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Autoantibodies against HSP70 family proteins were detected in the

cerebrospinal fluid from patients with multiple sclerosis
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Abstract

We evaluated the specific IgG antibodies against heat shock proteins (HSPs) in cerebrospinal fluids (CSF) from patients with multiple

sclerosis (MS). ELISA was employed to examine IgG antibodies against ten HSPs (HSP27, aA and aB crystallins, HSP60, CCT,

Mycobacterium bovis HSP65, Escherichia coli GroEL, HSP70, HSC70 and HSP90) in CSF from 30 patients with MS, and 25 patients with

motor neuron diseases (MND). Significantly higher antibody titers against HSP70 and HSC70 proteins were found in CSF obtained from

patients with MS as compared with MND independent of CSF total protein, IgG concentrations and IgG indices, respectively. The antibody

titers against HSP70 were indicated to be significantly higher in the progressive cases than in cases of remission. The results suggest that IgG

antibodies against specific types of HSPs especially HSP70 family proteins (HSP70 and HSC70) in CSF may play an important role in the

pathophysiology of MS through the modification of immune response and cytoprotective functions of molecular chaperons.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Heat shock proteins (HSPs) are called stress proteins or

molecular chaperons that assist cell rescue through the

folding of synthesized or stress-denatured proteins. HSPs

are also believed to be causative factors in various

autoimmune diseases, whose etiologies are considered to

spring from immune responses against HSPs as a target

molecule. For instance, elevated antibody titers to HSP60

family proteins are reported in cerebrospinal fluid (CSF) of

patients with multiple sclerosis (MS) and other neurological

diseases [1–3]. Recently, we found the presence of anti-

bodies against HSP60 homologue and vacuolating cytotoxin
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of Helicobacter pylori in CSF from patients with Guillain–

Barre syndrome (GBS) [4]. In addition, antibody titers

against various types of HSPs including HSP60 and HSP70

families are found to be significantly high in CSF obtained

from patients with GBS [5]. Furthermore, recent reports

indicated that soluble HSP60 and HSP70 should influence

the innate immune system as ligands of the toll-like

receptors and subsequently induce inflammatory responses

[6,7].

In the present study, we examined antibody titers against

various types of HSPs in CSF of patients with MS and

motor neuron diseases (MND). HSPs examined here are

HSP60 (chaperonin) family [mammal mitochondria HSP60

(mtHSP60) and cytosolic chaperonin CCT, Mycobacterium

bovis HSP65, and Escherichia coli GroEL], HSP27 (small

HSP) family [mammal HSP27, aA crystallin and aB

crystallin], HSP70 family [mammal HSP70 and cognate of

HSP70 (HSC70)] and HSP90.
iences 241 (2006) 39 – 43
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2. Materials and methods

2.1. Patients and cerebrospinal fluids

CSFs were donated by 30 patients with clinically definite

MS (9 men and 21 women; mean age, 39.1 years), and 25

patients with MND (14 men and 11 women; mean age, 62.1

years) as disease controls. The clinical diagnosis of MS was

made according to the disease criterion described by Poser

et al. [8]. According to the last 3 months clinical

observation, patients with MS were divided into 8 cases

of progressive, 15 cases of relapsing/remitting and 7 cases

of stable phase (consisting of 6, 12 and 3 under steroid

therapy, respectively). In order to examine the correlation

between antibody titers to HSP proteins and other laboratory

factors of CSF, total protein, IgG concentrations and IgG

Indices were evaluated in patients with MS. Patients with

MND consisted of 20 patients with amyotrophic lateral

sclerosis, 4 patients with spinal progressive muscular

atrophy, and a patient with progressive bulbar palsy.

Informed consent was obtained from each patient with MS

and MND.

2.2. Antigens

Human HSP27, bovine aA crystallin, bovine aB

crystallin, human mtHSP60, M. bovis HSP65, E. coli

GroEL, human HSP70, bovine HSC70 and human HSP90
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Fig. 1. Antibody titers against various types of HSPs in the cerebrospinal fluids fro

(B), aA crystalline (C), aB crystallin (D), HSP27 (E), HSP60 (F), CCT (G), M

expressed as absorbance at 450 nm.
were purchased from Stressgen (Victoria, British Columbia,

Canada). Human cytosolic chaperonin CCT was purified

from lysate of BALL-1 cells and the purity of CCT

preparation was described previously [9]. According to the

manufacturer’s specifications, these commercial protein

preparations are more than 90% pure as determined by

SDS-PAGE. We confirmed that no other band was observed

by SDS-PAGE with Coomassie brilliant blue staining (data

not shown).

2.3. ELISA

ELISA was basically performed as described elsewhere

[9,10]. Antigen was diluted in 50 mM sodium carbonate

buffer (pH 9.6) to a final concentration of 1 Ag/ml and

dispensed to 96-well multiplates (50 Al per well). After

incubation at 4 -C overnight, the wells were blocked with

2% bovine serum albumin (BSA) in phosphate-buffered

saline (PBS) at room temperature for 2 h. Human CSFs were

diluted in PBS containing 0.05% Tween 20 (PBST) and 2%

BSA at 10-fold. The dilution buffer without CSF was used

as a background control. The samples were applied to the

multiplate coated with each antigen, and then incubated at

room temperature for 90 min. After washing, specific

binding of CSF IgG or IgM was detected by subsequent

incubation of horseradish peroxidase-conjugated goat anti-

bodies specific for the g-chain of human IgG or A chain of

human IgM (BioSource International, Carmellio, CA) as a
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m patients with MS and MND. IgG antibodies against HSP70 (A), HSC70

. bovis HSP65 (H), E. coli GroEL (I) and HSP90 (J). Antibody titers are



0.6

0.5

0.4
O

.D
.4

50

0.3

0.2

0.1

0

0.6

0.5

p=0.031
p=0.151

p=0.144

p=0.819

Progressive
0.203±0.194

(n=8)

Relapsing/Remitting
0.113±0.124

(n=15)

Stable
0.099±0.062

(n=7)

Progressive
0.243±0.123

(n=8)

Relapsing/Remitting
0.157±0.108

(n=15)

Stable
0.120±0.065

(n=7)

p=0.072

p=0.438

0.4

O
.D

.4
50

0.3

0.2

0.1

0

Fig. 2. Correlations between the clinical features of MS and the IgG antibody titers against HSP70 and HSC70. The antibody titers to HSP70 and HSC70

tended to be higher as disease activity increased. Antibody titers to HSP70 were significantly higher in the progressive cases as compared with in the stable

cases.
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secondary antibody, respectively, and 3V,3V,5V,5V-tetramethyl-

benzidine solution as a substrate for developing. After

terminating the reaction with an equal volume of 1 M

phosphoric acid, absorbance at 450 nm was measured and

taken as the antibody titer.

Value of antibody titer in each group is expressed as

meanTS.E. in Fig. 1 and meanTS.D. in Fig. 2. A significant

difference between two mean values was examined by

unpaired t-test with Bonferroni’s correction.
3. Results

We examined antibodies against various HSPs in CSF

obtained from patients with MS and MND (Fig. 1). From

the results of ELISA at various dilution of CSF, 10-fold

dilution was found to be suitable for detecting the titer of

antibody against HSPs eliminating non-specific binding

(data not shown). The titers of IgG antibody against HSP27,

aA crystallin and aB crystallin in CSF showed no

difference between patients with MS and those with

MND. As regards CSF antibodies against chaperonin family

proteins, such as human mtHSP60, human CCT, E. coli

GroEL and M. bovis HSP65, no significant difference was

disclosed between MS and MND patients. However, IgG

antibody titers against HSP70 and HSC70 in CSF obtained

from patients with MS were significantly higher than those

in CSF from MND patients. We additionally confirmed that

specific bindings of the antibodies to HSP70 or HSC70 in

CSF from MS patients were examined by Western-blotting

using HSP70 or HSC70 protein (data not shown). IgG

antibody titers against HSP90 in CSF obtained from patients

with MS tended to be higher than those in CSF from MND

patients, but not to the point of statistical significance. We

also examined the titers of IgM antibodies against these

HSPs. In ELISA using all examined HSPs except for

GroEL, almost all CSF showed that the ELISA readings

(A450) were less than 0.1 at 10-fold dilution. Significantly

positive IgM was found in a few cases, although the positive
cases were observed in both MS and MND patient groups

(data not shown). IgM against GroEL in CSF was detected

in many CSF samples, however significant difference

between MS and MND was not observed [meansTSE were

0.126T0.08 (MS) and 0.117T0.016 (MND)]. Consequently,

significant IgM antibody titers against the HSPs were not

found in CSF from both MS and MND patients.

Concerning the correlations between the clinical features

of MS and the IgG antibody titers against HSP70 and

HSC70, we found not only that antibody titers to HSP70

and HSC70 tended to be higher according to disease activity

but also that antibody titers to HSP70 were significantly

high in the progressive cases as compared with in the stable

cases (Fig. 2). On the other hand, we failed to disclose the

significant correlation between high antibody titers to both

HSP70 and HSC70, and the values of CSF total protein, IgG

concentrations and IgG indices, respectively.
4. Discussion

An etiological relationship between some neurological

diseases and HSP has occasionally been described. In-

creased HSP27 and reduced HSC70 expressions were found

in plaque legion and myelin of MS patients [11]. aB

crystallin, which is a member of small HSP family, is also

proposed to be a candidate for T-cell autoantigen in MS

[12,13]. However, we failed to find a significant difference

in IgG antibodies against small HSP family proteins

including HSP27, aA crystallin and aB crystallin in CSF

between patients with MS and those with MND. A similar

observation was made in anti-chaperonin family proteins.

We have previously reported that the IgG antibody titers

against various types of HSPs including small HSP, HSP60,

HSP70 families and HSP90 are found to be significantly

higher in CSF obtained from patients with GBS as

compared to those from patients with MND [5]. However,

the IgG antibody titers to all chaperonin family proteins

tested in CSF showed no significant difference between MS
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and MND patients. Interestingly, CSF IgG antibodies

against HSP70 family proteins, namely HSP70 and

HSC70, were significantly elevated in patients with MS

without any correlation not only with the concentrations of

CSF total protein and IgG but also with IgG indices. Several

laboratories have shown an elevated T cell response to

HSP60 and HSP70 family proteins in patients with MS [14].

However, IgG autoantibodies against HSP70 family pro-

teins in neurological diseases have not been reported. In

contrast, no significant IgM antibody titers against the HSPs

were found in CSF from both MS and MND patients.

The pathophysiological role of these antibodies against

various types of HSPs in CSF is still unknown. Further-

more, the profile of CSF antibody against bacterial antigens

was quite different from that of serum antibody derived

from the same individual [4]. HSPs are abundantly and

essentially expressed in almost all types of cells residing in

the nervous system. Generally, HSPs are considered to be

expressed inside the cells, such as in cytosol, mitochondria,

endoplasmic reticulum and nucleus and to participate in

protein folding as molecular chaperones. How anti-HSP

antibodies work pathogenically in CSF remains unclear.

However cell surface expression of HSPs has been reported

[15,16] and soluble mtHSP60 and HSP70 can act as

cytokines to activate NF-nB and subsequently induce

inflammatory responses [6,7]. These HSPs existing in

special circumstances may be a target for antibodies. The

HSPs expressing on the cell surface may be attacked by the

specific antibodies. HSPs can associate with a broad range

of peptides as molecular chaperones. Among them, HSP70,

HSP90 and gp96 are involved in antigen presentation [17].

Recent reports suggest that HSP70 promotes antigen

presentation of autoantigen, namely myelin basic protein

(MBP) and proteolipid protein (PLP), by MHC class II [18].

In addition, HSP70 specifically associates with MBP and

PLP in brain tissue derived from MS patients [19]. MBP and

PLP are considered to be possible target autoantigens in MS.

Recently, receptors specific for HSPs, such as CD40 and a

scavenger receptor LOX-1, have been proven to exist on

antigen presenting cells [20,21]. Extracellular HSP70

associated with some peptides, such as cancer antigenic

peptide fragments, are indicated to be taken in by

endocytosis via the receptors, and the peptides associated

with HSP70 are carried into the antigen presenting system.

In fact, antigen presenting cells take in MBP forming

complex with HSP70 more efficiently than MBP only [19].

Judging from these observations, we consider that anti-

HSP70 antibodies may modify the HSP70-mediated antigen

presentation [6,7]. On the other hand, the induction of

inflammatory responses by soluble HSPs may be modified,

either inhibited or enhanced, by the anti-HSP antibodies.

In this study, we additionally found that IgG antibody

titers to HSP70 and HSC70 tended to increase according to

the disease activity, and IgG antibody titers to HSP70 were

significantly higher in the progressive cases than in the

stable cases.
Judging from the above results, the specific IgG anti-

bodies against HSP70 and HSC70 in CSF are thought to be

an indirect marker of disease activity and to play an

important role in the development of MS, through mod-

ifications not only of focal immune responses but also of the

cytoprotective functions of HSPs as molecular chaperons.

Nevertheless, the pathophysiological role of the specific

CSF IgG antibodies to HSP70 and HSC70 remains

unresolved.
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