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Abstract

The evolutionary conserved family of heat shock proteins (HSP) is responsible for protecting cells against different types of stress. Al-
though the levels of HSP can be readily measured in serum, the levels of HSP 70 in patients Guillain-Barre Syndrome (GBS) have not been 
studied before. To this aim we investigate whether patients with GBS (n=21) had altered serum HSP 70 levels compared to healthy controls 
(HC, n=9) and to patients affected by other immune disorders such as multifocal motor neuropathy (MMN, n=4) and chronic inflammatory 
demyelinating polyneuropathy (CIDP, n=6). The highest HSP 70 value (15.78 ± 1.72 ng/mL) was found in one patient in the GBS group, 
although we have found that serum HSP70 levels were significantly higher in 2 out of the 21 GBS patients (9.5%). Hence, it is of interest to 
underline that the patient with the highest HSP70 level, had also the best recovery rate. Моrе extensive research is required in order to sup-
port the hypothesis that HSP 70 serum concentration may be a useful biomarker for the prediction of remission outcome for GBS patients. 
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Introduction

Guillain-Barré syndrome (GBS) is an acute inflam-
matory disorder where patients experience muscle weak-
ness in the arms and legs (tetraplegia) as well as loss of 
deep tendon reflexes (areflexia). Surveillance studies from 
widely scattered geographical areas indicate that the annu-
al incidence rate of GBS per 100,000 subjects ranges from 
0.6 to 1.9. Higher incidence for developing GBS is in el-
derly, although it may affect persons of all ages.

There is a general misunderstanding about GBS, which 
is considered as a disease with good prognosis, while up 
to 20% of GBS patients remain severely disabled and ap-

proximately 5% die in the western countries (Hughes et al., 
2007). GBS is currently the most common cause of acute 
flaccid paralysis worldwide since the near-elimination of 
poliomyelitis (Yuki, 2012). 

GBS is usually preceded by an infection. A number of 
infectious agents seems to induce GBS, but their relation 
to the disease remains unclear. Among them, only Campy-
lobacter jejuni is firmly established as a causative agent of 
GBS (Godschalk et al., 2004).  Almost 25–40% of GBS pa-
tients report history of gastroenteritis induced by C. jejuni 
infection 1–3 weeks prior to GBS onset  (Nyati and Nyati, 
2013). However, only 1 in 1000 patients, who are exposed 
to Campylobacter infection, develops GBS.

Infections with C. jejuni are associated with antibod-
ies against human gangliosides GM1, GM1b, GD1a and 
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GalNAc-GD1a (Willison and Yuki, 2002; Godschalk et al., 
2004; Hughes and Cornblath, 2005).

The induction of these auto-antibodies has been as-
sociated with molecular mimicry between human gangli-
oside and bacterial epitopes present on the surface of the 
bacterial lipooligosaccharide, at least in those cases with a 
preceding C. jejuni infection and presenting antibodies to 
gangliosides (Koski, 1997; Nyati and Nyati, 2013; Yuki et 
al., 1997; Yuki, 1997), 

Beside anti-ganglioside antibodies, it is believed that 
the etiological factors of several autoimmune diseases can 
be mediated by proteins belonging to the heat shock pro-
teins (HSP) family (Yonekura et al., 2004).

HSP were discovered by Ritossa on 1962, who ob-
served a puffing pattern in Drosophila chromosomes af-
ter exposure to heat. Since then, several investigations in-
dicated the importance of HSP in clinical context (De Maio 
et al., 2012). 

HSP are a family of highly conserved proteins present 
in all prokaryote and eukaryote cells under normal phys-
iological conditions, and their overexpression is induced 
after different types of physiological stress (Arispe et al., 
2002). These proteins play a crucial role in functioning as 
chaperones to prevent protein misfolding and aggregation 
(Craig et al., 1993).

Although their primary known action is intracellu-
lar, HSP are released in the extracellular environment and, 
recently, HSP 60 and HSP 70 have been described in the 
peripheral circulation in normal individuals and patients 
(Hantschel et al., 2000; Pockley et al., 1999). Recent ev-
idence suggest that extracellular HSP 70 activates the im-
mune system resulting in an inflammatory cascade (De 
Maio, 2011).

HSP 70 can be considered as the most conserved of 
the HSP families. It includes the cytosolic and nuclear con-
stitutive Hsc 70 (HSP 73) and the stress-inducible HSP 
70 (HSP 72) proteins, the endoplasmic reticulum (ER) 
Bip(Grp78), and the mitochondrial mt-HSP 70 (Grp 75) 
protein (Brocchieri et al., 2008).  HSP 70 has been the sub-
ject of particularly extensive studies because it exhibits dif-
ferent functions in accordance with its location; intracel-
lular HSP 70 exerts cytoprotective functions as a chaper-
one protein, whereas extracellular HSP 70 exerts immuno-
modulatory functions that trigger immunological respons-
es (danger signals) as well as tolerance responses. (Mansil-
la and Montalban, 2012)

Hence, HSP appears to provide a further link between 
infection and autoimmunity. Similarity between bacterial 
and mammalian (macro)molecules may lead to human an-
tigenic response either through recognition of conserved 
epitopes or via cross–reactivity termed molecular mimicry 
(Pockley et al., 1999).

Considering autoimmune conditions, previous studies 
assumed the involvement of HSP 70  in the pathogenesis 
of autoimmune disorders such as Grave’s disease (Ratana-
chaiyavong et al., 1991), Behcet’s disease (Birtas-Atesog-

lu et al., 2008) and multiple sclerosis (MS)  (Mansilla and 
Montalban, 2012). Elevated levels of serum HSP70 was 
found in atherosclerosis  (Nakhjavani et al., 2010), Behcet 
Disease (Birtas-Atesoglu et al., 2008), systematic sclero-
sis (Ogawa et al., 2008), diabetes (Nakhjavani et al., 2010) 
and hepatic diseases (Gehrmann et al., 2014)

Concerning GBS, Yonekura et al. (2004) showed that 
GBS patients shared higher IgG antibody titers against sev-
eral families of HSP (HSP 27, HSP 60, HSP 70) in their 
CSFs. However, there are contradictory findings concern-
ing antibody titers to HSP family in sera. Yonekura et al. 
(2004) didn’t find sera antibody titers to HSP family with 
significant differences between GBS patients and healthy 
control, while Helgeland et al. (2010) found significantly 
higher anti-HSP 70 antibody concentrations in sera from 
patients with GBS. Also Zhang et al. (2009) have found in-
creased level of HSP 70 in  experimental autoimmune neu-
ritis, a Guillain-Barré syndrome (GBS) model.

To facilitate investigations on the possible clinical rel-
evance of immunoreactive proteins in the development of 
GBS, recently our research group investigated the profiles 
and immunoreactivity of proteins from human peripheral 
nerve (HPN) tissue, the main pathological target of the dis-
ease, and from C. jejuni (O:19). The main candidate pro-
teins identified in HPN were HSP in the Mw range be-
tween 60 KDa and 70 KDa.  In C. jejuni identified proteins 
were from the family of chaperone/co-chaperone proteins 
(DnaJ, DnaK and HtpG) (Loshaj-Shala et al., 2015). 

Microbial DnaK (~70 kDa) and HPN HSP 70 share 
high sequence homology, and HSP 70 autoantibodies have 
been shown in the human CSF (Yonekura et al., 2004)and 
sera of GBS patients (Helgeland et al., 2010), C. jejuni 
DnaK (~70 kDa). For these reasons, DnaK /HSP can be 
suggested as carriers of possible antigen contributing to the 
induction of GBS (Shala et al., 2015).

Based on these findings, the aim of this study was to 
investigate whether patients with GBS had altered serum 
HSP 70 levels compared to healthy controls and to patients 
affected by other immune disorders such as multifocal mo-
tor neuropathy (MMN) and chronic inflammatory demye-
linating polyneuropathy (CIDP). The results are discussed 
in the light of the previous relevant scientific literature.

Materials and methods

Patient and control sera

Before the specific treatments were given, and within 
a week from onset, electrophysiological findings and sera 
were obtained from n=21 patients with GBS consisting of 
n=10 AIDP, n=3 AMAN and n=8 with undefined form of 
GBS (11 men and 10 women; mean age 39 years). As a dis-
ease control, sera was also obtained from 4 patients with 
MMN (4 men; mean age 45 years), and 6 CIDP (5 men and 
1 woman; mean age 51.5 years). Serum samples that were 
used in this study were from the diagnosed patients at the 
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Neurological Clinic in the Clinical Center of Serbia. Sera 
donated from n=9 healthy donors were used as normal con-
trol. All patients and healthy volunteers consented to par-
ticipate in this study. 

Experimental setup

Serum HSP 70 concentrations were measured using a 
HSP 70 ELISA kit (Sigma - Aldrich, USA) according to 
manufacturer instructions. All serum samples were tested 
at a 1:5 dilution with sample diluent buffer component pro-
vided with the kit. All experiments were performed in du-
plicate. Optical density (OD) was measured at 450 nm us-
ing a plate reader (Victor X4, Perkin Elmer, USA). The 
minimum detectable dose of human HSP 70 was 2 ng/mL. 
The coefficients of variation were 10% for intra-assay de-
terminations and 12% for inter-assay determinations. All 
OD readings were within the calibration curve limits.

Statistical analysis

All data were expressed as mean and standard devi-
ation (SD). Before statistical analysis, normal dis-tribu-
tion and homogeneity of the variances were tested. Asso-
ciations between the experimental parameters were inves-
tigated using one-way ANOVA, and differences between 
groups considered significant when P-value was <0.05. 
Statistical analysis was performed using the R-commander 
GUI for R (v. 3.1.3) (Fox, 2005).

Results and discussion

HSP 70 determination and comparison with previous re-
sults

The demographic characteristics of patients are sum-
marized in Table 1. 

In Fig. 1 are reported the HSP 70 levels detected by 
ELISA in patients experiencing the acute stage of GBS, 
MMN, CIDP and in HC subjects.

The results indicated no statistically significant differ-
ence in their mean±standard deviation values (ANOVA, 
P>0.05).

The highest HSP 70 value was found in one patient in 
the GBS group (15.78±1.72 ng/mL).

Table 2 shows a comparison of the HSP 70 levels 
found in our cohort of GBS patients compared to those re-
ported for patients affected by other diseases, based on data 
reported by previous studies.

The mean levels reported in the present study were 
comparable with those reported for different liver condi-
tions by (Gehrmann et al., 2014), while those reported by 
the other authors seemed to be lower depending on the ref-
erence study. Whether these differences may arise from the 
different patients demographic and genetic characteristics 
or from study-to-study differences in ELISA assay experi-
mental set-up remains to be established.

Previously we investigated the profiles and immunore-
activity of peripheral nerve proteins and of C. jejuni, and 
reported that the main candidate proteins identified in the 
Mw range 60-70 KDa where chaperone proteins of the 
HSP 70 family, and bacterial DnaK, GroEl and HtpG re-
spectively (Loshaj-Shala et al., 2015). 

In the present study we found that the serum levels of 
HSP 70 in sera from GBS patients where comparable with 
those found in HC and other autoimmune disorders.

However, 2 out of the 21 GBS patients (9.5%) had 
higher HSP 70 level and it is of interest to underline that 
the patient with the highest HSP 70 level, had also the best 
recovery rate.

Extracellular HSP have been shown to act as potent 
immunostimulatory or immunosuppressive agents depend-
ing on the circumstances in which they interact with cells 
(Pockley et al., 2008).

De Maio, (1999) and Giffard et al. (2008) reported that 
the presence of HSP is important for the recovery from 
stress and protection from subsequent insults.

The importance of extracellular HSP has been empha-
sized by the detection of HSP 70 in the serum of patients 
suffering from an array of conditions and several autoim-
mune disorders. Among them, have been reported Grave’s 
disease (Ratanachaiyavong et al., 1991), multiple sclero-
sis (MS)  (Mansilla and Montalban, 2012), coronary ar-
tery diseases (Zhu et al., 2003), Behcet disease (Birtas-
Atesoglu et al., 2008), systematic sclerosis (Ogawa et al., 
2008), diabetes (Nakhjavani et al., 2010) and hepatic dis-

Table 1. Demographic characteristics of patients. GBS: Guillain-Barré syndrome; CIDP: chronic inflammatory demyelinat-
ing polyneuropathy; MMN: multifocal motor neuropathy; HC: healthy controls

Diagnosis No. of patients/sub-
jects Age Gender (M/F)

GBS 21 23-55 11/10
CIDP 6 35-68 5/1
MMN 4 32-58 4/0

HC 9 28-34 5/4
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eases (Gehrmann et al., 2014).  Krepuska et al. (2011) re-
ported that serum level of soluble Hsp70 is associated with 
vascular calcification.

Zhang et al. (2009) reported increased levels of HSP 
70 in an experimental model of autoimmune neuritis re-
sembling GBS.

Fig. 1. HSP 70 serum levels detected in patients experiencing the acute phase of the Guillain-Barré syndrome patients 
(GBS, n=21), multifocal motor neuropathy (MMN, n=4), chronic inflammatory demyelinating polyneuropathy 
(CIDP, n=6) and in healthy control subjects (HC, n=9).

Table 2. HSP 70 serum levels in patients from different previously reported clinical studies N.R.: not reported

Disease Disease (ng/mL) Control (ng/mL) Reference

Behçet Disease 1.12 ± 0.86 (mean ± SD) 0.67 ± 0.46 (mean ± SD) Birtas-Atesoglu et al., 2008
Diabetes 0.70

0.81 – 0.59 (range)                        
0.23 
0.30 – 0.22 (range) Nakhjavani et al., 2010

Hepatocellular carcinoma 
(HCC)
Liver cirrhosis (LC)
B/C viral infection CH

6.5 – 3.1 (range)
6.6 – 5.2 
3.9 – 2.4 

2.7 ± 0.9 (mean ± SD) Gehrmann et al., 2014

Coronary artery disease 
(CAD)

0.5 (median) 
27.1– 0.2 (range) all subjects
0.34 (median) P=0.0006 
(CAD vs. non CAD)

0.72 (median, non CAD) Zhu et al., 2003

Asthma 0.46 (median)                  
0.20 – 0.98 (range)

0.14 (median)                  
0.11 – 0.37 (range) Hou et al., 2011

Chronic Fatigue Syndrome 0.58 ± 0.16 1.64 ± 0.18 Jammes et al., 2012
Vascular Calcification 0.63 (0.52–0.81) N.R. Krepuska et al., 2011as well 

as to markers of inflammation 
(C-reactive protein

GBS 3.101 ± 3.27 (mean ± SD)
2.208 (median)
1.18 – 15.78 (range)

2.43 ± 0.58 (mean ± SD)
2.5 (median)
1.12 – 3.1 (range)

Current study
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HSP have been found also in the serum of apparently 
healthy individuals (Xiao et al., 2003).

The presence of HSP 70 in circulation has been corre-
lated with improved survival of critically ill patients. Pittet 
et al. (2002) reported that HSP 72 can be detected in the se-
rum of severely traumatized patients within 30 minutes af-
ter injury. Elevated initial serum levels of HSP 72 are asso-
ciated with survival after severe trauma, but are not related 
to the incidence or severity of the post injury inflammatory 
response or organ dysfunction.

Ziegler et al., (2005) also investigated the role of 
HSP70 in survival of patients in critical stage. These au-
thors observed that parenteral glutamine administration 
significantly increases serum HSP 70 and that the magni-
tude of HSP 70 enhancement was correlated with improved 
clinical outcomes in patients treated with glutamine. 

Regarding the protective role of HSP 70, May et al. 
(2013) reported that HSP 70 release from supporting cells 
is necessary and sufficient to protect mechanosensory hair 
cell neurons from the toxic effects of aminoglycoside anti-
biotics, which is of broad importance, as there are current-
ly no known ways to reduce the toxicity of this class of an-
tibiotics.

The authors demonstrated that the release of HSP 70 
from the glia-like supporting cells settled at the base of the 
hair cells leads to this protection, indicating two central 
findings: first, the neighboring glial cells release the HSP 
70 that provides protection. Second, the extracellular HSP 
70 appears sufficient to protect the neurons, without requir-
ing significant uptake. These findings points to a critical 
role for signaling by HSP 70, rather than its established 
function as a direct molecular chaperone. 

The work extends the broader understanding of the 
role of extracellular HSP 70 as a molecule for transmission 
of signals from one cell to another, likely through binding 
to cell surface receptors. The receptor for HSP70 in this 
setting is currently unknown (May et al., 2013).

Psychological stress and exercise that do not induce 
substantial cell death, lead to significant increases in extra-
cellular HSP 70 (Giffard et al., 2013).

Furthermore, May et al. (2013) suggested the possibil-
ity that defective chaperone secretion or function could di-
rectly contribute to hear loss/balance disturbance if the hair 
cell is not protected. Similar consequences appears in oth-
er conditions in which defective chaperones contribute to 
pathogenesis (Macario and de Macario, 2005)

Tidwell et al. (2004) reported very promising results 
about the remedying properties of Hsc/HSP 70 in reduc-
ing the loss of neurons after exogenous administration in 
neonatal mouse. The authors examined the regulation of 
the constitutive and stress-induced 70-kD HSP (Hsc 70 and 
HSP 70, respectively) after sciatic nerve (SN) axotomy in 
the neonatal mouse. They found that endogenous levels of 
Hsc70 and HSP 70 did not increase significantly in lum-
bar motor neurons or dorsal root ganglion sensory neurons 
up to 24 hours after axotomy. However, after administra-

tion of HSP 70 preparations to the SN stump after axotomy, 
the survival of both motor and sensory neurons was signif-
icantly improved. These results support the hypothesis that 
immediate application of exogenous Hsc 70 or HSP 70, or 
both, may be physiologically similar to induced synthesis 
of endogenous HSP 70 and can increase survival of dam-
aged neurons. 

Thus, Hsc70 and HSP 70 as new therapeutical agents 
in the prevention of immunologically mediated neurode-
generation need to be further studied.

Conclusion

In the present study, extracellular HSP 70 was moni-
tored in the serum of patients with GBS and other neuro-
logical immune mediated diseases MMN, and CIDP. 

The mean HSP 70 serum levels didn’t show signifi-
cant variations among these groups. The positive correla-
tion with disease remission in two patients with GBS car-
rying the highest HSP 70 concentrations, although limit-
ed to a low number of patients, are supportive of a periph-
eral neuroprotective role of extracellular HSP 70, in good 
accordance to the results from several studies reported in 
the literature.

Our data encourage us to hypothesize that HSP 70 se-
rum concentration may be a useful biomarker for the pre-
diction of remission outcome for GBS patients. However, 
additional detailed studies involving a higher number of 
patients are necessary to confirm this hypothesis.
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