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Idiopathic inflammatory myopathies (IIMs) encompass a heterogenic group of rare muscle diseases with com-
mon symptoms includingmuscle weakness and the presence of certain histological features. Since the pathogen-
esis remains unclear, therapeutic approaches in general comprise unspecific immunosuppression strategies that
have been met with limited success. Therefore, a deeper understanding of the underlying pathophysiological
mechanisms is critically required to assist in development of targeted therapies. Animal models have proven
to be tremendously helpful in mechanistic studies and allow researchers to overcome the inevitable restrictions
of human research. Although the number of different IIM models has drastically increased over the last few de-
cades, a model that exhibits the phenotypical and histopathological hallmarks of IIM is still missing. Recent pub-
lications have shown promising results addressing different pathophysiological issues likemechanisms of onset,
chronification or relapse in IIM. However, a standardization of the methodology is critically required in order to
improve comparability and transferability among different groups. Here we provide an overview of the currently
available IIMmodels including our own C-peptide based small-peptide model, critically discuss their advantages
and disadvantages and give perspectives to their future use.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Idiopathic inflammatory myopathies (IIMs) comprise a group of rel-
atively rare muscle diseases (IIMs include dermatomyositis (DM), poly-
myositis (PM), sporadic inclusion bodymyositis (sIBM) and necrotizing
myositis (NM)) that display heterogeneous clinical phenotypes and
occur secondary to systemic disorders such as vasculitides or connective
tissue disease [1–5]. The clinical characteristics of IIMs include progres-
sive muscle weakness that is accompanied by intact sensitivity and ten-
don reflexes, muscle pain and elevated serum creatine kinase (CK)
levels [1–3,6]. IIMs can be further distinguished by observing the pat-
tern of affected muscles, patient's age at disease onset, additional in-
volvement of organs, detected autoantibodies and response to
treatment [1,3,4]. Diagnostic investigations frequently require electro-
myographic measurements and histological evaluation of muscle spec-
imens [4,7].

Patients suffering fromDMand PMpredominantly present symmet-
ricmuscleweakness in the proximal parts of the extremities in an either
chronically progressive or relapsing-remitting disease course [1,2,6,7].
DM is further characterized by additional skin alterations such as efflo-
rescences, swelling, flush or telangiectasia and the increased coinci-
dence of malignancies. Complement-mediated destruction of
endomysial blood capillaries with autoantibodies directed against the
endothelium is a pathological hallmark of DM. In response to antibody
binding, an immunological cascade is triggered leading to the formation
of membrane attack complexes (MACs). Histological stainings show a
predominant presence of CD4+ T and B lymphocytes in affected muscle
specimens. Phenotypes including capillary necrosis, perivascular dam-
age and loss of muscle fibers also correlate with the inflammatory re-
sponse [1,2,4,6,8,9]. The progressive destruction of muscle fibers in PM
is assumed to be mainly mediated by cytotoxic CD8+ T cells that attack
major histocompatibility complex (MHC) I expressing muscle fibers.
Muscle biopsies from PM patients show an endomysial infiltration of
CD8+ T lymphocytes surrounding necrotic and non-necrotic muscle fi-
bers [1–3,7,10].

Sporadic IBM starts by affecting the distal parts of the extremities
and is accompanied by asymmetrically distributed muscle atrophy. In
contrast to DM and PM, the pathophysiology is instead marked by
the coincidence of neuroimmunological and neurodegenerative compo-
nents whereby the causal link still remains unclear. Similar to PM, a
predominant endomysial accumulation of CD8+ T cells and the pres-
ence of necrotic muscle fibers are seen in immunohistological stainings.
The neurodegenerative component is manifested by intracellular
“rimmed vacuoles” consisting of aggregated misfolded proteins. Inter-
estingly, as seen in Alzheimer's disease (AD), amyloid-related and
hyperphosphorylated tau proteins are detectable in these pathogno-
monic aggregates [1,9,11]. Amyloid β (Aβ) has been proposed to be
pathophysiologically relevant. Aβ is cleaved from the amyloid precursor
protein (APP) by the β- and γ-secretase and is assumed to be (neuro)-
toxic. In contrast, APP is cleaved under physiologic conditions by the a-
secretase, releasing neuroprotective metabolites [12,13].

Despite the typical characteristics of different IIM subtypes, physi-
cians struggle with the diagnosis due to inconsistent or overlapping his-
tological and serological findings. A controversial debate has arisen
concerning the diagnostic criteria proposed by Bohan and Peter almost

40 years ago [14]. Several adjustments have beenmade over the last few
decades that suggest that common IIM subtypes should be diversified
further into smaller entities characterized by specific hallmarks such
as circulating antibodies or the presence of certain immunohistological
features [15–18].

Although the incidence (1:100.000) of IIM is relatively low, affected
patients suffer from onerous disabilities limiting quality of life and life
expectancy. Up to now, causal and selective therapeutic concepts still
show limited efficacy and severe side effects [9,19,20]. A better under-
standing of the underlying pathogenic mechanisms will enable novel
therapeutic approaches emphasizing the necessity of intensified efforts
in basic research of IIM. Although theusage of animalmodels in basic re-
search has become a polarizing issue in societal debates, their value in
the development and risk stratification of promising pharmacological
approaches has been inevitably proven over recent decades [21,22]. Un-
fortunately, in the context of IIM, the variety and features presented by
animalmodels are currently insufficient and lack the histological aswell
as phenotypic properties of IIM, hindering reproducibility and practica-
bility [23,24]. Over the last 20 years, the number of publications refer-
ring to IIM has increased introducing different kinds of animal models
with certain benefits and limitations (Fig. 1A–B). The range of animal
models reaches from naturally occurring myositis to nutritional, trans-
genic, infectious and immunological models that mimic certain features
of IIM first described by Wagner and Unverricht over a century ago
(Fig. 1A, Tables 1 and 2) [25,26]. In this review, we will discuss impor-
tant findings as well as advantages and disadvantages of different IIM
models and provide perspectives to improve their relevance for transla-
tional research. Moreover, we demonstrate data on our own approach
to establish a small-peptide mouse model of IIM.

2. Natural myositis in animals

Myositis in general is not exclusive to humans and can also occur in
different species. Canine myositis has been investigated over the last
30 years and displays certain similarities to human IIM. Up to now,
two types of canine myositis have been identified: a locally occurring
form known as canine masticatory muscles myositis (CMMM) and a
general form that symmetrically affects the extremities called canine
polymyositis (CPM). Both types feature specific characteristics of IIM
such as bilateral, symmetric generalized muscle atrophy and weakness,
cutaneous lesions, electromyographic signs of myopathy (e.g. positive
sharp waves, fibrillation potentials, high frequency discharges) and cir-
culating immune complexes [27,28]. Recently, a member of the myosin
binding protein-C family specifically expressed within and on the sur-
face of masticatory muscle type 2M fibers was found to be responsible
for the immune response in CMMM [29]. In addition to phenotypical
differences, there are also histological differences that can be used to
distinguish between CMMM and CPM. CMMM histologically resembles
aspects of DM showing a predominant infiltration of both B and CD4+

lymphocytes and an increased expression of MHC-II on the adventitia
and endothelium of endo- and perimysial capillaries [30–32]. In
contrast, CPM shows features of human PM where CD8+ T cells pre-
dominantly infiltrate muscle fibers [30,31]. Shelton and colleagues in-
vestigated the expression of genes involved in innate and adaptive
immunity in both CMMM and CPM specimens through microarray
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