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In 1962, Ritossa described in Experientia 'A new puffing 
pattern induced by temperature shock and DNP in 
Drosophila 'zz. Ritossa found, in the 2 L 14 and 15 re- 
gions of the giant chromosome from the salivary glands 
of Drosophila bucksii larvae, that some genes are activat- 
ed whereas others are less active after an increase.in the 
temperature from 25 to 30 ~ for 30 rain. In Drosophila 
these changes in gene activation are visible as the appear- 
ance or disappearance of so-called puffs (DNA unwind- 
ing on giant chromosomes). In 1974, the heat shock 
proteins (hsp) were purified from Drosophila by Tissier'es 
and colleagues 18, z4 
It was already known at that time that exposure to chem- 
icals could induce changes similar to those of heat 
shock 17. These observations gave rise to numerous stud- 
ies of the effects of various stresses on cells. Stress re- 
sponses were detected ubiquitously in procaryotic as well 
as eucaryotic cells. Responses to stress can vary with the 
type of stress applied. Furthermore, the strength of any 
type of stress influences the quality of the stress response. 
For example, a heat shock response depends on the mag- 
nitude and duration of temperature elevation. Also, a 
heat shock of short duration prepares cells to cope better 
with a subsequent stress as compared to cells without a 
prior heat shock 17, 1 s. 
One of the major heat shock proteins (see below) in 
bacteria is a predominant target for the immune response 
of mammals 27. This is best illustrated by the fact that in 
immune responses to numerous bacteria an im- 
munodominant, cross-reactive antibody response to 
these bacterial antigens was observed. The bacterial 
target antigen was therefore named "common anti- 
gen ''aT. "Common antigens" of bacteria have now been 
identified as heat shock proteins (hsp) with molecular 
weights of 58 to 65 kDa, all belonging to the hsp60 fam- 
fly, characterized by a high level of homology in their 
gene sequences. These findings were the basis for studies 
of the role of hsp in infection 27. Analyses of immune 
responses during infection or after immunization with 
bacteria supported the view that bacterial hsp60 are also 

immunodominant antigens for cellular immune respons- 
es; the immune responses mediated by T lymphocytes 
(see contribution of Kaufmann 11). Also, host hsp are 
expressed during bacterial infection (see contribution by 
Garbe 5). The situation with respect to hsp during viral 
infection is different from that in bacterial infection. The 
viral genome does not code for hsp. However, marked 
expression of host hsp is observed during viral infection. 
Hsps even appear to play a role in viral replication, for 
example in the assembly of phage lambda 6. 
When Cohen, Van Eden, and colleagues described in 
1988 that mycobacterial hsp is involved in an experimen- 
tal autoimmune disease called adjuvant arthritis in 
rats 25, hsp became candidates for being the causative 
antigens in arthritic diseases in humans as well, both in 
reactive and rheumatoid arthritis. Numerous reports ap- 
peared in the scientific literature describing reactions to 
(myco-)bacterial hsp of T cells obtained from patients 
with arthritis. However, in contrast to animal models of 
autoimmune diseases 4, a direct involvement of hsp in the 
human disease process has not yet been shown (see the 
contribution by Yang and Feige 26). A marked expression 
of hsp in one of the target tissues, the cartilage, points to 
some regulatory events being influenced via hsp expres- 
sion during the course of arthritis (for references see 
Yang and Feige 26). 
The immunodominance of hsp, and the existence of eas- 
ily detectable immune reactions to autologous hsp, have 
led to various hypotheses about hsp: as 'a link between 
infections and autoimmune disease'12; hsp and the 'im- 
munological homunculus '1, and 'hsp: friend or foe? '1~ 
Hsp are not only important in situations of heat shock or 
stress, where they were detected first and where their 
name originates, but also appear to be essential for cell 
survival in normal situations. One of the most prominent 
roles of hsp is in protein folding and degradation. This 
has led to the concept of hsp as chaperonins (a chaperone 
provides nursing or guidance) 3' 8. For example, BiP (im- 
munglobulin heavy chain binding protein) has been 
shown to be involved in immunoglobulin chain (anti- 
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body) assembly 9. Ubiquitin, a member of another hsp 
family, binds to unfolded proteins which will then be 
degraded during protein turnover in cells 13 Hsp70 is of 
importance during a stress response, for example in the 
prevention of protein aggregation, dissolution of 
protein aggregates, or in renaturation of denatured 
proteins 23. Members of the hsp70 family contain an 
ATPase domain, and ATP hydrolysis is thought to be 
coupled to the release of substrate peptides t4. Hsp have 
been shown to be involved in the process of antigen-pre- 
sentation 19, during which an antigen is taken up by an 
antigen-presenting cell and processed (=  cleaved), and 
fragments of the antigen are exposed on MHC (major 
histocompatibility complex) Class I or Class II molecules 
for presentation to T cells. This results in activation of 
those T cells which are specific for the antigenic epitope 
presented. It is noteworthy that the gene for human 
hsp70 is located within the MHC ~. Involvement of hsp70 
in antigen presentation is another example which illus- 
trates that hsp have a role in cells normally, as well as in 
situations of stress. 
Inflammation as a cause or a consequence of the immune 
reaction to self-components in autoimmune diseases is an 
issue that is often discussed. A recent review describes the 
role of hsp from the point of view of inflammation zo. 
Steroids are widely used for the treatment of inflammato- 
ry reactions, so it is of interest that hsp90 bind to steroid 
hormone receptors 21. In this context it is important to 
mention a hypothesis of hsp as "the missing link between 
hormonal and reproductive factors and rheumatoid 
arthritis ''2. 
The aim of this series of articles is to view hsp as targets 
for the immune system and to examine the role of hsp in 
autoimmune disease and immune regulation. In addi- 
tion, we felt it was timely to ask Alfred Tissi6res and his 
colleagues to give a view of the development of the field, 
and a historical perspective after 3 decades of hsp re- 
search is. Morange and colleagues describe the arrange- 
ment of hsp into families, their expression and func- 
tions ~5. Garbe focuses on the stress situation during 
infection; a stress for the invading microbe as Well as for 
the host 5. The immune system has to distinguish effi- 
ciently between foreign and self. How does the immune 
system fulfil this task when, in a situation of stress, such 
as infection, proteins are produced by both the invading 
bacterium and the 'defending' host which are highly ho- 
mologous? What do T cells see ? What do B cells see? 
This is dealt with in the contributions by Kaufmann ~ 1 
and Mollenhauer and Schulmeister t6. They summarize 
observations of situations where immune responses to 
hsp are easily detected in health and disease. The present 
series is rounded off by Yang and Feige reviewing the 
clear-cut involvement of members of the hsp60 family 
in various animal (models of) autoimmune diseases - 
in contrast to the continuing lack of convincing data 
showing a similar involvement of hsp in human dis- 
ease 26. 

1 Cohen, I. R., The immunological homunculus and autoimmune dis- 
ease, in: Molecular Autoimmunity, pp. 437-463. Ed. N. Talal. Aca- 
demic Press, New York 1991. 

2 Da Silva, J. A,, Heat shock proteins: the missing link between hor- 
monal and reproductive factors and rheumatoid arthritis? Ann. 
Rheum. Dis. 50 (1991) 735-739. 

3 Ellis, R. J., and Van der Vies, S. M., Molecular chaperones. A. Rev. 
Biochem. 60 (1991) 321-347. 

4 Feige, U., and Cohen, I. R., The 65 kDa heat-shock protein in the 
pathogenesis, prevention and therapy of autoimmune arthritis and 
diabetes mellitus in rats and mice. Springer Semin. Immunopath. 13 
(1991) 99-113. 

5 Garbe, T., Heat shock proteins and infection: interactions of patho- 
gen and host. Experientia 48 (1992) 635-639. 

6 Georgopoulos, C., Ang, D., Liberek, K., and Zycliz, M., Proper- 
ties of the Eseheriehia coli heat shock proteins and their role in 
bacteriophage lambda growth, in: Stress Proteins in Biology and 
Medicine, pp. 191-221. Eds R. I. Moriomoto, A. Tissi~res and C. 
Georgopoulos. Cold Spring Harbor Laboratory Press 1990. 

7 Guenther, E., Heat shock protein genes and the major histocompati- 
bility complex. Curr. Topics Microbiol. Immun. 167 (1991) 57-68. 

8 Gupta, R.S., Microtubules, mitochondria, and molecular chaper- 
ones: a new hypothesis for in vivo assembly of microtubules. 
Biochem. Cell Biol. 68 (1990) 1352-1363. 

9 Haas, I. G., BiP - a heat shock protein involved in immunoglobulin 
assembly. Curr. Topics Microbiol. Immun. 167 (1991) 71-82. 

10 Harboe, M., and Quayle, A. J., Heat shock proteins: friend or foe? 
Clin. exp. Immun. 86 (1991) 2-5. 

11 Kaufmann, S. H. E., The cellular immune response to heat shock 
proteins. Experientia 48 (1992) 640-643. 

12 Lamb, J. R., and Young, D. B., T cell recognition of stress proteins. 
A link between infectious and autoimmune disease. Molec. Biol. Med. 
7 (1990) 311-321. 

13 Mayer, R.J., Arnold, J., Laszlo, L., Landon, M., and Lowe, J,, 
Ubiquitin in health and disease. Biochem. biophys. Acta 1089 (1991) 
141-157. 

14 McKay, D.B., Structure of the 70-kilodalton heat-shock-related 
proteins. Springer Semin. Immunopath. 13 (1991) 1-9. 

15 Burel, C., Mezger, V., Pinto, M., Rallu, M., Tfigon, S., and Morange, 
M., Mammalian heat shock protein families. Expression and func- 
tions. Experientia 48 (1992) 629-634. 

16 MoUenhauer, J., and Schulmeister, A., Humoral immune response to 
heat shock proteins. Experientia 48 (1992) 644-649. 

17 Nover, L., Molekulare Zellbiologie der Hitzestressantwort. Teil I. 
Natnrwissenschaften 77 (1990) 310 316. 

18 Pauli, D., Arrigo, A.-P., and Tissi~res, A., Heat shock response in 
Drosophila. Experientia 48 (1992) 623-629. 

19 Pierce, S. K., DeNagel, D. C., and VanBuskirk, A. M., Role for heat 
shock proteins in antigen processing and presentation. Curt. Topics 
Microbiol. Immun. 167 (1991) 83-92. 

20 Polla, B. S., and Kantengwa, S., Heat shock proteins and inflamma- 
tion. Curr. Topics Microbiol. Immun. 167 (1991) 93-105. 

21 Pratt, W. B., Dalman, E C., Meshinchi, S., and Scherrer, L. C., The 
relationship between glucocorticoid receptor binding to hsp90 and 
receptor function. Nippon Naibunpi Gakkai Zasshi 66 (1990) 1185- 
1197. 

22 Ritossa, E, A new puffing pattern induced by temperature shock and 
DNP in Drosophila. Experientia 18 (1962) 571-573. 

23 Skowyra, D., Georgopoulos, C., and Zycliz, M., The E. eoli dnaK 
product, the hsp70 homolog, can reactivate heat-inactivated RNA 
polymerase in an ATP hydrolysis-dependent manner. Cell 62 (1990) 
939-944. 

24 Tissi~res, A., Mitchell, H.K.,  and Tracy, U., Protein synthesis in 
salivary glands of Drosophila melanogaster. Relation to chromosome 
puffs. J. molec. Biol. 84 (1974) 389-398. 

25 Van Eden, W., Thole, J. E. R., Van der Zee, R., Van Embden, J. D. A., 
Hensen, E. J., and Cohen, I. R., Cloning of the mycobacterial epitope 
recognized by T lymphocytes in adjuvant arthritis. Nature 331 (1988) 
i71-173. 

26 Yang, X.-D, and Feige, U., Heat shock proteins in autoimmune 
disease. From causative antigen to therapy? Experientia 48 (1992) 
650-656. 

27 Young, D.B., Mehlert, A., and Smith, D. E, Stress proteins and 
infectious diseases, in: Stress Proteins and Biology and Medicine, pp. 
131-165. Eds R. I. Morimoto, A. Tissi6res and C. Georgopoulos. 
Cold Spring Harbor Laboratory Press 1990. 

0014-4754/92/070621-0251.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1992 


