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ARTICLE INFO ABSTRACT

Keywords: Background: S100A11 (calgizzarin), a member of the S100 family, is associated with oncogenesis, inflammation
Calgizzarin and myocardial damage. Our aim was to analyse S1I00A11 in idiopathic inflammatory myopathies (IIMs) and its
$100 proteins association with disease activity features and cancer development.

xg(;;it:ation Methods: S100A11 in muscle was determined by immunohistochemistry in polymyositis (PM), dermatomyositis

(DM), myasthenia gravis (MG) and in subjects without autoimmune inflammatory disease (HC). SI00A11 in
plasma was measured in 110 patients with IIMs (PM, DM, and cancer associated myositis (CAM) patients) and in
42 HC. Disease activity was assessed by myositis disease activity assessment (MYOACT), muscle enzymes and C-
reactive protein (CRP) were measured by routine laboratory techniques; autoantibodies by immunoprecipitation
or by immunoblot.

Results: We observed an accumulation of S1I00A11 in the cytoplasm of regenerating and necrotizing muscle
fibres of PM and DM patients. SI00A11 was increased in plasma of all myositis patients compared to HC (3.8
(1.5-16.8) vs 2.8 (1.7-11.2) ng/ml, p = 0.011) and in DM and CAM patients compared to HC (4.0 (2.2-14.9)
and 4.5 (1.5-9.1) vs 2.8 (1.7-11.2)ng/ml, p < 0.001 and p = 0.022, respectively). In all myositis patients,
S100A11 correlated with the levels of lactate dehydrogenase (r = 0.256, p = 0.011), aspartate aminotransferase
(AST) (r = 0.312, p = 0.002), CRP (r = 0.254, p = 0.022) and MYOACT (r = 0.245, p = 0.022). S100A11 was
associated with MYOACT (r = 0.377, p = 0.030) and pulmonary and cutaneous disease activity in DM patients
(r = 0.408, p = 0.017 and r = 0.417, p = 0.01, respectively). SI00A11 was related to the levels of AST
(r = 0.412, p = 0.027) in PM and to the levels of creatine phosphokinase (r = 0.432, p = 0.028) in CAM pa-
tients.

Conclusions: We show for a first time a potential implication of S100A11 in the local inflammatory and tissue
remodelling processes in myositis and an association of circulating S100A11 with disease activity and extra
muscular manifestations in DM.

Disease activity

1. Introduction

Idiopathic inflammatory myopathy (myositis) is a heterogeneous
group of chronic muscle disorders that are clinically characterized by
symmetric proximal skeletal muscle weakness, fatigue and elevated
muscle enzymes in serum. Typical histopathological changes are
mononuclear cell infiltration and myofibre degeneration/fibrosis [1].
Immunological features include autoantibodies and autoreactive lym-
phocytes, with unusual over-expression of major histocompatibility

complex (MHC) class I molecules on the surface of the affected myo-
fibres [2]. Distinct categories of myositis, including polymyositis (PM),
dermatomyositis (DM), inclusion body myositis (IBM), and immune-
mediated necrotizing myopathy (IMNM) are recently distinguished
[1-5]. Since the muscle microenvironment is very complex, the un-
derlying mechanisms that mediate muscle damage and dysfunction in
myositis are not yet fully understood. A significant number of mediators
synthesized within the muscle by different cells such as myocytes, fi-
broblasts, endothelial or inflammatory cells can participate in the
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Table 1
Characteristics of patients with idiopathic inflammatory myopathies (IIMs) and healthy controls (HC).
Idiopathic inflammatory myopathies Dermatomyositis (DM) Polymyositis (PM) Cancer-associated myositis Healthy
(IIMs) (CAM) controls
(HC)
Number 110 40 40 30 42
Gender (female/male)  79/31 27/13 28/12 24/6 30/12
Age (years) 58 (25-82) 56 (27-73) 56 (25-74) 63 (36-82) 55
(25-79)
Disease duration 1.2 (0.1-37.9) 1.7 (0.2-37.9) 1.2 (0.3-19.0) 0.4 (0.1-14.8) NA
(years)
Biochemical markers
CRP (mg/L) 2.6 (0.3-102.4) 2.4 (0.3-30.1) 2.8 (0.3-102.4) 3.9 (0.3-96.6) NA
CK (ukat/L) 2.3 (0.2-105.4) 1.1 (0.2-105.4) 4.4 (0.3-64.4) 2.7 (0.2-46.2) NA
LD (ukat/L) 4.6 (0.9-32.0) 4.2 (0.9-32.0) 4.4 (2.3-31.8) 5.6 (1.2-17.7) NA
AST (ukat/L) 0.6 (0.3-6.5) 0.6 (0.3-6.5) 0.6 (0.3-4.4) 0.8 (0.3-3.2) NA
Clinical features (number)
Mechanics hands 37 19 9 NA
Raynaud’s 29 13 11 5 NA
phenomenon
Arthritis 30 10 15 5 NA
Interstitial lung disease 45 14 22 9 NA
Cardiac Involvement 19 6 8 5 NA
Dysphagia 49 22 15 12 NA
Alopecia 15 6 3 6 NA
Calcinosis 6 5 0 1 NA
Ulcerations 9 5 0 4 NA
Disease activity
MYOACT 0.07 (0-0.34) 0.07 (0-0.27) 0.06 (0-0.34) 0.09 (0-0.30) NA
MITAX 0.14 (0-0.63) 0.13 (0-0.47) 0.16 (0.02-0.63) 0.13 (0-0.44) NA
Constitutional DA 5 (0-60) 4.5 (0-40) 8.5 (0-60) 2.5 (0-43) NA
(VAS)
Cutaneous DA (VAS) 5 (0-70) 17 (0-52) 0 (0-25) 18 (0-70) NA
Skeletal DA (VAS) 0 (0-63) 0 (0-37) 0 (0-63) 0 (0-28) NA
Gastrointestinal DA 0 (0-81) 0 (0-57) 0 (0-38) 0 (0-81) NA
(VAS)
Pulmonary DA (VAS) 5 (0-65) 3.5 (0-42) 8 (0-65) 5 (0-28) NA
Cardiac DA (VAS) 0 (0-41) 0 (0-10) 0 (0-41) 0 (0-14) NA
Muscle DA (VAS) 24.5 (0-94) 19 (0-85) 25 (2-93) 28 (0-94) NA
Physician’s global 24 (0-90) 24 (0-74) 25 (1-90) 23 (0-68) NA
disease assessment
(VAS)
Patient’s global disease 50 (4-100) 24 (0-90) 50 (5-88) 46 (8-91)
assessment (VAS)
HAQ 0.9 (0-3.0) 0.9 (0-2.6) 0.9 (0-2.9) 1.1 (0-3.0) NA
MMT8 65 (0-80) 60 (40-80) 69 (0-79) 63 (44-79) NA
Treatment
Daily GC dosage (mg 20 (0-100) 15 (0-80) 20 (0-100) 25 (0-100) NA
prednisone
equivalent)
Immunosupressive MTX (26), AZA (3), MTX (13), MTX (7), AZA (2), Plaquenil (1), CyA  MTX (6), MTX + CyA (1), NA
drugs (number of Plaquenil (3), CyA (4), CPA (2), MTX + AZA + CyA, (1) (2), CPA (2), CPA + CyA (1), MTX + AZA, CyA (1), no
patients) CPA + CyA (1), CPA + MTX (1), CyA (1), AZA (1), CPA + MTX (1). MTX + AZA + CyA immunosupressive drugs at

MTX + AZA + CyA (2), MTX + SAS
(1), MTX + Plaquenil (1),

MTX + CyA + Plaquenil (1),

MTX + CyA (1), MTX + AZA (1), no
immunosupressive drugs at the time of
blood withdrawal (63)

Plaquenil (2),
no immunosupressive

withdrawal (23)

drugs at the time of blood

the time of blood
withdrawal (21)

(1), MTX + SAS (1), MTX + Plaquenil
(1), MTX + CyA + Plaquenil (1),

no immunosupressive drugs at the
time of blood withdrawal (19)

Data are presented as number of patients or median (min-max). AST, aspartate aminotransferase; AZA, azathioprine; CK, creatinine phosphokinase; CRP, C-reactive
protein; CyA, cyclosporine A; CPA, cyclophosphamide; DA, disease activity; HAQ, health assessment questionnaire; LD, lactate dehydrogenase; MITAX, myositis
intention to treat index; MMT, manual muscle testing; MTX, methotrexate; MYOACT, myositis disease activity assessment; NA, not applicable; SAS, sulfasalazine;

VAS, visual analogue scale.

triggering or perpetuation of chronic autoimmune attacks on the
muscle.

The S100 family of calcium-binding proteins comprises more than
20 members that carry out broad range of intracellular and extra-
cellular functions [6]. Certain S100 proteins have been previously
linked to the damage-repair-regeneration cascade of processes within
the muscle tissue [7-11]. SI00A11 (S100C, calgizzarin or MLN70),
represents a less recognized member of the S100 family. First identified
in 1991 in chicken gizzard smooth muscle [12], S100A11 has since
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been purposed to exert different functions such as enzyme activity
regulation, exo/endocytosis, cell proliferation, apoptosis, transcrip-
tional regulation and cell differentiation [13-18]. Modulated expres-
sion of S100A11 has been reported in tumours and linked to metastasis
[19]. Recent studies revealed a potential link between the S100A11
protein and inflammation [20,21]. The implication of S100A11 in low-
grade inflammation was documented in osteoarthritis (OA) [20]. Our
group showed significant accumulation of S100A11 in the synovium
and in the synovial fluid of patients with rheumatoid arthritis (RA) and
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an association with inflammation and disease activity in RA [21]. Si-
milar to other S100 proteins [9,22], SI00A11 exhibits activities in
cardiac diseases [23,24]. Up-regulated gene and protein expression of
S100A11 was reported in the circulation of patients with infectious
endocarditis, and the potential of S100A11 as a diagnostic marker of
infectious endocarditis was suggested [23]. As demonstrated in a car-
diotoxicity animal model, SI00A11 is increased in hypertrophic car-
diomyocytes and is possibly involved in the myocardial damage-re-
generation process [24].

However, there is a lack of knowledge about the expression and
biological function of S100A11 within the skeletal muscle micro-
environment and during pathological conditions. Given the recently
discovered implication of S100A11 in the inflammation and damage-
regeneration processes, the purpose of this study was to address the role
of S100A11 in the pathogenesis of autoimmune skeletal muscle dis-
eases.

2. Methods
2.1. Patient characteristics and disease activity assessment

The study group comprised 110 patients with myositis (40 with DM,
40 with PM and 30 with CAM) and 42 healthy controls (HC). The group
of patients with CAM included 23 patients with DM (CDM) and 7 pa-
tients with PM (CPM). Myositis patients were recruited from a single
centre of the inpatient and outpatient departments of the Institute of
Rheumatology in Prague. Disease duration from the first symptoms
ranged from O to 38 months. None of the patients were treated for
myositis associated overlap syndromes. Patients with PM and DM ful-
filled Bohan and Peter diagnostic criteria [25,26]. CAM was defined as
cancer occurring in IIMs patients within 3 years of the disease onset.
Informed consent was obtained from each subject and the study was
conducted with the approval of the Ethics Committee of the Institute of
Rheumatology in Prague.

Clinical disease status was assessed by the myositis disease activity
assessment (MYOACT), myositis intention to treat index (MITAX) and
myositis damage index (MDI), physician and patient global activity
using visual analogue scales (VAS), manual muscle testing of 8 muscle
groups (MMT-8). Extra-muscular involvement (constitutional, cardiac,
pulmonary, gastrointestinal, skeletal, and cutaneous) was also eval-
uated using a composite score (composite extra-muscular VAS score).

The myositis patients in our study were also suffering from
Raynaud’s syndrome (26%), arthritis (27%), dysphagia (45%) or me-
chanic’s hands (34%). In addition, 41% of myositis patients were di-
agnosed with interstitial lung disease and 17% with cardiac involve-
ment. Out of 110 myositis patients, 27 patients were treatment-naive at
the time of examination and 96 patients received glucocorticoids (the
median dose was 20 mg of prednisone or its equivalent per day ranging
from 1.25 to 100 mg per day). In addition, thirty-two patients were
treated with methotrexate, four patients with cyclosporine A, three
with azathioprine, three with hydroxychloroquine and two with cy-
clophosphamide. Patient characteristics are summarized in Table 1.
Autoantibodies detected in patients with IIMs are listed in Additional
file 1.

2.2. Laboratory measurements

Peripheral blood samples were collected and immediately pro-
cessed. Plasma aliquots were stored at —80 °C until use. S100A11 levels
in plasma were quantified using a commercially available ELISA kit
(BioVendor, Brno, Czech Republic). This assay has a detection limit of
0.01 ng/ml. The analyses were performed using a SUNRISE ELISA
reader (Tecan, Salzburg, Austria) at 450 nm.

Serum levels of muscle enzymes including creatine phosphokinase
(CK), lactate dehydrogenase (LD), aspartate aminotransferase (AST)
and C-reactive protein (CRP) were analysed by routine laboratory
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techniques. Myositis specific and associated autoantibodies were de-
tected by immunoprecipitation as previously described [27] or by im-
munoblot (Euroimmun, Liibeck, Germany).

2.3. Immunohistochemistry

Muscle tissue specimens were obtained from patients with PM
(n = 5; 1 male and 4 females, mean age + SD: 58.6 + 11.9) and DM
(n = 6; 1 male and 5 females, mean age * SD: 45.8 + 21.0). Control
muscle tissue was obtained from patients with autoimmune non-in-
flammatory disease myasthenia gravis (MG; n = 5; 2 males and 3 fe-
males, mean age + SD: 48.2 = 12.4) and from healthy controls (HC;
n =5; 2 males and 3 females, mean age + SD: 48.8 = 7.8) - in-
dividuals without any proven autoimmune inflammatory disease. All
myositis subjects underwent diagnostic muscle biopsy from a biopsy
site selected using MRI [28] under local anaesthesia using the open
biopsy technique from vastus lateralis (or medialis) muscle.

Patients with PM/DM fulfilled Bohan and Peter diagnostic criteria
[25,26]. All patients gave their informed consent to participate, and the
study was approved by the local ethics committee at the Institute of
Rheumatology.

Serial cryostat sections of muscle tissue were fixed in cold acetone,
washed in phosphate buffered saline (PBS), blocked in Dual
Endogenous Enzyme Block (Dako, Glostrup, Denmark), washed in PBS
and blocked in PBS supplemented with 2% bovine serum for 1h at
room temperature (RT). Consequently, sections were incubated with
monoclonal rabbit anti-S100A11 antibody 1:100 (Abcam, Cambridge,
UK) overnight at 4 °C, rinsed again in PBS buffer and incubated for 1 h
at RT with HRP-conjugated mouse anti-rabbit secondary antibody di-
luted 1:200 (Dako, Glostrup, Denmark). The visualization was achieved
by the DAKO Liquid DAB + Substrate Chromogen System (Dako,
Glostrup, Denmark). Sections were counterstained with Mayefs
Haematoxylin. Isotype-specific antibodies were used as negative con-
trols. The samples were then analysed using a BX53 microscope with a
DP80 Digital Microscope Camera and CellSens Standard Software
(Olympus, Pennsylvania, USA).

2.4. Cell isolation, stimulation experiments and protein analysis

Peripheral blood mononuclear cells (PBMCs) from patients with
IIMs (n = 5) and healthy controls (HC, n = 5) were isolated and cul-
tured as previously described [21]. Cells were incubated without
treatment or treated with recombinant S100A11 (10-1000ng/ml
S100A11) (Biovendor, Brno, Czech Republic) or LPS (10 ng/ml, Sigma-
Aldrich, St Louis, MO, USA). The cell culture supernatants were col-
lected after 24 h and stored at —80 °C. The levels of selected cytokines
(TNF-a and IL-6) released into the supernatant were analysed by ELISA
kits (Ray Biotech, Norcross, GA, USA).

2.5. Statistical analysis

Data were tested for normality using the Kolmogorov-Smirnov test
in total sample as well as within each group of patients (PM, DM, CAM).
Differences in SI00A11 levels between the groups were analysed using
the Mann-Whitney U test. Since most of the variables were not normally
distributed, descriptive statistics are presented as median (min-max).
The degree of relationships between variables was evaluated using the
Spearman's rank-order correlations. Obtained correlation coefficients
were further adjusted for age, disease duration, and daily dose of glu-
cocorticoids using the partial correlation technique. The control (con-
founding) variables were considered simultaneously in the partial cor-
relation analysis. The Wilcoxon test was used for comparisons between
two variables in the stimulation experiments. All computations were
accomplished using the software SPSS (version 17.0).
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S100A11

3. Results

3.1. S100A11 accumulates in the necrotizing and regenerating muscle fibres
of patients with inflammatory myopathies

S100A11 was detected to greater or lesser extent in all studied
muscle samples. Weak perimembranous, membranous and nuclear
S100A11 staining was observed in controls (non-inflammatory, non-
autoimmune), in myasthenia gravis and in myositis samples outside the
focus of inflammation. Intense membranous and cytoplasmic positivity
in muscle cells was revealed at the site of inflammatory infiltrate in PM/
DM and in the perifascicular regions in DM samples. SI00A11 accu-
mulation was significantly strong in the cytoplasm of necrotising and
regenerating myofibres of both DM and PM samples. In DM, S100A11
was detected particularly in the affected muscle fibres surrounding the
vessels, whereas S100A11-positive muscle fibres were located around
the inflammatory infiltrates in PM. Inflammatory cells within the af-
fected PM/DM muscle tissues also showed focal S100A11 positivity.
The S100A11 staining intensity did not significantly differ between PM
and DM muscle specimens (Fig. 1).

3.2. S100A11 is increased in plasma of myositis patients

The concentrations of S100A11 in plasma were higher in all myo-
sitis patients compared to healthy individuals (3.8 (1.5-16.8) vs 2.8
(1.7-11.2) ng/ml, p = 0.011), Fig. 2A. S100A11 levels were particu-
larly up-regulated in patients with DM and CAM compared to healthy
controls (4.0 (2.2-14.9) and 4.5 (1.5-9.1) vs 2.8 (1.7-11.2) ng/ml,
p < 0.001 and p = 0.022, respectively), Fig. 2B. After splitting the
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Fig. 1. S100A11 in the muscle of patients
with  poly/dermatomyositis  (PM/DM),
myasthenia gravis (MG), healthy controls
(HC). In muscle samples of PM and DM
patients outside the focus of inflammation
and in non-inflammatory controls weak
perimembranous, membranous and nuclear
S100A11 staining was observed. At site of
inflammatory infiltrate in PM and DM, and
in perifascicular regions and around the
vessels in DM samples, intense membranous
immunopositivity as well as the cytoplasmic
positivity were revealed. The cytoplasm was
S100A11 positive particularly in necrotising
and regenerating myofibers in DM and PM.
The inflammatory cells also showed focal
S100A11 positivity. Isotype-specific anti-
bodies were used as negative controls.
Represents necrotizing muscle fibre, and the
arrow points to regenerating muscle fibre.
Representative images are shown at mag-
nification 100 %, detail 200 x .

patients with CAM into the subgroups, only patients with CDM but not
CPM showed significant elevation of S100A11 compared to healthy
controls (4.6 (1.5-9.1) vs 2.8 (1.7-11.2)ng/ml, p = 0.031), Fig. 2B.
There was no significant difference in S100A11 levels between patients
with PM and healthy controls (3.0 (1.5-16.8) vs 2.8 (1.7-11.2) ng/ml,
p = ns). In all myositis patients, a weak negative association with age
(r = —0.202, p = 0.034) was observed. S100A11 positively correlated
with daily dose of prednisone in patients with PM (r = 0.465,
p = 0.003). The levels of SI00A11 were not affected by sex, BMI or
DMARD:s in all myositis patients. Systemic levels of SI00A11 did not
significantly differ between autoantibody positive and negative myo-
sitis patients (see Additional file 2).

3.3. S100A11 is inversely associated with disease duration and age in DM
patients

Plasma S100A11 levels negatively correlated with disease duration
(r = —0.359, p = 0.025) and age (r = —0.420, p = 0.007) in patients
with DM (Fig. 3A, B). When divided into two groups based on the
disease duration (> 5 years and <5 years), SI00A11 levels and disease
activity (MYOACT) were significantly lower in patients with disease
duration > 5 years in contrast to the rest of the patients (S100A11: 5.3
(2.5-14.9) vs. 3.3 (2.2-12.8)ng/ml, p = 0.014 and MYOACT: 0.1
(0.01-0.27 vs. 0.01 (0-0.04), p < 0.001), Fig. 3C and D. Moreover,
patients with disease duration > 5years had significantly higher age
compared to the patients suffering of DM for <5years (67.1
(31.6-73.4) vs. 54.3 (26.6-71.8), p = 0.005), (Fig. 3E).



L. Andrés Cerezo et al.

Cytokine 116 (2019) 13-20

A 20- B 20- p=0.022 Fig. 2. Systemic levels of S100A11 in patients with
myositis. Levels of circulating SI00A11 protein are
p=0.011 p=0.014 p<0.001 elevated in patients with idiopathic inflammatory
< A myopathies (IIMs) compared to healthy controls
154 % 15 - (HC), (A) concentrations of S1I00A11 in patients
- oo R DD with dermatomyositis (DM) and cancer associated
E > E o myositis (CAM) are up-regulated compared to HC
? - ?:n . (B). The horizontal line represents the median.
- <& - a
— 101 <& -~ 104 A
< Coo® < A °
S (XY oo g N oo
o
» 005700 050 s mh pBo 02
&4 00%0%00000 5 oo O s AA &Bﬁ 000°
00006008 ooo 1 “a O Cogel
OO o0 (] ApD
ClOS Oppo0 ) ﬁ ~ W OQ%
SSerrrrees 0
00 599 5000 e - 0Ooo [9) 50
0 T T 0 T T T T
1IMs HC PM DM CAM HC
| — |
[ J (0]
CPM CDM

3.4. S100A11 is associated with myositis disease activity in DM patients

Circulating S100A11 in patients with DM correlated with CK levels
(r = 0.333, p = 0.047), (Fig. 4A) but only a trend for correlation with
AST (r = 0.318, p = 0.059) was observed. Furthermore, a positive as-
sociation was found between S100A11 levels and MYOACT score
(r = 0.337, p = 0.030) or between S100A11 and extramuscular disease
activity parameters such as pulmonary (r = 0.408, p = 0.017) and cu-
taneous (r = 0.417, p = 0.011) disease activity (Fig. 4B-D). In patients
with CAM, a significant correlation was found between S100A11 levels
and muscle enzyme CK (r = 0.432, p = 0.028). The levels of S100A11
did not correlate with the cancer duration in patients with CAM
(r = 0.090, p = 0.655).

Associations of SI00A11 with all clinical and laboratory parameters
for each subgroup and for all myositis patients are summarized in
Table 2.

4. Discussion

In this study, we show for the first time local and systemic accu-
mulation of S100A11 protein in inflammatory myopathies. We dis-
closed that the S100A11 protein is up-regulated mainly in the re-
generating and necrotizing muscle fibres and its systemic levels are
associated with levels of muscle enzymes, disease activity and extra-
muscular manifestations in myositis.

S100A11 represents a multifunctional S100 protein with a diverse
spectrum of effects from fundamental and favourable cell housekeeping
functions to harmful uncontrolled processes. In addition to its role in
oncogenesis [19], SI00A11 was recently linked to inflammation and
immune system activation in RA [21]. These findings together with the
implication of S100A11 in the myocardial damage-regeneration process
[24] and its association with inflammation of the endocardium [23]
make S100A11 an interesting candidate molecule for investigation in
inflammatory myopathies.

Here, we report an accumulation of S100A11 protein in the muscle
tissue of patients with myositis, particularly in the regenerating and
necrotizing muscle fibres. This finding indicates a possible role of
$10011 in muscle tissue remodelling and resembles findings observed
previously with S100A4 [8]. Studies on cardiac dysfunction show that
S100A11 can be involved in cardiac muscle damage [24] or be a part of
cardio protective mechanisms [29]. Dual role of S100A11 in cell growth
regulation was also described in keratinocytes [30]. Given the delicate
balance between damage and repair process in the skeletal muscle and
the apparent functional complexity of S100A11, it is likely that
S100A11 exerts both degenerative and regenerative capacities within
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the myositis muscle. In addition, distinct from other S100 proteins
[8,10], SI00A11 was detected on membranes and in cell nuclei in all
biopsies including those of healthy controls. We believe that this
finding corresponds to the physiological role of S100A11 as a regulator
of the cell cycle [31] or as a binding partner of annexin [14,15].

We also distinguished specific hallmarks in S100A11 topography,
probably related to different pathophysiological processes underlying
the two forms of myositis, such as the high occurrence of SI00A11 in
the affected muscle fibres in proximity to the blood vessels in DM, or an
accumulation of SI00A11 in the muscle fibres invaded by mononuclear
cells in PM.

It is worth mentioning that in our experimental conditions, mono-
nuclear cells from myositis patients show similar basal secretion of
cytokines (IL-6 and TNFa) as healthy donors' cells. However, when
exposed to high concentrations of S100A11, secretion of IL-6 is sig-
nificantly up-regulated (see Additional file 3). In this context, we be-
lieve that S100A11 released from the necrotic muscle fibres could
trigger local inflammation or contribute to the persistence of the in-
flammatory reaction in the muscle and thereby to the muscle fibre
damage.

S100A11 was significantly elevated in the plasma of patients with
myositis, in particular in DM when compared to PM patients or healthy
individuals. This implies that SI00A11 could be of greater relevance in
the pathogenesis of DM rather than in PM. It is of interest that SI00A11
was increased in patients with CAM compared to controls. Given the
high incidence of cancer development in patients with DM [32], it can
be speculated that the elevation of SI00A11 in CAM in our study is
rather related to DM itself than to the cancer development. Moreover,
levels of SI00A11 do not correlate with the cancer duration and as
described before, the role of S100A11 in cancer is type- and stage-
specific [19].

Interestingly, circulating S100A11 is inversely associated with age
and disease duration in patients with DM. We believe that the age-re-
lated decline of muscle mass and physical activity [33] could be one of
the factors affecting the systemic levels of ST00A11. With respect to the
disease duration, it can be speculated that the long-term treatment
modulates the levels of SI00A11. This is supported by our finding of
lower S100A11 levels and disease activity in patients with disease
duration > 5years in contrast to the rest of the patients. Indeed, pa-
tients with disease duration > 5years had significantly higher age
compared to the other group. Taken all this together, it can be hy-
pothesized that the long-term treatment and higher age represent in-
separable factors affecting the levels of circulating S100A11.

The relationship of circulating SI00A11 to CRP and disease activity
in myositis patients notes the possible association of S100A11 with
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immune inflammatory reaction. This is consistent with data reported in
RA [21] and together with the elevation of SI00A11 in systemic lupus
erythematosus (manuscript accepted for publication in Clin Exp Rheu-
matol) further highlights the link of SI00A11 to autoimmune rheumatic
diseases. However, the role of circulating SI00A11 as an indicator of
muscle tissue damage is disputable. There is only a weak association of
S100A11 with muscle enzymes. Although S100A11 is overexpressed in
necrotizing fibres in both DM and PM biopsies, the systemic elevation
was observed only in DM. Thus, circulating SI00A11 may not refer to
pathological events within the myositis muscle. Indeed, SI00A11 sig-
nificantly correlates with extra muscular involvement in DM. Alto-
gether, it could be speculated that the systemic levels of SI00A11 may

reflect global disease activity rather than the muscle impairment in
myositis.

Interestingly, there is no difference in the levels of S100A11 be-
tween myositis patients with and without arthritis. Indeed, according to
our results, S100A11 was not related to the levels of anti-Jo-1 (data not
shown) autoantibody which is linked with increased rates of arthritis in
IIMs [34]. These findings are further supported by the fact that only the
local but not the systemic elevation of S100A11 reflected the disease
activity and inflammation in RA [21].

This study has some limitations. Muscle biopsies were obtained
from patients who were different from those who provided the blood
samples. Therefore, the discrepancy between the local and systemic
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Table 2
Association of S100A11 levels with clinical and laboratory parameters of pa-
tients with myositis.

1IMs DM PM CAM
Muscle enzymes CK 0.167 0.333°  0.174 0.432"
LD 0.256" 0.048 0.363 0.339
AST 0.312”7  0.318 0.412"  0.338
CRP 0.248" 0.239 0.209 0.290
Disease activity score MYOACT 0.245" 0.377°  0.258 0.104
MITAX 0.102 0.169 0.195 0.083
Muscle disease 0.153 0.141 0.089 0.172
activity
Extramuscular gastrointestinal  0.132 0.334° 0.065 —0.102
disease activity pulmonary 0.091 0.408" 0.018 0.064
cutaneous 0.309" 0417 0273  0.295
constitutional 0.120 —0.024 0.241 0.231
cardiovascular  —0.210°  0.089 -0.257 —0.188
skeletal —0.150 —0.154 0.067 —-0.353

Data were analysed using Spearman's rho, “p < 0.05, ""p < 0.01. AST, as-
partate aminotransferase; CAM, cancer-associated myositis; CK, creatinine
phosphokinase; CRP, C-reactive protein; DM, dermatomyositis; IIMs, idiopathic
inflammatory myopathies; LD, lactate dehydrogenase; MITAX, myositis inten-
tion to treat index; MYOACT, myositis disease activity assessment; PM, poly-
myositis.

accumulation of S100A11 in PM could not be further studied and ex-
plained. Moreover, it would be of extreme interest to include in vitro
studies to address the effect of SI00A11 on the myofibres. Despite these
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limitations, this study provides new insight into the implication of
S100A11 in autoimmune rheumatic diseases.

5. Conclusions

We demonstrate an accumulation of S100A11 in the affected muscle
fibres and inflammatory cells within the muscle and thereby the po-
tential implication of S100A11 in the local inflammation and fibre
necrosis/regeneration in inflammatory myopathies. Moreover, a sys-
temic increase in S100A11, particularly related to the extra-muscular
disease activity in patients with DM, was documented. Further studies
are required to determine the contribution of S100A11 to the patho-
genesis of inflammatory myopathies.
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