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HSP60 speaks to the immune system 
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Abstract. Heat shock proteins (HSP) were initially identifi ed as a family of stress-induced 
proteins characterized by their chaperone activity. HSP, however, are also important 
players in the control of the immune response: HSP are targeted by HSP-specifi c T cells 
and antibodies in healthy subjects and also during the course of autoimmune disorders 
and, conversely, HSP infl uence the activity of several immune cell types via innate recep-
tor signalling pathways. In addition, the immune response to HSP can be mined for 
information on the state of the immune system. Newborns carry autoantibodies to HSP. 
However, this natural autoreactivity to HSP is modifi ed by infl ammation, and these 
changes can be monitored as biomarkers during postnatal life. Using antigen microar-
rays, we have shown that autoantibody patterns identify individuals prone to develop 
autoimmune diabetes before disease onset. Moreover, changes in the infl ammatory 
process in multiple sclerosis are also refl ected in the antibody response to self-HSP. 
Herein, we discuss the relevance of HSP and their immune activities for the regulation 
and monitoring of infl ammation and autoimmune disease.
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Heat shock proteins (HSPs) were initially identifi ed as a heterogeneous family of 
stress-induced proteins required to assist the folding of polypeptides into mature 
proteins in routine protein synthesis, in normal transport of proteins across
membranes and in response to protein denaturation during cell stress (Hartl & 
Hayer-Hartl 2002). However, in addition to their intracellular chaperone function, 
HSPs establish a two-way dialogue with the immune system: HSPs are targeted by 
HSP-specifi c T cells and antibodies in healthy subjects and also during the course 
of autoimmune disorders and, conversely, HSPs infl uence the activity of several 
immune cell types. In this chapter, we discuss several aspects of this dialogue and 
postulate that its comprehension is of importance for our ability to prevent, treat 
and monitor human autoimmune disorders.
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The immune system talks to HSPs: HSPs as targets
of adaptive immunity

HSPs are targets of the physiological immune response. Microbial HSPs were ini-
tially identifi ed as a common dominant antigen recognized by the immune system 
of subjects infected with different micro-organisms (Young et al 1987). Soon 
afterwards, self-HSPs were found to be targeted by the immune system in response 
to infl ammation (van Eden et al 1988, Anderton et al 1993). These initial studies 
paved the way to the identifi cation of HSPs as a target of pathogenic and regula-
tory immune responses.

HSP as a target of pathogenic T and B cell responses

Adjuvant arthritis (AA) is an autoimmune disease inducible in Lewis rats by immu-
nization with killed Mycobacterium tuberculosis (Wauben et al 1994). T cell clones 
cross-reactive with cartilage and mycobacteria transfer arthritis to irradiated rats 
(Holoshitz et al 1984, van Eden et al 1985). The antigen recognized by the patho-
genic clones was identifi ed as the 180–188 region (mt180) of the mycobacterial 
65 kDa HSP (Hsp65) (van Eden et al 1988), suggesting that Hsp65 bore an epitope 
cross-reactive with a joint self-epitope (van Eden et al 1985). Autoimmune T cell 
responses directed against the mammalian counterpart of Hsp65, the 60 kDa HSP 
(Hsp60) and also against other HSPs, have also been characterized in human 
arthritis (Blass et al 2001, Corrigall et al 2001, de Kleer et al 2003, Macht et al 
2000).

NOD mice develop diabetes as a consequence of a spontaneous T cell-mediated 
autoimmune process that destroys the insulin-producing β cells (Tisch & McDevitt 
1996). NOD mice have a high frequency of self-reactive T cells, which is refl ected 
by a highly self-reactive B cell repertoire (Quintana & Cohen 2001, Quintana et 
al 2004c). Several antigens are targeted by diabetogenic T cells including insulin 
(Wegmann et al 1994) and glutamic acid decarboxylase (GAD) (Tisch et al 1993). 
The connection of HSPs to autoimmune disease was confi rmed when it was dis-
covered that Hsp60 is targeted by T and B cells in spontaneous autoimmune NOD 
diabetes (Elias et al 1990). Moreover, anti-Hsp60 T-cell clones induce diabetes in 
irradiated NOD mice (Elias et al 1990), and immunization with the 437–460 
immunodominant T cell epitope of Hsp60 (p277) can trigger transient insulitis 
and hyperglycaemia in standard strains of mice (Elias et al 1995). The relevance 
of HSPs for human autoimmune diabetes was highlighted by the fi nding of B and 
T cell responses to Hsp60 and p277 in autoimmune diabetes patients (Abulafi a-
Lapid et al 1999, 2003, Sobel & Creswell 2006, Szebeni et al 2005).

Autoimmunity to HSPs also characterizes atherosclerosis (Wick 2000), Bechet’s 
disease (Lehner 1997), systemic lupus erythematosus (Dhillon et al 1991), and 
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other infl ammatory and non-infl ammatory disorders. These fi ndings point to the 
importance of HSPs in autoimmune disorders, and suggest that HSP-specifi c T cell 
responses might be targeted for the management of pathogenic autoimmunity.

HSPs as a target of regulatory responses

Although it was shown that HSP-specifi c T cells can transfer autoimmune arthritis 
(AA) (Holoshitz et al 1984, van Eden et al 1985) or diabetes (Elias et al 1990), it 
was soon realized that immunity to HSPs is a double-edged sword with the power 
not only to drive but also to dampen autoimmune disorders.

Hsp65 administered as a protein (Billingham et al 1990), encoded in a recom-
binant vaccinia virus (Hogervorst et al 1991) or as a DNA vaccine (Ragno et al 
1997) can inhibit AA. The administration of HSP65 can also regulate other experi-
mental models of arthritis, triggered either by the lipoidal amine CP20961 (Ander-
ton et al 1995) or by pristane (Thompson et al 1998). Inhibition of AA by Hsp65 
involves cross-reactivity with self-Hsp60 (van Eden et al 2005). We studied the 
specifi city of the regulatory immune response that controls AA using DNA vac-
cines coding for human HSP60 (pHSP60) or mycobacterial Hsp65 (pHsp65) 
(Quintana et al 2002). Although both pHSP60 or pHsp65 protected against AA, 
pHSP60 was signifi cantly more effective (Quintana et al 2002). We used DNA 
vaccines encoding fragments of HSP60 to identify immunoregulatory regions 
within HSP60. The anti-arthritogenic effects of the pHSP60 construct resided in 
the region of amino acids 1–260 of HSP60 (Quintana et al 2003a). Using HSP60-
derived overlapping peptides, we identifi ed peptide Hu3 (amino acids 31–50 of 
HSP60) which was specifi cally recognized by the T cells of rats protected from 
AA by DNA-vaccination (Quintana et al 2003a). Vaccination with Hu3, or transfer 
of splenocytes from Hu3-vaccinated rats, prevented the development of AA, while 
vaccination with the mycobacterial homologue of Hu3 had no effect (Quintana et 
al 2003a). Prevention of AA by vaccination with pHSP60, DNA vaccines encoding 
the N-terminus of HSP60, or Hu3 was associated with the induction of T cells 
that secreted IFNγ, IL10 and TGFβ1 upon stimulation with HSP60 (Quintana
et al 2002, 2003a). Thus, HSP60-specifi c T cells can control the progression of 
AA. Moreover, using DNA vaccines encoding the human 70 kDa heat shock 
protein (HSP70) or the human 90 kDa heat shock protein (HSP90), we showed 
that HSPs other than HSP60 can also inhibit AA. We found that DNA vaccination 
with HSP70 or HSP90 shifted the specifi c arthritogenic T-cell response from a 
Th1 to a Th2/3 phenotype and inhibited AA (Quintana et al 2004b). Thus, HSP70 
and HSP90, and not only HSP60, can modulate arthritogenic T cell responses in 
AA.

In humans, HSP60-specifi c immune responses in rheumatoid arthritis and juve-
nile chronic arthritis (Macht et al 2000, Prakken et al 1996) patients are associated 
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with a better prognosis and milder symptoms. Indeed human HSP-specifi c regula-
tory T cells have been characterized in arthritis patients (Kamphuis et al 2005, 
Massa et al 2007). All in all, these studies demonstrated that immunity to HSP is 
benefi cial for the regulation of AA. Work with HSP60 in autoimmune diabetes 
strengthened this view.

Vaccination of NOD mice with the p277 peptide of HSP60 arrested the devel-
opment of diabetes (Elias et al 1991) and even induced the remission of overt 
hyperglycaemia (Elias & Cohen 1994). Successful p277 treatment was associated 
with the down-regulation of spontaneous T cell reactivity to p277 and with the 
induction of antibodies to p277 displaying Th2-like isotypes IgG1 and IgG2b 
(Elias et al 1997). Other peptides of HSP60 could also inhibit the development of 
spontaneous diabetes in NOD mice (Bockova et al 1997).

NOD mice can also develop a more robust form of diabetes upon the adminis-
tration of cyclophosphamide—cyclophosphamide-accelerated diabetes (CAD) 
(Yasunami & Bach 1988). We used DNA vaccination with constructs encoding 
human HSP60 (pHSP60) or mycobacterial Hsp65 (pHsp65) to explore the regula-
tory role of HSP60 (Quintana et al 2003a). Vaccination with pHSP60 protected 
NOD mice from CAD. In contrast, vaccination with pHsp65, with an empty 
vector or with a CpG-positive oligonucleotide was not effective, suggesting that 
effi cacy of the pHSP60 construct might be based on regulatory HSP60 epitopes 
not shared with its mycobacterial counterpart, Hsp65 (Quintana et al 2003a).

Vaccination with pHSP60 modulated the T cell responses to HSP60, and also 
to GAD and insulin: T cell proliferative responses were signifi cantly reduced and 
the pattern of cytokine secretion to HSP60, GAD and insulin showed an increase 
in IL10 and IL5 secretion and a decrease in IFNγ secretion, compatible with a shift 
from a Th1-like towards a Th2-like autoimmune response (Quintana et al 2003a). 
Thus, immunoregulatory networks activated by vaccination with pHSP60 or p277 
can spread to other B cell antigens such as insulin and GAD, and can control 
NOD diabetes.

Human autoimmune diabetes was susceptible to immunomodulation by p277 
therapy. A double-blind, phase II clinical trial was designed to study the effects of 
p277 therapy on newly diagnosed patients (Raz et al 2001, 2007). The administra-
tion of p277 after the onset of clinical diabetes preserved the endogenous levels 
of C-peptide (which fell in the placebo group) and was associated with lower 
requirements for exogenous insulin, revealing the arrest of infl ammatory β-cell 
destruction (Raz et al 2001, 2007). Treatment with p277 was associated with an 
enhanced Th2 response to HSP60 and p277 (Raz et al 2001). Encouraging results 
of treatment with p277 were later obtained in an independent clinical trial 
(Huurman et al 2007).

In conclusion, the administration of HSP60 peptides, or of whole HSP60 as a 
recombinant protein or a DNA vaccine, can halt autoimmune diabetes. Several 
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antigens are targeted during the progression of diabetes (Tisch & McDevitt 1996). 
Thus, it is remarkable that HSP60-triggered immunoregulation controls the 
immune reactivity to non-cross-reactive autoantigens such as insulin and GAD.

HSP60 as a target of anti-ergotypic regulatory T cells

To exploit the immune properties of HSP60 for the treatment of autoimmune 
disorders, we have fi rst to understand the mechanisms by which HSP60 can affect 
autoimmunity to other molecules. The identifi cation of HSP60 as a target of anti-
ergotypic regulatory T cells started to unveil these mechanisms.

T cells reactive to activated T cells (but not to resting T cells) can control 
experimental autoimmune disease (Lohse et al 1989, Mimran et al 2004, 2005, Mor 
et al 1996). The T cell receptor of these regulatory T cells recognizes peptides 
derived from activation markers (ergotopes), such as the α-chain of the IL2 recep-
tor (Mimran et al 2004, Mor et al 1996) or the TNFα receptor (Mor et al 1996). 
These cells are termed anti-ergotypic (Lohse et al 1989, Quintana & Cohen 2006). 
HSP expression is also up-regulated upon T cell activation (Ferris et al 1988). 
Thus, HSP60 might serve as an ergotope. We studied whether vaccination with 
DNA vaccines encoding HSP60, or with the regulatory peptide Hu3, might induce 
anti-ergotypic responses. To serve as an ergotope, HSP60 would have to fulfi l two 
requirements. First, HSP60 must be up-regulated in activated T cells. Second, 
activated T cells must present HSP60-derived peptides to HSP60-specifi c regula-
tory T cells.

The activation of T cells by mitogenic Con A or by specifi c antigen up-regulates 
intracellular levels of HSP60 (Cohen et al 2004, Quintana & Cohen 2006). Thus, 
the fi rst condition is fulfi lled: T cell activation triggers HSP60 expression. Moreo-
ver, activated T cells can present HSP60. HSP60-specifi c T cells proliferated to 
activated T cells and secreted both IFNγ and TGFβ1 (Cohen et al 2004, Quintana 
& Cohen 2006). The activation of HSP60-specifi c T cells was MHC class II (RT1.
B) restricted, since it could be inhibited with the OX6 (Wick 2000) monoclonal 
antibody (Cohen et al 2004, Quintana & Cohen 2006). Thus, HSP60 could func-
tion as an ergotope in vitro; however, can functional HSP60-specifi c anti-ergotypic 
responses be induced in vivo?

DNA vaccination with pHSP60 was found to induce anti-ergotypic T cell 
responses, MHC class II (RT1.B) and MHC class I restricted. Vaccination with 
Hu3 induced only an MHC class II restricted (RT1.B) anti-ergotypic T cell response 
(Cohen et al 2004, Quintana & Cohen 2006). Thus, Hsp60-specifi c CD4+ and 
CD8+ anti-ergotypic T cells can be induced in vivo.

Lymph node cells (LNCs) of AA rats stimulated with the immunodominant 
180-88 T cell epitope of Hsp65 (mt180) secrete high levels of IFNγ (Cohen et al 
2004, Quintana & Cohen 2006). Since T cells specifi c for this epitope have been 
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shown to transfer AA (van Eden et al 1988), the reactivity of LNC of AA to mt180 
is thought to refl ect the behaviour of the arthritogenic T cells. LNCs of AA rats 
stimulated with mt180 in the presence of Hsp60-specifi c anti-ergotypic T cells (but 
not with a control anti-MBP line) secreted signifi cantly less IFNγ. Moreover, the 
transfer of Hsp60-specifi c anti-ergotypic T cells led to a signifi cant decrease in the 
severity of AA. Thus, anti-ergotypic responses can control the arthritogenic 
response in vitro and in vivo.

HSP talks to the immune system: innate functions of HSP

Several lines of research suggest that HSP can have a broad range of effects on 
the innate immune response (reviewed in Quintana & Cohen 2005). HSP60 and 
p277 can directly inhibit chemotaxis and activate anti-infl ammatory programmes 
in human T cells, via toll-like receptor (TLR)2 (Zanin-Zhorov et al 2003), and can 
also modify B cell behaviour (Cohen-Sfady et al 2005). However, due to space 
limitations, we will focus our discussion on the direct effects of HSP on 
CD4+CD25+ regulatory T cells (Treg).

HSPs are endogenous ligands for innate receptors. HSP60 and HSP70 activate 
TLR4 and TLR2 (Vabulas et al 2002). Caramalho and colleagues reported that 
Treg can be activated via TLR4 by bacterial lipopolysaccharide (Caramalho et al 
2003). Thus, it was conceivable that self-HSP might activate Treg through TLR. 
Indeed, we found that HSP60 acts as a costimulator of human Treg (Zanin-Zhorov 
et al 2006). Treatment of Treg with HSP60 or p277 signifi cantly enhanced their 
ability to inhibit the activation of CD4+CD25− or CD8+ effector T cells in terms 
of proliferation and IFNγ and TNFα secretion. The effects of HSP60 on Treg 
involved TLR2-dependent signalling pathways that led to the activation of PKC, 
PI3K and p38. HSP60-treated Treg suppressed effector T cells both by cell-to-cell 
contact and by secretion of TGFβ1 and IL10. Thus, HSP60 boosts the suppressive 
activity of Treg via TLR2 signalling.

Immune system and HSP dialogue as an infl ammation biomarker

Antibodies are of interest for the study of autoimmunity because they might play 
pathological roles, and also because IgG antibodies can refl ect the activity of the 
T cell compartment. Since it is easier to assay antibodies than antigen-specifi c T 
cells, efforts have been invested to develop new technologies to monitor antibody 
repertoires (Quintana et al 2004c, Robinson et al 2002).

Antigen microarrays are newly developed tools for the high-throughput char-
acterization of the immune response that have been shown to be useful for the 
study of autoimmunity (Quintana et al 2004c, 2006, Robinson et al 2002). Healthy 
humans and mice are born with low levels of self-reactive antibodies (Coutinho 
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et al 1995, Quintana & Cohen 2004). These natural autoantibody repertoires can 
be mined for information regarding the state of the immune response (Cohen 
2007). By studying different mouse strains, we found that natural autoantibodies 
are indicators of susceptibility to the future development of various autoimmune 
diseases (Quintana et al 2003b, 2004a, 2004c, Quintana & Cohen 2001, 2004). 
Moreover, patterns of natural antibodies can be used to identify individuals prone 
to develop autoimmune disorders later in life. Approximately 50% of the male 
NOD mice in our colony develop diabetes following administration of cyclophos-
phamide (Quintana et al 2004c). We have used antigen microarrays to identify the 
individual NOD mice that will develop diabetes by studying serum samples taken 
before treatment with cyclophosphamide (Quintana et al 2004c). Based on the role 
played by Hsp60 in the immunoregulation of NOD diabetes (Cohen 1997, Cohen 
et al 2003), we included along with other diabetes-associated antigens, recom-
binant heat shock proteins, and peptide libraries covering the whole sequence of 
the 60 kDa and the 70 kDa heat shock proteins (HSP60 and HSP70, respectively). 
By analysing the antibody repertoire of each mouse, we could identify healthy mice 
that later developed autoimmune diabetes, (Quintana et al 2004c). Interestingly, 
the presence of antibodies to HSP60 and HSP70 were central in the identifi cation 
of the individuals that would later become diabetic.

We have recently used antigen arrays to study the immune response in multiple 
sclerosis (MS). MS is a chronic infl ammatory disease of the CNS of presumed 
autoimmune aetiology (Sospedra & Martin 2005, Weiner 2004). Approximately 
85–90% of patients begin with a relapsing-remitting (RRMS) course; in the 
remaining patients, MS presents a primary progressive course (PPMS). There is 
compelling evidence that immune processes play a major role in MS pathogenesis 
and progression (Sospedra & Martin 2005, Weiner 2004), and that infl ammation 
outweighs neurodegeneration in the RRMS, but not in the progressive forms of 
the disease (Hauser & Oksenberg 2006). However, to date there has been no reli-
able method to characterize the complex immune processes that are unique to MS. 
Reactivity to HSP, however, has been described in MS (Aquino et al 1997, Gao et 
al 1995 Ousman et al 2007 Selmaj et al 1992) and experimental autoimmune 
encephalomyelitis (EAE) (Mor & Cohen 1992). We used antigen arrays to analyse 
the antibody response in MS, and we found specifi c immune responses directed 
against CNS proteins and lipids (Quintana et al, submitted); strikingly HSP-spe-
cifi c antibodies characterized RRMS but not PPMS (Quintana et al, submitted). 
Thus, antibodies to HSPs might be useful biomarkers to monitor infl ammation 
in MS.

Conclusions

All in all, the results discussed here point to an ongoing dialogue between the 
immune system and HSPs, which results in the regulation of the immune response. 
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Our characterization of this dialogue provides us with a tool to monitor the 
immune state of a subject. Moreover, strategies aimed at exploiting this ongoing 
dialogue have the potential to constitute new strategies for the management of 
autoimmune disease; our successful initial results on the treatment of autoimmune 
diabetes supports this view.
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DISCUSSION

Gaston: I am interested in whether endogenous Hsp60, which you showed to be 
up-regulated, is actually presented by these T cells. In your experiments you dem-
onstrated the ability of the class II-expressing T cell to present exogenous HSP.

Quintana: There wasn’t any exogenous HSP. They were just activated T cells
that were up-regulating their endogenous levels of Hsp60, used as APCs (antigen 
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presenting cells). I raised the clones by immunization with the same antigen, but 
then I used the clones as probes to see whether the endogenous Hsp60 was being 
presented in the membrane.

Gaston: How does that endogenous Hsp60 get into the class II pathway? Does 
it have to be excreted fi rst?

Quintana: Which one is the HSP that is being presented? Is it the one that we 
saw (up-regulated by western blot) that might be in the membrane? I have no idea. 
What I do know is that if you treat those T cells with different cytokines, these 
are known to affect antigen processing, and this leads to the presentation of dif-
ferent epitopes of Hsp60. We still have no clue about the molecular mechanism 
for this.

Macario: Is the proteasome a mediator of this antigen processing and presenta-
tion for Hsp60? We know that Hsp70 can interact with the proteasomal system 
(Macario & Conway de Macario 2007), but the situation with Hsp60 seems to be 
less clear, particularly in what pertains to the immunoproteasome.

Quintana: Yes, there are indications that cytokines can change the composition 
of some of the members of the proteasome. This is linked to the presentation of 
different self peptides from Hsp60.

Coates: I’d like to return to the blood. You are measuring antibodies in blood, 
and other people have been measuring heat shock proteins in blood, but what do 
we know about the effects of injection of high levels of HSPs into the blood, with 
measurable amounts of HSPs and antibodies? You’d have to inject a lot of HSP to 
get high levels.

Quintana: I don’t recall any reports of this in the literature. We tried to generate 
a TLR4 knockout on the NOD background. HSPs are very important for diabetes, 
and one of the easiest ways to screen for the knockouts was to give them lipopoly-
saccharide (LPS) and get the survivors. Initially, we wanted to see whether injec-
tion of high levels of HSP would lead to some kind of endotoxin shock. We didn’t 
get to high levels. We didn’t really see anything, but we were looking for gross 
effects.

Miller-Graziano: The presentation highlights the classical way of getting anergic 
T cells. This alteration in humans induces adaptive Treg. These adaptive Treg 
are a little bit different from the CD4+CD25+ ‘natural’ Treg seen in a mouse 
or rat system. The classical way to block these T cells’ suppressive activity is to 
block their co-inhibitory molecules. This is what makes the TT antigen presen-
tation possible: they up-regulate CD86, which binds preferentially to CTLA4 
on the secondary T cells. I am interested in the idea that HSPs can up-regulate 
and down-regulate receptors. Did you see any up-regulation of CD86 or CTLA4 
as a result of your HSP system? If you did assess receptor expression, did you 
assess blocking it?
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Quintana: Simplistically speaking, it is possible to take this anti-idiotypic anti-
Hsp60 T cell and activate it either with a T cell or an APC. We did this. When we 
activate with DCs it leads to an expansion of the regulatory population, but if we 
activate it with a regulatory cell, on the one hand it will shut off the cell that is to 
be regulated but on the other hand it becomes anergic. In effect, it is regulating 
the regulators. It is shutting off what it has to shut off, then it is shutting itself off. 
Regarding the CD80/CD86, when T cells are activated they up-regulate their 
surface levels of co-stimulatory molecules. We blocked with these antibodies and 
then the whole system doesn’t work. Just to complicate things a bit more, human 
Tregs (CD4+CD25+) are characterized by high expression of MHC class II. At a 
certain point the two systems are interconnected and cross-regulate each other.

Asea: In your system the anti-Hsp60 Treg express TLR2. Did you try to generate 
any anti-Hsp70 Treg? If so, would you predict that they would express TLR4 on 
their surface?

Quintana: This is an extension of some work we did with DNA vaccination. We 
got nice responses in terms of regulation of the disease by vaccination with Hsp70. 
We have some data showing that we also induced some anti-idiotypic regulators. 
I never got a good anti-Hsp70 cell line. Theoretically I would expect it to work.

Pockley: A lot of the early work relating to the measurement of circulating anti-
bodies derived from their relationship to both autoimmune disease and particu-
larly cardiovascular disease/atherosclerosis. Georg Wick’s group in Innsbruck 
drove these studies. Qingbo Xu, who is now in London showed in a mouse model 
that if anti-HSP antibodies are administered to an ApoE knockout mouse (an 
animal model of cardiovascular disease) this markedly accelerates the development 
of disease (Foteinos et al 2005). This adds to some of the previous data which 
suggest in vitro at least that if these antibodies are added to cultured endothelial 
cells they induce cytotoxicity of these endothelial cells. The inference from this is 
that while it has been known for some time that stress protein expression within 
vascular bifurcations is up-regulated, the fact that antibodies can induce cytotoxic-
ity suggests that there is some membrane or surface expression of these proteins 
to allow the antibodies to elicit their effect. It is also worth trying to differentiate 
between the baseline antibodies and their affi nity levels, and then elevated levels 
of antibodies, to see whether the latter have different affi nities to the naturally 
occurring ones. It is also interesting to look at the isotype profi le of the antibodies: 
are they IgG1? This would provide insight into the nature of the immune response 
that is driving the generation of these antibodies.

Quintana: Obviously, the antibodies we are measuring are low affi nity. They are 
not diluted, so even if they are of low affi nity they might be relevant. The NOD 
mice are rich in natural antibodies to Hsp60. I did a fusion of spleens from naïve 
NOD mice to generate monoclonals. We raised many HSP-specifi c monoclonals 



114 QUINTANA & COHEN

which are IgMs. One of the controls we use, to show that we can inhibit the 
activation of HSPs with TLR2, is one of those monoclonals. We don’t know how 
many of those antibodies in this Hsp60-specifi c repertoire are inhibitory, but we 
know that at least one of them is. In diabetes there is some good literature showing 
that antibodies of Th1-associated isotypes are linked with the progression of 
diabetes.

Pockley: I think it is important to differentiate between types of antibodies, 
which is what you are doing. There is some work from Zoltan Prohászka which 
has demonstrated that antibodies against human HSP60 and mycobacterial Hsp65 
differ in their complement-activating ability (Prohászka et al 1999).

Quintana: There was some work by him on HSP-specifi c antibodies (Veres et al 
2002). They have shown that there are complement-fi xing isotypes associated with 
disease expression.

Pockley: We did some work in some subjects with established hypertension. We 
found much higher levels of anti-HSP antibody in those individuals. When we 
refer these back and look at the immunoglobulin levels in individuals with estab-
lished hypertension, these are elevated as well. If we correct everything for the 
non-specifi c effect of the disease process on immunoglobulin levels, then the levels 
of the anti-stress protein antibodies were no different to the controls. We also need 
a baseline against which we can compare antibody levels.

Quintana: In the case of the NOD work we’ve done, it is interesting that we had 
the whole library of peptides for Hsp70, and none of these were picked up.
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