and its cellular receptors
47). In addition, the binding of amiloride (48) and
isoribin (49) to hsp60 and its analogues is compatible
ith its role in molecular transport. These results sug-
est a cell surface role for hsp60 which would allow it to
ind other extracellular ligands, such as HDL and apo-
ipoproteins.

An immune response to hsp60 is associated with
ccelerated development of atherosclerotic lesions (28).
uch observations have been demonstrated for diabe-
es, arthritis, system lupus erythematosus and others
27). Moreover, in animal experiments, immunization
ith mycobacterial hsp65, which shares a 52% homol-
gy with human hsp60, induced fat streak lesion for-
ation (23, 24). An apparent 55-kDa molecular weight
as observed for HBP with an anti-hsp60 monoclonal
ntibody LK-1 and ligand blotting with apoA-II. Re-
ombinant human hsp60 demonstrated a slightly
igher molecular weight by both apoA-II ligand blot-
ing and LK-1 Western blotting when compared with
he 55-kDa protein preparation from PA-I cells. The
K-1 antibody interacts with an epitope sequence lo-
ated between 383 and 447 amino acids. The sequence
etween 383 AA and 417 AA is identical between hu-
an hsp60 and mycobacterial hsp65, which is hypoth-

sized to be the antigen that induces autoimmunity
gainst hsp60. When mixed with apoA-II, LK-1 blocked
inding to the 55–kDa preparation in a dose dependent
ashion (Fig. 5E). In vivo, an immune response to com-
on sequences in human and mycobacterial hsp60
233
inding to hsp60 on the cell surface. Alternatively, the
nti-hsp60 antibody may also mimic the effects of
poA-II when bound to hsp60.
If cpn60 is the form of hsp60 on the cell surface, the

unction of the cpn60 complex in the cell suggests two
ossible ways that it may be involved in HDL metab-
lism. The cpn60 complex has a high affinity for both
ipid monolayers and bilayers (50). The C-terminal se-
uence is highly enriched in glycine and methionine,
hich has been demonstrated to be responsible for

pn60 insertion into membranes. Both the peptide
inding activity and ATP hydrolysis of cpn60 were still
resent while within a membrane (50). Based on this
odel cpn60 has been proposed to roll in the lipid

ilayer, resulting in, each peptide-binding site being
yclically exposed to intracellular and extracellular
paces. This model predicts that cpn60 complexes may
unction by transporting peptides, such as apolipopro-
eins into or out of cell. Apolipoproteins have been
hown to undergo retroendocytosis, (51, 52), which may
e important in the reverse cholesterol transport path-
ay. Alternatively, the repetitive cycles of folding and
nfolding, cpn60 may affect equilibrium between the
olded (highly helical) and molten (high affinity for
ipids) conformations of lipid free apolipoproteins when
ocated on the plasma membrane, which may affect
heir ability to dissociate from the cell and efflux lipid.
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