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Abstract

Mitochondrial myopathies are caused by dysfunction of the mitochondria and
are systemic disorders that present with diverse clinical manifestations. They have
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been found to be especially prevalent in children. In this report, we present the case

of a 55-year-old male patient who developed progressive symmetric proximal mus-
cle weakness in both upper and lower extremities. Although the elevated levels of
muscle enzymes and the findings of magnetic resonance imaging of lower extremi-
ties were suggestive of polymyositis, we made a final diagnosis of isolated mitochon-
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drial myopathy based on the result of the biopsy of the thigh muscle. In this report,

we emphasize the importance of performing a correct differential diagnosis of my-
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opathies, particularly in the cases without evidence of involvement of other organs.
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Introduction

Mitochondria are intracellular organelles that host the
components of the respiratory chain and produce adenosine
triphosphate. They play an integral part of the metabolism in
the body, and contain maternally-inherited mitochondrial DNA
(mtDNA). Mutations in these genes and in nuclear DNA im-
pair the function of nerves, muscles, the brain, the liver, and the
endocrine system, which are heavily reliant on aerobic metab-
olism. Mutations in mtDNA and nuclear DNA lead to mitochon-
drial disorders with heterogeneous and polymorphic patholog-
ical manifestations!'. The clinical expression of mitochondrial
myopathy in the affected skeletal muscle may vary in terms of
severity from mild exercise intolerance to fatal infantile enceph-
alomyopathy or multisystemic dysfunction.

Mitochondrial myopathies include progressive exter-
nal ophthalmoplegia; Kearns-Sayre syndrome; mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes
(MELAS); myoclonus, epilepsy, and ragged red fibers (MER-
RF); ataxia-neuropathy syndromes, and isolated myopathy.
Since mitochondrial myopathies comprise such a heterogeneous

group of disorders, each with its own distinctive symptoms and
clinical characters, diagnosing these disorders accurately and
promptly is difficult’?. Moreover, in case of isolated myopathy,
differential diagnosis with other causes of myopathies is some-
times challenging because of absence of other systemic mani-
festations. We report a case of isolated mitochondrial myopathy
confirmed by muscle biopsy, initially misdiagnosed as polymy-
ositis.

Case Report

55-year-old male patient was admitted to the hospital
with progressive general weakness and fatigue 3 months be-
fore. The patient had a medical history of pulmonary tubercu-
losis 25 years ago and had remained remission-free ever since.
There were no other notable medical histories including seizure
or stroke, and the patient was not on any medication. He was
a florist and reported neither a personal history of smoking or
drinking nor a family history of neuromuscular disorders or he-
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reditary diseases. The patient complained of general weakness
and early fatigue while walking, especially with difficulty in as-
cending stairs, rising from supine or sitting position, and raising
his arms above his head. Physical examination showed a blood
pressure of 98/65 mmHg, a heart rate of 92 beats per minute, a
respiration rate of 18 breaths per minute, and a body temperature
of 36.5°C. His height was 167 cm, and weight was 56.7 kg. A
clinical assessment of the head, neck, chest, abdomen, and skin
did not reveal any particular signs. Neurological examination
demonstrated that the cranial nerve functions were normal with
no ptosis or ophthalmoparesis, but the muscle strength of both
shoulders and hips was weakened to Medical Research Council
grade I'V. Although his toe and heel gait motions were normal,
squatting was impaired. No sensory abnormalities were noted,
and also there were no abnormalities in the deep tendon reflex
and cerebellar function.

Peripheral blood tests showed that white blood cell
count was 11.8 x 10%/L, the hemoglobin level was 10.4 g/dL, and
the platelet count was 508 x 10%/L. The erythrocyte sedimenta-
tion rate was 120 mm/hr, the blood urea nitrogen level was 14
mg/dL, and the creatinine level was 0.76 mg/dL. Liver function
tests found a level of aspartate transaminase of 267 IU/L, an al-
anine aminotransferase level of 143 IU/L, a total bilirubin level
of 0.40 mg/dL, an alkaline phosphatase level of 256 IU/L, and
a gamma glutamic transpeptidase level of 23 IU/L. Viral hepati-
tis markers were within the normal range. The level of creatine
phosphokinase was elevated to 6,531 IU/L and the level of cre-
atine kinase isoenzyme elevated to 67.49 ng/mL, but otherwise
the results of blood coagulation tests and urinalysis were nor-
mal. Arterial blood gas analysis under subatmospheric pressure
results were: pH, 7.456; pO,, 73.8 mmHg; pCO,, 39.6 mmHg;
and HCO,-, 27.3 mmol/L. When screened for autoimmune anti-
bodies, the patient was positive for anti-nuclear antibodies and
anti-SSA antibodies. Negative results were found for anti-ribo-
nucleo protein antibodies, anti-Smith antibodies, anti-Jo-1 anti-
bodies, anti-Scl 70 antibodies, and anti-neutrophil cytoplasmic

antibodies. The result of electrocardiography was normal and
plain chest radiography did not show any abnormal signs.

The patient showed progressive symmetric proximal
muscle weakness in both extremities, so we suspected myopathy
and performed nerve conduction study and electromyography
(EMG). The result of nerve conduction study was normal and
the EMG on the right upper and lower extremities revealed de-
nervation potentials in the biceps brachii, triceps brachii, flexor
carpi ulnaris, vastus lateralis, tibialis anterior and paralumbo-
sacral (L4-5, S1) muscles, suggestive of active-stage myopa-
thy. The results of magnetic resonance imaging (MRI) of lower
extremities showed diffuse symmetric signal changes and mild
edema with enhancement of bilateral thighs and pelvic muscles
[Figure 1]. Depending on the clinical presentation of progres-
sive symmetric proximal muscle weakness, laboratory findings
including elevated muscle enzymes and erythrocyte sedimenta-
tion rate, the results of EMG and MRI, we initially diagnosed as
polymyositis. For confirmation of the diagnosis, we performed
muscle biopsy of the right rectus femoris muscle. Due to the
time period before biopsy results, the patient received cortico-
steroid and showed some improvement of the symptoms. How-
ever, the result of the biopsy showed ragged red fibers in mod-
ified Gomori trichrome stain and abnormal mitochondria with
parking lot inclusions on electron microscopy (EM), suggestive
of mitochondrial myopathy [Figure 2]. In order to assess the
possibility of other organ involvement and to evaluate possible
complications, we performed a biopsy of the liver, but found
normal findings. Likewise, ophthalmologic examination, echo-
cardiogram, electroencephalography (EEG) and brain MRI all
returned normal findings. In order to evaluate the possibility of
other mitochondrial disorders, we tested the patient’s blood for
the MT-TL1 and MT-TK genes, which are known to be related
with MELAS and MERREF, and found that the results were neg-
ative. Therefore, we finally diagnosed as isolated mitochondrial
myopathy, and administered coenzyme Q10 and carnitine to the
patient.

Figure 1: Gadolinium-enhanced T1-weighted axial (A) and coronal (B) images of magnetic resonance imaging of lower extremities reveal diffuse
symmetric signal changes and mild edema with enhancement in muscles of bilateral thighs (quadriceps femoris group, semitendinosus, sartorius,

gracillis muscles) and pelvis (obturator internus and externus muscles) (arrows).
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Figure 2: Electron microscopy of muscle biopsy shows swollen mito-
chondria with parking lot inclusions(arrows).

Discussion

A notable feature of muscular disorders is that they
present with common clinical presentations, symptoms, and
laboratory findings, which makes it important to differentiate
mitochondrial myopathy, inflammatory diseases, and degenera-
tive diseases when diagnosing and treating muscular disorders.
With myopathy, physical and laboratory investigations by them-
selves cannot be used to diagnose the condition conclusively. A
muscle biopsy must be carried out in order to obtain a definitive
diagnosis. Although the primary dysfunction in mitochondrial
myopathy is at the level of the mitochondria, it presents as a sys-
temic disease with clinical symptoms involving a broad range of
systems, usually affecting the nervous system and muscles, both
of which include components that consume a large amount of
energy.

The causes of mitochondrial myopathies include muta-
tions in mtDNA, defects in nuclear DNA sequences that encode
proteins that are translated in the mitochondria, dysregulated in-
teraction between mtDNA and nuclear DNA, and the direct ef-
fects of drugs such as zidovudine and clevudine. Mitochondrial
disorders can be classified by genotype. The heterogeneity of ge-
netic defects leads to variation in clinical symptoms among in-
dividuals. The genetic defects of mitochondrial myopathies can
be classified according to the type of DNA mutation: deletions
in mtDNA, duplication of mtDNA, point mutations in mtDNA,
or other mutations in nuclear DNA. Mutations in genes relating
to the replication of mtDNA or to respiratory chain reactions,
such as the DNA polymerase gamma catalytic subunit and mtD-
NA genes encoding cytochrome b (MTCYB), thymidine kinase 2
(TK2), and cytochrome oxidase (COX), have been implicated in
mitochondrial myopathy®41.

Mitochondrial myopathies are clinically and genetical-
ly diverse. This diversity is attributed to the range of mitochon-
dria that can elicit the symptoms of these disorders. Within mito-
chondrial mutations, duplication and point mutations of mtDNA
are inheritable, but deletion mutations are not. This is the reason
for which a high level of genetic heterogeneity, which refers to
the mixture of mutated and non-mutated genes, is seen among
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individualsP. Since hundreds to thousands of mitochondria ex-
ist in a cell and, within a single mitochondrion, only a subset
of the several mtDNA that exist experience mutations, upon the
somatic division of cells, the degree of mutation in the mtDNA
differs substantially among cells: This concept is described as
heteroplasmy.

Therefore, the differences in the mutational load of
the mtDNA at the cellular level that occur as a result of hetero-
plasmy account for the differences in the severity of the symp-
toms among individuals. In general, it has been shown that the
symptoms of mitochondrial myopathy manifest when the pro-
portion of mutated mtDNA is over 85%. Interestingly, it has
been shown that the effect of the same mutational load may dif-
fer among organs and tissues within a patient. Not only can the
same mutational load lead to differences in the symptoms that
are experienced, it can also lead to differences among patients
that explain the variability in clinical presentation. Studies have
attempted to identify a relationship between the heteroplasmy
of mtDNA in the blood and the severity of symptoms, but no
conclusive correlation has yet been found'!.

According to a previous case report, a case of mito-
chondrial myopathy mimicking polymyositis with increased lev-
el of muscle enzymes was finally diagnosed with Kearns-Sayre
syndrome confirmed by muscle biopsy and genetic analysis”. In
our patient, the results of the study including the elevated level
of muscle enzymes and the erythrocyte sedimentation rate, pos-
itive antinuclear antibodies, and the MRI suggestive of myositis
were indicative of inflammatory myopathy such as polymyosi-
tis. However, the result of muscle biopsy performed to confirm
our diagnosis showed ragged red fibers in modified Gomori tri-
chrome stain and swollen mitochondria with parking lot inclu-
sions on EM, suggestive of mitochondrial myopathy.

In general, a conclusive diagnosis of mitochondrial
myopathy can be made if a biopsy shows ragged red fibers in
Gomori trichrome stain or if EM shows an abnormal prolifera-
tion of mitochondria, enlarged mitochondria, or the presence of
parking-lot inclusion bodies. Furthermore, when muscle biopsy
results are inconclusive for diagnosis, biochemical approaches
can help to detect defects in the components of the mitochon-
drial respiratory chain, such as complex I deficiency, complex
II deficiency, or complex IV deficiency, and molecular genetic
approaches such as sequencing of the genome to detect genetic
defects or mutations can make a valuable contribution!-?. In the
present case, unfortunately we could not corroborate our diag-
nosis through additional biochemical or genetic tests providing
a more detailed assessment of the pathogenesis of the condition,
but we thought that the histological findings with special stain-
ing and EM were sufficient to drive the correct diagnosis. In
general, mitochondrial myopathy patients present with clinical
features of multi-organ dysfunction, and rarely present with
isolated symptoms. In our case, bilateral symmetric proximal
muscle weakness of the extremities was the only symptom. We
excluded the possibility of coexisting dysfunction of other or-
gans by several special studies such as EEG, brain MRI, cardiac
evaluation, and liver biopsy, so we could make a final diagnosis
of isolated mitochondrial myopathy.

Unfortunately, no available treatments target the fun-
damental cause of mitochondrial myopathy, and no consensus
exists for the gold standard of treatment. Studies have shown
that the supplementation of respiratory chain components such
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as coenzyme Q10 and L-carnitine is beneficial, which has led
to their use in treatment. In recent years, since dichloroacetate
has been shown to reduce toxic metabolites, such as lactic acid,
it has been used as an experimental agent. Similarly, antioxi-
dants such as vitamin K3, vitamin C, riboflavin, and thiamine
have been tested, but yet have not shown significant clinical
value®®. In addition, several international and national level
reports have shown that patients with mitochondrial disorders,
specifically MELAS, have responded to corticosteroid treat-
ment, as described in our case. However, the exact mechanism
by which steroids act on patients with mitochondrial disorders is
unknown. According to some reports, steroids have been shown
not only to exert their effect in the nucleus but also in the mito-
chondria, because glucocorticoid receptors have been found in
the mitochondria. This means that steroids may exert their effect
on the pathogenesis of disease by acting on the receptor, on the
nuclear DNA, or even cooperatively. Furthermore, steroids have
been shown to directly stimulate mitochondrial transcription,
thereby exerting a beneficial effect by influencing the biosynthe-
sis of the respiratory chain(!®!",

Mitochondrial myopathies are commonly associated
with other neurological symptoms, and in most patients, other
organs are already affected by the time of diagnosis. However,
for cases of isolated myopathy such as described in our case,
since the isolation of the condition within a single organ must be
verified through a process of elimination, a more discriminatory
approach is required, which explains the need of performing a
muscle biopsy.

In this case report, the authors initially misdiagnosed a
patient’s illness at the time of admission as polymyositis, how-
ever, finally diagnosed as isolated mitochondrial myopathy after
muscle biopsy. Thus, a postulated diagnosis of myopathy must
be confirmed through a biopsy of the tissue of concern.
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