
December 2016 | Volume 7 | Article 6391

Editorial
published: 26 December 2016

doi: 10.3389/fimmu.2016.00639

Frontiers in Immunology | www.frontiersin.org

Edited and Reviewed by: 
Denise Doolan,  

James Cook University, Australia

*Correspondence:
Stuart K. Calderwood 

scalderw@bidmc.harvard.edu

Specialty section: 
This article was submitted to 

Vaccines and Molecular 
Therapeutics,  

a section of the journal  
Frontiers in Immunology

Received: 30 November 2016
Accepted: 12 December 2016
Published: 26 December 2016

Citation: 
Calderwood SK, Murshid A and 

Borges TJ (2016) Editorial: HSPs—
Ambiguous Mediators of Immunity. 

Front. Immunol. 7:639. 
doi: 10.3389/fimmu.2016.00639

Editorial: HSPs—ambiguous 
Mediators of immunity
Stuart K. Calderwood1*, Ayesha Murshid1 and Thiago J. Borges1,2

1 Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, USA, 2 Pontifícia Universidade Católica do Rio 
Grande do Sul (PUCRS), Porto Alegre, RS, Brazil

Keywords: heat shock protein, immunity, vaccine, mycobacterial Hsp65, transplant, arthritis

Editorial on the Research Topic

HSPs—Ambiguous Mediators of Immunity

Heat shock proteins (HSPs) were discovered as polypeptides induced by stress that can be found 
in all kingdoms of cellular organisms. Their functions were, a first enigmatic and these proteins 
were thus classified by molecular weight, as in—Hsp27, Hsp70, Hsp90, Hsp110 (1). More recently, 
each of these size-classified molecules has attributed a role in protein folding, and they thus came 
to be known, as a class, as molecular chaperones—deterrents of unsuitable interactions between 
intracellular proteins (2). However, the HSPs possess properties beyond chaperoning. Indeed, their 
discovery in the extracellular spaces suggested roles in intercellular signaling and in the convoluted 
regulation of the immune responses.

A number of lines of investigation triggered interest in HSPs as mediators of immunity. Srivastava 
and others found that the molecular chaperone properties of HSPs could be harnessed in cancer 
vaccine design (3–5). They emphasized the role of HSPs in capturing tumor antigens and permit-
ting their uptake and processing by antigen-presenting cells (APCs) prior to activation of cytotoxic 
lymphocytes. Others suggested that HSPs could behave like endogenous danger signals when flood-
ing into the extracellular microenvironment after cell death (6). In another line of investigation, 
investigators studied the role of mycobacterial Hsp65 and Hsp70 in suppression of autoimmune 
diseases such as arthritis, diabetes, and prolongation of tissue grafts [Borges et al.; (7, 8)]. HSPs were 
thus implicated in contrasting and apparently opposed aspects of immunity.

The current volume contains articles dealing with these aspects of HSP biology. Four articles 
describe various roles of HSPs in tumor immunity and anticancer vaccine construction. In chapter 1, 
Zuo et al. describe tumor immunity strategies built around the “large HSPs”—Hsp110 and GRP170. 
These larger HSPs possess chaperoning power of remarkable strength leading to high avidity for 
antigens and effective vaccines. Shevtsov and Multhoff in chapter 4 review in detail Hsp70 and Hsp90 
vaccines and their effectiveness in tumor therapy. The biological properties of Hsp90 are further 
discussed in chapter 5 by Tamura et al., emphasizing the role of this molecule in permitting antigens 
to cross plasma membranes, enter cells by endocytosis and cross the endosomal wall to the sites of 
antigen processing and acquisition by MHC Class I molecules. Most studies have indicated a role for 
surface receptors in mediating effects of extracellular HSPs. Murshid et al. in chapter 7 stress the role 
of scavenger receptors in the immune functions of such HSPs, concentrating on SRECI/SCARF1 as 
an avid binder of most of the HSPs.

Four additional chapters concentrate on the immunoregulatory properties of HSPs, particu-
larly emphasizing study of mycobacterial chaperones. In chapter 2, Manon et al. concentrate on 
mycobacterial Hsp70 and describe the generation of the first TCR transgenic mouse recognizing 
an anti-inflammatory Treg (regulatory T cell)-inducing Hsp70 peptides. The aim was to provide 
a model system for discovery of the mechanisms underlying generation of Hsp70-reactive 
CD4+CD25+ Treg and mediation of immunomodulation. In chapter 6, Moudgil et  al. describe 
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their interesting studies of the role of mycobacterial Hsp65 in 
controlling adjuvant arthritis in rodent models and potential 
development of novel treatments based on these findings. Along 
similar lines Borges et  al. describe studies showing a potent 
role for mycobacterial HSPs in regulating alloimmunity and 
improving survival of tissue grafts. Finally, the O’Brien group 
(chapter 8) describes roles for the small HSP—Hsp27 in attenu-
ating atherogenesis and other events in the extracellular spaces 
and in the circulation.

Finally, Calderwood et al. in chapter 3 attempt to synthesize 
some of theses apparently contrasting immunostimulatory and 
immunoregulatory effects of HSPs and develop an integrated 
understanding of potential sequela of HSPs encountering mac-
rophages or dendritic cells.

Thus, from the analysis contained in this collection of articles, 
we appear to have come a long way in past 30 years in understand-
ing “the other face of HSP biology”—the various families of HSPs 
escaping to the extracellular milieu and influencing immunity. 
However, much remains to be learned in terms of the recognition 
of HSPs by receptors on APC, in cell signaling and in understand-
ing how these events are influenced by tissue context. In addition, 
the complex pathways undertaken by HSP-chaperoned peptides 

in the intracellular milieu and their influence on antigen presen-
tation remain to be fully characterized. In terms of translation 
of HSP research to disease treatment, promising approaches to 
cancer immunotherapy, treatment of inflammatory disease such 
as arthritis and survival of tissue transplants appear to beckon. 
This area of HSP biology thus appears to have rich promise for 
the future.

aUtHor CoNtriBUtioNS

SC, AM, and TB each contributed equally to writing this editorial.

aCKNoWlEdGMENtS

We thank the Department of Radiation Oncology, Beth Israel 
Deaconess Center, Harvard Medical School, Boston for encour-
agement and support. We thank the Harvard JCRT foundation 
for support.

FUNdiNG

The studies were funded by NIH RO-1 CA119045.

rEFErENCES

1. Lindquist S, Craig EA. The heat-shock proteins. Annu Rev Genet (1988) 
22:631–77. doi:10.1146/annurev.ge.22.120188.003215 

2. Ellis RJ. Protein misassembly: macromolecular crowding and molecular chap-
erones. Adv Exp Med Biol (2007) 594:1–13. doi:10.1007/978-0-387-39975-1_1 

3. Srivastava PK. Heat shock protein-based novel immunotherapies. Drug News 
Perspect (2000) 13:517–22. doi:10.1358/dnp.2000.13.9.858479 

4. Wang XY, Kazim L, Repasky EA, Subjeck JR. Immunization with tumor-derived 
ER chaperone grp170 elicits tumor-specific CD8+ T-cell responses and reduces 
pulmonary metastatic disease. Int J Cancer (2003) 105:226–31. doi:10.1002/
ijc.11058 

5. Gong J, Zhang Y, Durfee J, Weng D, Liu C, Koido S, et al. A heat shock protein 
70-based vaccine with enhanced immunogenicity for clinical use. J Immunol 
(2010) 184:488–96. doi:10.4049/jimmunol.0902255 

6. Asea A, Kraeft SK, Kurt-Jones EA, Stevenson MA, Chen LB, Finberg RW, et al. 
HSP70 stimulates cytokine production through a CD14-dependant pathway, 
demonstrating its dual role as a chaperone and cytokine. Nat Med (2000) 
6:435–42. doi:10.1038/74697 

7. Van Eden W, Wick G, Albani S, Cohen I. Stress, heat shock proteins, and 
autoimmunity: how immune responses to heat shock proteins are to be used 
for the control of chronic inflammatory diseases. Ann N Y Acad Sci (2007) 
1113:217–37. doi:10.1196/annals.1391.020 

8. van Eden W, van der Zee R, Prakken B. Heat-shock proteins induce T-cell 
regulation of chronic inflammation. Nat Rev Immunol (2005) 5:318–30. 
doi:10.1038/nri1593 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Calderwood, Murshid and Borges. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original 
publication in this journal is cited, in accordance with accepted academic prac-
tice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive
https://doi.org/10.1146/annurev.ge.22.120188.003215
https://doi.org/10.1007/978-0-387-39975-1_1
https://doi.org/10.1358/dnp.2000.13.9.858479
https://doi.org/10.1002/ijc.11058
https://doi.org/10.1002/ijc.11058
https://doi.org/10.4049/jimmunol.0902255
https://doi.org/10.1038/74697
https://doi.org/10.1196/annals.1391.020
https://doi.org/10.1038/nri1593
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Editorial: HSPs—Ambiguous Mediators of Immunity
	Author Contributions
	Acknowledgments
	Funding
	References


