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Inclusion body myositis: accumulation of
evidence for its autoimmune origin

This scientific commentary refers to

‘Highly differentiated cytotoxic T

cells in inclusion body myositis’, by

Greenberg et al. (doi:10.1093/brain/

awz207).

Inclusion body myositis (IBM) is a

slowly progressive idiopathic inflam-

matory myopathy, the most frequent

among myopathies (inherited or

acquired) in patients over 50 years of

age. It is particularly resistant to con-

ventional immunosuppressive drugs,

including corticosteroids. IBM was

first described in the 1970s, but the

first diagnostic criteria based largely

on pathology were published only in

1995. Machine learning approaches

were subsequently used to construct

diagnostic criteria with 90% sensitivity

and 96% specificity (Lloyd et al.,

2014). These criteria are the presence

of finger flexor or quadriceps weak-

ness, endomysial inflammation, and T

cell invasion of non-necrotic muscle

fibres or rimmed vacuoles (Lloyd

et al., 2014). Now well-accepted,

these criteria emphasize muscle in-

volvement, specifically of the finger

flexors (with digitorum profundus

weaker than superficialis) and quadri-

ceps (with vastus medialis and lateralis

affected before rectus femoris), but

also highlight the pathological charac-

teristics of the disease. The presence of

microscopic cellular inflammation

(endomysial with invasion of muscle

fibres) is the hallmark of the inflamma-

tory nature of IBM. However, the

presence of rimmed vacuoles and

other ‘degenerative’ features such as

myonuclear degeneration, mitochon-

drial pathology and myofibrillar cyto-

plasmic protein aggregates has led to

controversy regarding the pathogenesis

of the disorder. Over the past several

decades, neurologists have often

argued in favour of a degenerative

origin of IBM (maybe linked to a gen-

etic disorder in common with other

vacuolar myopathies with degenerative

features, but of unknown molecular

origin and not evidenced by recent

whole genome sequencing studies)

with inflammation being secondary as

in certain hereditary myopathies (e.g.

dysferlinopathies). Rheumatologists,

by contrast, have often favoured an

autoimmune origin. In this issue of

Brain, Greenberg and co-workers add

to evidence supporting the second hy-

pothesis (Greenberg et al., 2019).

The authors elegantly demonstrate

that IBM is, from an immunological

point of view, clearly different from

the other inflammatory myopathies

but also (and as expected) from in-

herited myopathies. They show that

IBM is driven by highly differentiated

cytotoxic T cells and that this patho-

genesis is unique among idiopathic in-

flammatory myopathies. The work of

Greenberg et al. is also important for

the methodology used. The authors

began by analysing microarray data

available from a large series of

muscle biopsies from 411 patients: 40

with IBM and 77 with non-IBM idio-

pathic inflammatory myopathies, 188

with non-inflammatory myopathies

including some with hereditary inclu-

sion body myopathy, and 106 with

normal muscle. Starting from this

genome-wide analysis and using in-

novative big data analysis methods,

Greenberg et al. identified a muscle

cytotoxic signature and highly differ-

entiated T cell signature present only

in IBM. These cytotoxic and highly

differentiated cells were CD8+ and

killer cell lectin-like receptor G1

(KLRG1) positive. The presence of

these cells was then verified in the per-

ipheral blood by cytometry analysis

and within the muscle by immunohis-

tochemistry. Almost concomitantly, an

independent analysis of muscle biop-

sies from seven patients with IBM

and 20 with other inflammatory myo-

pathies confirmed the presence of

KLRG1 overexpression in IBM only

(Knauss et al., 2019). T-cell receptor

(TCR) repertoire analyses have previ-

ously shown oligoclonal CD8 T cell

expansion in the peripheral blood

and in muscle infiltrates of patients

with IBM (Dimitri et al., 2006),

while cytometry and immunohisto-

chemistry analyses have shown highly

differentiated populations of CD8+ T

cells [effector memory (TEM) and ter-

minally differentiated (TEMRA) cells]

in blood and muscle. The latter

were identified as CD8+ CD28�,

CD8+ CD244+, CD8+ CD57+ or

CD8+ T-bet+ (Allenbach et al., 2014;

Dzangué-Tchoupou et al., 2019)

and are presumably cytotoxic given

their high levels of granzymes and

perforin.

The particular strength of the study

by Greenberg et al. is the size of its

unsupervised genome-wide analysis,
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which both confirmed the presence of

TEMRA cells and also identified a

promising cell surface marker of

TEM and TEMRA in IBM: KLRG1.

It is unfortunate of course that no

functional studies were performed on

this particular cell population from

IBM patients in vitro, ex vivo or

in vivo (although IBM has no valid

animal model), but the literature and

immunostainings in other lymphoid

organs are informative. KLRG1 is an

inhibitory receptor of the C-type

lectin-like family. It is used as a

marker of terminally differentiated

NK and T cells and is strongly

induced by chronic viral and other in-

fections. IBM can occur in the setting

of viral infection with HIV-1 or

human T cell leukaemia virus type 1

(HTLV-1), but in the majority of

cases no chronic viral infection is

observed. Thus, in IBM, the chronic

antigenic stimulation of T cells must

come from some as yet unidentified

muscle antigens, presumably pre-

sented by the myofibres themselves

at their surface by major

histocompatibility complex (MHC)

class I molecules. MHC class I over-

expression is in fact one of the hall-

marks of IBM pathology. Thus, in

IBM it appears that huge antigen

stimulation results over time in trans-

formation of naive or early effector

memory T cells to TEMRA, which

can even give rise to the phenotype

of T cell large granular lymphocytic

leukaemia. Other autoimmune bio-

markers are also observed in IBM, be-

sides the invasion of myofibres by

TEMRA KLRG1+ cells. Circulating

anti-cN1A autoantibodies have been

identified, for example, while

genome-wide studies show marked

association (P5 10�33) with HLA-

DRB1, an autoimmune haplotype.

The highly differentiated CD8+ T

cells are resistant to apoptosis, cor-

ticosteroids and other immunosup-

pressants, perhaps explaining why

IBM is unresponsive to classical im-

munosuppressive drugs, similar to

Sjögren syndrome and scleroderma,

which are without doubt autoimmune

diseases.

To close the loop, the degenerative

features of IBM should be shown to

be secondary to inflammation. And

indeed, forced MHC class I overex-

pression at the surface of myofibres

induces endoplasmic reticulum stress

and a severe vacuolar myopathy

with unfolded protein accumulation

(Fréret et al., 2013). Other idiopathic

inflammatory myopathies and notably

dermatomyositis are also accompa-

nied by mitochondrial dysfunction

that is linked to interferon beta

(IFN-b) production (Meyer et al.,
2017). Another interferon, type II or

gamma interferon (IFN-�) found at

high levels within the muscle of IBM

by Greenberg et al.’s genome-wide

gene expression analysis (Greenberg

et al., 2019) and produced by

TEMRA cells in IBM (Allenbach

et al., 2014), may also induce mito-

chondrial dysfunction as well as accu-

mulation of amyloid in myofibres

(Schmidt et al., 2017). It must be

emphasized that IFN-� itself induces

MHC class I overexpression at the

surface of myofibres. Finally, the

Figure 1 Putative pathogenesis of IBM. CD8+ terminally differentiated effector memory (TEMRA) T cells are activated by their cognate

muscular antigen leading to production of both IFN-� (1) and cytotoxic enzymes e.g. granzymes and perforin (2). Cytotoxic enzymes induce

myofibre damage (3). IFN-� may lead to mitochondrial dysfunction (4), endoplasmic reticulum stress (5) and also induces MHC-I overexpression

(6). MHC-I overexpression in turn leads to endoplasmic reticulum stress (7). Mitochondrial dysfunction and oxidative stress impair proteasome

function (8). Both endoplasmic reticulum stress and proteasome dysfunction contribute to the accumulation of unfolded and misfolded proteins

leading to rimmed vacuole formation and degenerative features (9).
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passive transfer of anti-cN1A antibo-

dies in mice or in myofibre cultures

induces protein aggregation (Tawara

et al., 2017). Figure 1 summarizes

the putative pathogenesis of IBM.

The study by Greenberg et al. is

also important for having identified

KLRG1 cells as potential biomarkers

and drug targets for IBM. An increase

in the proportion of blood CD8+

T cells that are also KLRG1+ was

found in IBM, just as previous studies

have identified increased proportions

of blood CD8+ TEMRA cells defined

as CD28�, CD62L�, CD57+, or T-

bet+. However, Greenberg et al. do

not argue for blood KLRG1+ cells

as a diagnostic biomarker of IBM be-

cause their presence is likely not spe-

cific to this disorder (since the number

of TEMRA cells increases with age in

the peripheral blood). The measure-

ment of blood KLRG1+ T cells

could potentially serve as a different

kind of biomarker; however, such as

a clinical trial mechanistic biomarker

or surrogate efficacy biomarker, as

these cytotoxic cells appear to relate

to muscle damage and are easily mea-

sured in blood. More importantly, the

study does suggest the value of target-

ing KLRG1+ cells as an IBM thera-

peutic. In addition to KLRG1 being

a marker of presumed pathogenic

cells in IBM muscle, the study demon-

strated low expression of KLRG1 on

lymphoid tissue central memory T

cells, which are of paramount import-

ance for infectious disease defence,

and low expression on regulatory T

cells that help to suppress

autoimmunity (Greenberg et al.,

2019). We can thus imagine that a

targeted therapy for IBM that aims

to deplete TEMRA KLRG1+ presum-

ably effector cells (e.g. with a mono-

clonal antibody) may have a good

safety profile in terms of infections

and may efficiently tackle one of the

key actors in IBM pathophysiology.
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Glossary
IBM: Inclusion body myositis is the most prevalent myopathy in individuals over 50 years of age. Its unique phenotype with asymmetrical slowly

progressive diffuse muscle weakness mainly affecting the quadriceps, hand finger flexors and swallowing muscles is highly indicative of the diagnosis,

and should not be confused with a polymyositis (based on inflammatory infiltrates present on muscle biopsy) because of its resistance to

corticosteroids.

KLRG1: Killer cell lectin-like receptor subfamily G member 1 is a lymphocyte co-inhibitory, or immune checkpoint, receptor expressed pre-

dominantly on terminally differentiated effector and effector memory CD8+ T and NK cells.

TEMRA cells: Terminally differentiated effector memory T cells. Human CD8+ T cells are commonly classified into four subsets based on surface

expression of the leucocyte common antigen isoform CD45RA and the lymph node addressin CCR7. Naı̈ve T cells (CD45RA+/CCR7+) are thereby

distinguished from central memory (TCM, CD45RA�/CCR7+), effector memory (TEM, CD45RA�/CCR7�) and TEMRA (CD45RA+/CCR7�) T

cells.
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