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Abstract

Purpose of review—To discuss recent developments in our understanding of epidemiology, 

diagnostics, biomarkers, pathology, pathogenesis, outcome measures and therapeutics in Inclusion 

Body Myositis.

Recent findings—Recent epidemiology data confirms a relatively higher prevalence in the 

population aged above 50 years and the reduced life expectancy. Association with cancer and other 

systemic disorders is better defined. The role of magnetic resonance imaging and ultrasound in 

diagnosis as well as in following disease progression has been elucidated. There are new blood 

and imaging biomarkers that show tremendous promise for diagnosis and as outcome measures 

in therapeutic trials. Improved understanding of the pathogenesis of the disease will lead to better 

therapeutic interventions, but also highlights the importance to have sensitive and responsive 

outcome measures that accurately quantitate change.

Summary—There are exciting new developments in our understanding of inclusion body 

myositis which should lead to improved management and therapeutic options.
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Introduction

While controversy remains on whether inclusion body myositis (IBM) is primarily an 

immune or a myodegenerative disorder, recent papers have defined strong autoimmune and 

inflammatory underpinnings, suggesting the inflammatory component may be the herald 

of disease. Herein we review the evolving understanding of IBM pathophysiology, in 

particular the role of immunosenescent lymphocytes, and the current understanding of IBM 

epidemiology, new diagnostics, biomarkers, and therapeutic trials.

Corresponding Author: Tahseen Mozaffar, MD, Department of Neurology, 200 S. Manchester Avenue, Ste. 206, Orange, CA 92868. 
USA. Tel: (714) 456-2238; Fax: (714) 456-8805. mozaffar@uci.edu. 

HHS Public Access
Author manuscript
Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

Published in final edited form as:
Curr Opin Neurol. 2022 October 01; 35(5): 604–610. doi:10.1097/WCO.0000000000001095.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Epidemiology

The prevalence of IBM is 18.20 per 100,000 people above the age of 50 years. IBM 

is associated with a lower life expectancy, compared to aged match population.(1–3) 

Disability is due to severe bulbar dysfunction (requiring feeding gastrostomy in over 50%) 

and motor dysfunction resulting in wheelchair confinement in >50% within 10 years of 

symptom onset. One third of patients have peripheral neuropathy (2.7 times more likely than 

matched population) and 6% have Sjogren’s syndrome (6.2 times more likely than matched 

population). There is no increase in incidence of solid tumors, IBM patients are 3.9 times 

more likely to have a hematologic malignancy than population controls, and there is an 

association with T-cell large granular lymphocytic leukemia.(2) Respiratory failure, often 

related to pneumonia, is the most common cause of mortality.(1) Patients with IBM remain 

a very motivated group. The majority are willing to undergo multiple visits and study-related 

procedures without compensation, including muscle biopsy solely for research use.(4)

Diagnostics

One third of IBM patients demonstrate abnormalities on conventional electrodiagnostic 

studies and half show abnormalities on thermal thresholds. Median nerve motor and sensory 

excitability are significantly different in IBM patients compared to normal controls.(5) 

Clinical markers of motor severity and myotonic discharges on EMG correlate with the 

degree of inflammation on muscle biopsy.(6) Motor unit potential (MUP) duration inversely 

correlates with all clinical measures.(6) On Computerized Tomography (CT) studies, the 

differential involvement of the anterior compared to the posterior thigh muscles correlates 

well with a clinical diagnosis of IBM.(7) Similarly, muscle edema on muscle magnetic 

resonance imaging (MRI) highly correlates with increased amounts of muscle inflammation 

on muscle biopsy.(8)

Important work from the London group showed that inflammation in IBM muscle may be 

responsible for subsequent fatty infiltration and MRI parameters are most response sensitive 

to change with time. Using serial quantitative MRI (qMRI) one year apart in 26 individuals 

with IBM and correlating MRI data with measures of muscle function, they confirmed a 

reduction in muscle volume and muscle T2 in a one year, with a concomitant increase in all 

measures of fatty infiltrates. The increase in fat signal inversely correlated with decrease in 

muscle T2. The worsening of the muscle MRI parameters inversely correlated with decline 

in muscle function measures.(9) Muscle ultrasound also shows significant accuracy in terms 

of detecting fatty infiltration and appears to be a good tool to differentiate IBM from other 

idiopathic inflammatory myopathies.(10, 11)

Biomarkers

Autoantibodies to NT5c1A is a sensitive and highly specific serological marker for IBM.

(12, 13) Recent studies show association with a more severe motor phenotype, dysphagia, 

reduced survival and more cytochrome oxidase negative myofibers and auto-aggressive 

inflammation on muscle biopsy. (14) However, other studies have not find the same 

associations and showed that NT5c1A antibodies can also be seen in dermatomyositis, 
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antisynthetase syndrome and immune mediated necrotizing myopathy. There is no 

association between anti-NT5c1A autoantibodies and malignancy or interstitial lung disease.

(14–17) An ongoing NIH-funded two-year observational study is examining the influence 

of this serological biomarker on the natural history of IBM (NCT05046821). IBM is more 

common in Sjogren’s syndrome patients with myositis and these patients have much higher 

rates of NT5c1A seropositivity.(18)

There is a high prevalence of “immunosenescent” (i.e., chronically overstimulated and 

exhausted T cells that have lost capacity to undergo apoptosis) highly differentiated T cells 

in blood and skeletal muscles in IBM, and these T cells are proposed as a highly sensitive 

IBM biomarker.(19) These highly differentiated CD8+ KLRG1+ T cells show the highest 

sensitivity for IBM and can be used as a diagnostic marker.(19–22) Correlative studies 

exploring KLRG1 influence on disease behavior (NCT05046821) are in process. Given the 

loss of capacity to undergo apoptosis, these T cells are not likely to respond to conventional 

immunosuppressants. An early phase therapeutic trial aimed at selectively depleting CD8+ 

KLRG1+ T cells in IBM is currently underway (NCT04659031).

Potential imaging biomarkers in IBM in addition to MRI(23) include electrical impedence 

myography (EIM). In a cross-sectional study, EIM measures of multiple muscles correlated 

with several muscle and disease related functions in IBM, discriminated IBM from healthy 

control muscles correlated well with clinical outcome measures.(24) Positron-emission 

tomography (PET) using either amyloid or tau based ligands have shown promise.(25–27) 

An exciting new technology provides targeted imaging of CD8+ T cells using a radiolabeled 

minibody against CD8+ T cells (89Zr-Df-IAB22M2C). It appears safe, well tolerated and 

shows more intense uptake in relevant muscles in IBM compared to the general population 

or cancer patients.(28)

Pathology

IBM is pathologically defined by the 2011 ENMC-IBM criteria, with the constellation 

of histologic features including endomysial lymphocytes with or without nonnecrotic 

myofiber invasion, rimmed vacuoles, and intracellular protein aggregates or tubulofilaments.

(29) Other important histologic findings in IBM muscle biopsies include severe 

myopathic “dystrophy-like” changes,(30) mitochondrial pathology, MHC class I and II 

immunopositivity, and p62 positivity, particularly in discrete subsarcolemmal or perivacuolar 

aggregates.(31) While subsarcolemmal p62 accumulation is characteristically present in 

IBM muscles, it is not a specific marker for IBM, but rather p62 accumulation is a general 

response to muscle injury which becomes more prevalent with more severe damage (32). 

Hedberg-Oldfors et al recently provided important characterization of IBM mitochondrial 

pathology using deep sequencing and quantitation of mtDNA variants, which revealed 

markedly increased levels of large deletions and duplications in IBM muscles, as well 

as increased somatic single nucleotide variants and reduced mtDNA copy numbers. The 

distribution and type of variants were similar in IBM muscle and controls, suggesting an 

accelerated aging process in IBM.(33)
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IBM histopathology is also shared with associated diseases, such as HIV, Hepatitis 

C, Sjogren’s and granulomatous myositis. For example, the co-occurrent finding of 

granulomatous myositis plus characteristic histologic features of IBM has long been 

reported in patients with or without sarcoidosis and/or extramuscular involvement.(34) 

Clarifying these interactions could aid our understanding of IBM pathophysiology.

Pathogenesis

Advances in understanding pathological mechanisms of IBM have centered on elucidating 

the molecular features. Using RNA sequencing, Ikenaga et al., found that CDH1, which 

encodes the epidermal cell junction protein cadherin 1, was overexpressed in IBM muscles, 

but is rarely seen in muscles of other idiopathic inflammatory myopathies.(35) Amici 

et al studied gene expression changes across different myositis subtypes by creating 

a myositis transcriptome from patients with the major clinical and serological disease 

subtypes of idiopathic inflammatory myopathies, including IBM.(36) From this myositis 

transcriptome they generated a co-expression network of 8101 dynamically regulated 

transcripts into a map of gene expression modules of interrelated biological processes 

and disease signatures. They found that universally myositis-upregulated network modules 

included muscle regeneration, specific cytokine signatures, the acute phase response, 

and neutrophil degranulation, while myositis subtype-specific modules included type 

1 interferon signaling and titin in dermatomyositis, RNA processing in antisynthetase 

syndrome, and vasculogenesis in IBM.(36)

Recent studies highlighting specific immunological perturbations in IBM, including the 

presence of plasma cells and clonally-restricted immunoglobulin transcripts in IBM muscle, 

and the discovery of autoantibodies, has rekindled the argument that inflammation may 

be the primary driver of the disease.(37) The development of IBM-specific pathology 

in myotube cultures and mouse muscles from passive transfer of serum from NT5c1A 

seropositive IBM patients further bolstered this concept.(38) Recent work showed 

development of greater fatty infiltration in areas of muscle with greatest STIR signal 

(reflective of inflammation) also lends support that inflammation drives the “degeneration”.

(9) Discovery of a potent and specific type I interferon and interferon gamma associated 

pathways in IBM, based on pathologic as well as transcriptomic and proteomic studies, 

point to a specific immune-interaction between immune cells (particularly macrophages) and 

myofibers in IBM.(36, 39–41). Recent work has shown a strong association with three Class 

II MHC (HLA-DRB1) alleles, with particularly strong association with HLA-DRB1*03:01, 

and the risk could be largely attributed to amino acids within the peptide binding pocket.(42) 

A similar strong association with HLA-DRB1 was seen in the Japanese population.(43) 

No association with NT5c1A antibodies was seen in either populations.(42, 43) History of 

previous Hepatitis C (HCV) infection is also pervasive in Japanese sIBM patients but not 

seen in North American patients.(1, 44)

Unfortunately, lack of a viable animal model is a significant limitation in IBM studies. An 

animal model of a related disorder, VCP myopathy, recapitulates some of the degenerative 

changes of IBM, but lacks the inflammatory component crucial to IBM. (45) Similar 

limitations have plagued prior IBM animal models.(46–49) A mouse xenograft model of 
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IBM by Lloyd et al., represents a major step forward in modeling of human disease. They 

created xenografts of human muscle by transplanting human muscle biopsies from IBM 

patients into nude mice.(50) Although not a perfect model, with some of the pathological 

features resembling graft-vs-host reaction, it represents a major advance in our ability 

to better understand the disease by allowing study of the inflammatory and degenerative 

changes in muscle ex vivo. The predominance of highly differentiated CD8+ T cells was 

confirmed in the model and the model is amenable to different interventions. Anti-CD3 

monoclonal antibodies (OKT3) significantly eliminated muscle inflammation, but did not 

affect the degenerative pathology.(50) While it is possible the inflammatory changes set off 

an autonomous degenerative process that cannot be reversed after inflammation resolves, 

further work is needed to determine whether the inflammatory or degenerative changes are 

primary.

Transformation of clinical and immunological phenotype and whether IBM is truly 

a spectrum disorder is also an evolving concept. HIV-associated Polymyositis/IBM 

complex is an example of potential transformation, wherein the disease starts as a 

treatment-responsive proximal symmetric disorder associated with endomysial CD8+ T 

cell dependent inflammation with auto aggressive features and variable mitochondrial 

abnormalities, but without rimmed vacuoles and protein accumulation on muscle biopsy.

(51). Ultimately, these patients develop an asymmetric disorder, with typical finger flexor 

and quadriceps involvement, rimmed vacuoles and protein accumulation on muscle biopsy 

(51, 52), and become treatment unresponsive. Similar evolution has now been reported 

in patients originally diagnosed with PM-Mito,(53) with an IBM-like phenotype with 

abundant mitochondrial changes but no rimmed vacuoles on muscle biopsy. There is 

progressive development of IBM pathology in these patients, including rimmed vacuoles and 

protein deposits, and an evolving clinical phenotype including development of dysphagia, 

suggesting that PM-Mito may be early IBM (Stenzel W – personal communication) 

which later evolves into full-blown IBM.(54) High frequency of antibodies to NT5c1A 

are common to both PM/IBM and PM-Mito.(15, 51) It is tempting to speculate that the 

evolution in HIV-related PM/IBM and in PM-Mito may be related to an evolution of 

the immunophenotype in these patients, where the clinical transformation parallels the 

immunophenotypic transformation to highly differentiated T cells in blood and muscle 

(Figure 1).

Outcomes Measures

There remains a paucity of data on the natural history of disease in IBM. Recent papers 

attempted to address this but suffered from inconsistent methodology, e.g., non-uniform 

protocol, different evaluation methods at different sites and a mish mash of data. Sangha et 

al. provided “natural history” data on the largest number of patients to date (181 subjects 

with a median of 7 years of follow up), but the paper represents data from three disparately 

different studies, at different sites, under different protocols and at different timelines.(55) 

Oldroyd et al. provided an estimate of long term projection of strength and functional status 

based on linear modeling and showed that age of onset clearly influenced decline of some 

motor functions (grip was worse in younger onset patients, while knee extension strength 

was worse in older onset patients).(56) A number of the traditional outcome measures 
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used in neuromuscular disorders are not sensitive enough to reliably detect changes in 

IBM and are not validated in this population (57) There are efforts ongoing to validate 

existing and new outcome measures in IBM, including 2-minute walk test, timed up and 

go, 4-stair climb, PROMIS, upper extremity and hand functions.(57) The optimal muscle 

strength testing method has also not been validated. Most studies focus on lower extremity 

functions or walking/ambulation as an outcome measure, but not enough attention is paid 

to upper extremity functions and related disability. Two important papers quantitated these 

disabilities for the first time, and showed that the current upper extremity questions in the 

IBM Functional Rating Score (IBMFRS) correlate poorly with finger flexor strength and 

grip strength.(58) A new Inclusion Body Myositis Patient-Reported Outcome measures for 

upper extremity function was devised, which performed much better in terms of upper 

extremity/hand functions and correlated more strongly with grip and pinch strength than the 

IBMFRS.(59)

Therapeutics

Unfortunately, therapeutic interventional trials have failed to show benefit in IBM. 

Bimagrumab, a fully humanized monoclonal antibody that antagonizes Activin II receptor 

(AcIIR), did show an increase in muscle volume at the end of the treatment period, but this 

increase did not result in muscle strength or functional improvement and failed its primary 

outcome measure of improvement in 6 minute walk distance (6MWD) at 52 weeks.(60) A 

longer extension study found the drug to be safe and tolerable up to 2 years but did not 

show motor or functional improvement.(61) Arimoclomol, a heat shock protein inducer and 

protein stabilizer, showed preliminary evidence for benefit in a phase II study in IBM(45) 

and was carried into a phase III registration trial in IBM. This study recently concluded and 

showed no benefit in any parameters studied and had significant investigational drug-related 

adverse events that lead to early discontinuation in a number of subjects.

Use of blood-flow restricted resistance training (BFRT) as treatment is gaining popularity 

in IBM but objective data is lacking. A single randomized clinical trial in 22 patients 

in one center in Denmark showed that patients undergoing BFRT reported no change in 

self-reported or objective physical functions. Compared to control muscles, BFRT treated 

muscles showed no decline in muscle strength, suggesting stabilization, and there were no 

changes in thigh lean mass.(62) There were no findings to support satellite cell activation 

or an increase in myonuclei.(63) Similarly, there was no change in muscle fiber cross 

sectional area and intramuscular capillary density.(63) Functional studies to assess molecular 

pathways are lacking, but a single study showed attenuation of the myostatin pathway from 

short-term BFRT.(64) Given the paucity of data at this point, potential benefits from BFRT 

should be interpreted with caution.

Dysphagia remains a significant problem in IBM and contributes to the morbidity and 

mortality. Presence of a pharyngeal bar on video fluoroscopic studies appears to have 

high specificity for IBM (96% vs. a sensitivity of 33%).(65) Objective improvements 

in swallowing have been demonstrated following both endoscopic and transcervical 

cricopharyngeal myotomy in IBM.(66) In a study of EMG-guided chemodenervation of 

cricopharyngeal muscles with botulinum toxin A in patients with IBM and Oculopharyngeal 
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Muscular Dystrophy (OPMD), the majority of patients reported improvement on a 

dysphagia questionnaire.(67) Over half felt subjective improvement but there was no change 

on timed cold water swallow test.

Conclusion

There have been significant recent advances in our understanding of IBM pathophysiology 

and the role of immune cells in IBM pathogenesis. The role of immunosenescent T cells 

is better defined and trials aimed at immunologically depleting these cells are underway. 

The concept of IBM as an evolving spectrum may change our approach and diagnosis of 

early-stage disease and may lead to more aggressive treatment of early phenotypes. Data on 

the natural history of IBM is lacking, and more sensitive and specific IBM biomarkers and 

outcome measures are needed.

Financial support and sponsorship:

The work was supported partly by PHS grants U24NS107210 and RO1AR78340, both to TM.

Conflicts of Interest:

Dr. Mozaffar discloses an advisory role for and/or receiving research funds from Alexion, Amicus, Argenx, 
Arvinas, Audentes, AvroBio, Horizon Therapeutics, Immunovant, Maze Therapeutics, Momenta (now Janssen), 
Sanofi-Genzyme, Sarepta, Spark Therapeutics, UCB, and Modis/Zogenix. Dr. Mozaffar also serves on the data 
safety monitoring board for Acceleron, Avexis, and Sarepta

REFERENCES AND RECOMMENDED READING

Papers of particular interest, published within the annual period of review, have been 
highlighted as:

■ of special interest

■■ of outstanding interest

1. Naddaf E, Shelly S, Mandrekar J, Chamberlain AM, Hoffman EM, Ernste FC, et al. Survival and 
associated comorbidities in inclusion body myositis. Rheumatology (Oxford) 2022; 61:2016–24. 
[PubMed: 34534271] 

2. Shelly S, Mielke MM, Mandrekar J, Milone M, Ernste FC, Naddaf E, et al. Epidemiology and 
Natural History of Inclusion Body Myositis: A 40-Year Population-Based Study. Neurology 2021; 
96:e2653–e61. [PubMed: 33879596] 

3. Lilleker JB, Rietveld A, Pye SR, Mariampillai K, Benveniste O, Peeters MT, et al. Cytosolic 
5’-nucleotidase 1A autoantibody profile and clinical characteristics in inclusion body myositis. Ann 
Rheum Dis 2017; 76:862–868. [PubMed: 28122761] 

4. Mathew V, Wencel M, Habib AA, Goyal NA, Needham M, Mozaffar T. Attitudes Toward 
Noninterventional Observational Studies in US and Australian Patients With Sporadic Inclusion 
Body Myositis. J Clin Neuromuscul Dis 2020; 21:246–247. [PubMed: 32453104] 

5. Lee JH, Boland-Freitas R, Liang C, Howells J, Ng K. Neuropathy in sporadic inclusion body 
myositis: A multi-modality neurophysiological study. Clin Neurophysiol 2020; 131:2766–2776. 
[PubMed: 32928695] 

6. Pinto MV, Laughlin RS, Klein CJ, Mandrekar J, Naddaf E. Inclusion body myositis: correlation 
of clinical outcomes with histopathology, electromyography and laboratory findings. Rheumatology 
(Oxford) 2021; 61:2504–2511.

Perez-Rosendahl and Mozaffar Page 7

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Furuta M, Furuta N, Nagashima K, Fujita Y, Tsushima Y, Ikeda Y. Differential and quantitative 
neuroimaging characteristics of inclusion body myositis. J Clin Neurosci 2020; 72:244–251. 
[PubMed: 31839382] 

8. Lassche S, Küsters B, Heerschap A, Schyns MVP, Ottenheijm CAC, Voermans NC, et al. 
Correlation Between Quantitative MRI and Muscle Histopathology in Muscle Biopsies from 
Healthy Controls and Patients with IBM, FSHD and OPMD. J Neuromuscul Dis 2020; 7:495–504. 
[PubMed: 32925090] 

9■. Laurent D, Riek J, Sinclair CD, Houston P, Roubenoff R, Papanicolaou DA, et al. Longitudinal 
Changes in MRI Muscle Morphometry and Composition in People With Inclusion Body 
Myositis. Neurology 2022: 10.1212/WNL.0000000000200776.Important work stemming out of 
the failed Bimagrumab trial in IBM that defines the MR changes in lower extremity muscles in 
IBM patients.

10. Guimaraes JB, Cavalcante WCP, Cruz IAN, Nico MA, Filho AGO, da Silva AMS, et al. 
Musculoskeletal Ultrasound in Inclusion Body Myositis: A Comparative Study with Magnetic 
Resonance Imaging. Ultrasound Med Biol 2021; 47:2186–2192. [PubMed: 34049727] 

11. Leeuwenberg KE, van Alfen N, Christopher-Stine L, Paik JJ, Tiniakou E, Mecoli C, et al. 
Ultrasound can differentiate inclusion body myositis from disease mimics. Muscle Nerve 2020; 
61:783–788. [PubMed: 32239702] 

12■■. Larman HB, Salajegheh M, Nazareno R, Lam T, Sauld J, Steen H, et al. Cytosolic 
5’-nucleotidase 1A autoimmunity in sporadic inclusion body myositis. Ann Neurol 2013; 
73:408–418. [PubMed: 23596012] One of two concurrent papers described the discovery of 
autoantibodies to NT5c1A in inclusion body myositis. The paper details additional work, 
including relative prevalence in other inflammatory myopathies and localization in rimmed 
vacuoles.

13■■. Pluk H, van Hoeve BJ, van Dooren SH, Stammen-Vogelzangs J, van der Heijden A, Schelhaas 
HJ, et al. Autoantibodies to cytosolic 5’-nucleotidase 1A in inclusion body myositis. Ann Neurol 
2013; 73:397–407. [PubMed: 23460448] The other concurrent paper describing the discovery of 
NT5c1A autoantibodies in inclusion body myositis.

14. Paul P, Liewluck T, Ernste FC, 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. [PubMed: 33373040] 

15■. Ikenaga C, Findlay AR, Goyal NA, Robinson S, Cauchi J, Hussain Y, et al. Clinical utility of 
anti-cytosolic 5’-nucleotidase 1A antibody in idiopathic inflammatory myopathies. Ann Clin 
Transl Neurol 2021; 8:571–578. [PubMed: 33556224] An elegant study that addresses the 
diagnostic utility of anti-NT5c1A antibodies in idiopathic inflammatory myopathies. The study 
examined the clinicopathologic profile in 593 patients between 2014–2019 who were diagnosed 
with various forms of idiopathic inflammatory myopathies.

16. Mavroudis I, Knights M, Petridis F, Chatzikonstantinou S, Karantali E, Kazis D. Diagnostic 
Accuracy of Anti-CN1A on the Diagnosis of Inclusion Body Myositis. A Hierarchical Bivariate 
and Bayesian Meta-analysis. J Clin Neuromuscul Dis 2021; 23:31–38. [PubMed: 34431799] 

17. Salam S, Dimachkie MM, Hanna MG, Machado PM. Diagnostic and prognostic value of anti-
cN1A antibodies in inclusion body myositis. Clin Exp Rheumatol 2022; 40:384–93. [PubMed: 
35225226] 

18. Levy D, Nespola B, Giannini M, Felten R, Severac F, Varoquier C, et al. Significance of Sjögren’s 
syndrome and anti-cN1A antibody in myositis patients. Rheumatology (Oxford) 2022; 61:756–
763. [PubMed: 33974078] 

19■■. Goyal NA, Coulis G, Duarte J, Farahat PK, Mannaa AH, Cauchii J, et al. Immunophenotyping 
of Inclusion Body Myositis Blood T and NK Cells. Neurology 2022; 98:e1374–e83. [PubMed: 
35131904] An excellent, detailed deep immunophenotyping of the T-lymphocytes in inclusion 
body myositis, including Treg cells, natural killer cells and various types of effector memory T 
cells, including terminally differentiated TEMRA cells, in 51 patients with IBM.

20. Dzangué-Tchoupou G, Mariampillai K, Bolko L, Amelin D, Mauhin W, Corneau A, et al. CD8+
(T-bet+) cells as a predominant biomarker for inclusion body myositis. Autoimmun Rev 2019; 
18:325–333. [PubMed: 30825520] 

Perez-Rosendahl and Mozaffar Page 8

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21■■. Greenberg SA, Pinkus JL, Kong SW, Baecher-Allan C, Amato AA, Dorfman DM. Highly 
differentiated cytotoxic T cells in inclusion body myositis. Brain 2019; 142:2590–2604. 
[PubMed: 31326977] First paper that used microarray data to examine 411 muscle samples 
to identify a unique Tcell cytotoxicity signal coupled with a signature of highly differentiated 
effector memory cells and terminally differentiated effector cells to highlight the discovery of 
killer cell lectin-like receptor G1 (KLRG1) as a marker of this population of highly differentiated 
T cell.

22■. Pandya JM, Fasth AE, Zong M, Arnardottir S, Dani L, Lindroos E, et al. Expanded 
T cell receptor Vβ-restricted T cells from patients with sporadic inclusion body myositis 
are proinflammatory and cytotoxic CD28null T cells. Arthritis Rheum 2010; 62:3457–3466. 
[PubMed: 20662057] This paper from Karolinska group was the first paper to show presence 
of immunosenescent CD8 cells that have lost their CD28 marker and gained the CD57 surface 
marker and showed these cells, despite being “senescent” maintain the capacity for cytotoxicity 
and had an interferon-gamma signature in cytokine studies.

23. Reyngoudt H, Marty B, Boisserie JM, Le Louër J, Koumako C, Baudin PY, et al. Global 
versus individual muscle segmentation to assess quantitative MRI-based fat fraction changes in 
neuromuscular diseases. Eur Radiol 2021; 31:4264–4276. [PubMed: 33219846] 

24. Roy B, Rutkove SB, Nowak RJ. Electrical impedance myography as a biomarker of inclusion body 
myositis: A cross-sectional study. Clin Neurophysiol 2020; 131:368–371. [PubMed: 31865137] 

25. Lilleker JB, Hodgson R, Roberts M, Herholz K, Howard J, Hinz R, et al. [18F]Florbetapir 
positron emission tomography: identification of muscle amyloid in inclusion body myositis and 
differentiation from polymyositis. Ann Rheum Dis 2019; 78:657–62. [PubMed: 30760470] 

26. Li K, Dang H, Shi Q. (11)C-PIB PET of inclusion body myositis: Molecular imaging of amyloid 
beta expression improving imaging-pathology correlations. Clin Neuropathol 2020; 39:243–244. 
[PubMed: 32729815] 

27. Zhang Y, Li K, Pu C, Dang H, Liu J, Shi Q. A novel application of tau PET in the diagnosis 
of sporadic inclusion body myositis: A case report. Medicine (Baltimore) 2020; 99:e21524. 
[PubMed: 32756195] 

28■. Quinn CMK, Korn R, Le W, Goel N, Farwell M, Greenberg S. CD8 Positron Emission 
Tomography (PET/CT) Imaging with 89Zr-Df-IAB22M2C in Patients with Inclusion Body 
Myositis. Arthritis Rheumatol 2021; 73. Abstract presented at ACR Convergence 2021; Nov 7, 
2021. Virtual ConferenceA novel utilization of a new PET ligand that binds to CD8 lymphocytes 
and had been used till then only for hematological malignancies, in IBM. The study shows 
a robust PET signal in skeletal muscles that appears to be unique and different from cancer 
patients.

29. Rose MR. 188th ENMC International Workshop: Inclusion Body Myositis, 2–4 December 2011, 
Naarden, The Netherlands. Neuromuscul Disord 2013; 23:1044–1055. [PubMed: 24268584] 

30. Benveniste O, Goebel HH, Stenzel W. Biomarkers in Inflammatory Myopathies-An Expanded 
Definition. Front Neurol 2019; 10:554. [PubMed: 31214105] 

31. Tanboon J, Nishino I. Classification of idiopathic inflammatory myopathies: pathology 
perspectives. Curr Opin Neurol 2019; 32:704–714. [PubMed: 31369423] 

32■. Milisenda JC, Pinal-Fernandez I, Lloyd TE, Grau JM, Miller FW, Selva-O’Callaghan A, et 
al. Accumulation of autophagosome cargo protein p62 is common in idiopathic inflammatory 
myopathies. Clin Exp Rheumatol 2021; 39:351–356. [PubMed: 32896253] An important paper 
that demonstrates that p62 may not be specific to IBM but can be seen in a variety of 
inflammatory myopathies and that p62 is a general response to muscle injury which becomes 
more prevalent with more severe damage.

33. Hedberg-Oldfors C, Lindgren U, Basu S, Visuttijai K, Lindberg C, Falkenberg M, et al. 
Mitochondrial DNA variants in inclusion body myositis characterized by deep sequencing. Brain 
Pathol 2021; 31:e12931. [PubMed: 33354847] 

34■■. Nelke C, Kleefeld F, Preusse C, Ruck T, Stenzel W. Inclusion body myositis and 
associated diseases: an argument for shared immune pathologies. Acta Neuropathol Commun 
2022; 10:84. [PubMed: 35659120] A provocative review of shared pathology and possible 
immunopathogenesis in a variety of immune disorders that are associated with IBM, raising 
the possibility that IBM is a spectrum disorder.

Perez-Rosendahl and Mozaffar Page 9

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Ikenaga C, Date H, Kanagawa M, Mitsui J, Ishiura H, Yoshimura J, et al. Muscle Transcriptomics 
Shows Overexpression of Cadherin 1 in Inclusion Body Myositis. Ann Neurol 2022; 91:317–328. 
[PubMed: 35064929] 

36. Amici DR, Pinal-Fernandez I, Christopher-Stine L, Mammen AL, Mendillo ML. A network 
of core and subtype-specific gene expression programs in myositis. Acta Neuropathol 2021; 
142:887–898. [PubMed: 34499219] 

37. Greenberg SA. Inclusion body myositis: clinical features and pathogenesis. Nat Rev Rheumatol 
2019; 15:257–272. [PubMed: 30837708] 

38■. Tawara N, Yamashita S, Zhang X, Korogi M, Zhang Z, Doki T, et al. Pathomechanisms of anti-
cytosolic 5’-nucleotidase 1A autoantibodies in sporadic inclusion body myositis. Ann Neurol 
2017; 81:512–525. [PubMed: 28318044] An elegant exploration of effects of passive transfer 
of sera from IBM patients (and control) in mice and in myoblasts cultures. This paper shows 
that only serum from NT5c1A antibody positive patients, and not from seronegative or control, 
creating characteristic pathologic abnormalities in murine muscle as well as in myoblast cultures, 
suggesting that the immune abnormalities may be driving the degenerating pathology.

39. Johari M, Vihola A, Palmio J, Jokela M, Jonson PH, Sarparanta J, et al. Comprehensive 
transcriptomic analysis shows disturbed calcium homeostasis and deregulation of T lymphocyte 
apoptosis in inclusion body myositis. J Neurol 2022; doi: 10.1007/s00415-022-11029-7.

40. Zhang J, Khasanova E, Zhang L. Bioinformatics analysis of gene expression profiles of Inclusion 
body myositis. Scand J Immunol 2020; 91:e12887. [PubMed: 32259312] 

41. Wu Y, Zhao Z, Zhang J, Wang Y, Song X. Identification of Hub Genes and Biological Pathways 
in Inclusion Body Myositis Using Bioinformatics Analysis. Int J Gen Med 2022; 15:1281–93. 
[PubMed: 35173467] 

42■. Rothwell S, Cooper RG, Lundberg IE, Gregersen PK, Hanna MG, Machado PM, et al. 
Immune-Array Analysis in Sporadic Inclusion Body Myositis Reveals HLA-DRB1 Amino 
Acid Heterogeneity Across the Myositis Spectrum. Arthritis Rheumatol 2017; 69:1090–1099. 
[PubMed: 28086002] An important exploration of immune related genes in a genome wide 
assocation study in 252 individuals with IBM.

43. Oyama M, Ohnuki Y, Inoue M, Uruha A, Yamashita S, Yutani S, et al. HLA-DRB1 allele 
and autoantibody profiles in Japanese patients with inclusion body myositis. PLoS One 2020; 
15:e0237890. [PubMed: 32810190] 

44. Uruha A, Noguchi S, Hayashi YK, Tsuburaya RS, Yonekawa T, Nonaka I, et al. Hepatitis C 
virus infection in inclusion body myositis: A case-control study. Neurology 2016; 86:211–217. 
[PubMed: 26683644] 

45. Ahmed M, Machado PM, Miller A, Spicer C, Herbelin L, He J, et al. Targeting protein homeostasis 
in sporadic inclusion body myositis. Sci Transl Med 2016; 8:331ra41.

46. Kitazawa M, Green KN, Caccamo A, LaFerla FM. Genetically augmenting Abeta42 levels 
in skeletal muscle exacerbates inclusion body myositis-like pathology and motor deficits in 
transgenic mice. Am J Pathol 2006; 168:1986–1997. [PubMed: 16723713] 

47. Sugarman MC, Kitazawa M, Baker M, Caiozzo VJ, Querfurth HW, LaFerla FM. Pathogenic 
accumulation of APP in fast twitch muscle of IBM patients and a transgenic model. Neurobiol 
Aging 2006; 27:423–432. [PubMed: 15950323] 

48. Sugarman MC, Yamasaki TR, Oddo S, Echegoyen JC, Murphy MP, Golde TE, et al. Inclusion 
body myositis-like phenotype induced by transgenic overexpression of beta APP in skeletal 
muscle. Proc Natl Acad Sci U S A 2002; 99:6334–6339. [PubMed: 11972038] 

49. Kitazawa M, Trinh DN, LaFerla FM. Inflammation induces tau pathology in inclusion body 
myositis model via glycogen synthase kinase-3beta. Ann Neurol 2008; 64:15–24. [PubMed: 
18318434] 

50■■. Britson KA, Ling JP, Braunstein KE, Montagne JM, Kastenschmidt JM, Wilson A, et al. Loss 
of TDP-43 function and rimmed vacuoles persist after T cell depletion in a xenograft model of 
sporadic inclusion body myositis. Sci Transl Med 2022; 14:eabi9196. [PubMed: 35044790] An 
excellent paper describing the very innovative creation of the mouse xenograft model of human 
IBM muscle and the elegant pre-clinical studies that were performed on this xenograft model.

Perez-Rosendahl and Mozaffar Page 10

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



51■. Lloyd TE, Pinal-Fernandez I, Michelle EH, Christopher-Stine L, Pak K, Sacktor N, et al. 
Overlapping features of polymyositis and inclusion body myositis in HIV-infected patients. 
Neurology 2017; 88:1454–1460. [PubMed: 28283597] An important paper that describes the 
evolution of the immune myopathy in these individuals, morphing from a somewhat treatment 
responsive polymyositis like phenotype to treatment-resistant IBM like phenotype in HIV 
patients.

52. Hiniker A, Daniels BH, Margeta M. T-Cell-Mediated Inflammatory Myopathies in HIV-Positive 
Individuals: A Histologic Study of 19 Cases. J Neuropathol Exp Neurol 2016; 75:239–245. 
[PubMed: 26843609] 

53. Blume G, Pestronk A, Frank B, Johns DR. Polymyositis with cytochrome oxidase negative muscle 
fibres. Early quadriceps weakness and poor response to immunosuppressive therapy. Brain 1997; 
120:39–45. [PubMed: 9055796] 

54■. Hiniker A, Daniels BH, Lee HS, Margeta M. Comparative utility of LC3, p62 and TDP-43 
immunohistochemistry in differentiation of inclusion body myositis from polymyositis and 
related inflammatory myopathies. Acta Neuropathol Commun 2013; 1:29. [PubMed: 24252466] 
One of the first papers to suggest a gradual progression of disease phenotype and myopathology 
and raised concerns for a disease spectrum in polymyositis/IBM.

55. Sangha G, Yao B, Lunn D, Skorupinska I, Germain L, Kozyra D, et al. Longitudinal observational 
study investigating outcome measures for clinical trials in inclusion body myositis. J Neurol 
Neurosurg Psychiatry 2021; doi:10.1136/jnnp-2020-325141.

56. Oldroyd AGS, Lilleker JB, Williams J, Chinoy H, Miller JAL. Long-term strength and functional 
status in inclusion body myositis and identification of trajectory subgroups. Muscle Nerve 2020; 
62:76–82. [PubMed: 32134516] 

57■. Alfano LN, Focht Garand KL, Malandraki GA, Salam S, Machado PM, Dimachkie MM. 
Measuring change in inclusion body myositis: clinical assessments versus imaging. Clin Exp 
Rheumatol 2022; 40:404–413. [PubMed: 35225227] A candid exploration of sensitivity and 
responsiveness of the traditionally measured outcome measures in IBM and exploration of which 
may be optimal for use in future trials.

58. Jørgensen AN, Jensen KY, Nielsen JL, Frandsen U, Hvid LG, Bjørnshauge M, et al. Effects of 
blood-flow restricted resistance training on mechanical muscle function and thigh lean mass in 
sIBM patients. Scand J Med Sci Sports 2022; 32:359–371. [PubMed: 34637559] 

59■. Lin AY, Siener CS, Faino AV, Seiffert M, Weihl CC, Wang LH. Optimizing hand-function 
patient outcome measures for inclusion body myositis. Neuromuscul Disord 2020; 30:807–
814. [PubMed: 32928647] A great paper that highlights the unmet need of quantitating upper 
extremity dysfunction and disability related to it in IBM. The paper describes a new patient 
related outcome measure in IBM.

60■. Hanna MG, Badrising UA, Benveniste O, Lloyd TE, Needham M, Chinoy H, et al. Safety and 
efficacy of intravenous bimagrumab in inclusion body myositis (RESILIENT): a randomised, 
double-blind, placebo-controlled phase 2b trial. Lancet Neurol 2019; 18:834–844. [PubMed: 
31397289] A detailed report of the pivotal phase 3 double-blind, randomized clinical trial of 
bimagrumab, an Activin II receptor antagonist in IBM. The trial unfortunately failed to meet any 
of the pre-specified primary and key secondary outcome measures.

61■. Amato AA, Hanna MG, Machado PM, Badrising UA, Chinoy H, Benveniste O, et al. Efficacy 
and Safety of Bimagrumab in Sporadic Inclusion Body Myositis: Long-term Extension of 
RESILIENT. Neurology 2021; 96:e1595–e1607. [PubMed: 33597289] A report on the long term 
safety and efficacy of bimagrumab in IBM. This is a follow up paper to the above cited paper 
(#60), which confirms the safety and tolerability, but no efficacy.

62. Jørgensen AN, Jensen KY, Nielsen JL, Frandsen U, Hvid LG, Bjørnshauge M, et al. Effects of 
blood-flow restricted resistance training on mechanical muscle function and thigh lean mass in 
sIBM patients. Scand J Med Sci Sports 2022; 32:359–371. [PubMed: 34637559] 

63. Jensen KY, Nielsen JL, Schrøder HD, Jacobsen M, Boyle E, Jørgensen AN, et al. Lack of 
muscle stem cell proliferation and myocellular hypertrophy in sIBM patients following blood-flow 
restricted resistance training. Neuromuscul Disord 2022; 32:359–371.

Perez-Rosendahl and Mozaffar Page 11

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



64. Santos AR, Neves MT Jr., Gualano B, Laurentino GC, Lancha AH, Ugrinowitsch C, et al. Blood 
flow restricted resistance training attenuates myostatin gene expression in a patient with inclusion 
body myositis. Biol Sport 2014; 31:121–124. [PubMed: 24899776] 

65. Taira K, Yamamoto T, Mori-Yoshimura M, Sajima K, Takizawa H, Shinmi J, et al. Cricopharyngeal 
bar on videofluoroscopy: high specificity for inclusion body myositis. J Neurol 2021; 268:1016–
1024. [PubMed: 32980980] 

66. McMillan RA, Bowen AJ, Bayan SL, Kasperbauer JL, Ekbom DC. Cricopharyngeal Myotomy 
in Inclusion Body Myositis: Comparison of Endoscopic and Transcervical Approaches. 
Laryngoscope 2021; 131: E2426–e2431. [PubMed: 33577720] 

67. Witting N, Daugaard D, Prytz S, Biernat H, Diederichsen LP, Vissing J. Botulinum toxin treatment 
improves dysphagia in patients with oculopharyngeal muscular dystrophy and sporadic inclusion 
body myositis. J Neurol 2022; doi:10.1007/s00415-022-11028-8.

Perez-Rosendahl and Mozaffar Page 12

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• Controversies remain as to whether IBM is primarily an inflammatory 

disorder vs. primarily a myodegenerative disorder

• Multiple new lines of evidence further cement the concept of inflammation 

driving the degenerative aspects of the disease

• The role of immunosenescent, exhausted, highly differentiated T cells is 

better defined; therapies are in development to target these T cells as well as 

strategies to upregulate regulatory T cells

• MRI aids the diagnosis the disease and may also be an excellent outcome 

measure for clinical trials

• The mouse xenograft model is a major step forward and will help carry out 

pre-clinical studies of the disease. Elimination of inflammation in this model 

does not necessarily stop the degenerative processes, suggesting that there 

may be a “point of no return”, where degeneration becomes self-sustaining

Perez-Rosendahl and Mozaffar Page 13

Curr Opin Neurol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
A conceptual framework for disease overlap and spectrum in polymyositis/Inclusion Body 

Myositis. In some patients disease phenotype morphs, and is associated with a progressive 

increase in 1) percentage of immunosenescent highly differentiated (apoptosis-resistant) 

T lymphocytes, 2) mitochondrial deletions and myopathological features of mitochondrial 

dysfunction, 3) rimmed vacuoles, and 4) accumulation of a vast array of proteins, including 

p62, TDP-43, etc. Inflammatory infiltrates generally reduce over time as the above changes 

occur.
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