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rRNA presenting as chronic progressive external
ophthalmoplegia (CPEO) plus

A case report
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Abstract
Rationale: Chronic progressive external ophthalmoplegia (CPEO) is a classical mitochondrial ocular disorder characterized by |
bilateral progressive ptosis and ophthalmoplegia. Kearns -Sayre syndrome (KSS) is a multisystem disorder with PEO, cardiac
conduction block, and pigmentary retinopathy. A few individuals with CPEO have other manifestations of KSS, but do not meet all the
clinical diagnosis criteria, and this is called “CPEO plus.”

Patient concerns: We report a 48-year-old woman exhibiting limb weakness, ptosis, ophthalmoparesis, and cerebellar
dysfunctions.

Diagnoses: The patient was diagnosed as exhibiting CPEO plus syndrome.

Interventions: The patient underwent clinical, genetic, histological, and histochemical analysis. She was treated orally with
CoQ10, vitamin Bs, L-carnitine, and vitamin E.

Outcomes: The patient’s serum creatine kinase levels, electrocardiography, and nerve conduction study results were normal; an
electromyogram revealed myopathic findings. Magnetic resonance imaging showed global brain atrophy, particularly in the
brainstem and cerebellum areas. A muscle biopsy showed the presence of abundant ragged red fibers. Sequencing of the
mitochondrial DNA from the skeletal muscle biopsy revealed C960del mutation in 12S rRNA and homozygous mutation C2835T in
16S rRNA. She took medicines on schedule, the clinical features were similar as 2 years ago.

Lessons: This is the first report of 2 rRNA mutations in a patient with MRI findings showing global brain atrophy, particularly in
brainstem and cerebellum areas. Early recognition and appropriate treatment is crucial. This case highlights the cerebellar ataxia can
occur in CPEO plus.

Abbreviations: COX = cytochrome ¢ oxidase, CPEO = chronic progressive external ophthalmoplegia, KSS = Kearns-Sayre
syndrome, LHON = Leber hereditary optic neuropathy, MELAS = mitochondrial encephalopathy, lactic acidosis, and stroke-like
episodes, MERRF = myoclonus epilepsy with ragged-red fibers, MRI = magnetic resonance imaging, mtDNA = mitochondrial DNA,
MUPs = motor unit potentials, NARP = neurogenic weakness, ataxia, retinitis pigmentosa, NnDNA = nuclear DNA, PCR = polymerase
chain reaction, PEO = progressive external ophthalmoplegia, SDH = succinate dehydrogenase.
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1. Introduction

Mitochondrial diseases, comprising a heterogeneous group of
disorders characterized by primary defects in mitochondrial
function, can be related to mutations of genes encoding either
nuclear DNA (nDNA) or mitochondrial DNA (mtDNA).[!
Organs with high demand for aerobic energy, such as the brain,
skeletal muscle, and heart, appear to be most commonly affected
by mitochondrial dysfunction, although any, and indeed all
tissues can be involved.”! What is more, same mutation can lead
to different phenotypes, largely depending on the classical
“rules” of mitochondrial medicine: dual genetic control mtDNA
and nDNA, tissue energy demand, levels of heteroplasmy, mitotic
segregation, and maternal inheritance."!

Pathogenic mtDNA mutations may be classified to point
mutations, mtDNA depletion, and large-scale rearrangements
(duplications, single deletions, or multiple deletions).*! Single
deletions or duplications are responsible for 3 major phenotypes:
progressive external ophthalmoplegia (PEO), Kearns—Sayre
syndrome (KSS), and Pearson syndrome.”®! PEO is a mitochon-
drial myopathy with ptosis, ophthalmoplegia, and variably
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severe proximal limb weakness. KSS is a multisystem disorder
with PEO, cardiac conduction block, and pigmentary retinopa-
thy. Pearson syndrome is featured by sideroblastic anemia and
exocrine pancreas dysfunction, and is usually fatal in infancy."!
When PEO occurs in isolation, it is often referred to as chronic
progressive external ophthalmoplegia (CPEO).*) A few individ-
uals with CPEO have other manifestations of KSS, but do not
meet all the clinical diagnosis criteria, and is called “KSS minus”
or “CPEO plus.”'”! Horga et al®! established that the most
common genetic defect associated with CPEO is single
mitochondrial DNA deletion. However, the genotype—phenotype
correlations are extremely variable.

C960del mutation in 128 rRNA and point mutation C2835T
in 16S rRNA have been reported before. Mitochondrial 12S
rRNA was associated with nonsyndromic and aminoglycoside-
induced hearing loss.”! Among 66 patients with bilateral
vestibulopathy, C960del mutation in 12S rRNA was found in
1 patient.'”! Point mutation C2835T in 165 rRNA has been found
in the family of Leber hereditary optic neuropathy (LHON) 1% to
cause Rett syndrome,!"!! which is a childhood neurodevelop-
mental disorder, with an approximate prevalence of 1 in 10,000
to 15,000 live female births. The syndrome is characterized by
normal early development, followed by a loss of purposeful use of
hands, distinctive hand movements, slowed brain and head
growth, mental retardation, gait abnormalities, and seizures.!!

Here, 2 mutations including C960del in 12S rRNA and a
homozygous point mutation C2835T in 16S rRNA have been
found in 1 patient whose clinical features manifested with CPEO
plus syndrome. The patient’s brain magnetic resonance imaging
(MRI) revealed whole brain atrophy with the greatest severity in
the cerebellar and brainstem areas.

2. Case presentation

This study was conducted according to the guidelines of the
Ethical Committees of the Affiliated Hospital of Jining Medical
University, China. Written informed consent was obtained from
all individuals.

A 48-year-old Chinese Han nationality woman was referred to
Affiliated Hospital of Jining Medical University, China, in 2015.
She complained of mild limb weakness, especially when
exercising, difficulty in opening her eyes, and blurred vision
without diplopia for 7 years. At first, she could walk by herself,
but was prone to fall to the right-hand side, the symptom
worsened progressively, she stood unstably, and could not walk
by herself. She showed dysarthria without dysphagia for about 3
years, and she never went to the hospital and did not take any
medication. She never suffered stroke-like episodes, migraine,
and epileptic seizure. Ten days before going to the outpatient
clinic of our hospital, she suffered from a common cold and felt
that the above symptoms worsened, her speech could not be
understood by family members.

The neurological examination of the patient presented the
normal mental status was good cooperated. The visual acuities
were 0.3 for the right eye and 0.5 for the left eye because of
cataract, and eye fundus examination showed no signs of
pigmentary retinopathy. The pupillary sizes were equal and the
light reflexes were normal. Bilateral incomplete ptosis and
limitation of eye movements in every direction, and a bilateral
gaze-evoked, horizontal, gross nystagmus were found. The
bilateral audition, pharyngeal reflex, and functions of other
cranial nerves were normal. Cerebellar dysarthria was observed.
The muscle strength of the neck and proximal of the 4 extremities
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was 4 and of the distal muscles of the 4 extremities was 5—. The
tendon reflexes were (+) in the 4 extremities. The bilateral
diadochokinesis, finger-to-nose test, and heel-knee-shin maneu-
ver were all positive, which revealed cerebellar ataxia. The
patient displayed a remarkably broad-based, drunken gait while
walking helped by others. Romberg test showed that she was
unable to keep balance of both opening and closing the eyes. The
sensory and autonomic nervous systems were unremarkable.

In Simpson test, fatigue was observed on sustained lid and eye
elevation was negative. Intramuscular neostigmine 1 mg showed
no improvement in symptoms. The 2 tests were used to
differentiate myasthenia gravis. The resting serum lactate in
the blood was 2.2 mmol/L (normal 0.7-2.1 mmol/L); no aerobic
exercise tests were performed as she could not stand by herself.
Serum creatine kinase levels and electrocardiography results were
normal. Electroretinogram was not done. The needle electro-
myogram findings were myopathic. Right anterior tibial muscle,
right caput mediale musculi gastrocnemii, right deltoid muscle,
and right common extensor muscle of digits were examined. All
results showed the normal duration of insertion potential, but
with fibrillation and positive sharp waves. With slight contrac-
tion, the duration, amplitude of motor unit potentials (MUPs),
and the polyphasic MUPs were within normal range. Right caput
mediale musculi gastrocnemii and right deltoid muscle showed a
pathological interference pattern. Nerve conduction study results
and repetitive nerve stimulation tests were normal. MRI revealed
whole brain atrophy, with the greatest severity in the cerebellar
and brainstem areas (Fig. 1).

The patient’s parents were not consanguineous; her mother
died of stroke at the age of 68 and showed no similar symptoms
during her life time. The patient had a full sibling sister who died
at her 30s, with a similar clinical presentation, but without going
to a hospital, so the concrete symptoms, signs, and diagnosis were
not known. All of the patient’s children (2 daughters and 1 son,
separately aged at 26, 23, and 17 years old) exhibited no
symptoms and signs.

2.1. Muscle histology and histochemistry analysis

A biopsy of the right biceps femoris muscle was performed
according to standard procedures. For histological and histo-
chemical analysis, 10mm frozen sections were stained with
hematoxylin and eosin, modified Gomori trichrome, cytochrome
¢ oxidase (COX), and succinate dehydrogenase (SDH). Muscle
histology showed fiber size variation, and the modified Gomori
trichrome staining and SDH showed ragged red fibers, account-
ing for 12% of whole fibers. The proportion of muscle fibers
exhibiting a mitochondrial oxidative phosphorylation defect
could be accurately quantified by normal COX-positive fibers
staining of brown; COX-negative fibers presented blue as a result
of impaired complex IV activity (Fig. 2).

2.2. Mutation screening

Total DNA was extracted from 10mL aliquots of ethyl-
enediaminetetraacetic acid blood using a salting-out method,
and from muscle biopsy specimens using the QiaAmp DNA Mini
Kit (#51306, Qiagen). Muscle DNA from 20 Chinese individuals
without any signs of mitochondrial diseases was also analyzed as
control. MLPA technology was used, and no large-scale
rearrangements or multiple DNA deletions were found. For
direct sequence analysis of the entire mitochondrial genome, 42
overlapping PCR fragments were amplified from skeletal muscle
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Figure 1. Brain magnetic resonance imaging revealing whole brain atrophy with greatest severity in the cerebellar and brainstem areas. TIW1 (A and B), T2 flair (C),
and T2W2 (D).

Figure 2. Skeletal muscle histological and histochemical analysis. (A) Frozen sections stained with haematoxylin and eosine (100x). (B) Frozen sections stained
with succinate dehydrogenase (SDH) (100x). (C) Frozen sections stained with modified Gomori trichrome (100x). (D) Frozen sections stained with cytochrome ¢
oxidase (100x).
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Figure 3. Mutation screening. Mutation screening reveals C960del mutation in 12S rRNA (A) and homozygous mutation C2835T in 16S rRNA (C). B and D

represent controls.

DNA and sequenced by a commercial sequencing service
(KingMed diagnostic, China). The coding regions of 42 nuclear
genes including NDUFS1, NDUFS4, NDUFS7, NDUEFSS,
NDUFV1, SDHA, SDHAF1, NDUFS2, SDHA, UQCRB,
SURF1, LRPPRC, SCO1, SCO2, COX10, COX1S5, BCS1L,
ATPAF2, GFM1, MRPS16, PUS1, TUFM, TACO1, POLG,
POLG2, C100rf2, SLC25A4, TYMP, TK2, DGUOK, SUCLAZ2,
RRM2B, AIF1, TRMU, GFER, COQ2, COQY9, CABCI,
ETEDH, TAZ, SLC25A3, and MPV17 were sequenced. The
mutation screening revealed C960del mutation in 12S rRNA and
homozygous mutation C2835T in 16S rRNA (Figure 3). The
primers and the PCR conditions are available in request. Her
children were not detected because of their disagreement.

2.3. Treatment and follow-up

According to the clinical features, muscle pathology, and genetic
analysis, the patient was diagnosed to be with CPEO plus
syndrome, and she was treated orally with CoQ10, vitamin Bs, L-
carnitine, and vitamin E. During the 2 years, she took medicines
on schedule, the clinical features were similar as 2 years ago, and
she could walk with help. All of the patient’s children were not
affected until now.

3. Discussion

Diagnostic work-up for the suspected mitochondrial disease is a
stepwise procedure.">'* The first step comprises a comprehen-
sive individual and family history and clinical investigations by
neurologist, ophthalmologist, aurist, cardiologists, dermatolo-
gist, and so on. We reported a patient with a subtle onset of

clinical features of a slowly progressive neuromuscular condition,
ptosis, eye movement abnormalities, cerebellar dysarthria, and
cerebellar ataxia. The MRI showed the whole brain atrophy with
the greatest severity in the cerebellar and brainstem areas. A
muscle biopsy showed the presence of abundant ragged red
fibers; thus the mitochondrial disease was suspected. The second
step is to define the phenotype and determine whether it is
sporadic or inherited, the patient here was diagnosed to be with
CPEO plus syndrome, but regrettably the other members of her
family were untested, so the trait of inheritance was uncertain.
The genetic test is the third step depending on steps 1 and 2. After
the entire mitochondrial genome and the coding region of nuclear
genes sequencing, C960del mutation in 12S rRNA and
homozygous mutation C2835T in 16S rRNA were discovered.
Currently, the management of mitochondrial disease is largely
supportive, and various treatments such as co-enzyme Q10,
dichloroacetate, carnitine, creatine, and vitamin “cocktails” have
been showed to have no meaningful clinical efficacy.[*>! Although
there are still no effective treatments for the majority of patients,
the disease of this patient did not develop rapidly.

There are 3 types of the polymorphic rRNA variants:
deleterious, neutral, and adaptive, and the 2 variants found in
this report were reported to be neutral.l'®! The location in 128
rRNA and 16s rRNA could be found in MITOMAP (www.
mitomap.org). The phenotypes of the 2 mutations had been
reported before. Elstner et al®! reported a man with C960 del
mutation in 12S rRNA had concurrent hearing loss after
gentamycin therapy. The C2835T in 16S rRNA was reported in
the family of LHON,!"! which was rapid and painless, and
showed bilateral loss of central vision. C2835T has also been
reported to cause Rett syndrome,™! which is a pediatric
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neurological disorder, defined by the presence of severe
neurodevelopment decline, acquired microcephaly, movement
abnormalities, dementia, autistic behavior, and seizures in
young female children. Breathing irregularities, hand stereoty-
pies, nocturnal unrest, and anxiety or inappropriate fears, and
low mood have also been commonly reported among patients
with Rett syndrome.!'”'8! However, our patient was of normal
intelligence, and did not exhibit hearing and vision loss; so the
clinical features were different from the previously reported
cases.

As the genotype-phenotype may have correlations, we
speculate the correlation between the mutation and the clinical
features. It was reported that rearrangements (deletions and
duplications) of mitochondrial DNA may cause CPEO,!*”! so we
speculate that the clinical features of ptosis, eye movement
abnormalities may be caused by C960 del. One of the most
prevalent clinical manifestations of mitochondrial disorders is
ataxia,”®! many syndromes include cerebellar ataxia, such as
CPEO plus syndrome, KSS, myoclonus epilepsy with ragged-red
fibers (MERRF), mitochondrial encephalopathy, lactic acidosis,
and stroke-like episodes (MELAS), neurogenic weakness, ataxia,
retinitis pigmentosa (NARP), May-White syndrome, and so
on.2'24This patient manifested with the cerebellar dysfunc-
tions, and MRI revealed a larger extent of brain shrinkage with
the greatest severity in the cerebellar and brainstem areas, which
was not rare and in consistent with the previous studies.””*! It was
reported that the mean atrophy score in CPEO patients due to a
single mitochondrial gene mutation is significantly higher than
that in control patients.*®! Of 10 CPEO patients, 1 patient had
severe and 4 had moderate cerebellar atrophy./*”! Patients with
CPEO plus features had significantly reduced total gray matter
and cerebellar volumes compared with controls.*®! Thus,
we speculate that the cerebellar dysfunction may be caused by
C960 del.

Our reports had some limitations. First, the patient’s children
refused to have mitochondrial DNA sequencing and they were
young; thus they may not achieve the age of onset, so we need to
follow up for a period of time. Second, because of limited
references reported, the phenotype separately caused by C960 del
and C2835T in this patient was unknown; and the last is that the
underlying mechanism of the 2 mutations causing the phenotype
was uncovered.

4. Conclusions

We first reported a case clinically manifested with CPEO plus
syndrome, the brain MRI revealed whole brain atrophy with the
greatest severity in the cerebellar and brainstem areas, C960del
mutation in 12S rRNA and homozygous mutation C2835T in
16S rRNA were found after DNA sequencing, which is the first
report of 2 rRNA mutations in 1 patient. Until now, the
mechanism caused by the 2 mutations was still unknown, which
needs further study. In conclusion, both the patient’s clinical
manifestation and the 2 rRNA mutations broaden the spectrum
of CPEO plus syndrome.
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