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Abstract Heat shock proteins (Hsp) are highly conserved
immunomodulatory molecules upregulated when cells are
exposed to stressful stimuli, such as inflammation. Their
involvement in various autoimmune diseases, including auto-
immune bullous diseases and celiac disease, has been increas-
ingly recognized. To further study the role of Hsp in autoim-
mune bullous diseases, we have investigated for the first time
the humoral autoimmune response to Hsp40, Hsp60, Hsp70,
and Hsp90 in patients with dermatitis herpetiformis (DH; n=
26), bullous pemphigoid (BP; n=23), and pemphigus vulgaris
(PV; n=16), the first representing a cutaneous manifestation of
celiac disease. While in patients with active BP and PV, serum
levels of autoantibodies against these Hsp did not differ from
the corresponding age- and gender-matched healthy controls
(n=9–14); circulating autoantibodies against Hsp60, Hsp70,
and Hsp90 were found to be increased at the active disease
stage of DH. Further analysis of this latter patient subgroup
showed that these anti-Hsp autoantibodies decreased in paral-
lel with serum autoantibodies against epidermal and tissue
transglutaminase during remission of skin lesions following
a gluten-free diet, revealing significantly positive correlations.
Although further studies on larger groups of patients will be
needed to confirm the present data, our results support the
notion that autoantibodies against Hsp60, Hsp70, and Hsp90
deserve attention in the study of the mechanisms that promote
the development and maintenance of DH and possibly also the

underlying celiac disease as well as potential novel disease
biomarkers.

Keywords Autoantibody . Autoimmune bullous disease .

Heat shock protein

Introduction

Heat shock proteins (Hsp) are cell stress- (e.g., inflammation)
inducible molecules that are highly conserved among prokary-
otes and eukaryotes. Hsp, for which an updated nomenclature
has recently been proposed (Kampinga et al. 2009), are cate-
gorized into several families that are named on the basis of
their molecular weight. As mainly intracellular proteins, they
are essential for protein folding, transport within the cell, and
structural maturation and conformational regulation of a num-
ber of signaling molecules as well as transcription factors,
including those that are involved in synthesis of proinflam-
matory mediators (Li and Srivastava 2004). In addition, Hsp
can act as potent activators of the immune system outside of
cells, where they can also induce various proinflammatory
cytokines, interact with (auto-) antigenic polypeptides and
assist in (auto-) antigen presentation (Pockley et al. 2008).
Therefore, Hsp, especially Hsp60 and Hsp90, have been im-
plicated in the induction and propagation of inflammation and
autoimmunity in several diseases, including atherosclerosis
(Grundtman et al. 2011), rheumatic diseases (Huang et al.
2010; Shukla and Pitha 2012), and inflammatory bowel dis-
eases (Rodolico et al. 2010; Tomasello et al. 2011b). On the
other hand, some Hsp, especially Hsp40 and Hsp70, but also
Hsp60 and endoplasmic reticulum-derived Hsp90, have the
potential to induce a protective anti-inflammatory immune
response (Pockley et al. 2008; Tukaj et al. 2010; Stocki and
Dickinson 2012). The basis for the dichotomous properties of
Hsp remains largely unknown, but is probably related to the
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context in which they are encountered by the complex cellular
immune response network (Pockley et al. 2008). Regardless
of whether Hsp exhibit a promotive or rather regulatory im-
mune function, autoantibodies against these chaperones, in-
cluding Hsp40, Hsp60, Hsp70, and Hsp90, have been found
to be elevated in sera of patients with various inflammatory
and autoimmune diseases compared to healthy controls
(Stevens et al. 1992; Huang et al. 2010; Tukaj et al. 2010;
Yokota and Fujii 2010; Grundtman et al. 2011; Shukla and
Pitha 2012), implicating that they may play some pathophys-
iological role.

Recent results from our laboratory suggest that Hsp90
plays a pathogenetic role also in some autoimmune bullous
diseases, which are generally characterized by cutaneous and/
or mucosal blistering and autoantibodies against either des-
mosomal (pemphigus) or hemidesmosomal (pemphigoid and
epidermolysis bullosa acquisita) components of the skin or
against epidermal/tissue transglutaminase (eTG/tTG) (derma-
titis herpetiformis (DH)) (Schmidt and Zillikens 2011). We
recently showed that Hsp90 is overexpressed in both the skin
of patients with bullous pemphigoid (BP) and BP serum-
treated human keratinocyte (HaCaT) cells and that this stress
protein is an effective treatment target in an experimental
mouse model of epidermolysis bullosa acquisita
(Kasperkiewicz et al. 2011; Tukaj et al. 2013). However,
autoantibodies against this and other chaperones in serum of
patients with autoimmune bullous diseases have so far not
been explored. As Hsp have been implicated in intestinal
pathology of celiac disease (CD) patients (Partanen et al.
1993; Iltanen et al. 1999; Ramos-Arroyo et al. 2001; Zanoni
et al. 2006; Sziksz et al. 2010), the investigation of an anti-Hsp
response in DH, which is induced by an underlying latent
gluten-sensitive enteropathy in most of the patients (Kárpáti
2012), is of particular interest.

Therefore, the goal of our study was to screen circulating
autoantibodies to Hsp40, Hsp60, Hsp70, and Hsp90 in a
cohort of patients with DH, BP, and pemphigus vulgaris
(PV), as well as in age- and gender-matched healthy controls.

Materials and methods

Patients

Sera from 26 patients with active DH (mean age 34.5±
15.8 years, 11 females, 15 males) and elevated circulating
anti-eTG autoantibodies (mean 81.8±87.2 U/ml, range 12.7
to 428.5 U/ml) and anti-tTG autoantibodies (mean 108.8±
103.5 U/ml, range 5.8 to 904.5 U/ml), 23 patients with active
BP (mean age 79.4±9.2 years, 14 females, 9 males) and
elevated circulating anti-BP180 NC16A autoantibodies (mean
3,375.3±4,226 U/ml, range 28 to 10,000 U/ml), 16 patients
with active PV (mean age 55.8±11.5 years, 8 females, 8

males) and elevated circulating anti-desmoglein 3 (Dsg3)
autoantibodies (mean 565.4±839.8 U/ml, range 44 to
2,297 U/ml) and anti-desmoglein 1 (Dsg1) autoantibodies
(mean 1,090.2±1,179.3 U/ml, range 188 to 3,224 U/ml),
and the respective age- and gender-matched healthy control
volunteers (n=14, mean age 33.9±9 years, 7 females, 7 males;
n=14, mean age 80.4±7.8 years, 10 females, 4 males; n=9,
mean age 56.1±10.4 years, 5 females, 4 males) were included
into this study. In addition, another set of sera was analyzed
from 11 of the 26DH patients, fromwhom follow-up data was
available, after a mean follow-up period of 7.8±4.0 years,
during which they received gluten-free diet leading to a de-
cline in circulating anti-eTG and anti-tTG autoantibodies and
complete remission of skin lesions. Three DH patients had a
concomitant autoimmune disease (two with anti-thyroid per-
oxidase autoantibody-positive thyroid disease and one with
type 1 diabetes mellitus). The investigations were conducted
under approval from the ethics committees of the University
of Lübeck, the Semmelweis University, and the University of
Gdańsk, Poland and with written informed consent.

Autoantibody levels

Circulating IgG autoantibodies to BP180 NC16A, Dsg3, and
Dsg1 as well as circulating IgA autoantibodies to eTG/tTG
were detected by enzyme-linked immunosorbent assay
(ELISA, Euroimmun) according to the manufacturer’s in-
structions. Serum IgG and, in case of DH sera, also IgA
autoantibodies directed against human Hsp40 (HDJ2,
Abcam), human Hsp60 (Stressgen), human Hsp70
(Stressgen), and human Hsp90 (Stressgen) were evaluated
by homemade ELISAs as described previously with minor
modification (Tukaj et al. 2010). Briefly, 96-well
immunoplates (MaxiSorp) were coated with 50 μl Hsp at a
concentration of 0.5 μg ml−1 in bicarbonate buffer (0.1 M) at
4 °C for 18 h. Wells were blocked with 100 μl 1 % bovine
serum albumin (BSA) in phosphate-buffered saline (PBS) at
room temperature for 2 h. After being washed three times with
300 μl PBS+0.05 % Tween 20, 100 μl sera diluted 1:100 in
PBS+0.1 % BSAwere incubated at room temperature for 2 h.
After washing, plates were incubated with horseradish
peroxidase(HRP)-conjugated anti-human IgG (Sigma) or
anti-human IgA (Dako) specific secondary antibodies each
diluted 1:5.000 in PBS containing 0.1 % BSA at room tem-
perature for 1 h. TMB substrates were used to visualize HRP
enzymatic reaction. The reaction was stopped by the addition
of 0.5 M H2SO4. The optical density was measured at 450 nm
using an ELISA plate reader.

Statistical analysis

Data was analyzed using Mann–Whitney U test for unpaired
samples, Wilcoxon signed-rank test for related samples, and
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Spearman’s rank or Pearson’s correlation test. P values less
than 0.05 were considered significant.

Results

Serum levels of anti-Hsp60, anti-Hsp70, and anti-Hsp90
autoantibodies are increased in patients with active DH

In comparison with sera from age- and gender-matched
healthy individuals, sera from patients with active DH
contained significantly higher levels of circulating IgG auto-
antibodies (but not IgA autoantibodies; data not shown)
against Hsp60, Hsp70, and Hsp90 (Fig. 1a), whereas levels
of circulating IgG autoantibodies directed against Hsp40,
Hsp60, Hsp70, and Hsp90 were similar in patients with active
BP (Fig. 1b) and PV (Fig. 1c) as measured by ELISA.

Circulating anti-Hsp60, anti-Hsp70, and anti-Hsp90
autoantibodies are decreased after therapy and positively
correlated with the disease status and serum anti-eTG/tTG
autoantibodies in DH patients

Considering the above mentioned results, further analysis
focused on the DH patient group and revealed that serum
levels of anti-Hsp60, anti-Hsp70, and anti-Hsp90 IgG auto-
antibodies (but not IgA autoantibodies; data not shown) de-
creased significantly in parallel with healing of skin lesions
after a mean follow-up period of 7.8 years, during which the
patients received a gluten-free diet (Fig. 2a). In addition, a
concomitant significant fall in circulating anti-eTG/tTG IgA
autoantibodies was observed in these DH patients (Fig. 2b). A
statistically significant positive relationship was found be-
tween the serum levels of anti-Hsp60, anti-Hsp70, and anti-
Hsp90 IgG autoantibodies and the status of skin disease in the
patients (r=642, P=0.004; r=746, P<0.001; r=739,

Fig. 1 Levels of anti-Hsp40,
anti-Hsp60, anti-Hsp70, and anti-
Hsp90 IgG autoantibodies in sera
of patients with active a dermatitis
herpetiformis (DH) (n=26), b
bullous pemphigoid (BP) (n=23),
and c pemphigus vulgaris (PV)
(n=16) as well as of age- and
gender-matched healthy controls
(a–c) (n=14, n=14, and n=9,
respectively), measured by
enzyme-linked immunosorbent
assay
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P<0.001, respectively) as well as their levels of circulating
anti-eTG/tTG IgA autoantibodies (Fig. 2c).

Discussion

In this study, we investigated for the first time the humoral
autoimmune response directed to Hsp in sera of patients with
autoimmune bullous diseases using recombinant human
Hsp40, Hsp60, Hsp70, and Hsp90.

It has previously been reported by several independent
groups that patients with inflammatory and autoimmune
diseases, such as atherosclerosis, rheumatoid arthritis, sys-
temic lupus erythematosus, Crohn’s disease, and ulcerative
colitis, exhibit a pronounced humoral autoimmune reactivity
against these immunomodulatory chaperones when com-
pared with healthy controls (Stevens et al. 1992; Huang
et al. 2010; Tukaj et al. 2010; Yokota and Fujii 2010;
Grundtman et al. 2011; Shukla and Pitha 2012). Similarly,
significantly higher levels of circulating autoantibodies

Fig. 2 Box plots of a serum levels of anti-Hsp40, anti-Hsp60, anti-
Hsp70, and anti-Hsp90 IgG autoantibodies and b anti-eTG and anti-
tTG IgA autoantibodies at time of cutaneous symptoms and during
remission of skin lesions in dermatitis herpetiformis patients (n=11) after
a mean period of 7.8 years of therapy with gluten-free diet, measured by
enzyme-linked immunosorbent assay. Box plots show the median (center

horizontal line), interquartile range (the 25th to the 75th percentile (box)),
and the 5th and 95th percentiles (whiskers). c Analysis of a relationship
between levels of circulating anti-Hsp40, anti-Hsp60, anti-Hsp70, and
anti-Hsp90 IgG autoantibodies and serum levels of anti-eTG and anti-tTG
IgA autoantibodies during follow-up of these dermatitis herpetiformis
patients
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against Hsp60, Hsp70, and Hsp90 but not Hsp40 were found
in our patients with active DH compared with healthy sub-
jects. A more detailed analysis of this patient group further
revealed that these autoantibodies decreased significantly
(except anti-Hsp40 autoantibodies) by the time the patients,
who were treated by a gluten-free diet, showed a complete
remission of skin symptoms. In addition to the observed
significant positive correlation between autoantibodies
against Hsp60, Hsp70, and Hsp90 and the cutaneous disease
activity of DH patients, a significant positive relationship
was found between the humoral autoimmune response to-
wards these Hsp and levels of circulating autoantibodies
against eTG and tTG, which also decreased significantly
during follow-up of our patients. Autoantibodies against
eTG are believed to play a central role in the pathogenesis
and maintenance of the cutaneous disease in patients with
DH (Sárdy et al. 2002; Rose et al., 2009), while autoanti-
bodies to tTG are known to reflect the extent of histopatho-
logic changes of the small bowel and to decrease under a
gluten-free diet (Caproni et al. 2001; Tursi et al. 2003).

In contrast, our study showed no elevation of serum levels
of autoantibodies against all investigated Hsp in patients with
either active BP or PV compared with healthy individuals. In
this context, it is worth noting that in both of these patient
cohorts, the expression of Hsp90 has been recently investigat-
ed by our research group. In this previous study, a high
intracellular expression of Hsp90 was found in keratinocytes
and peripheral blood mononuclear cells from patients with
active BP. However, only a low or similar expression of
secreted (circulating) Hsp90 was observed in these and PV

patients compared with healthy controls, respectively (Tukaj
et al. 2013). At least for autoantibodies with specificity for
Hsp90, this latter finding might therefore at least in part
explain the lack of an increased humoral autoimmune re-
sponse to this extracellular chaperone in these subgroups of
autoimmune bullous disease patients, although the limited
sample size does not yet allow definitive conclusions.

Another reason for why the immune response towards
these Hsp differs between patients with DH and the other
investigated autoimmune bullous diseases with respect to
healthy controls may be that DH is regularly associated with
latent CD (Kárpáti 2012), which itself may lead to potent Hsp
induction due to inflammatory processes in the gut. In fact,
similar to mucosal expression of a wide range of proinflam-
matory Hsp which correlated with disease activity in patients
with inflammatory bowel disease (Tomasello et al. 2011a;
Tomasello et al. 2011b), increased levels of immune response
promoting jejunal Hsp65 and duodenal Hsp72 as well as
polymorphisms in the Hsp70 gene have been previously re-
ported in CD patients (Partanen et al. 1993; Iltanen et al. 1999;
Ramos-Arroyo et al. 2001; Zanoni et al. 2006; Sziksz et al.
2010). Increased anti-Hsp serum autoantibody levels in our
cohort of DH patients could likely occur as the result of Hsp
release from injured gut epithelium as it has been previously
described in Crohn’s disease and ulcerative colitis (Stevens
et al. 1992). Yet it is unclear, however, whether this exagger-
ated autoimmune response towards Hsp is primarily related to
skin inflammation or underlying CD in DH patients. Further
studies are needed to clarify the origin of the observed auto-
immunity towards Hsp.

Fig. 3 Putative pathophysiologic role of IgG autoantibodies to Hsp 60,
70, and 90 in patients with dermatitis herpetiformis. Anti-Hsp autoanti-
bodies partly cross-reactive with tTG and/or eTG may originate from
inflamed intestinal tissue in the context of underlying celiac disease, the
pathologic skin condition itself or both. Resulting immune complexes
formed in the skin and/or gut may amplify and perpetuate inflammatory

processes (e.g., by augmented proinflammatory cytokine production and
costimulatory MHC-II expression via enhanced Hsp (receptor) cross-
linking-mediated intracellular signaling events and/or bymimicking path-
ogenic activity of anti-tTG/eTG autoantibodies in terms of cross-reactiv-
ity) known to occur in dermatitis herpetiformis patients
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Another question that remains open is whether these anti-
Hsp autoantibodies play a true pathophysiological role or
just represent an epiphenomenon in DH or associated CD.
However, several pieces of evidence suggest that, by cross-
linking of Hsp and probably their receptors, these autoanti-
bodies may enhance intracellular Hsp signaling leading to an
intensified proinflammatory cytokine production and facili-
tated autoantigen presentation (Yokota et al. 2006; Yokota
and Fujii 2010). Moreover, it was reported that in patients
with active CD, a subset of autoantibodies against tTG also
recognizes self-Hsp60. These Hsp60 cross-reactive autoanti-
bodies, which disappeared following gluten-free diet, proved
to be pathogenetically relevant for their ability to alter the
intestinal barrier integrity and to activate monocytes, thus
amplifying the damage of the intestinal mucosa with in-
creased intestinal permeability (Zanoni et al. 2006). In addi-
tion, it should be noted that several other autoimmune dis-
eases exist in which high structural similarity between hu-
man Hsp, especially Hsp60, and other human molecules
(e.g., thyroglobulin/thyroid peroxidase and glutamic acid
decarboxylase in Hashimoto’s thyroiditis and type 1 diabetes
mellitus, respectively) has been described (Cappello et al.
2014). As some of our DH patients had a concurrent auto-
immune thyroid disease or diabetes mellitus and association
of DH and CD with these and other autoimmune disorders is
a well-documented finding (Kárpáti 2012), it may be specu-
lated that this type of cross-reactivity was also involved in
generating autoimmunity to those concomitant diseases. In
contrast, however, the observed decline in anti-Hsp autoim-
mune response after a strict gluten-free diet, representing the
mainstay of treatment in DH and CD (Kárpáti 2012), favors
a rather skin- or gut-specific role of these Hsp antibodies in
DH patients. It is also worth mentioning in this context that
tTG ELISA positivity has been reported in patients with
autoimmune diseases independent of gluten-sensitive dis-
ease, which was explained by possible impurities in recom-
binant human tTG used such as copurification of chaperones
(Sárdy et al. 2007). Although the true contribution of Hsp
autoantibodies to the pathophysiology of DH is currently
unknown, their possible involvement in this disease is pro-
posed in Fig. 3.

In summary, while the humoral response towards self-Hsp
was comparable between healthy subjects and patients with
active BP or PV, levels of circulating autoantibodies against
Hsp60, Hsp70, and Hsp90 were elevated and positively cor-
related with both cutaneous disease activity and serum anti-
eTG/tTG autoantibody levels in patients with DH. Although
further studies on larger groups of patients will be needed to
confirm the present data, our results support the notion that
these anti-Hsp autoantibodies deserve attention in the study of
the mechanisms that promote the development and mainte-
nance of DH and possibly also the underlying CD as well as
potential novel disease biomarkers.
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