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Introduction

Chronic spontaneous urticaria (CSU) is associated 
with activation of (auto-)immune response and the 
inflammatory processes. The multifactorial eti-
opathogenesis of CSU is not completely under-
stood; however, the environmental challenges, 
such as distress and infection, are among the sus-
pected causative factors.1–5

Heat shock proteins (Hsp) are highly conserved 
cytoprotective and immunomodulatory molecules, 
which can be released from viable cells in response 
to several stressors, including mental and physio-
logical stress, infection, inflammation, or other 
environmental challenges.6–8
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Hsp play a complex role in inflammation and 
function of the immune system. They can pro-
mote cytokines production and expression of 
adhesion molecules, and activate both humoral 
and cellular immune response, as well the com-
plement system.6,9,10 Overexpression of Hsp 
may be involved in pathogenesis of various 
disorders.7,11

The 70-kDa Hsp (Hsp70) is one of the best 
studied members of the Hsp family. Hsp70 is 
up-regulated in inflamed tissue presenting itself 
as a very sensitive indicator of cellular stress. It 
has been suggested that autoimmunity to Hsp70 
may be present in many immune-mediated 
diseases.7,11,12

This has been the first study to look for the Hsp 
status in CSU. We investigated circulating Hsp70 
and anti-Hsp70 antibody concentrations in 
patients with CSU and their association with 
C-reactive protein (CRP) concentration, a non-
specific inflammatory marker of the disease activ-
ity/severity.

Materials and methods

Active 58 CSU patients (18 men and 40 women; 
median age: 38 years, range: 24–52; median dis-
ease duration of 3 years) and 22 sex-, age- and body 
mass index (BMI)- (<30) matched healthy subjects 
were enrolled in the study.

Each patient underwent the tests described pre-
viously.2 The study comprised 32 patients with 
mild and 26 patients with moderate–severe activity 
of the disease, according to Urticaria Activity 
Score (UAS),13 as follows: mild (0–8), moderate 
(9–16), and severe (17–24), which was estimated 
during 4 days and on the blood sampling day. 
H1-antihistamines were withdrawn at least 4 days 
before blood collection.

The Ethics Committee of the Medical University 
of Silesia (KNW-1-041/K/6/K) approved the study. 
All the subjects gave informed, signed consent to 
participate in the study.

Blood collection

Blood samples were taken on fasting, using tubes 
with anticoagulant (EDTA) for plasma samples 
and without it for serum samples. Plasma and 
serum obtained by centrifugation were stored at 
−85°C until the analysis.

Assay of Hsp70 in plasma and anti-
Hsp70 antibodies in serum

Concentrations of Hsp70 and anti-Hsp70 antibod-
ies were measured by ELISA method, using com-
mercially available kits (Hsp70 high-sensitivity 
ELISA kit and anti-Hsp70 IgG/A/M ELISA kit by 
Enzo Life Sciences, Inc., NY, USA). The variance 
coefficients for intra-assay and inter-assay were 
below 8% and 10%, respectively.

Serum CRP assay

CRP concentrations were measured by Roche/
Hitachi cobas c system. Normal lab ranges: lower 
than 5.0 mg/L.

Statistical analysis

Normal distribution of data was determined using 
Shapiro–Wilk’s test. Independent data were com-
pared with the use of non-parametric U Mann–
Whitney test. The Spearman’s rank test was used 
for correlations. The P < 0.05 was considered sta-
tistically significant.

Results

Plasma Hsp70 concentration

We observed significantly higher Hsp70 concentra-
tion in CSU as compared with the controls (median: 
0.38 vs 0.29 ng/mL; P = 0.017) (Figure 1).

Hsp70 concentration was significantly higher in 
mild CSU as compared with the controls (median: 
0.37 vs 0.29 ng/mL, P = 0.025).

No significant differences in Hsp70 concentra-
tion between moderate–severe CSU and mild CSU 
(median: 0.39 vs 0.37 ng/mL, P = 0.77) were 
observed; although moderate–severe CSU tended 
toward higher plasma Hsp70 concentration as com-
pared with the controls (median: 0.39 vs 0.29 ng/
mL, P = 0.054, near borderline significance).

We did not observe any significant differences 
in Hsp70 concentrations between ASST(+) and 
ASST(–) CSU patients (selected according to the 
similar UAS).

Serum anti-Hsp70 antibodies concentration

Anti-Hsp70 antibodies concentration was signifi-
cantly higher in CSU (as a whole) in comparison to 
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the controls (median: 148.5 vs 53.36 ug/mL; P = 
0.0008) (Figure 2).

Anti-Hsp70 antibodies concentration was signifi-
cantly higher in moderate–severe CSU as compared 
with the controls, but not with mild the disease 
activity (median: 188.67 vs 53.36 vs 126.72 ;ug/mL, 
P = 0.0006 and P = 0.069, respectively). Although, 
anti-Hsp70 antibodies concentration in mild CSU 
activity was significantly higher than in the controls 
(126.72 vs 53.36 ug/mL, P = 0.011).

Serum CRP concentration

We observed significantly higher CRP concentra-
tion in CSU patients (all groups) as compared  
with the controls (median: 3.7 vs 0.35 mg/L; P < 
0.0001). In addition, there were significant differ-
ences in CRP concentration between CSU with 
mild, moderate–severe activity and the controls 
(median: 1.35 vs 9.8 vs 0.35 mg/L, respectively;  
P < 0.001).

Correlation between values of CRP, Hsp70, 
anti-Hsp70 antibodies and UAS in CSU

Serum CRP concentration correlated weakly with 
anti-Hsp70 antibodies concentration (R = 0.3; P = 
0.03) and strongly with UAS value (R = 0.9; P = 
0.000000). There were no significant correlations 
between concentrations of CRP and Hsp70 as well 
as Hsp70 and anti-Hsp70 antibodies. Also, the 
UAS value correlated weakly with anti-Hsp70 
antibodies concentration (R = 0.3; P = 0.03), but 
not with Hsp70 concentration.

Discussion

In this study, we found significantly higher Hsp70 
concentration in plasma of CSU (all group) and 
mild CSU patients as compared with the controls. 
There were no significant differences in plasma 
Hsp70 concentration between moderate–severe 
and mild disease activity; although moderate–
severe CSU patients tended to show higher 
plasma Hsp70 concentration as compared with 
the controls (P = 0.054). These data suggest that 
CSU may be associated with enhanced Hsp70 
expression.

Nevertheless, the mechanism and clinical sig-
nificance of the increased circulating Hsp70 con-
centration in CSU remain unknown.

Theoretically, elevation of Hsp70 concentra-
tions in CSU patients may be explained by 
mechanisms associated with the cell damage or 
active release in response to different stresses 
including inflammation, infection, or psycho-
logical stress.7,8,14

It has been reported that exosomes may contrib-
ute to the release of Hsps.15,16 The processes were 
facilitated by freeze thawing of samples.15 
Exosomes contribute to the release of HSP70 from 
different cell types including human peripheral 
blood mononuclear cells (PBMCs).16

Figure 1.  Plasma Hsp70 concentration in chronic 
spontaneous urticaria (CSU) patients with different disease 
activity and in the healthy subjects. CSU versus controls,  
P < 0.05; moderate–severe CSU patients versus mild CSU 
versus controls, P > 0.05 and P < 0.05, respectively; mild CSU 
versus controls, P < 0.05.

Figure 2.  Serum anti-Hsp70 concentration in chronic 
spontaneous urticaria (CSU) patients with different disease 
activity and in the healthy subjects. CSU versus controls,  
P < 0.001; moderate–severe CSU patients versus mild CSU 
versus controls, P > 0.05 and P < 0.001, respectively; mild CSU 
versus controls, P < 0.05.
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Interestingly, urticarial lesions are often infil-
trated by CD4(+) lymphocytes consisting of a mix-
ture of T(H)1 and T(H)2 subtypes and monocytes 
plus other cells including eosinophils.17

It has been speculated that cellular overexpres-
sion of Hsp70 is a protective mechanism, activated 
to increase stress tolerance and to participate in the 
repair processes.18 It addition, Hsp can induce anti-
inflammatory immunoregulatory T-cell responses.12

Recent studies have demonstrated a dual role for 
Hsp70 as both, a chaperone and cytokine, induce 
potent pro-inflammatory response in human mono-
cytes.19 Hsp70 may act like a cytokine to activate 
NF-κB, which stimulate IL-6, IL-1, and TNF-α 
production through a CD14-dependent pathway.19 
However, it is known that CSU is associated with 
up-regulation of IL-6 signaling system and of other 
cytokines.20 Thus, it is tempting to speculate that 
Hsp70 activation may be part of a systemic inflam-
matory response in CSU.

It remains unclear whether up-regulation of 
Hsp70 in CSU is anti-inflammatory, pro-inflam-
matory, or merely an epiphenomenon.

In our study, serum anti-Hsp70 concentration was 
significantly higher in CSU patients as compared 
with the controls. This seems especially interesting 
because not all immune-inflammatory processes 
associated with Hsp70 overexpression are accompa-
nied by elevated anti-Hsp70 antibodies concentra-
tions. It has been proposed that autoantibodies 
against Hsp may be involved in pathogenesis and/or 
prognosis of some diseases. Hsp are highly con-
served proteins, and there is close homology 
between Hsp in pathogens and in mammalian cells. 
Exposure to Hsp from microbial pathogens, includ-
ing normal gut microflora, is very common.7,8,11,12

They may trigger humoral and cellular autoim-
mune response as well as provide link between 
autoimmunity and infections.8,21 In addition, it has 
been suggested that local accumulation of self Hsp 
in response to microbial pathogens may subse-
quently provide a stimulus for autoimmunity acti-
vation.21 Although autoimmunity to Hsp70 was 
implicated in certain autoimmune diseases and 
other conditions, the exact role of anti-Hsp70 anti-
bodies is not known. Interestingly, the relationship 
between infections and the origin or maintenance/
amplification of the chronic urticarial processes 
has been proposed.5

It has been suggested that Hsps may act as 
autoantigens, triggering both cell-mediated and 

humoral immunity.22 Taken together, it is tempting 
to speculate that Hsp70 may serve as autoantigens 
and trigger autoimmune CSU, similarly to other 
immune-inflammatory diseases.

The association between higher anti-Hsp70 anti-
bodies and CRP concentrations in CSU is an inter-
esting observation with no definite explanation. 
CRP has been considered a marker of a systemic 
inflammatory response and CSU activity/sever-
ity.23 It seems that systemic inflammation may 
be—at least in part—responsible for increased cir-
culating anti-Hsp70 antibodies concentration in 
CSU patients, as indicated by the significant posi-
tive correlations between concentrations of anti-
Hsp70 antibodies and CRP. These data suggest that 
higher anti-Hsp70 antibodies concentrations found 
in CSU patients compared to the controls could 
reflect their inflammatory status. Anti-Hsp70 
might thus be considered as an important marker in 
a clinical context of the disease activity. Importantly, 
serum anti-Hsp70 concentration in mild CSU 
patients was significantly higher than in the health 
subjects. In addition, anti-Hsp70 serum concentra-
tion was significantly higher in moderate–severe 
CSU activity as compared with the controls, but 
not with mild the disease activity. Precise relation 
between circulating anti-Hsp70 antibodies and the 
disease activity should be further investigated.

It seems that Hsp70 and its antibodies may 
increase in CSU patients upon exposure to a num-
ber of stressors associated with urticarial inflam-
mation, such as inflammatory mediators.

In addition, it has been suggested that local 
hsp70-antigen-antibody complexes may activate 
the pro-inflammatory cytokine cascade, which 
may contribute to pathological processes.24 It is 
important to investigate whether such complexes 
accumulate at the site of urticarial inflammation. In 
has also been speculated that pro-inflammatory 
soluble heat shock protein–heat shock protein anti-
body immune complexes might be present in 
peripheral circulation.25

It has been shown that Hsp70 expression is gen-
erally correlated with the grade of inflammation.26 
However, there was no association between con-
centrations of Hsp70 and CRP, probably due to a 
relatively small number of patients. This study did 
not explore the sources of Hsp70 in CSU. Hsp70 
may be released from almost all types of cells. 
Elevated circulating Hsp70 possibly reflects the tis-
sue damage or active release from cells in response 
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to stressful insults.14 It seems that circulating Hsp70 
in CSU possibly reflects its overexpression in the 
skin and might be released from cells involved in 
the urticarial inflammatory response.

Conclusion

The main findings in this study were increased 
plasma Hsp70 and serum anti-Hsp70 concentra-
tions in patients with CSU, as compared with the 
controls. Anti-Hsp70 antibodies concentration 
generally correlated with the grade of inflamma-
tion. It seems that up-regulation of Hsp70 in CSU 
may induce marked increase in anti-Hsp70 anti-
bodies production, which are accompanied by par-
allel changes in CRP concentration. We suggest 
that the Hsp may be released in CSU as a response 
to stressful stimuli, such as inflammation. However, 
further studies should determine whether circulat-
ing Hsp70 and anti-Hsp70 antibodies play a role in 
the CSU pathogenesis or if they are just an 
epiphenomenon.

Acknowledgements

A.K.-Z. conceived and designed the study as well as 
reviewed the manuscript. A.D.-B. performed the lab and 
statistical data analysis and wrote the manuscript, contrib-
uted to data analysis and interpretation. K.T.-G. performed 
the lab. K.B. and A.S.-F. provided clinical data. A.G. col-
lected and provided clinical data. All authors read and 
approved the final manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

Funding

This study was supported by a research grant from the 
Committee for Scientific Research  KNW-1-041/K/6/K 
(KNW-640-2-1-004/15).

References

	 1.	 Sabroe RA, Grattan CEH, Francis DM, et al. (1999) 
The autologous serum skin test: A screening test for 
autoantibodies in chronic idiopathic urticaria. British 
Journal of Dermatology 140: 446–453.

	 2.	 Kasperska-Zając A, Grzanka A, Misiolek M, et  al. 
(2015) Pentraxin-3 as a local inflammatory marker in 
chronic spontaneous urticaria. Cytokine 76: 566–568.

	 3.	 Asero R, Cugno M and Tedeschi A (2011) Activation 
of blood coagulation in plasma from chronic urticaria 

patients with negative autologous plasma skin test. 
Journal of the European Academy of Dermatology 
and Venereology 25: 201–205.

	 4.	 Kasperska-Zając A, Damasiewicz-Bodzek A, Tyrpien-
Golder K, et  al. (2016) Circulating soluble receptor 
for advanced glycation end products is decreased and 
inversely associated with acute phase response in 
chronic spontaneous urticaria. Inflammation Research 
65: 343–346.

	 5.	 Kasperska-Zając A, Grzanka A, Kowalczyk J, et  al. 
(2016) Refractory chronic spontaneous urticaria and 
permanent atrial fibrillation associated with dental 
infection: Mere coincidence or something more to 
it? International Journal of Immunopathology and 
Pharmacology 29: 112–120.

	 6.	 Wallin RP, Lundqvist A, Moré SH, et al. (2002) Heat-
shock proteins as activators of the innate immune sys-
tem. Trends in Immunology 23: 130–135.

	 7.	 Van Eden W, Wick G, Albani S, et  al. (2007) 
Stress, heat shock proteins, and autoimmunity: 
How immune responses to heat shock proteins are 
to be used for the control of chronic inflamma-
tory diseases. Annals of the New York Academy of 
Sciences 1113: 217–237.

	 8.	 Njemini R, Lambert M, Demanet C, et  al. (2003) 
Elevated serum heat-shock protein 70 levels in 
patients with acute infection: Use of an optimized 
enzyme-linked immunosorbent assay. Scandinavian 
Journal of Immunology. 58: 664–669.

	 9.	 Pockley AG (2003) Heat shock proteins as regulators 
of the immune response. Lancet 362: 469–476.

	10.	 Prohászka Z, Singh M, Nagy K, et al. (2002) Heat shock 
protein 70 is a potent activator of the human comple-
ment system. Cell Stress & Chaperones 7: 17–22.

	11.	 Njemini R, Bautmans I, Onyema OO, et  al. (2011) 
Circulating heat shock protein 70 in health, aging and 
disease. BMC Immunology 12: 24.

	12.	 Keijzer C, Wieten L, van Herwijnen M, et al. (2012) 
Heat shock proteins are therapeutic targets in autoim-
mune diseases and other chronic inflammatory con-
ditions. Expert Opinion on Therapeutic Targets 16: 
849–857.

	13.	 Altrichter S, Boodstein N and Maurer M (2009) 
Matrix metalloproteinase-9: A novel biomarker for 
monitoring disease activity in patients with chronic 
urticaria patients? Allergy 64: 652–656.

	14.	 Asea A (2003) Chaperokine-induced signal trans-
duction pathways. Exercise Immunology Review 9: 
25–33.

	15.	 Gupta S and Knowlton AA (2007) HSP60 traffick-
ing in adult cardiac myocytes: Role of the exosomal 
pathway. American Journal of Physiology: Heart and 
Circulatory Physiology 292: H3052–1306.

	16.	 Lancaster GI and Febbraio MA (2005) Exosome-
dependent trafficking of HSP70: A novel secretory  



6	 International Journal of Immunopathology and Pharmacology ﻿

pathway for cellular stress proteins. Journal of 
Biological Chemistry 280: 23349–23355.

	17.	 Kaplan AP (2004) Chronic urticaria: Pathogenesis 
and treatment. Journal of Allergy and Clinical 
Immunology 114: 465–474; quiz 475.

	18.	 Stocki P, Wang XN and Dickinson AM (2012) 
Inducible heat shock protein 70 reduces T cell 
responses and stimulatory capacity of monocyte-
derived dendritic cells. Journal of Biological 
Chemistry 287: 12387–12394.

	19.	 Asea A, Kraeft SK, Kurt-Jones EA, et al. (2000) HSP70 
stimulates cytokine production through a CD14-
dependant pathway, demonstrating its dual role as a 
chaperone and cytokine. Nature Medicine 6: 35–42.

	20.	 Kasperska-Zając A, Grzanka A and Damasiewicz-
Bodzek A (2015) IL-6 transsignaling in patients 
with chronic spontaneous urticaria. PLoS ONE 10: 
e0145751.

	21.	 Lamb JR, Bal V, Mendez-Samperio P, et  al. (1989) 
Stress proteins may provide a link between the 
immune response to infection and autoimmunity. 
International Immunology 1: 191–196.

	22.	 Lu X and Kakkar V (2010) The role of heat shock pro-
tein (HSP) in atherosclerosis: Pathophysiology and 
clinical opportunities. Current Medicinal Chemistry 
17: 957–973.

	23.	 Kasperska-Zając A, Grzanka A, Machura E, et  al. 
(2013) Analysis of procalcitonin and CRP con-
centrations in serum of patients with chronic 
spontaneous urticaria. Inflammation Research 62: 309– 
312.

	24.	 Ziegert M, Witkin SS, Sziller I, et  al. (1999) Heat 
shock proteins and heat shock protein-antibody com-
plexes in placental tissues. Infectious Diseases in 
Obstetrics and Gynecology 7: 180–185.

	25.	 Pockley AG and Frostegård J (2005) Heat shock pro-
teins in cardiovascular disease and the prognostic 
value of heat shock protein related measurements. 
Heart 91: 1124–1126.

	26.	 Molvarec A, Rigó J Jr, Lázár L, et al. (2009) Increased 
serum heat-shock protein 70 levels reflect systemic 
inflammation, oxidative stress and hepatocellular 
injury in preeclampsia. Cell Stress and Chaperones 
14: 151–159.


