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A 4-year-old girl, the first child of nonconsanguineous parents, with normal motor development,
presented with frequent falls, difficulty getting up from the floor, and muscle pain for several
months. Her initial serum creatine kinase (CK) level was 820 U/L, and EMG showed a
myopathic pattern. Echocardiogram and electrocardiogram were both normal. She was con-
sidered as having juvenile polymyositis by the pediatric rheumatologist, and treatment with
prednisolone was initiated. At first, she presented with improvement and stabilization of signs
and symptoms, but 5 months later, the weakness worsened rapidly, and she was restricted to a
wheelchair, with a persistent elevated serum CK level (746 U/L). Muscle MRI showed diffuse,
symmetrical, interstitial edema in the proximal and distal upper limb muscles and in glutei and
thigh muscles, without fat infiltration or atrophy (figure). The diagnostic hypothesis of idio-
pathic inflammatory myopathy (IIM) was considered, and at the age of 5 years, she was referred
to our service, with generalized weakness and severe axial involvement with loss of head control.
A biceps brachii muscle biopsy was performed and showed severe dystrophic pattern, numerous
necrotic fibers with macrophage reaction (CD68+ cells), lymphocyte endomysial infiltration
(CD8+ cells), increased MHC-I expression, and intracytoplasmic aggregates (figure). The
common antibodies for immune-mediated necrotizing myopathy (IMNM), anti-HMGCR and
anti-SRP antibodies, were negative. As seronegative IMNM may occur and considering the
intense edema in themuscleMRI and the significant macrophage reaction on the muscle biopsy,
the possibility of inflammatory myopathy remained as the main clinical diagnosis. Monthly IV
methylprednisolone and immunoglobulin were initiated and further associated with oral
prednisolone and methotrexate, promoting improvement of head control and proximal weak-
ness, and enabling her to achieve sitting ability. However, after 4 months of sustained response,
she started getting worse again, becoming refractory to immunosuppressive treatment. At that
time, mycophenolate mofetil and rituximab were added to treatment, but she did not respond.

Due to this unfavorable course, we decided to perform a new lower limb MRI, which depicted
profound atrophy with partial fat substitution, notably in the posterior compartments, with
slight hypersignal in T2 sequences (figure). A reanalysis of muscle biopsy, with menadione–
nitro-blue-tetrazolium (NBT) stain, showed that cytoplasmic aggregates were reducing bodies
(figure). Whole exome sequencing was performed, demonstrating a de novo heterozygous
pathogenic missense variant in the FHL1 (c.302G>A; p.Cys101Tyr), and the diagnosis of
reducing body myopathy (RBM) was concluded. The disease progressed, and the patient
worsened to total functional dependency: restricted to bed, severe proximal weakness, distal
contractures, diaphragm paralysis, tracheostomy with continuous mechanical ventilation, and
gastrostomy. Her treatment was then reviewed, and immunosuppressive and biological agents
were progressively tapered.

Discussion
Inherited myopathies in children are usually slowly progressive diseases, even severe muscular
dystrophy (MD). On the other hand, acute and subacute progression is suggestive of IIM. The
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most common form of IIM in childhood is juvenile derma-
tomyositis, followed, less frequently, by overlap myositis and
juvenile polymyositis.1 Over the past few years, several cases
of anti-HMGCR necrotizing myopathy have been described
in children, some of them presenting with subacute onset, but
others with chronic evolution, mimicking MD.2 Genetic
muscle diseases can also resemble inflammatory myopathy,
with rapid clinical deterioration and inflammatory infiltrates
on the muscle biopsy, such as limb-girdle MD caused by
variants in the dysferlin, anoctamin-5, and fukutin-related
proteins.3 Therefore, an overlap of clinical presentations can
occur, which makes it challenging at times to differentiate IIM
and inherited myopathies in diagnosis.

RBM is a rare muscle disorder, characterized by progressive
weakness and the presence of cytoplasmic aggregates that reduce
NBT in themuscle fibers (reducing bodies), caused bymutation
on FHL1.4,5 Variants in FHL1 follow, in general, an X-linked
dominant mechanism. There is no male-to-male transmission;
females and males are affected, but males carrying the same
variant are more severely affected, although very symptomatic
females with early-onset disease have been reported.6

We present a girl with subacute onset of generalized weakness,
accompanied by diffuse edema in the muscle MRI and in-
flammatory reaction on the muscle histology. IIM was the

main hypothesis. At that time, the presence of intra-
cytoplasmic aggregates in some fibers was not valued, and
immunosuppressive treatment was initiated, resulting in sig-
nificant improvement, which reinforced the original idea of
inflammatory myopathy. However, the patient’s worsening
after an initial response to the treatment raised the possibility
of genetic muscle disease. This motivated a new muscle MRI,
which showed a degenerative progression to atrophy and fat
substitution, and the reevaluation of the muscle biopsy, with
characterization of reducing bodies. The occurrence of pro-
tein aggregates in the muscle fibers demands additional stains,
such as menadione-NBT, which, if positive, indicates the
RBM diagnosis. Whole exome sequencing must be done in
this context to elucidate the molecular diagnosis. In our case, a
variant in the FHL1 gene was found.

FHL1 (Four-and-a-Half-LIM domains 1) is a member of a
group of proteins containing LIM domains, which are struc-
tural domains, composed of highly conserved sequences of 2
contiguous cysteine-rich zinc fingermotifs, required for the fold
and stability of each LIM domain.6 The FHL1 protein is in-
volved in signaling processes, differentiation, and maintaining
of structural elements, such as the sarcomere.5,6 Our patient
presented a variant causing a change in the position 101, from
the highly conserved cysteine by tyrosine, in the second LIM
domain of the protein, affecting the protein zinc finger motif.5,7

Figure Muscle MRI and Muscle Biopsy in Reducing Body Myopathy With Inflammatory Changes

(A) The first MRI shows an axial T1-weighted sequence (left) with a relatively preservedmuscle signal in the thighmuscles, in contrast to the hyperintensity in
the quadriceps muscles (arrow) on a short tau inversion recovery (STIR)–weighted sequence (right). (B) Follow-up MRI shows an axial T1-weighted sequence
(left) with thighmuscle atrophy and fatty infiltration. The axial STIR-weighted sequence (right) depicts persistentmuscle edema (arrow). (C) Gomori trichrome
stain shows a dystrophic pattern with the presence of intracytoplasmic aggregates (arrows). (D, E) Immunoperoxidase stains show the presence of endo-
mysium CD8+ lymphocytes (arrowheads) (D) and CD68+ macrophage infiltrates (arrows) (E). (F) A menadione nitro-blue-tetrazolium (NBT) stain shows
reducing bodies (arrowheads). Bar: 50 μm.
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The variant is absent in population databases, such as Gnomad
and 1000 Genomes, and is predicted to be pathogenic in
computational in silico analysis. The variant was not detected in
the patient’s parents, which confirms its pathogenicity.

Our case and other reports suggest that FHL1 might de-
termine a phenotype resembling IIM. Schessl et al.7 presented
detailed clinical and molecular characterizations of RBM. One
of their patients was a girl with generalized weakness who was
initially treated for myositis with immunoglobulin and pred-
nisone, although the histology of that case was not available.
Other authors have described inflammation in patients with
FHL1 myopathies. Schreckenbach et al.8 described a patient
with FHL1 myopathy with increased macrophage reaction on
the muscle biopsy. Tanboon et al.9 described a boy with
weakness initiated at 4 years old, a very high serum CK level,
and endomysial inflammatory cell infiltration, mainly mac-
rophages, that had an FHL1 pathogenic variant and con-
comitant anti-HMGCR antibody. In that case, differently
from pediatric patients with positive anti-HMGCR who re-
spond to immunotherapies, the patient with a concomitant
FHL1 variant and IMNMdid not improve with the treatment.
Thus, FHL1-related myopathies could determine a pheno-
type similar to IMNM but refractory to the treatment, which
is a red flag in terms of proceeding with a genetic test.

The other aspect of the connection of FHL1 and inflammatory
myopathies is even more intriguing. Albrecht et al.10 demon-
strated the development of anti-FHL1 autoantibodies in one-
fourth of patients with IIM and correlated their presence with a
more severe disease. In that study, the sera of 141 patients with
IIM were evaluated; 25% presented anti-FHL1 antibodies, and
their muscle tissue had altered expression of the FHL1 protein,
demonstrating a pattern similar to that found in patients with
genetic RBM. They also demonstrated in vitro that granzyme-
B, a protease that could lead to neoepitope generation, might
cleave the FHL1 protein, triggering a secondary immunity.
Furthermore, they showed that immunization of myositis-
prone mice with FHL1 exacerbated the muscle weakness and
the inflammation in the muscle, indicating that immunity to
FHL1 could contribute to tissue damage, and this proteinmight
be a central autoantigen that leads to inflammatory myopathy.
Hence, the presence of abnormal protein in the aggregates of
RBM might initiate an autoimmune reaction and justify the
findings seen in our patient, although the relationship between
the mutation effect and the autoimmunity development is not
clear. We could not test this antibody in our patient.

Immunosuppression and immunomodulation treatments are
the standard approach to IIM and commonly prescribed when
there is a high suspicion, even without a defined diagnosis.
Our patient presented an initial response, recovering func-
tional abilities such as head control and sitting ability. This
transient improvement was followed by refractory clinical
deterioration. Considering the possible autoimmunity
mechanism involved in FHL1-related myopathy, it would be
reasonable to conduct a trial of early immunosuppressive

treatment to relieve the disease progression in these patients.
Further prospective and larger studies could clarify and offer
guidance regarding this approach for FHL1 patients.

Severe myopathy with rapid progression and diffuse muscle
edema in children might not be an inflammatory myopathy,
even with initial response to immunosuppressors, and FHL1-
related myopathy must be considered a differential diagnosis
in this phenotype.
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