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Systemic lupus erythematosus (SLE) is characterized by the development and per-
sistence of multiple autoantibodies to self-constituents. Detection of the presence
of certain autoantibodies in patient serum is of considerable diagnostic utility, e.g.,
anti-dsDNA and antibody to the Smith antigen, Sm (1) . Autoantibodies in SLE also
have been useful as probes to define the function of their target antigens in normal
biological processes . For example, the observation that autoantibodies to Ul ribonu-
cleoprotein inhibit mRNA splicing in vitro (2) provided some of the earliest evi-
dence that Ul ribonucleoprotein is essential for splicing of mRNA precursors .
The hsp70 family (3, 4) consists offive distinct, but structurally and immunologi-

cally related, proteins : (a) a constitutive 73-kD/pI 5.5 protein; (b) a stress-inducible
72-kD/pI 5.6 protein; (c) a stress-inducible 73-kD/pI 6.3 protein; (d) a constitutive
74-78-kD protein present in the endoplasmic reticulum (glucose-regulated protein) ;
and (e) a 75-kD member present in the mitochondria . Although the biologic func-
tion of proteins in the hsp70 family is incompletely understood, the 73-kD/pI 5.5
protein has been shown to uncoat the clathrin lattice from endocytotic vesicles in
an ATP-dependent manner during intracellular protein transport (5) . Because cer-
tain immunodominant proteins of infecting microorganisms are homologues ofheat
shock proteins in eukaryotes (6, 7), the present evidence for the existence in SLE
of a previously undescribed autoantibody to the 73-kD/pI 5 .5 constitutively expressed
member of the hsp70 family is consistent with the concept of molecular mimicry
(8) as a mechanism for autoantibody induction in this disorder.
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Materials and Methods

BriefDefinitive Report

Patients and Serum.

	

Serum was obtained from 34 adult patients with SLE who met the
revised American Rheumatism Association classification criteria (9), from 10 normal sub-
jects, and from patients with various other rheumatologic or viral diseases, including poly-
myositis, childhood onset SLE, rheumatoid arthritis, ankylosing spondylitis, recent onset in-
fectious mononucleosis, and acute hepatitis A.
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Cells .

	

Normal human PBMC were separated from heparinized blood by flotation on LSM
(Litton Bionetics, Kensington, MD), and, for some experiments, stimulated in culture for
3 d with PHA (Burroughs Wellcome Co., Research Triangle Park, NY) as described previ-
ously (10) . Cell lines included MOLT-4, HSB-2, JURKAT, HUT 78, SB, IMR32, SK-N-
SH, and chick embryo fibroblasts .

mAbs.

	

N27F3-3 (N27), which reacts with both the constitutive form ofhsp70 (73 kD/pI
5.5) and a highly homologous, stress-induced 72-kD/pl 5.6 protein (11), and C92F3A-5 (C92),
which recognizes only the stress-inducible 72-kD/pl 5.6 protein (12), were used to identify
SLE autoantibody-reactive target antigens .

Preparation ofCell Lysates.

	

This was performed using 0 .5% Nonidet P-40 as described pre-
viously (10), except that protein concentrations were determined by a modified Lowry proce-
dure using bicinchoninic acid (Sigma Chemical Co., St . Louis, MO) instead ofFolin-Ciocalteu
reagent .

Electrophoresis andImmunoblotting.

	

One-dimensional (1D) electrophoresis (reducing condi-
tions, 7.5% polyacrylamide gels) and immunoblotting were performed as described previ-
ously (10), except that Tris-buffered saline, pH 7.4 (TBS), containing 5% non-fat dry milk
was used for all washing steps and for dilution of second antibodies . Two-dimensional (2D)
electrophoresis (13) was performed with a mini-slab system (Bio-Rad Laboratories, Rich-
mond, CA) using Biolyte (Bio-Rad Laboratories) at final concentrations of 0.4o7o for 3-10
pH range and 1 .6% for 5-7 pH range . Standard 1 :10 (for IgM antibodies) or 1 :20 (for IgG
antibodies) dilutions ofSLE serum normalized to IgM or IgG concentrations of 1 or 10 mg/ml,
respectively, provided optimum sensitivity and minimum nonspecific staining . Normal human
sera and mouse myeloma proteins were used as controls . Alkaline phosphatase-conjugated
goat antibodies to human IgG (Cappel Laboratories, Cochranville, PA), human IgM (Cappel
Laboratories), and mouse IgG (Zymed Laboratories, San Francisco, CA) were used as second
antibodies . BCIP and NBT (Bio-Rad Laboratories) wereused for color development according
to the manufacturer's instructions . For some experiments, lymphocytes were intrinsically la-
beled with [ 31S]methionine (Amersham Corp., Arlington Heights, IL) in methionine-free
RPMI 1640/dialyzed FCS . Labeled proteins were analyzed by fluorography.

Immunoprecipitation with SLE Autoantibodies.

	

After preclearing IgG from SLE or control
human serum with protein A-Agarose (Zymed Laboratories), solid-phase IgM was prepared
by mixing serum (500 wl of a 1 :10 dilution) with protein A-Agarose (50 gl) and rabbit
anti-human IgM (Cappel Laboratories) (5 pl) . The solid-phase immuncabsorbent was washed
with PBS, pH 7 .4, and incubated with detergent lysate ofPHA-stimulated normal peripheral
T cells (500 pl adjusted to a protein concentration of 1 mg/ml) at 4°C for 4 h with continuous
rotation . Adsorbed proteins were analyzed by SDS-PAGE and immunoblotting.

Results and Discussion

Serum from adult patients with SLE contained IgM (13:34) or IgG (5 :34) anti-
bodies to a phylogenetically widely expressed ti70-kD cellular antigen that
comigrated with protein(s) of the hsp70 heat shock protein family in 1D immuno-
blots prepared with Nonidet P-40 cell lysates ofvarious types (Fig . 1) . Autoantibodies
to this antigen were absent in 10 normal sera and were observed infrequently in
the other disease sera studies, including childhood SLE (2 :16), rhematoid arthritis
(0:5), ankylosing spondylitis (0:3), hepatitis A (0:20), and infectious mononucleosis
(2:20) . Because SLE sera frequently contain anti-DNA antibodies that may bind
secondarily to putative cellular target antigens with DNA-binding activity via DNA
in serum, cell lysates separated on 1D or 2D gels and electroeluted to nitrocellulose
were incubated successively with ssDNA and mouse mAb to ssDNA. Several mole-
cules in the 48-115-kD range, but no members of the hsp70 family, were identified
as DNA-binding proteins . Taken together, these data suggested that SLE autoanti-
bodies were binding directly to the N70-kD protein and that this system may be
relatively specific for adult SLE.
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FIGURE 1.

	

Comigration of SLE IgM
autoantibody target antigen with a pro-
tein of the hsp70 family identified by
mAb N27. Proteins in Nonidet P-40
cell lysates were subjected to elec-
trophoresis under reducing conditions
on 7.57o SDSpolyacrylamide (1D) gels,
electroeluted to nitrocellulose, and ex-
amined for reactivity with IgM in
serum from SLE patient Chr (a) or
withmAbN27 (b) . Antigen substrates
included : chicken embryo fibroblasts
(lane 1), heat-shocked chicken embryo
fibroblasts (lane 2), unstimulated nor-
mal human peripheral T cells (lane 3),
PHA-stimulated normal peripheral
T cells (lane 4), E6-1 cells (lane5), and
heat-shocked E6-1 cells (lane 6) . In ex-
periments not shown here, the SLE au-
toantibody target comigrated with a
N70-kD antigen recognized by mAb
C92 as well .

Several lines ofevidence suggested that SLE autoantibodies were directed against
the constitutively expressed 73-kD/pI 5 .5 protein in the hsp70 family. First, a SLE
autoantibody-reactive protein of this estimated molecular mass exhibited a charac-
teristic increase in synthesis in MOLT-4 cells labeled with [35S]methionine 2 h after
a 10-min, 45°C heat shock. Second, serum from patients with SLE stained a single
protein ofMr and pI apparently identical to the 73-kD/pI 5 .5 protein reactive with
N27, an mAb specific for both hsp72 and hsp73 . Thus, heat-shocked cells or, as
illustrated in Fig. 2 a, PHA-activated peripheral T cells, contained four proteins
having the approximate molecular mass of the SLE autoantibody target(s): a rela-
tively acidic, constitutively expressed, but stress-inducible 73-kD/pI 5.5 protein (arrow
1) ; stress-inducible 72-kD/pI 5 .6 (arrow 2) and 73-kD/pI 6.3 proteins (not visible)
that were barely discernable in preparations of non-heat-shocked cells; and a con-
stitutively expressed, non-heat-inducible 75-kDprotein (arrow 3) identified in other
experiments as a hsp70 family-related mitochondrial protein (Mizzen, Barells, and
Welch, manuscript in preparation) . Monoclonal N27 reacted with both the consti-
tutive form of hsp70 (73 kD/pI 5.5) and a highly homologous, stress-induced 72-
kD/pI 5.6 protein (Fig . 2 b, arrows 1 and2, respectively). mAb C92 recognized only
the 72-kD/pI 5.6 protein (Fig. 2 c, arrow 2) . IgM from SLE patient Chr stained
the 73-kD/pI 5.5 protein reactive with N27 (Fig . 2 d, arrow 1), but did not stain
the 72-kD/pI 5 .6 protein reactive with C92. Different IgM autoantibodies in certain
serum specimens from this andotherSLEpatients also stained a 75-kD hsp70 family
protein (Fig . 2 d, arrow 3) . Similar evidence for discrete reactivity of SLE Ig with
the 73-kD/pI 5 .5 protein was obtained in two other patients with SLE. Third, SLE
serum specifically immunoprecipitated ati70-kD protein that reacted in 1D immu-
noblots with N27, but did not react with C92 (Fig . 3) . SLE sera differed in this
regard from infectious mononucleosis sera, which recognized both the 73-kD and
72-kD members of the hsp70 family.

In a previous investigation from this laboratory, IgGautoantibodies to hsp90, an-
other major heat shock protein, also were found to occur frequently patients with
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FIGURE 2.

	

2Dimmunoblots ofPHA-stimulated normal peripheral T cells stained with various
mAbs to proteins in the hsp70 family or with SLE IgM autoantibodies . Proteins (70 ug) were
separated by IEF/SDS-PAGE, electroeluted to nitrocellulose, and stained with amido black (a)
or for antibody reactivity with N27 (b), C92 (c), or IgM in serum from SLE patient Chr (d).
Members of the hsp70 family are identified by arrows .

SLE (14) . No particular association of antibodies to hsp90 with antibodies to hsp70
in individual sera was evident, however. A larger systematic survey of patient sera
will be required to clarify the issue oflinkage of anti-hsp70 antibodies to other types
of autoantibodies and to define the relationships ofthese autoantibodies with disease
activity and/or specific disease manifestations .
The four main members of the hsp70 family of heat shock proteins are structur-

ally conserved throughout eukaryotic species, and exhibit a high degree of amino
acid sequence similarity throughout their primary structure. Since the SLE autoan-
tibodies identified in the present investigation do not recognize epitopes on the 73-
kD/pI 5.5 protein deriving from conserved peptide sequences shared by other hsp70
proteins in this structurally highly homologous family (reviewed in reference 4), a
comparison of nonconserved peptide sequences of the 73-kD/pl 5.5 protein with se-
quences ofother proteins should be useful in approaching the question of molecular
mimicry (epitope homology) (8, 15) as a basis for microbial "triggering" of autoim-
munity in SLE. For example, an immunodominant peptide of Schutosoma mansoni
has amino acid sequence homology with hsp70, and may be responsible for autoan-
tibodies to hsp70 in individuals infected with this organism (6). A related question
concerns the possibility that autoantibodies to hsp70 crossreact with epitopes shared
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FIGURE 3 .

	

SLE IgM autoantibody precipitates a ^'70-kD pro-
tein recognized by mAb N27 . Immunoprecipitation with solid-
phase IgM from control human serum (lanes 1 and 2) or SLE serum
(patient Chr, lanes 3 and 4) was performed as described in detail
in Materials and Methods . 1D immunoblots ofadsorbed proteins
separated on 7 .5 % SDS-PAGE under nonreducing conditionswere
stained with N27 (lanes 1 and 3) or C92 (lanes 2 and 4) .

by other self antigens in different cell compartments, e.g., cell surface proteins (10,
16) and nuclear antigens, as has been demonstrated for IgM antibodies to the glycine-
alanine repeat region ofEBNA-1, which develop in the course of infectious mononucle-
osis (15) . Autoantibodies to hsp70 also may prove to be useful probes for further
defining the biologic function of this group of heat shock proteins .

Summary
Serum from patients with systemic lupus erythematosus (SLE) frequently con-

tain IgM and IgG autoantibodies to the constitutively expressed 73-kD/pl 5.5 member
of the hsp70 family ofheat shock proteins, as determined by one-dimensional (SDS-
PAGE) and two-dimensional (IEF/SDS-PAGE) immunoblotting, and by solid-phase
SLE Ig immunoprecipitation experiments using hsp70 protein-specific mAbs as
probes . Autoantibodies to hsp70 also were detected in a minority of sera from pa-
tients with other rheumatic or viral diseases, but not in normal sera . These data
may provide additional insight into etiologic and pathophysiologic mechanisms in
this and related autoimmune disorders .

The authors acknowledge the expert technical assistance of Melody Shaw, and thank Drs .
A . Altman (Scripps Clinic and Research Foundation, Lajolla, CA) and Shu Man Fu (Okla-
homa Medical Research Foundation, Oklahoma City, OK) for providing cell lines .

Received for publication 11 May 1988 and in revised form 20July 1988.

References
1 . Tan, E. M. 1982 . Autoantibodies to nuclear antigens (ANA) : their immunobiology and

medicine . Adv . Immunol. 33 :167 .
2 . Padgett, R . A ., S. M. Mount, J . A . Steitz, and P. A . Sharp. 1983 . Splicing of messenger
RNA precursors is inhibited by antisera to small nuclear ribonucleoprotein . Cell. 35:101 .

3 . Lindquist, S . 1986 . The heat-shock response . Annu . Rev . Biochem. 55:1151 .
4 . Schlesinger, M. J . 1986 . Heat shock proteins : the search for functions .f Cell. Biol. 103:321 .
5 . Chappell, T. G., W. J . Welch, D. M. Schlossman, K. B . Palter, M. J . Schlesinger, and



1480

	

MINOTA ET AL.

	

BRIEF DEFINITIVE REPORT

J . E . Rothman . 1986 . UncoatingATPase is a member ofthe 70 kilodalton family of stress
proteins . Cell. 45 :3 .

6 . Hedstrom, R., J . Culpepper, R . A . Harrison, N . Agabian, and G. Newport . 1987 . A
major immunogen in Schistosoma mansoni infections is homologous to the heat-shock pro-
tein Hsp70 . J Exp . Med. 165 :1430 .

7 . Young, D., R . Lathigra, R . Hendrix, D. Sweetser, and R . A . Young. 1988 . Stres s pro-
teins are immune targets in leprosy and tuberculosis. Proc. NatL Acad. Sci. USA . 85 :4267 .

8 . Oldstone, M. B . A ., and A. L . Notkins . 1986 . Molecular mimicry. In Concepts in Viral
Pathogenesis, Vol . II . M . B. A . Oldstone, and A . L. Notkins, editors . Springer-Verlag
New York Inc., New York . 195-202 .

9 . Tan, E . M., A . S . Cohen, J . F. Fries, A . T. Masi, D. J . McShane, N. F. Rothfield, J . G .
Schaller, N . Talal, and R.J . Winchester. 1982. The 1982 revised criteria for the classification
of systemic lupus erythematosus . Arthritis Rheum. 25:1271 .

10 . Minota, S ., and J . B . Winfield . 1987 . Identificatio n of three major target molecules of
IgM antilymphocyte autoantibodies in systemic lupus erythematosusJ Immunol. 139:3644 .

11 . Vass, K., W. J . Welch, and T S . Nowak. 1988. Localization of 70 kDa stress protein
in gerbil brain after ischemia . Acta Neuropathol. In press .

12 . Welch, W. J ., and J . P. Suhan . 1986 . Cellular and biochemical events in mammalian
cells during and after recovery from physiological stress . J Cell. Biol. 103:2035 .

13 . O'Farrell, P H. 1975 . High resolution two-dimensional electrophoresis of proteins . J.
Biol. Chem. 250:4007 .

14 . Minota, S ., S . Koyasu, I . Yahara, and J . B . Winfield . 1988. Autoantibodie s to the heat-
shock protein hsp90 in systemic lupus erythematosus . J Clin . Invest. 81 :106 .

15 . Rhodes, G., H . Rumpold, P. Kurki, K . Patrick, D . Carson, and J . Vaughn . 1987 . Au-
toantibodies in infectious mononucleosis have specificity for the glycine-alanine repeating
region of the Epstein-Barr virus nuclear antigen . J Exp. Med. 165:1026 .

16 . Minota, S ., and J . B . Winfield . 1987 . IgG anti-lymphocyte antibodies in systemic lupus
erythematosus react with surface molecules shared by peripheral T cells and a primitive
T cell line . J Immunol. 138:1750 .


