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Abstract
The role of extracellular 70 kDa heat shock protein 70 (ehsp70) in central nervous system
inflammation is vastly understudied, despite evidence supporting the ability to drive a pro-
inflammatory state. We investigated the presence of ehsp70 in cerebrospinal fluid (CSF) and
serum of dogs with Steroid Responsive Meningitis-Arteritis (SRMA), with the hypothesis that an
ehsp70 response would occur, and might play a role in the pathogenesis of this disease. Samples
from 30 dogs acutely affected with SRMA, and 30 dogs treated with corticosteroids and currently
in clinical remission from SRMA were compared with normal dogs. Serum and CSF
concentrations of ehsp70 were quantified using an enzyme-linked immunosorbent assay. An
ehsp70 response occurred in the CSF of dogs with SRMA and this response was attenuated by
corticosteroid treatment. There was no correlation between serum and CSF concentrations of
ehsp70, supporting local production and release of ehsp70 and not simply leakage from serum.
Dogs with SRMA thus represent a powerful spontaneous model by which to study the role of
ehsp70 in CNS inflammation.
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1. Introduction
The role of the major inducible 70 kDa heat shock protein (hsp70) in the innate immune
response to disease is an active area of study and there are potentially diverse roles.
Intracellular hsp70 is a highly conserved molecular chaperone with well defined roles in
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cytoprotection; however, roles of extracellular hsp70 (ehsp70) are not clearly defined. When
released into the extracellular space, ehsp70 serves as an immunoregulatory protein whose
function may be context dependent (Awad el al. 2008). While anti-inflammatory roles exist
(van Eden et al. 2005), ehsp70 may also serve as a damage-associated molecular pattern
(DAMP) to stimulate toll-like receptors (Wheeler et al., 2009). In this context, ehsp70 may
activate neutrophils, microglia, dendritic cells, T and B lymphocytes, and NK cells, and
stimulate release of IL-1β and TNF-α (Kakimura et al., 2002; Vabulas et al., 2002,; Asea et
al., 2005; Boros and Bromberg, 2006; Calderwood, 2007; Wheeler et al. 2009). These
responses may be initially protective in nature, but if persistent, could perpetuate a
detrimental inflammatory state. Increases in serum ehsp70 concentrations occur in various
systemic inflammatory conditions such as Behςet’s disease and rheumatoid arthritis, but the
role of ehsp70 in central nervous system (CNS) inflammation requires investigation. An
ehsp70 response in autoimmune disease of the CNS has not been evaluated, although
sustained ehsp70 release is described in the inflammatory sequel to ischemia-reperfusion
injury of the spinal cord in dogs and humans (Awad et al., 2008; Hecker et al., 2008).

Steroid responsive meningitis-arteritis (SRMA) is a common inflammatory disorder of dogs
(Tipold, 1995; Meric, 1998). Clinical features of this disease include cervical pain and
rigidity occurring secondary to meningitis and fibrinous polyarteritis (Harcourt, 1978; Hayes
et al., 1989; Tipold et al., 1995; Wrzosek et al., 2009). Affected dogs manifest a marked
neutrophilic pleocytosis and increased protein concentrations in cerebrospinal fluid (CSF),
as well as fever and an elevated white blood cell (WBC) count in peripheral blood.
Treatment of affected dogs with corticosteroids suppresses the inflammatory response and
yields a favorable prognosis. The inflammatory response in SRMA includes marked
elevations in serum acute phase proteins such as C reactive protein (CRP), and infiltration of
B-lymphocytes and increased IgA concentrations in CSF (Tipold et al., 1994; Tipold et al.,
1995; Tipold et al., 1999; Bathen-Noethen et al., 2008; Schwartz et al., 2011). Like other
immune-mediated diseases, an infectious or environmental trigger is suspected, but the
molecules initiating and/or sustaining the inflammatory state have not been identified. Given
the pro-inflammatory potential of ehsp70, particularly the association with neutrophil
activation, and possibly in neutrophil recruitment (Wheeler et al., 2009), we hypothesized
that ehsp70 may be a component of the inflammatory response in SRMA, and that SRMA
may serve as an important model through which to study the immunomodulatory role of this
protein in the disease state.

The present study sought to determine if ehsp70 is a component of the inflammatory process
in SRMA and if so, if there is evidence for CNS-specific production. Such findings would
support the more broad relevance of ehsp70 to CNS inflammation and would establish a
model system in which to study its role in inflammation.

2. Materials and methods
2.1 Sample collection

All samples evaluated in this study were collected by two of the investigators (AM, AT)
under approved animal care and use protocols in accordance with the investigator’s
institution. Previously established clinical criteria (Bathen-Noethen at al., 2009; Maiolini et
al., 2011) were used to identify clinical cases of SRMA, including results of serum and CSF
analyses. Serum and CSF samples were collected from dogs acutely affected with SRMA
(n=30), a population of SRMA affected dogs treated with anti-inflammatory corticosteroids
(n=30), and healthy control dogs (n=8). The time frame for remission in dogs in the treated
group was variable, however all dogs included in this group were currently received 0.5–1.0
mg/kg/day of prednisolone and were in clinical remission from signs associated with SRMA
at the time of sample collection. Cerebrospinal fluid samples were collected from
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anesthetized dogs via sub-occipital puncture. Samples were processed routinely and the cell-
free supernatant was collected and stored at −80°C until analysis was performed. Serum
samples from each patient were also simultaneously collected and processed identically.

2.2 hsp70 ELISA
The concentration of ehsp70 in each serum and CSF sample was determined using an hsp70
high sensitivity ELISA (Assay Designs, Ann Arbor, MI; sensitivity 90pg/ml), an assay
previously validated by our laboratory for use in dogs (Awad et al., 2008). Each sample (100
µl) was diluted 1:5 in phosphate buffered saline and analyzed in duplicate. Samples below
the limit of detection of the assay were reported as “zero”.

2.3 IgA measurement
Concentrations of CSF and serum IgA for 27 of the acutely affected dogs had been
previously measured and published (Bathen-Noethen, 2008; Maiolini et al., 2011). For
samples which this information was available, these values were correlated with ehsp70
concentrations in CSF and serum.

2.4 WBC quantification in Cerebrospinal fluid
WBC concentrations in the CSF had been previously measured for 27 acutely affected dogs
during routine clinicopathologic examination at one of the authors’ institutions (AT). These
values were correlated with ehsp70 concentrations in CSF.

2.5 Statistical analysis
Statistical significance between groups was analyzed using the Kruskal-Wallis ANOVA
followed by Dunn’s multiple comparisons tests with the StatView software (SAS Institute
Inc., Cary, NC). For samples where IgA, and WBC concentrations were available, these
values were correlated with hsp70 concentrations using Pearson’s correlation coefficient and
a two tailed test for significance. P ≤ 0.05 was considered significant for all analyses.

3. Results
Extracellular hsp70 was not detected in CSF for 7 of 8 control dogs, and the concentration
was less than 1 ng/ml in the 8th dog (Fig. 1). Concentrations were significantly elevated in
dogs presenting with acute SRMA (p = 0.03). Substantial individual variability in CSF
ehsp70 concentration was exhibited by this group, achieving a high of 16.6 ng/ml in one
animal. To provide assurance that this one value did not unduly influence our statistical
interpretation, comparisons were made by both including and excluding this value. Results
showed that the significance in the elevation of the mean were not dependent on this one
particular value. Corticosteroid treatment reduced mean ehsp70 concentration to levels that
were not statistically different from the control group. (Fig. 1).

Extracellular hsp70 concentrations were higher in the serum of dogs with both acute and
treated SRMA than in healthy controls (Fig. 2), with a high degree of variability in ehsp70
levels in both former groups. Differences in mean ehsp70 concentration between groups was
not statistically significant, serum ehsp70 concentrations did not achieve levels observed in
CSF in the acute phase of SRMA, and no correlation existed between serum and CSF
concentrations of ehsp70 in each group of dogs (r= −0.124, p= 0.550).

For dogs acutely affected with SRMA, the mean CSF concentration of WBC was 1658/µL
(range 140 to 9720) and the mean CSF IgA concentration was 5.2 µg/mL (range 0.39 to
42.6). There was not significant correlation between CSF ehsp70 concentrations and CSF
IgA or WBC concentrations in acutely affected SRMA dogs (r=0.318, p=0.106; r=0.134,
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p=0.511 respectively). The mean serum concentration of IgA was 400.2 µg/mL (range 73–
2390). There was not significant correlation between serum hsp70 and IgA concentrations
(r=−0.027; p=0.447) in these dogs.

4. Discussion
Our results show that elevated ehsp70 is a CNS-specific feature of the inflammatory
response of acute SRMA and that concentrations are reduced following steroid treatment in
concert with remission of clinical signs. A lack of correlation between serum and CSF
ehsp70 concentrations supports local production and release of ehsp70 and not simply
leakage from serum. Results support segregation of CSF and serum pools of ehsp70, a
phenomenon that has been previously observed in humans and in experimental canine
models (Oglesbee et al., 1999; Steensberg et al., 2006; Awad et al., 2008). Heat shock
protein 70 release can occur passively from necrotic cells or by active secretory release
(Basu et al., 2000; Bausero et al., 2005). Sources of secretory release of hsp70 into the CSF
include ependymal cells (Awad et al., 2008; Vydra et al., 2009) or vascular endothelial cells
associated with the meninges or choroid plexus (Zhan et al., 2009). Vascular necrosis is a
feature of SRMA, such that necrosis of vascular endothelial cells could contribute to ehsp70
concentrations in CSF; however, the role of choroid plexus and ependymal cells in secretory
release of ehsp70 during CNS inflammation is intriguing and warrants further investigation.

While understanding of the pathogenesis of SRMA is limited, primary dysregulation of the
immune system is suspected. The disease is associated with a polarization of the immune
response (IL-4 dominant, Th2 skewed) and increased IL-4 mRNA expression in peripheral
blood mononuclear cells (PBMNCs) and CSF WBCs, implicating environmental antigens as
likely initiators of disease (Schwartz et al., 2011). IL-4 has been implicated as a physiologic
trigger for hsp70 production and release from monocyte derived dendritic cells, and ehsp70
appears to act as an “immunoadjuvant” promoting dendritic cell maturation in vivo, possibly
implicating it in the adaptive immune responses associated with autoimmunity (Martin et al.,
2009).The effect of IL-4 on ehsp70 release thus warrants further investigation.

Other previously documented immunologic mechanisms in SRMA may contribute to ehsp70
release (Maiolini et al., 2011). No significant correlations with other known inflammatory
mediators of SRMA were identified in this study. However, a positive correlation between
CSF IgA and ehsp70 concentrations approached significance (p= 0.1). A positive correlation
between hsp70 expression and IgA serum titers has been documented in various disease
processes including Epstein-Barr virus associated nasopharyngeal carcinoma and diabetes
mellitus (Figueredo et al., 1996; Chen et al., 2008). Excessive IgA concentrations in CSF are
a unique feature of canine SRMA, and this finding is not observed in other inflammatory
disorders of the canine CNS (Maiolini et al., 2011). The trigger for excessive IgA production
in SRMA is unclear, and whether these represent immunoglobulins directed against host
proteins such as hsp70, or whether IgA and hsp70 are both increased secondary to a yet
unidentified environmental or infectious trigger warrants further investigation.

5. Conclusion
Collectively, our results support the potential utility of dogs with SRMA as a model system
in which to examine the contribution of ehsp70 to CNS inflammation. Future studies will
examine larger cohorts in an attempt to correlate CSF ehsp70 and IgA levels. The
relationship between ehsp70 and the duration of clinical signs, presence or absence of fever
and other markers of disease severity will also be examined, such data being unavailable for
the present cohort. Cerebrospinal fluid samples can be readily collected and analyzed over
time, with inhibition of hsp70 secretory release being the ultimate test of ehsp70’s role as a
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mediator versus marker of SRMA-associated inflammation. If hsp70 ultimately proves to be
a mediator of inflammation in SRMA, then the genetic basis for variability in hsp70
expression demonstrated in humans (Maugeri et al., 2010) may contribute to breed
predilections in development of SRMA (Tipold and Jaggy, 1994; Behr and Cauzinille, 2006;
Wilbe et al., 2009), further substantiating the proposed role of hsp70 in other autoimmune
conditions (Furnrohr et al., 2010).
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Figure 1.
Hsp70 concentrations in CSF of dogs acutely affected with SRMA, those treated with
corticosteroids, and healthy controls. Shown are individual values and the mean ± SEM
(horizontal bars). Values were established using an hsp70 ELISA, in which concentration
was defined by a standard curve based upon serial dilutions of purified human recombinant
hsp70. The asterisk indicates statistically significance differences in the mean by ANOVA.
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Figure 2.
Hsp70 concentrations in serum of dog acutely affected with SRMA, those treated with
corticosteroids, and healthy controls. Shown are individual values and the mean ± SEM
(horizontal bars). Values were established using an hsp70 ELISA, in which concentration
was defined by a standard curve based upon serial dilutions of purified human recombinant
hsp70. There was no statistical difference in mean serum ehsp70 concentrations between
groups.
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