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ABSTRACT
Objective. Idiopathic inflammatory 
myopathies (IIMs) are a heterogeneous 
group of acquired muscle disorders 
characterised by immune-mediated 
muscle damage and systemic involve-
ment. Increasing evidence highlights 
mitochondrial abnormalities as a key 
contributor to muscle weakness, in-
flammation, and disease progression. 
This review aims to summarise current 
knowledge on the mechanisms, histo-
pathological features, and clinical im-
plications of mitochondrial dysfunction 
in IIMs, as well as to discuss emerging 
therapeutic strategies targeting mito-
chondrial impairment.
Methods. A narrative review of the lit-
erature was conducted using PubMed, 
with no temporal restrictions. Only 
English-language articles were includ-
ed. Search terms comprised “inflam-
matory myopathies,” “mitochondrial 
abnormalities,” and “mitochondrial 
antibodies AND inflammatory myopa-
thies.” Studies addressing mitochon-
drial structure and function, histo-
pathological findings, autoantibodies 
targeting mitochondrial components, 
and therapeutic approaches in IIMs 
were selected and analysed.
Results. Mitochondrial dysfunction in 
IIMs involves impaired oxidative phos-
phorylation, increased oxidative stress, 
disrupted calcium homeostasis, defec-
tive mitophagy, and mitochondrial DNA 
damage. Histopathological findings in-
clude cytochrome c oxidase-negative 
fibres, ragged red fibres, abnormal mi-
tochondrial morphology, and altered 
mitochondrial distribution, particularly 
prominent in inclusion body myositis. 
Inflammatory mechanisms further ex-
acerbate mitochondrial injury through 
cytokine signalling, cytotoxic immune 
responses, and interferon-mediated 
pathways. Autoantibodies targeting mi-
tochondrial components, such as anti-

NDUFA11 and anti-mitochondrial anti-
bodies, define subgroups with more se-
vere or refractory disease. Therapeutic 
strategies reducing inflammation may 
indirectly improve mitochondrial func-
tion, while novel approaches, includ-
ing interferon blockade, mitochondrial 
transplantation, and exercise-based in-
terventions, show promise in restoring 
bioenergetics.
Conclusion. Mitochondrial dysfunc-
tion represents a central pathogenic 
mechanism in IIMs, tightly interwoven 
with immune-mediated muscle dam-
age. Targeting both inflammatory and 
mitochondrial pathways may offer 
more effective and personalised thera-
peutic strategies for patients with in-
flammatory myopathies.

Introduction
Idiopathic inflammatory myopathies 
(IIMs) are a broad group of acquired 
disorders of the skeletal muscle that 
can also be featured by cardiomyopathy 
and systemic involvement. In general, 
they are characterised by predominantly 
proximal muscle weakness with suba-
cute progression, although some condi-
tions can manifest with rapidly evolving 
muscle damage (1). Overall, research 
data suggests a complex interplay be-
tween autoimmunity, genetic predispo-
sition and structural as well as function-
al muscle alterations in the pathogenesis 
of IIMs. In particular, mitochondrial 
abnormalities, inducing alterations in 
oxidative phosphorylation, calcium 
homeostasis, and apoptosis regulation, 
crucial for maintaining muscle func-
tion, have been described as a recurrent 
feature in IIMs (2). More precisely, mi-
tochondrial involvement in idiopathic 
inflammatory myopathies (IIMs) ex-
tends beyond genetic defects and anti-
mitochondrial antibodies, encompass-
ing a network of structural, functional, 
and signalling alterations (3).
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These mechanisms interact with im-
mune-mediated injury, creating a cycle 
that perpetuates muscle damage and 
chronic weakness. However, it is not 
fully elucidated if the subsequent mus-
cle energy impairment possibly stands 
as an epiphenomenal manifestation of 
cellular damage or as a prodromal sign 
of it.
In this review we aim to gather the cur-
rent knowledge on mechanisms and ef-
fects of mitochondrial dysfunction in 
IIMs as well as insights on present and 
future therapeutic options targeting this 
particular aspect.

Methods
This narrative review was conducted 
on PubMed, with restriction to papers 
written in English. No temporal restric-
tion was imposed for papers’ selection. 
Research keywords were “inflammato-
ry myopathies” and “mitochondrial ab-
normalities”, “mitochondrial antibod-
ies AND inflammatory myopathies”. 
Papers containing information about 
histopathology in IIMs, autoantibodies 
targeting mitochondria, actual treat-
ment and future perspective for IIM 
and mitochondrial myopathies were 
selected, for a total of 27 papers.

Mitochondrial activity dysfunction 
and inflammation in skeletal muscle
Skeletal muscle exhibits the widest 
range of metabolic variability among 
tissues, and the maintenance of contrac-
tile function critically depends on mi-
tochondria (4). Mitochondria are highly 
dynamic organelles, continuously un-
dergoing fusion and fission, processes 
mediated by key proteins (5). This 
dynamic remodelling preserves mito-
chondrial network integrity, ensures 
efficient energy supply in response to 
fluctuating metabolic demands, and 
facilitates quality-control mechanisms. 
Beyond energy production, mitochon-
dria sustain anaplerotic pathways that 
replenish critical metabolic intermedi-
ates, while precisely regulating calcium 
homeostasis, thermogenesis, redox 
balance, and reactive oxygen species 
(ROS) levels. To maintain these diverse 
functions, mitochondria depend on in-
tricate regulatory networks that orches-
trate biogenesis, proteostasis, dynamic 

remodelling, and mitophagy, ensuring 
both functional resilience and metabol-
ic adaptability in skeletal muscle (6, 7).
In response to stressors such as injury, 
infection, or metabolic disturbances, 
mitochondria can release damage-asso-
ciated molecular patterns (DAMPs), in-
cluding mitochondrial DNA, ATP, and 
formulated peptides. These DAMPs 
engage pattern recognition receptors 
like TLR9 and cGAS, initiating ster-
ile inflammation that is vital for tissue 
repair but can become pathological if 
dysregulated (8).
Impaired mitochondrial function con-
tributes directly to muscle atrophy. 
Excessive ROS and pro-inflammatory 
cytokines, including TNF-α and IL-6, 
disrupt mitochondrial dynamics and 
exacerbate proteolytic pathways such 
as the ubiquitin-proteasome system and 
autophagy-lysosomal degradation, re-
sulting in loss of muscle proteins and 
contractile capacity. Conversely, proper 
mitochondrial function can support 
the resolution of inflammation, in part 
by guiding the differentiation of anti-
inflammatory macrophages through 
metabolic reprogramming. Faas et al. 
(8) detected that IL-33 induces a rap-
id metabolic reprogramming in mac-
rophages, characterised by the uncou-
pling of the mitochondrial respiratory 
chain and an increase in the production 
of the metabolite itaconate. This meta-
bolic shift, mediated by transcription 
factor GATA3, is crucial for the differ-
entiation of alternatively activated mac-
rophages (AAMs), which are essential 
for the resolution of inflammation and 
tissue repair (9).

Mechanisms of mitochondrial
damage in IIMs
Mitochondria play a crucial role in 
skeletal muscle homeostasis by pro-
viding ATP through oxidative phos-
phorylation, regulating apoptosis, and 
modulating redox balance. In idiopath-
ic inflammatory myopathies (IIMs), in-
cluding dermatomyositis (DM), poly-
myositis (PM), and inclusion body my-
ositis (IBM), mitochondrial dysfunc-
tion has emerged as a key pathological 
hallmark. Recent evidence suggests 
that inflammation, oxidative stress, im-
paired mitophagy, mitochondrial DNA 

(mtDNA) damage, and protein aggre-
gation interact in a vicious cycle that 
sustains muscle weakness and degen-
eration (10-12).
Dermatomyositis is characterised by 
perifascicular atrophy and a strong type 
I interferon (IFN) signature. IFN-β has 
been shown to induce mitochondrial 
damage in human myotubes by increas-
ing reactive oxygen species (ROS) 
production, leading to depolarization 
of the mitochondrial membrane poten-
tial and decreased ATP synthesis (13). 
Additionally, microangiopathy in DM 
contributes to local hypoxia, further im-
pairing oxidative phosphorylation and 
exacerbating ROS-mediated injury (14). 
Collectively, these findings suggest that 
in DM, mitochondrial dysfunction is 
driven primarily by interferon-induced 
oxidative stress and vascular damage. 
Polymyositis is characterised by cyto-
toxic CD8+ T-cell infiltration and direct 
attack on major histocompatibility com-
plex (MHC) class I, expressing myofib-
ers. Studies have shown that perforin- 
and granzyme-mediated cytotoxicity 
leads to mitochondrial swelling, loss 
of cristae structure, and impaired res-
piratory chain activity (11). Chronic in-
flammation drives mitochondrial DNA 
deletions and point mutations, which 
compromise oxidative phosphoryla-
tion (15). Moreover, overexpression of 
pro-apoptotic proteins such as harakiri 
(HRK) in response to toll-like receptor 
(TLR) signalling reduces mitochondrial 
membrane potential and impairs muscle 
repair capacity (16). Thus, in PM, mito-
chondrial damage appears to result from 
immune-mediated cytotoxicity and sus-
tained pro-apoptotic signalling.
IBM displays the most striking mi-
tochondrial pathology among IIMs. 
Muscle biopsies reveal cytochrome c 
oxidase (COX)-negative fibres, mul-
tiple mtDNA deletions, and defective 
respiratory chain complexes (17). Ac-
cumulation of misfolded proteins such 
as TDP-43 and p62 co-localises with 
mitochondrial components, disrupting 
respiratory chain integrity and ATP pro-
duction (18). Impaired mitophagy, evi-
denced by accumulation of phospho-
ubiquitin (p-S65-Ub) and dysfunctional 
removal of damaged organelles, leads 
to secondary activation of the NLRP3 
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inflammasome, perpetuating inflamma-
tion and mitochondrial injury (13). The 
strong correlation between inflamma-
tory cell density, COX-deficient fibres, 
and muscle fibre atrophy highlights the 
synergistic interplay of immune-me-
diated and degenerative mechanisms 
(19).
Across all IIM subtypes, mitochondrial 
dysfunction can be conceptualised as 
part of a self-amplifying loop. Inflam-
mation (mediated by IFNs, cytotoxic T 
cells, or innate immune sensors) gener-
ates ROS and induces mitochondrial 
damage. Damaged mitochondria re-
lease mtDNA and other mitochondrial 
DAMPs (damage-associated molecular 
patterns), which further activate in-
nate immune pathways (e.g. TLR9, 
NLRP3). In IBM, impaired clearance 
of dysfunctional mitochondria exacer-
bates this loop, while in DM, vascular 
hypoxia and interferon signalling am-
plify oxidative stress. Ultimately, mi-
tochondrial dysfunction contributes not 
only to energy failure but also to chron-
ic inflammation and progressive muscle 
degeneration. Table I summarises the 
described mechanisms across IIMs. 

Histopathological evidence 
of skeletal muscle mitochondrial 
damage in IIMs
Histological studies have provided 
compelling evidence for mitochon-
drial involvement in the pathogenesis 
of IIMs. Classical histochemical stains 
and ultrastructural analyses have re-
vealed consistent abnormalities in mi-
tochondrial morphology, enzymatic 
activity, and spatial distribution, which 
correlate with clinical features and 
disease progression. One of the most 
striking features is the presence of cy-
tochrome c oxidase (COX)-negative 
fibres, a hallmark of mitochondrial 
respiratory chain dysfunction. In IBM, 
the frequency of COX-deficient fibres 
is significantly higher than in DM or 
PM, reflecting profound impairment of 
oxidative phosphorylation (19). His-
tochemical double-staining with COX 
and succinate dehydrogenase (SDH) 
often reveals a mosaic pattern where 
fibres lacking COX activity display 
preserved or even enhanced SDH stain-
ing, indicative of compensatory mi-

tochondrial proliferation in response 
to defective complex IV activity (17). 
Such patterns are not restricted to IBM; 
COX-deficient fibres have also been 
described in DM and PM, where their 
abundance correlates with disease se-
verity and refractoriness to treatment 
(14). Ultrastructural analyses by elec-
tron microscopy further support mito-
chondrial pathology. In DM, mitochon-
dria often appear swollen with disrupt-
ed cristae, paracrystalline inclusions, 
and accumulation of osmiophilic de-
posits. Perifascicular atrophy, a pathog-
nomonic feature of DM, has been asso-
ciated with mitochondrial depletion in 
affected fibres, suggesting that vascular 
injury and local hypoxia impair mito-
chondrial biogenesis and maintenance 
(16). In PM, mitochondrial swelling 
and loss of cristae structure have been 
linked to direct T-cell-mediated cyto-
toxicity, as perforin and granzyme B 
trigger apoptosis and necrosis with mi-
tochondrial involvement (11). In IBM, 
electron microscopy reveals a spectrum 
of mitochondrial abnormalities includ-
ing giant mitochondria, paracrystalline 
inclusions, abnormal cristae morpholo-
gy, and subsarcolemmal accumulations 
of mitochondria. These features fre-
quently coexist with rimmed vacuoles 
and protein aggregates (TDP-43, p62), 
suggesting convergence of mitochon-
drial dysfunction with disturbances in 
protein homeostasis and autophagy 
(18). Histological markers of mitochon-
drial turnover also highlight impaired 
quality control mechanisms. Immuno-
histochemical staining for proteins in-
volved in mitophagy, such as p62 and 
phospho-ubiquitin (p-S65-Ub), demon-
strate abnormal accumulation in IBM 
muscle fibres, consistent with defec-
tive removal of damaged mitochondria 
(13). Co-localization of these markers 
with COX-deficient fibres suggests that 
impaired mitophagy exacerbates mi-
tochondrial dysfunction. Furthermore, 
quantitative studies have shown that 
the number of COX-negative fibres 
correlates positively with the density 
of inflammatory infiltrates, particularly 
CD8+ T cells and macrophages, linking 
immune-mediated injury with mito-
chondrial pathology (17). Interestingly, 
mitochondrial abnormalities are not re-

stricted to clinically affected muscles; 
subclinical mitochondrial changes can 
be detected in non-atrophic fibre, sup-
porting the hypothesis that mitochon-
drial dysfunction precedes overt fibre 
degeneration. Overall, histological evi-
dence strongly supports the central role 
of mitochondrial damage in IIMs. From 
classical enzymatic stains demonstrat-
ing COX-deficiency, to ultrastructural 
changes captured by electron micros-
copy, to immunohistochemical markers 
of impaired mitophagy, the pathologi-
cal spectrum highlights both primary 
mitochondrial defects and secondary 
immune-mediated damage. While IBM 
displays the most profound and consist-
ent mitochondrial pathology, DM and 
PM also demonstrate significant mito-
chondrial alterations that contribute to 
muscle weakness and disease progres-
sion. These findings underscore the 
importance of incorporating histologi-
cal evaluation of mitochondrial integ-
rity in diagnostic workflows, and they 
provide critical insights into potential 
therapeutic strategies aimed at restoring 
mitochondrial health in inflammatory 
myopathies. Table I summarises the de-
scribed pathology features across IIMs.

Autoantibodies targeting 
mitochondria
Autoantibodies directed against mito-
chondrial components have emerged as 
a distinct and clinically relevant phe-
nomenon in inflammatory myopathies, 
particularly in IBM and in subsets of 
adult-onset DM and PM. Recent work 
has identified autoantibodies against 
NDUFA11, a subunit of mitochondrial 
respiratory chain complex I, as en-
riched in IBM: in an exploratory cohort, 
~9.7% of IBM patients displayed IgG 
reactivity to NDUFA11 compared to 
much lower percentages in PM or DM; 
in a larger validation cohort, ~3.5% 
of IBM patients retained positivity, 
whereas none of the PM or DM sam-
ples did, confirming specificity (20). 
Though histological or clinical corre-
lations (e.g., degree of mitochondrial 
pathology, respiratory chain deficiency, 
etc.) were not statistically significant 
in that study, there was a trend to-
ward higher frequency of distal lower 
extremity weakness and ragged red 
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fibres among the anti-NDUFA11-posi-
tive IBM group (20). Another class of 
mitochondrial-directed autoantibodies 
are anti-mitochondrial autoantibodies 
(AMA) typically known from primary 
biliary cholangitis, but also detected in 
a subset of patients with myositis. In a 
large cohort study (~619 adult and 371 
juvenile myositis patients), AMA were 
found in approximately 5% of adult 
myositis cases (across DM, PM, IBM, 
amyopathic DM) compared to ~1% in 
juvenile myositis or healthy controls 
(20). Clinical associations of AMA pos-
itivity in adult myositis include more 
persistent or treatment-refractory mus-
cle weakness, dysphagia, Raynaud’s 
phenomenon, and cardiomyopathy 
(21). Histopathologically, in AMA-pos-
itive myositis, features include muscle 
fibre degeneration, vacuole formation 
of various sizes (not necessarily clas-
sical rimmed vacuoles), upregulation 
of MHC-I, complement deposition on 
the sarcolemma, and occasional ragged 
red fibres, pointing to mitochondrial 
involvement (e.g. proliferation or com-
pensatory mitochondrial biogenesis) 
and concurrent inflammatory injury 
(22). One recent small series described 
three middle-aged patients with AMA 
positivity: all had elevated creatine ki-
nase, proximal muscle weakness, and 
in biopsy, vacuoles beneath the sarco-
lemma, diffuse MHC class I expres-
sion, and complement membrane attack 
complex deposition; one case showed 
ragged red fibres (22). The mechanistic 
significance of these autoantibodies is 
still under investigation. It is not yet de-
finitively established whether they are 
pathogenic (i.e. directly contributing to 
mitochondrial damage), or largely epi-
phenomenal (markers of mitochondrial 
stress or damage). The discovery of 
anti-NDUFA11 in IBM is intriguing be-
cause complex I defects are well known 

in IBM muscle histology, but the lack 
of strong correlation with histologic 
severity in the study suggests heteroge-
neity (20). Meanwhile, AMA positivity 
seems to define a phenotype with more 
severe or multisystem involvement, but 
again direct evidence of autoantibody-
mediated mitochondrial injury (e.g. ev-
idence that the AMA bind mitochondria 
in situ, impair respiratory chain activity, 
or incite complement on mitochondrial 
membranes) remains limited.

Therapeutics’ present and 
future avenues
In IIMs, therapies such as glucocorti-
coids, conventional immunosuppres-
sants, and newer biologics or monoclo-
nal antibodies not only reduce inflam-
mation but may also help restore mi-
tochondrial function, either directly or 
indirectly, by alleviating the damaging 
milieu. Glucocorticoids (e.g. high-dose 
prednisolone) suppress immune cell 
infiltration and cytokine release, which 
leads to reduced generation of reactive 
oxygen species (ROS) and oxidative 
stress in muscle. Even where muscle 
volume decreases under steroid therapy, 
improvements in muscle strength and 
enzyme markers suggest that recovery 
of mitochondrial efficiency (improved 
oxidative phosphorylation, ATP pro-
duction) rather than just hypertrophy 
plays a role. A study using CT imaging 
in myositis showed that after steroid 
therapy, despite muscle volume loss, 
muscle strength and serum markers im-
proved, leading authors to hypothesise 
that mitochondrial dysfunction is ame-
liorated as inflammation, endoplasmic 
reticulum stress, and ROS are reduced 
(23). Immunosuppressants (e.g. metho-
trexate, azathioprine, mycophenolate 
mofetil) used in PM, DM, and other 
IIMs reduce chronic inflammation, 
thereby decreasing continuous dam-

age to the respiratory chain (e.g. loss 
of complex I, deletions in mtDNA). 
Although direct measurements of mi-
tochondrial function in patients on im-
munosuppressants are relatively scarce, 
combined treatment regimens lead to 
better clinical outcomes, which often 
correlate with histological evidence of 
fewer COX-negative fibres and better 
mitochondrial enzyme activity. Mono-
clonal antibodies and biologics also 
contribute. For example, rituximab 
(anti-CD20) has been used in refrac-
tory myositis: while the RIM trial did 
not meet its primary endpoint, 83% of 
participants saw clinical improvements 
(strength, enzyme levels) and were able 
to reduce steroid doses. By reducing 
the burden of immune activity, there is 
likely less mitochondrial damage via 
oxidative stress, mitochondrial DNA 
injury, and impairment of mitochon-
drial enzyme complexes (24). Another 
biologic in development is dazukibart 
(PF-06823859), a monoclonal antibody 
neutralising IFN-β, tested in dermato-
myositis. Since IFN-β contributes to 
mitochondrial dysfunction by inducing 
oxidative stress and altering mitochon-
drial biogenesis, neutralisation may 
help protect or restore mitochondrial 
function (by lowering ROS, preserving 
membrane potential, etc.) (25). Beyond 
standard immunomodulation, there are 
direct mitochondria-targeting therapies 
in development. A promising example 
is mitochondrial transplantation us-
ing mitochondria isolated from human 
umbilical cord mesenchymal stem cells 
(named PN-101) in preclinical IIM 
models and in a Phase 1/2a clinical trial 
of patients with refractory polymyosi-
tis or dermatomyositis. In these stud-
ies, PN-101 improved mitochondrial 
function (increased intracellular ATP, 
better myogenesis in patient-derived 
myoblasts), reduced inflammatory se-

Table I. Summary of pathophysiological mechanisms of mitochondrial damage in IIMs and pathology features.

	 DM	 PM	 IBM

Mitochondrial pathophysiology	 interferon-induced oxidative  	 CD8+ lymphocytes driven damage, 	 Protein misfolding, impaired
	 stress and vascular damage	 pro-apoptotic signalling	 mitophagy, inflammasome activation

Pathology features 	 COX-fibres, mitochondrial 	 COX-fibres, mitochondrial	 COX-fibres (++), COX-fibres, 
	 abnormalities at EM	 abnormalities at EM 	 mitochondrial abnormalities at 
			   EM associated to rimmed vacuoles 	
			   and protein aggregates
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verity in animal models, and was safe 
in the human patients, showing at least 
minimal improvement in the IMACS 
Total Improvement Scores (26). An-
other non-drug, adjunctive approach is 
endurance (aerobic) exercise training: 
in stable PM/DM patients, 12 weeks of 
endurance training increased mitochon-
drial enzyme activities (e.g. β-HAD, 
citrate synthase), improved aerobic 
capacity, reduced disease activity, and 
improved exercise performance, con-
sistent with enhanced mitochondrial 
biogenesis and better oxidative capac-
ity (27). Finally, novel therapies such 
as KZR-616, an immunoproteasome 
inhibitor, are under clinical trial (PRE-
SIDIO, NCT04033926) in PM and DM. 
Though mitochondrial measures were 
not the primary endpoint, reductions in 
inflammation and preservation of mus-
cle strength may indirectly mitigate mi-
tochondrial damage (28).

The reverse of the medal: 
inflammatory aspects in 
mitochondrial myopathies
Mitochondrial myopathies (MM), typi-
cally arising from primary defects in mi-
tochondrial DNA (mtDNA) or nuclear 
genes encoding mitochondrial proteins, 
are classically metabolic disorders 
without overt inflammation; however, 
an increasing number of histopatho-
logical studies document inflammatory 
features in some MM cases, suggesting 
that immune responses may contribute 
to disease progression. In muscle biop-
sies from patients with MM (e.g. cases 
of progressive external ophthalmople-
gia, MELAS), hallmark findings such 
as ragged red fibres (RRFs), subsar-
colemmal mitochondrial accumulation, 
and cytochrome c oxidase-negative 
(COX-)fibres dominate; yet discrete 
inflammatory cell infiltrates, often of T 
lymphocytes and macrophages, are also 
observed in certain patients, especially 
during acute exacerbations or respirato-
ry failure. A published case of an adult 
with the 3251A>G mtDNA mutation 
showing respiratory failure described 
both ragged red and COX-negative 
fibres and areas with inflammatory in-
filtrates and necrotising features; intra-
venous immunoglobulin therapy was 
associated with clinical improvement 

(29). Another recognized histological 
alteration is major histocompatibility 
complex class I (MHC-I) upregulation 
on non-necrotic muscle fibres. In mito-
chondrial disease cases with inflamma-
tory degeneration, MHC-I overexpres-
sion suggests increased antigen presen-
tation that could attract immune effec-
tors or set the stage for immune-mediat-
ed damage. Although direct large-scale 
studies in mitochondrial myopathies 
are limited, the phenomenon is well-
characterised in idiopathic inflamma-
tory myopathies (IIMs) and provides 
a useful comparison: for example, in a 
study of 224 muscle biopsies from IIM 
patients versus controls, sarcolemmal 
MHC class I expression was markedly 
elevated in IIMs, with high sensitivity 
and specificity for diagnosing inflam-
matory myopathy (30). Complement 
activation, specifically deposition of the 
membrane attack complex (MAC, C5b-
9), is another inflammatory mark seen 
primarily in IIMs (e.g. dermatomyosi-
tis), and occasionally reported in MM 
with inflammation. In dermatomyositis, 
intramuscular microvasculature often 
shows MAC deposition in capillaries 
and arterioles (31). Whether similar 
patterns are consistently present in mi-
tochondrial-myopathy biopsies is less 
certain, but in reports of mitochondrial 
cases with necrotising features, com-
plement deposition has been described 
alongside inflammatory cell infiltrates. 
The fact that necrotising myopathy 
(which sometimes overlaps in clinical 
presentation) shows strong C5b-9 in 
necrotic fibres and some non-necrotic 
fibres suggests that complement ac-
tivation may be part of the inflamma-
tory cascade triggered by mitochondrial 
damage (32). Ultrastructurally, in cases 
with inflammation, mitochondrial ab-
normalities often co-localise with ar-
eas of fibre necrosis and immune cell 
proximity. Although systematic stud-
ies quantifying macrophage clustering 
around COX-negative fibres are rare, 
case reports show this association: 
Mancuso et al. described this pheno-
type in a 3251A>G mutation carrier 
with acute respiratory failure: histology 
demonstrated RRFs, COX deficiency, 
discrete inflammatory infiltrates and 
necrosis, and patient responded to im-

mune therapy (30). Cytokine expres-
sion in muscle tissue also provides 
evidence for immune activation. In 
patients with chronic, inactive PM and 
DM, immunohistochemical studies de-
tected IL-1α and IL-1β expression even 
when infiltrates had subsided, suggest-
ing persistent immune/stress signals. 
While not specific to MM, this indi-
cates that proinflammatory cytokine 
expression can outlast visible cellular 
inflammation (32). However, impor-
tant distinctions remain: in MM with 
inflammation, infiltrates tend to be fo-
cal, sparse, not as dense or widespread 
as in classical autoimmune myositis; 
necrosis may be limited; vasculopathy 
(as in dermatomyositis) less common; 
and inflammatory markers often do not 
correlate with systemic autoimmunity. 
Also, large-scale series confirming con-
sistent presence of inflammation in MM 
are lacking. In summary, histopatholog-
ical evidence supports that in a subset 
of mitochondrial myopathies, immune 
mechanisms are engaged, including 
inflammatory cell infiltrates (T cells, 
macrophages), upregulated MHC class 
I on non-necrotic fibres, complement 
activation with MAC deposition, fibre 
necrosis in some cases, and persistent 
pro-inflammatory cytokine expression. 
These features suggest a secondary in-
flammatory response to mitochondrial 
damage, which might in turn accelerate 
pathology. Further systematic studies 
are needed to establish prevalence, the 
weight on that also of muscle magnetic 
resonance imaging, prognostic implica-
tions, and whether immunomodulatory 
therapies may be beneficial in these 
mixed-phenotype cases.

Conclusion
Mitochondrial dysfunction plays a 
central role in the pathogenesis of 
idiopathic inflammatory myopathies 
(IIMs), with multifactorial contribu-
tions from oxidative stress, mtDNA 
damage, impaired mitophagy, and 
protein aggregation. Histologically, 
affected muscle fibres display COX-
negative fibres, ragged red fibres, sub-
sarcolemmal mitochondrial accumula-
tion, and ultrastructural abnormalities, 
often accompanied by inflammatory 
features such as focal endomysial T-
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cell and macrophage infiltrates, MHC 
class I upregulation, and complement 
deposition. Autoantibodies targeting 
mitochondrial components, including 
anti-NDUFA11 and anti-mitochondrial 
antibodies (AMA), further highlight 
the immunogenic potential of damaged 
mitochondria, defining subgroups with 
more severe clinical phenotypes. Ther-
apeutically, standard treatments, gluco-
corticoids, immunosuppressants, and 
monoclonal antibodies, can contribute 
to restoring mitochondrial function in-
directly by reducing inflammation and 
oxidative stress, while emerging mito-
chondria-targeting strategies, such as 
mitochondrial transplantation or IFN-β 
neutralisation, aim to directly improve 
bioenergetics. Collectively, these find-
ings emphasise the intricate interplay 
between mitochondrial dysfunction and 
immune activation, suggesting that in-
tegrated metabolic and immunomodu-
latory approaches may optimise out-
comes in both IIMs and mitochondrial 
myopathies.
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