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Heat shock proteins in autoimmune disease. From causative antigen to specific therapy? 
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Abstract. Heat shock proteins (hsp) are highly conserved from bacteria to man. Bacterial hsp, with approximate 
molecular weights of 60 kDa (hsp60), are immunodominant antigens that are immunologically cross-reactive with 
their mammalian counterparts. Hsp molecules are therefore useful in studies of fundamental questions concerning 
immune responses to foreign as opposed to self antigens. The finding that immune responses to hsp are associated 
with both experimentally-induced and spontaneous autoimmune diseases in animals has prompted intensive research 
to assess the role of bacterial hsp as the etiological agents involved in the development of autoimmune diseases. 
Recent evidence from animal models of autoimmune disease has clearly demonstrated the involvement of hsp in both 
the pathogenesis and the immunoregulation of autoimmune diseases. Studies with arthritogenic and diabetogenic 
T cell clones have identified immunogenic epitopes of hsp. These have been shown to ameliorate adjuvant arthritis 
in Lewis rats, and insulin-dependent diabetes mellitus (IDDM) in non-obese diabetic (NOD) mice. Such studies may 
have important therapeutic implications for the future treatment of human autoimmune disease. 
Key words. Heat shock protein; autoimmune disease; peptide vaccination; immunotherapy; autoantigen; adjuvant 
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Introduction 

The genes of heat shock proteins (hsp) were first recog- 
nized by a new puffing pattern induced by heat shock in 
chromosomes of Drosophila bucksii 5 v. Initially, hsp were 
classified into families by molecular weight 4z, and the 
utility of this system of classification of hsp is supported 
by more recent DNA and protein sequence data. It is 
evident that hsp are highly conserved from prokaryotes 
to eukaryotes 30, 49, which is consistent with their having 
an essential role in cell survival 49'34'4~. Most of our 
discussion in this review will concentrate on hsp60, the 
60-kDa family members. We Will use the following desig- 
nations for members of the hsp60 family: Mb-hsp60/65 
for the 65-kDa hsp60 of Mycobacterium bovis, GroEL 
for hsp60 of E. coli, and h-hsp60 for human and m-hsp60 
for mouse hsp60. 
A number of observations in different fields of research 
indicate a role for hsp in the development of autoimmu- 
nity in general 8.29, 35, 41, 48 and of autoimmune disease 
in particular (see table 1). This is perhaps surprising, 
since hsp are highly conserved proteins and might be 
expected to be treated as "self" by the immune system 
of mammals. However, as described by Kaufmann 35 
and Mollenhauer and Schulmeister 45 in this Multi- 
author Review, immune responses to hsp are readily 
detectable not only in disease states, but also in the 
normal, healthy state. Thus, hsp60 represent a predomi- 
nant class of highly immunogenic antigens (formerly 
called 'common antigen') of bacteria 77. In addition, re- 
cent evidence suggests that hsp65 may provide a link 
between bacterial infection and the development of au- 
toimmunity or autoimmune disease, as recently re- 
viewed 8, 9, 11, 19, 34, 36, 38 - 4 0 ,  66, 71,76,  78 

However, many questions remain regarding the role of 
hsp in autoimmunity and autoimmune disease. In this 

article we will summarize what is known about the role 
of hsp in autoimmune disease and the prospects for the 
use of hsp in immunotherapy of autoimmune diseases. 

Hsp and autoimmune disease 

Adjuvant arthritis (AA) can be induced in susceptible 
strains of rats by injection of a suspension of heat-killed, 
ground mycobacteria in oil 51. Disease can be transferred 
to healthy animals by T cells taken from rats with 
AA z4, 52. T cells can be maintained in vitro as lines or 
clones by biweekly cycles of stimulation with antigen and 
antigen-presenting cells, followed by an interleukin-2 
driven expansion of activated T cells, tn this way the T 
cell line A2 was grown from lymph node cells of rats 
immunized with mycobacteria, and it was shown to in- 
duce arthritis when transferred back into irradiated 
rats 24. After cloning of A2, two T cell clones were isolat- 
ed that either induced arthritis (clone A2b), or protected 
against the development of AA (clone A2c) I2' 25, 66. Us- 
ing these T cell clones Cohen, van Eden and colleagues 
demonstrated that Mb-hsp60/65 is the myeobacterial 
antigen involved in AA in rats 68. The epitope recognized 
by both T cell clones was mapped and shown to be 
located in peptide 180-188 68. It was more precisely lo- 
calized later, to peptide 180-186 of Mb-hsp60/65 65 
(fig. 1). 
After the identification of hsp60/65 as the antigen for T 
cell clones A2b and A2c, it was demonstrated that rats 
could be protected against AA by pretreatment with Mb- 
hsp60/65 5, 68. Further studies showed that Mb-hsp60/65 
vaccination prevents or modulates disease in a number of 
experimental arthritis models (reviewed by Feige and Co- 
hen19); for example in streptococcal cell wall (SCW)- 
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Table 1. Association between immunity to hsp and autoimmune disease 
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Disease Species Response described Reference 

A Mb-hsp60/65 or m-hsp60 vaccination prevents disease 

Adjuvant arthritis Lewig rat 

Streptococcal cell wall-induced arthritis 

Pristane-induced arthritis 

Diabetes mellitus 

Lewis rat 

Balb/C mouse 

NOD mouse 

B Mb-hsp60/65 vaccination partially suppresses disease 

CP-20 691-induced arthritis Lewis rat 

Collagen-induced arthritis Lewis rat 
B10RII[ mouse 

C Diseases in which hsp may have a role 

Rheumatoid arthritis Human 

Reactive arthritis Human 

Juvenile arthritis Human 

Diabetes mellitus Human 

Multiple sclerosis Human 

SLE Human 
MRL (lpr/lpr) 
mouse 

T cell response to Mb-hsp60/65 68 
- A2b specific for Mb-hsp60/65 induces arthritis 67, 68 
- high expression of hsp60 in synovial tissue 37, 14 
- natural antibodies to hsp65 do not correlate with AA 22 

T cell response to Mb-hsp60/65 64 

- T cell response to Mb-hsp60/65 26, 62 

T cell and antibody response to m-hsp60 and Mb-hsp60/65 17 
T ceil'clones (e.g. C9) specific for m-hsp60 induce diabetes 18 

antibody response to GroEL 

5 

5 
28 

- T cell response to Mb-hsp60/65 6, 54, 53 
- gamma/delta T cell clones responding to Mb-hsp60/65 26, 61 
- antibodies against Mb-hsp60/65 3, 63 
- expression of hsp60 in synovial tissue 33, 14 

T lymphocyte-synovial fibroblast interactions induced by myco- 27 
bacterial proteins in vitro (outgrowth of 'pannus'- like structures) 

- only 1 of 26 patients SF T cells proliferated to Mb-hsp60/65 55 
- within a panel of 15 T cell clones obtained from 4 patients 12 differ- 56 

ent antigenic specificities for mycobacterial antigens were observed 

T cell response to Mb-hsp60/65 and h-hsp60 20, 23, 53 
- alpha/beta T cell clone responding to Mb~hsp60/65 and h-hsp60 23 

- T cell responses to Mb-hsp60/65, h-hsp60 and h-hsp70 15 

- antibody response h-hsp60 31 

- colocalization of gamma/delta T cells and hsp65 § oligodendrocytes 58 

- antibody response to h-hsp70 and h-hsp90 44, 43 
enhanced expression of hsp70 gene in kidney lymphoid cells 16 

induced arthritis in rats 64 and, surprisingly, in pristane- 
induced arthritis in mice 62, (see table 1). Findings in non- 
obese diabetic (NOD) mice were even more surpris- 
ing 17'18. These mice normally develop spontaneous 
diabetes by 4 to 6 months of age 13, but it has been shown 
that immunization with Mb-hsp60/65 in adjuvant at 1 
month of age causes an episode of transient diabetes, 
after which the treated mice do not develop spontaneous 
diabetes 17. Thus, Mb-hsp60/65 was shown to induce and 
subsequently inhibit diabetes. 

Mb-hsp65 

T cell clone A2b induces Arthritis 
j T cell clone A2c prevents AA 

180-186 [ 
180 - 188 

i 

- - ~  ~ peptide 180-188 vaccinates against AA 

p277 vaccinates against IDDM 

T cell clone C9 induces IDDM 
Peptide epitopes of hsp60 involved in adjuvant arthritis (AA) in Lewis 
rats and insulin-dependent diabetes mellitus (IDDM) in NOD mice. (for 
explanations and references see text) 

In man, studies have focused on immune recognition of 
Mb-hsp60/65 in rheumatoid arthritis (RA) and reactive 
arthritis (ReA) (summarized in table 1), The following 
key findings support the notion that hsp60 may be in- 
volved in the pathology of disease: 
1) T cells that recognize Mb-hsp60/65 have been identi- 
fied in the peripheral blood and in synovial fluid of 
arthritis patients 6, 15, 20, 23, 39, 53 - 56 a n d  they have been 
used to generate Mb-hsp60/65 specific T cell clones (see 
the contribution by Kaufmann 35). The antigen specifici- 
ty of some of these clones has been studied in detail, e.g. 
the epitope recognized in vitro by T cell clones derived 
from the synovial fluid of a patient with reactive arthritis 
was located within the amino-terminal 15 amino acids 2o, 
whereas the epitope recognized by T cell clones derived 
from synovial fluid of a HLA-DR4 homozygous patient 
with rheumatoid arthritis was contained within residues 
451 to 471 21 of hsp60 of Myeobacterium leprae. Howev- 
er, the in vivo potential of human T cell clones to induce 
or suppress disease obviously cannot be determined. 
Consequently, questions remain as to whether these hu- 
man T cell clones would be pathogenic, or protective, or 
without effect on the disease process in vivo. 
2) A significant enhancement of antibody responses to 
hsp60 has been noted in patients with RA and ReA 
(table 1). 
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3) Using mouoclonal antibodies to hsp, restricted local 
expression of hsp60 was demonstrated in synovial biop- 
sies from RA patients 14,33,36, indicating that "self" 
hsp60 might play a role in the local autoimmune process 
in the joints of patients with RA. However, it is not clear 
whether elevated expression of hsp60 in synovial tissues 
is a cause or a consequence of the disease process 75. 
Mb-hsp60/65 and/or endogenous hsp60 have also been 
implicated in the pathogenesis of other autoimmune dis- 
eases in man, such as juvenile arthritis, type I diabetes, 
and multiple sclerosis (see table 1). Looking at table 1, it 
appears that immune or autoimmune responses to hsp60 
predominate. However, this may well reflect the fact that 
the majority of studies have Concentrated on responses to 
hsp60 rather than to other hsp. Thus it is noteworthy that 
in systemic lupus erythematosus (SLE) autoantibodies to 
hsp70 and hsp90 have been demonstrated r 43 (table 1). 
Despite the accumulated evidence, the idea that immune 
responses to hsp (of mycobacteria) are a cause of human 
autoimmune disease needs to be viewed with some cau- 
tion. Firstly, mycobacterial hsp which are cloned in E. 
coli might still contain hsp60 (GroEL) from E. coli, and 
the T cell responses observed might be due to reactions 
to GroEL. Furthermore, because of the striking homolo- 
gy of hsp60 from different bacteria, T cells might respond 
to cross-reactive epitopes present on hsp of mycobacteria 
and E. coli. Secondly, a number of investigations have 
been made using antigen preparations such as AP-MT, 
an acetone precipitate of a water extract of Mycobacteri- 
um tuberculosis 2 7 Although AP-MT contains a high per- 
centage of Mb-hsp60/65, it is possible that some 'impuri- 
ties' in the preparation may be responsible for the 
observed effect(s). Thirdly, recent work of Res and col- 
leagues indicates a diversity in mycobacterial antigen 
recognition by M. tuberculosis-specific T cell clones ob- 
tained from the synovial fluid of RA patients 56 (see 
table 1). 
On the other hand it appears that T cell responses to 
Mb-hsp60/65 are not consistently detectable in RA pa- 
tients. For example, when T cells were obtained from the 
knee joints of an RA patient, with both knees showing 
comparable signs of RA, the T cells from only one knee 
joint responded to Mb-hsp60/65 in vitro 6. In another 
patient in the same study, synovial fluid T cells were 
collected twice within 3 months, and only on one occa- 
sion did the T cells respond to Mb-hsp60/65. 

Is hsp60 the causative autoantigen? 

An ongoing debate is whether the causative antigen in 
autoimmune disease is hsp as an autoantigen per se, or 
whether hsp contains epitope(s) cross-reactive (by molec- 
ular mimicry) with other autoantigen(s) present in the 
target organ. Thus, it is of interest that the T cell clone 
A2b, which induces arthritis in Lewis rats, can be stimu- 
lated to proliferate in vitro by extracts of cartilage as well 
as by Mb-hsp60/65 6v, 69. However, although antibodies 

against hsp60 stain synovial tissue from the paws of rats 
with AA 14, 36, 37, the epitope 180-186 of Mb-hsp60/65 
which is recognized by the T cell clone A2b is not present 
in rat-hsp60 66. Furthermore, although a partial se- 
quence homology of peptide 180-188 of Mb-hsp60/65 
with the link protein of cartilage proteoglycan has been 
described v, 69, it has been shown that the T cell clone 
A2b does not proliferate in response to a synthetic nona- 
peptide corresponding to this sequence of the proteogly- 
can link protein 66. Taken together, these results indicate 
that rat-hsp60 is not the autoantigen recognized by the 
arthritogenic T cell clone A2b. Therefore, the nature of 
the autoantigen(s) in the rat joint which are involved in 
rat AA and cross-react with Mb-hsp60/65 remains to be 
elucidated. 
What is the autoantigen in pristane-induced arthritis in 
mice (see table 1), where the disease can be prevented by 
pretreatment with Mb-hsp60/6562, and how does this 
observation fit in with the concept that molecular 
mimicry is involved, since no hsp is contained in the 
inducing antigen? One possibility is that in pristane-in- 
duced arthritis the immune response to hsp may be sec- 
ondary to the initial inflammatory reaction, which results 
in increased expression of hsp in the joints involved. 
In NOD mice with insulin-dependent diabetes mellitus 
(IDDM) the cellular and humoral immune responses to 
m-hsp60 (self) are stronger than those to Mb-hsp60/65 
(foreign) s. Transient IDDM can be induced, and sponta- 
neous IDDM is prevented, by immunization of NOD 
mice with hsp60 as mentioned above 17, 18. This model is 
the only model so far where purified hsp60 has been 
shown to induce disease. Thus, it appears that in this 
model hsp may indeed be the causative autoantigen 8, 19 
In human IDDM, autoantibodies react with a 64 kDa 
antigen on the surface of beta cells in the pancreas 1. 
However, it is highly controversial whether h-hsp60 is 31 
or is not 1" 32 the autoantigen. Another candidate au- 
toantigen is the enzyme glutamic acid decarboxylase 2, 59. 
With regard to hsp60 as an autoantigen, another critical 
factor which determines whether an autoimmune re- 
sponse to hsp60 is generated, and whether the response to 
hsp60 leads to disease, is the genetic background of the 
animal 60. In this context, genes within the major histo- 
compatibility complex (MHC) locus play a role in anti- 
gen presentation and in shaping the T cell receptor reper- 
toire 4, 46. Hsp may only mediate an autoimmune disease 
in individuals with an appropriate MHC background 
which may, for example, be inefficient in deleting autore- 
active T cells and efficient in processing and presenting 
hsp to those T cells. It is striking that different non-over- 
lapping epitopes distributed over the whole mycobacteri- 
al hsp60 are recognized in a MHC-restricted manner, i.e. 
T cell responses to one highly dominant hsp peptide epi- 
tope are supported by different MHC backgrounds 30, 70. 
Although it is not formally proven that hsp60 is the 
causative autoantigen in any autoimmune disease, in- 
direct evidence for this is provided by experiments 
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where the disease is prevented or modulated by hsp60 
(table 1 A, B). It is clear that normal, healthy individuals 
do have B and T cells specific for hsp35 without having Exp? 
autoimmune disease. So it is possible that immune re- 
sponses to hsp are 'normal '  and that other influences, e.g. 
MHC haplotype, the presence of a potential autoantigen, 1 
the environment, etc., may lead to disruption of normal 
immune responses to hsp and thus lead to the develop- 2 

ment of autoimmune disease (see also the section on 
Fischer rats in 'Concluding remarks'). 3 

From hsp to specific immunotherapy 

As mentioned above, T cell clones which can induce 
autoimmune disease can serve as useful tools to define T 
cell epitopes in protein antigens, by using peptide frag- 
ments of the protein antigen (either synthetic or geneti- 
cally-engineered peptides), or ideally a series of overlap- 
ping peptides that constitute the antigenic part of  the 
protein. The results of such epitope recognition studies 
for AA in Lewis rats and I D D M  in NOD mice 17, 18, 65, 68 
are summarized in the figure. To our knowledge, the 
epitopes involved in the other diseases listed in table 1 
have not yet been defined. 
Interestingly, all attempts to demonstrate that Mb- 
hsp60/65 or peptide 180-188 alone can induce AA in rats 
have been unsuccessful 5, 72. Therefore, we have speculat- 
ed that induction of AA needs both arthritogenicity and 
adjuvanticity, which is the case when peptide 180-188 
(as Mb-hsp60/65) is present on the surface of mycobacte- 
ria 75. In NOD mice, it has been shown that T cell clones 
responding to peptide p277 (fig.) can induce diabetes 
upon transfer to NON.H2 N~ mice, which do not devel- 
op spontaneous diabetes s, 18. However, it has been re- 
ported that peptide p277 of m-hsp60 is not diabetogenic 
in NOD mice 8. This situation is analogous to that with 
peptide 180-188, which proved not to be arthritogenic in 
Lewis rats 72. Thus, it appears that the peptides that stim- 
ulate disease-inducing T cell clones in vitro do not induce 
autoimmune disease in animals. 
Are these peptides able to modulate disease? We have 
addressed this important question in some detail using 
peptide 180-188 in the Lewis rat AA model 72 - 74. Lewis 
rats can be completely protected against AA by three i.p. 
injections of peptide 180-188 given 35, 20 and 5 days 
prior to induction of AA (table 2). We also observed a 
partial suppression of AA with peptide treatment at the 
time of arthritogenic challenge with mycobacteria in oil 
or just before onset of AA 72. However, a pretreatment 
regimen with peptide 180-188 which protects Lewis rats 
against AA does not influence the incidence, onset or 
severity of type II collagen-induced arthritis in the same 
rat strain 74. Therefore we have concluded that peptide 
vaccination is not only antigen-specific but also disease- 
specific 19, 74, 75. 

In order to understand the mechanism(s) involved in 
peptide vaccination, we have examined the immune re- 
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Table 2. Pretreatment with peptide 180-188 protects against adjuvant 
arthritis (AA) 

Pretreat- Incidence 
ment 2 of AA s 
dose 
mg/rat 

Radiographical score 4 of individual 
rats 35 days after induction of AA 

0 7/7 62, 64, 72, 74, 76, 79, 82 
0.1 3/7 0, 0, 0, ~ 0, 27, 33, 41 

0 9/9 59, 63, 69, 72, 78, 80, 81, 83, 90 
0.1 2/9 0, 0, 0, 0, 0, 0, 0 ,32 ,34  

0 8/8 57, 72, 105, 120, 129, 138, 143, 157 
0A 15/20 5, 6, 9, 10, 14, 14, 24, 26, 27, 35, 

45, 46, 54. 63, 64, 65, 65, 74, 79, 95 

0 10/10 26, 44, 50, 52, 61, 71, 75, 108, 119, 120 
0.1 8/10 0, 0, 30, 39, 40, 59, 69, 81, 95, 127 
1.0 2/10 0, 0, 0, 0, 0, 0, 0, 0, i, 6 

1 Experiment I and 2 are reprinted from Yang et at. 73 with permission. 
z Pretreatment was performed on days - 35, - 20, - 5 with peptide 
180-188 dissolved in phosphate-buffered saline emulsified in incomplete 
Freund's adjuvant intraperitoneally. 
3 AA was induced at day 0 by injection of heat-killed, ground M. tuber- 
culosis H37Ra intradermally at the base of the tail 73. Incidence is given 
according to clinical symptoms such as paw swelling and loss of body 
weight as a measure of AA. 
4 Radiographs were taken using a Mammomat (Siemens) on Kodak 
X-omat MA film exposed at 30 kV for 160 ms. 20 joints in each paw were 
scored visually for arthritic lesions: 0 - normal, 1 questionable, 2 mild, 
3 strong, 4 - severe destruction of joints and bone, resulting in a 
maximum score of 320 per rat 72. vs. 

sponses of Lewis rats to peptide 180-188. We found an 
enhanced cellular immune response to peptide 180-188 
and to PPD (purified protein derivative) in the peptide 
180-188 pretreated, AA protected rats 73. The develop- 
ment of IDDM in NOD mice can be prevented by vacci- 
nation with p277 s, 18, 19 (fig.); however, p277 treatment 
was shown to be accompanied by a decrease in T and B 
cell immunity to h-hsp60 s, 18. Therefore, the mechanisms 
of prevention or suppression of autoimmune disease af- 
ter pretreatment with Mb-hsp60/65 or specific peptides 
appear to be different in these animal models. Clearly, 
induction of tolerance 6z, 64 is not the only mechanism 
involved in hsp and hsp peptide vaccination 19. 

Can hsp-peptide vaccination be applied to the treatment of  
human autoimmune disease? 

A prerequisite for the application of hsp-peptide vaccina- 
tion to human autoimmune disease is the identification 
of the hsp peptide epitopes involved. In animals it was 
possible to identify the particular epitopes involved by 
using T cell clones which had the ability to induce or 
prevent autoimmune disease in vivo (see fig. 1). The abil- 
ity of human T cell clones grown in vitro to induce or to 
prevent disease cannot be tested in man for ethical rea- 
sons, particularly in view of the risk .of inducing or exac- 
erbating disease. However, attenuated (e.g. irradiated) 
human T cell clones are already being tested in T cell 
vaccination in patients with RA or multiple sclerosis to 
assess the safety and the therapeutic potential of T cell 
vaccination in man 1 o 
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It should be er~phasized that the most successful therapy 
of autoimmune disease in animal models to date was by 
treatment with hsp peptide before the induction of AA in 
Lewis rats, or before the develo[0ment of IDDM in NOD 
mice (fig.). Animal models of autoimmune disease, espe- 
cially adjuvant arthritis, have an explosive onset and 
rapid progression. Despite this, the T cell clone A2c has 
been reported to induce earlier remission in the Lewis rat 
AA model, when A2c cells are injected into the animals 
just before the peak of disease 25. Therefore, such therapy 
may be applicable to man, where the onset and progres- 
sion of autoimmune disease tend to be relatively slow. 

Concluding remarks 

Hsp appear to fulfil cellular functions that are fundamen- 
tal requirements for life, and consequently these 
molecules have remained highly conserved during evolu- 
tion. Immune responses to hsp can easily be detected in 
healthy individuals 29, 35, 41, 48, In addition, responses to 
hsp (especially hsp60) are seen in a number of autoim- 
mune diseases, some of which can be prevented by hsp 
vaccination (table 1). One view may be that hsp are 
targets for autoimmunity, and autoimmune disease may 
occur when bacterial infections modulate this natural 
autoimmunity. However, modulation of hsp autoimmu- 
nity by exposure to bacterial hsp can also lead to resis- 
tance to autoimmune disease. Thus, it is interesting that 
Fischer rats, which are class II histocompatible with 
Lewis rats, are resistant to AA except when kept under 
germ-free conditions. In other words, exposure of the 
(mucosal?) immune system to bacterial antigens results 
in resistance to AA in Fischer rats (reviewed in detail by 
Van Eden 66). 
If the ubiquitously expressed hsp are immunological 
targets in autoimmune disease, why are so many autoim- 
mune diseases organ-specific? This may reflect limited 
expression of autologous hsp in some situations. This 
view is supported by the observation that hsp60 expres- 
sion appears to be enhanced locally in the synovial tissue 
of patients with RA and rats with AA ~4, 33, 37. Alterna- 
tively, it could be that other autoantigens, cross-reactive 
with bacterial or autologous hsp, are the stimulators for 
the development of autoimmune disease. Support for this 
view stems from the fact that in many autoimmune dis- 
eases immune reactions to other autoantigens have been 
observed. 
It may be possible to develop vaccinations against au- 
toimmune diseases on the basis of hsp or hsp-derived 
peptides. This has been demonstrated in the Lewis rat 
AA model, and in NOD mice which develop I'DDM 
(fig.). In addition, therapeutic effects have also been seen 
in the rat AA model upon treatment with pepfide 180- 
18819, 72 (Gasser and Feige, unpublished observations). 
The partial suppression of ongoing autoimmune reac- 
tions in the animal model may have important therapeu- 
tic implications for the treatment of human autoimmune 

diseasei: Vaccinations using Whole hsp proteins might be 
useful to treat a number of autoimmune diseases, where- 
as vaccinations based on hsp peptides (i.e. defined T cell 
epitopes) may lead to disease-specific therapies. 
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Abstract. Previously  we repor ted  tha t  there is a kal l ikre in  deficiency in the cerebral  tissue of  pat ients  with Alzheimer-  
type dement ia .  The  present  s tudy was per formed  to invest igate  protease  changes in  the se rum of  these pat ients .  The 
results showed that  the kal l ikre in  activity was normal ,  bu t  that  the activities o f  p l a smin  and  u rok inase  were 
s ignif icant ly low. The present  f indings  indicate  a de rangemen t  in the c lot t ing and  f ibr inolyt ic  systems in Alzheimer  

pat ients .  
Key words. Alzheimer ' s  disease; pa t ients '  se rum;  c lot t ing 

A n u m b e r  of  studies have indica ted  that  the accumula-  
t ion  of  a b n o r m a l  pro te ins  in  the b ra in  is pa thogenet ica l ly  
related to Alzhe imer ' s  disease 1 - 4  In jec t ion  of  a protease  
inh ib i to r  in to  an ima l  bra ins  was shown to induce  the 
f o rma t ion  of  lysosome-associa ted g r anu l a r  aggregates 
(dense bodies)  which  closely resembled the ceroid-l ipo- 
fuscin tha t  accumula tes  in  cer ta in  disease states and  in 
the process of  aging 5. This  indicated that  a b n o r m a l  
protease  activities m a y  play  an  i m p o r t a n t  role in  the 
deve lopment  of  Alzheimer ' s  disease. In  agreement  wi th  
this hypothesis ,  we previously  found  kal l ikre in  deficiency 

system; f ibr inolyt ic  system; p l a smin ;  u rok inase ;  t h rombin .  

in the Cerebral tissues of  the pat ients  with Alzheimer- type  

dement ia  6. 
In  add i t ion  to the changes in  the cerebral  tissues, m a n y  
biochemical  changes have been repor ted  in the per iphera l  
tissues of  pat ients  with this disease v. They  include altered 
m e m b r a n e  f luidi ty of  platelets s, increased X-ray  sensitiv- 
ity of  f ibroblas ts  9, reduced free Ca ++ in  f ibroblas ts  lo, 

reduced f ibroblas t  spreading I~, reduced lymphocyte  
acetylcholine esterase activity 12, reduced secretion of  
cholinergic n e u r o n  di f ferent ia t ion factor  f rom fibro- 
blasts  13, a n d  decreased adhesiveness of  f ibroblas ts  14. 


