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General introduction, aims and outline

CLINICAL FEATURES OF INCLUSION BODY MYOSITIS
Inclusion body myositis (IBM) is an acquired myopathy with an onset of weakness after
the age of 45 years, with a male predominance (ratio male to female is 2 : 1) (1, 2). IBM
has an estimated prevalence of 4.3 - 4.9 patients per million, with an age-adjusted
prevalence over the age of 50 of 22 - 35.3 patients per million (2, 3). With about 7 million
Dutch habitants of 50 years or older at the beginning of 2020, there should be 150 to 250
IBM patients in The Netherlands. However, the late and insidious onset of this myopathy,
often with both patients and clinicians attributing the symptoms to advanced age, leads
to considerable diagnostic delay and an underestimation of its prevalence.
The pattern of weakness helps to distinguish IBM from other myopathies. Asymmetric
weakness of the deep finger flexors (figure 1A) and quadriceps muscles is the most
distinctive feature. The non-dominant hand is usually weaker than the dominant
hand and the intrinsic hand muscles are generally not affected. Weakness of the
quadriceps leads to falls or difficulties walking the stairs. Selective atrophy of (a part
of) the quadriceps muscles can be seen (figure 1B). The other upper leg muscles can
be severely affected and in many patients weakness of the distal leg muscles is seen
(4, 5). Axial weakness can be present but is not a core feature of IBM. Facial weakness
is frequently present, when carefully looked for. When specifically asked, many IBM
patients report swallowing difficulties, sometimes preceding the onset of upper leg
weakness with a few years. Long-term follow up studies demonstrated that dysphagia
eventually occurs in up to 80% of patients with IBM (4).
Pulmonary involvement can occur in IBM, for example diaphragm weakness and
aspiration pneumonia, the latter is caused by dysphagia. Weakness of the oropharyngeal
muscles can also contribute to the development of obstructive sleep apnoea syndrome,
present in 54-100% of patients in small case series (6, 7). In contrast to other inflammatory
myopathies, other organs, such as the heart or skin, are not involved in IBM.
Two long term follow up studies provide detailed knowledge on the progression of
weakness and mortality in IBM (4, 8). Although the progression of weakness is slow,
the impact of the disease on activities in daily living is significant. Many patients need
an assistive device for walking early in the course of the disease, and nearly 50% of
patients become wheelchair bound 14 to 24 years after disease onset. Life expectancy
in IBM does not differ from the general population, but the cause of death is more often
related to respiratory problems (including aspiration pneumonia due to dysphagia) and
cachexia than in the general population.
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No evidence-based drugs are available to treat IBM. In the past decades, various trials
tested the efficacy of a) immunosuppressive and immunomodulatory medication
(including corticosteroids), b) medication acting on the myodegenerative process
(arimoclomol, rapamycin) and c) therapy promoting muscle cell hypertrophy
(bimagrumab, follistatin). Immunosuppressive or immunomodulatory therapy and
bimagrumab do not lead to long term improvement or retardation of disease progression
and there is insufficient evidence for a beneficial effect of arimoclomol, rapamycin and
follistatin (9-12). The relative preservation of strength in the dominant hand that is usually
present in IBM patients suggests that exercise can be beneficial in IBM. This hypothesis
is supported by evidence from small studies on the effect of short exercise programs
showing that exercise can slow the rate of progression of weakness (13).

A

B

Figure 1. Asymmetric weakness in IBM.
A. An IBM patient attempts to make a fist, revealing asymmetric weakness of the finger flexors
with slightly more pronounced weakness of the left (non-dominant) hand. B. Selective asymmetric
atrophy of m. vastus lateralis (the right leg is more atrophic than the left leg) in an IBM patient.
Pictures taken by dr. S. Lassche (A.) and dr. C. Saris (B.) during medical consultation. Use of the
pictures with permission of the patients.

DIAGNOSIS
IBM is diagnosed based on a set of clinical, laboratory and histopathological findings.
The diagnostic criteria for IBM have evolved over time, with a shift towards more
emphasis on the clinical features rather than muscle biopsy results. Currently, the
2011 ENMC criteria (summarized in table 1) are mostly used in clinical practice and
research (14). These criteria still require a muscle biopsy to diagnose IBM, even in the
presence of a classical clinical phenotype. The histopathological hallmark of IBM is the
presence of a triad of inflammation, degeneration and mitochondrial changes in the
16
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muscle tissue, as summarized in figure 2. However, in many patients a muscle biopsy
does not show the classic triad, especially in early disease stages. The lack of typical
histopathological features might further delay the diagnosis and might exclude IBM
patients in early disease course from participation in clinical trials. In clinical practice,
diagnostic uncertainty often leads to more (invasive) diagnostic procedures and will put
a delay on advices such as the continuation of physical exercise.
Although other additional investigations such as electromyography and imaging (muscle
ultrasound or magnetic resonance imaging) might be beneficial in the diagnostic process,
the ENMC 2011 criteria only include serum creatine kinase (sCK) activity and muscle
biopsy. Electromyography can show myopathic changes, but abundant neurogenic
features can be present as well, in some cases even leading to a misdiagnosis of motor
neuron disease (5). The abnormalities seen by muscle imaging correspond with the
typical pattern of muscle weakness: muscle ultrasound generally shows profound
and asymmetric involvement of the flexor digitorum profundus, vastus lateralis and
the medial head of the gastrocnemius (15). Predominant fatty-fibrous infiltration of the
quadriceps is seen on MRI (16, 17).

A

B

C

Figure 2. Histopathological features of IBM: a triad of inflammation, degeneration and mitochondrial
changes.
A. Inflammation: CD8+ T-cell staining showing a lymphocytic endomysial infiltrate. B. Degeneration:
H&E staining showing a rimmed vacuole (arrow); the cell is surrounded by inflammatory cells. C.
Mitochondrial changes: COX-SDH staining showing increased numbers of COX-deficient (COXstaining: brown) and SDH-positive fibres (blue). Image A. and C. provided by the department of
Pathology, RadboudUMC, image B. adapted from chapter 8 of this thesis.
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Table 1. ENMC 2011 IBM diagnostic criteria (14).
Classification

Clinical and laboratory features

Pathological features

Clinicopathologically
defined IBM

Duration >12 months

All of the following:
• Endomysial inflammatory infiltrate
• Rimmed vacuoles
• Protein accumulation (amyloid,
p62, SMI-31, TDP-43) or 15–18 nm
filaments

Age at onset >45 years
sCK not greater than 15xULN
Knee extension weakness ≥ hip
flexion weakness and/or finger
flexion weakness > shoulder
abduction weakness

Clinically
defined IBM

Duration >12 months
Age at onset >45 years
sCK not greater than 15xULN
Knee extension weakness ≥ hip
flexion weakness and finger flexion
weakness > shoulder abduction
weakness

Probable IBM

Duration >12 months
Age at onset >45 years
sCK not greater than 15xULN
Knee extension weakness ≥ hip
flexion weakness or finger flexion
weakness > shoulder abduction
weakness

One or more, but not all, of the
following:
• Endomysial inflammatory infiltrate
• Upregulation of MHC-class I
• Rimmed vacuoles
• Protein accumulation (amyloid,
p62, SMI-31, TDP-43) or 15–18 nm
filaments
One or more, but not all, of the
following:
• Endomysial inflammatory infiltrate
• Upregulation of MHC-class I
• Rimmed vacuoles
• Protein accumulation (amyloid,
p62, SMI-31, TDP-43) or 15–18 nm
filaments

ULN = upper limit of normal, sCK = serum creatine kinase

PATHOPHYSIOLOGY OF IBM
The primary disease mechanism that causes IBM is still unknown. There is ongoing
debate whether inflammation or degeneration is the triggering event in the onset of IBM.
The main arguments in favour of a primarily degenerative process are the presence of
protein aggregates, related to defective protein degradation pathways (proteolysis and
autophagy) and the advanced age at disease onset (18, 19).
The presence of inflammatory changes in the muscle tissue (inflammatory infiltrates
rich in highly differentiated CD8+ T cells, attacking non-necrotic muscle fibres expressing
MHC-1 antigen, clonal expansion of these T cells in situ) throughout the disease course is
a strong argument for autoimmunity as the triggering event in IBM. Furthermore, about
18
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a third of IBM patients have another autoimmune disease and a correlation with the
HLA-B8-DR3 ancestral haplotype exists (19, 20). Refractoriness to immunosuppressive
treatment can be seen as an argument against autoimmunity as the primary disease
mechanism. However, lack of reaction to immunosuppressive or immunomodulating
therapy is also seen in other autoimmune diseases, such as multiple sclerosis, and
might be related to the fact that highly differentiated CD8+ cells can escape from
mechanisms such as apoptosis and can resist treatment with corticoids (21). More robust
immunosuppression might be necessary.
Apart from the cellular immune system, humoral immune mechanisms seem to play an
important role in IBM. In 2011, autoantibodies (Ab) directed against a 43-44 kDa skeletal
muscle protein were discovered in IBM, and based on their muscle protein specificity
and their molecular weight they were named anti-Mup44 antibodies (22). The target of
anti-Mup44 antibodies was identified as cytosolic 5’-nucleotidase 1A (cN-1A) by two
independent research groups in 2013, therefore the nomenclature changed to anti-cN1A or anti-NT5C1A Ab (23, 24). The exact mechanisms leading to anti-cN-1A autoreactivity
are not yet elucidated. The presence of Ab might be directly pathogenic (as suggested
by a small study in which passive immunization of mice with anti-cN-1A IgG leads to the
development of IBM-like histological changes in muscle tissue (25)), or it could reflect
an autoimmune epiphenomenon.
Currently, most research groups conclude that IBM is primarily an autoimmune disorder.
The degenerative changes might be due to an overload of the protein degradation
pathways, caused by the extensive inflammatory changes in the tissue. The advanced
age of the patient and a certain genetic background may further aggravate the
dysfunction of the protein degradation pathways. Similarly, the mitochondrial changes
can be considered to occur secondary to inflammation of the muscle tissue.

MYOSITIS-SPECIFIC AUTOANTIBODIES
Currently, more than thirty myositis-specific and myositis-associated Ab are known to
exist (26). Myositis-specific Ab can be detected only in distinct subtypes of myositis,
whereas myositis-associated Ab occur in myositis, not limited to distinct subtypes, and
in other connective tissue disorders.
The role of Ab in diagnosis, follow up, therapy and research in inflammatory myopathies
are summarized in table 2. Ab can refine the diagnosis of myositis subtype. Descriptions
of large cohorts of patients have allowed the recognition of correlations between
19
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serotype and phenotype, for example, some of the myositis-specific Ab are related to
an increased risk of cancer in the years before and after myositis diagnosis (i.e. NXP2
and TIF1-γ dermatomyositis), and other Ab can predict resistance to treatment (i.e.
anti-SRP necrotizing myopathy). Myositis-specific Ab have allowed the recognition
of pauci-myopathic forms of myositis, presenting with severe pulmonary or skin
disease, and the diagnosis of myositis in some atypical cases of slowly progressive
limb-girdle weakness (27, 28). Thus, the detection of myositis-specific Ab allows
tailored comorbidity screening, follow up and individualized prognosis. Titres of some
myositis-specific Ab can be used as a biomarker of disease activity. Furthermore, Ab
detection can improve stratification in drug trials. Possibly, Ab-tailored therapy might
become available in the near future.
The application of myositis-specific Ab testing in clinical practice offers many advantages,
but the clinician should be aware of the drawbacks, such as limited sensitivity of some
testing methods.
Table 2. The role of myositis-specific antibodies.
Diagnosis

Rapid diagnosis, non-invasive
Definition of myositis subtype – autoantibody based subclassification
Aid in the detection of systemic complications such as lung disease or cancer
Recognition of pauci-myopathic phenotypes of myositis
Recognition of myositis masqueraded as slowly progressive myopathy

Follow up

Serum titre: biomarker of disease activity
Indication for repetitive cancer screening

Therapy

Prediction of therapy response
Intensified immunosuppressive therapy at onset
Future: autoantibody-tailored immunomodulation

Research

Stratification of patients, reduce heterogeneity in clinical trials
Pathophysiology studies

IBM-SPECIFIC ANTIBODIES
Diagnosing IBM can be challenging and time-consuming. One muscle biopsy is
sometimes not sufficient to ascertain the diagnosis. Misdiagnosis, such as another
type of inflammatory myopathy or motor neuron disease, can lead to unnecessary
diagnostic procedures and therapies (e.g. immunosuppressive medication) and
misinformation about the prognosis. The discovery of IBM-specific Ab would mean
a big improvement in the diagnostic toolbox for IBM: a rapid method to obtain more
20
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diagnostic certainty with limited discomfort for the patient. Ab could possibly be
part of future diagnostic criteria for IBM and might abolish – in line with the current
diagnostic criteria for dermatomyositis (29, 30) – the need for a muscle biopsy in
certain circumstances. Furthermore, IBM-specific Ab could be related to a specific
IBM phenotype, which might have its implications for prognosis and stratification of
IBM patients in upcoming trials.
The use of anti-cN-1A Ab as a diagnostic tool is still somewhat controversial. Different
assays to detect anti-cN-1A Ab have been developed, with varying conclusions
regarding the sensitivity and specificity of the Ab, leading to discussion as to whether
anti-cN-1A is a myositis-specific or myositis-associated Ab (25, 31-34). Descriptions of
small cohorts of anti-cN-1A-positive and -negative IBM patients do not agree on the
presence of a correlation between anti-cN-1A serotype and IBM phenotype or prognosis
(24, 35, 36). The discovery of anti-cN-1A Ab meant an advance in the understanding of
the disease, indicating a role for the humoral immune system, yet the exact mechanisms
leading to anti-cN-1A autoreactivity are still unclear.
The above-mentioned concerns on anti-cN-1A Ab, namely their specificity, the
clinico-serological correlations and the pathophysiological mechanisms underlying
anti-cN-1A autoreactivity, were the starting point for the research projects described
in this thesis.

AIMS AND OUTLINE OF THE THESIS
The general aims of this thesis are to explore the clinical application of anti-cN-1A Ab
testing as a diagnostic and prognostic tool in IBM and to expand the knowledge on the
pathophysiology of IBM.
Part I: Introduction
This part consists of an introduction to the subject of the thesis, the general aims of the
research are formulated and the outline of the thesis is presented (chapter 1).
Part II: Autoantibodies in idiopathic inflammatory myopathies
A global description of Ab testing in idiopathic inflammatory myopathies (IIM) in clinical
practice is provided (chapter 2), followed by a detailed overview of the currently available
literature on anti-cN-1A Ab testing in IBM (chapter 3). To illustrate the importance of
characterization of clinico-serological correlations in IIM, chapter 4 describes a cohort
of patients with necrotizing myopathies in relation to their Ab status.
21
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Part III: Anti-cN-1A autoreactivity: specificity and clinical correlations
Part III focuses on the specificity of anti-cN-1A Ab testing and the correlation of anticN-1A positivity with a clinical or histopathological subtype of IBM. Chapter 5 presents
the results of standardized anti-cN-1A testing in different European cohorts of patients
with Sjögren’s syndrome and systemic lupus erythematosus. The results of anti-cN1A testing in a cohort of juvenile dermatomyositis patients, including a comparison of
different laboratory techniques, are presented in chapter 6. In chapter 7 a retrospective
study in a large European cohort is presented, evaluating the clinical, serological and
histopathological features of anti-cN-1A-positive and -negative IBM patients.
Part IV: Pathophysiology of IBM
Part IV of this thesis aims to shed more light on the pathophysiological mechanisms of
IBM in relation to anti-cN-1A autoreactivity and by exploring new pathophysiological
hypotheses. The pattern of cN-1A expression in muscle tissue is studied in chapter 8 to
explore mechanisms underlying anti-cN-1A autoreactivity. Preliminary studies showing
the presence of cN-1A near the z-line have led to the analysis of the sarcomere function
in IBM, as described in chapter 9. The higher mortality rate in anti-cN-1A seropositive
IBM patients (described in chapter 7) incited a detailed evaluation of dysphagia, an
understudied but potentially life-threatening component of IBM. The results of the
swallowing study are presented in chapter 10. Chapter 11 describes five patients with
both IBM and spinocerebellar ataxia, providing reason for new thoughts about the
interplay between the disease mechanisms, such as malfunctioning of quality control
mechanisms in the cell.
Part V: Summary and general discussion
A summary (chapter 12) of the main findings is presented with a general discussion
of the results, including the implications in clinical practice and future perspectives
(chapter 13).
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ABSTRACT
The diagnosis and classification of idiopathic inflammatory myopathies are based
mainly on clinical and histological features. The discovery of myositis-specific and
myositis-associated antibodies has simplified the (sub)classification of inflammatory
myopathies. Patients suspected of having an idiopathic inflammatory myopathy
should undergo routine antibody testing to gain more insight into distinct phenotypes,
comorbidities, treatment response and prognosis. Furthermore, autoantibody testing
can help in patients with atypical patterns of weakness or with an unresolved limb-girdle
myopathic phenotype, or interstitial lung disease. However, some important technical
and methodological issues can hamper the interpretation of antibody testing; for
example, some antibodies are not included in the widely available line blots. We aim to
provide a practical review of the use of autoantibody testing in idiopathic inflammatory
myopathies in clinical practice.
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BACKGROUND
The classification of idiopathic inflammatory myopathies in adults is based mainly on
the clinical phenotype and histopathological features of muscle biopsies. In recent
decades, the number of subtypes of idiopathic inflammatory myopathies has expanded
rapidly with the discovery of over 30 different myositis-associated and myositisspecific autoantibodies. Myositis-specific antibodies occur only with distinct subtypes
of myositis, whereas myositis-associated antibodies occur in myositis, not limited to
distinct subtypes, and in other connective tissue disorders. Autoantibody testing, which
is non-invasive and rapid, could refine the diagnosis of myositis subtype, allowing for
tailored treatment and individualized prognosis, and improved stratification in drug trials.
With the growing availability of autoantibody screening methods, it is important that
physicians should know how to interpret the laboratory results.

IDIOPATHIC INFLAMMATORY MYOPATHIES
Classification
In this overview, we use a very comprehensive - yet partially validated - classification of
idiopathic inflammatory myopathies involving five groups (37):
·

dermatomyositis.

·

anti-synthetase and related syndromes.

·

nonspecific (“overlap”) myositis.

·

immune-mediated necrotizing myopathy (also called necrotizing autoimmune
myopathy).

·

inclusion body myositis.

Anti-synthetase syndrome is defined as a combination of myositis, skin changes
(mechanic’s hands), arthritis, Raynaud’s phenomenon and interstitial lung disease in
the presence of one of the eight known anti-tRNA synthetase antibodies.
Approach to investigation
The diagnosis of IIM is based on a set of criteria combining clinical, laboratory
and histopathological findings (14, 38-40). Each criterion had a different level of
diagnostic certainty. New diagnostic criteria are being developed taking account
of improved knowledge of autoantibodies and of imaging modalities. In clinical
practice, a patient suspected of having an idiopathic inflammatory myopathy
should undergo laboratory testing (serum creatine kinase activity, muscle-specific/
muscle-associated autoantibodies) and muscle biopsy, if possible guided by muscle
29
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ultrasound scan or (whole body) MR imaging. Muscle biopsy is still of utmost
importance in patients suspected of an idiopathic inflammatory myopathy, as some
congenital, dystrophic, toxic or metabolic myopathies can mimic this condition and
because its current classification is still largely based on histopathological features.
We can sometimes avoid performing a muscle biopsy, for example in patients with
suspected dermatomyositis who have classical skin lesions and the presence of
myositis-specific autoantibodies.
Table 1 lists the autoantibodies associated with idiopathic inflammatory myopathies.
·

The myositis-specific autoantibodies associated with dermatomyositis are antiTIF1-γ, -MDA5, -SAE1, -Mi2 and -NXP2. The frequency of each of these autoantibodies
varies greatly between different cohorts.

·

The eight known anti-tRNA synthetase antibodies are anti-Jo1, -PL7, -PL12, -OJ,
-KS, -ZO, -EJ and -tyrosyl-tRNA synthetase, with anti-Jo1 being the most prevalent
(9%-30%), followed by anti-PL7 and -PL12 (3%-4%) (26, 41).

·

The nonspecific myositis associated antibodies are anti-PM-Scl, -RNP, -Ku, -SSA
(Ro52 and Ro60) and -SSB (La).

·

The only antibody associated with IBM is anti-cN-1A, occurring in about one-third
of patients (42).

·

About half of children with myositis have autoantibodies: anti-TIF1-γ and anti-NXP2
occur most frequently, followed by MDA5 in certain cohorts (very common in Asia)
(43).

Finding an autoantibody in a patient suspected with an idiopathic inflammatory
myopathy may support the diagnosis. Furthermore, the antibody status may relate
to associated comorbidity, which determines tailored follow-up as explained
below. Detecting autoantibodies can also help in patients where there is diagnostic
doubt, such as in unexplained severe acute interstitial lung disease related to antiMDA5 positivity or in case of isolated skin lesions without muscle weakness, the
so-called amyopathic dermatomyositis. Furthermore, autoantibodies can help to
assess patients with limb-girdle weakness without a molecular diagnosis, which
could be caused by slowly progressive anti-SRP or anti-HMGCR immune-mediated
necrotizing myopathy.
Clinical features
The main clinical features of idiopathic inflammatory myopathies are the subacute
onset (within 9 months) of progressive symmetrical proximal muscle weakness and
a generally favourable response to immunosuppressive treatment. The exception is
immune-mediated necrotizing myopathy, which is notoriously difficult to treat (39).
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Inclusion body myositis, although traditionally classified as an idiopathic inflammatory
myopathy, is the odd one out; it is characterized by slowly progressive and often
asymmetric weakness, with no response to immunosuppressive treatment. The
serum creatine kinase activity may be very high in antisynthetase syndrome and in
immune-mediated necrotizing myopathy, but may be normal in dermatomyositis
and inclusion body myositis. Idiopathic inflammatory myopathies may also show
extramuscular features; indeed, some variants of dermatomyositis and antisynthetase
syndrome have little or no muscle involvement (38). Also, some patients do not have
the canonical features from the onset, such as the skin lesions in dermatomyositis,
which may hamper an accurate diagnosis.
Table 1 summarizes the typical clinical features of the idiopathic inflammatory
myopathies and the association between autoantibodies and certain clinical features
and comorbidities.
Muscle involvement
Subacute-onset symmetric proximal weakness is the main characteristic of most
idiopathic inflammatory myopathies, with some exceptions. There are clinically
amyopathic forms of dermatomyositis and antisynthetase syndrome: for example, antiMDA5-positive patients (and some with antisynthetase syndrome) may have severe
interstitial lung disease with little or no muscle involvement. Patients with immunemediated necrotizing myopathy may show rapid progression of weakness with very
high serum creatine kinase activity, but occasional patients have slow progression
mimicking limb-girdle muscle dystrophy (26). Conversely, some patients with limbgirdle dystrophies are misdiagnosed as having idiopathic inflammatory myopathy due
to the combination of proximal weakness, high serum creatine kinase and inflammatory
changes in the muscle biopsy. In those cases, careful clinical examination mostly shows
a pattern that differs from idiopathic inflammatory myopathy (facial, scapular or distal
muscle involvement) (44). However, patients with idiopathic inflammatory myopathy can
have extensive atrophy in the shoulder region; the slowly progressive weakness of the
proximal, distal, axial and facial muscles, especially in inclusion body myositis, could
mislead the clinician (figure 1).
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Table 1. The classical clinical features of idiopathic inflammatory myopathies.
Disease

Demographic features

Muscular involvement

Dermatomyositis

All ages
Peak incidence ages 4060 years and 5-14 years
Female predominance

Symmetric weakness
Proximal > distal weakness
Neck flexor > neck extensor weakness
Dysphagia
Subacute onset
Classic dermatomyositis rash

Antisynthetase and
related syndromes

32

Adolescence /adults

Symmetric weakness
Proximal > distal weakness
Neck flexor > neck extensor weakness
Dysphagia
Subacute onset
• Raynaud’s phenomenon
• Cardiac involvement
• Arthritis
Antisynthetase syndrome:
• subacute onset
• mechanic’s hands/skin lesions
• fever

Autoantibody testing in myositis

Autoantibodies and related key-features
TIF1-γ
• cancer (adults)
• pauci-myopathic
• dysphagia
• classic dermatomyositis rash

2

• children: skin involvement, chronic disease course
MDA5
• amyopathic/pauci-myopathic
• rapidly progressive severe interstitial lung disease
• classic and atypical dermatomyositis rash, mechanic’s hands, palmar papules, digital ulcers,
panniculitis
• polyarthritis
SAE1
• cancer (Asia)
• amyopathic at onset
• dysphagia
• interstitial lung disease (Asia)
• skin symptoms precede muscle weakness
Mi2
• severe weakness and high serum creatine kinase
• classic dermatomyositis rash in light-exposed areas
NXP2
• cancer (adults)
• severe weakness
• calcinosis
• children: vascular involvement
Jo1
• cancer (Asia)
• severe weakness
• arthritis
PL7
• mild weakness
• severe interstitial lung disease
• arthritis
PL12
• cancer (Asia)
• mild weakness
• severe interstitial lung disease
OJ
• severe weakness
• severe interstitial lung disease
33
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Table 1. Continued.
Disease

Demographic features

Muscular involvement

Non-specific
myositis

Adolescence /adults

Symmetric weakness
Proximal > distal weakness
Neck flexor > neck extensor weakness
Dysphagia
Subacute onset
Association with systemic disease

Immune-mediated
necrotising
myopathy

All ages
Female predominance

Severe symmetric limb weakness
Axial weakness
Muscle atrophy
Dysphagia
Very high serum creatine kinase (>10x upper
limit of normal)
Subacute onset

Inclusion body
myositis

>45 years
Male predominance
Co-occurrence with
autoimmune disease in
one-third

(A)symmetric weakness
Selective involvement of quadriceps and
deep finger flexors
Dysphagia
Facial/axial weakness
Insidious onset

34
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Autoantibodies and related key-features
KS
• severe interstitial lung disease

2

ZO
• antisynthetase syndrome
EJ
• antisynthetase syndrome
Tyrosyl
• antisynthetase syndrome
PM-Scl (75/100)
• associated with scleroderma and systemic lupus erythematosus
• remission rare
• cardiac comorbidity
• interstitial lung disease
RNP
• associated with mixed connective tissue disease
Ku
• associated with systemic sclerosis, systemic lupus erythematosus, Sjögren’s syndrome
• therapy resistant interstitial lung disease
SSA (Ro52, Ro60) and SSB (La)
• associated with systemic sclerosis, systemic lupus erythematosus, Sjögren’s syndrome,
antisynthetase syndrome, rheumatoid arthritis
HMGCR
• cancer (adults)
• statin exposure
• intravenous immunoglobulins are preferred over rituximab
SRP
• treatment resistance
• severe weakness
• children: cardiac disease, arthritis; early treatment sometimes favourable outcome
• early treatment with rituximab or intravenous immunoglobulins
‘seronegative’
• interstitial lung disease
• cancer (adults)
• cardiac involvement
cN-1A
• bulbar weakness
• higher mortality
• less proximal arm weakness
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Figure 1. Bilateral finger flexor weakness in a patient with inclusion body myositis, attempting to
make a fist. Picture taken during medical consultation (prof. dr. M. de Visser, Amsterdam UMC),
publication with permission of the patient.

Cancer-associated myositis
Case 1: paraneoplastic syndrome
A 77-year-old man with a history of gout and type 2 diabetes mellitus was referred
to dermatology for evaluation of a rash on the face, scalp and neck. Examination
showed extensive heliotrope erythema and Gottron’s papules, consistent with classic
dermatomyositis. One month after the rash appeared, he was - after the work-up for
anaemia - diagnosed with metastasized prostate carcinoma. Over the next few months the
rash extended to the rest of the body, despite cancer treatment and topical corticosteroids,
and he developed muscle weakness. The prostate cancer was in complete remission after
chemotherapy and hormone therapy. When assessed in the department of neurology,
he had fatigue, weight loss and shortness of breath and proximal weakness. Examination
showed weakness of the neck flexors and proximal limbs. Ancillary investigations showed
minimally elevated serum creatine kinase (1.2x the upper limit of normal) and anti-TIF1-γ
autoantibodies. He was subsequently treated with corticosteroids and methotrexate; we
added intravenous immunoglobulins because of persisting disease activity. To date, his
myositis disease activity is diminishing and there has been no cancer relapse.
This case illustrates that muscle biopsy can be omitted in specific circumstances (classic
dermatomyositis skin changes and anti-TIF1-γ autoantibodies) and that myositis disease
activity may persist irrespective of the remission of cancer.
Cancer-associated myositis is generally defined as the development of cancer in the 3
years before or after the diagnosis of idiopathic inflammatory myopathy. Dermatomyositis
in adults is considered a classical paraneoplastic syndrome. Around 60%–80% of anti36
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TIF1-γ and 24%–38% of anti-NXP2-positive patients have cancer-associated myositis (45).
The other dermatomyositis-associated autoantibodies apparently carry no increased
risk of cancer, but there are few case series of patients older than 50 years (the risk
of cancer increases with age). Patients with immune-mediated necrotizing myopathy
who are either seronegative or have anti-HMGCR antibodies have a higher incidence
of cancer (46). Inclusion body myositis is not associated with cancer, and children with
idiopathic inflammatory myopathies have no increased cancer risk.
There are also ethnic differences. Patients from European or American cohorts with
antisynthetase syndrome have no increased risk of cancer, whereas a recent Asian study
found an increased risk of cancer in anti-Jo1-positive and anti-PL12-positive patients
(47). Additionally, this Asian cohort showed an increased cancer risk in patients with
anti-SAE1-positive dermatomyositis, and in autoantibody-negative dermatomyositis,
polymyositis and immune-mediated necrotizing myopathy.
Adult patients with dermatomyositis or immune-mediated necrotizing myopathy require
extensive cancer screening, especially if aged over 50 years and in those who have lost
weight, but also in those with anti-TIF1-γ, anti-NXP2 or anti-HMGCR antibodies and
those with immune-mediated necrotizing myopathy without antibodies.
There are no large studies comparing cancer screening methods. Practice guidelines
for dermatomyositis recommend CT scan of the thorax/abdomen, colonoscopy (for
those aged over 50 years), pelvic ultrasound scan and mammography (for women),
and ultrasound of the testes (for men younger than 50 years) (48, 49). These tests
seem to be equivalent to fluorodeoxyglucose positron emission tomography-CT (49).
The symptoms of idiopathic inflammatory myopathy can precede the appearance of
the associated malignancy by a few years, justifying annual screening for 3 years after
diagnosing idiopathic inflammatory myopathy in patients with a high-risk profile (48, 49).
There is no association between certain types of cancer and certain autoantibodies.
The co-occurrence of cancer and idiopathic inflammatory myopathy may influence the
prognosis: muscle symptoms might improve as the cancer is treated, although occasional
patients do not improve despite cancer treatment (49). We still do not know the exact
pathophysiological relationship between autoantibody development and cancer.
Pulmonary and respiratory comorbidity
Case 2: unexplained lung disease
A 62-year-old woman of Asian ancestry with a history of endometriosis and breast
carcinoma (treated with surgery and radiotherapy 25 years earlier) reported a 1-month
history of progressive dyspnoea and was diagnosed as interstitial lung disease of
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unknown cause (figure 2). She also had ulcerating skin lesions, ‘mechanic’s hands’,
fever and weight loss. The differential diagnosis included a connective tissue
disease-associated interstitial lung disease and acute interstitial pulmonary fibrosis,
for which she was being treated with pulsed methylprednisolone and maintenance
corticosteroids. Laboratory results showed an elevated serum C reactive protein of 35
mg/L (reference 0-5) and erythrocyte sedimentation rate of 70 mm/hour (reference
0-20). Serum creatine kinase activity, extensive investigations for infectious diseases,
ACE, antineutrophil cytoplasmic antibody and antinuclear antibodies were normal.
A relapse of breast cancer was excluded. The myositis line blot showed high titres
of anti-MDA5 autoantibodies, leading to a diagnosis of interstitial lung disease in the
setting of an amyopathic dermatomyositis. The lung disease was quickly progressive
and did not respond to combined treatment with corticosteroids, cyclophosphamide
and intravenous immunoglobulins, and she died.
This case shows the diagnostic and prognostic value of autoantibody testing in unexplained
lung disease.
The pulmonary and respiratory complications encountered in patients with idiopathic
inflammatory myopathies are interstitial lung disease - sometimes complicated by
pulmonary hypertension - and respiratory insufficiency due to muscle weakness. In
addition, pulmonary infections occur more often in patients with bulbar weakness and
dysphagia (see below) or as a complication of immunosuppressive treatment.
Anti-MDA5 is associated with severe, rapidly progressive and life-threatening interstitial
lung disease. It can be the first symptom of the disease and may need managing by
intensive care. Therefore, clinicians should consider testing for myositis autoantibody
in patients with unexplained interstitial lung disease or respiratory insufficiency.
The presence of pulmonary comorbidity is the most important prognostic factor in
antisynthetase syndrome. The most severe pulmonary involvement occurs in patients
with anti-PL7 and anti-PL12 antibodies, and in black patients with antisynthetase
syndrome irrespective of antibody status (50). Patients with anti-SRP-positive immunemediated necrotizing myopathy may develop respiratory insufficiency (51). Patients
with advanced inclusion body myositis may have reduced respiratory and swallowing
function, leading frequently to pneumonia, hence the proposal to use non-invasive
ventilation (4).
There are no international guidelines on screening for interstitial lung disease in
patients with myositis. Finding an antisynthetase syndrome-associated antibody should
prompt pulmonary investigation, including vital capacity (supine and upright), diffusion
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capacity and high-resolution CT scan of the lungs. Pulmonary hypertension screening
at diagnosis followed by annual echocardiography could be advised in line with existing
guidelines for connective tissue disease (52).

2

Figure 2. CT scan of the thorax with intravenous contrast showing extensive bronchiectasis and
subpleural cysts.

Cardiac comorbidity and management of cardiovascular risk factors
Cardiac comorbidity is relatively rare in idiopathic inflammatory myopathy, with an
overall frequency of 9% (53). Associated cardiac disease is most common in patients
with antisynthetase syndrome and anti-SRP-positive immune-mediated necrotizing
myopathy (39). Patients with inclusion body myositis have no increased risk of cardiac
comorbidity (4).
There are no international guidelines on screening for cardiac comorbidity in idiopathic
inflammatory myopathy. Immunosuppressive drugs might positively influence the
disease course, but even patients adequately treated with immunosuppressants or
those in remission may develop cardiac problems (53, 54).
Patients with idiopathic inflammatory myopathies more often have risk factors for
cardiovascular disease, such as hypertension, even without using corticosteroids (54). A
risk factor such as smoking can have a greater negative impact in patients with myositis
than in otherwise healthy patients, due to the already elevated risk of cancer or lung
disease in some cases. Reducing these risk factors can be challenging as, for example,
muscle weakness or impaired lung function impedes an active lifestyle and patients
may be reluctant to use statins. The current advice is to prescribe statins in patients
with idiopathic inflammatory myopathies according to the recommendations in the
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general population (55). We advise evaluating the serum creatine kinase before and after
starting statin treatment, in order to avoid misinterpreting statin-induced creatine kinase
elevation as a relapse of inflammatory myopathy. Statins (both medication and food
supplements) are associated with anti-HMGCR-positive immune-mediated necrotizing
myopathy, but stopping the statin does not always lead to symptom improvement and
anti-HMCGR immune-mediated necrotizing myopathy may also occur in statin-naïve
patients. However, we do not advise reintroducing statins in HMGCR patients with a
history of statin use.
Skin involvement
Case 3: absence of classical skin changes
A 73-year-old man was referred with a 3-month history of progressive myalgia in the
upper arms and legs. His walking speed had slowed and he had difficulty climbing the
stairs and getting out of a chair. He had been using statins for 5 years but had stopped
them 3 weeks before referral. He had lost 4 kg in the past 4 months; there was no
dysphagia. There was itching redness of the scalp. Neurological examination showed
slight redness of the face and neck, and symmetrical weakness of the deltoid, biceps,
iliopsoas and hamstring muscles (Medical Research Council grade 4). The highest serum
creatine kinase activity was 2656 U/L. Muscle biopsy of the vastus lateralis showed
necrotic fibres, no perifascicular atrophy, diffuse Human Leukocyte Antigen upregulation
and no cellular infiltrates (figure 3). We considered the diagnosis of immune-mediated
necrotizing myopathy and dermatomyositis, but the skin changes were atypical for
both diagnoses. A myositis line blot showed anti-Mi2 autoantibodies. We performed
cancer screening because of his age, weight loss and rectal blood loss but found no
malignancy. We gave him corticosteroids, leading to a reduction of symptoms and
serum creatine kinase to <100 U/L after 3 months of treatment.
Although the combination of statin use and necrosis in the muscle biopsy might
have suggested immune-mediated necrotizing myopathy, the presence of anti-Mi2
autoantibodies led to a diagnosis of dermatomyositis, despite the absence of classical
dermatomyositis skin changes.
Careful inspection of the skin, nails, nail folds and joints should be part of the physical
examination of patients with suspected idiopathic inflammatory myopathy. The
characteristic dermatomyositis features include heliotrope (purple) periorbital oedema,
flat macules or patches (Gottron’s ‘sign’) or firm and raised (Gottron’s ‘papules’) on the
extensor surface of the joints of the fingers. Furthermore, patients with dermatomyositis
may have erythema of the chest and neck (V-sign) and upper back (shawl sign) (figure
4). Calcinosis is an invalidating symptom in dermatomyositis, associated with anti-NXP2
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antibodies, especially in children. Patients with anti-MDA5-positive dermatomyositis
may have atypical skin features, such as ‘mechanic’s hands’ (fissures and roughness with
hyperkeratosis and scaling of the fingers; more commonly an antisynthetase syndromespecific feature), ulceration and palmar papules. Of note, there are occasional cases of
amyopathic dermatomyositis, so the isolated presence of a typical dermatomyositis
rash can be a reason to perform autoantibody testing. Sclerodactyly can develop in antiPL7-positive and anti-PL12-positive antisynthetase syndrome but can also result from
the underlying connective tissue disease. Immune-mediated necrotizing myopathy and
inclusion body myositis have no associations with skin disease.

Figure 3. H&E staining of the muscle biopsy showing necrotic fibres. Image provided by the
department of Pathology, Amsterdam UMC.

Dysphagia
Dysphagia can develop in all subtypes of idiopathic inflammatory myopathy, with an
overall frequency of 39% (53). Apart from the impact on the social life of the patients,
dysphagia may increase the risks of pneumonia, malnutrition and weight loss. In
dermatomyositis, more pronounced dysphagia occurs with anti-TIF1-γ and anti-SAE1
antibodies. Dysphagia might also be prominent in myositis associated with a cooccurring autoimmune disorder, such as scleroderma. In patients with anti-SRP-positive
immune-mediated necrotizing myopathy, dysphagia occurs more frequently than in
anti-HMGCR-positive patients, although in both groups dysphagia can be an important
clinical feature (51). In patients with inclusion body myositis, dysphagia is common and is
sometimes the initial symptom. Patients with inclusion body myositis who are anti-cN-1A
seropositive have a higher adjusted mortality risk, possibly related to more pronounced
bulbar weakness and worse pulmonary function (35, 56).

41

2

Chapter 2

A

B

C

D

Figure 4. Skin changes in dermatomyositis (A: V-sign, B: periorbital oedema and rash, C: shawl sign)
and anti-synthetase syndrome (D: mechanic’s hands). Pictures taken during medical consultation
(prof. dr. M. de Visser, Amsterdam UMC), publication with permission of the patients.

Approach to treatment
In general, idiopathic inflammatory myopathies respond well to immunosuppression;
however, corticosteroids give significant side effects in over half of the patients
and are frequently insufficient when given alone, such that patients need additional
immunosuppressive treatment (57). The long-term outcome of patients with
idiopathic inflammatory myopathies is often disappointing. Most (70%) have a chronic
or polyphasic course, and a fair proportion of responders to treatment have residual
disability and reduced quality of life (58). Corticosteroids are the first-line choice for
all subtypes of idiopathic inflammatory myopathy except inclusion body myositis.
Other immunosuppressive or disease-modifying antirheumatic drugs are usually
added to avoid long-term corticosteroid use, if there is life-threatening comorbidity
such as severe interstitial lung disease, and for most cases of immune-mediated
necrotizing myopathy due to their treatment resistance. When comparing immunemediated necrotizing myopathy associated with anti-HMGCR with anti-SRP, antiSRP-positive patients remit less and relapse more during treatment (and might
benefit from early treatment with rituximab), whereas for anti-HMGCR-positive
patients intravenous immunoglobulins are preferred over rituximab (39). Rituximab
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is also more effective in patients with antisynthetase syndrome (mostly anti-Jo1) or
those with dermatomyositis who have anti-Mi2 antibodies (59). There is no available
evidence-based medical treatment for inclusion body myositis.

2

We need further studies to guide autoantibody-tailored treatment and to understand
better the correlation between autoantibody titres and treatment response.
Prognosis
The prognosis for immune-mediated necrotizing myopathy depends on extramuscular
comorbidity and therapy resistance (as described above). However, it is difficult to predict
the disease course in an individual. The previously described associated extramuscular
symptoms are based on retrospective cohort studies, with variable data collection,
ethnicity, antibody detection methods and treatment protocols. It is therefore important
to interpret the assumptions about prognosis of specific forms of idiopathic inflammatory
myopathies. In dermatomyositis, for example, anti-Mi2 and anti-SAE1 antibodies are
generally associated with a good prognosis, due to little pulmonary involvement, less
association with malignancy and a favourable response to treatment. However, in the
Asian population, anti-SAE1 antibodies suggest a less favourable prognosis due to their
association with cancer and interstitial lung disease.
Figure 5 summarizes the previous paragraphs in a practice-based flow chart, including
the analysis of autoantibodies.
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Anti-synthetase
Immune-mediated
Inclusion body
syndrome/
necrotising
myositis
nonspecific
myopathy
myositis
Main clinical feature:
subacute proximal weakness, elevated serum CK.

Dermatomyositis

Additional features:
Skin changes*, arthritis, pulmonary symptoms.
Anti-synthetase syndrome: interstitial lung disease,
Raynaud’s, mechanic’s hands, fever

Very high serum CK
(>10x upper limit of
normal)

Asymmetric weakness

Muscle biopsy** - if possible guided by imaging
Autoantibody testing
Lineblot +
anti-HMGCR

Lineblot

Anti-cN-1A

Comorbidity screening
Dysphagia: screening question during each visit
Lungs: all anti-synthetase syndrome/nonspecific, MDA5, SAE1, seronegative immunemediated necrotising myopathy: extensive screening at diagnosis***
Heart: all anti-synthetase syndrome/nonspecific, MDA5, SAE1, seronegative immunemediated necrotising myopathy: annual ECG and echocardiography
Cancer: if age >50 years, weight loss or other symptoms of malignancy
OR if associated antibody present (NXP2/TIF1-g/HMGCR/seronegative immunemediated necrotising myopathy): cancer screening****

Lungs: inclusion body
myositis: vital capacity
(supine and sitting) and
obstructive sleep
apnoea syndrome
screening in advanced
disease

Treatment: no evidence based antibody-tailored choice, steroids 1st line
Supportive care
treatment
Prognosis: depends largely on treatment response and comorbidity
Anti-TIF1-g / NXP2: cancer
Anti-MDA5: interstitial lung disease
Anti-Mi2 / SAE1: favourable?

Anti-SRP: treatment
resistance

Anti-cN-1A: higher
mortality

Figure 5. A practice-based flow chart of the diagnosis of myositis, including the detection of
autoantibodies.
*Skin changes: consult a dermatologist to perform additional dermatological diagnostics, to enable
omission of muscle biopsy. **Muscle biopsy can be omitted in case of classical skin changes in
dermatomyositis and antisynthetase syndrome. ***Extensive screening includes vital capacity (supine
and sitting), diffusion capacity, high-resolution CT scanning and pulmonary hypertension screening.
****Over a period of 3 years: yearly physical examination and positron emission tomography-CT or CT
scan of the thorax/abdomen, mammography and ultrasound testes/pelvis; some clinicians perform
repeated cancer screening in all patients with dermatomyositis and antisynthetase syndrome/nonspecific myositis. CK, creatine kinase.
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AUTOANTIBODIES
Practical considerations
There are some caveats regarding autoantibody testing in idiopathic inflammatory
myopathies.
·

First, using different techniques (figure 6) to detect autoantibodies makes it
difficult to compare sensitivity and specificity, and concordance can be low (60).
Immunoprecipitation is often considered the gold standard but is not available
in many clinical laboratories. Recognizing immunofluorescence patterns requires
experienced staff, and there is a risk of differences between laboratories. The
commercially available line blots using recombinant antigens are an excellent
alternative to test multiple autoantibodies at the same time but are less sensitive
for some autoantibodiese.g.eg, anti-OJ can be false-negative on a line blot (61). Test
results can differ even when using one testing method: for example, the sensitivity
of anti-cN-1A autoantibody detection in inclusion body myositis using ELISA varies
between 37% and 76%, depending on the antigen used and the applied cut-off
values (42). Specificity can vary as well, with anti-cN-1A autoantibodies found in
0%–11% of patients with dermatomyositis and in 4%–36% of patients with Sjögren’s
syndrome, leading to a classification of anti-cN-1A as a myositis-associated antibody
(32, 62).

·

Second, although autoantibody testing has become readily available through
commercial line blots and ELISAs, some antibodies, such as anti-HMGCR and anticN-1A antibodies, are not included in commercially available line blots. Anti-cN-1A
testing is not yet routinely available in many hospitals.

·

Third, the relatively low frequency of myositis-specific autoantibodies in patients
(50%–80%) with idiopathic inflammatory myopathies may hamper accuracy in
establishing the diagnosis. Thus, careful clinical evaluation and histopathological
examination of tissue from an affected muscle are still important in differentiating
between idiopathic inflammatory myopathies and non-inflammatory myopathies
that can mimic them (44).

It is important to bear in mind that the relationship between autoantibody status and
clinical characteristics is derived mainly from retrospective studies involving relatively
small numbers of patients. We therefore urgently need prospective studies, including
repeated measurements of autoantibody titres, to understand the relationships between
disease activity and treatment.
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Myositis-specific autoantibodies are mostly mutually exclusive in the individual patient
and are rare among healthy controls (41). Finding multiple myositis-associated antibodies
may be clinically relevant; for example, anti-Ro52 and anti-Jo1 frequently occur together,
and this suggests a worse disease course for anti-Jo1-positive myositis (63).
We do not recommend screening for antinuclear antibodies in patients with suspected
idiopathic inflammatory myopathy. Apart from the limitations in the interpretation of
immunofluorescence patterns as mentioned above, antinuclear antibodies can occur
in healthy (especially elderly) people and in people with malignancies or infections. The
sensitivity is limited as well: antinuclear antibody immunofluorescence can be negative
in patients with myositis-specific antibodies, for example where there is anti-Jo1, antiMDA5 and anti-HMGCR positivity (64). Positive antinuclear antibodies in a patient with
suspected idiopathic inflammatory myopathy should lead to further analysis to know
which myositis-specific or myositis-associated antibody is present.
Pathogenesis
The relatively limited specificity of some autoantibodies raises the question of whether
the autoantibody is an autoimmune epiphenomenon or whether it is directly pathogenic.
The evidence tends to favour direct pathogenesis. Enhanced expression of certain
target autoantigens in regenerating muscle or in response to environmental factors
(such as ultraviolet radiation) may induce or enhance the autoimmune response; the
chemoattractant properties of some autoantigens can further propagate this. The
tissue-specific autoimmune reaction could be explained by the cleavage of proteins into
antigens with more autoantigenic features by tissue-specific enzymes such as granzyme
B (65). The direct role of autoantibodies in the pathogenesis of idiopathic inflammatory
myopathy is shown, for example, by passive immunization of mice with IgG from anticN-1A-positive patients with inclusion body myositis, leading to histological changes
resembling those seen in inclusion body myositis (25). Similarly, in immune-mediated
necrotizing myopathy, anti-SRP and anti-HMGCR activate humoral immunity via the
classical pathway of the complement cascade, causing deposition of sarcolemmal C5b9 and necrosis of muscle fibres (66). Some autoantibodies, such as anti-MDA5, anti-SRP
and anti-HMGCR, show a correlation between antibody titre and clinical severity of the
disease (67-69).
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Figure 6. Schematic representation of the laboratory techniques used to detect autoantibodies.

Primary
antibody

Legend of symbols

20

30

40

Size
(kDa)
50

3. Analysis of precipitated proteins
(SDS-PAGE)

2. Precipitation of target antigens using
immobilized patient antibodies

1. Preparation of cell or tissue
lysate

A Immunoprecipitation

Cell

Substrate
conversion

Bead

3. Incubation with labeled secondary
antibody–enzyme conjugate and staining
by substrate conversion

2. Incubation with patient serum –
antibodies bind to the antigen

1. Microtiter plate well coated with
antigen of interest

D ELISA

Autoantibody testing in myositis

2

47

Chapter 2

Similarly, for myositis-specific antibodies in cancer, is the cancer a consequence of
the autoimmune disease (e.g., due to a certain genetic background or the use of
immunosuppressive drugs) or does cancer cause an autoimmune response (e.g., due
to ectopical expression of autoantigens or altered cleavage of proteins within a tumour)?
Interestingly, the target antigens of cancer-associated myositis-specific antibodies are
to some extent involved in cancer pathogenesis. For example, TIF1-γ has a role in tissue
differentiation, DNA repair and tumour suppression (45, 65). However, the presence
of anti-TIF1-γ in patients with juvenile myositis is not associated with an increased
cancer risk, so other coexisting mechanisms in the elderly should play a role as well in
oncogenesis.

FUTURE PERSPECTIVES
Since idiopathic inflammatory myopathy is relatively rare, it is very important that we have
prospective follow-up studies on large cohorts to obtain more insight into autoantibody/
phenotype correlations, to correlate repeat measurements of autoantibody titre to
disease activity, and to gain more insight into the pathophysiological mechanisms
and treatment response. Storage of clinical data and biomaterials in a (inter)national
database such as the EuroMyositis Registry may facilitate these studies. At the local
level, the physician should consider storing the serum of seronegative patients. On
discovery of novel autoantibodies or targeted immunotherapy, retesting of the stored
serum may help with treatment decisions, but also will help the verification of eligibility
for new drug trials that might in the future be stratified by antibody status.

CONCLUSIONS
Detecting myositis-specific autoantibodies aids the clinician in diagnosing and managing
myositis, while bearing in mind the technical limitations of autoantibody detection and
the importance of the correlation of laboratory findings to the clinical phenotype.

KEY POINTS
•

In patients with suspected idiopathic inflammatory myopathy, autoantibody testing
is important because it can relate to distinct phenotypes, comorbidities, treatment
response and prognosis.
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•

Autoantibody testing can be performed with a myositis line blot with additional
testing of anti- HMGCR and/or anti-cN-1A.

•

Some patients with idiopathic inflammatory myopathy appear to be seronegative
due to the relatively low frequency of autoantibodies and/or technical limitations
of the applied laboratory tests.

•

Storing serum from an autoantibody-negative patient may help future testing for
newly discovered autoantibodies.

•

Autoantibodies can help the diagnosis and treatment of patients with slowly
progressive ‘limb girdle muscular dystrophy’ without genetic diagnosis, or those
with unexplained interstitial lung disease.
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ABSTRACT
Inclusion body myositis (IBM) differs from other forms of myositis with respect to
its important degenerative features combined with inflammatory changes. The
pathophysiological mechanisms underlying IBM are largely unknown. The discovery
of the IBM-specific antibody anti-cytosolic 5’nucleotidase 1A (cN-1A) has underlined
the involvement of the humoral component of the immune system in IBM. However,
the exact mechanism of anti-cN-1A autoantibody development is still unknown. The
target protein of the autoantibodies is cN-1A, which is involved in purine metabolism.
Although various methodologies used to assess the cN-1A serotype lead to different
estimates of sensitivity and specificity of anti-cN-1A antibodies, anti-cN-1A serotyping
can be helpful to distinguish between IBM and other forms of myositis. The presence
of anti-cN-1A reactivity in other autoimmune diseases, such as Sjögren’s syndrome,
remains unexplained. Anti-cN-1A reactivity is related to a more severe IBM phenotype
with increased mortality. Standardized methods of anti-cN-1A detection should be
developed in order to more precisely evaluate sensitivity, specificity and diagnostic
utility. Further work needs to be done to improve our understanding of the role of cN1A and the anti-cN-1A immune response in the pathophysiological mechanism of IBM.

52

Anti-cN-1A autoantibodies

AUTOANTIBODIES IN INCLUSION BODY MYOSITIS
In the field of myositis, autoantibodies are gaining importance as they can guide
classification, diagnostic work up and prognosis of the disease. For example, the
presence of NXP-2 or TIF-1γ antibodies in adults is related to dermatomyositis (DM)associated cancer, influencing both surveillance and prognosis of these patients (70).
With the expanding number of known antibodies and sometimes very distinct associated
phenotypes, the classification of myositis might be shifting towards an antibody-based
approach (71). Sub-classification of patients according to antibody status might reduce
heterogeneity in future drug trials, especially concerning immunomodulatory drugs and
biologicals. The role of autoantibodies as a biomarker to evaluate disease activity and
reaction to treatment has yet to be determined in myositis.
Although inclusion body myositis (IBM) is seen as one of the inflammatory myopathies,
IBM diagnosis is based on the combination of both inflammatory and degenerative
pathological features (14). This combination of pathological features has led to much
discussion and debate as to whether IBM is a primarily inflammatory disease or a
degenerative disease with a secondary inflammatory component (18, 19, 72, 73). No
autoantibody was found in IBM until 2011 when autoantibodies directed against a 4344 kDa skeletal muscle protein were detected for the first time (22). These antibodies
were named anti-Mup44 antibodies, based on the muscle protein specificity and the
molecular weight. Identification of cytosolic 5’-nucleotidase 1A (cN-1A) as the target of
the IBM-specific antibody in 2013, led to the nomenclature anti-cN-1A autoantibodies
(23, 24).
The discovery of anti-cN-1A antibodies could have important implications in IBM
diagnosis and research. Autoantibody detection might reduce the delay between
disease onset and diagnosis in IBM patients (mean delay: 5 years), as well as the rate of
misdiagnosis (74). Anti-cN-1A autoantibodies could be related to specific IBM subtypes,
leading to tailored prognostics and better stratification in upcoming trials. Understanding
the role of anti-cN-1A antibody development may help unravel the pathophysiological
mechanisms underlying IBM.
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INCLUSION BODY MYOSITIS PATHOPHYSIOLOGY
The immune features characteristic of IBM are the presence of inflammatory infiltrates
rich in CD8+ T cells, which attack non-necrotic muscle fibres expressing MHC-1
antigen, and clonal expansion of these T cells in situ. Inflammation is accompanied by
proinflammatory cytokines and chemokines, variable numbers of CD4+ T-cells, dendritic
cells and macrophages (summarized and illustrated in reference (19)). These features
are also common to polymyositis (PM).
Degenerative pathological features include the presence of rimmed vacuoles
containing aggregations of misfolded proteins such as amyloid beta (precursor protein),
phosphorylated tau, TDP-43 and p62. These pathological changes are unique to IBM
compared with PM and DM, but not compared with other types of muscle disease such
as autophagic vacuolar myopathy and distal myopathy (19, 75, 76).
Lack of response of IBM to immunosuppressive therapies and, in some cases,
worsening of the disease in response to immunosuppressive drugs have implicated
neurodegenerative features as the initial or triggering event in IBM (77-79). However,
there are multiple arguments to suggest that an immune response precedes the
onset of any degenerative feature in IBM: the persistence of inflammatory changes,
particularly clonal expansion of T cells, throughout the course of disease, and a
more frequent invasion of T cells in non-necrotic muscle fibres than the presence of
degenerative features (19). A correlation with the HLA-B8-DR3 ancestral haplotype
and the presence of concomitant autoimmune diseases in a third of IBM patients also
favours an autoimmune disorder (80). Furthermore, the inflammatory changes seem
to occur earlier in the disease process than the degenerative features (72). The lack of
response to immunosuppressive therapy might thus also be related to the inclusion of
patients in advanced stages of IBM in those trials.
Although the most consistent evidence supporting an immune component has been the
invasion of CD8+ T cells into non-necrotic fibres, more recent studies provided additional
evidence favouring a humoral component in IBM (81-83). The discovery of anti-cN-1A
autoantibodies has confirmed the involvement of humoral immunity in IBM. This discovery
might lead not only to a better understanding of the pathophysiological mechanisms in
IBM, but also to new therapeutic options such as targeted immunotherapy.
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CN-1A
In 2013, two groups independently identified cN-1A as the target protein of antiMup44 autoantibodies (figure 1) (23, 24). cN-1A is a protein predominantly expressed
in skeletal muscle, although intermediate expression levels have been reported in
heart, brain, kidney and pancreas (84).
The human cN-1A consists of a single polypeptide of 368 amino acids (calculated
molecular mass 41,021 Da), encoded by a single-copy gene located on chromosome
1. cN-1A is a cytosolic enzyme (EC:3.1.3.5) that plays an important role in purine
metabolism, acting to catalyse the conversion of adenosine monophosphate (AMP)
to adenosine. Under normoxic conditions, when ATP levels are relatively constant,
AMP is catabolized to inosine, via the so-called ‘inosine pathway’. In contrast,
during hypoxia or ischemia, AMP is dephosphorylated to adenosine through
the action of cN-1A (the adenosine pathway) (85). Under these circumstances,
oxidative phosphorylation occurs at low levels due to the lack of oxygen and new
ATP molecules are generated by the conversion of two ADPs into ATP and AMP
(86, 87). The latter is then catabolized by cN-1A. Evidence for these pathways of
AMP conversion has been obtained in cardiac muscle, but it is likely that the same
pathways are followed in skeletal muscle. Although the role of adenosine in skeletal
muscle is less well defined, there is evidence for a role of intracellularly formed
adenosine in the physiological regulation of skeletal muscle function, which is
facilitated by cN-1A (88).
The mechanism(s) leading to the development of autoantibodies targeting cN-1A
in IBM is not known. Small genetic studies show no variations in the cN-1A gene
NT5C1A in anti-cN-1A positive patients and no association between anti-cN-1A
production and specific HLA class II alleles has been demonstrated (24, 36). More
detailed knowledge on the location of cN-1A in muscle tissue of IBM patients,
patients with other neuromuscular diseases and healthy volunteers might shed
more light on the mechanisms involved in anti-cN-1A autoimmunity. The presence
of cN-1A autoantibodies in some patients with Sjögren’s syndrome (SjS) and systemic
lupus erythematosus (SLE) without muscular involvement, further complicates the
understanding of the development of anti-cN-1A autoantibodies (32, 33, 62).
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Figure 1. Reactivity of IBM patient sera with Mup44 and cN-1A.
A. Human skeletal muscle extract was separated by SDS-polyacrylamide gel electrophoresis and
the separated proteins were transferred to nitrocellulose membranes. Strips of these membranes
were incubated with six IBM patient sera and a serum from a healthy individual (NHS). Bound
antibodies were visualized with an anti-human secondary antibody conjugate. The position of
Mup44 is indicated by an arrow. The position of molecular weight markers is indicated on the right.
B. A cDNA encoding the human cN-1A protein was transcribed and translated in vitro in the presence
of radioactive methionine and the resulting protein was immunoprecipitated by six IBM patient
sera and a serum from a healthy individual (NHS). Immunoprecipitated proteins were separated by
SDS-polyacrylamide gel electrophoresis and visualized by autoradiography. Figure adapted from
Pluk et al. Ann Neurol. 2013;73(3):397-407, with a simplification of the labelling and reduction of the
number of lanes shown to improve clarity.
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The pathogenic properties of anti-cN-1A autoantibodies have been investigated
by passive immunization of mice with anti-cN-1A IgG obtained from IBM patients’
sera, leading to the development of some changes in the muscle tissue resembling
the changes seen in IBM (25). Muscle tissue of the mice injected with anti-cN-1A
showed myopathic changes such as fibre size variation with small angulated fibres
and p62/SQSTM1-positive sarcoplasmic aggregates. However, no differences in
muscle mass or physical performance could be detected between the immunized
and non-immunized mice.
A relationship between viral infections, such as hepatitis C (89) and HIV (90), and the
development of IBM has been suggested. In particular, a recent study showed a high
prevalence of anti-HCV antibodies in a relatively high percentage (~28%) of Japanese
IBM patients (N = 114), suggesting that (chronic) viral infection may indeed play a key role
in the development of IBM (89). The exact role of the co-occurrence of these viruses
in the pathophysiology of IBM is unknown, as is the relationship between anti-cN-1A
reactivity and HCV and HIV infections and their treatment (91). However, human cN-1A is
involved in the metabolism of some of the nucleoside analogues used in the treatment
of viral infections (84).

METHODS OF DETECTION OF ANTI-CN-1A ANTIBODIES
Although only a handful of studies on anti-cN-1A antibodies have been published,
several different methods of detection have been used (22-25, 31-33, 35, 92), as
summarized in table 1. The first of these included immunoblotting using human
skeletal muscle extracts (22-24) and immunoprecipitation of the recombinant cN-1A
protein (figure 1) (23, 24), whereas more recently lysates from transfected HEK293
cells expressing cN-1A were used in immunoblotting (33, 35) and a cell-based
assay using transfected COS7 cells was developed (25). In addition, enzyme-linked
immunosorbent assays (ELISAs) were developed using synthetic peptides comprising
major autoepitopes of cN-1A (32) or recombinant full-length cN-1A protein (35, 92)
as the antigenic target molecule(s). Finally, in a recent study an addressable laser
bead immunoassay (ALBIA) using a full-length recombinant human cN-1A protein
was applied (31). The consistent detection of anti-cN-1A antibodies using several
different detection methods suggests that the detection of these antibodies is robust.
A study using three different synthetic peptides of cN-1A in ELISAs (32) showed that
not all anti-cN-1A antibodies are directed against the same cN-1A epitope. IBM sera
reactive with one of these epitopes were not always positive when using full-length
recombinant protein as antigen, whereas other sera were positive when assessed
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using the full-length cN-1A ELISA, but not any of the peptide ELISAs (42). In another
study, patients were shown to be variably seropositive dependent upon which isotype
(IgG, IgA or IgM) of anti-cN-1A antibody was tested (36, 92). Comparison of ALBIA
with ELISA using full-length recombinant human cN-1A protein showed an overall
agreement of negative and positive test results in 94% (31). Similarly, results obtained
using full-length cN-1A ELISA were concordant with immunoprecipitation and a cellbased assay in small Asian cohorts (25, 34). Taken together, these results indicate
that the B-cell response to cN-1A in IBM is polyclonal and strongly suggest that it is
antigen-driven. Future studies may require the use of multiple detection methods to
adequately detect all anti-cN-1A seropositive IBM patients.

ANTI-CN-1A AUTOANTIBODIES:
SENSITIVITY AND SPECIFICITY
Recent studies investigating the prevalence of autoantibodies in IBM, other forms
of myositis and other rheumatic and inflammatory diseases have confirmed the
high prevalence of anti-cN-1A antibodies in 37% to 76% of IBM patients (32, 33, 35,
92) (summarized in Herbert & Pruijn, 2015 (42)). Most of these studies show anticN-1A seropositivity in more than 60% of IBM patients compared with much lower
frequencies in DM (<15%) and PM (<5%) (table 1) (23, 33). A large variation in prevalence
(0% to 27%) of anti-cN-1A positivity in juvenile dermatomyositis has been reported,
suggesting a need for further research in that disease group (31, 34, 94). The lower
percentage (37%) of seropositive IBM patients observed by Herbert and co-workers
(32) reflects much stricter cut-off values, chosen to ensure the highest levels of
specificity for IBM.
Other autoimmune diseases can also show anti-cN-1A reactivity: on average 10%
of SLE and 12% of SjS patients in our recent study (62). It could reflect the frequent
co-existence of these disorders, particularly SjS, with IBM (95-100). However, the
presence of anti-cN-1A antibodies has not been found to be associated with the
presence of muscle symptoms in SjS (101, 102) and, furthermore, at least 5 SLE
patients presenting with coexistent myositis, were seronegative for anti-cN-1A
antibodies (33).
Differences in the methodologies and cut-off criteria used to detect anti-cN-1A
antibodies or disparities in the diagnostic criteria used to define the different types
of myositis might explain the large variation in sensitivity and specificity of cN-1A
in the various publications. Although the specificity of anti-cN-1A seems limited by
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high reactivity in other autoimmune diseases, the clinical usefulness of the antibody
might not be affected, as the specificity of the antibody in the distinction between
IBM and other (inflammatory) neuromuscular diseases is satisfactory (Table 1). The
sensitivity of anti-cN-1A is high compared to other muscle specific antibodies: for
example, anti-Jo1 is found in about 15% of PM-sera and anti-MDA5 is found in about
10-20% of DM-sera (103, 104).

ANTI-CN-1A AUTOANTIBODIES:
CLINICAL CORRELATIONS
Limited information exists about the relationship between the clinical symptoms of
IBM and the presence of anti-cN-1A autoantibodies. The small number of – mostly
retrospective – studies investigating the clinicopathological correlations of anticN-1A antibodies in IBM and the relatively small numbers of patients included in
these studies, together with differences in the clinical information collected and
the serological methods used to detect anti-cN-1A antibodies, seriously limit the
conclusions that can be drawn from these studies.
Larman and co-workers presented an overview of the clinical features of 33 anti-cN1A positive IBM patients, compared to 14 anti-cN-1A negative patients. No clinical
differences were found between the two groups, although only a limited number of
clinical features were described (24). Similarly, a large retrospective study including
117 IBM patients showed no clinical differences, although a lower incidence of
rimmed vacuoles in the anti-cN-1A positive group was observed (33).
More recent studies do, however, detect some clinical differences between anti-cN1A positive and negative IBM patients. Anti-cN-1A positive patients were shown to
be more severely affected, having more frequent bulbar weakness, requiring more
frequent use of a walking aid and having worse pulmonary function (reduced forced
vital capacity) than their seronegative counterparts (35). A large international study
including 311 IBM patients shows more frequent facial weakness, a higher adjusted
mortality risk and an increased number of COX-negative fibres in the anti-cN-1A
positive group, whereas more frequent proximal arm weakness was observed in the
anti-cN-1A negative group (56).
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Table 1. Overview of studies involving anti-cN-1A testing in IBM and other diseases.
Publication

Methodology

Salajegheh 2011 (22)

IB (human skeletal muscle extracts)

Larman 2013 (24)

IB (human skeletal muscle extracts), IP (recombinant cN-1A protein)

Pluk 2013 (23)

IB (human skeletal muscle extracts), IP (recombinant cN-1A protein)

Greenberg 2014 (92)

ELISAs (recombinant full-length cN-1A protein)

Herbert 2015 (32)

ELISAs (synthetic peptides comprising major autoepitopes of cN-1A)

Goyal 2015 (35)

IB (transfected HEK293 cell lysates expressing cN-1A), ELISAs
(recombinant full-length cN-1A protein)
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Patients (N)

Anti-cN-1A positive
(high reactivity)

Sensitivity
(high reactivity)

Specificity
(high reactivity)

IBM (25)

13

52%

100%

DM (10)

0

PM (10)

0

Other NMD (5)

0

Healthy controls (15)

0

IBM (47)

16

PM (26)

1

DM (36)

1

Other NMD (56)

0

Healthy controls (35)

0

IBM (94)

33

PM (22)

1

DM (24)

1

Other NMD (94)

3

Healthy controls (32)

0

IBM (50)

38

PM (27)

NA

DM (6)

NA

Other NMD (68)

NA

Healthy controls (34)

NA

IBM (238)

88

PM/DM (185)

8

Other NMD (93)

4

Other (180)

5

SjS (22)

8

SLE (44)

9

IBM (25)

18

3
34%

98%

33%

97%

76%*

91%*

37%

94%

72%

-
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Table 1. Overview of studies involving anti-cN-1A testing in IBM and other diseases.
Publication

Methodology

Lloyd 2015 (33)

IB (transfected HEK293 cell lysates expressing cN-1A)

Limaye 2016 (36)

ELISAs

Kramp 2016 (93)

ELISAs (recombinant full-length cN-1A protein)
Two independent laboratories

Lilleker 2017 (56)

ELISAs (synthetic peptides comprising major autoepitopes of cN-1A)

Tawara 2017 (25)

Cell-based assay (transfected cells)

Muro 2017 (34)

ELISAs combined with IP
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Patients (N)

Anti-cN-1A positive
(high reactivity)

Sensitivity
(high reactivity)

Specificity
(high reactivity)

IBM (117)

71

61%

87%

PM (42)

2

DM (159)

24

Healthy controls (42)

2

SjS (44)

10

SLE (96)

13

IBM (69)

24

Laboratory A
Clinicopathologically
defined IBM (17)

8

Suspected IBM (14)

3

Other myositis (110)

4

Non-myositis
autoimmune controls
(93)

5

Healthy controls (52)

1

3

35%

-

36%

Laboratory B
Definite IBM (51)

20

Healthy controls (202)

7

96%

39%

97%

IBM (311)

102

33%

-

IBM (67)

24

36%

92%

PM (36)

5

DM (31)

4

NMD (16)

0

80%

92%

Healthy controls (10)

0

IBM (10)

8

PM (10)

1

DM (144)

16

JDM (12)

2

SLE (50)

3

SjS (50)

2

SSc (50)

4

Healthy controls (42)

1
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Table 1. Overview of studies involving anti-cN-1A testing in IBM and other diseases.
Publication

Methodology

Amlani 2019 (31)

ALBIA (full-length recombinant cN-1A protein)

Overall sensitivity and specificity (IBM versus the other groups that were tested, including healthy
and diseased controls) extracted from or calculated based on the numbers of patients showing
high cN-1A reactivity as stated in the cited articles.

The presence of anti-cN-1A autoantibodies does not seem to depend on disease
duration, because in some patients the antibodies have even been detected before
the onset of symptoms (24). Currently, no longitudinal anti-cN-1A testing has been
performed in a large cohort, so the use of anti-cN-1A autoantibodies as a biomarker
to assess IBM disease activity and/or progression is still to be evaluated. The
establishment of large (international) cohorts will ensure the feasibility of prospective
studies in this rather rare disease, allowing more detailed interpretation regarding
prognosis and possible IBM subtypes. Furthermore, the use of standardized anticN-1A antibody testing will allow better comparison between different cohorts of
IBM patients, and with other forms of myositis and autoimmune diseases, and will
also enable reliable assessment of the sensitivity and specificity of this autoantibody
marker.
Currently, anti-cN-1A antibody testing is available in a limited number of hospitals,
using in-house developed methods of detection or a commercially available
standardized ELISA using the recombinant full-length protein (93). Our current
practice is to use anti-cN-1A antibody reactivity to distinguish between IBM and a
neuromuscular mimic. Future applications in clinical practice could include the early
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Patients (N)

Anti-cN-1A positive
(high reactivity)

Sensitivity
(high reactivity)

Specificity
(high reactivity)

IBM (43)

21

49%

92%

PM/DM (142)

10

JDM (40)

0

SLE (199)

27

SjS (19)

0

SSc (50)

3

OA (47)

5

RA (27)

0

NMD (13)

2

Healthy controls (78)

4

3

N = number, IB = immunoblotting, IP = immunoprecipitation, ELISAs = enzyme-linked immunosorbent
assays, IBM = inclusion body myositis, PM = polymyositis, DM = dermatomyositis, JDM = juvenile
dermatomyositis, NMD = neuromuscular disease, NA = not available, SjS = Sjögren’s syndrome,
SLE = systemic lupus erythematosus, SSc = systemic sclerosis, OA = osteoarthritis, RA = rheumatoid
arthritis. *Based on a combination of IgG, IgM or IgA isotype reactivity.

diagnosis of IBM, possibly allowing therapeutic interventions in early disease stages.
Furthermore, anti-cN-1A serotyping could lead to the recognition of IBM-subtypes
and allows stratification of patients before inclusion in clinical or research trials, and
might eventually lead to the design of targeted immunotherapeutics.

CONCLUSION
The discovery of anti-cN-1A autoantibodies in the sera of large numbers of IBM patients
has been a major breakthrough in our understanding of this enigmatic disease. There
is now demand for new studies aimed at understanding cell biological and molecular
properties of cN-1A, which will be imperative for shedding more light on the antigenicity
of this autoantigen and the question as to why a humoral immune response to this
protein is mainly observed in IBM. Future prospective studies should further explore the
potential association with clinical features. This could enable the use of these antibodies
as a prognostic biomarker or in IBM-subtype stratification and to explore options for
targeted immunotherapy for IBM patients.
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ABSTRACT
Objectives: To investigate the characteristics of different clinico-serologic subgroups of
immune-mediated necrotizing myopathy (IMNM).
Methods: We retrospectively reviewed data from medical charts of 64 patients
diagnosed with IMNM between 2012 and 2017 in 3 neuromuscular referral centres in
The Netherlands and 1 in Belgium.
Results: Seventeen patients had anti-3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMGCR) autoantibodies (Abs), of whom 11 had a history of statin use, 15
had anti-signal recognition particle (SRP) Abs, 2 had anti-melanoma differentiationassociated protein 5 (MDA5) Abs, 22 patients were seronegative, and 9 patients did not
have a complete Ab assessment. Moderate to severe disability in HMGCR Ab–positive
and anti-SRP Ab–positive IMNM was common (71% and 60%, respectively) despite
multimodality treatment. Compared with statin-associated anti-HMGCR Ab–positive
IMNM, statin-naive anti-HMGCR Ab–positive IMNM patients were more often men (67%
vs 45%), had lower rates of dysphagia (17% vs 45%), and more frequently had third-line
therapy (50% vs 9%) and poor to fatal outcome (50% vs 0%). Compared with seropositive
IMNM, seronegative IMNM was characterized by female predominance (1:3), frequent
occurrence of associated connective tissue disorders (22% vs 9%), and significantly
higher rates of extramuscular disease activity (50% vs 16%, p = 0.014; 2-sided Fisher
exact), also after excluding patients with an associated connective tissue disease (35%
vs 7%, p = 0.038; 2-sided Fisher exact).
Conclusion: Our findings indicate that seronegative IMNM forms a subgroup with
distinctive features from seropositive IMNM.
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INTRODUCTION
A majority of patients with immune-mediated necrotizing myopathy (IMNM) - a
relatively new entity within the spectrum of idiopathic inflammatory myopathies (IIMs)
- suffer from disability despite treatment, indicating inadequate management (39, 51,
69, 105-108). Indeed, disease management is complicated due to the heterogeneity
of IMNM. On the one hand, key features of IMNM - i.e., progressive and often severe
proximal muscle weakness - are generally shared among patients (107, 109). On the
other hand, disease manifestations such as dysphagia, axial and respiratory muscle
weakness, and cancer vary significantly between patients (39, 46, 51, 69, 105-108). No
clear data exist with regard to the variance in extramuscular disease activity (EMA) or
associated connective tissue diseases (CTDs) between different patients with IMNM.
Progress in further characterizing IMNM has been made by the discovery of 2 myositisspecific autoantibodies (MSAs), i.e., anti-3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMGCR) and anti-signal recognition particle (SRP) autoantibodies (Abs),
which allowed for a serologic subclassification of IMNM (108, 110). This has resulted in
the identification of 2 subgroups of patients with IMNM with distinct clinico-serologic
profiles. However, in a third of IMNM patients, these MSAs cannot be detected in
sera and are therefore called “seronegative” IMNM (39). This group has not yet been
characterized in detail, except for an association with cancer (46). We conducted a
cross-sectional study to investigate clinical and serologic characteristics in a case series
of IMNM, including seronegative IMNM, diagnosed in tertiary referral hospitals in The
Netherlands and Belgium.

METHODS
Standard protocol approvals, registrations, and patient consents
We retrospectively reviewed data from medical charts of patients diagnosed with
IMNM between 2012 and 2017 in 3 neuromuscular referral centres in The Netherlands
and 1 in Belgium. Diagnosis was based on the European Neuromuscular Centre
criteria (38, 39). Adult patients with subacute, symmetric, and predominantly proximal
muscle weakness and a muscle biopsy characterized by muscle fibre necrosis
and sparse to no inflammatory infiltrates were included. Toxic myopathy, active
endocrinopathy, amyloidosis, family history of muscular dystrophy or proximal motor
neuropathies, and any histopathologic features characteristic of other IIM subtypes
were exclusion criteria. Furthermore, we excluded patients with anti-synthetase
syndrome (111). Muscle biopsies (including immunostains) were re-evaluated in case
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of diagnostic uncertainty (38, 39). The study was conducted in accordance with the
Declaration of Helsinki and the Research Codes provided by the regional review
board guidelines.
A predefined set of data was extracted from the medical charts: presence of MSAs
and/or myositis-associated Abs (MAAs), age at onset, sex, duration of follow-up,
history of statin use, the presence of proximal muscle weakness and dysphagia,
EMA, the presence of CTDs or cancer, serum creatine kinase (CK) activity at
diagnosis, treatment, and outcome. The following MSAs were assessed by a
commercial semiquantitative line blot essay (Euroimmun, Lubeck, Germany): antiMi2 α and β, anti-transcriptional intermediary factor 1γ (TIF1-γ), anti-melanoma
differentiation-associated protein 5 (MDA5), anti-nuclear matrix protein 2 (NXP2),
anti-small ubiquitin-like modifier activating enzyme 1 (SAE1), anti-histidyl-tRNA
synthetase (Jo1), anti-SRP, anti-threonyl-tRNA synthetase (PL7), anti-alanyl-tRNA
synthetase (PL12), anti-glycyl-tRNA synthetase (EJ), and anti-isoleucyl-tRNA
synthetase (OJ). On the same line blot assay, the following MAAs were assessed:
anti-Ku, anti-polymyositis-scleroderma 100 protein (PM-Scl100), anti-polymyositisscleroderma 75 protein (PM-Scl75), and anti-Ro52 (60). A negative or a weak titre (1+)
was considered negative, while moderately elevated (2+) and high titres (3+) were
considered positive. In addition, anti-HMGCR Abs were assessed by a commercial
quantitative Enzyme-Linked Immuno Sorbent Assay (ELISA; INOVA, San Diego, United
States) (112). A level of anti-HMGCR Abs of 20 units/mL or higher was considered
positive. The participating centres used the same line blot and anti-HMGCR assays.
Patients were subsequently serologically grouped as follows: (1) anti-HMGCR Ab–
positive IMNM, further subclassified in statin-associated and statin-naive disease;
(2) anti-SRP Ab–positive IMNM; (3) IMNM with MSAs other than anti-HMGCR or antiSRP Abs; (4) seronegative IMNM in case no MSAs were found; and (5) IMNM with
incomplete serologic status in case serum could not be analysed by both the line
blot essay and the quantitative anti-HMGCR ELISA. If a patient had a combination
of MSAs and MAAs, the patient was classified into the respective MSA subgroup.
EMA included interstitial lung disease (ILD), arthritis, Raynaud phenomenon, and
skin or cardiac symptoms if considered IIM related (113). An associated CTD was
considered present if a formal diagnosis of CTD was established at any time during
the disease. Cancer was considered disease related if present from 3 years before
to 3 years after a diagnosis of IMNM (46). Serum CK activity was expressed as the
number of times the upper limit of normal (ULN) of the local laboratory. The ULN
for serum CK activity of the Dutch laboratories was 145 IU/L for women and 171
IU/L for men, and in the Belgian laboratory, this was 170 IU/L for women and 195
IU/L for men. Treatment was scored as follows: (1) glucocorticoid monotherapy;
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(2) second-line therapy consisting of azathioprine and/or methotrexate and/or
calcineurin inhibitors and/or mycophenolate mofetil; and (3) third-line therapy
consisting of intravenous immunoglobulins (IVIgs), cyclophosphamide, rituximab,
or other biologicals. Outcome was defined as good to excellent in case of normal
or near-normal functioning (with no apparent disability), moderate in case of slight
to moderate disability (e.g., use of cane), poor in case of severe disability (e.g.,
wheelchair-bound), or dead.
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Statistical methods
Results were primarily described using simple descriptive statistics. In addition, statistical
tests for comparison of clinically relevant disease characteristics between seropositive
and seronegative patients were performed, consisting of a Mann-Whitney U test for
age and a 2-sided Fisher exact test for sex, the presence of dysphagia, EMA, associated
CTDs, the use of third-line treatment, and favourable outcome. The explorative nature
of this study did not allow for multiple comparisons (114).
Data availability
Any data not published within the article will (after anonymization) be shared upon
request from any qualified investigator.

RESULTS
In total, 64 patients were included: 33 from Amsterdam, 16 from Ghent, 12 from Nijmegen,
and 3 from Leiden. In 1 patient, the diagnosis was based on the presence of anti-HMGCR
Abs without pathologic confirmation. All other patients had undergone a muscle biopsy
showing necrotizing myopathy with no or minimal lymphocytic infiltrates.
Seventeen patients (27%) had anti-HMGCR Abs, of whom eleven (65%) had a history
of statin use. Fifteen patients (23%) had anti-SRP Abs, of whom 1 patient (7%) also had
another MSA (anti-MDA5) and 3 patients (20%) also had MAAs (anti-Ro52 Abs, antipolymyositis-scleroderma-75 [PM-SCl75] Abs, and anti-Sjögren syndrome-A Abs,
respectively). One patient (2%) had anti-MDA5 Abs only. Twenty-two patients (34%) had
no MSAs, of whom 4 (18%) had MAAs: 2 anti-Ku Abs, one anti-Ro52 Ab, and one antiPM-Scl75 Ab. Nine patients (14%) had incomplete Abs data: data on myositis line blot
assay and anti-HMGCR Abs ELISA were not available in 7 and 2 patients, respectively.
These 9 patients were excluded from further analysis. The demographics and disease
characteristics of the remaining 55 patients are shown in table 1.
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Median age at onset was 54 years (range 16–82), and 33 patients (61%) were women.
The age at onset of patients with seronegative IMNM (median age 51 years, range 16–79
years) was comparable to that of patients with anti-SRP Ab–positive IMNM (median age
49 years, range 20–82 years), but lower than that of patients with HMGCR Ab–positive
IMNM (median age 60 years, range 54–74 years). No statistical significant difference in
age between seropositive and seronegative patients (p = 0.189; Mann-Whitney U test)
was found.
Female preponderance was observed in seronegative IMNM (M:F ratio 1:3) compared
with patients with seropositive IMNM (M:F ratio 1:1). This finding did not reach statistical
significance (p = 0.158; 2-sided Fisher exact test). Median follow-up was 2 years (range
1 week to 24 years). The patient with a 1-week follow-up died of respiratory weakness
and myocardial infarction. In total, 5 patients had a follow-up duration of less than 1 year.
All patients presented with proximal muscle weakness consisting of upper arm and
upper leg weakness (legs more than arms), except 1 patient who had only proximal leg
weakness. Dysphagia was present in 21 patients (38%). Compared with statin-associated
HMGCR Ab–positive (45%) and anti-SRP Ab–positive (53%) IMNM, dysphagia was found
less frequently in statin-naive anti-HMGCR Ab–positive (17%) IMNM and seronegative
(27%) IMNM. No statistical significant difference in the prevalence of dysphagia between
seropositive and seronegative patients (p = 0.262; 2-sided Fisher exact test) was found.
EMA and associated CTDs were found predominantly in seronegative IMNM. Eight
patients (15%) of whom 5 (67%) with seronegative IMNM had an associated CTD. Four
patients had systemic sclerosis (SSc), 2 patients mixed CTD, 1 patient systemic lupus
erythematosus (SLE), and 1 patient SLE and Sjögren’s syndrome. EMA was found in 11
patients (50%) with seronegative IMNM compared with 5 patients (16%) with seropositive
IMNM, respectively (table 1). A statistical significant difference in the occurrence of EMA
(p = 0.014; 2-sided Fisher exact test) but not in CTDs (p = 0.248; 2-sided Fisher’s exact)
between seropositive and seronegative patients was demonstrated, also after excluding
8 patients with an associated CTD (p = 0.038; 2-sided Fisher exact test).
Among all included patients, the most frequent EMA features included arthritis in 6 (11%),
Raynaud phenomenon in 5 (9%), and ILD in 4 (7%). ILD was found in 3 patients (14%) with
seronegative IMNM and in 1 patient (6%) with anti-HMGCR Ab–positive IMNM. None of
the patients had classical skin abnormalities consistent with dermatomyositis (DM), i.e.,
heliotropic erythema or Gottron’s papules. Related cancers were found in 5 cases (9%),
equally distributed among the subgroups. Related cancers included larynx carcinoma,
ovary carcinoma, mediastinal tumour, bladder carcinoma, and breast carcinoma.
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Median serum CK activity was 41 times the ULN, ranging from normal to 300 times
the ULN. There was 1 patient with normal serum CK activity presenting with rapidly
progressive muscle weakness and polyarthritis, who had a muscle biopsy consistent
with IMNM, no MSAs/MAAs, and responded favourably to glucocorticoid therapy.
Differences in median serum CK activity did not differ between the 3 IMNM subgroups.
Eleven patients (20%) received glucocorticoid monotherapy, whereas 28 (51%) and 14
(25%), respectively, had second- and third-line treatment (table 2). Treatment data were
not available for 2 patients (4%). Third-line therapy, mostly IVIg, was administered to 50%
of the statin-naive anti-HMGCR Ab–positive IMNM patients and 55% of the anti-SRP Ab–
positive IMNM patients, as compared to 10% of the statin-associated anti-HMGCR Ab–
positive IMNM patients and 15% of seronegative IMNM patients. We found no statistical
significant differences in the rates of third-line treatment between seropositive and
seronegative patients (p = 0.200; 2-sided Fisher exact test).
Twenty-one patients (38%) had good to excellent outcome, 26 patients (47%) had
moderate outcome, 3 patients (5%) had poor outcome, and 4 patients (7%) died (table 2).
Outcome data were not available in 1 patient (2%). Causes of deaths included laryngeal
carcinoma, metastasized bladder carcinoma, renal failure, and a mediastinal tumour.
Except for the small group of statin-naive anti-HMGCR Ab–positive IMNM patients, of
whom 3 (50%) had a poor outcome or died, outcome was essentially the same across
the other subgroups. We found no statistical significant differences in the rates of goodexcellent outcomes between seropositive and seronegative patients (p = 0.397; 2-sided
Fisher exact test).
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Table 1. Demographics and disease characteristics of 55 patients with an immune-mediated
necrotizing myopathy (IMNM).
anti-HMGCR
(n = 17)

anti-SRP
(n =15)

antiMDA5
(n = 1)

seronegative
(n = 22)

statin +ve
(n = 11)

statin -ve
(n = 6)

63 (54-74)

57 (52-65)

49 (20-82)

47

51 (16-79)

5 (45)

2 (33)

8 (53)

1 (100)

16 (73)

11 (100)

6 (100)

15 (100)

1 (100)

21 (95)

5 (45)

1 (17)

8 (53)

1 (100)

6 (27)

64 (6-114)

90 (4-176)

59 (18-195)

4

30 (0-83)

1 (9)

1 (17)

3 (20)

0 (0)

11 (50)

Demographics
Age at onseta (median years, range)
Femalea (n, %)
Disease features
Proximal muscle weakness (n, %)
Dysphagia (n, %)
a

CK (median deviation from
ULN, range)
Extramuscular diseaseb activity (n, %)
CTD

(n, %)

0 (0)

1 (17)

2 (13)

0 (0)

5 (22)

MAAs (n, %)

0 (0)

0 (0)

3 (20)

0 (0)

4 (18)

Cancer (n, %)

1 (9)

1 (17)

1 (7)

0 (0)

2 (9)

a,c

Abbreviations: statin +ve anti-HMGCR = statin-associated anti-3-hydroxy-3-methylglutaryl-CoA
reductase (HMGCR) auto-antibodies (Abs)-positive IMNM; statin -ve anti-HMGCR = statin-naïve
anti-HMGCR Abs-positive IMNM; anti-SRP = anti-Signal Recognition Particle Abs-positive IMNM;
anti-MDA5 = anti-Melanoma Differentiation-Associated protein 5 Abs-positive IMNM; seronegative
= IMNM without any myositis-specific Abs; CK = serum creatine kinase activity; ULN = upper limit of
normal; CTD = connective tissue disease; MAAs = myositis-associated Abs.
a
The differences in age, gender, and the presence of dysphagia or associated CTDs between
seropositive and seronegative patients were not statistically significant.
b
Interstitial lung disease, arthritis, Raynaud phenomenon, and skin or cardiac symptoms if
considered myositis-related. The difference in prevalence of EMA between seropositive and
seronegative patients was statistically significant (16% vs. 50%, p 0.014; two-sided Fisher’s exact),
also after excluding patients with an associated connective tissue disease (7% vs. 35%, p 0.038;
two-sided Fisher’s exact).
c
Five patients with systemic sclerosis, three patients with mixed connective tissue disease, one case
with systemic lupus erythematosus (SLE), and one case with both SLE and Sjögren’s syndrome.
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Table 2. Treatment and outcome in 55 patients with an immune-mediated necrotizing myopathy
(IMNM).
anti-HMGCR
(n = 17)
statin +ve
(n = 11)

anti-SRP
(n =15)

statin -ve
(n = 6)

antiMDA5
(n = 1)

seronegative
(n = 22)

Treatmenta
glucocorticoid monotherapy (n, %)

2 (18)

1 (17)

3 (20)

0 (0)

5 (23)

second line therapy (n, %)

8 (73)

2 (33)

5 (33)

1 (100)

12 (54)

1 (9)

3 (50)

7 (47)

0 (0)

3 (14)

good-excellent outcome (n, %)

4 (36)

1 (17)

6 (35)

0 (0)

10 (45)

moderate outcome (n, %)

7 (63)

2 (33)

8 (57)

1 (100)

8 (36)

poor outcome (n, %)

0 (0)

2 (33)

0 (0)

0 (0)

1 (5)

dead (n, %)

0 (0)

1 (17)

1 (7)

0 (0)

2 (9)

third line therapy (n, %)

4

Outcome

b

Abbreviations: statin +ve anti-HMGCR = statin-associated anti-3-hydroxy-3-methylglutaryl-CoA
reductase (HMGCR) auto-antibodies (Abs)-positive IMNM; statin -ve anti-HMGCR = statin-naïve
anti-HMGCR Abs-positive IMNM; anti-SRP = anti-Signal Recognition Particle Abs-positive IMNM;
anti-MDA5 = anti-Melanoma Differentiation-Associated protein 5 Abs-positive IMNM; seronegative
= IMNM without any myositis-specific Abs.
Treatment schemes of patients with IMNM shown in percentages. Treatment data from 2 (9%) patients
with seronegative IMNM are missing; azathioprine and/or methotrexate and/or mycophenolate
mofetil were considered second line therapy; intravenous immunoglobulins (N = 13) and/or rituximab
(N = 3; all in combination with intravenous immunoglobulins) and/or cyclofosfamide (N = 1) were
considered third line therapy. Differences in rates of third line treatment between seropositive and
seronegative patients were not statistically significant.
b
Outcomes in IMNM shown in percentages. Outcome data from 1 (5%) patient with seronegative
IMNM is missing; good-excellent outcome was defined as normal or near normal functioning with
no apparent disability; moderate outcome was defined as slight to moderate disability (e.g. use of
cane); poor outcome was defined as severe disability (e.g. wheelchair-bound); causes of deaths
included laryngeal carcinoma, metastasized bladder carcinoma, pneumonia, respiratory weakness
and myocardial infarction, peritonitis, and a mediastinal tumor. Differences in rates of good-excellent
outcomes between seropositive and seronegative patients were not statistically significant.
a
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DISCUSSION
We found that seronegative IMNM had distinctive features including a significantly
higher frequency of EMA. The higher rates of EMA in seronegative IMNM were not
fully explained by the concomitant presence of an associated CTD, thus indicating
a truly distinctive feature. A female predominance and higher rates of associated
connective tissue disorders were seen in seronegative patients, but these findings
did not reach statistical significance, probably due to the relatively small sample size.
One study found higher rates of cancer in seronegative IMNM compared with the
HMGCR Ab–positive and anti-SRP Ab–positive IMNM (46). We could not confirm this
in our study, again probably because of the relatively small sample size of our study.
It may well be that the female preponderance has to be ascribed to the association
with CTDs as was the case in two-thirds of the seronegative patients. SSc was the most
frequent CTD in these patients. A recent study found that necrotizing myopathy was
the second most common histologic subtype (according to the 2004 ENMC criteria)
in patients with SSc (115).
Of note, two patients had anti-MDA5 Abs-positive IMNM. These antibodies are
associated with classic DM or overlap myositis with other cutaneous manifestations,
frequent occurrence of prominent ILD, and relatively little myositis (107, 116). The patient
with solely anti-MDA5 Abs has been previously described and had no skin rash or ILD
(117). The patient with both anti-SRP and anti-MDA5 Abs presented with proximal muscle
weakness, nonspecific skin erythema on her chest and upper arms, digital cutaneous
ulceration, arthralgia, and a serum CK activity of 90 times the ULN. This concomitant
presence of two MSAs is remarkable since usually, MSAs are mutually exclusive (41,
106, 108).
We found some apparent differences when we compared our seropositive patients with
those reported in previous reports. Although earlier reports did not find any differences
between statin-associated and statin-naive anti-HMGCR Ab–positive IMNM except for
younger age at onset, higher serum CK activity, and more frequent non-Caucasian
ethnicity in the latter, we observed that statin-naive anti-HMGCR Ab–positive IMNM
patients were more often men (66% vs 45%), had lower rates of dysphagia (17% vs 46%),
received more often third-line therapy (50% vs 9%), and had more frequently poor to
fatal outcome (50% vs 0%) (108). The number of cases with a history of statin use in antiHMGCR–positive IMNM (65%) was comparable to that found in North American and
European case series with HMGCR Ab–positive IMNM (44%–67%) and much higher as
compared to a Japanese case series with HMGCR Ab–positive IMNM (18%) (51, 105, 106).
The frequency of cancer in our patients was too low to compare it with that of other case
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series. Our data confirm that in general, HMGCR Ab–positive IMNM and anti-SRP IMNM
are severe conditions, as illustrated by the proportion of patients (65%) with moderate,
severe, or fatal outcome despite multimodality treatment (51, 69, 105, 106, 108).
The strength of our study is the detailed description of the IMNM group as a whole,
and in particular with respect to the description of the as yet relatively underexposed
seronegative patients. The main limitation of our study is the retrospective nature and

4

the relatively small sample size of the study.
Our findings indicate that seronegative IMNM is distinct from seropositive IMNM given
the frequent occurrence of EMA and associated CTDs and the female preponderance in
the former. The results may not necessarily be extrapolated to other ethnic populations,
considering the predominantly European ancestry of our study population. Larger
prospective studies are warranted to confirm our findings.
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ABSTRACT
Introduction: Autoantibodies to cytosolic 5’-nucleotidase 1A (cN-1A; NT5C1A) have a
high specificity when differentiating sporadic inclusion body myositis from polymyositis
and dermatomyositis. In primary Sjögren’s syndrome (pSS) and systemic lupus
erythematosus (SLE) anti-cN-1A autoantibodies can be detected as well. However,
various frequencies of anti-cN-1A reactivity have been reported in SLE and pSS, which
may at least in part be explained by the different assays used. Here, we determined
the occurrence of anti-cN-1A reactivity in a large number of patients with pSS and SLE
using one standardized ELISA.
Methods: Sera from pSS (N = 193) and SLE patients (N = 252) were collected in five
European centres. Anti-cN-1A, anti-Ro52, anti-nucleosome and anti-dsDNA reactivities
were tested by ELISA (Euroimmun AG) in a single laboratory. Correlations of anti-cN-1A
reactivity with demographic data and clinical data (duration of disease at the moment
of serum sampling, autoimmune co-morbidity and presence of muscular symptoms)
were analysed using SPSS software.
Results: Anti-cN-1A autoantibodies were found on average in 12% of pSS patients, with
varying frequencies among the different cohorts (range: 7% - 19%). In SLE patients,
the anti-cN-1A positivity on average was 10% (range: 6% - 21%). No relationship was
found between anti-cN-1A reactivity and the presence or absence of anti-Ro52, antinucleosome and anti-dsDNA reactivity in both pSS and SLE. No relationship between
anti-cN-1A reactivity and duration of disease at the moment of serum sampling and
the duration of serum storage was observed. The frequency of muscular symptoms
or viral infections did not differ between anti-cN-1A-positive and –negative patients.
In both disease groups anti-cN-1A-positive patients suffered more often from other
autoimmune diseases than the anti-cN-1A-negative patients (15% versus 5% (p = 0.05)
in pSS and 50% versus 30% (p = 0.02) in SLE).
Conclusion: Our results confirm the relatively frequent occurrence of anti-cN-1A in pSS
and SLE patients and the variation in anti-cN-1A reactivity between independent groups
of these patients. The explanation for this variation remains elusive. The correlation
between anti-cN-1A reactivity and polyautoimmunity should be evaluated in future
studies. We conclude that anti-cN-1A should be classified as a myositis-associated-,
not as a myositis-specific-autoantibody based on its frequent presence in SLE and pSS.
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INTRODUCTION
Autoantibodies are often helpful in the diagnosis and follow up of patients with
inflammatory myopathies. Traditionally these antibodies are characterized as myositisspecific (MSA) or myositis-associated antibodies (MAA), according to their specificity. In
2013, two independent research groups described a novel antibody in sporadic inclusion
body myositis (IBM): anti-cytosolic 5’-nucleotidase 1A (anti-cN-1A; anti-NT5C1A) (1, 2).
cN-1A is an enzyme involved in the conversion of adenosine monophosphate (AMP)
to adenosine, and it has a role in the dephosphorylation of nucleotides to nucleosides
(42). IBM is a slowly progressive muscle disease with a late onset. Its cause is yet
unknown; inflammation, degeneration and mitochondrial dysfunction all seem to play
a role in the pathogenesis of IBM. Anti-cN-1A is present in 33-76% of IBM patients,
and the variation is probably not only due to differences between cohorts, but is also
dependent on the detection method and cut-off values that are used (42). Anti-cN-1A
testing can improve the diagnostic process in IBM and it can be used as a marker of
expected disease severity. Anti-cN-1A positive IBM patients have more pronounced
bulbar weakness and a higher mortality rate (35, 56). The presence or absence of anticN-1A antibodies in IBM is not related to the duration of symptoms or to the presence
or absence of other autoimmune diseases or other autoantibodies (56). The specificity
of anti-cN-1A antibodies has been established in previous studies. In healthy controls
and in patients with polymyositis, dermatomyositis and other neurological diseases,
the prevalence of anti-cN-1A is low (0-4%) (32). However, in the systemic autoimmune
diseases primary Sjögren’s syndrome (pSS) and systemic lupus erythematosus (SLE)
anti-cN-1A autoantibodies have been detected at various frequencies with different
methods of detection (32-34, 93). We aimed to establish the occurrence of anti-cN-1A
reactivity in multiple independent groups of European pSS and SLE patients using a
single standardized detection method.

MATERIAL AND METHODS
Patients
Sera from pSS (N = 193) and SLE patients (N = 252) were collected in five different
European centres: Tolmezzo, Italy; Strasbourg, France; Utrecht, The Netherlands;
Malmö, Sweden and Copenhagen, Denmark. The patients were enrolled in biobanks in
each of the participating centres, for which ethical permission was obtained. The SLE
patients were diagnosed using the 1997 American College of Rheumatology criteria;
pSS patients fulfilled the American-European Consensus Classification Criteria (118,
119). Demographic data (age and sex of the patient), clinical data (duration of disease at
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the moment of serum sampling, autoimmune co-morbidity and presence of muscular
symptoms) and the total duration of storage of the sample were retrieved from the
respective biobank databases by the local researcher blinded for anti-cN-1A status.
Muscular symptoms were defined as myalgia and muscle weakness, autoimmune comorbidity was defined as the presence of any other autoimmune disease. Patients with
Sjögren’s syndrome secondary to SLE were classified as SLE.
Laboratory analysis
Anti-cN-1A, anti-dsDNA, anti-nucleosomes and anti-Ro52 reactivities were tested by
ELISA in a single laboratory. The anti-cN-1A, anti-dsDNA-NcX, and anti-nucleosomes
ELISA are commercially available ELISAs and were performed according to the
manufacturer’s instructions (respective order numbers EA 1675-4801 G, EA 1572-9601
G and EA 1574-9601 G, Euroimmun AG, Lübeck, Germany). The anti-cN-1A ELISA is
based on recombinant full-length cN-1A antigen as described earlier (93). Results
were evaluated semi-quantitatively as a ratio (optical density (OD) 450 sample/OD450
calibrator, ratio ≥1 positive). The anti-dsDNA-NcX ELISA utilizes native dsDNA (isolated
from calf thymus) as antigen, which is immobilized via highly purified mononucleosomes
free of histone H1, Scl-70 and other non-histone components (cut-off: ≥100 IU/ml) (120).
The anti-nucleosomes ELISA is based on native mononucleosomes free of histone H1,
Scl-70 and non-histone components (cut-off: ≥20 RU/ml) (121).
Determination of anti-Ro52 reactivity was performed using an in-house ELISA
(Euroimmun). Microtiter plates (Nunc, Denmark) were coated with 1 µg/ml recombinant
Ro-52 in PBS, pH 7.5 overnight at 4 °C, washed with PBS-0.05% (w/v) Tween-20 and
blocked for 2 h with PBS-0.1% (w/v) casein, followed by washing. Sera diluted 1:200 in
PBS-0.1% (w/v) casein were incubated for 30 min before washing. Bound antibodies were
detected using anti-human IgG peroxidase conjugate (Euroimmun) and stained with
tetramethylbenzidine (Euroimmun) for 15 min. OD was determined at 450 nm (reference
620 nm) using an automated spectrophotometer (Spectra Mini, Tecan, Germany). All
procedures were carried out at room temperature. The cut-off of the anti-Ro52 ELISA
was defined at the 99% percentile based on samples from healthy blood donors (N =
100), anti-nuclear antibodies-negative patients (N = 52) and rheumatoid arthritis patients
(N = 40). Results were evaluated semi-quantitatively as a ratio (OD450 sample/OD450
calibrator, ratio ≥1 positive).
Statistics
IBM SPSS for Windows version 22 (IBM Corp., Armonk, NY, USA) was used for statistical
analyses. Chi-square tests and Fisher’s exact test (categorical variables) and MannWhitney U test (continuous, non-parametric variables) were used for pairwise
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comparisons between groups. Correlations between autoantibody titres and other
variables (e.g. duration of storage) were analysed using Spearman ranking. A 2-sided
p-value of 0.05 or less was deemed statistically significant in this exploratory study.

RESULTS
Anti-cN-1A antibodies were found in 12% of the pSS patients (23/193) and in 10% of all
SLE patients (26/252). The prevalence of anti-cN-1A showed some variation between
countries in both diseases (tables 1 and 2). The distribution of the levels of anti-cN-1A
antibodies did not appear to differ between the groups from different countries and
between pSS and SLE (figure 1).
The associations between anti-cN-1A reactivity and clinical, demographic and laboratory
findings are presented in tables 1 and 2. A trend towards gender-association of anti-cN1A reactivity did not reach statistical significance (18% of men in pSS and 17% in SLE
showed anti-cN-1A reactivity, versus 12% (p = 0.5) and 10% (p = 0.2), respectively, of
women). No association between anti-cN-1A and duration of disease or sample storage
duration was found. Muscular complaints were almost equal for anti-cN-1A–positive
and –negative patients, with myalgia being the most frequently reported symptom.
One of the pSS patients had a biopsy-proven polymyositis, but this patient had no
anti-cN-1A antibodies. In the anti-cN-1A–positive patients, a higher rate of autoimmune
co-morbidity was seen: 15% of the anti-cN-1A–positive pSS and 50% of the anti-cN-1A–
positive SLE patients suffered from one or more other autoimmune diseases, whereas
autoimmune co-morbidity was observed in 5% and 30%, respectively, of the anti-cN1A–negative patients (p = 0.05 in pSS, p = 0.02 in SLE). The presence or absence of other
antibodies did not differ between the anti-cN-1A–positive and –negative patients in
both disease groups.
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Figure 1. Distribution of anti-cN-1A reactivity in pSS and SLE patients from different countries.
Dotted line = cut off of anti-cN-1A reactivity (1.0 AU).

Table 1. Clinico-demographic correlations: anti-cN-1A in primary Sjögren’s syndrome.
pSS

Anti-cN-1A positive Anti-cN-1A
12% (23/193)
negative
88% (170/193)

p-value

Provenance of the serum
• Italy

7%

93%

• The Netherlands

8%

92%

• France

19%

81%

• Sweden

15%

85%

12% / 18%

88% / 82%

0.63

33% (4/12)

27% (20/74)

0.80

15% (3/20)

5% (7/135)

• Antiphospholipid syndrome

4% (1)

0% (0)

• Rheumatoid arthritis

4% (1)

2% (4)

Female / male
Presence of muscular complaints

#

Presence of autoimmune co-morbidity##

0.21

(number of patients)
0.05*

• Other

4% (1)

2% (3)

Presence of current or past viral infection###

5% (1/19)

3% (4/128)

0.51

• dsDNA

0% (0/23)

6% (11/170)

0.37

• anti-nucleosomes

0% (0/23)

6% (11/170)

0.37

• Ro52

65% (15/23)

68% (115/170)

0.82

Presence of other antibodies

* statistically significant (p≤0.05)
missing data in 55% of patients
missing data in 20% of patients
###
missing data in 24% of patients
#

##
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Table 2. Clinico-demographic correlations: anti-cN-1A in systemic lupus erythematosus.
SLE

Anti-cN-1A
positive
10% (26/252)

Anti-cN-1A
negative
90% (226/252)

p-value

• Italy

6%

94%

• The Netherlands

12%

88%

• France

21%

79%

• Denmark

6%

94%

10% / 17%

91% / 83%

0.27

0% (0/19)

1% (2/160)

1.0

46% (11/24)

30% (58/195)

• sSS

- 15% (4)

- 5% (10)

• Antiphospholipid syndrome

- 19% (5)

- 19% (38)

• Rheumatoid arthritis

- 12% (3)

- 2% (4)

• Other

- 0% (0)

- 2% (4)

• Combination

- 0% (0)

- 1% (2)

Presence of current or past viral
infection###

9% (2/23)

6% (10/177)

0.88

• dsDNA

31% (8/26)

39% (88/226)

0.52

• anti-nucleosomes

23% (6/26)

31% (71/226)

0.50

• Ro52

42% (11/26)

32% (73/226)

0.38

Provenance of the serum

Female / male
Presence of muscular complaints

#

Presence of autoimmune co-morbidity##

0.03*

5

(number of patients)

0.02*

Presence of other antibodies

* statistically significant (p≤0.05)
missing data in 29% of patients
missing data in 13% of patients
###
missing data in 21% of patients
#

##

DISCUSSION
The current cohort with anti-cN-1A reactivity in 12% of pSS and 10% of SLE patients
confirms the relatively high prevalence of anti-cN-1A in these diseases. In addition,
a range of frequencies was observed in the groups from various European countries
(pSS: 7-19%; SLE: 6-21%), which seems to be consistent with the variation in anti-cN-1A
reactivity that was observed in these diseases in previous studies. However, it should be
noted that the results of these studies were obtained with various in-house assays. Our
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study is the first to analyse anti-cN-1A in pSS and SLE patients from different centres in
parallel using a single, standardized assay at a single laboratory. The current study does
not offer an explanation for the relatively frequent presence of anti-cN-1A in pSS and
SLE sera, nor for the variation in the frequency of anti-cN-1A among different countries.
Table 3 summarizes the results reported in four previous publications on anti-cN-1A
reactivity in pSS and SLE. The largest cohort thus far consisted of 96 SLE and 44 pSS
patients and the study included a comparison with clinical data as well. The subset of
SLE patients with myositis (5%) did not show anti-cN-1A reactivity, and no correlation
was found between anti-cN-1A reactivity and Raynaud’s phenomenon or interstitial
lung disease. Similarly, among pSS patients no correlation could be found between
anti-cN-1A status and clinical and laboratory features, and none of the pSS patients had
any muscular complaints (33). Muro and co-workers reported concomitant positivity for
anti-dsDNA and anti-Ro/SSA in the pSS and SLE patients with anti-cN-1A reactivity (34).
The clinical and laboratory features of the two other reported cohorts are not described
in detail (32, 93).
Currently, IBM diagnosis is based on the combination of clinical features, laboratory findings
and muscle biopsy results (14). Unfortunately, application of the diagnostic criteria does
not always lead to a quick and definite diagnosis. Although no treatment is yet available for
IBM, a correct diagnosis is important, as for example misclassification as polymyositis and
subsequent treatment with steroids can negatively influence the IBM disease course (8). The
detection of anti-cN-1A antibodies could accelerate and improve the diagnosis of IBM. The
presence of anti-cN-1A reactivity in a subset of SLE and pSS patients does not interfere with
the clinical usefulness of anti-cN-1A testing in myositis due to the phenotypic differences
between IBM and systemic autoimmune diseases. A standardized assay to detect anti-cN1A antibodies, with clearly defined sensitivity and specificity, is of great importance before
starting to use anti-cN-1A detection in clinical practice.
The large variation in the frequencies of anti-cN-1A in SLE and pSS reported in the
aforementioned previous studies might be due to the different techniques that were
used: western blotting and ELISA with the full-length recombinant protein produced in
different host cells, and ELISA with three synthetic peptides (table 3, reviewed in detail
in (42, 122)). The ELISA using 3 synthetic peptides is based on epitope mapping that has
shown three regions of cN-1A that are targeted most frequently by autoantibodies. In
that study, different patterns of reactivity with these three linear epitopes were observed
(32). However, the use of small synthetic peptides does not allow the detection of
antibodies against discontinuous or conformational epitopes. IBM sera reactive with one
of these epitopes were not always positive when using full-length recombinant protein
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as antigen, whereas other sera were not reactive with any of the epitopes, but were
positive when assessed using the full-length cN-1A ELISA (42). Variable seropositivity
was seen in IBM patients dependent upon which isotype (IgG, IgA or IgM) of anti-cN1A antibody was tested (36, 92). In general, immunoblotting with full-length cN-1A
expressed in transfected HEK293 cells showed a higher sensitivity and lower specificity
than the three-peptide cN-1A ELISAs (42, 93). A direct comparison of the methodologies
to detect anti-cN-1A antibodies has not yet been undertaken.
The role of cN-1A in the pathophysiology of IBM and the possible pathways of anti-cN1A antibody induced pathology are not yet fully elucidated, although a recent study
confirmed a role of anti-cN-1A antibodies in the onset of IBM (25, 122). In vitro and in
vivo (in mice) passive immunization with anti-cN-1A–positive IgG leads to histological
changes in the muscle fibres resembling the changes in IBM: an increase of p62
aggregates and an associated macrophage infiltration was seen in the in vivo model (25).
Whether passive immunization led to pathophysiological changes as seen in SLE and
pSS, is not stated. The variation in anti-cN-1A reactivity between the different countries
included in our current study might be due to the different genetic backgrounds of the
patients, although HLA-association studies in IBM did not show a difference between
anti-cN-1A–positive and –negative patients (123).
The retrospective nature of our study led to some difficulties in the interpretation of the
clinical data. First of all, for some items a large subset of data is lacking, for example
regarding the presence or absence of muscular complaints. Furthermore, the presence
or absence of muscular symptoms might be subject to reporting bias of patients: fatigue
and diffuse pain in patients with systemic autoimmune diseases could be reported as
myalgia. Autoimmune co-morbidity might have been reported in different ways and
antiphospholipid syndrome, for example, might not have been reported in a subset of
patients. This means that the finding of an increased rate of autoimmune co-morbidity
in the anti-cN-1A–positive patients should be interpreted with caution. A prospective
study with standardized clinical data collection and a broader panel of autoantibodies
(including for example anti-CCP, anti-thyroid and anti-skin autoantibodies) should clarify
the relationship between anti-cN-1A reactivity and the presence of co-morbidities, in
particular other autoimmune diseases. A former study on IBM, using standardized data
extraction sheets, did not show such a correlation (56). The included sera were provided
by European centres only, meaning that comparisons with cohorts with other ethnical
backgrounds can be difficult. We did not test healthy subjects in parallel with the SLE
and pSS patients, but two independent laboratories have previously evaluated healthy
subjects using the same ELISA as we have used in this study, showing anti-cN-1A
reactivity in 2% and 3% (1/52 and 7/202) (93).
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Table 3. Anti-cN-1A reactivity among SLE and pSS cohorts in former and current studies.
Cohort

Technique

Herbert et al (32)

ELISA with 3 synthetic peptides

Kramp et al (93)

ELISA with recombinant full-length protein*

Lloyd et al (33)

Immunoblotting against NT5C1A (full-length)-transfected and
nontransfected HEK 293 cell lysates

Muro et al (34)

ELISA with recombinant full-length protein

Rietveld et al (current study)

ELISA with recombinant full-length protein*

*The same standardized ELISA was used in these studies

This retrospective study confirms the relatively high prevalence and substantial variation
in anti-cN-1A reactivity in different cohorts of pSS and SLE patients. Based on this, we
conclude that anti-cN-1A should be classified as a MAA, not as a MSA. Prospective
studies should shed more light on the role of anti-cN-1A in pSS and SLE to elucidate
its pathophysiological role and to further explore its potential correlation with clinical
features.
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Origin of samples
The Netherlands

North American

USA

Japan

Europe

Disease

Number of patients

Anti-cN-1A positivity

SLE

44

20%

pSS

22

36%

SLE

33

6%

pSS

20

0%

SLE

96

14%

pSS

44

23%

SLE

50

6%

pSS

50

4%

SLE

252

10%

pSS

193

12%

5
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ABSTRACT
Objectives: To assess anti-cytosolic 5'-nucleotidase 1A (cN-1A/NTC51A) autoantibodies
in children with juvenile dermatomyositis (JDM) and healthy controls, using three
different methods of antibody detection, as well as verification of the results in an
independent cohort.
Methods: Anti-cN-1A reactivity was assessed in 34 Dutch JDM patients and 20 healthy
juvenile controls by a commercially available full-length cN-1A ELISA, a synthetic
peptide ELISA and by immunoblotting using a lysate from cN-1A expressing HEK-293
cells. Sera from JDM patients with active disease and in remission were analysed. An
independent British cohort of 110 JDM patients and 43 healthy juvenile controls was
assessed by an in-house full-length cN-1A ELISA.
Results: Anti-cN-1A reactivity was not present in JDM patients’ sera or in healthy
controls when tested with the commercially available full-length cN-1A ELISA or by
immunoblotting, both in active disease and in remission. Also, in the British JDM cohort
anti-cN-1A reactivity was not detected. Three Dutch JDM patients tested weakly positive
for one of the three synthetic cN-1A peptides measured by ELISA.
Conclusion: JDM patients and young healthy individuals do not show anti-cN-1A
reactivity as assessed by different antibody detection techniques.
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INTRODUCTION
Autoantibodies detected in idiopathic inflammatory myopathies can be divided into
myositis-specific (MSA) and myositis-associated autoantibodies. MSA have a high
disease specificity, which can be used to confirm a subtype of myositis, are frequently
related to a specific clinical phenotype and, in some cases, are associated with
disease activity or severity (67, 68, 124). Anti-cytosolic 5'-nucleotidase 1A (anti-cN-1A)
autoantibodies are present in a large subset of inclusion body myositis (IBM) patients
and not in adults with other forms of myositis. Although anti-cN-1A was initially classified
as MSA (23, 24), the relatively frequent seropositivity in adults with Sjögren’s syndrome
and systemic lupus erythematosus raised questions on the specificity of anti-cN-1A
autoantibodies (62). A recent study showed anti-cN-1A autoreactivity in 27% of patients
with juvenile dermatomyositis (JDM) (94). The use of different methods of detection
in different cohorts hampers direct comparisons of sensitivity and specificity of anticN-1A autoantibody reactivity. To assess the presence of anti-cN-1A autoantibodies in
JDM and healthy controls, we used three different methods of antibody detection and
substantiated the results in an independent JDM cohort.

METHODS
Patients
Anti-cN-1A autoreactivity was tested in 34 Dutch patients with JDM (22 active disease, 12
remission; randomly selected from the Dutch JDM Biomarker study) and in 20 healthy
controls. Nine of 22 JDM patients with active disease were retested in remission. Two
JDM patients initially tested during active disease, were retested during a flare. JDM
diagnosis was based on the Bohan and Peter criteria for definite or probable JDM (125,
126). Inactive disease was defined according to the updated PRINTO criteria (127, 128).
Demographic and disease-related parameters from the moment of serum sampling
are presented in Table 1. Samples were stored for up to 9 years at -80 °C, anonymized
and the results of ELISA and immunoblotting were assessed by researchers blinded
for sample identity.
An independent British cohort was used to validate the data, consisting of 110 JDM
patients and 43 healthy subjects aged ≤16 (randomly selected from the national registry
and described elsewhere (124)) parameters summarized in Table 1. Serum samples
were stored for up to 19 years at -80 °C. Ethical approval was obtained (regional METC
numbers 15-191, 11-499/C and MREC 1/3/22).
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Table 1. Demographic and disease-related parameters from the moment of serum sampling.
Dutch cohort
Active JDM
(N = 22)
Baseline data
Age at diagnosis (years), median (IQR)

4.8 (3.7 – 9.0)

Age at serum sampling (years), median (IQR)

5.4 (3.8 –11.7)

Female sex, No. (%)

13 (59.1%)

Onset of disease to sampling (months), median (IQR)

0 (0 –2.5)

Autoimmune comorbidity, No. (%)

0 (0%)

Other autoantibodies

#

No. (%) ANA positive

11 (52.4%)

No. (%) ENA positive

1 (5%)

No. (%) MSA positive

4 (19%)

Anti-NXP2 positive

1

Anti-TIF1γ positive

2

Anti-PL12 positive

1

Anti-Jo1 positive

0

Anti-MDA5 positive

0

Anti-HMGCR positive

0

Anti-Mi2 positive

0

Anti-PL7 positive

0

Anti-SAE positive

0

Anti-SRP positive

0

Disease activity

¶

CMAS (0-52), median (IQR)
PGA (0-10), median (IQR)
CK (IU/liter) , median (IQR)
‡

28 (12.3 – 44.5)
6 (2.6 – 7.0)
374 (112.5 – 3222.8)

Medication, number of patients (%)
Steroids only
Steroids + other immunomodulatory drug(s)
Other immunomodulatory drug(s) only
None
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Dutch cohort
Inactive JDM
(N = 12)

British cohort

Healthy controls
(N = 20)

JDM
(N = 110)

Healthy controls
(N = 43)

6.4 (4.2 –8.3)

-

7.4 (4.2 –10.6)

-

12.7 (9.4 –15.2)

11.0 (7.3 –16.0)

9.4 (5.7 –13.8)

13.4 (10.9 –14.8)

7 (58.3%)

14 (70%)

71

25 (52)

75.3 (39.9 –106.5)

-

46.9 (11.3 –132.1)

-

0 (0%)

-

1

-

4 (36.4%)

-

-

-

2 (20%)

-

2 (40%)

52 (47%)

1

22

0

14

0

0

1

1

0

7

0

3

0

2

0

1

0

1

0

1

52 (51.3 – 52.0)

-

45 (31.5 – 52.0)

0 (0)

2.15 (0.7 – 5.1)

118 (97.5 – 142.3)

110.5 (64.0 – 824.5)

-

-

4 (4%)

-

36 (33%)

4 (33%)

11 (10%)

8 (67%)

14 (13%)

6

-

-
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Table 1. Continued
Dutch cohort: missing data on ANA testing in 1 active and 1 inactive JDM patient; on ENA testing
in 2 active and 2 inactive JDM patients, on MSA testing in 1 active and 7 inactive JDM patients. No
data available on ANA and ENA testing in the British cohort. Dutch cohort: MSA (Euroimmun DL
1530-6401-4 G) and ENA (Euroimmun DL1590-6401-3 G) were tested by lineblot. ANA was tested
by immunofluorescence on HEp-2 cells. British cohort: MSA tested by immunoprecipitation with
confirmation by ELISA for anti-MDA5, anti-NXP2 and anti-HMGCR.

#

Dutch cohort: missing data on CMAS in 6 active JDM patients and on PGA in 3 active JDM patients.
Reference value for serum CK-level < 170 IU/L
JDM = juvenile dermatomyositis, IQR = interquartile range, ANA = antinuclear antibody, ENA =
extractable nuclear antigen, MSA = muscle specific antibody, anti-NXP2 = anti-nuclear matrix protein
2, anti-TIF1γ = anti-transcriptional intermediary factor 1γ, CMAS = Childhood Myositis Assessment
Scale (a lower score reflecting more weakness), PGA = Physician Global Assessment scale (a higher
score reflecting more active disease), CK = creatine kinase
¶
‡

Full-length cN-1A ELISA
The anti-cN-1A ELISA based on recombinant full-length cN-1A antigen was performed
using the commercially available kit according to the manufacturer’s instructions (EA
1675-4801G, EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, Germany). The
development and validation of this ELISA have been described elsewhere (93). The
results were evaluated semi-quantitatively as a ratio (optical density (OD) at 450 nm of
the sample/OD450 of the calibrator (cut-off), a ratio of ≥ 1 was deemed positive).
Anti-cN-1A reactivity was established in the independent British cohort with an in-house
ELISA at the University of Bath, using 0.4 μg/ml recombinant cN-1A protein (OriGene,
TP324617: cytosolic IA (NT5C1A) expressed in HEK293) per well, 250-fold diluted serum
samples, with goat anti-human IgG (Sigma, dilution 1 in 30,000) as secondary antibody.
Each plate contained positive and negative controls. A cut-off of 5SD above the negative
controls was deemed positive.
cN-1A peptide ELISA
Details on the development and test characteristics of the cN-1A peptide ELISA have
been published elsewhere (23, 32). In short, three synthetic peptides of 23 amino acids
derived from the sequence of cN-1A were used as target antigens in this ELISA, further
called peptide 1, 2 and 3. We used 2,000-fold diluted rabbit anti-human IgA, IgG, IgM,
Kappa, Lambda (Dako P0212) as secondary antibody. Each plate contained a positive
control (serum of an IBM patient with anti-cN-1A autoantibodies) and for each serum
background reactivity was determined without a coated peptide. The serum background
was subtracted from the peptide values. Sera were considered anti-cN-1A-positive
when OD450 values were 3SD above the average of negative controls.
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Preparation of cell lysates and western blotting
A stably transfected cN-1A-expressing Flp-In T-REx HEK-293 cell line was cultured
in DMEM (Gibco) with 10% fetal calf serum, 15 µg/mL blasticidin and 300 µg/mL
hygromycin. cN-1A expression was induced by adding 1 µg/mL doxycycline to the
medium. A Flp-In T-REx 293 control cell line was cultured in DMEM (Gibco) with 10% FCS,
15 µg/mL blasticidin and 100 µg/mL zeocin. Cells were harvested 24h after induction
and lysates were prepared in SDS-PAGE sample buffer by sonication for 10 minutes,
with 30 second intervals. After heating for 5 minutes proteins were separated in 12%
SDS-PAGE gels (lysate from one T75 flask loaded per 10 cm wide gel).
After electrophoresis, the separated proteins were blotted on a Protran nitrocellulose
blotting membrane (GE Healthcare Life Science), stained with Ponceau S (0.1% Ponceau
S in 5% acetic acid) and cut in 3 mm wide strips. The blot strips were blocked in blocking
buffer (5% non-fat dry milk, 5% sheep serum in PBST) for 1h at room temperature and
incubated with 100-fold diluted JDM and healthy control sera in blocking buffer (1h,
room temperature). An anti-cN-1A-positive IBM patient’s serum and a commercial rabbit
anti-NT5C1A antibody (Atlas HPA050283) were used as positive controls, both 5,000fold diluted. The blots were washed three times with blocking buffer and incubated for
1h with the secondary antibody (IRDye 800CW Goat anti-Human IgG, or IRDye 800CW
Goat anti-Rabbit IgG), 5,000-fold diluted in blocking buffer. The blots were washed
twice with PBST and once in PBS before visualisation of bound antibodies by the Li-Cor
Odyssey imager.
Anti-cN-1A reactivity of all sera was analysed by the incubation of two blots in parallel,
one containing lysate from cN-1A expressing cells and another containing lysate from
the control cells lacking detectable levels of cN-1A, to account for possible background
staining or staining of other proteins. Sera were considered anti-cN-1A-positive when
a band appeared at the proper position on the cN-1A-containing blot strip, but was
absent on the control blot.
Statistics
We used descriptive statistics with IBM SPSS Statistics 25 and GraphPad Prism
(GraphPad Software) for visualisation.
Patient and Public Involvement statement
Patients were not involved in the design of this study but participants in the Dutch JDM
biomarker study and British JDM Cohort and Biomarker Study are informed about the
results of the study by regular updates via the national patient organizations.
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RESULTS
Anti-cN-1A autoantibodies were not detected in JDM and healthy controls using
the full-length cN-1A ELISA (Figure 1) or the full-length cN-1A-containing cell
lysate immunoblotting assay (results not shown; see Supplemental Figure S1 for a
representative example). The peptide ELISA showed no anti-cN-1A reactivity in healthy
controls, whereas weak, borderline reactivity with synthetic cN-1A peptides was seen
for three JDM patients with active disease (one patient showed reactivity with peptide
1, two with peptide 3) (Figure 1). In the independent validation cohort, we did not detect
anti-cN-1A autoantibodies in the JDM patients and healthy control subjects.

Figure 1. Full-length and peptide cN-1A ELISA results.
The dotted line shows the cut-off values. The cut-off value for the synthetic peptide ELISA was
calculated based upon the data for healthy adult control samples (mean + 3SD), cN-1A positivity
was defined as a value of >0.80 for peptide 1, >0.13 for peptide 2 and >0.19 for peptide 3; each plate
contained a positive control (IBM).
HC: healthy control (N = 20); IBM: inclusion body myositis (N = 1); JDM A: active juvenile dermatomyositis
(N = 22); JDM R: juvenile dermatomyositis in remission (N = 12).
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Comparison of repeated sampling in patients with active disease followed by remission
showed no anti-cN-1A reactivity with any of the three detection methods both in active
and inactive JDM in 8/9 patients. The remission sample of one patient showed weak
anti-cN-1A reactivity in the peptide ELISA (peptide 2), while his active disease sample
was negative. Two JDM patients initially tested during active disease were retested
during a flare: they tested negative for anti-cN-1A autoantibody reactivity with all three
methods of detection at both moments.
The low number of JDM patients with weak anti-cN-1A reactivity made a reliable
comparison of clinical features between the anti-cN-1A positive and -negative patients
impossible.

6

DISCUSSION
Anti-cN-1A autoantibodies were not detected by full-length cN-1A ELISA and
immunoblotting in JDM patients or healthy juvenile controls, a finding that was
substantiated in a large independent cohort. The absence of anti-cN-1A autoantibodies
in JDM was observed both for samples of patients with active disease and in remission.
In three of 34 Dutch JDM patients (8.8%) weak anti-cN-1A reactivity was found with the
peptide ELISA. Very low level anti-cN-1A reactivity has been detected previously in up
to 5% of diseased control groups using the same cN-1A peptide ELISA (32).
Our conclusions are in contrast with the conclusions of a recent study of Yeker and
co-workers (94), in which a large JDM cohort was assessed by immunoblotting with
lysates of transfected HEK-293 cells expressing cN-1A. Anti-cN-1A reactivity was found
in 83/307 (27%) of JDM patients, 11/92 (12%) of healthy controls, 11% of polymyositis
patients, 35% of patients with overlap syndromes and 27% of juvenile idiopathic
arthritis patients. The presence of anti-cN-1A autoantibodies was related to more
severe disease in JDM. However, our results are in line with the findings of addressable
laser bead immunoassay with a full-length human recombinant protein in a cohort
of 40 JDM patients (31), showing anti-cN-1A reactivity in none of these patients. An
intermediate percentage (2/12, 17%) of anti-cN-1A reactivity was observed in an Asian
cohort of JDM patients using full-length recombinant ELISA, with confirmation using
immunoprecipitation (34).
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It remains to be established whether the differences observed between JDM cohorts
reflect heterogeneity of anti-cN-1A production among cohorts or are due to the different
assays applied. Generally, studies using immunoblotting to detect anti-cN-1A antibodies
have higher sensitivity and lower specificity than the full-length cN-1A ELISA. The fulllength cN-1A ELISA might miss linear epitopes, reducing sensitivity. However, specificity
is higher than the peptide ELISA as the secondary antibody targets the IgG isotype
only. The large differences in sensitivity and specificity of anti-cN-1A autoantibody
detection with the various methods are summarized by Amlani et al (31). A head-tohead comparison of the different methods of anti-cN-1A antibody detection in a large
international cohort should be performed to establish a well-validated gold standard. In
clinical practice, high specificity of anti-cN-1A autoantibodies in the context of idiopathic
inflammatory myopathies is more important than high sensitivity, as the presence of
anti-cN-1A autoantibodies can be an extra argument to diagnose IBM instead of another
idiopathic inflammatory myopathy that would require immunosuppressive therapy.

CONCLUSION
With a combination of detection methods, anti-cN-1A autoreactivity was not detected in
JDM patients and juvenile healthy subjects. An international gold standard for anti-cN-1A
antibody testing should be established, as the large variation in specificity of anti-cN-1A
autoantibody detection hampers its use in clinical practice.
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Supplemental Figure S1. Example of immunoblot with lysates from cN-1A expressing HEK-293 cells.
Lysates from a stably transfected HEK-293 cell line expressing human cN-1A and from the
corresponding control cell line were separated by SDS-PAGE and transferred to nitrocellulose blots.
Blot strips were incubated with 17 JDM patients’ sera and 4 juvenile idiopathic arthritis patients’ sera.
As positive controls an anti-cN-1A-positive IBM patient’s serum (M134) and a rabbit anti-cN-1A
antibody (Atlas Antibodies, HPA050283) were used in parallel. Bound antibodies were visualized
by IR-Dye labelled anti-human or anti-mouse immunoglobulin antibodies. The position of cN-1A is
marked with arrows. On the left the molecular weights (*1000) of marker proteins are shown.
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ABSTRACT
Objectives: Autoantibodies directed against cytosolic 5'-nucleotidase 1A have been
identified in many patients with inclusion body myositis. This study investigated the
association between anti-cytosolic 5'-nucleotidase 1A antibody status and clinical,
serological and histopathological features, to explore the utility of this antibody to
identify inclusion body myositis subgroups and to predict prognosis.
Materials and methods: Data from various European inclusion body myositis registries
were pooled. Anti-cytosolic 5'-nucleotidase 1A status was determined by an established
enzyme-linked immunosorbent assay technique. Cases were stratified according to
antibody status and comparisons made. Survival and mobility aid requirement analyses
were performed using Kaplan-Meier curves and Cox proportional hazards regression.
Results: Data from 311 patients were available for analysis; 102 (33%) had anticytosolic
5'-nucleotidase 1A antibodies. Antibody-positive patients had a higher adjusted
mortality risk (HR 1.89, 95% CI 1.11 to 3.21, p = 0.019), lower frequency of proximal upper
limb weakness at disease onset (8% vs 23%, adjusted OR 0.29, 95% CI 0.12 to 0.68, p =
0.005) and an increased prevalence of excess of cytochrome oxidase deficient fibres
on muscle biopsy analysis (87% vs 72%, adjusted OR 2.80, 95% CI 1.17 to 6.66, p = 0.020),
compared with antibody-negative patients.
Interpretation: Differences were observed in clinical and histopathological features
between anticytosolic 5'-nucleotidase 1A antibody positive and negative patients with
inclusion body myositis, and antibody-positive patients had a higher adjusted mortality
risk. Stratification of inclusion body myositis by anticytosolic 5'-nucleotidase 1A antibody
status may be useful, potentially highlighting a distinct inclusion body myositis subtype
with a more severe phenotype.
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INTRODUCTION
Inclusion body myositis (IBM) is an acquired muscle disease that most commonly affects
males aged over 45 years. Along with polymyositis (PM) and dermatomyositis (DM), IBM
is usually classified as one of the idiopathic inflammatory myopathies. However, IBM
differs in comparison to PM and DM, as sustained responses to immunosuppression
are not seen and histologically it is associated with significant degenerative features
(2, 19, 129). Clinically, IBM is characterized by asymmetric weakness, notably of finger
flexors and knee extensors. Weakness in other muscle groups occurs frequently,
including bulbar, facial and axial muscles (5, 130). The slowly progressive course leads
to cumulative disability, although overall life expectancy is unaffected (4, 8, 131).
The diagnosis of IBM relies upon a combination of clinical and laboratory findings as
defined in various diagnostic criteria (e.g. Medical Research Council [MRC], Griggs et al
and the European Neuromuscular Centre [ENMC] criteria) (132-134). However, certain
histopathological findings may only become detectable as the disease progresses
and therefore patients with early disease may not fulfil definite diagnostic criteria and
can be excluded from clinical trials (135). The average delay between disease onset
and diagnosis is around 5 years, and IBM is frequently misdiagnosed initially as PM,
resulting in the unnecessary use of potentially harmful treatments, such as high dose
glucocorticoids (8, 74, 136, 137).
In IBM, autoantibodies directed against cytosolic 5'-nucleotidase 1A (cN-1A) have recently
been identified. It is suggested that these may support the diagnostic process, as well as
potentially providing clues as to disease pathogenesis (22, 23). However, uncertainties
regarding the usefulness of anti-cN-1A autoantibody testing in clinical practice remain.
This is particularly true with regards to patient stratification and prognosis, where the few
studies that have compared clinical and histopathological features of antibody positiveversus negative- IBM patients have produced conflicting results in some cases (24, 35).
In order to explore further the usefulness of anti-cN-1A antibody testing to facilitate IBM
subgroup classification, we conducted a retrospective Europe-wide study correlating
clinical, serological and histopathological features in a large cohort of IBM patients
stratified by anti-cN-1A antibody status.
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PATIENTS AND METHODS
Study cohort
Pooled IBM case data from four European countries were used. Researchers based
in Nijmegen, The Netherlands, coordinated data collection from The Netherlands,
France and Sweden. Data collection in the United Kingdom (UK) was coordinated by
researchers based in Manchester, UK.
Study inclusion criteria
Included cases met either the MRC (“pathologically defined”, “clinically defined” or
“possible”), Griggs et al (“definite” or “possible”), or ENMC (“clinico-pathologically defined”,
“clinically defined” or “probable”) diagnostic criteria for IBM and had sera available for
anti-cN-1A antibody testing (132, 134).
Data collection methodology
Swedish, French and Dutch (“non-UK”) patients were identified from clinical databases.
Researchers blinded to anti-cN-1A antibody status (AR, MTJP, KG, KM) reviewed the
medical records and retrospectively completed a standardized data collection proforma. UK patients were identified from six centres contributing to the UKMYONET
research study, coordinated by The University of Manchester. As part of this study, data
are captured using a standardized pro-forma at the time of study recruitment (i.e. before
serological test results are available) (138, 139). Those recruiting patients are asked to
record clinical features present at disease onset and features present at the time of
recruitment. Some additional fields (to match data from the non-UK cohort) and missing
data were collected retrospectively. Copies of pro forma used are contained in online
supplementary appendix 1. The datasets were merged and cleaned by a researcher
blinded to anti-cN-1A status (JBL).
Clinical data
Data collected included demographic, clinical (e.g., distribution of weakness, presence
of dysphagia, comorbidities), laboratory findings (creatine kinase (CK) levels, muscle
biopsy features, serological testing), comorbidity, mobility aid usage and mortality. In
most cases, data were available regarding features present at disease onset and at the
time of last patient review (or recruitment to the UKMYONET study in the case of the UK
cohort). In all cases, ‘disease onset’ refers to the initial date that symptoms of IBM were
noted, as reported by the patient. ‘Disease duration’ is defined as the period between
disease onset and the date of anti-cN-1A antibody testing. Regarding mortality, in the
non-UK cohort, the primary cause of death was categorized by review of the patient’s
medical records as either ‘respiratory’, ‘cardiac’, ‘cerebrovascular’, ‘malignancy’ or ‘other’.
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In the UK cohort, additional mortality and comorbidity statistics were obtained from
the UK Health and Social Care Information Centre, including coded data regarding the
cause of death where applicable. The cause of death in these cases was assessed and
assigned to the same categories as the non-UK cohort.
Histopathology
For all cases, the histopathology biopsy report performed at initial diagnostic interrogation
was reviewed, and the presence of certain specific features determined from the report
text. The reporting histopathologists were blinded to the anti-cN-1A antibody status of
each patient at the time of reporting. Cytochrome oxidase (COX) deficient fibres in the
biopsy sample were recorded as ‘excessive’ if the reporting histopathologist indicated
that numbers were adjudged higher than expected, according to the patient’s age.
In some cases, the date that the biopsy was performed was not available. In such
instances, this was assumed to be the same as the date of diagnosis.

7

cN-1A analysis
All sera were analysed at the Department of Biomolecular Chemistry in Nijmegen by
ELISA with the three synthetic peptides containing cN-1A autoepitopes previously
identified by overlapping peptide microarray analyses (23). Signals were quantified by
determining optical densities at 450 nm (OD450) using methods previously described
and defined as seropositive if the OD450 value was greater than or equal to the
established cut-off value for the corresponding peptide (32).
Other serological testing
Data regarding the presence of myositis specific antibodies (MSAs) and myositis
associated antibodies (MAAs) was collected where available. For the non-UK patients,
data were obtained from results available in the medical records, and methodology
of testing was unique to each centre. MSAs and MAAs in the whole UK cohort were
screened by immunoprecipitation at the University of Bath (Bath, UK) using previously
described standardized methodology (140). ‘Weak positive’ results were assumed to be
negative for the purpose of this study.
Statistical analysis
The per-subject sum of all recorded comorbidities (of autoimmune disease,
cardiovascular disease (including hypertension) and malignancy) was calculated.
Current or previous smoking was also treated as a comorbidity for the purposes of
this analysis. According to the number of these factors present, each patient was then
assigned a comorbidity score of 0, 1 or 2 or more for use in regression. Differences in
demographic features, comorbidities, clinical features, autoantibody status and muscle
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biopsy features between anti-cN-1A antibody positive and negative patients were
assessed using logistic regression. In order to test the effect of potential confounders,
adjusted (multivariable) logistic regression models were produced when unadjusted
analysis had suggested a significant difference (defined as p < 0.05).
The impact of anti-cN-1A antibody status on survival and mobility aid requirement was
assessed using Kaplan-Meier curves, log-rank testing and Cox proportional hazards
regression modelling. In both cases, the start of the surveillance period was the date
of disease onset. For the mobility aid analysis, subjects exited the model at the time
of mobility aid requirement or at the time they were last known to have not required
one. For the survival analysis, subjects exited the model at the time of death or at the
time they were last known to have been alive. Each Cox regression model included
adjustment for age of disease onset, gender and comorbidities. Other variables were
added to the models if there was an a priori assumption that a relationship between
anti-cN-1A antibody status and the outcome variable was likely to exist. For example, a
higher incidence of anti-cN-1A antibodies in those with Sjögren’s syndrome is reported,
a more prominent bulbar involvement in anti-cN-1A positive patients with IBM has been
described and a correlation between COX deficiency and more advanced age at biopsy
could exist (32, 33, 35). Therefore, models with additional adjustment for such variables
were created.
The analysis plan specifically omitted correction for multiple testing due to the highly
conservative nature of such methods which would risk elimination of potentially useful
information which was sought to be retained, given the exploratory nature of this study.
Data were processed and analysed using Stata for Windows V.13.0 (College Station,
Texas, USA). Kaplan-Meier curves were generated using GraphPad Prism V.6 (GraphPad
Software).

RESULTS
After screening databases in the four involved countries, 311 patients meeting the study
inclusion criteria were selected for further analysis (45% from the UK, 55% non-UK).
Overall, 33% (102/311) were positive for the anti-cN-1A antibody. Table 1 shows the IBM
diagnostic criteria met according to anti-cN-1A antibody status. No relationship between
a diagnostic classification of ‘possible’ IBM versus ‘definite’ (for Griggs et al criteria) or
‘pathologically/clinically defined’ (for MRC criteria) IBM and anti-cN-1A antibody status
was found (for MRC criteria, OR 0.85, 95% CI 0.48 to 1.49, p = 0.565; for Griggs et al
criteria, OR 0.70, 95% CI 0.36 to 1.36, p = 0.292; analysis not performed for ENMC criteria
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as all anti-cN-1A antibody positive patients met the definition of ‘definite’ IBM). No
difference was found in the interval between disease onset and the time of antibody
testing between seropositive and seronegative groups (8.29 years (IQR 4.96–11.95) in
the seropositive group vs 7.57 years (IQR 4.94–11.18) in the seronegative group, OR 1.01,
95% CI 0.97 to 1.06, p = 0.604).
Table 1. Summary of diagnostic criteria met in patients included for analysis.
Diagnostic criteria met

Anti-cN-1A positive (%)

Medical Research Council Criteria 2010
Pathologically Defined IBM

10

13 (31.7)

Totals
224
41

Clinically Defined IBM

39 (39.4)

99

Possible IBM

28 (33.3)

84

Griggs et al Criteria9

236

Definite IBM

19 (40.4)

47

Possible IBM

61 (32.3)

189

European Neuromuscular Centre Criteria 199711

24

Definite IBM

22

7 (31.8)

Probable IBM

0 (0.0)

2

Total unique patients*

102 (32.8)

311

7

*Some patients fulfilled multiple diagnostic criteria. Not all patients were assessed by each criterion.
Of the total, 152 patients met only one criterion, 143 patients met two criteria and 16 patients met all
three criteria.
Anti-cN-1A, anticytosolic 5'-nucleotidase 1A; IBM, inclusion body myositis.

Demographics and comorbidities
No statistically significant differences were identified in demographic characteristics
(including gender, age at onset and age at diagnosis), CK levels, smoking history or
comorbidities between the anti-cN-1A antibody positive and negative groups (table
2). Non-significant trends were observed in age at disease onset and age at diagnosis
(which appeared lower in the antibody-negative group) or the presence of other
autoimmune diseases (which appeared more common in the antibody-positive group).
Survival
Of the whole cohort of 311 patients, 70 deaths were recorded (31/102 (30%) in the anticN-1A antibody positive group and 39/209 (19%) in the negative group). The mean age of
death overall was 77.8 years (SD=8.2), with no significant difference detected according
to anti-cN-1A antibody status (77.0 years (SD=7.7) in the seropositive group vs 78.4 years
(SD=8.6) in the seronegative group, OR 0.98, 95% CI 0.92 to 1.04, p = 0.482). The cause of
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death was known in 63% (44 of 70) of cases. An excess of deaths as a result of respiratory
disease was evident in the anti-cN-1A antibody positive group (16/25 (64%) in the anticN-1A antibody positive group and 9/25 (36%) in the negative group, OR 4.23, 95% CI 1.79
to 9.97, p = 0.001). Adjusted analysis was not performed here due to the low numbers
available for analysis. Death from other causes (cardiac, cerebrovascular, malignancy
and other causes) did not differ between anti-cN-1A antibody positive and negative
groups.
Data from 300 patients, where the date of disease onset and date of last follow-up
(or date of death) were known, were available for further analysis. This included 66
of those that had died (66/70, 94%) and comprised a total of 3550 patient-years of
follow-up. The median survival in the anti-cN-1A antibody positive group was 17.6 years
compared with 24.2 years in the antibody-negative group, and the Kaplan-Meier curves
were significantly different (log-rank p = 0.045, figure 1).
In unadjusted analysis, compared with the antibody-negative group, anti-cN-1A antibody
positive patients had a 65% increased risk of death (HR 1.65, 95% CI 1.01 to 2.70, p = 0.047).
After adjustment for age at disease onset, gender and comorbidities, the HR was 1.95
(95% CI 1.17 to 3.27, p = 0.011). Furthermore, adding the presence of dysphagia to the
model confirmed an independent association (HR 1.89, 95% CI 1.11 to 3.21, p = 0.019).

Figure 1. Kaplan-Meier survival curves stratified by anti-cN-1A antibody status.
X-axis truncated at 25 years from disease onset.
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Mobility
Data from 188 patients were available for this analysis. A total of 130 instances of mobility
aid uptake were recorded, 81% (52/64) in the anti-cN-1A seropositive group and 63%
(78/124) in the seronegative group. The overall median time between disease onset
and use of a mobility aid was 8.0 years (IQR 4.6–11.0), with no significant difference
between seropositive and seronegative groups (8.0 years (IQR 4.8–10.9), and 6.9 years
(IQR 4.4–11.7), respectively; OR 1.01, 95% CI 0.94 to 1.08, p = 0.883). Kaplan-Meier curves
were not significantly different (log-rank p = 0.090), so not shown. In unadjusted analysis,
the HR for mobility aid requirement in the antibody-positive group was 1.35 (95% CI 0.95
to 1.93, p = 0.097). After adjustment for age at disease onset, gender and comorbidities,
the HR for mobility aid requirement was just outside the significance threshold (HR 1.42,
95% CI 0.99 to 2.04, p = 0.056).
Clinical features
Table 3 demonstrates the clinical characteristics at disease onset and at last clinical
review, stratified by anti-cN-1A antibody status. A significant association between the
presence of proximal upper limb weakness at disease onset (not a typical feature of
IBM) and being anti-cN-1A antibody negative was identified (OR 0.30 95% CI 0.13 to
0.71, p = 0.006). This remained significant after adjustment for age at onset, gender and
comorbidities (OR 0.29, 95% CI 0.12 to 0.68, p = 0.005), thus potentially defining a more
classical and homogenous IBM cohort in the anti-cN-1A antibody positive group. Data
regarding the presence of facial weakness were less complete (N = 90). Despite this,
a significantly increased incidence of facial weakness was identified in the anti-cN-1A
antibody positive group at last review (OR 2.60, 95% CI 1.07 to 6.29, p = 0.034), which
persisted after adjustment for age at onset, gender and comorbidities (OR 3.03, 95% CI
1.20 to 7.67, p = 0.019).
Autoantibody associations
A significant association between seropositivity for anti-SSB (La) antibodies and anti-cN1A antibodies was identified (OR 3.28, 95% CI 1.33 to 8.07, p = 0.010) (table 4). However,
adjusted analysis (for anti-SSA antibodies, presence of autoimmune disorders, age at
onset, gender and comorbidities) did not confirm that this association was independent
(OR 2.12, 95% CI 0.52 to 8.67, p = 0.297).
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Table 2. Summary of demographic features, CK levels and comorbidities stratified by anti-cN-1A
antibody status.
Anti-cN-1A positive
Gender (N = 311)
Female

42/102 (41.2)

Male

60/102 (58.8)

Ethnicity (N = 307)
White

97/101 (96.0)

Black

2/101 (2.0)

Asian

2/101 (2.0)

Other features
Mean age in years at disease onset (SD) (N = 301)
Mean age in years at diagnosis (SD) (N = 305)
Disease duration in years at antibody testing (N = 301)
Highest CK level recorded (N = 223)

Current or previous smoker (%) (N = 189)

61.6 (9.7)
67.2 (9.3)
Median 8.3 (IQR 5.0–12.0)
Mean 9.0 (SD 5.5)
Median 629.0
(IQR 392–850)
Mean 774.8 (SD 563.4)
21/52 (40.4)

Comorbidities
Autoimmune disease (including Sjögren’s syndrome)
(%) (N = 244)

38/85 (44.7)

Of which, Sjögren’s syndrome (%) (N = 81)

6/33 (18.2)

Malignancy (%) (N = 275)

12/85 (14.1)

Cardiovascular disease (%) (N = 284)

31/91 (34.1)

Hypertension (%) (N = 181)

29/60 (48.3)

‘Disease duration in years at antibody testing’ refers to the time period between disease onset and
the date of anti-cN-1A antibody testing. N represents data available for analysis per variable (of a
total of 311). p Value is derived from logistic regression.
Anti-cN-1A, anticytosolic 5'-nucleotidase 1A; CK, creatine kinase.
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Anti-cN-1A negative

OR (95% CI)

p value

84/209 (40.2)

referent

-

125/209 (59.8)

0.96 (0.59 to 1.55)

0.868

199/206 (96.6)

referent

-

4/206 (1.9)

1.03 (0.19 to 5.70)

0.911

3/206 (1.5)

1.37 (0.23 to 8.32)

0.734

59.8 (9.5)

1.02 (0.99 to 1.05)

0.130

65.3 (9.5)

1.02 (1.00 to 1.05)

0.089

Median 7.6 (IQR 4.9–11.2)
Mean 8.6 (SD 5.2)

1.01 (0.97 to 1.06)

0.604

Median 600.0 (IQR 400–1012)
Mean 1097.2 (SD 2583.4)

1.00 (1.00 to 1.00)

0.318

55/137 (40.2)

1.01 (0.53 to 1.94)

0.976

54/159 (34.0)

1.57 (0.92 to 2.70)

0.100

8/48 (16.7)

1.11 (0.35 to 3.57)

0.859

33/190 (17.4)

0.78 (0.38 to 1.60)

0.501

64/193 (33.2)

1.04 (0.62 to 1.76)

0.880

54/121 (44.6)

1.16 (0.62 to 2.16)

0.638

7
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Table 3. Clinical characteristics at disease onset and at last clinical review stratified by anti-cN-1A
antibody status.
Clinical feature

Anti-cN-1A positive (%)

At disease onset
Proximal upper limb Weakness (N = 252)

7/84 (8.3)

Proximal lower limb Weakness (N = 253)

65/85 (76.5)

Distal upper limb Weakness (N = 251)

22/83 (26.5)

Distal lower limb Weakness (N = 250)

7/83 (8.4)

Dysphagia (N = 119)
Axial Involvement (N = 102)
Symmetrical Weakness (N = 97)

15/36 (41.7)
0/30 (0.0)
25/37 (67.6)

At last review
Proximal lower limb Weakness (N = 137)

35/40 (87.5)

Distal upper limb Weakness (N = 135)

40/41 (97.6)

Distal lower limb Weakness (N = 125)

23/43 (53.5)

Dysphagia (N = 303)

63/100 (63.0)

Facial Weakness (N = 90)

18/33 (54.6)

Axial Involvement (N = 84)

9/26 (34.6)

Clinical Evidence of Polyneuropathy (N = 103)

13/38 (34.2)

Figures in brackets represent within antibody group percentages. N represents data available for
analysis per variable (of a total of 311). p Value is derived from logistic regression. Data regarding
certain variables (proximal upper limb weakness, facial weakness, symmetrical weakness and
clinical evidence of polyneuropathy) were only available at either disease onset or at last review.
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Anti-cN-1A negative (%)

OR (95% CI)

p value

39/168 (23.2)

0.30 (0.13 to 0.71)

0.006*

122/168 (72.6)

1.23 (0.67 to 2.24)

0.510

40/168 (23.8)

1.15 (0.63 to 2.11)

0.641

20/167 (12.0)

0.68 (0.27 to 1.67)

0.398

23/83 (27.7)

1.86 (0.82 to 4.22)

0.136

3/72 (4.2)

1

-

32/60 (53.3)

1.82 (0.78 to 4.29)

0.169

80/97 (82.5)

1.49 (0.51 to 4.35)

0.468

89/94 (94.7)

2.25 (0.25 to 19.86)

0.466

36/82 (43.9)

1.47 (0.70 to 3.08)

0.309

113/203 (55.7)

1.36 (0.83 to 2.22)

0.224

18/57 (31.6)

2.60 (1.07 to 6.29)

0.034**

10/58 (17.2)

2.54 (0.88 to 7.31)

0.084

31/65 (47.7)

0.57 (0.25 to 1.31)

0.184

7

*Adjusted (for age at disease onset, gender and comorbidities) OR 0.29, 95% CI 0.12 to 0.68, p = 0.005.
**Adjusted (for age at disease onset, gender and comorbidities) OR 3.03, 95% CI 1.20 to 7.67, p = 0.019.
Anti-cN-1A, anticytosolic 5'-nucleotidase 1A.
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Table 4. Autoantibody profile stratified by anti-cN-1A antibody status.
Antibody

Anti-cN-1A positive (%)

Anti-nuclear antibodies (N = 132)

1/47 (2.1)

Anti-DNA antibodies (N = 119)

3/42 (7.1)

Anti-Sm antibodies (N = 97)

0/33 (0.0)

Anti-neutrophil cytoplasmic antibodies (N = 96)

0/32 (0.0)

Anti-mitochondrial antibodies (N = 128)

0/41 (0.0)

Anti-extractable Nuclear Antigens antibodies (N = 102)

4/34 (11.8)

Anti-SSA (Ro) (N = 228)

19/76 (25.0)

Anti-SSB (La) (N = 228)

13/76 (17.1)

(U1)RNP antibodies (N = 223)

1/74 (1.4)

Anti-Topoisomerase I (SCL70) (N = 128)

0/41 (0.0)

Anti-Jo1 (N = 228)

1/76 (1.3)

Other Myositis Specific Antibody (OMSA)† (N = 193)

0/60 (5.0)

Other Myositis Associated Antibody (OMAA) (N = 128)

0/41 (0.0)

Figures in brackets represent within antibody group percentages. N represents data available for
analysis per variable (of a total of 311). p Value is derived from logistic regression.
*Adjusted (for anti-SSA antibodies, presence of autoimmune disorders, age at disease onset, gender
and comorbidities) OR 2.11, 95% CI 0.52 to 8.67, p = 0.297.
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Anti-cN-1A negative (%)

OR (95% CI)

p value

1/85 (1.2)

1.83 (0.11 to 29.88)

0.673

1/77 (1.3)

5.85 (0.59 to 58.07)

0.132

1/64 (1.6)

1

-

0/64 (0.0)

-

-

0/87 (0.0)

-

-

5/68 (7.4)

1.68 (0.42 to 6.71)

0.463

22/152 (14.5)

1.97 (0.99 to 3.92)

0.054

9/152 (5.9)

3.28 (1.33 to 8.07)

0.010*

0/149 (0.0)

1

-

0/87 (0.0)

-

-

0/152 (0.0)

1

-

1/133 (5.3)

1

-

0/87 (0.0)

-

-

7

†One patient found positive for anti-SRP antibodies. In this case, no relevant clinical correlation was
identified, and the relevance of this finding is uncertain.
Anti-cN-1A, anticytosolic 5'-nucleotidase 1A; OMAA, anti-Ku, anti-RNA polymerase I/II/III, anti-PM/
SCL, anti-NOR90; OMSA, anti-TIF1 complex, anti-SAE, anti-NXP2, anti-MDA5, anti-SRP, anti-Mi-2,
anti-PL12, anti-PL7, anti-EJ, anti-KS, anti-OJ, anti-Zo.
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Table 5. Summary of biopsy features identified stratified by anti-cN1-A antibody status.
Biopsy feature

Anti-cN-1A positive (%)

Excess COX deficient fibres (N = 185)

53/61 (86.9)

Ragged red fibres (N = 164)

30/55 (54.6)

Atrophic fibres (N = 176)

59/69 (85.5)

Inflammation (N = 290)

94/96 (97.9)

MHC I upregulation (N = 198)

67/69 (97.1)

Necrosis (N = 136)

40/50 (80.0)

Mononuclear infiltrate (N = 224)

72/74 (97.3)

Invasion of non-necrotic fibres (“partial invasion”) (N = 95)

21/30 (70.0)

Rimmed vacuoles (N = 257)

77/88 (87.5)

Protein deposits† (N = 128)

24/44 (54.6)

Microfilaments‡ (N = 81)

9/24 (37.5)

Figures in brackets represent within antibody group percentages. N represents data available for
analysis per variable (of a total of 311). p Value is derived from logistic regression.
*Adjusted (for age at disease onset, gender and comorbidities) OR 2.60, 95% CI 1.11 to 6.12, p = 0.028.
Adjusted (additionally for age at biopsy) OR 2.80, 95% CI 1.17 to 6.66, p = 0.020.

Biopsy features
We identified a significant association between an excess of COX-deficient fibres on
muscle biopsy and the presence of anti-cN-1A antibodies (OR 2.61, 95% CI 1.13 to 6.03,
p = 0.025) (table 5). In adjusted analysis (for age at disease onset, gender, comorbidities
and age at biopsy), a significant independent association was confirmed (OR 2.80, 95%
CI 1.17 to 6.66, p = 0.020).

DISCUSSION
This multinational exploratory study represents the first of its kind to combine analysis of
clinical, histopathological, other serological and mortality data in a large cohort of IBM
patients stratified according to anti-cN-1A antibody status. Our results will guide future
confirmatory studies and highlight potential disease mechanisms warranting further
evaluation. We found that the anti-cN-1A antibody positive group had a significantly
increased mortality risk independent of age, gender, comorbidities and the presence of
dysphagia. We also found a smaller proportion with proximal arm weakness at disease
onset and an excess of COX deficient fibres on muscle biopsy in the anti-cN-1A antibody
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Anti-cN-1A negative (%)

OR (95% CI)

p value

89/124 (71.8)

2.61 (1.13 to 6.03)

0.025*

54/109 (49.5)

1.22 (0.64 to 2.34)

0.545

98/107 (91.6)

0.54 (0.21 to 1.41)

0.209

193/194 (99.5)

0.24 (0.02 to 2.72)

0.251

124/129 (96.1)

1.35 (0.26 to 7.15)

0.724

61/86 (70.9)

1.64 (0.71 to 3.78)

0.246

143/150 (95.3)

1.76 (0.36 to 8.70)

0.487

48/65 (73.9)

0.83 (0.32 to 2.15)

0.696

143/169 (84.6)

1.27 (0.60 to 2.72)

0.533

53/84 (63.1)

0.70 (0.34 to 1.47)

0.349

24/57 (42.1)

0.83 (0.31 to 2.20)

0.700

†Includes amyloid (Congo Red or immunofluorescence), p62 (immunofluorescence) and TDP-43
(immunofluorescence).
‡15–21 nm tubulofilaments identified by electron microscopy.
Anti-cN-1A, anticytosolic 5'-nucleotidase 1A; COX, cytochrome oxidase; MHC, major histocompatibility
complex.

positive group. An increased likelihood of having facial weakness and an association
between antibody positivity and death from a respiratory cause was also observed,
although the numbers assessed here were small. As in other studies, we did not find
a relationship between disease duration and the likelihood of identifying anti-cN-1A
antibodies (24, 35).
There are limited reports in the literature comparing the characteristics of IBM patients
with and without anti-cN-1A antibodies, amounting to 258 patients in four separate
studies (24, 33, 35, 36). A small proportion of the cases analysed here was included in a
previous analysis which did not focus on differences on clinical characteristics according
to serotype (32). Some authors identified no significant differences in the characteristics
between cohorts (24) whereas others have suggested that the anti-cN-1A antibody
positive group exhibits a more severe phenotype (35). Lloyd et al identified a lower
incidence of rimmed vacuoles on biopsy in those without anti-cN-1A reactivity but with
no clinical differences between the studied cohorts, findings that were not replicated
here (33). A very recent study found no differences between 24 cN-1A seropositive and
45 seronegative IBM patients regarding class II human leukocyte antigen (HLA) alleles
and the presence of other antibodies (36).
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The simultaneous discovery of anti-cN-1A antibodies in 2011 by two independent
research groups (23, 24) offers potential insights into the pathogenesis of IBM, and
will contribute to the debate about the relative influence of the immune system and
degeneration (23, 140). The presence of anti-cN-1A in other autoimmune diseases such
as Sjögren’s syndrome is also of interest as it might highlight shared underlying immune
mechanisms across these diseases (32). As with most other MSAs, further research is
required to establish the mechanisms involved in anti-cN-1A reactivity in IBM.
Anti-cN-1A antibodies are present in the sera of 29%-52% of patients with IBM (33% in
our cohort) (22, 23). Higher proportions of anti-cN-1A antibody seropositivity in other
studies (up to 72% (35)) might be explained by different techniques used in different
centres, by different cut-off levels for positivity or by differences in patient selection.
The current study used very strict cut-off values in ELISA testing (42). In a recent study,
anti-cN-1A antibodies were found in 37% of patients with IBM, compared to <5% in PM,
DM and other neuromuscular disorders, highlighting a potential utility of using anticN-1A antibody testing to differentiate IBM and mimicking diagnoses (32). However,
the specificity of testing is limited by a high reactivity in some other autoimmune and
connective tissue diseases (36% of patients with Sjögren’s syndrome and in 20% with
systemic lupus erythematosus) (32, 33).
The higher frequency of COX negative fibres, a feature of mitochondrial dysfunction,
indicates possible differences in molecular pathways within the subgroups defined by
anti-cN-1A antibody status. The reasons for increased mortality and the suggestion
of increased risk of death from respiratory cause are unexplained, but these findings
appear to agree with those of Goyal et al. who also found a more severe respiratory
phenotype in the antibody-positive group (35). The lower frequency of proximal upper
limb weakness at presentation in the anti-cN-1A antibody-positive compared with
antibody-negative group remains unexplained.
This study represents the largest cohort of IBM patients and has only been achieved
by an international collaborative effort. Established IBM diagnostic criteria were used
to include patients for the analysis, a predefined set of clinical data was retrieved in
each patient and all anti-cN-1A testing was performed in one laboratory. However,
there remain a number of limitations. The study was retrospective and relied on the
identification and recording of clinical characteristics by the treating physicians. In the
UK cohort, the recruiting physician (the patient’s treating consultant neurologist or
rheumatologist) was asked to recall the symptoms that were present at the time of
disease onset when completing the pro forma at the time of recruitment, and as such
these details may be subject to recall bias. While efforts to minimize missing data were
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made, data were not complete for all study parameters in all cases, although there
was no evidence to suggest that this occurred in a systematic way. Analysis involved
pooling of data from different cohorts. There is potential for differences in data collection
methodology between cohorts (see online supplementary appendix 1) to reduce the
reliability of our findings. However, a comparison of features between UK and non-UK
cohorts where pooled data were analysed has revealed largely comparable findings
(see online supplementary table S1). Overall, we feel that our pooled analysis has
increased statistical power and reduced the likelihood of statistical errors occurring.
Objective measurements of muscle strength (e.g. dynamometry of the finger flexors)
could have improved sensitivity of detection of weakness, but such methods were not
available. Also, this study did not perform a re-analysis of muscle biopsy tissue. The
cause of death was difficult to establish in some patients in the non-UK cohort, due to
missing information in the medical records, and in the UK cohort due to an inability to
match some patients to the nationally stored mortality data held by the UK Health and
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Social Care Information Centre.
In the future, anti-cN-1A autoantibody testing and anti-cN-1A autoantibody status
could be used in the diagnostic workup of potential IBM cases, and there remains the
opportunity to utilize anti-cN-1A antibody status in the construction of future diagnostic
criteria for IBM. However, the results of the current study also suggest that distinct IBM
subtypes may be identified according to anti-cN1-A antibody status. Therefore, serum
anti-cN-1A testing might also be of use in the stratification of patients with IBM (e.g. for
clinical trials), rather than purely as a diagnostic biomarker. A large prospective study
with a sufficient duration of follow up might offer potential to further investigate the
overall utility of anti-cN-1A antibody testing in the clinical and research settings.

CONCLUSION
In this exploratory study, comparison of patients with IBM with and without anti-cN-1A
autoantibody reactivity identified differences in their mortality risk, clinical characteristics
and histopathological findings. The largest study of its kind has demonstrated that anticN-1A antibody testing may, and over and above its diagnostic value, be clinically useful
to define distinct IBM subtypes.
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Supplementary Table 1. A comparison of features between the UK and non-UK cohort where anticN-1A antibodies were detected.

Totals (%) (N = 102/311)

Anti-cN-1A
positive
(UK)

Anti-cN-1A
positive
(non-UK)

p

41/141 (29.1)

61/170 (35.9)

0.226

Gender (N = 102/311)
Female (%)

15/41 (36.6)

27/61 (44.3)

0.539

Male (%)

26/41 (63.4)

34/61 (55.7)

0.539

White (%)

39/41 (95.1)

58/60 (96.7)

0.143

Black (%)

0/41 (0)

2/60 (3.3)

0.143

Asian (%)

2/41 (4.9)

0/60 (0)

0.143

62.0 (11.5)

61.3 (8.3)

0.754

Ethnicity (N = 101/307)

Other features
Mean age in years at disease onset (SD) (N =
99/301)
Mean age in years at diagnosis (SD) (N = 100/305)

66.7 (10.9)

67.6 (8.1)

0.609

Median disease duration in years at antibody
testing (IQR) (N = 99/301)

8.3 (4.7-10.4)

8.4 (5.8-13.0)

0.171

Median highest CK level recorded (IQR) (N =
77/223)

737 (417-813)

596.5 (370-1010)

0.701

Current or previous smoker (%) (N = 52/189)

11/34 (32.4)

10/18 (55.6)

0.141

14/30 (46.7)

24/55 (43.6)

0.823

5/14 (35.7)

1/19 (5.3)

0.062

Comorbidities
Autoimmune disease (including Sjögren’s
syndrome) (%) (N = 85/244)
Of which, Sjögren’s syndrome (%) (N = 33/81)
Malignancy (%) (N = 85/275)

7/40 (17.5)

5/45 (11.1)

0.535

Cardiovascular disease (%) (N = 91/284)

5/34 (14.7)

26/57 (45.6)

0.003

Hypertension (%) (N = 60/181)

9/17 (52.9)

20/43 (46.5)

0.777

Proximal Upper Limb Weakness (%) (N = 84/252)

1/32 (3.1)

6/52 (11.5)

0.243

Proximal Lower Limb Weakness (%) (N = 85/253)

22/33 (66.7)

43/52 (82.7)

0.117

Distal Upper Limb Weakness (%) (N = 83/251)

14/32 (43.8)

8/51 (15.7)

0.010

Distal Lower Limb Weakness (%) (N = 83/250)

5/32 (15.6)

2/51 (3.9)

0.102

Dysphagia (%) (N = 36/119)

11/32 (34.4)

4/4 (100)

0.023‡

23/41 (56.1)

40/59 (67.8)

0.293

Clinical features at disease onset

Clinical features at last review
Dysphagia (N = 100/303)
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Supplementary Table 1. Continued.
Anti-cN-1A
positive
(UK)

Anti-cN-1A
positive
(non-UK)

p

Anti-SSA (Ro) (%) (N = 76/228)

9/41 (22.0)

10/35 (28.6)

0.599

Anti-SSB (La) (%) (N = 76/228)

Antibody status

5/41 (12.2)

8/35 (22.9)

0.240

(U1)RNP antibodies (%) (N = 74/223)

0/41 (0)

1/33 (3.0)

0.446

Anti-Topoisomerase I (Scl70) (%) (N = 72/222)

0/41 (0)

0/31 (0)

-

Anti-Jo1 (%) (N = 76/228)

0/41 (0)

1/35 (2.9)

0.461

Other Myositis Specific Antibody (OMSA) (%) (N =
60/193)

0/41 (0)

0/19 (0)

-

24/26 (92.3)

29/35 (82.9)

0.448

Ragged red fibres (N = 55/164)

6/18 (33.3)

24/37 (64.9)

0.043

Atrophic fibres (N = 69/176)

8/13 (61.5)

51/56 (91.1)

0.016

Inflammation (N = 96/290)

37/39 (94.9)

57/57 (100)

0.162

MHC I upregulation (N = 69/198)

26/26 (100)

41/43 (95.4)

0.523

Mononuclear infiltrate (N = 74/224)

31/31 (100)

41/43 (95.4)

0.506

Rimmed vacuoles (N = 88/257)

24/31 (77.4)

53/57 (93.0)

0.047

Protein deposits* (N = 44/128)

16/23 (69.6)

8/21 (38.1)

0.068

3/6 (50.0)

6/18 (33.3)

0.635

Biopsy feature
Excess COX deficient fibres (N = 61/185)

Microfilaments** (N = 24/81)

Variables are included in this table where data was available from both cohorts which were pooled
for combined analysis. Two-sided p-values have been generated from Fisher’s exact test, Students
t-test or the Wilcoxon rank sum test where appropriate. “N” refers to the number of anti-cN-1A
antibody patients as a proportion of all patients.
‡in the non-UK cohort, data regarding dysphagia was only available in a small subgroup
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ABSTRACT
Objectives: Inclusion body myositis (IBM) is a slowly progressive acquired myopathy
with inflammatory and myodegenerative features. Autoantibodies against cytosolic
5’-nucleotidase 1A (cN-1A; NT5C1A) are present in 33-76% of IBM patients. We investigated
the pattern of cN-1A expression in healthy and diseased skeletal muscle tissue to gain
more insight in the mechanisms resulting in anti-cN-1A autoreactivity in IBM.
Methods: cN-1A was visualized in skeletal muscle tissue of IBM patients by
immunohistochemical and immunofluorescent staining of tissue sections. Healthy
individuals and patients with facioscapulohumeral dystrophy and oculopharyngeal
muscular dystrophy were used as controls. cN-1A expression was semi-quantitatively
assessed and compared with other histopathological features.
Results: High intensity cN-1A staining was observed in type 2 myofibers in all groups.
The majority of regenerating type 1 myofibers showed high levels of cN-1A, irrespective
of the disease. Rimmed vacuoles were present in the biopsy of only one IBM patient,
showing cN-1A expression around these rimmed vacuoles. Immunofluorescent cN-1A
staining showed perinuclear cN-1A accumulation in all groups.
Conclusion: The pattern of cN-1A expression was similar in all groups and thus not
specific for IBM. The expression of cN-1A in regenerating fibres encourages further
research to clarify whether abundant presence of regenerating fibres is related to the
development of anti-cN-1A autoreactivity.
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INTRODUCTION
Sporadic inclusion body myositis (IBM) is an acquired inflammatory and myodegenerative
myopathy occurring in patients aged over 45 years. The disease is characterized by slowly
progressive asymmetric weakness of proximal leg- and distal arm muscles and dysphagia
(141). A combination of inflammatory, degenerative and mitochondrial changes can be seen
in muscle biopsies of IBM patients. The diagnosis is based on a set of clinical, laboratory
and histological criteria (14). Early diagnosis of IBM can be challenging due to its insidious
onset – resulting in patients’ and doctors’ delay – and because the currently used diagnostic
criteria may not be fulfilled in early disease stages. No treatment is available at present. It
is not known whether treatment of IBM at an early disease stage could be beneficial, but
methods to detect IBM soon after disease onset are lacking.
The discovery of autoantibodies against cytosolic 5’-nucleotidase 1A (cN-1A; NT5C1A) in
2013 in the sera of patients with IBM provided a molecular marker that might improve the
diagnostic process (23, 24). Autoantibodies against cN-1A are present in 33-76% of patients
with IBM and are not frequently detected in inflammatory myopathies like polymyositis
(4-14%) and dermatomyositis (4-13%) (25, 33, 42). Despite a good sensitivity, the specificity
of anti-cN-1A is limited (32). A relatively high prevalence of the autoantibodies has been
reported for patients with systemic lupus erythematosus (6-21%) and Sjögren’s syndrome
(7-19%) (33, 62). The reported prevalence of anti-cN-1A reactivity in juvenile dermatomyositis
(JDM) varies from 0% to 27% (31, 94). Clinically, anti-cN-1A autoreactivity is correlated with a
more severe IBM phenotype and a higher mortality risk compared with anti-cN-1A negative
IBM patients (56). The pathogenic properties of anti-cN-1A autoantibodies have recently
been demonstrated by passive immunization of mice with IgG of anti-cN-1A positive IBM
patients, resulting in fibre size variation and expression of p62 sarcoplasmic aggregates in
their muscle tissue, replicating histological abnormalities in IBM patients (25).
cN-1A is one of the seven members of the 5’-nucleotidase family which catalyse the
dephosphorylation of nucleoside monophosphates (142). By managing intracellular
adenosine monophosphate (AMP) and adenosine levels, cN-1A is involved in the control of
energy balance, cell replication and metabolic regulation (23, 142). High concentrations of
this enzyme have been found in skeletal and heart muscle, but cN-1A was also detected
in the brain, kidneys, testis and uterus (84).
To gain more insight in the mechanisms leading to anti-cN-1A autoreactivity in IBM, we have
compared cN-1A expression in IBM myofibers with that in myofibers of healthy subjects and
patients with other chronic myopathies associated with inflammatory and myodegenerative
features.
131

8

Chapter 8

MATERIALS AND METHODS
Patients and muscle samples
We have conducted a cross-sectional study using muscle samples from 8 IBM patients
and 16 age-matched diseased controls (8 facioscapulohumeral dystrophy (FSHD)
patients, 8 oculopharyngeal muscular dystrophy (OPMD) patients) and from 8 healthy
controls. FSHD was included because inflammatory infiltrates can be present and OPMD
was included due to the presence of myodegenerative features including rimmed
vacuoles (23).
Patients with IBM fulfilling the 2010 modified Griggs criteria (133) for definite or possible
IBM were recruited from the Radboud University Medical Centre. The diagnoses of
the disease controls FSHD and OPMD were genetically confirmed. Healthy individuals
without a history of neuromuscular disease were recruited as controls. Exclusion criteria
for all participants were as follows: age <18 or ≥65 years, diabetes mellitus, chronic
obstructive pulmonary disease, chronic heart failure, current malignancy, previous
treatment with chemotherapy and/or radiation therapy, use of corticosteroids during
more than two weeks in the past 5 years, current use of statins or being wheelchair
bound.
The Medical Ethics Review Committee region Arnhem-Nijmegen approved of the use
of muscle biopsies for this study (no. 2011/181).
Muscle tissue sections
Needle muscle biopsies were taken from the musculus vastus lateralis (N = 17) or tibialis
anterior (N = 15), frozen in isopentane and stored at −80°C. Serial cryostat sections (10 µm)
were taken from the muscle tissue and stored at -20 °C. Before each staining procedure,
the sections were dried by air for 30 minutes.
Immunohistochemical and immunofluorescent staining
We performed enzymatic, immunohistochemical and immunofluorescent staining
techniques on serial muscle sections. Adenosine-triphosphatase (ATPase, pH 4.2) and
cytochrome oxidase (COX) stainings were carried out in accordance with protocols
described by Dubowitz and co-workers (143). Hematoxylin-phloxine (H-phlox) staining
was performed according to a routine staining protocol for muscle diagnostics. For
staining of HLA-ABC a monoclonal mouse antibody (clone W6/32, DAKO Agilent),
dilution 1:100 was used. CD56 immunohistochemical stains (monoclonal mouse
antibody clone MRQ-42, Cellmarque; dilution 1:500) were used to confirm the presence
of regenerating fibres.
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Immunohistochemical an immunofluorescent cN-1A staining
Sections were thawed and dried by air for 30 minutes. Sections were fixed in acetone
(4 °C) for 12 minutes and pre-incubated with blocking buffer (Tris-buffered saline (TBS),
0.1% Tween-20, 1% BSA, 20% goat serum) for 30 minutes at room temperature (RT). Goat
serum was added to avoid non-specific binding of the primary antibody. After blocking,
excess fluid was removed and primary antibodies (for immunohistochemical staining:
rabbit-anti-human cN-1A; Cat. No. Ab75101, Abcam, 400-fold diluted in 1% BSA/TBS, and
for immunofluorescent staining: rabbit-anti-human cN-1A; Cat. No. HPA050283, Atlas, 1:50
dilution in 1% BSA/TBS) were added to tissue sections (50 µl) and incubated overnight at
4 °C. Subsequently, sections were washed with TBS (3 x 5 minutes) and incubated with the
secondary antibody (immunohistochemical staining: donkey-anti-rabbit IgG, biotinylated;
Cat. No. 711-065-152, Jackson Immunoresearch, dilution: 1:200; and for immunofluorescent
staining: Alexa Fluor® 555-labeled goat-anti-rabbit IgG, Cat. No. A11036, Invitrogen,
dilution: 1:500) for 60 minutes at RT and subsequently washed with TBS (3 x 5 minutes).
For the immunohistochemical staining, an enhancement step was performed using the
Vectastain ABC kit (Cat. No. PK-4000, Vector Laboratories, Burlingame) as described
by the manufacturer. Following a final TBS wash, antibody binding was visualized by
3,3’-diaminobenzidine-H2O2 chromogen (DAB) precipitation for 10 minutes, after which
the staining reaction was stopped with running tap water (10 minutes). DAB-staining
was intensified with copper sulphate for 5 minutes and again stopped with tap water
before staining nuclei with hematoxyline for 20 minutes. After a final wash with water for
15 minutes to stop hematoxylin staining, sections were dehydrated (three consecutive 5
minute washes with alcohol 50, 70 and 96% and two 5 minute washes with xylene) and
embedded within Quick-D mounting medium.
For immunofluorescent staining, the incubated sections were washed with distilled
water and incubated with DAPI (4’,6-diamidino-2-phenylindole 1mg/ml, dilution 1:1000
in TBS) for 15 minutes at RT. After washing with TBS and sections were embedded in
Mowiol mounting medium and stored overnight at 4 °C.
All incubation steps were performed in a humid chamber in the dark. Negative control
sections underwent the same staining protocol but the incubation with the primary
antibody (anti-cN-1A) was omitted.
Histological assessment
We conducted a semi-quantitative analysis by selecting an area of interest of 100
to 150 good-quality myofibers in the H-phlox-stained sections, and analysed the
corresponding region in the other stainings using digitalized images. Light microscopic
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pictures were taken using VisionTek (SakuraTM, 99990060-0512) and Phillips Intellisite
Pathology Solution scanner (DPS 452220700811) and Leica DM4000B (software:LAS-AF)
was used for digitalization of immunofluorescence images.
Quality requirements for the inclusion of muscle sections were the presence of an intact
area of muscle in which the myofibers were closely-knit in all stains and the possibility
to compare them in serial sections. Sections of 2 IBM, 2 FSHD, 1 OPMD and 2 control
biopsies did not meet the quality requirements and were excluded.
The number of myofibers was quantified for fibre types, regenerative fibres, COX-deficient
fibres, the presence of rimmed vacuoles and HLA upregulation (present or absent) within the
area of interest. For each of these items the proportion of myofibers with high intensity cN1A staining was assessed (table 1). The immunofluorescent cN-1A stainings were analysed
qualitatively for the presence of cN-1A in perinuclear regions and in regenerative cells.
The assessments were performed by one of the researchers (TO) and independently
and in a randomized fashion verified by another researcher (AR).
Statistical analysis
Results are shown as median [interquartile range]. All variables are non-parametric and
were analysed using a Mann-Whitney U test using IBM SPSS Statistics 22 for Windows
(Armonk, NY: IBM Corp.).

RESULTS
Fibre type
Tissue sections from skeletal muscle biopsies from 6 IBM, 6 FSHD, 7 OPMD and 6
controls were analysed by immunohistochemical and immunofluorescence staining. In
IBM, the median number of type 1 myofibers per biopsy was 85 (interquartile range 7397) and the median number of type 2 fibres per biopsy was 74 [3-84]. In FSHD a median
number of 68 [52-117] type 1 and 42 [25-97] type 2 myofibers was present, in OPMD 74
[62-85] type 1 versus 31 [27-60] type 2 myofibers and in healthy controls 87 [62-110] type
1 versus 38 [14-69] type 2 myofibers.
cN-1A expression in type 2 myofibers and around myonuclei
cN-1A was distributed in a fibre type-specific checkerboard pattern in all biopsies
analysed, with the highest concentrations in type 2 myofibers. In IBM, high intensity
cN-1A staining was seen in 3.3% [2.2-9.1] of type 1 and 100% [99.5-100] of type 2 myofibers
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(p < .05). Similar results were obtained in FSHD with 3.0% [1.3-8.9] high intensity cN-1A
staining in type 1 and 100% in type 2 myofibers (p < .05), OPMD with 2.5% [0-4.8] type 1
and 100% type 2 myofiber high intensity cN-1A staining (p < .05) and healthy controls
with 1% [0-3.8] type 1 and 100% type 2 myofiber high intensity cN-1A staining (p < .05)
(table 1 and figure 1). As high intensity staining throughout the cytosol of type 2 fibres
impeded further assessment of cN-1A within these fibres, the relationship between cN1A and COX-deficiency, HLA upregulation, rimmed vacuoles and regenerative fibres was
assessed in type 1 fibres only. The rare occurrence of high intensity cN-1A staining in
type 1 fibres seemed to be restricted to regenerative type 1 fibres and type 1 myofibers
lying close to the border of the tissue section, probably due to staining artefacts.
High intensity perinuclear staining of cN-1A was seen by immunofluorescence near
internal and peripheral nuclei in all disease groups and healthy control samples (figure 2).
Table 1. High intensity cN-1A staining - pooled data.
High intensity cN-1A stained myofibers / total number of fibres
IBM
N = 6 biopsies

FSHD
N = 6 biopsies

OPMD
N = 7 biopsies

Healthy control
N = 6 biopsies

Type 2 myofibers

246/247

285/285

309/309

249/249

Type 1 myofibers

25/496

17/476

10/502

8/513

COX-deficiency

0/4

0/2

0/2

0/5

Rimmed vacuoles

5/5

-

-

-

HLA-expression absent

0/1

17/327

9/464

8/480

HLA-expression present

25/479

0/134

1/16

0/8

10/17

0/4

3/5

1/1

Regenerating fibres*

cN-1A = cytoplasmic 5’-nucleotidase 1A; IBM = inclusion body myositis; FSHD = facioscapulohumeral
dystrophy; OPMD = oculopharyngeal muscular dystrophy; COX = cytochrome oxidase.
*Regenerating fibres were also assessed outside the region of interest.

cN-1A expression and IBM-specific histological features
cN-1A expression was not related to COX-deficiency or HLA-upregulation in any of the
samples (table 1). Rimmed vacuoles were present in only one of the IBM patients and
high intensity cN-1A staining was detected in or near all of the rimmed vacuoles of this
patient (figure 3). Rimmed vacuoles were not present in the included OPMD biopsies.
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A2

A1

cN-1A

B1

B2

cN-1A
Figure 1. Checkerboard pattern of cN-1A expression.
Serial 10 µm muscle sections with (1) ATPase pH 4.2 and (2) cN-1A (3,3’-diaminobenzidine) staining
of (A) an IBM patient and (B) a FSHD patient. Bars indicate a distance of 50mm.

A

B

cN-1A
cN-1A

DAPI

Figure 2. Perinuclear cN-1A expression.
Serial 10 µm muscle sections of an IBM patient stained with (A) cN-1A immunofluorescence, (B) double
staining cN-1A and DAPI. Internal nucleus indicated with an arrow. Bars indicate a distance of 10mm.
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A

B

C

cN-1A

cN-1A

Figure 3. cN-1A expression around a rimmed vacuole.
Serial 10 µm muscle sections of an IBM patient stained with (A) H-phlox showing a central rimmed
vacuole (arrow), (B) cN-1A immunohistochemical staining and (C) cN-1A immunofluorescent staining.
Bars indicate a distance of 20mm.

A2

A1

8

CD 56

cN-1A

B2

B1

CD 56

cN-1A

Figure 4. cN-1A expression in regenerating type 1 fibres.
Serial 10 µm muscle sections of an IBM (A) and an OPMD patient (B) stained with (1) antibodies to CD56
(DAB visualization) and (2) antibodies to cN-1A (immunofluorescence; red), cN-1A immunofluorescence
indicated with arrows. Bars indicate a distance of 10mm in panels A and 5mm in panels B.
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cN-1A expression in regenerating myofibers
Regenerating type 1 myofibers were seen in 5 IBM, 2 FSHD, and 3 OPMD biopsies and 1
control biopsy. Due to the rarity of these fibres, regenerating type 1 myofibers identified
in the complete tissue section, including those lying outside the region of interest, were
included in the analysis. High intensities of cN-1A staining were seen in a subset of these
fibres (table 1; figure 4).

DISCUSSION
cN-1A was distributed in a fibre type-specific checkerboard pattern with high intensity
staining in the cytosol of type 2 fibres. cN-1A was invariably expressed around myonuclei
of both type 1 and type 2 fibres. Although the number of assessed regenerating type 1
fibres was very low, the majority of these fibres contained relatively high levels of cN1A. There was no disease-specific expression pattern in IBM muscle fibres, except for
accumulation of cN-1A in or near rimmed vacuoles.
A previous study that assessed cN-1A expression by immunofluorescent staining of
biopsy sections of 3 IBM patients reported that accumulation of cN-1A in rimmed
vacuoles and close to the nucleus was a distinctive feature for IBM compared to other
inflammatory myopathies and neuromuscular disorders (24). Recently, an analysis of 9
IBM biopsies confirmed the perinuclear accumulation of this enzyme and reported a
notable colocalization with p62 in IBM, indicating accumulation in areas of vacuoles or
lysosomal activity (25). Our study, which includes disease controls with FSHD or OPMD
as well as healthy control biopsies, demonstrates that perinuclear localization of cN-1A
is a general phenomenon and is not specific for IBM. Unfortunately, a comparison of
rimmed vacuoles in IBM and OPMD sections was hampered by the absence of rimmed
vacuoles in all but one IBM biopsy.
The checkerboard cN-1A expression with type 2 predominance might be related to
the quick rising of intracellular AMP concentrations after short, explosive contractions
of these fibres.
The absence of an IBM specific pattern of cN-1A expression limits hypotheses about the
pathophysiological mechanisms that result in anti-cN-1A autoantibody production in IBM
patients. cN-1A catalyses the intracellular dephosphorylation of AMP and is responsible
for the maintenance of the extracellular adenosine load (144). In mice and pigeons,
extracellular adenosine has anti-inflammatory and anti-ischemic properties (145, 146).
Upregulation of cN-1A expression in skeletal muscle under stressful conditions, such
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as inflammation or ischemia, might play a role in the development of autoreactivity.
However, in our study COX-deficient fibres and HLA-ABC expression did not correlate
with high intensity staining of cN-1A. However, the expression of cN-1A in a subset of
regenerative type 1 myofibers should be further explored. The presence of anti-cN-1A
autoantibodies in patients with JDM is of particular interest in this context: the presence
of regeneration could be a transient phenomenon at early disease stages, leading to
anti-cN-1A autoreactivity (94). Unfortunately, Yeker and co-workers did not compare
the histological findings in JDM patients with the presence or absence of anti-cN-1A
autoantibodies, and the presence of anti-cN-1A antibodies in JDM was not confirmed
in independent studies ((31) and Rietveld et al, manuscript in preparation). Although
previous retrospective studies did not find a relationship between disease duration
of IBM and the presence or absence of anti-cN-1A autoantibodies (56), longitudinal
studies on the presence of anti-cN-1A throughout the disease course of IBM and JDM
are needed to obtain further insights in the development of cN-1A-autoreactivity.
This study has a few limitations. Although all material was acquired and stained under
similar circumstances, the relatively small sample size impedes the detection of small
differences between the disease groups. Direct comparison of anti-cN-1A antibodypositive and –negative patients was impossible, due to the low number of IBM patients
and as the sera of the patients in the control groups were not tested. Rimmed vacuoles
were scarce in the tissue sections that were studied, due to sampling error and to the
inclusion of patients fulfilling the Griggs criteria for possible IBM.

CONCLUSION
In conclusion, this histopathological study demonstrates that cN-1A is expressed in the
cytosol of type 2 myofibers and in a large proportion of regenerating fibres. Furthermore,
perinuclear cN-1A expression occurs in all biopsies and is not specific for IBM. Further
longitudinal research is needed to investigate whether the development of anti-cN-1A
autoreactivity is related to abundant myofiber regeneration associated with inflammation.
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ABSTRACT
Atrophy and fatty infiltration are important causes of muscle weakness in inclusion body
myositis (IBM). Muscle weakness can also be caused by reduced specific force; i.e. the
amount of force generated per unit of residual muscle tissue. This study investigates in
vivo specific force of the quadriceps and ex vivo specific force of single muscle fibres
in patients with IBM. We included 8 participants with IBM and 12 healthy controls, who
all underwent quantitative muscle testing, quantitative MRI of the quadriceps and
paired muscle biopsies of the quadriceps and tibialis anterior. Single muscle fibres
were isolated to measure muscle fibre specific force and contractile properties. Both
in vivo quadriceps specific force and ex vivo muscle fibre specific force were reduced.
Muscle fibre dysfunction was accompanied by reduced active stiffness, which reflects
a decrease in the number of attached actin-myosin cross-bridges during activation.
Myosin concentration was reduced in IBM fibres. Because reduced specific force
contributes to muscle weakness in patients with IBM, therapeutic strategies that
augment muscle fibre strength may provide benefit to patients with IBM.
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INTRODUCTION
Sporadic inclusion body myositis (IBM) is one of the most common acquired muscle
disorders in adults over 50 years old (2, 3). Progressive disease is characterized by
atrophy and fatty infiltration of muscle tissue, resulting in muscle weakness (17, 147,
148). In early disease, the quadriceps, deep finger flexors and the pharyngeal muscles
are most frequently affected, restricting functional ability and quality of life (1, 149, 150).
IBM is the result of a complex and only partially understood interplay between muscle
inflammation, degeneration and impaired proteostasis which results in the accumulation
of proteins in rimmed vacuoles (19).
No curative treatment options are currently available for IBM. The use of bimagrumab,
a myostatin inhibitor which aims to ameliorate muscle atrophy by promoting muscle
growth, resulted in increased thigh muscle volume in a small proof of concept trial (151).
However, a subsequent double-blind placebo controlled trial did not meet its primary
endpoint [data not yet published]. A conference abstract on rapamycin treatment
reported reduced fatty replacement and increased contractile cross-sectional area,
but detected no change in quadriceps muscle strength (9). This suggests that merely
increasing the amount of muscle tissue is not sufficient to increase muscle strength in
patients with IBM.
Besides loss of muscle mass due to atrophy and fatty infiltration, muscle weakness can
also be caused by a reduction in specific force, i.e. the amount of force generated per
unit of residual muscle tissue. An important contributor to in vivo specific force is muscle
fibre strength. In IBM, muscle fibre strength may potentially be affected by inflammation,
which may trigger and sustain cell stress, resulting in sarcomeric protein degradation,
accumulation of unwanted proteins and irreversible muscle fibre damage (25, 152, 153).
This study investigates in vivo specific force of the quadriceps and ex vivo specific force
of single muscle fibres to determine whether muscle fibre dysfunction contributes
muscle weakness in patients with IBM.
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PATIENTS AND METHODS
Participants
Patients with IBM fulfilling the 2010 modified Griggs criteria were recruited from the
Radboud university medical centre (133). Healthy individuals without a history of
neuromuscular disease were recruited as controls. Exclusion criteria for all participants
were: age < 18 or ≥65 years, diabetes mellitus, chronic obstructive pulmonary disease,
chronic heart failure, current malignancy, previous treatment with chemotherapy and/or
radiation therapy, use of corticosteroids during more than two weeks in the past 5 years,
current use of statins, being wheelchair bound, contra-indications for MRI or muscle
biopsy. Participants were age-matched on the group level. All participants underwent
a neurologic examination and creatine kinase (CK) was measured. In IBM patients anticN-1A reactivity was established using ELISA (32). The Medical Ethics Review Committee
region Arnhem-Nijmegen approved this study (no. 2011/181). Informed consent was
obtained from each participant.
Quantitative force studies
Maximum voluntary contraction (MVC) of the quadriceps was measured with a custombuilt setup as described previously (154). The right leg was examined, except in the
presence of asymmetrical muscle weakness as measured by MRC score in which case
the weakest leg was tested. Subsequent imaging and muscle biopsy were performed
in the same leg. MVC was measured with the hip angle at 90 °and the knee angle set at
120 °Participants were strapped at the hips and upper body to prevent compensatory
movements. Participants were asked to perform a MVC of the quadriceps during 3s.
Mean force from 3 contractions was used to represent MVC (155).
Quantitative muscle imaging
Transversal T1 weighted, multi-echo T2 and Turbo Inversion Recovery Magnitude (TIRM)
images of the upper and lower leg were acquired on a 3 Tesla MRI system (Tim TRIO,
Siemens, Erlangen, Germany). Upper leg MRI images were obtained at 1/3 of the distance
between anterior superior iliac spine and patella, this level also corresponded to the
approximate site of vastus lateralis muscle biopsy. Lower leg images were obtained at
the level that corresponded to the approximate site of the tibialis anterior muscle biopsy.
Muscle fraction and fat fraction were quantified from the multi-echo T2 images (156). Total
muscle cross- sectional area (TCSA) was determined by manually tracing the outline of
the quadriceps using ImageJ. The amount of fatty infiltration (FCSA) was determined by
multiplying the fat fraction with the TCSA. Residual quadriceps contractile cross-sectional
area (CCSA) was determined by multiplying the muscle fraction with the TCSA. In vivo
specific force was calculated by dividing the quadriceps MVC by the quadriceps CCSA.
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Muscle biopsies
A needle biopsy of both the vastus lateralis and of the tibialis anterior was obtained. The
vastus lateralis –part of the quadriceps –was chosen because this muscle is involved early
and severely in patients with IBM. The tibialis anterior was included to obtain additional
tissue from a less severely affected muscle in the lower limb. Biopsy specimens were
snap-frozen in isopentane and stored at −80 °C for histological analysis and deposited in
a solution containing half glycerol and half relaxing solution and stored at −20 °C for single
fibre studies (the composition of this solution is described elsewhere (157)).
Histopathological analysis
Frozen sections underwent HPhlox and ATPase staining to evaluate fibre size and
type distribution. HPhlox was used to evaluate variability in fibre size, extent of central
nucleation, necrosis and regeneration, interstitial fibrosis and inflammation. Severity was
graded as normal (0), mild (1), moderate (2) or severe (3) for each of these parameters
and scores were added to provide a cumulative histopathological severity score (158).
Inflammation was graded separately. All histopathology and inflammation severity
scores were assigned by an experienced neuropathologist who was not aware whether
a biopsy belonged to the control or IBM group. Morphometric analysis was performed
to establish the percentages of each fibre type by a final-year pathology resident and
randomly checked by an experienced pathology analyst.
Single muscle fibre studies
Muscle fibre preparation
Biopsy material was placed in a relaxing solution containing 1% Triton X-100 and kept
at 4°C during isolation of single muscle fibres (159). Triton permeabilizes the plasma
membranes, resulting in ‘skinned’ muscle fibres. This procedure permits studies of
sarcomeric function. Protease inhibitors were added to the solution to prevent protein
degradation. Skinned single muscle fibres were isolated and fibre ends were attached
to aluminium t-clips. The clips were mounted between a length motor on one end, and
a force transducer on the other. Sarcomere length was set at 2.5μm for measurement
of maximum force, cross-bridge cycling kinetics, and calcium sensitivity. After adjusting
sarcomere length, fibre length and cross-sectional area were measured.
Muscle fibre specific force and contractile properties
We determined the maximum force generation by activating the fibres with a saturating
Ca2+ solution (pCa 4.5). Specific force was determined by dividing the generated maximum
force by the fibre cross-sectional area, thus reflecting the force generated by the
sarcomeres. After peak force was reached, a rapid unloaded shortening and restretching
of the muscle fibre was used to determine the rate constant of force redevelopment
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(ktr). Ktr depends on the attachment and detachment rate of actin-myosin cross-bridges
during activation, and thereby reflects the fraction of strongly bound cross-bridges. After
peak force is reached a second time, slight length perturbations (−0.9, −0.6, −0.3, 0.3,
0.6 and 0.9%) are imposed on the muscle fibre to determine the active stiffness, which
is dependent on the number of attached cross-bridges during activation. The tension/
stiffness ratio reflects the amount of force generated per cross-bridge (assuming the
myofibrils are intact). After measurement of maximum force and cross-bridge cycling
kinetics, the fibre is rested for 5 min and sarcomere length is verified and adjusted if
necessary. Next, calcium sensitivity of force generation was measured by transfer of
the muscle fibre to solutions with increasing concentrations of Ca2+. Force-pCa data
were fitted to the Hill equation to provide the pCa50, which is the pCa at which 50% of
maximal active tension is reached.
Muscle protein analysis
After contractile experiments, individual fibres were stored in 25μl of SDS sample buffer
until MHC isoforms analysis. MHC isoform composition and concentration of isolated
single fibres was determined using sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) (154). Sample volumes of 8μl were loaded per lane. Gels
were run for 24h at 15 °C and a constant voltage of 275V. The composition of the sample
buffer and stacking gel is described elsewhere (160). In hybrid fibres (9% of fibres in both
the control and IBM group), fibre type was assigned as type 1 or type 2 based on the
predominant MHC isoform. Because there were only a limited amount of type 2X fibres
(N = 5) these were analysed together with type 2A fibres.
Statistics
Statistical analysis was performed with IBM SPSS Statistics 22. We used sex as a
covariate where appropriate to account for the overrepresentation of men in the IBM
group. Continuous data were analysed using independent samples t -test. Ordinal data
were analysed using Pearson Chi-square. Single fibre measurements were analysed
with linear mixed models. A random intercept was modelled for individual biopsies and
individual subjects, using a “Variance components” covariance structure. Data are mean
± standard error of the mean (SEM) unless otherwise specified.
Data availability
A study protocol has been published previously (154). Anonymized data are available
on request.
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RESULTS
Participants and biopsies
We included 8 IBM patients aged 49–64 years (7M/1F) and 12 healthy control subjects
aged 42–65 years (6M/6F). Two IBM patients fulfilled the 2010 modified Griggs criteria
for pathologically defined IBM, four fulfilled the criteria for clinically defined IBM, and
one patient fulfilled the criteria for possible IBM. We were unable to find enough female
IBM patients that fulfilled the inclusion criteria, which is why a higher number of female
controls participated. To account for the overrepresentation of men in the IBM group
we used sex as a covariate in appropriate statistical analyses. Muscle biopsies of both
the vastus lateralis and tibialis anterior were obtained from all participants, except in
two. In one IBM participant, advanced fatty infiltration prohibited vastus lateralis muscle
biopsy. Another IBM participant declined a muscle biopsy of the tibialis anterior. For each
muscle biopsy, 8–20 single muscle fibres were measured (median 12 fibres per biopsy).
We measured a total of 299 control muscle fibres (type 1 muscle fibre: 50.2%, type 2
muscle fibre: 49.8%) and 189 IBM muscle fibres (type 1: 69.8, type 2: 30.2%). Additional
information about participants, laboratory findings and muscle biopsy characteristics
is provided in table 1.

9

In vivo quadriceps specific force
Quantitative force studies
Quadriceps MVC was significantly decreased in IBM patients (MVC: 217 ± 58 N in IBM vs.
572 ± 53 N in controls, p < .001, figure 1A).
Quantitative muscle MRI
To determine the amount of atrophy and fatty infiltration we determined the TCSA and
FCSA relative to control muscles (figure 1B). TCSA was reduced by 28% in IBM patients
(TCSA: 72.3 ± 5.9% in IBM vs. 100 ± 2.5% in controls, p = .002, figure 1B). Of the remaining
muscle tissue, 33% was replaced by fat (FCSA: 32.9 ± 6.5% in IBM vs. 7.7 ± 2.0% in controls,
p = .005, figure 1B). As a result of atrophy and fatty replacement of muscle tissue, CCSA
was reduced by 53% in IBM patients (CCSA: 39.4 ± 10% in IBM vs. 92.3 ± 2.4% in controls,
p = .001, figure 1B).
Quadriceps specific force
We calculated in vivo quadriceps specific force (MVC / CCSA) to determine whether
reduced contractile quality of remaining muscle tissue also contributed to quadriceps
muscle weakness. There was a linear relationship between quadriceps MVC and CCSA
(r2 = .832, p < .001, figure 1C). Specific force was reduced in IBM patients compared to
control individuals, which indicates dysfunction of residual muscle tissue (p = .003).
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Table 1. Participants and muscle biopsy characteristics.
Control

IBM

p

12

8

-

53.8 ± 1.7

58.5 ± 1.8

.081

6M/6F

7M/1F

.085

27.3 ± 1.5

26.6 ± 1.6

.752

N/A

6.4 ± 1.3

-

Participants
N
Age (years)
Sex
BMI (cm/m2)
Disease duration (years)
IBM criteria
• Pathologically defined

N/A

2

-

• Clinically defined

N/A

4

-

• Possible

N/A

1

-

158 ± 41

772 ± 261

.045

N/A

2/8

-

5.0 ± 0.0

4.0 ± 0.9

.005

8.3 ± 2.5

51.6 ± 12.1

.009

0/12

3/8

.021

• Histopathology severity score

1.0 ± 1.0

7.0 ± 6.0

.021

• Inflammation score

0.0 ± 0.0

2.0 ± 0.3

<.001

• Fibre type distribution (type 1 %)

57.6 ± 4.0

57.7 ± 9.1

.997

5.0 ± 0.0

4.5 ± 0.8

.005

3.9 ± 0.8

29.6 ± 10.2

.006

0/12

2/8

.068

• Histopathology severity score

2.0 ± 1.0

6.0 ± 6.0

.037

• Inflammation score

0.0 ± 0.0

2.0 ± 1.0

.005

68.3 ± 20.5

76.9 ± 5.2

.343

Laboratory findings
• CK (U/L)
• cN-1A reactivity (N)
Muscle and biopsy characteristics
Vastus lateralis
MRC score (quadriceps)
MRI
• Fatty infiltration (%)
• Inflammation or oedema (N)
Histopathology

Tibialis anterior
MRC score
MRI
• Fatty infiltration (%)
• Inflammation or oedema (N)
Histopathology

• Fibre type distribution (type 1%)

Data are reported as mean ± SEM for continuous data, and median ± IQR for ordinal data.
Abbreviations: CK: creatinine kinase. IBM: inclusion body myositis. MRC: Medical Research Council.
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Figure 1. Quadriceps muscle strength.
A. Maximum voluntary contractile force of the quadriceps is reduced in IBM patients compared to
healthy controls. B. Reduced TCSA, indicating muscle atrophy, and increased FCSA, indicating fatty
replacement of muscle tissue, in IBM patients result in a reduced amount of available contractile
tissue, or CCSA. Stars indicate p -value for TCSA (line above bars), FCSA (within bar chart), and CCSA
(within bar chart). C. Specific force is significantly reduced in IBM patients compared to healthy
controls. D. Upper leg MRI for a control and IBM participant. Individual muscles of the quadriceps are
indicated in the control image. Participant C4, right leg: TCSA 98%, FCSA 4%, CCSA 94%. Participant
I2, left leg: TCSA 65%, FCSA 31%, CCSA 34%.
Abbreviations: CCSA = contractile cross-sectional area. IBM = inclusion body myositis. MVC =
maximum voluntary contraction. RF = rectus femoris. VI = vastus intermedius. VM = vastus medialis.
VL = vastus lateralis.
p < .05 is considered significant, *p < .05, **p < .01, ***p < .001.

Ex vivo single muscle fibre studies
Vastus lateralis single muscle fibre specific force
We isolated single muscle fibres from vastus lateralis muscle biopsies to determine
whether reduced in vivo quadriceps specific force was caused by reduced muscle fibre
specific force (figure 2A). Single muscle fibre specific force was reduced in IBM (type
1 specific force: 151.4 ± 5.9 mN/mm2 in IBM vs. 181.9 ± 4.4 mN/mm2 in controls; type 2
specific force: 179.5 ± 7.9 mN/mm2 in IBM vs. 215.3 ± 6.7 mN/mm2 in controls, p = .003,
figure 2B).
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Vastus lateralis single muscle fibre contractile properties
In permeabilized single muscle fibres, specific force depends largely on 1) the fraction
of strongly bound actin-myosin cross-bridges, 2) the number of available cross-bridges,
and 3) the force per cross-bridge (161, 162). Reduced force generation should be
accompanied by a change in one or more of these parameters.
The rate constant of force redevelopment (ktr) represents cross-bridge attachment and
detachment rates during activation and provides information on the fraction of strongly
bound cross-bridges. Ktr was not decreased in IBM muscle fibres (type 1 Ktr: 5.9 ± 0.9
s-1 in IBM vs. 4.9 ± 0.3 s-1 in controls, p = .380; type 2 Ktr: 12.6 ± 0.8 s-1 in IBM vs. 13.2 ± 0.5
s-1 in controls, p = .743, figure 2C).
Active stiffness, which reflects the number of attached cross-bridges during activation,
was reduced in IBM fibres of both fibre types (type 1 active stiffness: 69.6 ± 4.5 mN/mm2/
DL in IBM vs. 89.6 ± 3.4 mN/mm2/DL in controls; type 2 active stiffness: 64.3 ± 3.8 mN/
mm2/DL in IBM vs. 79.3 ± 2.6 mN/mm2/DL in controls, p = .015, figure 2D).
Assuming a situation in which all myofibrils within a muscle fibre are intact, the tension/
stiffness ratio represents the amount of force generated per cross-bridge. The tension/
stiffness ratio was not different in IBM patients (type 1 tension/stiffness ratio: 2.4 ± 0.2 in
IBM vs. 2.2 ± 0.1 in controls; type 2 tension/stiffness ratio: 3.1 ± 0.1 in IBM vs. 2.95 ± 0.1 in
controls, p = .300, figure 2E).
To summarize, our results indicate that reduced specific force in IBM fibres is caused
by a decrease in the number of attached actin-myosin cross-bridges during activation.
Tibialis anterior single muscle fibre specific force
Specific force in single muscle fibres obtained from tibialis anterior biopsies was lower
in IBM, but not significantly different from control fibres (type 1 specific force: 162.1 ± 5.4
mN/mm2 in IBM vs. 175.1 ± 5.5 mN/mm2 in controls; type 2 specific force: 182.8 ± 17.8
mN/mm2 in IBM vs. 212.0 ± 5.3 mN/mm2 in controls, p = .195).
Correlation with disease severity
Vastus lateralis single muscle fibre specific force correlated reasonably well with in vivo
quadriceps strength (p = .018, figure 3). We found no significant correlation with disease
duration (p = .159), MRI fat percentage (p = .548) or histopathology severity score (p = .476).
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Figure 2. Reduced specific force and altered actin-myosin interactions in vastus lateralis single
muscle fibres.
A. Representative force tracing showing transfer of the muscle fibre to a saturating Ca2+ solution,
followed by generation of force. After peak force is reached, a rapid unloaded shortening and
restretching of the muscle fibre is used to determine the Ktr, which is an estimate of the attachment
and detachment rate of actin-myosin cross-bridges during activation. After peak force is reached
a second time, slight length perturbations (−0.3, −0.6, −0.9, 0.3, 0.6 and 0.9%) are imposed on the
muscle fibre to determine the active stiffness, which is an estimate of the number of attached crossbridges during activation. B. Specific force is reduced in vastus lateralis IBM muscle fibres. C. Ktr is
not changed in IBM fibres, reflecting preserved attachment and detachment rate of actin-myosin
cross-bridges during activation. D. Active stiffness is reduced in IBM fibres, indicating a reduced
number of cross-bridges during activation. E. No reduction in the tension / stiffness ratio, reflecting
preserved force generated per cross-bridge.
p < .05 is considered significant, *p < .05, **p < .01, ***p < .001.

Calcium sensitivity
To investigate other potential causes of muscle fibre weakness we evaluated calcium
sensitivity of force generation (figure 4A). The pCa50, which represents the calcium
concentration at which 50% of maximum force is reached, did not differ between affected
IBM and control fibres (type 1 pCa50: 5.82 ± 0.01 in IBM vs. 5.77 ± 0.01 in controls; type 2
pCa50: 5.82 ± 0.02 in IBM vs. 5.79 ± 0.01 in controls, p = .073). The Hill coefficient, a measure
of myofilament cooperativity, was also unchanged in IBM fibres (type 1 nH: 2.9 ± 0.1 in IBM
vs. 3.0 ± 0.1 in controls; type 2 nH: 3.5 ± 0.1 in IBM vs. 3.6 ± 0.1 in controls, p = .845) (figure
4). These results indicate that the amount of force generated in response to a specific
calcium concentration does not differ between fibres of IBM patients and healthy controls.
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Figure 3. Correlation between single fibre specific force and quadriceps strength.
Ex vivo single muscle fibre specific force correlates with in vivo quadriceps quantitative strength.

Myosin heavy chain concentration
Reduced single muscle fibre specific force due to a decreased number of attached
cross-bridges during activation may be caused by impaired actin-myosin interactions
or myosin loss. After force studies, MHC concentration was determined in a subset of
single muscle fibres (N = 90). Myosin concentration was significantly reduced in IBM type
1 fibres (type 1: 63.3 ± 5.7 µg/µl in IBM vs. 106.6 ± 8.2 μg/μl in controls, p = .034, figure 5).
Myosin concentration was also reduced in type 2 fibres, however this finding failed to
reach significance, most likely due to the low number of type 2 fibres (N = 6) that was
encountered due to type 1 predominance in the IBM fibres (type 2: 61.84 ±12.3 in IBM vs.
84.4 ±4.85 in controls, p = .108).
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Figure 4. Calcium sensitivity of force in IBM muscle fibres.
A. Representative force tracing showing transfer of the muscle fibre to solutions with increasing
concentrations of Ca2+, resulting in incremental force generation. After peak force is reached at
a saturating Ca2+ solution (pCa 4.5) the fibre is transferred to a relaxing solution. B and C. Specific
force-pCa curve for type 1 and type 2 fibres. There is no difference in pCa50, the pCa at which 50%
of maximum force is reached, between groups.
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Figure 5. Single muscle fibre MHC concentration.
Single muscle fibre MHC concentration is reduced in IBM type 1 fibres. A reduction is also present
in type 2 fibres, however this failed to reach significance probably due to a lower number of type 2
fibres in this subset.

DISCUSSION
Atrophy and fatty infiltration of the quadriceps are hallmark features of IBM and reduce
the amount of muscle tissue available for contraction, resulting in quadriceps muscle
weakness. This study demonstrates that quadriceps strength in patients with IBM is
further decreased due to reduced specific force. An important contributor to in vivo
specific force is muscle fibre strength, which is reduced by 17% due to a decreased
number of attached cross-bridges during activation, suggesting myosin loss or impaired
actin-myosin interaction.
A previous study on contractile function in IBM muscle fibres obtained from biceps and
vastus lateralis has previously reported preserved contractile function (163). However,
this study included a small number of patients (N = 5 biopsies, N = 115 IBM fibres) with
relatively short disease duration (1–5 years). IBM is a progressive disease and biopsies
obtained at an early stage may fail to show characteristic muscle abnormalities (164).
Our cohort included more patients and a longer disease duration of 2–10 years (N =
14 biopsies, N = 236 IBM fibres). Discrepancies between our results and the previous
study may also be related to confounding factors such as age, lifestyle and comorbid
disease that are difficult to control for in human studies. Advanced cell models, for
example skeletal muscle-on-a-chip platforms that allow contractile studies in terminally
differentiated striated muscle fibres, may complement studies that used patient-derived
muscle tissue.
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We observed that muscle fibre specific force was reduced in vastus lateralis, but not in
tibialis anterior. In IBM, the quadriceps is affected early in the disease course. This was
reflected in the current study: the quadriceps had a lower MRC grade, more severe
fatty infiltration and higher histopathology sumscores compared to tibialis anterior.
Furthermore, ex vivo vastus lateralis single muscle fibre specific force correlated with in
vivo quadriceps quantitative strength. These findings suggest that reduced muscle fibre
specific force in IBM is a consequence of progressive disease. We found no correlation
between single muscle fibre specific force and disease duration or fatty infiltration,
most likely because rates of disease progression may differ significantly between IBM
patients, and because extensive inflammation may be present in biopsies from clinically
and radiologically spared muscles (4, 165).
In single muscle fibre preparations, the plasma membranes are eliminated using
a ‘skinning’ solution which enables the study of sarcomeric function without the
confounding influence of endomysial connective tissue, membranous structures and
endoplasmatic reticulum calcium handling. As a consequence, reduced single muscle
fibre specific force reflects dysfunction of the sarcomere. The mechanisms that result in
sarcomeric weakness may be disease specific and include loss of structural proteins and
impaired interaction between sarcomeric proteins (166). A potential cause of reduced
muscle fibre specific force as seen in our patients with IBM is myosin loss.
Myosin concentration was indeed reduced in IBM muscle fibres in this study. Due to
myosin loss, less actin-myosin crossbridges can be formed resulting in muscle fibre
weakness. Reduced muscle fibre specific force due to myosin loss is also observed in
patients with ICU-acquired weakness, and in these patients is caused by upregulation
of the ubiquitin-proteasome pathway (167). Some studies have suggested that this
pathway is also disrupted in IBM (5). Sustained cell stress due to inflammation may also
result in sarcomeric protein degradation and muscle fibre damage (25, 152, 153). Loss
of sarcomeric proteins has been reported in IBM, with more severe depletion of type 2
structural proteins including myosin heavy chain (168). Reduced muscle fibre specific
force due to impaired actin-myosin interaction has also been reported in nemaline
myopathy due to mutations in NEB, ACTA1, TPM2 and TPM3 (169). Mutations in these
genes all induce structural changes in sarcomeric proteins that are components of
the actin-based thin filament, resulting in contractile abnormalities due to impaired
actin-myosin interaction. Whole exome sequencing study found no abnormalities in
nemaline myopathy-related genes in 30 Finnish IBM patients (170). However, we can’t
exclude the possibility that IBM and nemaline myopathy share common pathways in
the development of muscle weakness.
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Studies on single muscle fibre contractile function in other muscle disorders are limited.
Reduced single muscle fibre specific force was reported in small studies including
muscle biopsies from patients with Duchenne muscular dystrophy (N = 4), myotonic
dystrophy (N = 2) and facioscapulohumeral muscular dystrophy (N = 4) (171-173). This
suggests that reduced muscle fibre specific force may be a general consequence of
muscle disease. However, these studies are small and our experience in larger datasets
of muscle fibres from facioscapulohumeral (N = 28) and oculopharyngeal muscular
dystrophy (N = 23) muscle biopsies is that progressive muscle pathology is not generally
associated with reduced muscle fibre specific force (unpublished data). Furthermore,
muscle degeneration in mobility-limited older adults was not associated with reduced
single muscle fibre specific force (174).
Recent therapeutic trials in IBM resulted in an increased amount of muscle mass, but did
not improve functional performance or quadriceps strength (9, 151). Reduced specific
force due to muscle fibre dysfunction may explain why merely promoting muscle growth
or reducing fatty infiltration may not result in clinical improvement. Therapeutic strategies
that augment muscle fibre contractile strength may provide benefit to patients with IBM,
either alone or combined with therapeutic agents that increase or preserve muscle
mass. Our findings also underline the importance of functional outcome measures, as
muscle imaging will not reflect all components of muscle weakness.
We included a relatively small number of IBM patients and were unable to include
enough women that fulfilled the inclusion criteria. Hence, we used sex as a covariate in
statistical analysis where appropriate to account for the overrepresentation of men in
the IBM group. There were no significant differences between men and women.
Quadriceps muscle strength was assessed by voluntary muscle contraction, which is
influenced by pain, fatigue or lack of motivation. However, we do not expect these
factors to have negatively influenced voluntary force generation in IBM participants.
Five out of eight IBM patients reported no pain, and experimental protocols included
resting periods to negate the influence of fatigue.
Skinned single muscle fibre preparations are, by design, limited to evaluation of the
contractile apparatus of the muscle fibre. Hence, our experiments do not address
upstream mechanisms of force generation such as sarcoplasmic reticulum Ca2+
handling or mitochondrial abnormalities, which require intact muscle fibres that cannot
be obtained from routine muscle biopsies.
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CONCLUSIONS
Specific force is reduced in IBM single muscle fibres and contributes to in vivo reduced
specific force of the quadriceps. Muscle fibre weakness is caused by a decreased
number of actin-myosin cross-bridges during activation, which is caused by myosin
loss. Therapeutic strategies that augment muscle fibre strength may provide benefit
to patients with IBM.
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ABSTRACT
Objectives: Dysphagia is an invalidating and difficult to treat symptom in patients with
inclusion body myositis (IBM). This exploratory study aims to assess the contribution
of orofacial muscle involvement to dysphagia in IBM, with oculopharyngeal muscular
dystrophy (OPMD) patients as a disease control group, with the ultimate goal to identify
muscles involved in dysphagia that are eligible for training.
Methods: 18 IBM patients and 13 OPMD patients filled in an internationally validated
swallowing-related quality of life questionnaire, underwent manual muscle testing,
extensive clinical swallowing, phonation and chewing assessments and quantitative
muscle ultrasound (QMUS). Results of the clinical assessments and QMUS were
compared with a database of age-matched healthy controls.
Results: IBM patients were older than OPMD patients (68.9 ± 7.7 versus 55.9 ± 7.0 years,
p < 0.05). The questionnaire showed a similar reduction of swallowing-related quality of
life in both disease groups. Except for bite force and tongue endurance, all swallowing
assessments were abnormal as compared to healthy controls. The clinical swallowing
assessments showed no differences between IBM and OPMD patients. Abnormal
echogenicity is seen in the temporal (28%), geniohyoid (17%), masseter (11%) and digastric
muscle (6%) in IBM and in the temporal muscle (50%) and tongue (38%) in OPMD. Atrophy
of the masseter (24% of IBM, 77% of OPMD patients) and temporal muscle (59% of IBM,
58% of OPMD patients) was present in both disease groups. IBM patients had abnormal
echogenicity of the rectus femoris (82%), flexor digitorum profundus (89%) and flexor
carpi radialis (94%), whereas these muscles showed abnormalities in 46%, 38% and
23% of OPMD patients, respectively. In OPMD, reduced anterior and posterior tongue
strength was correlated with abnormal echogenicity of that muscle, whereas IBM
patients showed weakness of the tongue with a normal echogenicity of that muscle.
The questionnaire, swallowing assessments and QMUS showed similar results in anticN-1A seropositive and -negative IBM patients, except for maximum phonation time
(20.1 ± 9.3 seconds in seropositive IBM patients versus 9.6 ± 5.3 seconds in seronegative
IBM patients, p = 0.02).
Conclusion: In IBM, generalized involvement of the orofacial muscles is present, which
can contribute to the extensive swallowing, phonation and chewing difficulties. Clinically,
dysphagia is present to a similar extend in IBM patients and OPMD patients of younger
age, but the pattern of QMUS abnormalities in OPMD is more severe and more focal
than in IBM. Our results pave the way for further studies on the effect of interventions,
such as training of the involved orofacial muscles, to reduce dysphagia in IBM.
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INTRODUCTION
Dysphagia can greatly affect quality of life and life expectancy in patients with neuromuscular
disorders. Inclusion body myositis (IBM) and oculopharyngeal muscular dystrophy (OPMD)
are neuromuscular disorders that affect patients at an advanced age, with dysphagia as
one of the main symptoms, present in 65-86% of IBM and 62-100% of OPMD patients in
the course of the disease (175-178). IBM patients do not have a reduced life expectancy as
compared to the general population, but the cause of dead is more frequently related to a
disorder of the respiratory system, such as pneumonia caused by aspiration (4).
Decreased pharyngeal pressure generation and impaired relaxation of the upper
oesophageal sphincter are thought to be the main mechanisms leading to dysphagia
in IBM and OPMD (179-182). Impaired relaxation of the upper oesophageal sphincter can
be treated by cricopharyngeal dilatation, botulin toxin injection or myotomy, but these
treatments do not frequently have the desired long-lasting effect (183). Orofacial weakness
can contribute to dysphagia. A recent MRI study in OPMD showed fatty infiltration of the
tongue in over 90% of patients, and a single case report describes lingual weakness in IBM
(180, 184, 185). As yet, there are no muscle imaging studies of the orofacial muscles in IBM.
With this exploratory study, we aim to assess the involvement of orofacial muscles in
IBM, with the ultimate goal to identify orofacial muscles that are eligible for training
studies. We use OPMD patients as a disease control group. We combine a swallowingrelated quality of life questionnaire (SWAL-QoL), clinical swallowing, chewing and
phonation assessments and quantitative muscle ultrasound (QMUS) (186).

METHODS
Patients
A total of 18 IBM and 13 OPMD patients were recruited from tertiary neuromuscular
outpatient clinics (Radboudumc, Nijmegen, The Netherlands and University
Medical Centre, Göttingen, Germany). IBM patients fulfilling the ENMC 2011 criteria
of “clinicopathologically” or “clinically” defined IBM were included (14). OPMD
patients had a confirmed genetic diagnosis (PABPN1 mutation) and most patients
participated in a former study on swallowing problems in OPMD: “Strategic project
eOPMD: Pathophysiology and therapeutic approaches in Oculopharyngeal Muscular
Dystrophy”. Patients were not selected on the presence or absence of dysphagia. None
of the patients underwent cricopharyngeal muscle myotomy, botulin toxin injection or
dilatation prior to participation.
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Exclusion criteria in both patient groups were: 1) presence of diseases that might
significantly influence the results of the current study, including another neuromuscular
or degenerative disorder that might impede swallowing and significant intellectual
impairment impeding the performance of testing, 2) inability to travel (German patients
had to be able to visit the Dutch hospital), 3) inability to lie down in a supine position.
Swallowing-related quality of life questionnaire
Each patient filled in the SWAL-QoL questionnaire (the validated German version was used
in German patients, the validated Dutch version was used in Dutch patients), consisting of
44 items evaluating all aspects of swallowing. The score per item was calculated, resulting
in a cumulated score ranging from 100% (no dysphagia-related reduced quality of life) to
0% (major dysphagia-related reduced quality of life) (187, 188). Patients with a score >95%
were considered asymptomatic.
Clinical evaluation: muscle force and swallowing assessment
Muscle force was assessed using the Medical Research Council (MRC) scale, ranging from
0 indicating paralysis, to 5 indicating normal force (189). Muscle force was presented as
MRC sum score with a maximum of 130, summing up MRC values of shoulder abduction,
neck extension and flexion, elbow extension and flexion, wrist extension and flexion, finger
flexion, hip flexion and adduction, knee extension and flexion, foot extension and flexion.
Swallowing assessments were performed by a single researcher (RK). The results of
the swallowing assessment were compared with norm values of age-matched healthy
controls from our local database. All patients underwent the following series of tests:
·

Maximum swallowing speed: the time in seconds a patient needs to swallow 150 ml
of water as quickly as possible (190). Patients who were unable to perform this test
were considered having a swallowing speed of 0 ml/second.

·

Maximum volume test: the maximum volume of water in millilitres that a patient can
take in one swallow (191).

·

Maximum bite force (measured in Newton and converted to kilograms to allow
comparison with previous publications), measured with the Bite Force Gauge of the
VU University, Amsterdam, The Netherlands (192).

·

Maximum tongue strength (in kilopascal, kPa) and tongue endurance (in seconds):
measured using the Iowa Oral Performance Instrument (IOPI Medical, Redmond, WA
(193)). First, patients were instructed to push the bulb on the tongue against the roof
of the mouth as hard as possible (anterior and posterior strength). Secondly, patients
were asked to push the bulb on the tongue against the roof of the mouth as long as
possible. Three trials of bite force, tongue strength and endurance were measured
in each patient, the best performance was retained for analysis.
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·

Maximum chewing time: chewing and swallowing a standardized cracker as quickly
as possible, evaluated by the Test of Masticating and Swallowing Solids chewing
time (TOMASS) protocol (194).

·

Maximum phonation time: the number of seconds a patient can produce a sustained
‘ah’ (195).

Quantitative muscle ultrasound
QMUS measurements were performed as published previously (196, 197) by a single
researcher (RK) with the Esaote MyLabTwice ultrasound scanner (Esaote SpA, Genoa,
Italy) using an 8-14 MHz broadband linear transducer with a 53-mm footprint. Muscle
thickness and echogenicity were assessed of the geniohyoid muscle and tongue,
and bilaterally of the anterior belly of the digastric muscle, masseter and temporal
muscle, rectus femoris (RF), flexor carpi radialis (FCR) and flexor digitorum profundus
(FDP). Three consecutive ultrasound images were registered and analysed offline. A
region of interest (ROI) was manually selected in each image (illustrated in Figure 1)
with a custom software program for quantitative muscle image analysis developed at
Radboudumc. The muscle thickness and the mean echogenicity of the ROI (i.e. mean
grey value resulting from histogram based grey-scale analysis) were measured.
Previously published reference values of healthy subjects were used to calculate
z-scores (i.e. the number of standard deviations from the predicted normal value
based on sex, age, length and weight); these reference values are not available for
muscle thickness of the tongue, geniohyoid and digastric muscles so the thickness
of these muscles was not analysed. Echogenicity z-scores between 1.5 and 2 were
considered borderline abnormal and z-scores ≥ 2 (i.e. above the population 95th
percentile) of at least one side (left or right) were considered abnormal; z-scores
> 3 (i.e. above the population 99th percentile) were considered severely abnormal.
Muscle thickness z-scores of ≤ -1.5 of at least one side (left or right) were considered
abnormal (196, 197).
Laboratory testing
IBM patients underwent anti-cN-1A autoantibody detection using full-length cN-1A
ELISA (Euroimmun AG, order number EA 1675-4801G).
Statistical analysis
Comparison between 2 groups was made by independent t-testing if normal
distribution was present; otherwise a Mann Whitney U test was used. Results of
continuous variables are shown as mean ± standard deviation (SD). Results of
comparisons between groups are expressed as mean difference between groups
± 95% confidence interval (CI). Spearman’s correlations were used to assess
163
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correlations. Due to the exploratory nature of this investigation we did not correct
for multiple testing. P-values ≤ 0.05 were considered significant. Statistical analyses
were performed using IBM SPSS Statistics version 25 software.
Ethical regulations
All patients gave written informed consent prior to their participation in the study. The
study was conducted in accordance with the Declaration of Helsinki and approval of
the local ethics committee was obtained in both participating centres (file numbers
2016-2928 and 2/7/17).

Subcutaneous fat

Rectus femoris

Vastus
intermedius

Femur

A

B

Figure 1. Examples of images acquired by quantitative muscle ultrasound.
A. Extensive fibrosis and atrophy of the rectus femoris of an IBM patient. B. Less extensive fibrosis
and atrophy of the rectus femoris of another IBM patient.
The region of interest (ROI) is demarcated by the dotted green line. The dotted blue line delineates
the border between the subcutaneous fat layer and the muscle.
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RESULTS
Characterization of the cohort
18 IBM (12 German and 6 Dutch) and 13 OPMD (all Dutch) patients were included. IBM
patients were significantly older compared to OPMD patients (68.9 ± 7.7 versus 55.9 ±
7.0 years, p < 0.05). No other significant differences in patient baseline characteristics
were found (Table 1).
Table 1. Patient baseline characteristics and swallowing-related quality of life questionnaire.
IBM (N = 18)

OPMD (N = 13)

p

12/18 (67%)

5/13 (39%)

0.12

Age in years (mean (SD) [range])

68.9 (7.7) [57-82]

55.9 (7.0) [44-65]

<0.01

BMI (mean (SD) [range])

Men (%)

26.7 (4.9) [19-36]

27.0 (4.5) [21-35]

0.90

Duration of symptoms in years (mean (SD) [range])

8.6 (6.1) [2-23]

8.4 (4.7) [1-17]

0.93

SWAL-QoL questionnaire (mean score ± SD)

75.3% ± 14.0%

77.9% ± 11.9%

0.58

BMI = body mass index, SWAL-QoL = swallowing-related quality of life, MRC = medical research
council, SD = standard deviation

Questionnaire
The scores of the SWAL-QoL questionnaire were comparable in both groups (Table 1).

10

One OPMD patient was considered asymptomatic (SWAL-QoL-score >95%).
Clinical evaluation
IBM patients had a lower MRC sum score than OPMD patients (103.3 ± 17.1 versus 126.9
± 4.4, p < 0.01).
The pooled clinical swallowing assessments showed abnormal results of swallowing,
chewing and speaking in IBM and OPMD compared with healthy age matched controls
(Table 2), except for tongue endurance and bite force. Comparison of the clinical
swallowing assessments of IBM and OPMD patients did not show significant differences
between these two disease groups.
Quantitative muscle ultrasound
Echogenicity
The results of echogenicity analysis are summarized in Figure 2, in which colour codes
indicate the z-score of each muscle in each patient. In IBM, the following orofacial
muscles had abnormal echogenicity (z-scores of ≥ 2 of at least one side): temporal
muscle (5/18 IBM patients, 28%), geniohyoid muscle (3/18, 17%), masseter muscle (2/18,
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11%) and digastric muscle (1/18, 6%). In OPMD the temporal muscle (6/12 OPMD patients,
50%) and the tongue (5/13, 38%) showed abnormal echogenicity. Severe abnormalities (a
z-score > 3 of at least one side) were seen in the temporal muscle in 2 IBM and 2 OPMD
patients, and in the tongue in 2 OPMD patients.
The evaluated limb muscles of IBM patients showed abnormal echogenicity in the RF
(14/17 IBM patients, 82%), FDP (16/18, 89%) and FCR (16/17, 94%), 17/18 IBM patients
had severe abnormal echogenicity (a z-score > 3) in at least one of the limb muscles.
The limb muscle abnormalities were less frequent and less severe in OPMD: abnormal
echogenicity was present in the RF (6/13 OPMD patients, 46%, of which two had a
z-score > 3), FDP (5/13, 38%) and FCR (3/13, 23%, of which one had a z-score > 3).
Muscle thickness of orofacial muscles
Results are summarized in Figure 3. Reduced muscle thickness (mean z-score ≤ -1.5
of at least one side) of the masseter muscle was seen in 4/17 (24%) IBM patients and
in 10/13 (77%) OPMD patients. Reduced muscle thickness of the temporal muscle was
present in 10/17 (59%) IBM patients and in 7/12 (58%) OPMD patients.
Anti-cN-1A antibody status
Anti-cN-1A autoantibodies were detected in 12 IBM patients (67%). The baseline
characteristics (age, sex and duration of symptoms), SWAL-QoL score, MRC sum score
and QMUS results did not differ between anti-cN-1A positive and -negative patients (data
not shown). Maximum phonation time was longer in seropositive than in seronegative
IBM patients (mean 20.1 ± 9.3 seconds versus 9.6 ± 5.3 seconds, p = 0.02). The other
swallowing assessments showed comparable results for anti-cN-1A seropositive and
-negative patients.
Correlations
No correlation between disease duration and SWAL-QoL scores was found in both
disease groups.
In IBM, lower MRC sum score was correlated with longer disease duration (Spearman’s
rho -0.75, p = 0.001). Shorter disease duration was correlated with longer posterior
tongue endurance (Spearman’s rho 0.50, p = 0.04) and with a trend towards longer
anterior tongue endurance (Spearman’s rho 0.50, p = 0.05), whereas the other swallowing
assessments did not show a correlation with disease duration. No correlation was found
between disease duration and abnormal echogenicity (z-score ≥ 2) or the presence of
atrophy (z-score ≤ -1.5) of orofacial muscles.
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No correlation between disease duration and performance in the swallowing assessments
was seen in OPMD. Duration of symptoms was not correlated with the presence or
absence of abnormal echogenicity or atrophy of the orofacial muscles, nor did the
degree of RF involvement correlate with disease duration in OPMD patients. Reduced
anterior and posterior tongue strength was correlated with abnormal echogenicity of
that muscle (Spearman’s rho -0.60, p = 0.03 and -0.55, p = 0.05, respectively).
Complications
None of the patients experienced an adverse event during QMUS. One IBM patient
complained of a painful jaw after measurement of maximum bite force with complete
recovery within two weeks.
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Figure 2. Echogenicity obtained by quantitative muscle ultrasound.
The orofacial muscle involvement in IBM concerns mostly the temporal muscles, with incidental
involvement of the remaining orofacial muscles. Isolated tongue and temporal muscle abnormalities
are seen in OPMD. The limb muscle abnormalities are more severe and more extensive in IBM than
in OPMD.
Colour codes represent QMUS echogenicity z-scores, with z-scores between 1,5 and 2 considered
borderline abnormal, z-scores ≥ 2 considered abnormal and z-scores > 3 considered as severely
abnormal. White represents missing data.
R=right, L=left, O=OPMD, I=IBM, RF=rectus femoris, FCR=flexor carpi radialis, FDP = flexor digitorum
profundus.
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Colour codes represent QMUS muscle thickness z-scores, with z-scores ≤ -1.5 considered abnormal. White represents missing data.

Figure 3. Muscle thickness measured by quantitative muscle ultrasound (QMUS).
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Table 2. Results of swallowing assessments.
IBM
(N = 18)

OPMD
(N = 13)

27.8 (23.1)

37.3 (17.3)

Swallowing
Maximum swallowing volume test (mL)
Maximum swallowing speed (mL/s)

9.6 (6.5)

14.1 (7.3)

Maximum isometric tongue pressure anterior (kPa)

43.9 (15.6)

35.6 (10.3)

Maximum isometric tongue pressure posterior (kPa)

37.3 (16.3)

34.5 (12.2)

Maximum endurance anterior (s)

18.7 (16.2)

16.0 (8.9)

14.3 (12.9)

12.0 (8.8)

15.8 (10.7)

17.4 (6.3)

67.8 (47.6)

45.6 (10.8)

16.6 (9.5)

15.3 (7.3)

§

Maximum endurance posterior (s)

§

Chewing
Maximum bite force (kg)
Test of Masticating and Swallowing Solids chewing time (s)

*

Speaking
Maximum phonation time (s)

Values expressed as mean (SD)
§
Data missing from 1 IBM patient who could not perform a sustained movement of the tongue
*
Data missing from 3 IBM patients and 1 OPMD patient who were unable to chew and swallow a cracker

DISCUSSION
Our study on orofacial muscle involvement in IBM shows reduced swallowingrelated quality of life, extensive muscle weakness and clinical swallowing, chewing
and phonation difficulties in IBM. Muscle imaging shows abnormal echogenicity of
the temporal, geniohyoid, masseter and digastric muscle (in 28%, 17%, 11% and 6% of
patients, respectively) and atrophy of the temporal and masseter muscle (in 59% and
24% of patients, respectively). In line with the progressive course of the disease, lower
MRC sum score was correlated with longer disease duration. However, no correlation
was found between disease duration and the results of orofacial imaging and the results
of all swallowing assessments, except tongue endurance.
We have selected OPMD as a disease control, as there are similarities in age at onset and
the mechanisms that are supposed to cause dysphagia. The reduction of swallowingrelated quality of life and the results of the swallowing, chewing and phonation
assessments are similar in IBM and OPMD, but the IBM patients were older. The pattern
of abnormal echogenicity of orofacial muscles is more generalized but less severe in
our IBM than in our OPMD group. Both disease groups show atrophy of the masseter
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Mean difference IBM
versus OPMD (95% CI)

p^

Healthy
controls

Mean difference IBM and
OPMD versus controls (95% CI)

p‡

-9.5 (-25.1 – 6.0)

0.220

53.8 (20.3)

22.0 (13.8 – 30.2)

<0.001

-4.5 (-9.6 – 0.6)

0.079

25.0 (9.9)

13.6 (10.5 – 16.6)

<0.001

8.3 (-1.9 – 18.5)

0.105

50.4 (13.6)

9.9 (4.5 – 15.3)

<0.001

2.8 (-8.2 – 13.8)

0.604

49.7 (14.2)

13.6 (8.0 – 19.3)

<0.001

2.7 (-7.5 – 12.9)

0.592

18.6 (13.1)

1.0 (-4.2 – 6.3)

0.696

2.3 (-6.3 – 11.0)

0.588

12.8 (11.7)

-3.4 (-11.0 – 4.1)

0.364

-1.6 (-8.4 – 5.2)

0.627

16.2 (8.7)

-0.3 (-3.8 – 3.2)

0.859

22.3 (-6.7 – 51.3)

0.126

34.1 (15.5)

-23.8 (-38.9 – -8.7)

0.003

1.3 (-5.1 – 7.8)

0.682

22.0 (9.9)

6.0 (2.1 – 9.8)

0.003

Comparison of mean IBM values versus OPMD
Comparison of mean IBM and OPMD values versus healthy controls

^
‡

(occurring more frequently in OPMD than IBM) and temporal muscles. Interestingly,
atrophy is not accompanied by abnormal echogenicity of these muscles in both disease
groups. Tongue force is reduced in IBM and OPMD, however, echogenicity of the tongue
is normal in IBM. Reduced tongue force in IBM could be due to atrophy of the tongue
or additional sarcomeric weakness could play a role (198). As for the tongue, muscle
thickness reference values are not available for the geniohyoid and digastric muscles,
so atrophy of these muscles cannot be excluded. As we excluded measurements of
patients who were unable to perform a certain task (such as TOMASS), the presented
results are an overestimation of the swallowing performance of the group as a whole.
The validated bite force tool measures maximum force with the front teeth, it does not
represent full bite force with the molar teeth.
Anti-cN-1A autoantibodies were found in 67% of the participants with IBM. A previous
cross-sectional study has found more severe bulbar involvement in anti-cN-1A
seropositive patients (35), but the relatively small size of our cohort limits comparisons
between anti-cN-1A seropositive and -negative patients. Unfortunately, previous
muscle imaging studies in IBM did not include the orofacial muscles, so we cannot
compare our QMUS data to other cohorts. The QMUS abnormalities in OPMD are in
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accordance with MRI studies, showing fatty replacement of the tongue as one of the
earliest signs of the disease (185). Involvement of the masseter and temporal muscle
in OPMD has previously been reported in a CT and MRI study (199). Although the pelvic
girdle muscles are involved in OPMD, the quadriceps muscles are mostly relatively
spared, both clinically and using muscle imaging with MRI or CT (185, 200). In our cohort
however, QMUS of the RF showed a z-score ≥ 2 of at least one side in six OPMD patients,
probably reflecting fibrosis, which cannot be detected by muscle MRI. Similarly, we have
detected FDP involvement in 38% of OPMD patients, whereas previous MRI studies
report FDP abnormalities in only 13% of patients (185).
Dysphagia is an underreported but early symptom of IBM; in 32-50% of patients it is even
the first symptom of the disease (56, 130, 175), illustrated by the absence of a correlation
between disease duration and most (all except tongue endurance) swallowing
assessments in our IBM group. Early recognition of dysphagia might be beneficial,
allowing early efforts in prevention of aspiration and malnutrition. However, there is
insufficient evidence supporting treatments such as intravenous immunoglobulins or
cricopharyngeal myotomy (183). Previous studies have shown improved mastication
in Duchenne muscular dystrophy patients following masticatory training using
chewing gum (201). As training seems to be the only method to slow progression of
muscle weakness in IBM (202), the identification of involvement of muscles that can
be trained (e.g. the masseter muscle or the tongue), could – in line with Duchenne
muscular dystrophy – lead to new treatment strategies of swallowing difficulties. An
intensive training program of tongue strength in a single patient with IBM and Sjögren’s
syndrome has shown a slower rate of progression of dysphagia (184). However, a 12week training program of the suprahyoid muscles by use of an expiratory strength
trainer did not improve swallowing function in a group of 12 IBM patients, as evaluated
by videofluoroscopy, FEES and quality of life questionnaires (203), although the authors
reported a better result in two patients with a recent IBM diagnosis.
This study shows that weakness of the tongue and reduced swallowing and chewing
function are present in IBM and orofacial muscle imaging shows atrophy and abnormal
echogenicity of some orofacial muscles. Dysphagia is present to a similar extend in
OPMD patients of younger age, but the pattern of QMUS abnormalities in OPMD is
more focal than in IBM. Our results pave the way for further studies on the effect of
interventions, such as training of the involved orofacial muscles to reduce dysphagia
in IBM.
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ABSTRACT
Objectives: To describe the combination of spinocerebellar ataxia (SCA) type 3 and 6
and sporadic inclusion body myositis (IBM).
Methods: A description of five patients with SCA type 3 and 6 who were diagnosed with
IBM. We explore possible mechanisms explaining the co-existence of both diseases.
Results: The patients with SCA-3 (N = 4) and SCA-6 (N = 1) developed asymmetric muscle
weakness in a pattern suggestive of IBM in the course of their disease. Based on findings
of neurological examination and additional investigations (muscle ultrasound, muscle
biopsy) the diagnosis of IBM was made in all patients.
Conclusion: We report on five patients with concomitant SCA and IBM. Our cases may
merely illustrate coincidental co-occurrence of IBM and SCA-3/SCA-6. However, the
presence of SCA mutations could predispose to the development of IBM in some SCA
patients, or, the presence of toxic aggregates and malfunctioning of cellular quality
control processes in both diseases could indicate a convergence of disease mechanisms.

176

IBM in SCA3 and SCA6

INTRODUCTION
Sporadic inclusion body myositis (IBM) is characterized by asymmetric muscle weakness
of the quadriceps, wrist and finger flexors and dysphagia. Muscle biopsy shows a
combination of inflammatory, mitochondrial and degenerative changes, such as rimmed
vacuoles and intranuclear inclusions. There is an ongoing debate as to whether IBM is
primarily an inflammatory or a degenerative myopathy (19).
Spinocerebellar ataxia types 3 and 6 (SCA-3 and SCA-6) are caused by CAG-trinucleotide
repeat expansions in the ATXN3 and CACNA1A genes, respectively. Patients with SCA-3
show progressive cerebellar ataxia frequently accompanied by spasticity and peripheral
neuropathy. SCA-6 is characterized by a later onset, often more isolated cerebellar
ataxia (204). We report five patients with concomitant SCA and IBM.

CASE REPORTS
Four patients with SCA-3 and one patient with SCA-6 were diagnosed with IBM based
on the currently used diagnostic criteria (ENMC 2011 (14)), as summarized in table 1. The
onset of gait ataxia was between the ages of 18 and 62 years. All patients showed slow
progression of gait disturbance over the course of years to decades. At the age of 52 to
65 years, asymmetric weakness of finger flexors in the patients with SCA-3 and upper
leg weakness and severe dysphagia in the patient with SCA-6 prompted the clinicians
to evaluate the presence of IBM.
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Electromyography was performed in 4 patients and showed myopathic changes,
extensive neurogenic changes or a combination of both. Anti-cN-1A autoantibody
testing was positive in one patient (93). Muscle ultrasound was performed in 3 patients
and showed a pattern of muscle involvement consistent with IBM, with increased echo
intensity, reflecting fatty infiltration and fibrosis, of the vastus lateralis and flexors of
the forearm (15). Muscle biopsy showed typical IBM pathology in 4 patients, with CD3
and CD8-infiltrates, diffuse HLA-ABC upregulation, rimmed vacuoles and COX deficient
fibres, as illustrated in figure 1. Although rimmed vacuoles were lacking in the biopsy
of case 5, diffuse HLA-ABC upregulation and the pattern of inflammation in that biopsy
were considered consistent with IBM. In one patient (case 1) polyglutamine 1C2 staining
was performed, which was negative.
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Table 1. Summary of clinical features and results of ancillary investigations.
Case 1

Case 2

Gender

Female

Male

Age at onset IBM

65 years

64 years

Pattern of weakness

Dysphagia
ASYM FDP
SYM Q

Dysphagia
ASYM FDP
SYM Q

Serum CK^

664 U/L

450 UI/L

Anti-cN-1A(93)

Positive

Negative

Electro-myography

Extensive denervation and
reinnervation

Polyphasic and low
amplitude MUAP

Muscle ultrasound
hyperechointensity

Proximal and distal muscles
of upper and lower
extremities, including FDP,
FCR and VL

Not performed

Muscle biopsy (quadriceps)

CD3- and CD68 infiltrates,
inclusion bodies, diffuse
HLA-ABC upregulation, 10%
COX-deficient fibres, p62
accumulation

CD3 and CD68-infiltrates,
diffuse HLA-ABC
upregulation, COX deficient
fibres, RV

Polyglutamin (1C2) staining
negative
IBM diagnosis§

CP

CP

SCA diagnosis

ATXN3: CAG repeat expansion
(N = 64)

ATXN3: CAG repeat expansion
(N = 69)

Age at onset SCA#

62 years

34 years

SCA symptoms

Hypermetric saccades, Gaze
evoked nystagmus,
Ataxia of the arms and gait

Dysarthria, Dysphagia,
Ataxia of the arms and gait

Normal value serum creatine kinase (CK) <170 U/L
Diagnosis of IBM based on the ENMC criteria; CP = Clinico-pathologically defined, C = clinically
defined (14)

^
§
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Case 3

Case 4

Case 5

Male

Female

Male

60 years

52 years

60 years

Dysphagia
SYM FDP, Q

Dysphagia
ASYM FDP
SYM Q and hip abductors

Dysphagia
ASYM FDP
SYM Q and hip abductors

600 U/L

425 U/L

305 U/L

Negative

Negative

Negative

Myopathic changes

Not performed

Polyphasic MUAP with some
denervation

Proximal and distal muscles
of upper and lower
extremities

Not performed

ASYM deltoid and FDP

CD3- and CD68 infiltrates,
inclusion bodies, diffuse HLAABC upregulation, 15% COXdeficient fibres, RV

CD3- and CD68 infiltrates,
inclusion bodies, diffuse HLAABC upregulation, 10% COXdeficient fibres, RV

CD3 and CD68-infiltrates,
diffuse HLA-ABC
upregulation

CP

CP

C

ATXN3: CAG repeat expansion
(N = 74)

ATXN3: CAG repeat expansion
(N = 60)

CACNA1A: CAG repeat
expansion (N = 23)

35 years

18 years

54 years

Dysarthria,
Gaze evoked nystagmus,
Ataxia of the arms and gait

Dysarthria,
Ataxia of the arms and gait

Dysarthria,
Ataxia of the arms and gait

SYM VL

11

Onset of ataxia is defined as onset of gait ataxia
ASYM = asymmetric, FCR = flexor carpi radialis, FDP = deep finger flexors, MUAP = motor unit action
potential, Q = quadriceps, RV = rimmed vacuoles, SYM = symmetric, VL = vastus lateralis

#
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Hereditary myopathies with inclusion bodies have been described with a combined
phenotype of myopathy and dementia. All our patients had a positive family history of SCA
but a negative family history of muscle disease and dementia. Valosin containing protein
(VCP, a ubiquitin-selective chaperone) mutations were excluded in all patients by whole
exome sequencing (which includes genetic testing for GNE and MYHC2A) and confirmed
by targeted sequencing in case 2, 3 and 4 (205). We have examined 3 nephews of one of
the patients (case 1), two of whom had genetically confirmed SCA-3 and one was healthy.
None of them had evidence for IBM upon clinical examination or muscle ultrasound.

A

B

C

D

Figure 1. Muscle biopsy and muscle ultrasound images of case 1.
A. H-Phlox staining showing inflammatory infiltrates surrounding single muscle fibres. B. CD3 staining
showing CD3-positive inflammatory infiltrates surrounding single muscle fibres. C. Muscle ultrasound of
the right forearm, showing increased echo intensity with more pronounced involvement of the FDP than
FCR, reflecting fibrosis and fatty infiltration of those muscles. D. For comparison: the muscle ultrasound
of the right forearm of a healthy female (FCR = flexor carpi radialis, FDS = flexor digitorum superficialis,
PT = pronator teres, FDP = flexor digitorum profundus).
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DISCUSSION
We report on five genetically confirmed SCA patients who developed IBM according
to established criteria (14). The estimated prevalence of IBM is 2.48/100,000 and
that of autosomal dominant spinocerebellar ataxias is 3/100,000 (206, 207). This cooccurrence of two rare diseases might be merely coincidental. However, given the very
low a priori chance of concomitant IBM and SCA, one could hypothesize a common
pathophysiological pathway.
In CAG-repeat expansion SCAs, transcription and translation of the aberrant gene leads
to formation of polyglutamine strands that are involved in toxic protein misfolding and
aggregation. Proteins needed in quality control mechanisms of the cells, such as p62
and ubiquitin that are involved in autophagy and protein degradation pathways, can
be trapped into these aggregates. The lack of normal functioning ATXN3 in protein
homeostasis can lead to further disturbance of quality control mechanisms (208). In
SCA-6, dysfunction of the products of mutated CACNA1A appears to be more important
than protein aggregation (209, 210).
The level of expression of ATXN3 and CACNA1A is low in human muscle tissue, so a
direct link between malfunctioning of these proteins and the onset of muscle pathology
seems unlikely. We could not detect cytoplasmic ataxin-3 aggregates in the muscle
biopsy of case 1. However, the presence of toxic aggregates and malfunctioning of
quality control mechanisms in the cell is a shared mechanism between SCA and
IBM. The disruption of protein quality-control and lysosomal pathways can be further
aggravated by the inflammatory environment in IBM (19, 209).
Apart from aggregation of misfolded proteins, another mechanism may constitute the
increased risk of neurodegenerative disease in other tissues in the presence of a CAG
repeat. For example, an intermediate expansion number in SCA-2 increases the risk
of amyotrophic lateral sclerosis (211). The underlying mechanism is still unknown, but
malfunctioning of protein degradation pathways or the production of toxic RNA could
play a role. For example, normally occurring polyQ interactions with an autophagy
initiating protein beclin 1 can be disrupted by a mutated polyQ tract (212).
As possible pathogenic variants of VCP have been described in patients showing
features of IBM, and because binding of ataxin-3 to VCP is enhanced in mutated VCP,
we have excluded VCP mutations in our cases (205).
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The diagnosis of IBM was delayed by the initial attribution of symptoms to SCA in our
patients. The EMG changes in the first case were initially interpreted as motor neuron
involvement in SCA-3, which is indeed part of the phenotypic spectrum of SCA-3.
Importantly, muscle fibre splitting in myositis leads to “pseudoneurogenic” polyphasic
changes of motor unit action potentials. If proximal leg weakness or asymmetric
weakness of the finger flexors is a prominent finding in a SCA-3 or SCA-6 patient,
additional neuromuscular diagnostic evaluation should be considered.
Our cases may merely illustrate coincidental co-occurrence of IBM and SCA-3/SCA6, but could indicate convergence of disease mechanisms. We invite others to share
similar observations.

182

Part V
Summary
and outlook

Chapter 12
Summary

Summary

SUMMARY
This thesis investigates the diagnostic and prognostic value of anti-cN-1A autoantibodies
(Ab) and explores pathophysiological mechanisms in inclusion body myositis (IBM). The
main findings are summarized in box 1 at the end of this chapter. A discussion of the
findings is provided in chapter 13.
Part I provided a general introduction of the thesis, including an overview of the
clinical and histopathological features of IBM, a description of myositis-specific Ab
and a short introduction on anti-cN-1A Ab (chapter 1). These Ab were identified in
2013 by two independent research groups, including our own, as being IBM-specific,
but uncertainties about their specificity, the clinico-serological correlations and the
pathophysiological mechanisms underlying anti-cN-1A autoreactivity remained. This
research aimed to clarify those questions.
Part II gave an overview of Ab testing in idiopathic inflammatory myopathies (IIM) in
general, with particular attention to IBM and necrotizing myopathies.
In chapter 2 the clinical usefulness of Ab testing in IIM was summarized and the
difference between myositis-specific and myositis-associated Ab was described.
Myositis-specific Ab can be related to distinct phenotypes, comorbidities, treatment
responses and prognosis in IIM. Special attention should be paid to Ab that are related
to cancer. Ab can also help to detect IIM in patients with slowly progressive ‘limb
girdle muscular dystrophy’ without a genetic diagnosis, or in patients with unexplained
interstitial lung disease. Clinico-serological correlations show some variation in different
cohorts (e.g. Caucasian versus Asian populations). The different techniques to detect
Ab are discussed with their respective drawbacks. A subset of patients with IIM does
not appear to have Ab, which might be due to technical limitations of the applied
laboratory tests, the low prevalence of many Ab and the possibility that some Ab are not
yet discovered. Storing serum from an Ab-negative patient may help future testing for
newly discovered Ab. In conclusion, Ab testing can be of great diagnostic and prognostic
value in IIM, if the clinician is aware of the limitations.
Chapter 3 reviewed the currently available literature on anti-cN-1A Ab. In 2013, two groups
independently identified cN-1A as the target protein of anti-Mup44 Ab, thought to be specific
for IBM. The discovery of the Ab has underlined the involvement of the humoral component
of the immune system in IBM. Although the target protein of the Ab and its function are well
characterized (adenosine monophosphate is dephosphorylated to adenosine through the
action of cN-1A in periods of hypoxia or ischemia), the exact mechanism of development
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of anti-cN-1A autoreactivity is still unknown. A lacuna in the currently available knowledge
about cN-1A is its expression in muscle tissue of myositis patients and healthy adults.
Furthermore, various methodologies are used to assess the anti-cN-1A serotype, leading
to different estimates of sensitivity (varying between 37% and 76%) and specificity (varying
between 87% and 100%). A direct comparison of the different methods of Ab detection
is lacking. New studies aimed at understanding the molecular properties of cN-1A and
prospective studies on the clinico-serological correlations are needed.
Chapter 4 focused on the clinico-serological correlations in immune mediated
necrotizing myopathy (IMNM). IMNM patients with Ab (17 anti-HMGCR, 15 anti-SRP, 2
anti-MDA5) and 22 seronegative patients were studied in neuromuscular referral centres
in The Netherlands and Belgium. Compared with seropositive IMNM, seronegative
IMNM was characterized by female predominance (3 : 1) and more frequent occurrence
of associated connective tissue disorders (22% vs 9%). Seronegative INMN patients had
significantly higher rates of extramuscular disease activity (50% vs 16%, p = 0.014), this
difference remained after excluding patients with an associated connective tissue
disease (35% vs 7%, p = 0.038). Seronegative IMNM patients thus form a subgroup with
distinctive features from seropositive IMNM.
Part III focused on the specificity of anti-cN-1A Ab and explored the clinical and
histopathological phenotype of IBM patients with and without anti-cN-1A Ab.
To evaluate the specificity of anti-cN-1A Ab, the analysis of a large European cohort,
consisting of systemic lupus erythematosus (SLE; N = 252) and Sjögren’s syndrome (SjS;
N = 193) patients is described in chapter 5. Anti-cN-1A, anti-Ro52, anti-nucleosome and
anti-dsDNA reactivities were tested by ELISA. Anti-cN-1A Ab were found on average
in 12% of SjS patients, with varying frequencies among the different cohorts (range:
7% - 19%). In SLE patients, anti-cN-1A positivity was 10% on average (range: 6% - 21%).
In both disease groups, anti-cN-1A-positive patients suffered more often from other
autoimmune diseases than the anti-cN-1A-negative patients (15% versus 5% (p = 0.05)
in SjS and 50% versus 30% (p = 0.02) in SLE). No relationship was found between anticN-1A reactivity and the presence of other Ab, the presence of muscular symptoms,
the duration of disease at the moment of serum sampling and the duration of serum
storage. Due to the limited specificity in the context of autoimmune disorders, anti-cN1A Ab should be considered as myositis-associated rather than myositis-specific Ab.
Sera of 34 patients with juvenile dermatomyositis (JDM; 22 patients with active disease,
12 patients in remission) and 20 healthy controls were tested in chapter 6. Anti-cN-1A
reactivity was assessed with 3 different techniques: a commercially available full-length
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cN-1A ELISA, a synthetic peptide ELISA and immunoblotting using a lysate from cN1A expressing HEK-293 cells. Anti-cN-1A Ab was not detected in JDM patients or in
healthy controls by full-length cN-1A ELISA or immunoblotting. The synthetic peptide
ELISA showed weak anti-cN-1A reactivity in three JDM patients (8.8%), considered as
false positives. Substantiation of these results in a large cohort (110 JDM patients and
43 healthy juvenile controls) with another full-length recombinant cN-1A ELISA at the
University of Bath showed that all JDM patients and healthy controls were anti-cN-1A
seronegative. In conclusion, anti-cN-1A autoreactivity is not present in JDM (irrespective
of disease activity) and in young healthy control subjects.
Chapter 7 described the findings of a retrospective study on clinico-serological
correlations in a large cohort of 311 European IBM patients. The cN-1A Ab status was
determined by synthetic peptide ELISA, yielding 33% anti-cN-1A seropositivity. Abpositive patients (N = 102) had a higher adjusted mortality risk (HR 1.89, 95% CI 1.11 to
3.21, p = 0.019), a lower frequency of proximal upper limb weakness at disease onset (8%
vs 23%, adjusted OR 0.29, 95% CI 0.12 to 0.68, p = 0.005) and an increased prevalence of
excess of cytochrome oxidase deficient fibres on muscle biopsy analysis (87% vs 72%,
adjusted OR 2.80, 95% CI 1.17 to 6.66, p = 0.020), compared with Ab-negative patients.
In conclusion, anti-cN-1A seropositivity is potentially associated with a distinct IBM
subtype with a more severe phenotype.
Part IV explored pathophysiological mechanisms in IBM.
In chapter 8 the pattern of cN-1A expression in muscle tissue of healthy individuals
and patients with IBM, oculopharyngeal muscular dystrophy (OPMD) and
fascioscapulohumeral dystrophy (FSHD) was studied. The pattern of cN-1A expression
was similar in all groups, showing high intensity cN-1A immunohistochemical staining
in type 2 myofibers and in regenerating type 1 myofibers. Immunofluorescent cN-1A
staining showed perinuclear cN-1A accumulation in all groups. Rimmed vacuoles were
present in the biopsy of only one IBM patient, showing cN-1A expression around these
rimmed vacuoles.
Chapter 9 described the function of residual muscle tissue in IBM patients. Eight IBM
patients and 12 healthy controls underwent quantitative muscle testing, quantitative
MRI of the quadriceps and paired muscle biopsies of the quadriceps and tibialis
anterior. Single muscle fibres were isolated to measure muscle fibre specific force and
contractile properties. In vivo quadriceps specific force and ex vivo muscle fibre specific
force were reduced in IBM. Muscle fibre dysfunction was accompanied by reduced
active stiffness, which reflects a decrease in the number of attached actin-myosin
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cross-bridges during activation. Myosin concentration was reduced in IBM fibres. As
residual muscle tissue in IBM patients is weak, novel therapeutic strategies, apart from
immunosuppression, promotion of muscle cell hypertrophy or medication acting on
myodegenerative processes, might be a new avenue: augmentation of muscle fibre
strength may provide benefit to IBM patients.
The contribution of orofacial muscle involvement to dysphagia in IBM was described in
chapter 10. Eighteen IBM patients were compared with a disease control group of 13 OPMD
patients. Sixty seven percent of IBM patients were anti-cN-1A seropositive. All participants
filled in a swallowing-related quality of life questionnaire and underwent physical examination,
clinical swallowing tests and quantitative muscle ultrasound. Swallowing-related quality of
life was reduced in all participants. As expected, IBM patients were older and had a more
extended pattern of limb weakness than the OPMD patients. When compared to healthy
controls in a local database, all clinical swallowing tests were abnormal in IBM and OPMD,
except bite force and tongue endurance. The results of clinical swallowing tests were similar
in IBM and OPMD. Abnormal echogenicity of at least one orofacial muscle was seen in 39%
of IBM patients, versus 69% of OPMD patients. The distribution of these abnormalities was
more generalized in IBM (abnormal echogenicity of the temporal muscle in 28%, geniohyoid
in 17%, masseter in 11% and digastric in 6% of patients) than in OPMD (abnormal echogenicity
of the temporal muscle in 50% and tongue in 38% of patients). In both disease groups
atrophy of the masseter (24% of IBM, 77% of OPMD patients) and temporal muscle (59%
and 58%) was present. Similar results were seen in anti-cN-1A seropositive and -negative
IBM patients, except for maximum phonation time (20.1 ± 9.3 seconds in seropositive IBM
patients versus 9.6 ± 5.3 seconds in seronegative IBM patients, p = 0.02). In conclusion,
diffuse involvement of the orofacial muscles is present in IBM, which can contribute to the
extensive swallowing difficulties. Dysphagia is present to a similar extend in OPMD patients
of younger age, but the pattern of QMUS abnormalities in OPMD is less generalized than
in IBM. Our results pave the way for further studies on the effect of interventions, such as
training of the involved orofacial muscles to reduce dysphagia in IBM.
In chapter 11 five patients with spinocerebellar ataxia (SCA) type 3 and 6 who
developed muscle weakness due to IBM are described. The co-occurrence of these
two rare diseases might be merely coincidental, but it might also reflect shared
pathophysiological pathways. The presence of SCA mutations could predispose to the
development of IBM, or the presence of toxic aggregates and malfunctioning of quality
control mechanisms in the cell in both diseases could indicate a convergence of disease
mechanisms. No conclusions on shared pathophysiology can be drawn based on this
selection of cases, but if more cases of SCA and IBM are identified, further exploration
of converging pathophysiological mechanisms would be warranted.
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Box 1. Summary of the main findings of this research.
Autoantibodies are important in the (differential) diagnosis, prognosis, management and
treatment of idiopathic inflammatory myopathies.
Anti-cN-1A autoantibodies have a high specificity to distinguish IBM from other forms of
idiopathic inflammatory myopathies, including juvenile dermatomyositis.
Anti-cN-1A autoantibodies have a limited specificity in cohorts with other autoimmune disorders:
they are detected on average in 10% of patients with systemic lupus erythematosus and in 12%
of patients with Sjögren’s syndrome.
Clinical and histopathological differences are observed between anti-cN-1A positive and
-negative IBM patients, with a more “classic” clinical and histopathological phenotype (less
upper arm weakness and more COX-deficient fibres) and a higher mortality risk in anti-cN-1A
positive patients.
The pattern of cN-1A expression in muscle tissue is equal in patients with IBM, FSHD and OPMD
and in healthy individuals.
Residual muscle tissue is weak in IBM, atrophy and fatty infiltration are thus not the only causes
of clinically apparent weakness.
Extensive swallowing difficulties are present in IBM. Quantitative muscle ultrasound shows
abnormal echogenicity of at least one orofacial muscle in 39% and atrophy of at least one
orofacial muscle in 72% of IBM patients. No differences between anti-cN-1A positive and
-negative IBM patients were seen in our small cohort.
The presence of IBM pathology in patients with a hereditary degenerative disease (SCA-3 or
SCA-6) underlines the interplay between different pathophysiological processes.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES
The general aims of this thesis were to explore the clinical application of anti-cN-1A
autoantibody (Ab) testing in inclusion body myositis (IBM) as a diagnostic and prognostic
tool and to expand the knowledge on the pathophysiology of IBM. This chapter aims to
put these findings in perspective of prior research in this field, to translate the findings
to recommendations for clinical practice and to define lacunas in the knowledge on
anti-cN-1A autoreactivity that can be subject to research in the future.

ANTI-CN-1A AUTOANTIBODIES:
SENSITIVITY AND SPECIFICITY
The sensitivity of anti-cN-1A Ab to detect IBM varies between 37-76%, depending on
the technique and cut-off values that are used. The sensitivity of anti-cN-1A Ab thus
exceeds the frequency of occurrence of most other myositis-specific Ab, which are
present at maximum in a third of IIM patients (41). We can conclude that – even with a
very strict cut-off – the sensitivity of anti-cN-1A Ab is sufficient to allow their application
in clinical practice.
Since the discovery of anti-cN-1A Ab in 2011, more than ten publications have discussed
the specificity of the Ab, as summarized in chapter 3 of this thesis. The large interest in
the specificity of anti-cN-1A Ab might be related to the fact that this is the first Ab highly
associated with IBM, a controversial finding considering the ongoing debate on the
primary disease mechanism underlying IBM and the current opinion that the presence
of a myositis-specific Ab normally precludes the diagnosis of IBM. A specificity of 91100% in the context of idiopathic inflammatory myopathies (IIM) is sufficient to apply anticN-1A Ab testing to discriminate between IBM and another IIM. The relatively frequent
occurrence of anti-cN-1A Ab in other autoimmune disorders is a very interesting finding
from a pathophysiological point of view, but does not affect the clinical utility of anti-cN1A Ab testing. However, if a patient with an autoimmune disease such as systemic lupus
erythematosus (SLE) or Sjögren’s syndrome (SjS) presents with muscle weakness, the
results of anti-cN-1A Ab testing should be interpreted with caution.
Validation of the method of detection of Ab is a prerequisite for its use in clinical
practice and in research settings. As yet, only one validation study on anti-cN-1A Ab
testing has been published (Kramp and co-workers, using a full-length cN-1A ELISA
which is now commercially available (93)). As demonstrated in chapters 3 and 6, many
methods of anti-cN-1A Ab detection reach similar levels of sensitivity and specificity in
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different populations (Europe, Asia and United States). However, techniques such as
immunoblotting using transfected HEK-293 cell lysates show a rather limited specificity
(33, 94). We have used different techniques of anti-cN-1A Ab testing in a cohort of
juvenile dermatomyositis (JDM) patients, including immunoblotting using a lysate from
cN-1A expressing HEK-293 cells, with comparable results for each of the techniques. To
determine whether discrepancies with prior published data are due to heterogeneity of
the cohorts or due to the different assays that were used, head-to-head comparisons of
the assays in IIM cohorts from different continents are needed. International agreement
on the best method of anti-cN-1A Ab detection would facilitate the interpretation of
research results and would improve the implementation of anti-cN-1A Ab testing in
clinical practice.

CLINICO-SEROLOGICAL CORRELATIONS
AND METHODOLOGICAL CONSIDERATIONS
Clinico-serological correlations
The implications of clinico-serological correlation studies in clinical practice are
summarized in chapter 2, with emphasis on the importance of seronegativity in chapter 4.
In our retrospective study (chapter 7) on the clinical and histological features of anti-cN1A-positive and –negative IBM patients we have observed a distinct IBM subtype, with a
higher mortality risk and more frequently occurring COX-negativity in muscle biopsies in
the anti-cN-1A seropositive group (56). We did not detect an independent association with
other Ab or the presence of autoimmune diseases. Our findings were in line with a different
cross-sectional study in 25 patients, showing more severe motor and functional disability
and suggesting more involvement of respiratory, bulbar and facial muscles in anti-cN-1A
seropositive IBM patients (35). No clinical differences were found in two other retrospective
studies, describing 47 and 117 IBM patients (24, 33). A smaller retrospective study on 40 IBM
patients from one centre found a higher age of disease onset in the anti-cN-1A seropositive
group (213). Some histopathological differences were observed in the study by Lloyd and
co-workers, with a lower incidence of rimmed vacuoles in the anti-cN-1A seropositive
group (33). Of note, 61% of that cohort was seropositive based on the immunoblot technique
with high sensitivity and limited specificity as described in the previous paragraph, so the
percentage of anti-cN-1A seropositive patients might have been overestimated.
The higher adjusted mortality risk and the involvement of bulbar and facial muscles
in anti-cN-1A seropositive IBM patients were reason to explore dysphagia in IBM in
more detail, as described in chapter 10. Clinical swallowing assessments showed
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abnormalities in all tested domains (swallowing, chewing and speaking) and quantitative
muscle ultrasound showed a diffuse pattern of orofacial muscle involvement. We did
not find differences between anti-cN-1A seropositive and –negative IBM patients, in
line with the findings of Schmidt and co-workers (176). Although our cohort was small,
including few anti-cN-1A seronegative patients, these findings suggest that the higher
mortality risk in anti-cN-1A seropositive IBM patients might not be related to more
severe dysphagia in those patients.
Anti-cN-1A seropositive SLE and SjS patients showed a more frequent association with
other autoimmune diseases in our study in chapter 5. In line with previous publications,
no other clinico-serological associations could be established; especially no excess of
muscular complaints or biopsy-proven myositis was found in the anti-cN-1A seropositive
SLE or SjS patients (33, 34). It would be interesting to perform a cross-sectional study,
including manual muscle testing, muscle imaging and muscle biopsy, to confirm the
absence of muscle pathology in anti-cN-1A seropositive SLE and SjS patients.
As anti-cN-1A autoreactivity was not detected in our JDM cohort, the association
between anti-cN-1A seropositive JDM and a more severe disease course that was
described by others could not be confirmed (94).
Methodological considerations
To interpret the results of clinico-serological correlation studies, three important
methodological considerations should be mentioned: the absence of a gold standard
for anti-cN-1A Ab testing, the retrospective nature of the research and the cohort size
and recruitment.
Absence of a gold standard for anti-cN-1A autoantibody testing
As mentioned in the paragraph on anti-cN-1A Ab sensitivity and specificity, the absence
of an international gold standard for Ab testing in IIM is an important issue in studies
on correlations between Ab status and phenotype. We have chosen to use a cN-1A
peptide ELISA with strict cut-off values in chapter 7 (32). Other methods of detection,
such as the immunoblot used by Lloyd and co-workers (33), might classify patients as
anti-cN-1A seropositive who would be seronegative with the validated full-length cN1A ELISA or ALBIA (31, 93). Pooling of clinical data of the previously described cohorts
and re-analysis of the sera with an internationally standardized anti-cN-1A Ab detection
method would be useful to validate clinico-serological correlations in IBM (described
in chapter 7) or in other diseases such as JDM (described in chapter 6 and by Yeker and
co-workers (94)) or SLE and SjS (described in chapter 5).
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Retrospective studies
The clinical data in chapters 4, 5, 6, and 7 were collected retrospectively. Although
structured data collection forms were used and the researchers were blinded for Ab
status, all retrospective studies bear a risk of recall bias and missing data. Inclusion
of patients in these retrospective studies depends on several factors (recognition of
the disease by the clinician, the availability of serum, the presence of sufficient follow
up data) and the studied cohorts might thus not be an exact representation of the
Dutch or European population, which might influence the validity of the results. The
pooled cohorts in chapters 4 and 7 represent nearly all IMNM and IBM patients that
were treated in the respective university medical centres as identified using the local
databases. Recognising and diagnosing IIM subtypes is challenging, so the described
cohorts of IBM and IMNM patients might still reflect an underrepresentation of the
actual IIM population.
Cohort size and recruitment
IIM are rare, so studied cohorts are mostly small. The main strength of the research in
this thesis is the international collaboration that allowed us to create large cohorts of
patients (chapters 4, 5, 6 and 7) to study clinico-serological correlations. Nevertheless,
the sample size and thus the power remains limited, so random errors might have
influenced the results. The method of recruitment of patients in chapter 10 might have
caused selection bias: patients with dysphagia might have been keener to participate
than those without. On the other hand, patients who could not swallow in a supine
position were excluded and patients were asked to travel to Germany, IBM patients
with severe limb weakness generally declined participation. These factors could have
led to underreporting of the severity of dysphagia in chapter 10. The design of the
study in chapter 10 allowed us to recruit OPMD patients that already participated in
another swallowing study with a similar design, leading to recruitment of a relatively
large number of OPMD participants with a reduced study protocol with a limited
burden.

THE APPLICATION OF ANTI-CN-1A
AUTOANTIBODY TESTING IN CLINICAL PRACTICE
Recommendations for clinical practice
Although anti-cN-1A Ab testing is not included in the current diagnostic criteria
(ENMC 2011 (14)) as discussed below, clinicians can use these Ab as an addition to
their diagnostic toolbox, while keeping in mind the advantages and drawbacks as
summarized in table 1.
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During the research for this thesis, anti-cN-1A Ab testing (a commercially available
ELISA) was implemented in our laboratory of Clinical Immunology. In our department
of Neurology, anti-cN-1A Ab testing is used as an additional argument to diagnose
IBM if a muscle biopsy is not possible (atrophy, use of anticoagulants, refusal by
patient) or inconclusive (no rimmed vacuoles or protein aggregations) or if the clinical
features are atypical (for example: isolated dysphagia without apparent weakness
or striking facial weakness as illustrated in box 1). If a patient has typical clinical
features, the serum creatine kinase (sCK) level does not exceed 15 times the upper
limit of normal, anti-cN-1A Ab are present and muscle imaging results are typical
for IBM, we feel confident to diagnose the patient with IBM, even in the absence of
a muscle biopsy.
Although the sensitivity of anti-cN-1A Ab is high compared with other myositisspecific Ab, the sensitivity is too low to use anti-cN-1A Ab testing to exclude IBM
in a patient with asymmetric proximal weakness at an advanced age. The results
of Ab testing should be interpreted with caution if other autoimmune diseases
are present, due to the limited specificity in that context. The higher mortality risk
and the more severe bulbar and respiratory involvement should encourage the
clinician to strict adherence to the guidelines for follow up in case of anti-cN-1A
seropositivity, including yearly forced vital capacity measurements and consultation
of a speech therapist. However, the clinico-serological correlations emerging from
our retrospective cohort study (chapter 7) and the small cross-sectional study by
Goyal et al (35) should be confirmed in a larger cross-sectional or prospective study.
Inclusion of autoantibody testing in diagnostic criteria of idiopathic inflammatory
myopathies
The current diagnostic criteria for IBM still rely heavily on muscle biopsy results and
do not include results of muscle imaging or Ab testing (14). The new EULAR/ACR
classification criteria for adult and juvenile IIM and their major subgroups use a weighted
scoring system (30). Different features are scored (age at onset, pattern of weakness, skin
manifestations, dysphagia, laboratory measurements, including anti-Jo1 Ab testing, and
– if available – muscle biopsy results) and the cumulated score leads to a conclusion
of probable or definite IIM. A score compatible with definite IIM can be reached even in
the absence of a muscle biopsy. It would be interesting to construct a similar weighted
scoring system for the subclassification of IIM, in which more information on Ab status
is included. The four subgroups of IIM that are described in chapter 2 emerged from
hierarchical clustering analysis performed by Mariampillai et al, that included data on Ab
status (37). With the creation of large international cohorts in the EuroMyositis Registry
and the development of local biobanks, it should be possible to reach sufficient numbers
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of patients to further develop a weighted scoring system to discriminate between the
different subgroups of IIM, that includes currently known myositis-specific and myositisassociated Ab and the results of muscle imaging.
Table 1. The advantages and current drawbacks of anti-cN-1A autoantibody testing in idiopathic
inflammatory myopathies clinical practice.
Advantages

Current drawbacks

Diagnosis

• High sensitivity (>30%)
• Satisfactory specificity in context of
idiopathic inflammatory myopathies
(>91%)
• Easy to perform, rapid results
• Aid in diagnosis if muscle biopsy is
impossible, inconclusive or refused
by patient
• Aid in diagnosis if clinical features
are atypical

Specificity in the context of other
autoimmune diseases (systemic lupus
erythematosus, Sjögren’s syndrome)
is limited

Therapy

Early disease detection: therapeutic
window?

Probably no biomarker: there is no
relationship between disease duration
or rate of progression and anti-cN-1A
autoantibody status

Prognosis

Retrospective and cross-sectional
research conclude a more severe
clinical phenotype in anti-cN-1A
seropositive patients

No prospective data concerning
clinico-serological correlations
available

IBM PATHOPHYSIOLOGY
Anti-cN-1A autoantibodies and IBM pathophysiology
The exact role of anti-cN-1A Ab in the pathophysiology of IBM is yet unknown. The
presence of anti-cN-1A Ab in a subset of patients with SjS and SLE may suggest that these
Ab are innocent bystanders in an autoimmune environment. This theory is supported by
a more frequent association with other autoimmune diseases in anti-cN-1A seropositive
SjS and SLE patients and the absence of a relationship between anti-cN-1A autoreactivity
and muscle involvement in that cohort (chapter 5). However, if anti-cN-1A Ab were just
innocent bystanders in an autoimmune environment, their presence could be expected
in many more autoimmune diseases, such as (juvenile) dermatomyositis and multiple
sclerosis, and a correlation between anti-cN-1A autoreactivity and the presence of other
autoimmune diseases would have been expected in our study described in chapter 7.
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Box 1. Description of a case underlining the clinical utility of anti-cN-1A autoantibody testing.
A 43-year old female patient suffered from generalized mild weakness in both hands, accentuated
after an accident leading to diminished flexion of her left thumb. In the years after the accident
she noticed slowly progressive asymmetric weakness of the flexors of both hands. At the age
of 50 years she noticed frequent falls and weakness of the neck in case of fatigue. Swallowing
became more difficult. The mother of the patient had some facial weakness, but no neurological
diagnosis was made. Neurological examination of the patient showed diminished eye closure,
slight asymmetry of the lips, asymmetric weakness of the finger flexors (MRC 2 left, 3 right),
symmetric proximal weakness in arms and legs (MRC 4) and neck flexors (MRC 2). The presence
of slightly asymmetric facial weakness, the positive family history and the relatively young age
of onset prompted additional genetic testing, which excluded FSHD. Muscle biopsy showed
myopathic changes, with incidental basophilic and necrotic fibres, some non-necrotic fibres were
invaded by CD3-lymphocytes, and diffuse HLA-ABC upregulation was seen, without aggregates.
Serum CK was 1018 U/L and anti-cN-1A Ab were detected. A diagnosis of “probable” IBM was
made based on the ENMC 2011 diagnostic criteria (14). The presence of anti-cN-1A Ab was an
extra argument to diagnose IBM and no treatment with corticoids was initiated.

At least three 5’-nucleotidases are known to play a role in the maintenance of the
intracellular balance of nucleosides: cN-1A, cN-2 and cN-3. Adenosine monophosphate
(AMP) is converted to inosine monophosphate (IMP) and consequently converted to
inosine through the action of cN-2 enzymes under normal circumstances. Hypoxic stress
or treatment with certain antiviral (for example, nucleoside analogues such as zidovudine)
or antineoplastic drugs can drive the cell towards the cN-1A pathway, which means that
AMP is dephosphorylated to adenosine through the action of cN-1A. Figure 1 shows a
schematic representation of the function of cN-1A and cN-2 enzymes. Increased use of
the cN-1A pathway would mean a higher expression or activation of cN-1A, which could
theoretically lead to a higher risk of an autoimmune reaction to the highly expressed or
activated enzyme. Longstanding hypoxic stress in IBM muscle tissue could drive the cell
towards the cN-1A pathway. However, our histological study in chapter 8 did not show
an IBM-specific pattern of cN-1A expression. RNA sequencing or proteomics could be
used to study cN-1A expression in more detail. However, a recent RNA sequencing study
did not show an association between increased expression of HMGCR, SRP, Jo-1, NXP2,
Mi2, TIF1-γ or MDA5, and the presence or absence of the Ab recognizing that antigen
(214). Interestingly, the expression of muscle regeneration markers was correlated with
the expression of autoantigens in that study, which is in line with the high intensity cN-1A
staining that we found in regenerating type I fibres, as described in chapter 8. Unfortunately,
the number of patients included in chapter 8 was too low to allow correlations with anticN-1A Ab status. Furthermore, the available biopsies showed only a limited number of
rimmed vacuoles in IBM and OPMD, and, therefore, only few observations regarding the
accumulation of cN-1A around rimmed vacuoles were made.
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Evaluation of the effect of antiviral treatment on the development of anti-cN-1A
autoreactivity would be interesting. Two recent studies described HIV patients
with proximal weakness and elevated CK levels, with a temporary good effect of
immunosuppressive therapy in some patients. More than 50% of these cases developed
an IBM compatible phenotype at follow up and 64% of these patients had anti-cN-1A Ab
(215, 216). The development of an IBM pheno- and serotype could be due to the immune
responses triggered by the HIV-infection, but an effect of treatment with nucleoside
analogues – possibly driving cells towards the cN-1A pathway – cannot be excluded.
A direct pathogenic role of anti-cN-1A Ab was demonstrated by passive in vivo
immunization of mice with IgG of anti-cN-1A seropositive IBM patients, leading to
formation of p62-positive sarcoplasmic aggregates in the muscle tissue of the three
injected mice (25). These results should be verified in a larger number of mice with a
longer duration of follow up after passive immunization.
The presence of anti-cN-1A autoreactivity in IBM is an extra argument in favour of
autoimmunity as its primary disease mechanism, encouraging the development of
targeted immunotherapy. For example, recent characterization of highly differentiated
CD8+ KLRG1+ T-cells in IBM muscle tissue and peripheral blood offers new perspectives
for immune suppressive therapy (21). The degenerative changes in IBM could be
occurring as a secondary phenomenon. However, degeneration still seems to play a role
in the development of autoimmunity, as IBM pathology sets off at an advanced age, it cooccurs with other neurodegenerative pathology (SCA-3, SCA-6) and anti-cN-1A Ab are
absent in JDM, whereas they can be detected in a small subset of adult dermatomyositis
patients. Advanced age could lead to dysfunction of protein degradation pathways or
extensive and longstanding inflammatory changes in the tissue could lead to overload
and subsequent dysfunction of those pathways.
Sarcomeric weakness
We were the first to show that sarcomeric weakness in vastus lateralis muscle tissue is
playing a role in IBM. This loss in muscle fibre specific force is caused by lower myosin
content, due to diminished synthesis or to loss of myosin. Further studies are warranted
to establish whether myosin content is lower due to degradation or to diminished
synthesis, as each of these pathways can give rise to other novel treatment strategies.
RNA sequencing could provide more information about myosin synthesis.
The discovery of sarcomeric weakness as a contributing factor to clinically apparent
weakness in IBM might lead to the development of new treatment strategies. Medication
aiming to augment muscle fibre strength could be developed and used either alone
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or in combination with training or medication promoting muscle growth. Muscle-on-achip models could be used to explore the effect of these interventions (e.g. training by
electrical stimulation, or novel medication aimed at reinforcing single muscle fibres) on
myosin content and muscle fibre specific force.
Genetic associations
Careful clinical observation of patients with a degenerative neurological disease
has led to the description of co-occurring IBM and SCA-3 and -6 in chapter 11. We
hypothesize that the presence of spinocerebellar ataxia mutations could predispose
to the development of IBM, in parallel with an intermediate expansion number in SCA2 that increases the risk of amyotrophic lateral sclerosis (211). The exact mechanisms
underlying such a predisposition are yet unknown, but the cytosine-adenine-guanine
(CAG)-trinucleotide repeat expansions in SCA-3 and -6 could lead to the production
of toxic RNA or of proteins that disrupt the normal protein degradation pathways. If
more cases of IBM and SCA are identified, it would be interesting to test CAG-repeat
diseases in a large cohort of IBM patients, as repeat diseases are not detected by exome
sequencing as performed in previous studies.
Large genetic association studies in IBM have shown an association with the 8.1 ancestral
HLA-haplotype (especially HLA–DRB1*03:01) and the p21.31 region of chromosome 3, a
region that is known to be associated with various autoimmune disorders such as celiac
disease (123). The candidate gene in the p21.31 region of chromosome 3 is CCR5, coding
for a receptor that binds proinflammatory chemokines. However, no direct relationship
exists between anti-cN-1A autoreactivity and a certain HLA-haplotype (123), nor does a
CCR5 polymorphism link SLE and SjS with IBM (217).
Mechanisms contributing to dysphagia
Dysphagia in an invalidating symptom in IBM and the cause of death is also often
related to dysphagia (4, 8). The currently available treatments are speech therapy
and interventions aimed at improving relaxation of the upper oesophageal sphincter,
such as cricopharyngeal myotomy, but these treatments are not always successful.
As training slows the rate of progression of weakness in IBM, we aimed to evaluate
whether orofacial muscles that are eligible for training, such as the tongue, contribute
to dysphagia. Indeed, the tongue of IBM patients is weaker than in healthy age-matched
controls. Quantitative muscle ultrasound (QMUS) shows abnormal echogenicity of the
temporal muscle in 28%, geniohyoid in 17%, masseter in 11% and digastric in 6% of IBM
patients in our cohort. Atrophy is present in the masseter (24% of patients) and temporal
muscle (59% of patients). As this is the first study describing imaging of orofacial muscles
in IBM, we could not compare these findings to previous publications. Reference values
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for muscle thickness of the tongue, digastric and geniohyoid muscles are not available,
so the presence of atrophy of these muscles could not be confirmed or excluded. The
collection of values of healthy subjects is ongoing to provide reference values for future
QMUS studies, which should include larger numbers of IBM patients to allow more
reliable comparisons between anti-cN-1A seropositive and -negative patients.

ATP

ADP

AMP
cN-1A
Adenosine
Hypoxic
conditions

IMP
cN-2
Inosine
Normoxic
conditions

Figure 1. cN-1A salvage pathway.
This schematic representation of the function of cN-1A and cN-2 shows that in normoxic circumstances
AMP is catabolised via IMP to inosine, and in hypoxic conditions AMP is dephosphorylated to
adenosine through cN-1A.

Two studies on orofacial exercise have been published, describing improvement after
lingual training (N = 1) but no benefit of suprahyoid muscle training (N = 12) in IBM patients
(184, 203). Our findings encourage further exploration of training of the orofacial muscles
to slow progression of dysphagia in IBM. Outcome measures of training studies should
include clinical assessments, such as the measurement of tongue force, as – in line with
the findings of the study on sarcomeric weakness – imaging findings can be normal in
a weak muscle (e.g. normal echogenicity of the tongue).
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A second part of our swallowing study in IBM and OPMD patients consists of real
time swallowing MRI, which enables visualization of soft tissue from the mouth to
the oesophagus during a swallowing movement. Pharyngeal muscles that were not
visualized by QMUS will be analysed by real time MRI to expand our knowledge on the
muscles that are involved in dysphagia in IBM.

FUTURE PERSPECTIVES
Although various aspects of the use of anti-cN-1A Ab in clinical practice were clarified
by this thesis, many questions remain to be answered. Table 2 offers an overview of the
results of the research described in this thesis that gave rise to new research questions.
Three conditions need to be fulfilled to facilitate future research: the development of
international biobanks, a gold standard for anti-cN-1A Ab detection and models (muscleon-a-chip or mouse models) of IBM to study the pathophysiology of the disease.
Biobanking
One of the main problems in IIM research – and in neuromuscular diseases in general
– is the rarity of the disease, meaning that only relatively small cohorts can be studied.
International collaboration and standardized collection of clinical data and biological
material of patients with rare diseases in biobanks is of outmost importance. Data
obtained from biobanks improve knowledge on natural history and clinico-serological
correlations, and they allow easy identification of patients for future therapeutic trials.
As a part of this thesis, a local Radboudumc Myositis Biobank was developed, which
contains clinical data and biological material of patients suspected of IIM. Our local
biobank is linked to the international EuroMyositis Registry and we share our anonymised
data and biological material with other EuroMyositis participants upon request.
Gold standard for anti-cN-1A antibody detection
The application of Ab testing in clinical practice and research depends largely on the
test characteristics of the method of detection of the Ab. Before trial stratification based
on Ab status or the inclusion of Ab status in diagnostic criteria can be used, there should
be international agreement on the use of a validated Ab detection method. Although
chapter 6 offers a comparison of different techniques of anti-cN-1A Ab detection and a
validation study of a full-length protein ELISA has been performed (93), a larger study
among adult IIM patients is needed to compare the different techniques. An ENMC
workshop might be a starting point to reach international agreement on the preferred
(combination of) method(s) of anti-cN-1A Ab detection.
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Table 2. A summary of our findings, with the implications and suggestions for future research.
Study type

Results current research

Anti-cN-1A antibody
detection, IBM
diagnosis

Anti-cN-1A seropositivity can be used in clinical practice as an
argument in favour of the diagnosis IBM, as the sensitivity and
specificity of anti-cN-1A autoantibody testing are sufficient in the
context of IIM

Natural history

Anti-cN-1A seropositivity is related to a more severe phenotype
(retrospective study)
Abnormalities of swallowing, chewing and speaking, and a diffuse
pattern of quantitative muscle ultrasound abnormalities of the
orofacial muscles are present in IBM (cohort size of 18 patients)

Outcome measures

Sarcomeric weakness is present in IBM muscle tissue

Patho-physiology

Anti-cN-1A autoantibodies are present in patients with SLE or SjS: are
they innocent bystanders or are anti-cN-1A autoantibodies directly
pathogenic?
The pattern of expression of cN-1A in muscle tissue is not IBM-specific;
cN-1A is abundantly expressed in regenerating type I muscle fibres
Sarcomeric weakness in IBM is due to myosin loss: but contraction
studies were performed in skinned muscle fibres

Co-morbidity of IBM and SCA can be coincidental or there are shared
disease mechanisms
Therapy

Anti-cN-1A autoantibody testing aids in early and correct identification
of IBM patients
Anti-cN-1A seropositivity seems to be related to a more severe
phenotype
Anti-cN-1A autoreactivity in IBM is an extra argument in favour of
autoimmunity as the primary disease mechanism
Orofacial muscles are involved in IBM, but QMUS results do not always
correspond with clinical findings (e.g. tongue weakness with normal
echogenicity)
Sarcomeric weakness contributes to clinically apparent weakness in
IBM
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Implications and/or suggestions for future research
• Development of diagnostic criteria for IBM with a weighted scoring system including anticN-1A antibody testing
• Comparison of different methods anti-cN-1A antibody detection in a large cohort of IIM
patients
Prospective study on clinico-serological correlations with repeated anti-cN-1A antibody
testing and sufficient duration of follow up
• Performance of real time swallowing MRI to study involvement of pharyngeal muscles that
cannot be studied using quantitative muscle ultrasound
• Larger cohort studies using muscle MRI and quantitative muscle ultrasound to confirm our
findings
Muscle imaging as an outcome measure in IBM should be combined with clinical outcome
measures such as dynamometry
• Larger numbers and longer follow up of passive immunization study in mice or via muscleon-a-chip model
• Muscle-on-a-chip model to explore effect of inflammatory environment and medication:
induction of cN-1A-mediated nucleotide salvage pathway?
Verification of cN-1A expression through RNA- or proteomics studies in IBM myocytes, with
other IIM and SLE/SjS as diseased control groups
• Exploration of upstream mechanisms of force generation (sarcoplasmic reticulum Ca2+
handling, mitochondrial abnormalities)
• Testing of contractile force under various circumstances, such as addition of cytokines to
the medium in a muscle-on-a-chip model
Description of more cases of IBM co-morbidity with degenerative disease, exclude CAGrepeat disease in large IBM cohort
Inclusion of patients in therapeutic trials at early disease stage
Stratification of IBM patients in future therapeutic trials, reducing heterogeneity
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Development of targeted immunotherapy
Training of orofacial muscles in a prospective controlled trial, with clinical swallowing
assessments as an outcome measure
Development of medication aiming to improve muscle fibre contractile strength (for example:
training, drugs)
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Models for IBM
Studies on the pathophysiology of IBM are limited by the scarcity of biological material
and the limited representation of the disease process as a whole in the biological
material (i.e. serum or muscle tissue). There are no animal models for IBM yet. A new
opportunity in IBM research could be the use of “muscle-on-a-chip” techniques, that
allow observation of the interplay of the different mechanisms in IBM – inflammation,
degeneration and mitochondrial dysfunction – in a controlled environment (218). On the
other hand, studying isolated myofibers (for example by single cell RNA-sequencing)
allows avoidance of confounding of results by, for example, the presence of inflammatory
infiltrates in muscle biopsies of IBM patients.

CONCLUSION
Anti-cN-1A Ab testing is a useful addition to the diagnostic toolkit in suspicion of IBM.
The high specificity of anti-cN-1A Ab in the context of IIM allows its use to support
the diagnosis IBM, in combination with other diagnostic modalities. However, due to
the low specificity in the context of autoimmune disorders, anti-cN-1A Ab should be
classified as a myositis-associated Ab rather than a myositis-specific Ab. Phenotypical
differences between Ab-positive and -negative IBM patients seem to exist, including a
higher mortality risk for anti-cN-1A seropositive IBM patients. The higher mortality risk
is not explained by more severe dysphagia in anti-cN-1A seropositive patients in our
small cross-sectional cohort study.
Although many questions regarding the pathophysiology of IBM remain to be answered,
the pathophysiological insights that we presented could lead to novel research tracks
and, eventually, to the development of new therapeutic strategies.
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In dit proefschrift worden de diagnostische en prognostische waarde van anti-cN-1A
autoantistoffen (Ab) en de pathofysiologische mechanismen van IBM onderzocht. De
belangrijkste bevindingen worden samengevat in box 1 aan het einde van dit hoofdstuk.
De bevindingen worden bediscussieerd in hoofdstuk 13.
Deel I is de introductie van het proefschrift, waarin de klinische en histopathologische
kenmerken van IBM worden samengevat en de rol van myositis-specifieke Ab wordt
beschreven, inclusief een korte introductie over de eerste IBM-geassocieerde
autoantistof: anti-cN-1A (hoofdstuk 1).
Het doel van dit proefschrift wordt beschreven: het nagaan van de specificiteit van anticN-1A Ab, het exploreren van pathofysiologische mechanismen die kunnen leiden tot
het ontstaan van anti-cN-1A autoreactiviteit en het bekijken van de correlatie tussen de
aanwezigheid van de autoantistof en klinische kenmerken bij IBM-patiënten.
Deel II beschrijft de rol van Ab bij idiopathische inflammatoire myopathieën (IIM).
In hoofdstuk 2 wordt het belang van Ab detectie in de klinische praktijk beschreven.
Myositis-specifieke Ab zijn gerelateerd aan bepaalde fenotypes, co-morbiditeit,
therapierespons en prognose, bijvoorbeeld door een associatie met kanker. Daarnaast
kunnen Ab helpen bij de diagnose van IIM met een atypische presentatie, zoals langzaam
progressieve spierzwakte of onverklaarde interstitiële longziekte. Bij de interpretatie
van literatuur over Ab bij IIM moet men bedacht zijn op variatie tussen cohorten
(bijvoorbeeld Kaukasische versus Aziatische populaties) en op de voor- en nadelen
van de verschillende methoden van antistofdetectie. Bij een deel van de IIM-patiënten
worden geen Ab gevonden, door technische beperkingen van de laboratoriumtesten,
lage prevalentie van Ab en de mogelijkheid dat er nog onontdekte Ab bestaan. Bij
een patiënt zonder Ab is het raadzaam om serum op te slaan, zodat op later moment
opnieuw gezocht kan worden naar nieuw ontdekte Ab.
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Hoofdstuk 3 is een samenvatting van de beschikbare literatuur over anti-cN-1A Ab. Twee
onderzoeksgroepen, waaronder de onze, hebben in 2013 onafhankelijk van elkaar cN-1A
geïdentificeerd als het eiwit waartegen anti-Mup44 Ab (de nieuwe IBM-specifieke Ab)
gericht waren. De ontdekking van IBM-specifieke Ab maakte duidelijk dat er een rol is
voor het humorale immuunsysteem in de pathofysiologie van IBM. Hoewel de functie van
cN-1A duidelijk is (onder hypoxische of ischemische omstandigheden wordt adenosine
monofosfaat gedefosforyleerd tot adenosine door cN-1A), is het mechanisme dat tot
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anti-cN-1A autoreactiviteit leidt nog onbekend. Een van de lacunes in de kennis over cN1A is bijvoorbeeld het patroon van expressie van dat eiwit in spierweefsel. We bespreken
daarnaast de verschillende detectiemethoden om anti-cN-1A autoreactiviteit vast te
stellen, met verschillende sensitiviteit (variërend van 37% tot 76%) en specificiteit (87%
tot 100%). Een directe vergelijking van de verschillende detectiemethoden is nog niet
verricht. We beschrijven de noodzaak tot nieuwe studies waarmee meer duidelijkheid
kan worden verkregen over de moleculaire eigenschappen van cN-1A en over de
correlatie tussen serotype en klinische kenmerken.
Hoofdstuk 4 beschrijft de correlatie tussen Ab status en klinische karakteristieken bij
patiënten met immuungemedieerde necrotiserende myopathie (IMNM). Er werden 17
patiënten met anti-HMGCR, 15 patiënten met anti-SRP, 2 patiënten met anti-MDA5 Ab
en 22 seronegatieve IMNM-patiënten uit Nederlandse en Belgische neuromusculaire
centra geïncludeerd. Seronegatieve patiënten waren vaker van het vrouwelijk geslacht
(verhouding 3:1) dan seropositieve patiënten, ze hadden vaker een bijkomende
bindweefselziekte (22% versus 9%) en frequenter voorkomende extramusculaire
ziekteactiviteit (50% versus 16%, p = 0.014; dit verschil bleef bestaan na exclusie van
patiënten met een bijkomende bindweefselziekte: 35% versus 7%, p = 0.038). Vergeleken
met seropositieve patiënten, vormen seronegatieve IMNM-patiënten dus een subgroep
met onderscheidende klinische kenmerken.
In deel III worden de specificiteit van anti-cN-1A Ab en de correlatie tussen anti-cN-1A
Ab serotype en klinische en histopathologische kenmerken beschreven.
De aanwezigheid van anti-cN-1A Ab (hoofdstuk 5) werd beoordeeld in een groot
Europees cohort met patiënten met systemische lupus erythematosus (SLE; N = 252)
en het syndroom van Sjögren (SjS; N = 193). Anti-cN-1A, anti-Ro52, anti-nucleosoom
en anti-dsDNA reactiviteit werden bepaald door middel van ELISA. Anti-cN-1A Ab
waren gemiddeld bij 12% van de SjS-patiënten aanwezig, wisselend per cohort (range:
7% - 19%). Bij SLE-patiënten waren anti-cN-1A Ab gemiddeld bij 10% aanwezig (range:
6% - 21%). Anti-cN-1A-positieve SLE- en SjS-patiënten hadden vaker een andere
autoimmuunziekte dan de anti-cN-1A-negatieve patiënten (15% versus 5% (p = 0.05)
bij SjS en 50% versus 30% (p = 0.02) bij SLE). Er was geen verband tussen anti-cN-1A
reactiviteit en de aanwezigheid van andere Ab, de aanwezigheid van spierklachten, de
ziekteduur en de duur van opslag van het serum. Vanwege de beperkte specificiteit in
de context van autoimmuunaandoeningen, moeten anti-cN-1A Ab beschouwd worden
als myositis-geassocieerde Ab en niet als myositis-specifieke Ab.
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In hoofdstuk 6 werden sera van 34 patiënten met juveniele dermatomyositis (JDM;
22 patiënten met actieve ziekte en 12 patiënten in remissie) en 20 gezonde jeugdige
proefpersonen getest op anti-cN-1A reactiviteit. Er werden 3 verschillende technieken
gebruikt: een commercieel verkrijgbare ELISA (volledig eiwit), een synthetische peptide
ELISA en immunoblotting met een lysaat van HEK-293 cellen die cN-1A tot expressie
brengen. Bij JDM-patiënten en gezonde proefpersonen werden anti-cN-1A Ab niet
aangetoond door middel van de cN-1A ELISA (volledig eiwit) en immunoblotting;
de synthetische peptide ELISA liet zwakke anti-cN-1A Ab positiviteit zien bij 3 JDMpatiënten (8.8%), dit werd beschouwd als vals positief. De resultaten werden geverifieerd
met een andere cN-1A ELISA (volledig recombinant eiwit) in een groot onafhankelijk
Brits cohort, bestaande uit 110 JDM-patiënten en 43 gezonde proefpersonen. Ook in
dat cohort werden anti-cN-1A Ab niet aangetoond. Anti-cN-1A Ab zijn dus niet aanwezig
bij JDM-patiënten (onafhankelijk van ziekteactiviteit) en gezonde jonge proefpersonen.
De uitkomsten van een retrospectieve studie naar de correlatie tussen de aanwezigheid
van anti-cN-1A Ab en klinische kenmerken bij 311 Europese IBM-patiënten worden
beschreven in hoofdstuk 7. De synthetische peptide ELISA toonde anti-cN-1A
seropositiviteit bij 33% (N = 102) van de patiënten. Ten opzichte van de seronegatieve
patiënten hadden de seropositieve patiënten een hoger mortaliteitsrisico (HR 1.89,
95% CI 1.11 tot 3.21, p = 0.019), minder vaak proximale zwakte van de armen als eerste
symptoom van de ziekte (8% versus 23%, OR 0.29, 95% CI 0.12 tot 0.68, p = 0.005) en
meer COX-negatieve vezels in het spierbiopt (87% versus 72%, OR 2.80, 95% CI 1.17 tot
6.66, p = 0.020). Anti-cN-1A seropositiviteit is dus waarschijnlijk geassocieerd met een
ernstiger IBM-fenotype.
In deel IV worden pathofysiologische mechanismen van IBM besproken.
Het patroon van cN-1A expressie in spierweefsel van gezonde personen en van patiënten
met IBM, oculofaryngeale spierdystrofie (OPMD) en facioscapulohumerale dystrofie
(FSHD) wordt beschreven in hoofdstuk 8. Bij alle biopten was het patroon van cN-1A
expressie gelijk: bij immunohistochemische kleuringen werd intense cN-1A kleuring
van type 2 vezels en regenererende type 1 vezels gezien en bij immunofluorescentie
kleuringen werd perinucleaire cN-1A stapeling gezien. Er was maar één IBM-patiënt met
rimmed vacuoles, waarbij cN-1A expressie rondom de vacuoles werd gezien.
De functie van resterend spierweefsel van IBM-patiënten werd onderzocht in
hoofdstuk 9. Acht IBM-patiënten en 12 gezonde proefpersonen ondergingen
kwantitatieve spierkrachttesten, kwantitatieve MRI van de quadriceps en gepaarde
spierbiopsie van de quadriceps en de tibialis anterior. De contractiele kenmerken
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en de specifieke kracht van geïsoleerde spiervezels werden beoordeeld. Zowel in
vivo spierkracht als ex vivo specifieke kracht van de geïsoleerde spiervezels waren
verminderd bij patiënten met IBM. De spiervezels hadden ook verminderde actieve
stijfheid, passend bij een verminderd aantal actine-myosine verbindingen tijdens
activatie van spiervezels. De concentratie myosine was verminderd in de spiervezels.
Naast atrofie en vervetting speelt dus ook zwakte van de individuele spiervezels een
rol bij het ontstaan van klinische zwakte bij IBM-patiënten. De uitkomsten van deze
studie suggereren dat medicatie gericht op verbetering van de kracht van resterende
spiervezels een aangrijpingspunt zou kunnen zijn voor de behandeling van IBM.
In hoofdstuk 10 evalueren we de betrokkenheid van gelaatsspieren bij dysfagie bij
IBM-patiënten. Achttien patiënten met IBM (waarvan 67% anti-cN-1A seropositief)
werden vergeleken met 13 patiënten met OPMD. De deelnemers vulden vragenlijsten
in over kwaliteit van leven in relatie tot de slikstoornis, ze deden klinische sliktesten
en ondergingen kwantitatieve spierecho van de gelaatsspieren. De IBM-patiënten
waren ouder dan de OPMD-patiënten en hadden een uitgebreider patroon van
extremiteitszwakte. De kwaliteit van leven in relatie tot de slikstoornissen was verminderd
bij alle deelnemers. Vrijwel alle klinische sliktesten van IBM- en OPMD-patiënten waren
afwijkend vergeleken met waarden van een gezonde controlepopulatie uit de lokale
database, behoudens de bijtkracht en duurkracht van de tong. IBM- en OPMD-patiënten
verschilden onderling niet wat betreft de uitkomsten van de sliktesten. Kwantitatieve
spierecho toonde afwijkende echointensiteit in tenminste 1 orofaciale spier bij 39% van
de IBM-patiënten (28% had een afwijkende m. temporalis, 17% m. geniohyoideus, 11%
m. masseter en 6% m. digastricus) en bij 69% van de OPMD-patiënten (50% had een
afwijkende m. temporalis, 38% de tong). In beide groepen werd atrofie van de m. masseter
gezien (bij 24% van de IBM en 77% van de OPMD-patiënten) en van de m. temporalis
(59% en 58%, respectievelijk). Er werden geen verschillen gezien tussen anti-cN-1A
seropositieve en -negatieve IBM-patiënten, behoudens maximale fonatieduur (20.1 ± 9.3
seconden bij seropositieve versus 9.6 ± 5.3 seconden bij seronegatieve IBM-patiënten,
p = 0.02). Concluderend zijn de gelaatsspieren betrokken bij IBM, wat kan bijdragen aan
de ernstige dysfagie. De OPMD-patiënten waren jonger dan de IBM-patiënten in ons
cohort, maar ze hadden even ernstige dysfagie. Een minder gegeneraliseerd patroon
van echoafwijkingen werd gezien bij OPMD- dan bij IBM-patiënten. Onze resultaten zijn
een bouwsteen om tot betere behandeling van dysfagie te komen, bijvoorbeeld door
middel van trainingsstudies gericht op orofaciale musculatuur.
In hoofdstuk 11 beschrijven we vijf patiënten met spinocerebellaire ataxie (SCA) type
3 en 6 die spierzwakte ten gevolge van IBM ontwikkelen. Het gelijktijdig voorkomen
van deze twee zeldzame ziekten kan louter toeval zijn, of er zou pathofysiologische
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samenhang tussen SCA en IBM kunnen bestaan. Overeenkomende ziektemechanismen
zouden de aanwezigheid van toxische aggregaten en dysfunctie van kwaliteitscontrole
mechanismen in de cel kunnen zijn, of SCA-mutaties zouden kunnen een predispositie
kunnen geven tot het ontwikkelen van IBM. Op basis van deze beschrijving van slechts
vijf casus kunnen geen conclusies worden getrokken over de pathofysiologische
samenhang tussen de twee ziekten. Indien meer patiënten worden geïdentificeerd
met deze combinatie van ziekten, zou verdere evaluatie van de ziektemechanismen
waardevol zijn.
Box 1. Samenvatting van de belangrijkste bevindingen.
Autoantistoffen spelen een belangrijke rol bij de diagnose, prognose en behandeling van
idiopathische inflammatoire myopathieën.
Anti-cN-1A autoantistoffen hebben een hoge specificiteit bij het onderscheiden van IBM
van andere vormen van idiopathische inflammatoire myopathieën, inclusief juveniele
dermatomyositis.
Anti-cN-1A autoantistoffen hebben een beperkte specificiteit in cohorten met andere
autoimmuunziekten: anti-cN-1A autoantistoffen worden gevonden bij 10% van de patiënten met
systemische lupus erythematosus en bij 12% van de patiënten met het syndroom van Sjögren.
Er zijn klinische en histopathologische verschillen tussen IBM-patiënten met en zonder anticN-1A autoantistoffen: anti-cN-1A seropositieve patiënten hebben een “klassieker” klinisch en
histopathologisch fenotype (met minder zwakte van de bovenarmen en meer COX-deficiënte
spiervezels) en een hoger mortaliteitsrisico.
Het patroon van cN-1A expressie in spierweefsel is gelijk bij patiënten met IBM, FSHD en OPMD
en bij gezonde proefpersonen.
Resterend spierweefsel is zwak bij IBM-patiënten, atrofie en vervetting zijn dus niet de enige
factoren die leiden tot klinische zwakte.
IBM-patiënten hebben ernstige dysfagie. Kwantitatieve spierecho is abnormaal in ten minste
een gelaatsspier bij 39% van de IBM-patiënten, atrofie van tenminste een gelaatsspier wordt
gezien bij 72% van de patiënten. Behalve fonatieduur zijn er geen verschillen tussen anti-cN-1A
seropositieve en -negatieve IBM-patiënten.
Het gelijktijdig voorkomen van IBM en spinocerebellaire ataxie type 3 en 6 kan op toeval
berusten of er kan een samenspel zijn tussen verschillende pathofysiologische mechanismen.
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RÉSUMÉ EN FRANÇAIS
Cette thèse étudie la valeur diagnostique et pronostique des autoanticorps (Ac) anticN-1A et explore les mécanismes physiopathologiques chez les patients atteints de la
myosite à inclusions (MI). Les principales conclusions sont résumées dans l’encadré 1
à la fin de ce chapitre. Une discussion des résultats est fournie au chapitre 13.
La partie I est une introduction générale de la thèse, y compris une description des
caractéristiques cliniques et histopathologiques de la MI, une description des Ac liés
aux myosites et une brève introduction sur l’Ac anti-cN-1A (chapitre 1). Les Ac anti-cN-1A
ont été identifiés en 2013 comme étant des Ac spécifiques à la MI, mais des incertitudes
sur la spécificité de ces Ac, les corrélations clinico-sérologiques et les mécanismes
physiopathologiques sous-jacents à l’autoréactivité anti-cN-1A subsistaient. Cette
recherche vise à clarifier ces questions.
La partie II donne un aperçu des tests sérologiques dans les myopathies inflammatoires
idiopathiques (MII) en général, avec une attention particulière portée à la MI et à la
myopathie nécrosante auto-immune.
Dans le chapitre 2, l’utilité clinique de la détection des Ac dans les MII a été résumée et
la différence entre les Ac spécifiques à la myosite et les Ac associés à la myosite a été
décrite. Les Ac spécifiques à la myosite sont liés à des phénotypes, des comorbidités,
des réponses aux traitements et des pronostics distincts. Une attention particulière doit
être accordée aux Ac qui sont liés au cancer. Un Ac peut également aider à détecter
une MII chez les patients atteints d’une faiblesse avec une progression lente (classifiée
comme « dystrophie musculaire des ceintures » sans diagnostic génétique), ou chez
les patients atteints d’une maladie pulmonaire interstitielle inexpliquée. Les corrélations
clinico-sérologiques montrent une certaine variation dans différentes cohortes (par
exemple, les populations caucasiennes et asiatiques). Les différentes techniques
pour détecter les Ac sont discutées avec leurs inconvénients respectifs. Une partie
de patients atteints d’une MII ne semble pas avoir d’Ac, ce qui pourrait être dû aux
limitations techniques des tests appliqués, à la faible prévalence de nombreux Ac et à
la possibilité que certains Ac ne soient pas encore découverts. Nous donnons le conseil
de conserver du sérum d’un patient atteint d’IIM sans Ac, pour simplifier de futurs tests
pour un Ac nouvellement découvert. En conclusion, la détection des Ac peut être d’une
grande valeur diagnostique et pronostique dans le cadre des IIM.
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Le chapitre 3 revisite la littérature sur les Ac anti-cN-1A. En 2013, deux groupes de
recherche ont identifié indépendamment la protéine cN-1A comme la cible de l’Ac
anti-Mup44, l’Ac que l’on pense être spécifique de la MI. La découverte cet Ac a
souligné l’implication de la composante humorale du système immunitaire dans la
physiopathologie de la MI. Bien que la protéine cible de l’Ac et sa fonction soient
bien caractérisées (l’adénosine monophosphate est déphosphorylée en adénosine
par l’action de cN-1A en période d’hypoxie ou d’ischémie), le mécanisme exact de
développement de l’autoréactivité anti-cN-1A est encore inconnu. Une autre lacune
dans les connaissances actuellement disponibles sur la protéine cN-1A, est son
expression dans le tissu musculaire des patients atteints de myosite et des adultes en
bonne santé. De plus, diverses méthodologies sont utilisées pour évaluer le sérotype
anti-cN-1A, conduisant à différentes estimations de sensibilité (variant entre 37% et 76%)
et de spécificité (variant entre 87% et 100%). Une comparaison directe des différentes
méthodes de détection de l’Ac anti-cN-1A fait défaut. De nouvelles études visant à
comprendre les propriétés moléculaires du cN-1A et des études prospectives sur les
corrélations clinico-sérologiques sont nécessaires.
Le chapitre 4 décrit les corrélations clinico-sérologiques dans la myopathie nécrosante
auto-immune (MNAI). Nous avons étudié 34 patients atteints de MNAI séropositifs (17
anti-HMGCR, 15 anti-SRP, 2 anti-MDA5) et 22 patients séronégatifs dans des centres
de référence neuromusculaires aux Pays-Bas et en Belgique. Par rapport à la MNAI
séropositive, la MNAI séronégative est caractérisée par une prédominance féminine (3
: 1) et une survenue plus fréquente de troubles associés du tissu conjonctif (22% vs 9%).
Les patients séronégatifs ont plus souvent une activité de maladie extramusculaire (50%
vs 16%, p = 0.014), cette différence reste pertinente après exclusion des patients avec
une maladie du tissu conjonctif (35% vs 7%, p = 0.038). Les patients atteints de la MNAI
séronégatifs forment ainsi un sous-groupe avec des traits distinctifs.
La partie III décrit la spécificité des Ac anti-cN-1A et explore le phénotype clinique et
histopathologique des patients atteints de la MI séropositifs et séronégatifs.
Pour évaluer la spécificité des Ac anti-cN-1A, l’analyse d’une grande cohorte européenne,
constituée de patients atteints de lupus érythémateux systémique (SLE ; N = 252) et de
syndrome de Sjögren (SjS ; N = 193) est décrite au chapitre 5. Les réactivités anti-cN-1A, antiRo52, anti-nucléosome et anti-ADNdb ont été testées par ELISA. Des Ac anti-cN-1A sont
trouvés en moyenne chez 12% des patients SjS, avec des fréquences variables parmi les
différentes cohortes (intervalle : 7% - 19%). Chez les patients atteints de SLE, la positivité anticN-1A est de 10% en moyenne (intervalle : 6% - 21%). Dans les deux groupes de maladies,
les patients anti-cN-1A-positifs souffrent plus souvent d’autres maladies auto-immunes
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que les patients anti-cN-1A-négatifs (SjS : 15% contre 5% (p = 0.05), SLE : 50% contre 30% (p
= 0.02)). Aucune relation n’existe entre la réactivité anti-cN-1A et la présence d’autres Ac, la
présence de symptômes musculaires, la durée de la maladie au moment du prélèvement
de sérum ni la durée de stockage du sérum. En raison de la spécificité limitée dans le
contexte des maladies auto-immunes, les Ac anti-cN-1A doivent être considérés comme
des Ac associés à la myosite plutôt que des Ac spécifiques à la myosite.
Les sérums de 34 patients atteints de dermatomyosite juvénile (JDM ; 22 patients atteints
de maladie active, 12 patients en rémission) et de 20 sujets sains ont été testés dans
le chapitre 6. La réactivité anti-cN-1A a été évaluée avec 3 techniques différentes : un
ELISA cN-1A pleine longueur qui est disponible dans le commerce, un ELISA cN-1A basé
sur 3 peptides synthétiques et un immunoblot utilisant un lysat de cellules HEK-293
exprimant cN-1A. L’Ac anti-cN-1A n’est pas détecté chez les patients JDM ou chez les
sujets sains par ELISA cN-1A pleine longueur ou par immunoblot. Une faible réactivité
anti-cN-1A chez trois patients atteints de JDM (8,8%) est détectée par ELISA cN-1A basé
sur 3 peptides synthétiques. Cette réactivité est considérée comme fausses positives.
La justification de ces résultats dans une grande cohorte (110 patients JDM et 43 jeunes
sujets sains) avec un autre ELISA cN-1A recombinant pleine longueur à l’Université de
Bath confirme que tous les patients atteints de JDM et les sujets sains sont anti-cN-1A
séronégatifs. En conclusion, l’autoréactivité anti-cN-1A n’est pas présente dans la JDM
(quelle que soit l’activité de la maladie) et chez les jeunes sujets sains.
Le chapitre 7 étudie les résultats d’une étude rétrospective dans une grande cohorte
européenne de 311 patients atteints de la MI. La sérologie anti-cN-1A a été déterminée
par ELISA cN-1A basé sur 3 peptides synthétiques, donnant une séropositivité chez 33%
des patients. Les patients avec les Ac anti-cN-1A (N = 102) ont un risque de mortalité
ajusté plus élevé (HR 1,89, IC à 95% 1,11 à 3,21, p = 0.019), une moindre fréquence de
faiblesse des membres supérieurs proximaux au début de la maladie (8% vs 23%, ajusté
OR 0,29, IC à 95% 0,12 à 0,68, p = 0.005) et une prévalence accrue de l’excès de fibres
déficientes en cytochrome oxydase lors de l’analyse de biopsie musculaire (87% vs
72%, OR ajusté 2,80, IC à 95% 1,17 à 6,66, p = 0.020) par rapport aux patients sans Ac. En
conclusion, la séropositivité anti-cN-1A est potentiellement associée à un sous-type de
la MI avec un phénotype plus sévère.
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La partie IV explore les mécanismes physiopathologiques de la MI.
Dans le chapitre 8, l’expression de cN-1A dans le tissu musculaire a été étudiée
chez des individus sains et chez des patients atteints de la MI, de la dystrophie
musculaire oculopharyngée (OPMD) et de la dystrophie fascioscapulohumérale (FSHD).
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L’expression de cN-1A est similaire dans tous les groupes, montrant une coloration
immunohistochimique au cN-1A de haute intensité dans toutes les myofibres de type
2 et dans les myofibres de type 1 en régénération. Une coloration immunofluorescente
au cN-1A montre une accumulation périnucléaire de cN-1A dans tous les groupes. Des
vacuoles bordées étaient présentes dans la biopsie d’un seul patient atteint de la MI,
montrant une expression de cN-1A autour de ces vacuoles bordées.
Le chapitre 9 décrit la fonction du tissu musculaire résiduel chez les patients atteints
de la MI. Huit patients atteints de la MI et 12 sujets sains ont subi des tests musculaires
quantitatifs, une IRM quantitative des quadriceps et des biopsies musculaires appariées
du quadriceps et du jambier antérieur. Des fibres musculaires uniques ont été isolées
pour mesurer la force spécifique et les propriétés contractiles des fibres musculaires.
La force spécifique du quadriceps in vivo et la force spécifique de la fibre musculaire ex
vivo sont réduites chez les patients atteints de la MI. Le dysfonctionnement des fibres
musculaires est accompagné d’une rigidité active réduite, ce qui reflète une diminution
du nombre de liaisons d’actine et myosine pendant l’activation. La concentration de
myosine est réduite dans les fibres musculaires des patients atteints de la MI. Comme
le tissu musculaire résiduel est faible, de nouvelles stratégies thérapeutiques, en dehors
de l’immunosuppression, la promotion de l’hypertrophie des cellules musculaires ou
des médicaments agissant sur les processus myodégénératifs, pourraient être une
nouvelle avenue : l’augmentation de la force des fibres musculaires individuelles peut
être bénéfique pour les patients atteints de la MI.
Le chapitre 10 décrit les résultats d’une étude exploratoire sur la contribution des
muscles orofaciaux dans la dysphagie chez les patients atteints de la MI. Dix-huit
patients avec la MI ont été comparés à un groupe de 13 patients atteints de l’OPMD.
Tous les participants ont rempli un questionnaire sur la qualité de vie liée à la déglutition
et ont subi un examen physique, des tests cliniques de déglutition et une échographie
musculaire quantitative. La qualité de vie liée à la déglutition est réduite chez tous les
participants. Comme prévu, les patients atteints de la MI sont plus âgés et ont une
faiblesse plus étendue que les patients atteints d’OPMD. Par rapport aux résultats des
sujets sains récupérés d’une base de données locale, les tests cliniques de déglutition
sont anormaux dans la MI et l’OPMD, à l’exception de la force de morsure et l’endurance
de la langue. Aucune différence significative entre la MI et l’OPMD n’est observée.
L’échographie musculaire quantitative montre un niveau de gris anormal d’au moins un
muscle orofacial chez 39% des patients atteints de la MI, contre 69% des patients atteints
de l’OPMD. La distribution de ces anomalies est plus diffuse pour la MI (anomalies du
muscle temporal chez 28%, géniohyoïdienne chez 17%, masséter chez 11% et digastrique
chez 6% des patients) qu’en OPMD (anomalies du muscle temporal chez 50% et de la
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langue chez 38% des patients). Dans les deux groupes de maladies, une atrophie du
masséter (24% des patients atteints de la MI, 77% des patients atteints de l’OPMD) et
du muscle temporal (59% et 58%) est présente. Soixante-sept pour cent des patients
atteints de la MI sont anti-cN-1A séropositif. Des résultats similaires sont observés chez
les patients anti-cN-1A séropositifs et séronégatifs, à l’exception du temps de phonation
maximal (20,1 ± 9,3 secondes chez les patients séropositifs contre 9,6 ± 5,3 secondes
chez les patients séronégatifs, p = 0.02). En conclusion, des difficultés de déglutition
sévères sont présentes chez les patients atteints de la MI et l’OPMD, avec une atteinte
des muscles orofaciaux plus diffuse mais moins fréquente chez les patients atteints de
la MI que chez les patients atteints de l’OPMD. Dans cette petite cohorte, les résultats
sont identiques tant pour les patients atteints de la MI anti-cN-1A séropositif que pour
ceux qui sont séronégatifs.
Le chapitre 11 offre une description de cinq patients atteints d’ataxie spinocérébelleuse
(SCA) de type 3 et 6 qui ont développé une faiblesse musculaire due à la MI. La
coexistence de ces deux maladies rares pourrait être simplement due à une coïncidence,
mais elle pourrait également refléter des voies physiopathologiques partagées. La
présence de mutations SCA pourrait prédisposer au développement de la MI, ou la
présence d’agrégats toxiques et le dysfonctionnement des mécanismes de contrôle de
qualité dans les cellules pourraient indiquer une convergence des physiopathologies.
Cette sélection de cas ne permet pas de tirer des conclusions sur une physiopathologie
partagée, mais si plus de patients avec une coexistence de SCA et de MI sont identifiés,
une exploration plus approfondie des mécanismes pathophysiologiques convergents
serait justifiée.
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Box 1. Résumé des résultats les plus pertinents.
Les autoanticorps sont importants dans le diagnostic, le pronostic et le traitement des
myopathies inflammatoires idiopathiques.
Les auto-anticorps anti-cN-1A ont une spécificité suffisante pour distinguer IBM des autres
formes de myopathies inflammatoires idiopathiques, y compris la dermatomyosite juvénile.
Les autoanticorps anti-cN-1A ont une spécificité limitée dans les cohortes avec d’autres
maladies auto-immunes : ils sont détectés en moyenne chez 10% des patients atteints de lupus
érythémateux disséminé et 12% des patients atteints du syndrome de Sjögren.
Les patients avec la myosite à inclusions avec des anticorps anti-cN-1A diffèrent des patients
sans ces anticorps : les patients séropositifs ont moins de faiblesse du haut du bras, plus de
fibres déficientes en COX et un risque de mortalité plus élevé que les patients séronégatifs.
L’expression de cN-1A dans le tissu musculaire est identique chez les patients atteints de la
myosite à inclusions, de la dystrophie facioscapulohumérale et de la dystrophie oculopharyngée
et chez les individus en bonne santé.
L’atrophie et l’infiltration graisseuse ne sont pas les seules causes de faiblesse des patients
atteints de la myosite à inclusions, en outre, le tissu musculaire résiduel est faible.
Les anomalies de déglutition chez les patients atteints de la myosite à inclusions sont
aussi graves que chez les patients atteints de la dystrophie oculopharyngée. L’échographie
musculaire quantitative montre des anomalies (dans au moins un muscle orofacial) du niveau
de gris chez 39% et sous forme d’une atrophie chez 72% des patients atteints de la myosite à
inclusions. Aucune différence entre les patients avec ou sans les anticorps anti-cN-1A n’a été
observée.
La présence de la myosite à inclusions chez des patients atteints d’une ataxie spinocérébelleuse
(SCA-3 et SCA-6) pourrait signifier une interaction entre les mécanismes pathophysiologiques
dans ces deux maladies.
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Abbreviations

Abbreviations

ABBREVIATIONS
Ab

autoantibody / autoantibodies

ADP

adenosine diphosphate

ALBIA

addressable laser bead immunoassay

AMP

adenosine monophosphate

ATP

adenosine triphosphate

ATPase

adenosine-triphosphatase

CCSA

contractile cross-sectional area

CI

confidence interval

CK

creatine kinase

cN-1A

anti-cytosolic 5’nucleotidase 1A, = Mup44, = NT5C1A

COX

cytochrome oxidase

CTD

connective tissue disease

DAB

diaminobenzidine-H2O2 chromogen

DAPI

4’,6-diamidino-2-phenylindole

DM

dermatomyositis

ELISA

enzyme-linked immunosorbent assays

EMA

extramuscular disease activity

FCSA

amount of fatty infiltration

FDP

flexor digitorum profundus

FDS

flexor digitorum superficialis

FEES

flexible endoscopic evaluations of swallowing

FSHD

fascioscapulohumeral dystrophy

HLA

human leukocyte antigen

HMGCR

hydroxy-3-methylglutaryl-coenzyme A reductase

H-phlox

hematoxylin-phloxine

HR

hazard ratio

IB

immunoblotting

IBM

inclusion body myositis

IBM-FRS

IBM Functional Rating Scale

IIM

idiopathic inflammatory myopathies

ILD

interstitial lung disease

IMNM

immune-mediated necrotizing myopathy

IP

immunoprecipitation

IQR

interquartile range

IVIg

intravenous immunoglobulins

JDM

juvenile dermatomyositis

Ktr

rate constant of force redevelopment
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MAA

myositis-associated antibody

MHC

major histocompatibility complex

MRC

Medical Research Council

MSA

myositis-specific autoantibody

MVC

maximum voluntary contraction

MUAP

motor unit action potential

NMD

neuromuscular disease

OA

osteoarthritis

OD450

optical densities at 450 nm

OPMD

oculopharyngeal muscular dystrophy

OR

odds ratio

PM

polymyositis

QMUS

quantitative muscle ultrasound

RA

rheumatoid arthritis

ROI

region of interest

RT

room temperature

RT-MRI

real-time MRI

RV

rimmed vacuole

SCA

spinocerebellar ataxia

SjS

Sjögren’s syndrome, = pSS

SLE

systemic lupus erythematosus

SRP

signal recognition particle

SSc

systemic sclerosis

SWAL-QoL

Swallowing-Related Quality of Life

TBS

tris-buffered saline

TCSA

total muscle cross-sectional area

TIRM

Turbo Inversion Recovery Magnitude

ULN

upper limit of normal

VCP

valosin containing protein
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PhD portfolio

PhD portfolio

PHD PORTFOLIO
Year

ECTS

2015, 2019

2

2019

0,5

2015, 2018

2

2013

3,5

2015 - 2018

3

Muscles2Meet: young talent symposium for neuromuscular PhD
students

2015

0,5

Les journées neuromusculaires, Marseille: oral presentation

2015

1

PhD training
BROK – Basic course rules and organization clinical researchers
Personal leadership
Teaching
Co-supervision master thesis 2x
Conferences, courses and workshops
Summerschool for clinical Myology – Institut de Myologie, Paris
Muscle disease conference for patients: posters and oral
presentations

The global conference on myositis: poster presentations

2015, 2017, 2019

3

NVN Wetenschapsdagen – poster presentation

2015

1

AAN Vancouver – selected for oral presentation anti-cN-1A and
clinical correlations

2018

0,5

AFM Telethon research grant (€100.000) – dysphagia in IBM and
OPMD

2016

2

CHU Nice research grant (€15.000) – RNA sequencing in IBM

2016

2

Award: best poster NVN Wetenschapsdagen

2015

-

Radboud University travel grant

2015

-

Young Talent travel grant Prins Bernhard Fonds

2015

Awards and grants

Total ECTS

21
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Curriculum Vitae

CURRICULUM VITAE
The 7th of May 1986, Anke Rietveld was born at ‘s Gravenzande. She finished Gymnasium
at the Pius X College in Bladel in 2004 (cum laude). At the Faculty of Medicine, she
developed an interest in autoimmune disorders during the Internal Medicine summer
school, which was followed by research projects in the field of lupus nephritis, supervised
by prof. Berden at the department of Nephrology at Radboudumc, Nijmegen. She
performed a research internship in 2010 at the University Hospital of Geneva, Switzerland,
studying the effect of different immunosuppressants on the functioning of natural killer
cells, supervised by prof. Seebach.
After obtaining her medical degree (cum laude), Anke worked at the Department of
Neurology at St. Antonius hospital, Nieuwegein. In 2011 she started her neurology
residency at Radboudumc, Nijmegen. In 2014, prof. van Engelen and prof. Pruijn
proposed a research project in which neurology could be combined with the interest
in autoimmunity, resulting in this thesis. The research included a 6-month period at the
University Hospital of Nice, France, focusing on RNA-sequencing in IBM, supervised by
prof. Sacconi and dr. Cristofari.
In the past few years, Anke had the opportunity to present the results of her research at
different international conferences, such as Les Journées Neuromusculaires (Marseille,
2015) and The World Myositis Conference (Stockholm 2015, Maryland 2017, Berlin 2019).
Anke combined clinical tasks and research in the past 6 years. During a 2-year fellowship
in Pediatric Neurology she enlarged her knowledge on neuromuscular disease
in childhood; the fellowship was supervised by prof. Willemsen and dr. Erasmus at
Radboudumc, Nijmegen.
In September 2020 she moved to France and started working as a neurologist with
special interest in pediatric neurology at Toulon (St Musse) and Draguignan (CAMSP,
CH de la Dracénie).
She is married with Tony and in 2015 their daughter Louise was born.
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In de afgelopen jaren heb ik hulp gehad van erg veel mensen, te veel om hier allemaal
bij naam te noemen.
Op de eerste plaats wil ik graag alle patiënten (en hun partners) bedanken die hebben
meegedaan aan de onderzoeksprojecten. Ondanks de moeilijkheden die jullie in het
dagelijks leven tegenkomen door IBM toch nog energie vinden om deel te nemen aan
wetenschappelijk onderzoek, daarvoor heb ik erg veel bewondering.
Mijn promotoren en co-promotor: veel dank voor jullie begeleiding in de afgelopen
jaren, met de juiste mix van vrijheid en sturing. Baziel, ik heb veel bewondering voor de
manier waarop je je inhoudelijke inzichten verbindt met je mensenkennis. Ger, je rustige,
precieze en gestructureerde manier van werken heeft me veel houvast geboden.
Christiaan, ik heb veel geleerd van je enthousiasme en positieve instelling, je wist steeds
elke kleine (onderzoeks)tegenslag weer om te keren naar iets moois.
Hartelijk dank aan de leden van de manuscriptcommissie voor de kritische beoordeling
van mijn proefschrift.
Mijn opleiders, prof. Padberg, prof. Klijn, dr. Kappelle en dr. Post: dank voor jullie
vertrouwen en grote flexibiliteit. Corrie en Michèl: jullie hebben me een geweldige kans
geboden om de kinderneurologie te combineren met onderzoek. Het feit dat IBM ver
van de kinderneurologie af ligt hinderde jullie gelukkig niet om ook erg waardevolle
adviezen te geven op onderzoeksgebied.
Prof. Berden and prof. Seebach: your enthusiasm and knowledge about immunology
were the key to the initiation of this research project. Thank you for the chances you
gave me to participate in your research.
Dank aan het Prinses Beatrix Spierfonds en de Association Française contre les
Myopathies voor de financiële ondersteuning voor dit onderzoek.
Zonder de hulp van (inter)nationale collega’s waren de onderzoeken in dit proefschrift
niet mogelijk geweest.
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Megan, je stond aan de wieg van al het onderzoek in dit boekje en ook na je vertrek uit
het Radboud bleef je steeds betrokken, dank voor al je goede advies en voor de fijne
lunches en wandelingen.
Prof. Schmidt and Isabel, thank you for all your efforts in the dysphagia study, we can be
proud that we have brought this logistically difficult project to a successful end.
Rosemarie, dank voor je inzicht en hulp (zelfs auf Deutsch!) bij het dysfagie project.
Thomas en Maikel, veel dank voor al jullie “monnikenwerk” bij de cN-1A kleuringen en
dossieronderzoek.
Prof. Benveniste, prof. Sacconi et dr. Cristofari, merci pour votre collaboration dans les
différents projets de recherche. J’espère que ces projets n’étaient que le début de notre
collaboration.
UK Myonet colleagues: thank you for the fruitful collaboration.
Collega’s van Myositis Netwerk Nederland en PhD-maatjes Judith en Johan: veel dank
voor de samenwerking en voor de mooie tijd die we onder andere in Berlijn, Washington
en Stockholm mochten meemaken!
(Ex) aios neurologie, wat een fijne tijd heb ik in het Radboud gehad. Speciale dank
aan Saskia: op dag 1 van mijn onderzoekstijd bedacht je op een terrasje in de zon
alvast hoe mijn proefschrift eruit moest komen te zien. Veel dank voor alle inspiratie
en het meelezen! Joyce, dank dat je zo’n fijne aios-mentor voor me was. Kees, lange
onderzoeksdagen achter de computer werden toch nog een succes dankzij al je
grappen. Lieve Anna, grazie mille voor de gezelligheid op en buiten het werk. Mayte,
tijdens al die uren dobberen bij de Grote Koppel verdwenen onderzoeksfrustraties weer
als sneeuw voor de zon. Zonder jouw FCR was hoofdstuk 11 er niet geweest!
Les collègues à Toulon et Draguignan : merci pour votre soutien et votre flexibilité dans
la dernière phase de ce projet de recherche. Dr. Ali Ahmed, dr. Petitnicolas et dr. Delmas:
merci pour le bon acceuil dans vos services.
Lieve Selma en Josanne, wat ben ik blij dat jullie naast me willen staan als mijn
paranimfen! Cher Christian et Hélène, merci pour votre amitié. Max, I was lucky to have
you solving all Bayesian and other existential problems during our walks. Lieve Karin,
fijn dat ik altijd bij je terecht kan. Willemijn, ik ben blij dat we ook na onze Antonius-tijd
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nog samen hebben kunnen werken aan mooie projecten en alle andere belangrijke
zaken in het leven kunnen becommentariëren. Melanie en Miel, wanneer hebben we
weer eens een gezellige donderdagmiddag?
Papa en mama, zonder jullie steun op alle fronten was dit niet gelukt. Dank voor alles.
Leo, Claudia, Marja, Riadi en lieve neefjes en nichtjes: een kaartje, telefoontje of even
een kopje koffie, dat is zo veel waard.
Lieve Louise, wat maak je het leven mooi. Op naar dubbel zoveel pret!
Lieve Tony, dank voor al je geduld en positiviteit. Ensemble, c’est tout.
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Research data management

FAIR PRINCIPLES:
FINDABLE, ACCESSIBLE, INTEROPERABLE
AND REUSABLE DATA
Findability:
The clinical data described in the thesis are stored and can be found at the department
of Neurology of the Radboud University Medical Centre in Nijmegen, The Netherlands.
Muscle biopsies are stored at the department of Pathology, Radboud University Medical
Centre in Nijmegen, The Netherlands. Sera are stored at the department of Biomolecular
Chemistry, Institute for Molecules and Materials and Radboud Institute for Molecular
Life Sciences, Radboud University, Nijmegen, The Netherlands.
Accessibility:
The data and study protocols can be requested via the department of Neurology of the
Radboud University Medical Centre in Nijmegen, The Netherlands.
Interoperability:
The data are documented in Dutch, English or French, according to the FAIR principles.
Reusability:
The data shown in this thesis are adequately documented. Clinical data and biological
specimens are stored in a Biobank to be used again in further research and analysis.
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Donders Graduate School for Cognitive Neuroscience

DONDERS GRADUATE SCHOOL
FOR COGNITIVE NEUROSCIENCE
For a successful research Institute, it is vital to train the next generation of young
scientists. To achieve this goal, the Donders Institute for Brain, Cognition and Behaviour
established the Donders Graduate School for Cognitive Neuroscience (DGCN), which
was officially recognised as a national graduate school in 2009. The Graduate School
covers training at both Master’s and PhD level and provides an excellent educational
context fully aligned with the research program of the Donders Institute.
The school successfully attracts highly talented national and international students
in biology, physics, psycholinguistics, psychology, behavioral science, medicine
and related disciplines. Selective admission and assessment centers guarantee the
enrolment of the best and most motivated students.
The DGCN tracks the career of PhD graduates carefully. More than 50% of PhD alumni
show a continuation in academia with postdoc positions at top institutes worldwide,
e.g. Stanford University, University of Oxford, University of Cambridge, UCL London,
MPI Leipzig, Hanyang University in South Korea, NTNU Norway, University of Illinois,
North Western University, Norteastern University in Boston, ETH Zürich, University of
Vienna etc. Positions outside academia spread among the following sectors: specialists
in a medical environment, mainly in genetics, geriatrics, psychiatry and neurology.
Specialists in a psychological environment, e.g. as specialist in neuropsychology,
psychological diagnostics or therapy. Positions in higher education as coordinators or
lecturers. A smaller percentage enters business as research consultants, analysts or
head of research and development. Fewer graduates stay in a research environment
as lab coordinators, technical support or policy advisors. Upcoming possibilities are
positions in the IT sector and management positions in pharmaceutical industry. In
general, the PhD graduates almost invariably continue with high-quality positions that
play an important role in our knowledge economy.
For more information on the DGCN as well as past and upcoming defenses please visit:
http://www.ru.nl/donders/graduate-school/phd/
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Dissertations of the neuromuscular disorders of movement research group Nijmegen

NEUROMUSCULAR DISORDERS
OF MOVEMENT DISSERTATIONS
2020
·

Jeroen van Eijk. Antecedent infections in neuralgic amyotrophy, a prominent role
for hepatitis E virus.

·

Saskia Lassche. Contractile function in facioscapulohumeral muscular dystrophy.

·

Nurulamin Bin Abu Bakar. Glycomics by Mass Spectrometry for the Diagnosis of
Congenital Disorders of Glycosylation (CDG).

·

Linda Heskamp. Quantitative MRI to unravel the physiology of dystrophic and
healthy muscle.

·

Rianne Goselink. Growing up with FSHD. Characteristics of early-onset FSHD and
childhood FSHD.

2019
·

Kavish Bhansing. Clinical aspects of muscle ultrasound in polymyositis and
dermatomyositis.

·

Laura Peeters. The trunk in neuromuscular disorders: A neglected part of the chain.

·

Judith van Vliet. Myotonic Dystrophy type 2. The challenging diagnosis of a complex
disease.

·

Karlien Mul. The many faces of FSHD, opportunities and challenges on the road to
therapies.

2018
·

Marielle Wohlgemuth. A family-based study of Facioscapulohumeral Muscular
Dystrophy. Lessons learnt from mild and severe phenotypes.

·

Simone Knuijt. Prevalence of dysarthria and dysphagia in neuromuscular diseases
and an assessment tool for dysarthria in adults.

2017
·

Barbara van der Sluijs. Oculopharyngeal muscular dystrophy (OPMD) in the
Netherlands. Beyond dysphagia and ptosis.

·

Mariska Janssen. Upper extremity function in Duchenne Muscular Dystrophy.
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2016
·

Femke Seesing. Shared medical appointments for neuromuscular patients and their
partners.

·

Nicole Voet. Aerobic exercise and cognitive behavorial therapy in facioscapulohumeral
muscular dystrophy: a model based approach.

·

Arjen Bergsma. The upper limb in neuromuscular disorders - from basic function
to daily life performance.

2015
·

Noortje Rijken. Balance and gait in facioscapulohumeral muscular dystrophy,
relations with individual muscle involvement.

·

Barbara Janssen. Magnetic Resonance Imaging signature of facioscapulohumeral
muscular dystrophy.

2014
·

Willemijn Leen. Glucose transporter-1 deficiency syndrome.

2013
·

Marie-Antoinette Minis. Sustainability of work for persons with neuromuscular
diseases.

2012
·

Allan Pieterse. Referral and indication for occupational therapy, physical therapy
and speechlanguage therapy for persons with neuromuscular disorders.

·

Bart Smits. Chronic Progressive External Ophtalmoplegia, more than meets the eye.

·

Ilse Arts. Muscle ultrasonography in ALS.

2011
·

Nicol Voermans. Neuromuscular features of Ehlers-Danlos syndrome and Marfan
syndrome; expanding the phenotype of inherited connective tissue disorders and
investigating the role of the extracellular matrix in muscle.

·

Alide Tieleman. Myotonic Dystrophy type 2. A newly diagnosed disease in the
Netherlands.

·

Edith Cup. Occupational therapy, physical therapy and speech therapy for persons
with neuromuscular diseases, an evidence-based orientation.
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2010
·

Bernd Lapatki. The Facial Musculature - Characterization at a Motor Unit Level.

·

Johannes van Dijk. On the Number of Motor Units.

·

Corinne Horlings. A weak balance; balance and falls in patients with neuromuscular
disorders.

·

Jeroen Trip. Redefining the non-dystrophic myotonic syndromes.
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