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Abstract
In anti-neutrophilic cytoplasmic antibody (ANCA)-associated vasculitis (AAV) genetic predisposition, ANCA autoantibodies,
neutrophil extracellular traps (NETs), complement activation, and toll-like receptor signaling are implicated in AAV pathogen-
esis. Heat shock proteins (HSPs), a highly conserved group of small-sized molecular chaperones, take part in protein folding
during cellular stress. Although HSPs were initially observed intracellularly, it has been shown that they can be secreted in the
extracellular space and modulate the immune response in various autoimmune diseases including AAV. The scope of the present
study is to investigate the role of heat shock protein 60 (HSP60) and 70 (HSP70) in the long renal effects in an ANCA vasculitis
cohort. In this cohort of ANCA-associated vasculitis, 29 patients were followed up over 20 years. At diagnosis, immunohisto-
chemistry was performed for HSP60 and HSP70 within the various nephron compartments. Higher renal HSP60 expression was
associated with increased interstitial inflammatory infiltrates at diagnosis, while HSP70 expression was associated with a greater
extent of interstitial fibrosis at diagnosis. Notably, intense tissue expression of HSP70 at the time of biopsy was associated with a
worsened kidney survival. Renal HSP70 expression was associated with poor renal outcomes during long-term follow-up. This
finding may indicate a role of HSPs in renal disease progression in ANCA vasculitis. Further validating studies are needed to
verify a causative association between HSP70 expression and renal outcomes in ANCA-associated vasculitis.
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Introduction

Heat shock proteins (HSPs), a highly conserved group of cel-
lular chaperones, are involved in transmembrane protein
transport and protein folding under cellular stress conditions
(Jindal et al. 1989). They are classified into different families
according to their molecular weight. While HSP60 is located
in the cytosol and the mitochondria, HSP70 shows a wider

distribution including localization within the nucleus, the mi-
tochondria, and the cytoplasm (O’Neill et al. 2014). Although
HSPs were initially detected within the cytoplasm and their
function has been thought to be restricted within the cell itself,
it has been shown that they can be additionally secreted into
the extracellular space, where they have an active role in im-
mune response modulation. For example, HSP72 release
within exosomes leads to upregulate CD83 expression and
stimulates IL-12 release by naive dendritic cells (Bausero
et al. 2005). HSP60 interacts as a ligand with toll-like recep-
tors TLR2 and TLR4 (Vabulas et al. 2002). Furthermore,
HSP60 as well as HSP70 (and anti-HSP70 antibodies) circu-
late in plasma of normal subjects (Pockley et al. 1998). HSP60
as well as HSP70 seem to exert both inhibitory and stimula-
tory effects on an immune response (Venkataseshan and
Marquet 1996). Patients with borderline hypertension, periph-
eral vascular disease, patients with end-stage renal disease, as
well as patients with cardiovascular disease present increased
levels of circulating HSP60, HSP70, and anti-HSP70
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antibodies respectively and are associated with disease pro-
gression (Pockley et al. 2000; Prohaszka et al. 2001; Wright
et al. 2000; O’Neill et al. 2014). Decrease of anti-HSP70 an-
tibodies is associated with lower complications of diabetic
microangiopathy (Gruden et al. 2009). HSPs have been impli-
cated in the pathogenesis of several vasculitis syndromes. In
Kawasaki disease, an increase in plasma HSP70/HSP60 has
been described in the subacute phase of the disease (Lu et al.
1998). Extracellular HSP60 seems to play a regulatory role in
the subacute phase of the disease (Yin Ji et al. 2007).
Anti-HSP70 antibodies are involved in the pathogenesis
of Cogan syndrome, a rare form of vasculitis (Bonaguri
et al. 2014). In Behçet disease patients, HSP60 binds
with HSP65 and seems to induce a Th1 cell response
(Imamura et al. 2005).

ANCA-associated vasculitis (AAV) belongs to primary
small vessel vasculitis syndromes including granulomatosis
with polyangiitis (GPA), microscopic polyangiitis (MPA),
and eosinophilic granulomatosis with polyangiitis (EGPA),
which are associated with elevated serum anti-neutrophil cy-
toplasm antibodies (ANCA) (Jennette 2013). Although the
understanding of the underlying mechanisms leading to kid-
ney injury in these patients is limited, ANCA antibodies are
directly involved in the pathophysiology of AAV. The acti-
vated ANCA-expressing neutrophils adhere to endothelial

cells inducing the release of pro-inflammatory cytokines and
the production of reactive oxygen species. ANCA antibodies
induce crescent formation in animal models of ANCA-
associated vasculitis and cause glomerulonephritis and lung
hemorrhage in neonates through transplacental transfer
(Rowaiye et al. 2015). In a subset of microscopic polyangiitis
patients, Slot et al. (2006) could show an increase of anti-
HSP60 antibodies. Furthermore, HSP60/70 antibodies are as-
sociated with increased immunological background in micro-
scopic polyangiitis when compared with SLE or RA patients
(Komiya et al. 2011). Nevertheless, it seems that circulating
antibodies against HSP can be classified according to their
specificity on causing specific disease patterns (Alard et al.
2008). Endothelial cells can express HSP60 on their plasma
membrane. Multiple studies have verified that antibodies
against HSP60 expressed on the surface of endothelial cells
can be cytotoxic to endothelial cells (Alard et al. 2007; Jamin
et al. 2005; Schett et al. 1995). Anti-HSP60 antibodies from
patients with microscopic polyangiitis or with granulomatosis
with polyangiitis can induce apoptosis in endothelial cells.
Soluble HSP70 could bind with toll-like receptor 2(TLR2)
and thus inducing apoptosis (Jamin et al. 2005).
Furthermore, HSP60 can bind to surface ATPase of endothe-
lial cells. Antibodies against HSP60/ATPase complex can in-
duce apoptosis in endothelial cells in vasculitis patients (Alard

Table 1 Cohort characteristics
Number of
patients

Percent Mean Standard
deviation

Sex

Male 11 37.90

Female 18 62.10

Age (years) 58 19

Arterial hypertension 14 48.30

Nephritic urinary sediment 27 93.10

Malaise 22 75.90

Pulmonary involvement 15 51.70

Purpura, necrotic skin lesions 12 41.40

Mucosal lesions 1 3.40

Fever 12 41.40

Ear osteochondritis 1 3.40

Central nervous system involvement 0 0.00

Hepatic involvement 2 6.90

pANCA 13 44.80

cANCA 6 20.70

ANCA negative 10 34.50

ESR (mmol h−1) 107 29

CRP (mg dl−1) 6.36 3.16

Hematocrit (%) 31 4,76

Serum creatinine at diagnosis (mg dl−1) 3.93 2.93

Glomerular filtration rate (ml min−1

1.73 m−2 body surface area)
24.47 18.08
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et al. 2011). Tissue expression of HSP70 in various forms of
glomerular disease has recently been associated with an in-
tense inflammatory response. It is proposed that HSP70 can
switch its anti-inflammatory effect to a pro-inflammatory ef-
fect (Chebotareva et al. 2018).

In the light of the aforementioned studies, we examine the
relation of renal HSP60 and HSP70 expression in the various
nephron compartments at diagnosis, with renal function and renal
survival in a cohort of AAV patients during a period of 20 years.

Methods

Patients

This prospective study was conducted in the department of
Nephrology, Heraklion University Hospital, a tertiary referral

center in Crete, Greece. Twenty-nine patients with ANCA-
associated vasculitis, diagnosed from 1995 to 1999, were pro-
spectively followed up until 2015. Informed consent was ob-
tained from all study participants. The study was conducted in
compliance with EU Directive 2010/63 of the European
Parliament. Patient data were anonymized. We could not ob-
tain a control group because of ethical considerations (i.e.,
need for renal biopsy in healthy subjects) as well as matching
difficulties (reduced renal mass in nephrectomized patients).

Disease onset was defined as the time point at which the
patient was referred to the nephrology department. Renal in-
volvement was initially diagnosed through elevated serum
creatinine levels and reduced eGFR along with urine sediment
examination followed by kidney biopsy. The presence of glo-
merular hematuria (≥ 3 acanthocytes/high-power field) and/or
proteinuria served as an indicator of disease activity. The ini-
tiation of renal replacement therapy (renal death) was defined

Table 2 Histopathological characteristics

Mean Standard deviation Sum Number of patients Patients (%)

Number of glomeruli 27 10 787

Number of diseased glomeruli 25 11 720

% of diseased glomeruli 90.14 16.85

Number of glomeruli with global sclerosis 3 6 85

% of glomeruli with global sclerosis 9.1 16.77

Number of glomeruli with segmental sclerosis 2 2 49

% of glomeruli with segmental sclerosis 9.76 19.28

Number of glomeruli with intracapillary hyperplasia 7 9 201

% of glomeruli with intracapillary hyperplasia 26.10 30.77

Number of ischemic glomeruli 3 2 95

% of ischemic glomeruli 13.45 9.55

Number of crescentic glomeruli 9 9 250

% of crescentic glomeruli 31.62 28.66

ANCA Vasculitis Lesion Classification

Focal 1 3.4

Crescentic 6 20.7

Mixed 19 65.5

Sclerotic 3 10.3

Without crescents 0 0.0

Interstitial fibrosis

0% 18 62.1

< 25% 6 20.7

> 25 to < 50% 2 6.9

> 50% 3 10.3

Interstitial inflammation

0% 2 6.9

< 25% 12 41.4

> 25 to < 50% 4 13.8

> 50% 11 37.9

ANCA Vasculitis Lesion Classification according to Berden et al. (2010)
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as primary endpoint of the study. At the time of diagnosis, all
patients were treated with 1 g (i.v.) methylprednisolone day−1

over 3 days followed by oral methylprednisolone at a dosage
of 1 mg kg body weight−1 (BW) over 30 days at a maximum
dose of 80 mg. A tapering strategy was followed for 5 months
until the establishment of 5 mg (p.o.) methylprednisolone for
2–5 years. Furthermore, all patients received induction thera-
py with i.v. cyclophosphamide at a dose of 15 mg kg−1 BW−1

(renal function adjusted) monthly for 6 months, followed by
oral azathioprine at a dose of 2 mg kg−1 BW−1 day−1 as main-
tenance treatment.

Each patient was evaluated monthly for the first 6 months
after treatment initiation and, thereafter, at annual visits. At each
patient visit, the presence of disease-associated symptoms and
signs (hypertension, fever, malaise, arthritis, hemorrhagic exan-
thema, hemoptysis, mucosal lesions) was evaluated. Evaluation
included laboratory markers of disease activity (erythrocyte

sedimentation rate (ESR), CRP, p-ANCA, c-ANCA antibodies,
hemoglobin, glomerular hematuria, presence of casts, estimation
of serum creatinine, and glomerular filtration rate (modification
of diet in renal disease (MDRD)) (Levey et al. 1999). Chest X-
ray was obtained at diagnosis and/or when clinical suspicion of
lung involvement was present. The findings were then con-
firmed with computerized tomography (CT) of the lung.

Renal histopathology

Each biopsy specimen was evaluated by a renal pathologist
(FS) blinded to clinical findings, laboratory profile, and renal
function of the patient. Renal glomeruli were evaluated for
intracapillary hyperplasia, ischemia, necrosis, and crescent for-
mation. Interstitial inflammation was evaluated as the presence
of inflammatory cells (neutrophils, macrophages) within the
renal interstitium and graded according to its extent as mild

Fig. 2 HSP60 (brown) staining within crescent (a), Vimentin (glomerular
epithelial cells-brown) stained cells (crescent, glomerular tuft, b), HSP60-
Vimentin (glomerular epithelial cells - red) colocalization indicating ex-
pression of HSP60 within glomerular epithelial cells (crescent,

glomerular tuft, c), CD68 (Macrophage indicator-red)-HSP60
colocalization (crescent, glomerular tuft, arrowhead, d), Periglomerular
Macrophages (CD68 positive cells, e), Macrophages presenting HSP60
staining (CD68 positive cells arrowhead, f) Bars: 8 um)

Fig. 1 Healthy control section for
HSP60 (a); staining for HSP60
within proximal tubule epithelium
and cells within a newly forming
glomerular crescent (arrowhead,
b), EMA-HSP60 colocalization.
Staining of HSP60 within distal
tubule (c); intense staining of
proximal tubules for HSP60 (d).
Bars, 1.5 μm; Hsp60: brown col-
or; epithelial membrane antigen
(EMA–distal tubular marker): red
color
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(0–50%) or severe (≥ 50%). Interstitial fibrosis was assessed by
the presence of collagen within renal interstitium utilizing
Masson’s trichrome stain as mild (0–50%) or severe (≥ 50%).
The biopsies were assigned according to the classification of
Berden et al. (2010) into the following four categories:

1 Sclerotic (≥ 50% globally sclerotic glomeruli),
2 Focal (≤ 50% globally sclerotic glomeruli and ≥ 50% nor-

mal glomeruli),
3 Crescentic (≤ 50% globally sclerotic glomeruli ≤ 50% nor-

mal glomeruli and ≥ 50% cellular crescents), and
4 Mixed (≤ 50% globally sclerotic glomeruli, ≤ 50% normal

glomeruli, and ≤ 50% cellular crescents) (Berden et al.
2010).

Immunohistochemical studies

Paraffin sections were incubated with monoclonal antibodies
against CD3 (T lymphocytes marker), CD20 (B lymphocytes

marker) , CD68 (macrophages marker Santa Cruz
Bio technology , Dal las TX) , HSP60 (St ressGen
Biotechnologies Corp., San Diego, CA), HSP70 (Novocastra
Laboratories, Ltd. UK), epithelial membrane antigen (EMA)
as a distal tubular marker, Fas serving as an apoptosis marker,
vimentin serving as a cytoskeleton marker of glomerular epi-
thelial cells, and MNF-116 serving as cytokeratin marker of
epithelial cells within glomerular crescents (Abcam Plc., UK).
Immunoperoxidase, alkaline phosphatase-anti-alkaline-
phosphatase (APAAP), and avidin-biotin-complex staining
m e t h o d s ( D a k o , D e n m a r k ) w e r e a p p l i e d .
Immunohistochemical staining was quantified according to
staining intensity by a renal pathologist blinded to clinical
findings (FS). Renal tissue from nephrectomized patients
(ten patients) for reasons other than kidney disease or neopla-
sia was utilized as negative control. Due to ethical reasons,
there was no control group over the observation time period.
Results were evaluated by a renal histopathologist (FS)
blinded to clinical findings, laboratory profile, and patient
renal function.

Table 3 Expression of heat shock
proteins between patients and
control subjects

Control patients ANCA vasculitis patients Fisher’s exact test sig.

Interstitial Hsp70 expression

Yes 0 16

No 10 13 0.002

Interstitial HSP60 expression

Yes 0 10

No 10 19 0.04

Crescentic expression of HSP60a

Yes 0 9

No 10 20 0.047a

Crescentic expression of HSP70

Yes 0 17

No 10 12 0.002

Distal tubular expression of HSP60

Yes 0 12

No 10 17 0.017

Distal tubular expression of HSP70

Yes 0 18

No 10 11 0.001

Proximal tubular expression of HSP60

Yes 0 22

No 10 7 < 0.001

Proximal tubular expression of HSP70

Yes 0 16

No 10 13 0.002

a Strong expression of HSP60 within glomerular crescents was found to be of statistical significance. In that case,
LR = 6.21; p = 0.045
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Statistical analysis

All data were tested for normality. In the case of non-normal-
ity, logarithmic transformation was performed. Survival anal-
yses were performed utilizing Kaplan-Meier algorithms.
Fisher’s exact test or Chi-square test when applied was used
for categorical variables. A two-tailed bivariate analysis was
used for detecting clinicopathological correlations. p < 0.05
was considered statistically significant. The analysis was per-
formed utilizing SPSS 20 (SPSS Inc. Chicago IL).

Results

Demographical data are presented in Table 1. The cohort com-
prises 29 patients. The mean age at baseline was 57.8 ± 19.2
years. All patients were of Caucasian ancestry.

Clinical data (Table 1)

The main clinical characteristics of the patients at the time of
inclusion were malaise (N = 22), arthralgia (N = 23), pulmonary
involvement (N = 15), and arterial hypertension (N = 14). Fever

Fig. 4 HSP70 staining in
proximal tubules along with
severe interstitial insult
(a),HSP70-FAS colocalization,
HSP70 intense staining was
observed in tubular epithelial
cells demonstrating apoptosis
(arrowhead, b). Bars: 1.5 um,
HSP70: brown color, FAS
(Apoptosis indicator): red color

Bowman´s 
Capsule

HSP70 10%
HSP60 0%

Glomerular 
Crescent

HSP70 58%
HSP60 32%

Glomerular 
Capillaries
HSP70 17%
HSP60 17%

Proximal 
Tubule

HSP70 55%
HSP60 76%

Distal Tubule
HSP70 60%
HSP60 40%

Macrophages
HSP70 12%
HSP60 70%

T-Lymphocytes
HSP70 20%
HSP60 10%

Glomerular Crescent, 
Bowman´s Capsule
Glomerular epithelial cells
Vimen�n, MNF-116 positve 
cells

Distal tubular cells.
EMA posi�ve cells

Macrophages
CD68 posi�ve 
cells

T-Lymphocytes
CD3 posi�ve 
cells

Renal Inters��um 
(fragmented cells, fibroblasts)

HSP70 55%
HSP60 34%

%: Percentage of Pa�ents.

Fig. 3 Differential expression of HSP70 and HSP60 in nephron segments
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and hemorrhagic exanthem or necrotic skin lesions were present
in 12 patients (N = 12), respectively. Interestingly, none of the
patients presented with or developed diabetes during the obser-
vation period. Mean serum creatinine at presentation was 3.9 mg
dl−1, and the estimated mean glomerular filtration rate utilizing
MDRD-equation was 24.47 ml min−1 1.73 m−2 BSA. Most pa-
tients presented with anemia (mean hematocrit, 31.1%) and ele-
vated C-reactive protein (CRP) (mean CRP, 6.3 mg dl−1).
Thirteen patients showed positivity for p-ANCA and six for c-
ANCA; the rest of the patients (ten) were p-ANCA/c-ANCA
negative. Twenty-seven patients had a nephritic urine sediment.

Histopathological characteristics

The histopathological characteristics of the cohort are shown in
Table 2. Themean number of glomeruli obtained per biopsy was
27. Ninety percent of glomeruli showed morphological alter-
ations. Crescents were shown in 30% of examined glomeruli.
Intracapillary hyperplasia was shown in 25% of examined glo-
meruli. Glomerular ischemia was shown in 12% of glomeruli.
Global glomerular sclerosis as well as segmental glomerular scle-
rosis were relatively rare (10.8 and 6.2%, respectively). Absence
of interstitial inflammatory infiltrates was a rare phenomenon
(6.9% of patients). Fifty-one percent of patients showed inflam-
matory infiltrates in more than 25% of renal interstitium. On the
contrary, severe interstitial fibrosis (≥ 50% of interstitial area)
was present in 10.3% of patients. Acute tubular necrosis
and vascular hyalinosis were also uncommon phenome-
na (3.4 and 10.4% of patients, respectively).

According to the classification proposed by Berden et al.
(2010), 3% of patients had focal lesions. Sclerotic lesions were
present in 10.3% of patients. Crescentic lesions were observed
in 20.7% of patients. The vast majority of patients (65.5%)
presented with mixed lesions.

HSP expression in control and AAV biopsies

All control biopsies showed negative or weak expression of
HSP60 or HSP70 (Fig. 1). HSP60 and HSP70 expression
within crescents (Fig. 2), in proximal tubule and distal tubule
as well as in renal interstitium was statistically significantly
higher in patients with AAV compared with the control group
(Table 3).

Localization of HSP in the renal tissue of AAV biopsies
(Fig. 3)

HSP70 in glomerular crescents was expressed in most
patients. Bowman’s capsule as well as glomerular cap-
illaries showed non-prevalent staining for HSP60 or
HSP70. Proximal tubule was stained positive for
HSP60 (Figs. 1c, d and 3) while distal tubule was
stained positive for HSP70 in the majority of patients
(Figs. 3 and 4). Renal interstitial macrophages were
stained positive for HSP60 (Fig. 5). Interstitial T lym-
phocytes showed a slight predominance for HSP70
staining (Figs. 3 and 5). Severe interstitial injury was
accompanied by HSP70-positive cell debris. HSP70

Fig. 6 Necrotizing vasculitis
interlobular artery (Masson
Trichrome Stain, Anti HSP60
stain, a), Area of necrosis without
HSP60 staining, macrophages
(CD68-red) present HSP60 stain-
ing (brown, b), Fibrosis within
crescent negative for HSP60 (c)
Bars: 14 um

Fig. 5 HSP60 (brown) – macro-
phage (CD68 positive cells)
colocalization (red, arrowhead,
a), HSP60 (brown) – T lympho-
cytes (CD3 positive cells)
colocalization (red, arrowhead, b)
Bars: 8 um
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intense staining was observed in tubular epithelial cells
demonstrating apoptosis (Fig. 4b). Interestingly, necrotic
areas did not show any HSP staining. The surrounding
inflammatory reaction involved mainly macrophages
(Fig. 6).

Association of HSP expression with renal function,
interstitial fibrosis, and interstitial inflammation
at diagnosis

Increased HSP70 expression within the renal interstitium was
associated with worsened renal function at the time of diagnosis
(Pearson’s R = 0.414; p = 0.026). On the contrary, HSP70
expression in proximal tubule (Pearson’s R = − 0.337; p =
0.044) as well as distal tubule (Pearson’s R = − 0.435; p =
0.019) was associated with reduced interstitial fibrosis.
HSP60 expression within distal tubular epithelial cells is asso-
ciated with increased interstitial inflammation (Pearson’s R =
0.672; p < 0.001). The presence of nephritic sediment did not
correlate with the expression of HSP60 or HSP70 in nephron
segments (Table 4).

Survival analysis (Table 5; Figs. 7, 8, 9, and 10)

Renal fibrosis at presentation was associated with adverse
renal outcomes. Extensive renal fibrosis (> 50%) was associ-
ated with rapid renal function loss (mean time to renal replace-
ment therapy was 2.6 years (95% CI, 1.2–4.1 years), log-rank
Chi-square = 4.33; p = 0.038; Fig. 7).

Presence of ≥ 50% global sclerotic glomeruli at the time of
diagnosis correlated with reduced renal survival (mean renal
survival of < 1 year (95% CI, 0 years, log-rank Chi-square =
20; p < 0.001) in comparison with patients with mixed lesion
pattern. Patients with crescentic lesion pattern at diagnosis
showed also a rapid deterioration of renal function (mean renal
survival of 5.25 years (95% CI, 0–14.89 years), log-rank Chi-
square = 5.22; p = 0.022; Fig. 8) when compared with patients
with mixed lesion pattern.

Importantly, strong interstitial expression of HSP70 at diag-
nosis was associated with worsened renal survival in patients
presenting interstitial fibrosis < 50% of biopsy area (mean time
to renal replacement therapy initiation, 0 years (95%CI, 0), log-
rank Chi-square = 11.45; p = 0.001; Figs. 9 and 10) when
compared with weak interstitial expression of HSP70.

Table 4 Clinicopathological
associations Serum creatinine (mg dl−1) Nephritic sediment Interstitial fibrosis Interstitial

inflammation

HSP70 interstitial expression

Pearson’s R 0.414 0.109 0.521 0.014

p 0.026* 0.574 0.004* 0.943

HSP60 interstitial expression

Pearson’s R − 0.025 − 0.089 0.008 0.025

p 0.897 0.647 0.966 0.897

HSP60 crescentic expression

Pearson’s R − 0.247 0.183 − 0.017 − 0.201

p 0.197 0.343 0.931 0.297

HSP70 crescentic expression

Pearson’s R − 0.251 0.324 − 0.055 − 0.029

p 0.189 0.086 0.775 0.881

HSP70 distal tubular expression

Pearson’s R − 0.044 0.068 − 0.435 − 0.096

p 0.82 0.727 0.019* 0.613

HSP60 distal tubular expression

Pearson’s R − 0.309 − 0.048 0.055 0.672

p 0.103 0.806 0.775 < 0.001*

HSP60 proximal tubular expression

Pearson’s R − 0.061 − 0.154 0.073 − 0.1

p 0.753 0.427 0.707 0.605

HSP70 proximal tubular expression

Pearson’s R − 0.38 0.028 − 0.337 − 0.1

p 0.844 0.884 0.044 0.604

p is the statistical significance of Pearson’s R values
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In the multifactorial analysis, interstitial fibrosis, percent-
age of glomerular crescents, and the intensity of HSP70

expression did not show any significant association with the
following parameters: age, nephritic sediment, ANCAs,

Table 5 Association of variables used in survival analysis (interstitial fibrosis, percentage of glomerular crescents, expression of interstitial HSP70)
with patient data

Factor HSP70 Interstitial fibrosis Crescent (%)

Strong expression Weak expression Sig. 0–25% ≥ 25% Sig. ≤ 50 > 50 Sig

Age (years)

≤ 66 4 14 0.129 15 3 0.646 14 4 1.000

> 66 0 11 8 3 8 3

Nephritic sediment

Present 4 23 0.739 21 6 1.000 20 7 1.000

Absent 0 2 2 0 2 0

p-ANCA

Present 1 12 0.606 8 5 0.063 10 3 1.000

Absent 3 13 15 1 12 4

c-ANCA

Present 1 5 0.627 6 0 0.295 4 2 0.612

Absent 3 20 14 5 18 5

ANCA negative

Present 2 8 0.429 9 1 0.302 8 2 0.341

Absent 2 17 14 5 14 5

Hypertension

Present 2 12 1.000 13 1 0.169 11 3 1.000

Absent 2 13 10 5 11 3

Arthrits

Present 3 20 1.000 19 4 0.575 18 5 0.612

Absent 1 5 4 2 4 2

Pulmonary involvement

Present 3 12 0.326 11 4 0.651 11 4 1.000

Absent 1 13 12 2 11 3

Ischemic glomeruli

< 8% 1 9 0.364 8 2 0.667 7 3 0.604

9–19% 3 10 11 2 11 2

> 20% 0 6 4 2 4 2

Tubular necrosis

Present 0 1 0.862 1 0 1.000 1 0 1.000

Absent 4 24 22 6 21 7

Intima media necrosis

Present 1 8 1.000 5 4 0.056 6 3 0.369

Absent 3 17 18 2 16 4

Vascular hyalinosis

Present 0 3 2 1 0.515 2 1 1.000

Absent 4 12 1.000 21 5 20 6

Periglomerular inflammation

0% 3 24 0.109 22 5 0.376 20 7 0.428

1–6% 1 0 0 1 1 0

> 7% 0 1 1 0 1 0
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arterial hypertension, arthritis, pulmonary involvement, ische-
mic glomeruli, tubular necrosis, intima media necrosis, vascu-
lar hyalinosis, and periglomerular inflammation (Table 5).

Discussion

In the present study, we could show an increased expression
of HSP70 and HSP60 in renal tissue of patients with ANCA-
vasculitis in comparison with healthy controls. The majority
of patients showed positivity for p-ANCA, and the main clin-
ical presentation was a rapidly progressive nephritic syn-
drome. Histologically, most patients showed a mixed lesion
pattern in glomeruli as well as interstitial inflammation.
Severe interstitial fibrosis was uncommon. Interstitial expres-
sion of HSP70 was associated with an increased extent of
interstitial fibrosis. Extensive interstitial fibrosis as well as
sclerotic and crescentic class at the time of diagnosis were
associated with decreased renal survival. In the present cohort,

we could not demonstrate a relation between HSP60 and renal
survival. The most interesting finding in the present study is
that increased HSP70 expression within the renal interstitium
was associated with decreased renal survival independently of
the extent of renal fibrosis.

Mean age of disease onset in our study was 60 years. Age
did not correlate with the extent of histological alterations or
with renal replacement therapy. ANCA-associated vasculitis
shows a peak at the age of 65–74 years (Ntatsaki et al. 2010).
Moving from northern to southern hemisphere attributes a
shift towards p-ANCA vasculitis predominance. In the island
of Crete, there is a p-ANCA predominance (Ioannidou et al.
2002; Panagiotakis et al. 2009). Previous studies have shown
that c-ANCA-negative patients present with more severe clin-
ical phenotype and experience a rapid progression of disease
(Mahr et al. 2013).

Heat shock proteins are conserved throughout the animal
kingdom (Li and Srivastava 2004). This finding states their

Inters��al Fibrosis >50%

Events 4 0 0 0

At Risk 0 0 0 0

Time (years) 0-5 5-10 10-15 15-20

Inters��al Fibrosis ≤ 50%

Events 3 3 5 5

At Risk 19 17 13 0

Time (years) 0-5 5-10 10-15 15-20

Fig. 7 Interstitial fibrosis is
related with renal function
deterioration. Mean time to renal
replacement therapy initiation
was 2.6 years (95% CI, 1.2–4.1
years) when renal fibrosis was
more than 50% of biopsy area.
Mean time to renal replacement
therapy initiation was 16.49 years
(95% CI, 13.68–19.29 years).
Chi-Square (Log-Rank) = 4.325;
p = 0.038
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importance in cell function. There is cumulating evidence
showing that heat shock proteins can modulate not only the
intracellular but also the extracellular stress response (Kim
et al. 2016; Tsen et al. 2013; Zuo et al. 2016). HSP70 has a
constitutional as well as an inducible expression. Strong tissue
expression of HSP70 can induce cell necrosis (Daniels et al.
2004). Heat shock proteins can be excreted through active or
passive mechanisms and thus have additional roles in

modulating the immunologic response in the extracellular
space (Calderwood et al. 2019). The effects of increased heat
shock protein expression are addressed in various models of
renal disease (Hernadez-Pando et al. 1995; O’Neill et al. 2014;
Tsuji et al. 2009). Patients with autoimmune disorders such as
systemic lupus erythematosus, rheumatoid arthritis, and
dermatomyositis show increased levels of circulating
HSP70 and HSP60 as well as increased levels of

Focal lesion pa�ern

Events 0 0 1 0

At Risk 1 1 0 0

Time (years) 0-5 5-10 10-15 15-20

Crescen�c lesion pa�ern

Events 3 3 3 4

At Risk 1 1 1 0

Time (years) 0-5 5-10 10-15 15-20

Mixed lesion pa�ern

Events 3 6 8 19

At Risk 12 13 11 0

Time (years) 0-5 5-10 10-15 15-20

Sclero�c lesion pa�ern

Events 2 0 0 0

At Risk 0 0 0 0

Time (years) 0-5 5-10 10-15 15-20

Fig. 8 ANCA vasculitis lesion
pattern is associated with renal
survival in patients with renal
fibrosis < 50% of biopsy area.
Patients with a crescentic lesion
pattern have a mean time to renal
replacement therapy of 5.25 years
(95% CI, 0–14.89 years). Patients
with a mixed lesion pattern have a
mean time to renal replacement
therapy less of 14.63 years (95%
CI, 11.5–17.7 years). Patients
with a sclerotic lesion pattern
have a mean time to renal
replacement therapy of less than 1
year (95% CI, 0 year). There was
a statistically significant
difference in patients with a
mixed lesion pattern and patients
with a crescentic lesion pattern
(Test Chi-Square [Log Rank]) =
5.22, p = 0.022) as well as with
patients presenting with a
sclerotic lesion pattern (Test Chi-
Square [Log Rank] = 20; p <
0.001)
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antibodies against HSP70 or HSP60 (Dhillon et al.
1991; Georgopoulos and McFarland 1993; Jorgensen
et al. 1998; Lang et al. 2005).

Heat shock response may have a multifaceted role in the
kidney of patients with AAV. Increased anti-HSP60 or anti-
HSP70 antibodies have been described in subsets of AAV
patients (Jamin et al. 2005; Komiya et al. 2011; Slot et al.
2006). Alard et al. (2009) showed that HSP60 could interact
with HSP70 and induce cell damage through toll-like receptor
2 activation. Furthermore, in renal tissue of patients with
glomerulonephritis-increased HSP70 expression exerts a pro-
inflammatory effect (Chebotareva et al. 2018). On the other
hand, HSP60 expression in immune-mediated glomerulone-
phritis has been associated with a worsened prognosis (Lang
et al. 2005). We observed a differential expression of HSP60
and HSP70 within the various nephron segments. HSP70 was
associated with apoptosis within the distal tubule. HSP60 ex-
pression could be shown mainly within interstitial

macrophages, macrophages surrounding glomerular cres-
cents, as well as in proximal tubular cells. HSP60 has been
shown to provoke a proinflammatory reaction (Choi et al.
2015). Interestingly, necrotic areas lack HSP expression thus
implicating heat shock protein response in the early stages of
renal injury. Increased infiltration of renal interstitium with
inflammatory cells, the small percentage of glomeruli with
segmental glomerular sclerosis or glomerular ischemia and
the small percentage of patients presenting with extensive in-
terstitial fibrosis, acute tubular necrosis, or vascular hyalinosis
when compared with other studies (Hauer et al. 2002) depicts
the early diagnosis of the disease.

The observation that interstitial HSP70 overexpression is
associated with worse renal outcomes, could imply that heat
shock protein system has a role in the prognosis of ANCA-
associated vasculitis. To our knowledge, this is the first study
that shows an association of renal heat shock protein expres-
sion and renal outcomes in an ANCA vasculitis cohort.

Strong HSP70 Expression

Events 2 0 0 0

At Risk 0 0 0 0

Time (years) 0-5 5-10 10-15 15-20

Weak HSP70 Expression 

Events 6 3 3 12

At Risk 18 15 12 0

Time (years) 0-5 5-10 10-15 15-20

Fig. 9 Strong interstitial HSP70
expression is associated with
worsened renal survival. Mean
renal survival in patients with
strong interstitial expression of
HSP70 was 1 year (95% CI, 0–
2.38 years). Mean renal survival
in patients with weak interstitial
expression of Hsp70 was 12.68
years (95% CI, 9.54–15.81
years). The differences observed
are of statistical significance (Log
Rank Test Chi-Square = 14.41; p
< 0.001)
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The study limitations are the small patient number as well
as the fact that it was a single-center study thus underlying the
necessity of larger confirmatory studies. Furthermore, c-
ANCA patients were underrepresented thus limiting the ex-
trapolation of present observations in c-ANCA-positive
patients.
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