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Abstract
Objective
The gene MT-TF encodes the mitochondrial tRNA of phenylalanine (tRNAphe). Its variations
have been described as extremely rare etiologies of a variety of mitochondrial phenotypes.

Methods
By means of whole-exome sequencing (WES), we detected a novel likely causative MT-TF
variant (m.610T>C) in a family presenting with a combined movement disorder and epilepsy
phenotype. The variant was present at 97% heteroplasmy in the peripheral blood and in a
homoplasmic state in skin fibroblast-derived DNA.

Results
The inaugural manifestation in the index patient was new-onset refractory myoclonic status
epilepticus (NORSE) at the age of 29 years. Her son presented later with developmental
regression and myoclonic epilepsy. On the beginning of valproate because of ongoing myo-
clonic seizures, the index patient developed a generalized brain edema requiring bilateral
craniotomy. In the course of the disease, epileptic manifestations abated, and both patients
developed a severe movement disorder phenotype with prominent spastic-dystonic features.
Both patients did not display any further sign of mitochondrial disease.

Discussion
Our report expands the clinicogenetic background of tRNAphe disease spectrum and highlights
pitfalls in the diagnostics and management of mitochondrial epilepsy. The present findings
advocate the introduction of rapid genetic testing in the diagnostic flow chart of NORSE in
adults.
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The gene MT-TF encodes the mitochondrial tRNA of the
amino acid phenylalanine, and its variants have been occa-
sionally described as rare etiology of typical mitochondrial
syndromes.1-4

Herein, we report a family with a mitochondrial phenotype
due to a novel point mutation (m.610T>C) in MT-TF,
harbored in a homoplastic state. The clinical phenotype
consisted of new-onset refractory myoclonic status epi-
lepticus in the mother and developmental regression along
with myoclonic epilepsy in her son. In the course of the
disease, epileptic manifestations abated, and both patients
developed a severe movement disorder phenotype with
spastic-dystonic features. With this report, we expand the
phenotype ofMT-TF–related disorders and highlight pitfalls
in the clinical diagnosis and management of mitochondrial
disorders in adults.

Written informed consent was given by the legal guardians of
both patients for the genetic testing and for the publication
within a research project on rare movement disorders (Study
nr. 1133/2018).

Clinical Description
The index patient had an unremarkable clinical history until
the age of 29 years, when she suddenly developed myoclonic
jerks of the trunk and the head. She received diazepam in an
outpatient setting and was subsequently admitted to the
local hospital. She developed aspiration pneumonia and
rapidly deteriorated. She was intubated and transferred in
the intensive care unit (ICU). Here, the clinical picture and
the EEG were compatible with a status myoclonicus, which
was refractory to the escalating therapy with levetiracetam,
midazolam, and propofol. A burst suppression pattern was
reached under thiopental, but attempts to reduce it were
inevitably followed by status reoccurrence. Therefore, she
was transferred to our university hospital. Brain MRI (see
Figure 1) and repeated CSF analysis remained inconclusive.
MRI spectroscopy showed an overall reduction of
N-acetylaspartate peak but no lactate peak. Because of re-
fractory status despite the multiple antiseizure medication
(ASM) trials (including levetiracetam, phenytoine, zonisa-
mide, and clonazepam), valproate was started. Under val-
proate, she developed encephalopathy (ammonium level
66,5 μmol/L; range 11–48 μmol/L) with a generalized brain
edema, which did not improve on conservative therapy and
eventually led to bilateral craniectomy (for a graphical
summary until this time point see Figure 2). After craniec-
tomy status epilepticus shortly abated, but the patient went
on experiencing several seizures daily, including recurrent
myoclonic status epilepticus. Short seizure-free phases
were invariably followed by recrudescences. She addition-
ally developed recurrent metabolic derangements on other
ASMs (severe metabolic acidosis on topiramate and trans-
aminase elevation along with EEG signs of metabolic

encephalopathy on zonisamide, rufinamide, and barbexaclone).
After the first ICU stay (6 months), the patient displayed
clinically an encephalopathic state with fluctuating vigilance
and a spastic tetraparesis. In the following years, she showed a
clinical improvement with the regain of communication skills
while motor functions remained severely impaired.

The index patient had a 3-year-old healthy child at the time of
onset of disease. The boy (Pt. 2) had an unremarkable clinical
history until the age of seven years when, following pneu-
monia, he showed a sudden worsening of motor functions.
Free walking or sitting were no longer possible, and he could
no longer speak. Repeated MRI and blood and CSF diag-
nostics were unremarkable. Two months later, he de-
veloped myoclonic status epilepticus, which promptly
abated on intravenous midazolam. Under oral ASM (cur-
rently levetiracetam/oxcarbazepine), he remained seizure
free up to now. However, his motor skills did not recover
completely, and currently, at the age of 17 years, he displays
a generalized spastic-dystonic movement disorder with
severe dysarthrophonia. Cognition, understanding, and
communication skills are normal.

Additional Studies
Muscle histology in Pt.2 (M. Vastus lateralis) showed slight
nonspecific myopathic changes, but no ragged-red fibers and a
normal cytochrome-C oxidase staining. Respiratory chain
enzymes analysis was unremarkable. Nerve conduction
studies, EMG, ECG, echocardiography, ENT, and ophthal-
mologic evaluation including fundoscopy yielded normal
findings in both patients. Renal function tests were within the
norm in both patients in repeated referrals. An initial transi-
tory plasma lactate elevation in the index patient was com-
patible with a septic state during pneumonia.

Genetic Studies
Whole-exome sequencing (WES) using peripheral blood-
derived DNA was performed on the affected mother-son
pair and the son’s healthy father as described in detail
before.5 Analysis of nuclear-encoded genes associated with
the affected individuals’ phenotypes did not yield any
pathogenic or likely pathogenic variants. Assessment of
variants in mitochondrial DNA using previously reported
in-house–established methods6 revealed a rare alteration
in MT-TF (NC_012920.1): m.610T>C in the affected
mother and her son. This variant has not been previously
reported, and it was absent from 20,000 in-house control
exomes. In peripheral blood, the variant was present at 97%
heteroplasmy in both patients (with 29× and 33× coverage
of the position in mitochondrial DNA, respectively). Val-
idation in a second biospecimen was undertaken, showing
that theMT-TF variant was present in a homoplasmic state
(100% of 42 reads) in skin fibroblast-derived DNA from
the son.

Data Availability
Further clinical data are available on request.
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Discussion
Variants at theMT-FT locus are far rare genotypes, with only
16 pathogenic variants described up to date (see Table).7

In the present family, a novelMT-TF variant became initially
manifest with a new-onset progressive myoclonic epilepsy in
a 29-year-old, otherwise healthy woman. The pathogenic
mDNA variant was close to the homoplasmic state in the
analyzed tissues in both affected family members. In both
patients, the clinical phenotype expanded beyond classical
features, such as therapy refractory myoclonic epilepsy, to
reveal later in the disease course prominent movement dis-
orders with spastic-dystonic components which currently
represent the main symptom.

Although the initial phenotype in the index patients may
suggest mitochondrial disease, she did not display other typ-
ical features (adult age and negative family history at disease
onset, absence of any other biochemical or clinical hints8). For
this reason, because of ongoing superrefractory status, valproate
was applied as extrema ratio. Valproate is a first-line medication

in myoclonic epilepsy, but in mitochondrial disorders should be
usedwith caution.9 In our case, its administration likely triggered
or precipitated a malignant brain edema that led to acute bi-
lateral decompression craniotomy.

New-onset therapy refractory status epilepticus (NORSE) can
result from several conditions, of which the most common are
autoimmune encephalitis and infectious diseases.10,11 Mito-
chondrial diseases are listed as rare etiology of NORSE, and the
current diagnostic recommendations do not contemplate a
systematic screening for mitochondrial defects in adults,10,12,13

which is still time and resource consuming outside of specialized
centers. Since a normal CSF examination rules out the most
common differential diagnoses of NORSE, the application of a
rapid genetic test, as further diagnostic step, would have been a
posteriori the approach of choice in the index patient. Rapid
genetic testing strategies have been successfully applied in the
setting of fulminant pediatric disorders, opening a window of
opportunity when a potentially treatable disorder is
untangled.14,15 In our case, the time pressure because of
unsuccessful status treatment and the concern of omitting a
potentially effective drug, motivated, in the setting of missing

Figure 2 Graphical Representation of the Clinical Evolution in the Index Patient

The key steps of clinical management
and ASM trials within the first 15 days
from the onset of disease are summa-
rized. ASM = antiseizure medication.

Figure 1 Brain MRI From the Index Patient

MRI performed 12 days after symptoms onset,
during an ongoing myoclonic status. Fluid-atten-
uated inversion recovery T2 sequences showing
hyperintensities in the right N. caudatus (A) aswell
as in both thalami (B) and in the cerebellum (C),
compatible with an ongoing status epilepticus.
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guidelines, a difficult therapeutic choice. It remains specu-
lative whether an earlier diagnosis, by means of rapid genetic
testing, could have influenced the course of the disease in our
patient. However, it would have prevented complications
due to inappropriate application of first-line pharmacologic
therapies (valproate in the setting of myoclonic epilepsy).

This report highlights the utility of WES in unravelling rare
mitochondrial disorders. It moreover points out the need
to implement guidelines for acutely screening a potential
mitochondrial defect in adults in case of a marginal clinical
suspicion and immanent therapeutic implications.
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Table Mitochondrial Phenotypes Associated With MT-TF Variants

Allele Reference Effect Heteroplasmy Phenotype

m.582T>C e1 Possibly pathogenic 70% in muscle Mitochondrial myopathy (late onset)

m.583G>A 4, e2 Pathogenic 58–79% muscle
0% blood
0% fibroblast

MELAS/mitochondrial myopathy and retinopathy

m.586G>A e3, e4 Probably pathogenic 85% muscle
29% urine
3% blood [18]

Adult-onset extrapyramidal disorder plus myopathy,
SNHL and psychosis/developmental encephalopathy,
lactic acidosis, gastrointestinal dysmotility, adrenal
insufficiency, and hematologic abnormalities,
tubulointerstitial kidney disorder

m.591C>T e5 Probably pathogenic 97% blood
97% fibroblast

Isolated Gitelman-like syndrome (salt-wasting
tubulopathy)

m.602C>T e6 Probably pathogenic 64% muscle
0% blood

Late-onset myopathy, ptosis, dysarthria, cataract and
SNHL

m.608A>G e7 Possibly pathogenic Homoplasmic in kidney biopsy Tubulointerstitial nephritis and epilepsy

m.611G>A 1 Possibly pathogenic 91% muscle
0% blood

MERRF

m.616T>C 2, e5 Pathogenic Almost homoplasmic in blood and
fibroblasts

New-onset status epilepticus, nonepilepticmyoclonus,
and progressive encephalopathy plus
tubulointerstitial kidney disease/isolated Gitelman-
like syndrome (salt-wasting tubulopathy)

m.616T>G 2 Probably pathogenic Almost homoplasmic in muscle,
homoplasmic in blood

Therapy refractory myoclonic epilepsy, renal
insufficiency

m.617G>A e8 Probably pathogenic 74% muscle
50% blood

Carotid artery stenosis, MELAS

m.618T>C e9 Possibly pathogenic 95% muscle
20% blood

Mitochondrial myopathy

m.618T>G e7 Probably pathogenic 76% muscle
0% blood

Progressive external ophthalmoplegia and
mitochondrial myopathy

m.625G>A e10 Probably pathogenic 80% muscle and fibroblasts
70% blood

SNHL and epilepsy

m.641A>T e11 Possibly pathogenic 80% fibroblasts
78% urine
24% urine

Migraine, myoclonic epilepsy, motor regression with
spastic tetraplegia

m.642T>C e12 Possibly pathogenic 80% muscle Ataxia, progressive external ophthalmoplegia, and
deafness

Abbreviations: MELAS = mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes; MERRF = myoclonic epilepsy with ragged red fibers; SNHL =
sensorineural hearing loss.
The predicted effect of the variant is reported as evaluated by MITOMAP (ref. 7).
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