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Abstract

Mitochondrial tRNAs are responsible for more than half of pathogenic point mutations in the mitochondrial genome (mtDNA).
Different mutations give rise to widely differing phenotypes, ranging from isolated organ-specific diseases to multisystem
conditions. Herein, we report a 40-year-old woman presenting with a complex multisystem phenotype including sensorineural
hearing loss, retinopathy, severe dilated cardiomyopathy, non-insulin dependent diabetes mellitus, and renal failure. Sequence
analysis of mtDNA identified the m.5522G>A mutation in M7-TW, the gene encoding mitochondrial tRNA for tryptophan. The
heteroplasmic variant, thus far described once, was almost exclusively confined to skeletal muscle tissue, as shown by massive
parallel sequencing and corroborated by an ad hoc designed PCR-based strategy. This patient, presenting a severe, multisystem
involvement apparently sparing the brain, contributes to the genetic heterogeneity of mitochondrial diseases caused by mutations

in mitochondrial tRNAs.
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Introduction

Even though mtDNA-encoded tRNA genes (mt-tRNAs)
make up only around 5% of the total mitochondrial genome,
70-75% of all the gene mutations linked to mitochondrial
pathologies are found in mt-tRNAs. This is explained by the
essential role that mt-tRNAs play in mitochondrial protein
synthesis and oxidative phosphorylation [1]. Mutations in
mt-tRNAs are associated with extremely high clinical and
allelic heterogeneity, and the spectrum of possible phenotypes
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is growing at an incredible rate. Any single report of an alleg-
edly pathogenic new mutation needs to be followed by de-
scriptions of further cases, eventually on a different genetic
background, to allow more robust disease-associated
correlations.

Herein, we present clinical and molecular findings in a
woman who harbored a heteroplasmic mutation in the M7-
TW gene. This is the second case reporting the m.5522G>A
variant. Interestingly, in our patient, the gene mutation ap-
peared to be almost exclusively confined to the skeletal mus-
cle in spite of multisystem clinical involvement.

Materials and methods

All the procedures complied with the Helsinki Declaration of
1975. This study was approved by our institutional ethics
committee.

Total DNA purification, genetic studies in tissues, proce-
dures to perform muscle and skin punch biopsy, and spectro-
photometric determination of the activities of respiratory chain
(RC) enzyme complexes were performed with described
methodologies [2] and with the patient’s written informed
consent. Whole mitochondrial genome sequencing was
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Fig. 1 Molecular analyses in a new patient harboring the m.5522G>A
mtDNA mutation. Using a massive parallel sequencing approach and
visualizing the coverage with IGV software (http://software.
broadinstitute.org/software/igv/), we found 0—1% mutated mtDNA
molecules in urine, fibroblasts, and blood from the proposita whereas
the mutation load was above 30% in the skeletal muscle DNA (upper
panel). The PCR-RFLP analysis (lower panel) showed that the proportion
of mutant genomes varied greatly amongst different patient tissues. The
endonuclease Hphl cleaves the wild type molecules in two fragments
sized 80 and 16-base pairs (bp); the presence of the m.5522G>A removes
a site of cleavage resulting in the uncut fragment of 96 bp. The
heteroplasmic mutation results in fragments sized 96, 80, and 16 (not
shown) bp. U, urine; F, fibroblasts; B, blood; M, skeletal muscle; C,
control DNA; L, DNA molecular marker ladder

performed by massive parallel sequencing using NexteraXT
technology (Illumina, San Diego, CA). Isolation of single
muscle fibers was performed on serial 10-pum-thick transver-
sal muscle sections stained for cytochrome ¢ oxidase (COX)
activity and prepared in two independent microdissection ex-
periments using a laser capture microdissection (LCM) instru-
ment (MMI Cell Cut, Nikon, Japan). An ad hoc designed
PCR-RFLP strategy was used to quantify the abundance of
the m.5522G>A in tissues and single muscle fibers (see

legend to Fig. 1). Investigation of coding variants in a large
set of nuclear DNA-encoded mitochondrial genes was per-
formed in blood DNA from the proposita with targeted mas-
sive gene sequencing as we described elsewhere [3, 4].

Results
Case description

This patient is a 40-year-old woman, born to healthy non-
consanguineous parents, presenting with a complex multisystem
disorder. Her family history was remarkable for a younger broth-
er who had died at the age of 2 months of an unspecified heart
malformation. Early development, neonatal, and school-age pe-
riods were unremarkable. Since adolescence, the patient report-
ed sensorineural hearing loss and retinopathy. She subsequently
developed non-insulin dependent diabetes mellitus, hypothy-
roidism, and ovarian failure. At age 33, she presented heart
failure and an echocardiogram disclosed severe dilated cardio-
myopathy. At age 39, a defibrillator device was implanted.
Moreover, the patient presented episodes of easy fatigue.
Neurological examinations and neuropsychological evaluations
were within normal limits, however. A routine blood test
showed signs of renal and liver failure while serum creatine
kinase levels were within normal limits. At age 43, an abdom-
inal ultrasound exam showed findings suggestive of cirrhotic
liver. Metabolic assessments revealed repeatedly high serum
alanine levels (on average 2x normal values). Brain MRI was
not performed because of the defibrillator. An EMG study did
not reveal findings suggestive of a myopathy. Despite
the progressive multisystem worsening the neuromuscu-
lar assessment remained stable over 4-years follow-up.

Fig. 2 Single-fiber PCR analysis a
for m.5522G>A mutation. a
Micro-dissected muscle tissue
sections. COX— fibers selected
for studies are shown before (b)
and after (a) laser capture micro-
dissection (LCM). The same pro-
cedure was performed for COX+
fibers. b Graphical representation
of the levels of m.5522G>A mu-
tation in COX+ (n = 10) and COX
— fibers (n = 10), the latter show-
ing a significantly higher rate of
mutant load. Student’s ¢ test,
p<0.003
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Laboratory investigations

The muscle histochemistry detected about 10% of muscle
fibers to be COX negative (COX-), succinate dehydro-
genase positive (SDH+). RC enzyme analyses showed
that the activity of complex I was moderately reduced
with values being at the lower normal limit (0.07 mmol/
min/g tissue; normal range 0.07—0.18). While a prelim-
inary Sanger sequencing test in blood DNA was normal,
we later used massive mtDNA sequencing in muscle
DNA and identified the heteroplasmic m.5522G>A mu-
tation in M7-TW, the gene encoding mt-tRNA for tryp-
tophan (Fig. 1). An ad hoc designed PCR-based strategy
showed the mutation to be present in 40% of mitochon-
drial genomes in muscle and 5% in urinary sediments,
whereas it was barely detectable in the blood, skin fi-
broblasts, and buccal swab from the patient, or in blood
and urine from her healthy mother. No other maternal
relatives were investigated. Single muscle fibers showed
the highest levels of mutant genomes (98%) in COX—,
whereas COX+ fibers harbored an average of 15% mutant
mtDNAs (Fig. 2). Targeted gene panel investigating the cod-
ing exons of over 200 mitochondrial nDNA-encoded genes
failed to detect rare pathogenic variants (MAF < 0.01) of pre-
dictable clinical significance (Supplementary Table lists vari-
ants of unknown significance).

Discussion

Most mt-tRNA mutations have only been described in single
kindred and appear to be private raising doubts on their real
disease-related association. The m.5522G>A mutation in M7~
TW was found once in a patient with mild muscle symptoms,
high creatine kinase levels, and histopathological find-
ings of mitochondrial myopathy. In that case, other tis-
sues, including blood, harbored few mutant mtDNAs
[5]. In our proband, presenting a severe multisystem
involvement apparently sparing the brain, the associa-
tion of cardiac, renal, and endocrinological features fur-
ther expands the clinical presentation of the m.5522G>A
mutation. This variant satisfies commonly accepted
criteria for pathogenic mtDNA variants, and it is scored
as “definitely pathogenic” by applying MitoTIP [6] and
more standard tools to assess pathogenicity of mt-tRNA
mutations [7].

Eighteen mutations have been thus far described in M7-TW,
all presenting a wide array of clinical phenotypes character-
ized by predominant neurological manifestations and ranging
from Leigh-like features to isolated myopathy [8]. This further
supports the suggestion of the mt-tRNA gene for tryptophan
as an additional hot spot for mutations. As recently reported in

our revision of the pertinent literature [8], differences in clin-
ical presentation between patients appear unrelated to mutant
mtDNA load or location in the cloverleaf structure of the
tRNA; therefore, other genetic or epigenetic factors should
be invoked.

Two additional remarks are worth mentioning in our
case. First, our report highlights the importance of
performing whole mitochondrial genome analysis on
DNA purified from skeletal muscle, even when muscle
symptoms appear overshadowed by a multisystem pre-
sentation. This might also be important when blood
mtDNA tests remain mute in spite of a highly sugges-
tive phenotype. Second, and more important, massive
parallel sequencing techniques should be preferred for
testing mtDNAs, as they make it possible to detect even tiny
amounts of mutant molecules and appraise heteroplasmic var-
iants more accurately. This is important to avoid the false
impression of negative results as our early blood test in the
proband.
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