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Case Report
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Abstract.
Background: Mitochondrial tRNA (MTT) genes are hotspot for mitochondrial DNA mutation and are responsible of half
mitochondrial disease. MTT mutations are associated with a broad spectrum of phenotype often with complex multisystem
involvement and complex genotype-phenotype correlations. MT-TL1 mutations, among which the m.3243A>G mutation is
the most frequent, are associated with myopathy, maternal inherited diabetes and deafness, MELAS, cardiomyopathy, and
focal segmental glomerulosclerosis.
Case study: Here we report the case of an Italian 49-years old female presenting with encephalomyopathy, chronic proteinuric
kidney disease and a new heteroplasmic m.3274 3275delAC MT-TL1 gene mutation.
Conclusions: Our case demonstrates a systemic mitochondrial disease caused by the heteroplasmic m.3274 3275delAC
MT-TL1 gene mutation, not yet described in the literature. A mitochondrial disease should be suspected in case of complex
multisystem phenotypes, including steroid-resistant nephrotic syndrome with multisystemic involvement.
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INTRODUCTION

Primary mitochondrial disorders (PMDs) are
complex diseases due to a defective oxidative phos-
phorylation [1]. In adulthood, PMDs are often
caused by mitochondrial DNA (mtDNA) mutations,
with mitochondrial tRNA (MTT) genes hotspot for
mtDNA mutations, and cause frequently multisys-
temic involvement of tissues with greater aerobic
metabolism [1]. MT-TL1 mutations, among which
the m.3243A>G is the most frequent, are associ-
ated with a broad spectrum of clinical manifestations,
ranging from primary mitochondrial myopathy,
mitochondrial inherited diabetes and deafness to
the full blown MELAS phenotype [1]; kidney
involvement is frequently reported, with protein-
uria and chronic kidney disease up to end-stage
renal failure [2]. Here we describe a 49-year-old
woman presenting with a complex multisystemic
phenotype characterized by encephalomyopathy,
chronic proteinuric kidney disease and an unde-
scribed heteroplasmic m.3274 3275delAC MT-TL1
mutation.

CASE PRESENTATION

A 49 years-old Italian woman, married with no
children, was referred to our center for a complex
multisystemic disease. She presented migraine from
adolescence and from 38-years of age a progressive
sensorineural hearing loss, fatigue, bilateral cataracts
and pigmented retinopathy. Her mother died affected
by diabetes, migraine, deafness and not investigated
chronic kidney disease. Neurological examination in
our patient showed mild cerebellar signs (widened
base of support, mild dysmetria). Electromyography
showed a myopathic pattern. A short PR interval (100
msec) with normal echocardiogram were detected.
Spirometry showed no abnormalities. The brain mag-
netic resonance imaging showed a global cerebral
atrophy, cerebellar atrophy, white matter hyperinten-
sities, bipallidal calcifications with a lactate peak on
spectroscopy (Fig. 1).

Muscle biopsy revealed myopathic changes with
scattered ragged red and blue fibers, as well as
COX negative fibers (Fig. 2). Sequencing of the
whole muscular mtDNA, performed using Nextera
XT technology (Illumina, San Diego, CA), showed
the heteroplasmic (57%) m.3274 3275delAC MT-
TL1 gene variant (Supplementary Figure 1). This
variant has a high score of pathogenicity (94.2%,

Fig. 1. Brain MRI: a. Axial T2, showing global cerebral atrophy
with ex-vacuo lateral ventricles dilatation; b. Sagittal T2, cerebellar
atrophy; c. MR spectroscopy: the white asterisk (*) marks the lac-
tate peak; d. axial T1 and e. susceptibility-weighted angiography
(SWAN): mild bipallidal calcifications.

according to MitoTip [3]). No other family members
were tested for this mtDNA variant.

The patient also presented proteinuria up to
2100 mg/24 hours and albuminuria 1600 mg/24
hours, creatinine 0,79 mg/l; urinalysis showed pro-
teinuria 100 mg/dl and absence of white and red cell.
Kidney biopsy (Supplementary Figure 2) demon-
strated secondary focal segmental glomerulosclerosis
associated to proximal tubulopathy: microscopy
showed 7 glomeruli with global mesangial expansion
and 2 of these with synecheal capsular adhesions with
consensual parietal epithelial proliferation, which
were not classifiable as tip lesion or vascular vari-
ants; mild focal tubular atrophy (5%) with associated
mild fibrosis was also present. Immunofluorescence
microscopy revealed IgM mesangial deposition in the
glomeruli. Moreover, electron microscopy showed
proximal tubulopathy with dysmorphic, abnormal
mitochondria; tubulocytes had an increased num-
ber of mitochondria with polymorphous size and
irregular shapes; at higher magnification, despite the
suboptimal morphology due to the retrieval proce-
dure, the mitochondria showed a reduction in cristae
and the presence of clear vesicles related to the degen-
eration of the cristae. Finally, glomeruli showed 80%
of fusion of podocyte foot processes.

The mutation was detected also in the kidney tissue
with a 40% heteroplasmy and blood (10%) hetero-
plasmy. Therefore, the patient was treated with renin
angiotensin system blocking therapy and low-sodium
diet.
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Fig. 2. Muscle biopsy reveals mild proliferation of mitochondria
(a), COX negative fibers (b) and (c) one ragged blue fiber.

DISCUSSION AND CONCLUSIONS

Our case demonstrates a systemic mito-
chondrial disease caused by the heteroplasmic
m.3274 3275delAC MT-TL1 gene mutation, not yet
reported in the literature. The dysfunction affects
central nervous system and muscle (encephalomy-
opathy), kidney (both tubular and glomerular site),
hearth (short PR interval), sense organs (sensory
neural hearing loss and pigmentous retinopathy)
and cause chronic kidney disease with no-nephrotic
proteinuria. The kidney dysfunction observed in
our patient is in our opinion a primary consequence

of the PMD as it shows a no-complete podocyte
effacement, for the presence of capsular adhesions
and for the association to the typical ultrastructural
features of PMD with proximal tubular involvement.

Kidney involvement in PMDs due to mutations
in the mtDNA more frequent occurs in childhood,
usually in association with neurological and mus-
cular involvement [4]. The proximal tubules, due
to their intense metabolic activity to modify urine
according to systemic requirement, contain more
mitochondria than the other part of the kidney
[5]. In fact, in case of mitochondrial dysfunction,
proximal tubular injury is the most frequent manifes-
tation, characterized by Fanconi syndrome and in few
cases by partial tubular dysfunction (tubular acidosis,
aminoaciduria, glycosuria, Bartter-like syndrome) [4,
6]. Other manifestations of the tubular involvement
are tubulointerstitial damage, characterized by tubu-
lar atrophy and interstitial fibrosis, and cystic renal
disease [6, 7].

Glomerular injury is also observed in PMDs. It
can be secondary to tubular damage and atrophy
(global glomerulosclerosis), but it can be linked with
direct podocyte dysfunction (focal and segmental
glomerulosclerosis) [7, 8]. The tubular and glomeru-
lar involvement may be observed either individually
or simultaneously. Absence of response to steroid
therapy and multisystemic involvement are criteria
to suspect a kidney involvement caused by a primary
mitochondrial dysfunction [9].

MT-TL1 mutations are frequently associated with
kidney involvement; the m.3243A>G leads both to
tubulopathy and to glomerulosclerosis characterized
by not-nephrotic steroid-resistant proteinuria. Up to
30% of mitochondrial inherited diabetes and deaf-
ness (MIDD) have chronic kidney disease with a
variable age at onset and disease progression [2, 10].
Not only podocyte or tubular damage can be found
in patients with PMDs. In fact, vascular nephropa-
thy (arterioles nephrosclerosis) with renal ischemic
changes detected in a MELAS patients suggested
the hypothesis that vascular kidney alterations could
be early histologic markers of kidney PMDs before
glomerular or tubular patterns [11]. This is an intrigu-
ing observation since also a cerebral mitochondrial
microangiopathy may play a role into the pathogen-
esis of stroke like episode and migraine in MELAS
[12]. In a variable proportion of cases, kidney involve-
ment progresses to chronic kidney disease and kidney
failure requiring renal replacement therapy [13].

Therapy of kidney involvement in PMDs involves
mainly supportive measures. Coenzyme Q10 treat-
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ment decreased proteinuria in primary coenzyme
Q10 deficiency [14], while cyclosporine therapy
showed some efficacy on nephrotic syndrome in
COQ6 mutated patients [15]. The response to steroid
therapy is generally poor and a positive effect of
angiotensin-converting-enzyme inhibitors (ACEi) or
Ang-II receptor blockers (ARB) on mitochondrial
function and oxidative stress has been hypothesized
only in vitro or in experimental models of hyperten-
sion [16], but not in vivo.

This variant should be considered pathogenic
according to Di Mauro and Schon criteria [17]: it is
not a known neutral polymorphism, it is heteroplas-
mic on multiple and affected tissue (blood, muscle
and kidney); moreover, even if the mutation does
not affect a highly conserved residue, the micro-
deletion of two bases modifies the sequence of the
anticodons with important deleterious consequences
on the tRNA function. Finally, this variant has a
high score of pathogenicity (94.2%, according to
MitoTip [3]). Since we cannot provide single fiber,
steady-state level, or trans-mitochondrial cybrid stud-
ies, according to the scoring system of Yarham [18],
our mutation should be considered probably patho-
genetic.

A nucleotide change at the same 3274 nucleotide
was described in 2001 [19] in a patient with pro-
gressive myopathy, deafness, ataxia, psychomotor
retardation, retinopathy, and psychosis; that variant
affected a non-conserved Watson-Crick base pair
in the anticodon stem of tRNA and was associated
with Complex I deficiency and an high score of
pathogenicity (77,1% according to MitoTip).

In conclusions, we report a novel mtDNA lead-
ing to a complex multisystem phenotype; a PMD
should be suspected in case of complex phenotypes,
including steroid-resistant nephrotic syndrome with
multisystemic involvement.
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