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Abstract: In recent years, an autoantibody directed against the 5′-citosolic nucleotidase1A (cN1A)
was identified in the sera of sporadic inclusion body myositis (s-IBM) patients with widely variable
sensitivity (33%–76%) and specificity (87%–100%). We assessed the sensitivity/specificity of anti-
cN1A antibodies in an Italian cohort of s-IBM patients, searching for a potential correlation with
clinical data. We collected clinical data and sera from 62 consecutive s-IBM patients and 62 other
inflammatory myopathies patients. Testing for anti-cN1A antibodies was performed using a com-
mercial ELISA. Anti-cN1A antibodies were detected in 23 s-IBM patients, resulting in a sensitivity
of 37.1% with a specificity of 96.8%. Positive and negative predictive values were 92.0% and 60.6%,
respectively. We did not find significant difference regarding demographic variables, nor quadriceps
or finger flexor weakness. Nevertheless, we found that anti-cN1A-positive patients presented signifi-
cantly lower scores in IBMFRS item 1 (swallowing, p = 0.045) and more frequently reported more
severe swallowing problems, expressed as an IBMFRS item 1 score ≤ 2 (p < 0.001). We confirmed
the low sensitivity and high specificity of anti-cN1A Ab in s-IBM patients with a high positive
predictive value. The presence of anti-CN1A antibodies identified patients with a greater risk of
more severe dysphagia.

Keywords: inclusion body myositis; anti-cN1A antibodies; inflammatory myopathies; autoantibodies

1. Introduction

Sporadic inclusion body myositis (s-IBM) is an idiopathic inflammatory myopathy
(IIM) with peculiar histological and clinical features that include quadriceps and deep
finger flexor weakness and often pharyngeal muscle impairment causing dysphagia [1].
Inflammatory infiltrates, mainly comprising CD8+ lymphocytes surrounding non-necrotic
muscle fibers, along with degenerative features including autophagic abnormalities, such as
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eosinophilic inclusions and “rimmed” vacuoles, characterize muscle pathology [2]. s-IBM
represents the most frequent cause of acquired myopathy after 50 years of age, and clinical
onset rarely occurs before the fourth decade of life. Due to the slow progression course and
the requirement of specific histopathological and clinical features for a definite diagnosis
that can be absent in earlier stages of the disease, s-IBM is frequently misdiagnosed with a
mean diagnostic delay of 5 years [3]. The 2011 European Neuromuscular Centre (ENMC)
diagnostic criteria simplified the pathological criteria and underlined the importance of
specific clinical features allowing an earlier diagnosis [4]. The 2011 ENMC diagnostic
criteria are more sensitive but less specific when compared with the more stringent Griggs
criteria [1]. Muscle magnetic resonance imaging (MRI) studies identified a characteristic
pattern of muscle involvement in s-IBM patients. “Imaging criteria” have been proposed
that include bilateral distal fatty replacements and STIR hyperintensities of the quadriceps
with relative sparing of the posterior compartment of the thigh [5]. In 2011, an autoantibody
directed against a 43 kD protein was identified in the sera of s-IBM patients [6]. Two years
later, the target antigen was identified in the 5′-citosolic nucleotidase 1A (cN1A) [7,8]. The
sensitivity of anti-cN1A antibodies in s-IBM significantly varies in different studies, ranging
from 33% to 76%, mainly due to different detection methods and cut-off thresholds [9–17].
Although test specificity ranges from 87% to 100%, anti-cN1A antibodies were also found in
the sera of patients with other IIMs and other autoimmune diseases (mainly systemic lupus
erythematosus and Sjögren syndrome) [12,18]. The aim of the present study was to evaluate
anti-cN1A antibody sensitivity and specificity in a large Italian cohort of s-IBM patients
and to correlate the presence of antibodies with clinical features and disease severity.

2. Materials and Methods
2.1. Patients and Sample Collection

Clinical data and sera from 62 consecutive s-IBM patients attending eight Italian
neuromuscular centers were prospectively collected to evaluate the presence of anti-CN1A
antibody. Exclusion criteria were treatment with either intravenous human immunoglobu-
lin (IVIG) or immunosuppressants in the last 6 months. Oral prednisone was permitted at a
dosage exceeding 5 mg per day. All subjects underwent muscle biopsy and were diagnosed
with clinicopathologically or clinically defined s-IBM, or probable s-IBM, based on the
2011 ENMC research diagnostic criteria [4]. We also tested serum samples of 62 patients
with inflammatory myopathies other than s-IBM (all from the Fondazione Policlinico A.
Gemelli IRCCS) as a control group to evaluate anti-cN1A antibody specificity. All data
were gathered after approval from the local ethical committee and after obtaining informed
consent from each participant.

2.2. Clinical Features

At the time of sample collection, the following features were recorded: age at onset,
at diagnosis and at sample collection; gender; disease duration; creatine phosphokinase
(CK) level (UI/L); symptoms at onset; Medical Research Council (MRC) strength grading
for quadriceps muscles; presence of dysphagia and concurrent medical illnesses. Patients
were also clinically evaluated with the s-IBM functional rating scale (IBMFRS) [19], which
specifically evaluates the typical features of s-IBM patients, such as dysphagia, quadriceps
and finger flexor digitorum weakness. The IBMFRS is a 10-point functional rating scale with
each item graded from 0 (identifying the worst condition) to 4 (normal) with a maximum
score of 40. The IBMFRS item 1 evaluates swallowing, and a score of 2 reflects significant
dysphagia with the need of dietary consistency changes. Items 2 to 5 assess upper limb
functioning. Item 5, together with items 6 and 7, evaluates domestic daily living activities,
while items 8 to 10 score lower limb functioning.

2.3. Serological Testing for Anti-CN1A Antibodies

Testing for anti-cN1A autoantibodies was performed using a commercially available
enzyme-linked immunosorbent (ELISA) method (Euroimmun, Lubeck, Germany) [20].
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Briefly, wells coated with Euroimmun full-length cN1A antigens were incubated with di-
luted patient sera, and the bound antibodies were detected colorimetrically with horseradish
peroxidase-conjugated with goat anti-human immunoglobulin G (IgG, Fab-specific). Posi-
tive serum samples were related to the level of measurement signal proportionate to the
concentration of cN1A antibodies and can be determined using a single calibrator with
known cN1A concentrations. Each test included a positive and a negative control provided
by the manufacturer.

2.4. Statistical Analysis

All values are reported as the mean (±standard deviation) unless indicated otherwise.
We compared clinical data of anti-cN1A-positive and -negative s-IBM patients. We used
the t-test and the Kruskal–Wallis test for continuous variables and the chi-squared test for
categorical variables. All two-tailed p-values <0.05 were considered as significant.

3. Results

In the s-IBM cohort, the mean age at onset was 67.3 years with a disease duration
of 8.3 years and a male predominance (62.9%). The mean diagnostic delay (time from
onset to diagnosis) was 5.0 years. Almost all patients were ambulant, and about half
reported dysphagia. The most frequent presenting symptom was proximal lower limb
weakness (74.2%). Most of the patients (41%–66.1%) had clinicopathologically defined IBM
following the 2011 ENMC diagnostic criteria, while only seven patients had a diagnosis of
probable IBM. The main clinical features of the s-IBM and IIM cohorts are summarized in
Tables 1 and 2, respectively.

Table 1. Baseline characteristics of the s-IBM cohort.

s-IBM
n = 62

Female sex, n (%) 23 (37.1)

Age, years 67.3 (9.6)

Disease duration, years 8.3 (7.5)

Age at onset, years 59.0 (10.0)

Diagnostic delay, years 5.0 (4.0)

CK levels (UI/L) 675.5 (481.0)

Quadriceps MRC (0–5) 3.2 (1.3)

Dysphagia, n (%) 31 (50.0)

Ambulant patients, n (%) 58 (93.6)

2011 ENMC criteria
Clinicopathologically defined IBM 41 (66.1)

Clinically defined IBM 14 (22.6)
Probable IBM 7 (11.3)

Symptoms at onset, n (%)
Proximal lower limb weakness 46 (74.2)

Distal upper limb weakness 11 (17.7)
Dysphagia 5 (8.1)

IBMFRS score 27.4 (7.7)

All values are reported as mean (standard deviation) unless indicated otherwise. CK: creatine kinase; MRC:
Medical Research Council; ENMC: European Neuromuscular Centre; s-IBM: sporadic inclusion body myositis;
IBMFRS: s-IBM functional rating scale.
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Table 2. Baseline characteristics of the IIM cohort.

IIMs Other than s-IBM
n = 62

Female sex, n (%) 38 (61.3)

Age, years 63.6 (14.0)

Inflammatory myopathy classification, n (%)
Immune-mediated necrotizing myopathy 28 (45.2)

Dermatomyositis 20 (32.2)
Polymyositis 10 (16.1)

Overlap Myositis 4 (6.5)

All values are reported as mean (standard deviation) unless indicated otherwise. IIM: idiopathic inflammatory
myopathy; s-IBM: sporadic inclusion body myositis.

An anti-cN1A test was positive in 23 out of 62 s-IBM patients, resulting in a sensitivity
of 37.1%. Only two patients of the 62 IIMs, other than the s-IBM patients tested, were
positive, with a specificity of 96.8%. Positive and negative predictive values were 92.0%
and 60.6%, respectively.

We next compared patients’ characteristics between anti-cN1A antibody-positive and
-negative patients (Table 3). We did not find differences in terms of age at onset or dis-
ease duration. Regarding the 2011 ENMC diagnostic criteria, we did not find significant
differences in anti-cN1A antibody prevalence within the three diagnostic groups (clinico-
pathologically defined IBM 39.5%, clinically defined IBM 35.7% and probable IBM 28.6%,
p = 0.863).

Table 3. Comparison between anti-cN1A-positive and -negative s-IBM patients.

Anti-cN1A Positive
n = 23

Anti-cN1A Negative
n = 39 p Value

Female sex, % 39.1 38.5 0.958

Age at onset, years 59.7 (9.8) 58.6 (10.2) 0.664

Diagnostic delay, years 5.3 (4.6) 4.8 (3.7) 0.640

Age, years 68.9 (8.0) 66.3 (10.4) 0.318

Disease duration, years 9.1 (6.4) 7.8 (5.8) 0.391

CK levels (UI/L) 782.0 (674.4) 606.6 (289.4) 0.185

Dysphagia, % 60.9 43.6 0.189

Ambulant patients, % 91.3 94.9 0.581

MRC quadriceps (range 0–5) 2.9 (1.4) 3.3 (1.2) 0.196

IBMFRS score (range 0–40) 25.9 (8.4) 28.4 (7.1) 0.253

IBMFRS item 1 (Dysphagia) 2.8 (1.1) 3.3 (0.9) 0.045

IBMFRS item 1 ≤ 2, % (whole cohort) 52.4 9.7 <0.001

IBMFRS item 2–5 (Upper limb) 11.2 (3.5) 12.4 (3.5) 0.199

IBMFRS item 8–10 (Lower limb) 5.9 (2.8) 6.6 (2.5) 0.381

All values are reported as mean (standard deviation) unless indicated otherwise. Significant differences at a two-sided α level <0.05 are
displayed in bold. CK: creatine kinase; MRC: Medical Research Council; IBMFRS: sporadic inclusion body myositis functional rating scale.

The IBMFRS composite score was lower in positive patients without reaching statistical
significance. By analyzing each IBMFRS item, we only found a significant difference
regarding item 1 (p = 0.04). This item explores the presence of swallowing problems, and
its mean score was significantly lower in positive patients. Moreover, anti-cN1A antibody-
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positive patients were significantly more likely to have more severe swallowing problems,
expressed as an IBMFRS item 1 score ≤ 2 (52.4% vs. 9.7% in the whole cohort, p < 0.001).

4. Discussion

In different published studies, anti-cN1A antibody sensitivity greatly varies, ranging
from 30% to 70% [16]. This variability largely depends on the different detection methods
and cut-off values for positivity. Anti-cN1A antibodies have a high specificity to distinguish
s-IBM from other IIMs, although it can be detected in up to 20% of patients suffering from
rheumatological diseases [12].

In the present study, we found a sensitivity of 37.1% using a commercially available
ELISA test. Only a few studies used the same detection method with a sensitivity ranging
between 35% and 50% [13,15,20,21]. Moreover, in the paper of Felice et al., the sensitivity
dropped from 50% to 30% when considering only strongly positive patients [15]. We
also confirmed the high specificity of anti-cN1A antibodies to distinguish s-IBM from
other IIMs.

We decided to exclude patients with concurrent treatment with IVIG, immunosuppres-
sant or high dose steroids to prevent a potential confounder for both clinical and serological
evaluations. Despite there being no drugs with proven and lasting efficacy in s-IBM, there
are some reports of transient clinical improvement following IVIG, immunosuppressants
and steroid treatments [22–24]. Furthermore, drugs that modify the immune response
could alter the eventual demonstration of anti-cN1A antibodies in the serum, potentially
resulting in a lower sensitivity.

Diagnostic delay is still a substantial issue for s-IBM due to the slowly progressive
course and the low sensitivity of classical pathological features in early stages, leading
to lengthy and potentially damaging immunosuppressive treatments. In our study, the
mean time from first symptoms to a definite s-IBM diagnosis was 5 years, consistent
with published data [3,25]. The availability of a highly specific serum biomarker might
contribute to reducing diagnostic delay.

Previous studies explored possible differences between anti-cN1A-positive and -negative
s-IBM cohorts relative to clinical and pathological findings with inconsistent results. A
small monocentric study demonstrated that anti-cN1A-positive patients presented a more
severe phenotype with significant bulbar involvement [11]. In a large multicenter cohort, a
higher risk of mortality, mainly due to pneumological complications, was associated with
the presence of anti-cN1A antibodies [14]. Moreover, a recent study found that the age at
onset was higher in anti-cN1A-positive patients [15].

In our study, we did not find differences regarding age at onset or disease duration.
The IBMFRS scores were lower in Ab-positive patients without reaching statistical signifi-
cance, but we found a significant difference regarding swallowing problems with lower
IBMFRS scores and more severe dysphagia in Ab-positive-patients, also supporting a
possible association between the presence of the antibody and severe bulbar dysfunction,
as reported by Goyal et al. [11].

Swallowing difficulties are very common in s-IBM patients, with the reported inci-
dence ranging from 40% to 80% [26,27]. This highly variable incidence could be related to
the patient selection method and to the type of dysphagia assessment, since patients tend
to underestimate this problem in the early phase of the disease [28]. Despite being more
commonly reported as a late complication of the disease, dysphagia could represent the
presenting symptom in some cases [29]. Compared to other IIMs, s-IBM patients had more
frequent and severe dysphagia [30].

Different approaches, including a videofluoroscopic swallow study and a flexible
endoscopic evaluation, have been studied to evaluate swallowing difficulties in this disease,
but there is a lack of standardization of outcome measures to evaluate and monitor the
evolution of dysphagia [31]. Several non-invasive and invasive treatment strategies were
evaluated to manage swallowing difficulties. Non-invasive treatments include IVIG or
subcutaneous immunoglobulin, while possible invasive approaches are the balloon dilation
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of the pharyngoesophageal segment, botulinum toxin injection to the cricopharyngeus
muscle, cricopharyngeal myotomy and the use of a percutaneous endoscopic gastrostomy
feeding tube [32].

The most severe complications of dysphagia are represented by aspiration leading to
pneumonia and malnutrition with an increased risk of death in patients with more severe
dysphagia [33,34].

Several questions are still unresolved regarding the relationship between anti-cN1A
antibodies and s-IBM. First, there is a need for the standardization of detection methods
and cut-off levels. Most studies have used a commercial or in-house ELISA as a detection
method, and in recent years, a cell-based assay was also developed [13]. More recently, Am-
lani et al. developed an addressable laser bead immunoassay (ALBIA) using a full-length
human recombinant protein demonstrating a strong concordance with a commercially
available ELISA kit [17].

Study Limits

The first partial limitation of the study is the relatively small cohort compared to the
largest in the field. However, patients enrolled in those studies have a different genetic
background than those enrolled in ours. The second relates to the fact that we evaluated
dysphagia using subjective scores and not instrumental methods. Moreover, despite being
widely used in s-IBM observational and pharmacological studies, IBMFRS has not yet been
formally validated. Finally, treatment exclusion criteria could represent a selection bias,
potentially excluding more severely affected patients.

5. Conclusions

We confirmed the low prevalence of anti-cN1A antibodies in s-IBM patients. How-
ever, anti-cN1A antibodies showed high specificity for the disease. We were also able to
distinguish s-IBM from other IIMs. In our cohort, the presence of anti-cN1A antibodies
was associated with more severe dysphagia.

Author Contributions: M.L. and M.M.: study concept, design and supervision, acquisition and
interpretation of data and manuscript writing; L.M., E.P., M.F., C.R., G.A., M.G., M.L.V., G.S., G.T.,
V.D.A. and C.D.F.: clinical data collection and critical revision of manuscript for intellectual content.
All authors have read and approved the final version of the manuscript.

Funding: 2017 Linea D1 Grant from Università Cattolica del Sacro Cuore.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Università Cattolica del
Sacro Cuore.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest regarding the content of this paper.

References
1. Griggs, R.C.; Askanas, V.; DiMauro, S.; Engel, A.; Karpati, G.; Mendell, J.R.; Rowland, L.P. Inclusion body myositis and

myopathies. Ann. Neurol. 1995, 38, 705–713. [CrossRef]
2. Askanas, V.; Alvarez, R.B.; Mirabella, M.; Engel, W.K. Use of anti-neurofilament antibody to identify paired-helical filaments in

inclusion-body myositis. Ann. Neurol. 1996, 39, 389–391. [CrossRef]
3. Needham, M.; Corbett, A.; Day, T.; Christiansen, F.; Fabian, V.; Mastaglia, F.L. Prevalence of sporadic inclusion body myositis and

factors contributing to delayed diagnosis. J. Clin. Neurosci. 2008, 15, 1350–1353. [CrossRef] [PubMed]
4. Rose, M. 188th ENMC International Workshop: Inclusion Body Myositis, 2–4 December 2011, Naarden, The Netherlands.

Neuromuscul. Disord. 2013, 23, 1044–1055. [CrossRef]
5. Tasca, G.; Monforte, M.; De Fino, C.; Kley, R.A.; Ricci, E.; Mirabella, M. Magnetic resonance imaging pattern recognition in

sporadic inclusion-body myositis. Muscle Nerve 2015, 52, 956–962. [CrossRef] [PubMed]

http://doi.org/10.1002/ana.410380504
http://doi.org/10.1002/ana.410390318
http://doi.org/10.1016/j.jocn.2008.01.011
http://www.ncbi.nlm.nih.gov/pubmed/18815046
http://doi.org/10.1016/j.nmd.2013.08.007
http://doi.org/10.1002/mus.24661
http://www.ncbi.nlm.nih.gov/pubmed/25808807


Cells 2021, 10, 1146 7 of 8

6. Salajegheh, M.; Lam, T.; Greenberg, S.A. Autoantibodies against a 43 KDa Muscle Protein in Inclusion Body Myositis. PLoS ONE
2011, 6, e20266. [CrossRef] [PubMed]

7. Pluk, H.; Van Hoeve, B.J.A.; Van Dooren, S.H.J.; Stammen-Vogelzangs, J.; Van Der Heijden, A.; Schelhaas, H.J.; Verbeek, M.M.;
Badrising, U.A.; Arnardottir, S.; Gheorghe, K.; et al. Autoantibodies to cytosolic 5′-nucleotidase 1A in inclusion body myositis.
Ann. Neurol. 2012, 73, 397–407. [CrossRef]

8. Larman, H.B.; Salajegheh, M.; Nazareno, R.; Lam, T.; Sauld, J.; Steen, H.; Kong, S.W.; Pinkus, J.L.; Amato, A.A.; Elledge, S.J.; et al.
Cytosolic 5′-nucleotidase 1A autoimmunity in sporadic inclusion body myositis. Ann. Neurol. 2013, 73, 408–418. [CrossRef]

9. Greenberg, S.A. Cytoplasmic 5′-nucleotidase autoantibodies in inclusion body myositis: Isotypes and diagnostic utility. Muscle
Nerve 2014, 50, 488–492. [CrossRef]

10. Limaye, V.S.; Lester, S.; Blumbergs, P.; Greenberg, S.A. Anti- C N1A antibodies in South Australian patients with inclusion body
myositis. Muscle Nerve 2016, 53, 654–655. [CrossRef] [PubMed]

11. Goyal, N.A.; Cash, T.M.; Alam, U.; Enam, S.; Tierney, P.; Araujo, N.; Mozaffar, F.H.; Pestronk, A.; Mozaffar, T. Seropositivity for
NT5c1A antibody in sporadic inclusion body myositis predicts more severe motor, bulbar and respiratory involvement. J. Neurol.
Neurosurg. Psychiatry 2016, 87, 373–378. [CrossRef] [PubMed]

12. Herbert, M.K.; Stammen-Vogelzangs, J.; Verbeek, M.M.; Rietveld, A.; Lundberg, I.E.; Chinoy, H.; Lamb, J.A.; Cooper, R.G.; Roberts,
M.; Badrising, U.A.; et al. Disease specificity of autoantibodies to cytosolic 5′-nucleotidase 1A in sporadic inclusion body myositis
versus known autoimmune diseases. Ann. Rheum. Dis. 2016, 75, 696–701. [CrossRef] [PubMed]

13. Tawara, N.; Yamashita, S.; Zhang, X.; Korogi, M.; Zhang, Z.; Doki, T.; Matsuo, Y.; Nakane, S.; Maeda, Y.; Sugie, K.; et al.
Pathomechanisms of anti-cytosolic 5′-nucleotidase 1A autoantibodies in sporadic inclusion body myositis. Ann. Neurol. 2017, 81,
512–525. [CrossRef]

14. Lilleker, J.B.; Rietveld, A.; Pye, S.R.; Mariampillai, K.; Benveniste, O.; Peeters, M.T.J.; Miller, J.A.L.; Hanna, M.G.; Machado, P.M.;
Parton, M.J.; et al. Cytosolic 5′-nucleotidase 1A autoantibody profile and clinical characteristics in inclusion body myositis. Ann.
Rheum. Dis. 2017, 76, 862–868. [CrossRef] [PubMed]

15. Felice, K.J.; Whitaker, C.H.; Wu, Q.; Larose, D.T.; Shen, G.; Metzger, A.L.; Barton, R.W. Sensitivity and clinical utility of the
anti-cytosolic 5′-nucleotidase 1A (cN1A) antibody test in sporadic inclusion body myositis: Report of 40 patients from a single
neuromuscular center. Neuromuscul. Disord. 2018, 28, 660–664. [CrossRef] [PubMed]

16. Herbert, M.K.; Pruijn, G.J. Novel serology testing for sporadic inclusion body myositis. Curr. Opin. Rheumatol. 2015, 27, 595–600.
[CrossRef] [PubMed]

17. Amlani, A.; Choi, M.Y.; Tarnopolsky, M.; Brady, L.; Clarke, A.E.; La Torre, I.G.-D.; Mahler, M.; Schmeling, H.; Barber, C.E.; Jung,
M.; et al. Anti-NT5c1A Autoantibodies as Biomarkers in Inclusion Body Myositis. Front. Immunol. 2019, 10, 745. [CrossRef]

18. Lloyd, T.E.; Christopher-Stine, L.; Pinal-Fernandez, I.; Tiniakou, E.; Petri, M.; Baer, A.; Danoff, S.K.; Pak, K.; Casciola-Rosen,
L.A.; Mammen, A.L. Cytosolic 5′-Nucleotidase 1A As a Target of Circulating Autoantibodies in Autoimmune Diseases. Arthritis
Rheum. 2016, 68, 66–71. [CrossRef]

19. Jackson, C.; Barohn, R.; Gronseth, G.; Pandya, S.; Herbelin, L. The Muscle Study Group (MSG) Inclusion body myositis functional
rating scale: A reliable and valid measure of disease severity. Muscle Nerve 2008, 37, 473–476. [CrossRef]

20. Kramp, S.L.; Karayev, D.; Shen, G.; Metzger, A.L.; Morris, R.I.; Karayev, E.; Lam, Y.; Kazdan, R.M.; Pruijn, G.J.M.; Saschenbrecker,
S.; et al. Development and evaluation of a standardized ELISA for the determination of autoantibodies against cN-1A (Mup44,
NT5C1A) in sporadic inclusion body myositis. Autoimmun. Highlights 2016, 7, 1–9. [CrossRef]

21. Paul, P.; Liewluck, T.; Ernste, F.C.; Mandrekar, J.; Milone, M. Anti-cN1A antibodies do not correlate with specific clinical,
electromyographic, or pathological findings in sporadic inclusion body myositis. Muscle Nerve 2021, 63, 490–496. [CrossRef]

22. Badrising, U.A.; Maat-Schieman, M.L.; Ferrari, M.D.; Zwinderman, A.H.; Wessels, J.A.; Breedveld, F.C.; Van Doorn, P.A.;
Van Engelen, B.G.; Hoogendijk, J.E.; Höweler, C.J.; et al. Comparison of weakness progression in inclusion body myositis during
treatment with methotrexate or placebo. Ann. Neurol. 2002, 51, 369–372. [CrossRef] [PubMed]

23. Walter, M.C.; Lochmüller, H.; Toepfer, M.; Schlotter, B.; Reilich, P.; Schröder, M.; Müller-Felber, W.; Pongratz, D. High-dose
immunoglobulin therapy in sporadic inclusion body myositis: A double-blind, placebo-controlled study. J. Neurol. 2000, 247,
22–28. [CrossRef] [PubMed]

24. Dalakas, M.C.; Koffman, B.; Fujii, M.; Spector, S.; Sivakumar, K.; Cupler, E. A controlled study of intravenous immunoglobulin
combined with prednisone in the treatment of IBM. Neurology 2001, 56, 323–327. [CrossRef]

25. Molberg, Ø.; Dobloug, C. Epidemiology of sporadic inclusion body myositis. Curr. Opin. Rheumatol. 2016, 28, 657–660. [CrossRef]
26. Mulcahy, K.P.; Langdon, P.C.; Mastaglia, F. Dysphagia in Inflammatory Myopathy: Self-report, Incidence, and Prevalence.

Dysphagia 2011, 27, 64–69. [CrossRef]
27. Lotz, B.P.; Engel, A.G.; Nishino, H.; Stevens, J.C.; Litchy, W.J. INCLUSION BODY MYOSITIS. Brain 1989, 112, 727–747. [CrossRef]
28. Cox, F.M.; Verschuuren, J.J.; Verbist, B.M.; Niks, E.H.; Wintzen, A.R.; Badrising, U.A. Detecting dysphagia in inclusion body

myositis. J. Neurol. 2009, 256, 2009–2013. [CrossRef]
29. Shibata, S.; Izumi, R.; Hara, T.; Ohshima, R.; Nakamura, N.; Suzuki, N.; Kato, K.; Katori, Y.; Tateyama, M.; Kuroda, H.; et al.

Five-year history of dysphagia as a sole initial symptom in inclusion body myositis. J. Neurol. Sci. 2017, 381, 325–327. [CrossRef]
[PubMed]

30. Langdon, P.C.; Mulcahy, K.; Shepherd, K.L.; Low, V.H.; Mastaglia, F.L. Pharyngeal Dysphagia in Inflammatory Muscle Diseases
Resulting from Impaired Suprahyoid Musculature. Dysphagia 2011, 27, 408–417. [CrossRef]

http://doi.org/10.1371/journal.pone.0020266
http://www.ncbi.nlm.nih.gov/pubmed/21629782
http://doi.org/10.1002/ana.23822
http://doi.org/10.1002/ana.23840
http://doi.org/10.1002/mus.24199
http://doi.org/10.1002/mus.24989
http://www.ncbi.nlm.nih.gov/pubmed/26599102
http://doi.org/10.1136/jnnp-2014-310008
http://www.ncbi.nlm.nih.gov/pubmed/25857661
http://doi.org/10.1136/annrheumdis-2014-206691
http://www.ncbi.nlm.nih.gov/pubmed/25714931
http://doi.org/10.1002/ana.24919
http://doi.org/10.1136/annrheumdis-2016-210282
http://www.ncbi.nlm.nih.gov/pubmed/28122761
http://doi.org/10.1016/j.nmd.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30001928
http://doi.org/10.1097/BOR.0000000000000216
http://www.ncbi.nlm.nih.gov/pubmed/26285103
http://doi.org/10.3389/fimmu.2019.00745
http://doi.org/10.1002/acr.22600
http://doi.org/10.1002/mus.20958
http://doi.org/10.1007/s13317-016-0088-8
http://doi.org/10.1002/mus.27157
http://doi.org/10.1002/ana.10121
http://www.ncbi.nlm.nih.gov/pubmed/11891832
http://doi.org/10.1007/s004150050005
http://www.ncbi.nlm.nih.gov/pubmed/10701893
http://doi.org/10.1212/WNL.56.3.323
http://doi.org/10.1097/BOR.0000000000000327
http://doi.org/10.1007/s00455-011-9338-0
http://doi.org/10.1093/brain/112.3.727
http://doi.org/10.1007/s00415-009-5229-9
http://doi.org/10.1016/j.jns.2017.09.014
http://www.ncbi.nlm.nih.gov/pubmed/28991709
http://doi.org/10.1007/s00455-011-9384-7


Cells 2021, 10, 1146 8 of 8

31. Jones, K.; Pitceathly, R.D.S.; Rose, M.R.; McGowan, S.; Hill, M.; Badrising, U.A.; Hughes, T. Interventions for dysphagia in
long-term, progressive muscle disease. Cochrane Database Syst. Rev. 2016, 2, CD004303. [CrossRef] [PubMed]

32. Mohannak, N.; Pattison, G.; Hird, K.; Needham, M. Dysphagia in Patients with Sporadic Inclusion Body Myositis: Management
Challenges. Int. J. Gen. Med. 2019, 12, 465–474. [CrossRef]

33. Price, M.A.; Barghout, V.; Benveniste, O.; Christopher-Stine, L.; Corbett, A.; De Visser, M.; Hilton-Jones, D.; Kissel, J.T.; Lloyd, T.E.;
Lundberg, I.E.; et al. Mortality and Causes of Death in Patients with Sporadic Inclusion Body Myositis: Survey Study Based on
the Clinical Experience of Specialists in Australia, Europe and the USA. J. Neuromuscul. Dis. 2016, 3, 67–75. [CrossRef] [PubMed]

34. Shelly, S.; Mielke, M.M.; Mandrekar, J.; Milone, M.; Ernste, F.C.; Naddaf, E.; Liewluck, T. Epidemiology and Natural History of
Inclusion Body Myositis: A 40-Year Population-Based Study. Neurology 2021, 20. [CrossRef]

http://doi.org/10.1002/14651858.CD004303.pub4
http://www.ncbi.nlm.nih.gov/pubmed/26859621
http://doi.org/10.2147/IJGM.S198031
http://doi.org/10.3233/JND-150138
http://www.ncbi.nlm.nih.gov/pubmed/27854208
http://doi.org/10.1212/wnl.0000000000012004

	Introduction 
	Materials and Methods 
	Patients and Sample Collection 
	Clinical Features 
	Serological Testing for Anti-CN1A Antibodies 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

