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Case report
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Abstract

Anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase myopathy is less common in children but has been associated with more favorable
prognosis than adult patients after immunotherapies. We report anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibody positivity in
a 6-year-old boy with progressive muscle weakness, scoliosis, spinal rigidity, multiple joint contractures, mild left ventricular hypertrophy, and
elevated serum creatine kinase. In contrast to most of previously reported pediatric anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase
myopathy, he showed little response to immunotherapies. Muscle biopsy contained changes suggestive of myofiber necrosis and regeneration
and reducing bodies. The diagnosis of reducing body myopathy was later confirmed by reported c.368A>G (p.His123Arg) mutation in the
FHLI gene. Although the level of association between these two conditions is still inconclusive, this is the first report of concurrent positive
anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibody with reducing body myopathy emphasizing the possibility of co-occurrence
of immune mediated necrotizing myopathy and muscular dystrophy and importance of comprehensive diagnostic investigations in unusual
cases.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction classified by the ENMC Immune-Mediated Necrotizing
Myopathies Working Group into (1) anti-signal recognition
Immune mediated necrotizing myopathy (IMNM), a  particle (anti-SRP) positive IMNM or anti-SRP myopathy,
recently recognized but a common entity among the (2) anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase
heterogenous group of inflammatory myopathies, has been (anti-HMGCR) positive IMNM or anti-HMGCR myopathy,
and (3) antibody negative IMNM using integrated clinical,
s — serological, and pathological criteria [1]. Patients with
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S . . T B . proximal muscle weakness and elevated serum creatine kinase
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SRP or anti-HMGCR antibody, respectively [1]. Further
workup such as muscle biopsy, electromyography (EMG),
and muscle magnetic resonance imaging (MRI) is not
required for subtyping these seropositive patients [1]. In
contrast, compatible muscle pathology is essential to define
antibody negative IMNM in patients with similar clinical
features after excluding possibility of drug/toxin-induced
myopathy [1]. Although most IMNM patients are adults,
pediatric IMNM exists and is probably underrecognized. It
is noteworthy that IMNM can be masquerading as muscular
dystrophy and vice versa especially in pediatric individuals
[1-11]. Instead of acute or subacute clinical presentation and
necrotic and regenerating process on pathology, some IMNM
patients show indolent clinical course and chronic or advance
muscle pathology mimicking muscular dystrophy [3.4,6,12].
On the other hand, certain types of muscular dystrophies
including anoctaminopathy, laminopathy, dysferlinopathy,
sarcoglycanopathies, FKRP-related muscular dystrophy and
fascioscapulohumeral muscular dystrophy (FSHD) can be
pathologically deceptive as IMNM by showing prominent
necrotic and regenerating process with lymphohistiocytic
inflammation [1,3]. Interestingly, some of muscular dystrophy
patients may show favorable response to immunotherapies
[3]. Thorough clinical, laboratory, and genetic investigations
are required to distinguish potentially treatable conditions,
IMNM, from other non-treatable conditions.

Here, we report a case of a 6-year-old boy who has
concurrent positive anti-HMGCR antibody and reducing
body myopathy (RBM) emphasizing the possibility of co-
occurrence of IMNM and muscular dystrophy and importance
of comprehensive workup in cases with unusual presentations.

2. Case report

The patient was a 6-year-old Thai boy from a non-
consanguineous family, who had presented with proximal
muscle weakness for 18 months. His parents first noticed
the symptoms after the patient recovered from chickenpox
when he was 4 years and 6 months old. At 5 years of
age, he had difficulties getting upstairs, rising from the floor,
frequent falling, and walking tiptoe. At the age of 6, the
patient could not walk up and down stairs and had difficulties
raising his arms. The patient had uneventful prenatal and
perinatal history and normal psychomotor development. None
of his family members had history of muscle weakness or
neuromuscular disorder. At physical examination, the patient
was wheelchair-bound. He had scoliosis, spinal rigidity,
and multiple joint contractures including elbows, proximal
and distal interphalangeal joints, hips, knees, and ankles.
Muscle atrophy was noted in both quadriceps and deltoid.
Motor power of proximal muscles in the upper and lower
extremities was grade III and II out of V by medical
research council (MRC) scale, respectively while motor power
of distal muscles in the upper and lower extremities was
grade IV and III out of V by MRC scale, respectively.
Serum CK level was 8452 U/L. Electromyography revealed
myopathic changes. Nerve conduction velocity was within

normal limits. Chest radiography revealed mild thoracic
scoliosis, convex to the right. Electrocardiogram revealed
mild concentric left ventricular (LV) hypertrophy with
normal LV function. Muscle biopsy was performed on left
quadriceps. On Hematoxylin and Eosin (HE) stain, there
was moderate to marked fiber size variation with scattered
necrotic and regenerating fibers (Fig. 1A). Endomysial
mononuclear cell infiltration was focally observed. Most
of the mononuclear cells were macrophages (Fig. 1B).
Smaller number of CD4 and CDS8 positive cells were noted
(Supplementary Figure S1). There was mild endomysial
fibrosis and perimysial adipose tissue infiltration. Many
muscle fibers contained amorphous eosinophilic inclusions
(Fig. 1C). On modified Gomori Trichrome (mGT) deep red
to purple amorphous aggregates were present and usually
associated with cytoplasmic bodies in the areas corresponding
to eosinophilic inclusions seen in HE (Fig. 1D). Rimmed
vacuoles were also present in many fibers (not shown).
The deep red to purple aggregates on mGT corresponded
to voids observed in oxidative enzyme stains (Fig. IE).
The above findings raised the possibility for the diagnosis
of IMNM although staining for major histocompatibility
complex class I (MHC1) and membrane attack complex
(MAC) was positive only in 2C, possibly regenerating fibers
(Supplementary Figure S2 and S3). Myofibrillar myopathy
(MFM) and related disorders were also included in differential
diagnosis because the clinical history of early contractures,
scoliosis, spinal rigidity, and LV hypertrophy together
with presence of cytoplasmic bodies, rimmed vacuoles
and amorphous materials noted in muscle biopsy despite
unusually high CK level for this disease category. While
awaiting for further histochemical and genetic workups, the
patient was treated as IMNM. The following autoantibody
test showed anti-HMGCR antibody positivity by enzyme-
linked immunosorbent assay (ELISA) [13], with the titer
of 1.2 IU/mL while anti-SRP antibody and anti-FHLI
antibody were negative by RNA immunoprecipitation and
ELISA, respectively [14,15]. Despite the combination of
high dose prednisolone (2mg/kg/day), monthly intravenous
immunoglobulin (IVIG) and methotrexate, the degree of
muscle weakness and serum CK level was persistent. The
patient also developed severe headache and hypertension
as well as elevated levels of transaminases following IVIG
infusions and methotrexate treatment, respectively. Additional
menadione-linked «-glycerophosphate dehydrogenase staining
(MAG, Fig. 1F) without presence of substrate revealed
reducing bodies in the areas corresponding to amorphous
aggregates on mGT and voids observed in oxidative stain.
Reducing bodies were confirmed by ultrastructural study
(Fig. 1G and H). Fibers containing amyloid material
highlighted by Congo red and fluorescent microscopy
(not shown). Next generation sequencing using genomic
DNA revealed previously reported hemizygous mutation,
¢.368A>G (p.His123Arg), in four and a half LIM domain
1 (FHLI) gene in the patient but not in other family
members confirming the diagnosis of RBM. The patient
was later identified as having homozygous HLA-DRB1*15:01
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Fig. 1. Without MAG, RBM can be masquerading as IMNM. (A) Hematoxylin and Eosin (HE) stain shows moderate to marked fiber size variation and mild
endomysial fibrosis. Scattered necrotic and regenerating fibers and mononuclear cell infiltration are noted. (B) Most of mononuclear cells are macrophages
highlighted by acid phosphatase (ACP). (C) At higher magnification, amorphous eosinophilic inclusions are observed in many fibers. (D) On mGT, cytoplasmic
bodies are often associated with deep red to purple aggregates in the areas corresponding to eosinophilic inclusions present in HE and voids present in
nicotinamide adenine trinucleotide tetrazolium reductase (NADH-TR) stain (E). (F) The aggregates are positive for MAG stain without substrate (*) compatible
with reducing body. It is difficult to distinguish reducing body from cytoplasmic body with mGT as both structures can appear deep red. “Necklace cytoplasmic
bodies” as present in HMERF are occasionally seen in mGT (D, inset). (G) Ultrastructural study shows reducing body (double arrow) present associated with
cytoplasmic body (cb) (bar=1 pm). (H) At higher magnification, reducing body appears as dense osmiophilic tubulofilaments. (bar=200nm). (A-B 10 x
magnification, bar 100 um, C-F 40x magnification, bar =50 pm).
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Table 1
Concurrent positive anti-myositis specific autoantibody and presence of variants/mutations associated with muscular dystrophy/myopathy reported in the
literature.
No. Age of Sex Clinical features CK (U/L) Autoantibody Gene Outcome after Ref.
Onset (yrs) immunotherapy
1 40 M Myalgia, dysphagia, slowly 5000-7500 anti-HMGCR ANOS Improved [16]
progressive proximal muscle c.191dupA?;
weakness of lower limbs, ¢.1627dupA?
abdominal muscle weakness, (compound
atrophy of quadriceps and heterozygous)
hamstring, mild decreased VC
2 10m NA Motor delay 352-918 anti-HMGCR LMNA Improved [3]
c.1158-A>G*
(heterozygous)
3b 4.5 M Weakness of all muscle in upper 8452 anti-HMGCR FHLI No response, -
and lower limbs, proximally c.368A>G*" deteriorate,
predominant, muscle atrophy, (hemizygous) death
multiple joint contractures,
scoliosis, spine rigidity, LVH
4 35 F Progressive mild proximal 4020 anti-SRP COL6A3 Improved [5]
muscle weakness of upper limbs c.1267G>A
and all muscle weakness of
lower limbs, neck muscle
weakness, myalgia
5 NA F Biopsy-confirmed lupus NA anti-Jol, NA NA [11]
nephritis, sicca symptoms anti-Ro52, LGMD2A®
ANA
6 NA F Proximal muscle weakness, Skin NA anti-Mi2 NA Improved [11]
rash typical for DM FSHD*
7 NA F Chronic external NA anti-Mi2 NA NA [17]
ophthalmoplegia Mitochondrial
myopathy!

Note: No.=Number; yrs=years; m=months; F=female; M=Male; CK=creatine kinase; Ref=reference; NA =not available; LVH=Ileft ventricular
hypertrophy; ANA =antinuclear antibody; LGMD =1imb girdle muscular dystrophy; FSHD = fascioscapulohumeral dystrophy; DM = dermatomyositis.

4 Variant previously reported in literature.

b Case in this report.

¢ Genetically confirmed but the associated information is not mentioned.
4 Genetic information is not mentioned in the reference.

and heterozygous HLA-DQB1*03:01 and HLA-DQB1*06:02.
Unfortunately, the patient was lost to follow up and passed
away due to respiratory failure at another hospital at the age
of 9 years. Autopsy was not performed.

3. Discussion

Several cases of concurrent myositis specific autoantibody
(MSA) positivity with  different types of muscular
dystrophy/myopathy have been reported in the literature
including positive anti-HMGCR antibody with reported ANOS5
[16] and LMNA [3] mutations, positive anti-SRP antibody
with COL6A3 variant [5], positive anti-Jo-1 antibody with
genetically confirmed, muscular dystrophy (LGMD) 2A [11],
positive anti-Mi2 antibody with mitochondrial myopathy
[17] and genetically confirmed FSHD [11] (Table 1).
Interestingly, except for our patient, most of these cases show
clinical improvement at least partially after immunotherapy
[3,5,11,16]. Without gene functional studies, responsiveness
to immunotherapy may raise possibilities that MSA positivity
may coincide with single nucleotide polymorphisms (SNP)
instead of pathogenic mutations. Nevertheless, there are
plausible evidences supporting the existence of ‘“possibility

of double trouble” cases for example muscle imaging
suggestive of a specific type of myopathy [16], unusually
high CK level in some type of muscular dystrophy/myopathy,
unusual clinical findings for inflammatory myopathy,
typical pathological features for specific types of muscular
dystrophy/myopathy and unusual MHC class I and MAC
positivity [16].

We report the first case of concurrent positive anti-
HMGCR antibody with pathologically and genetically
confirmed RBM. Both conditions are rare in pediatric
population. Had our patient undergone serology test alone,
he could have been classified as pediatric anti-HMGCR
myopathy despite presence of unusual clinical features
including scoliosis, spinal rigidity and concentric LV
hypertrophy. In fact, typical anti-HMGCR myopathy patients
do not show axial weakness and cardiac affection is rare.
Notably, while most pediatric patients with positive anti-
HMGCR antibody shows favorable response at least partially
to immunotherapies [3.4,6,9,10,18], our patient continued
to deteriorate. Without MAG stain, high CK levels and
muscle pathology containing necrotic and regenerating fibers,
mononuclear cell infiltration and cytoplasmic bodies could
be compatible with the diagnosis of anti-HMGCR myopathy
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although the immunohistochemical study for MHC 1 and
MAC is not supportive. Nonetheless, the clinical features
described above and presence of reducing bodies highlighted
by MAG stain highly suggests FHLI-related myopathy
especially RBM and X-linked scapuloperoneal myopathy
(X-SM) [1,19]. The diagnosis of RBM in this case was
confirmed by genetic analysis with de novo reported
hemizygous mutation, ¢.368A>G (p.His123Arg), in the
second LIM (LIM2) domain of FHLI gene [20].

RBM is one of FHLI-related disease spectrum which
includes RBM, X-linked dominant scapuloperoneal myopathy
(XSPM), X-linked myopathy with postural muscle atrophy
and generalized muscle hypertrophy (XMPMA), Emery-
Dreifuss muscular dystrophy (EDMD), and hypertrophic
cardiomyopathy (HCM) with no or minimal musculo-skeletal
involvement [19]. It is characterized by mutation confined
in LIM2 domain of FHLI gene on Xq26.3 and presence
of reducing bodies [19]. The latter are intrasarcoplasmic
inclusions strongly stained by MAG with or without the
presence of alpha-glycerophosphate as substrate [19,21].
Presence of cytoplasmic bodies are common; sometimes
forming “necklace” pattern similar to those described in
hereditary myopathy with early respiratory failure (HMERF)
[19,22]. Membrane bound autophagic vacuoles as present
in Danon disease and X-linked myopathy with excess
autophagy are also reported in RBM [19]. RBM is inherited
in X-link dominant pattern that male patients usually become
symptomatic at younger age and associated with severe or
fatal disease. On the other hand, there are variations of disease
severity among female patients as skewed X-inactivation may
play a role as disease modifier [19,23]. RBM patients tend
to present with diffuse muscle weakness with asymmetric
scapuloperoneal distribution. Spinal rigidity, contractures,
cardiac and respiratory involvement are also reported [19,24].
Serum CK level is usually mild to moderately elevated;
normal CK levels are noted in some cases [20,24,25]. Only
rarely cases have CK level more than 10 times of the upper
normal limit [24,26].

The wunusual clinical and pathological features in
our patient could be explained by the co-occurrence
of anti HMGCR antibody and RBM. The level of
association between anti-HMGCR positivity and RBM is
still inconclusive as the patient bear homozygous HLA-
DRB1*15:01 and heterozygous HLA-DQB1*03:01 and HLA-
DQB1*06:02 which reported to have high allele frequency
among normal Thai population. While HLA-DRB1*11:01 and
HLA-DRB1*07:01 are reported to be associated with adult
and juvenile anti-HMGCR myopathy, respectively, none of
the alleles present in our patient is reported to have any
association [1, 27]. We assessed serum anti-FHL1 antibody as
we hypothesized that FHL1 protein breakdown may directly
prompt antigen-antibody response. Interestingly, anti-FHLI1
antibody which was reported to be associated with a subset
of inflammatory myopathy was negative [14]. We further
speculate that the mutated FHL1 protein may not give rise
to autoantibodies targeting the FHLI1 protein as the patient
was born with this mutation and is likely to have been

tolerized to this protein modification. Whereas the necrotic
and regenerating fibers as a consequence to the mutation
in RBM may be a possible reason that could unmask
autoantigens and lead to antibody recognition such as anti-
HMGCR antibody.

In conclusion we report a patient with concurrent anti-
HMGCR antibody positive and RBM. The co-occurrence
of these conditions raises awareness of possible underlying
genetic alterations in IMNM patients who show unfavorable
response to immunotherapy. Consideration of alternative
possibilities and comprehensive investigations are essential to
elucidate definite diagnosis and proper management in cases
with diagnostic challenge.
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