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Family Phenotypic Heterogeneity Caused by Mitochondrial
DNA Mutation A3243G

Heterogeneidade Fenotipica de uma Familia Causada pela
Mutacao no ADN Mitocondrial A3243G
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ABSTRACT

Maternally inherited diabetes and deafness is a rare form of diabetes caused by a mitochondrial DNA mutation. The index case is
a 55-year-old woman who was admitted with hypertrophic cardiomyopathy. She had a history of diabetes mellitus and hearing loss.
The patient’s mother, two brothers and two sisters also had a history of diabetes and hearing loss. This pattern suggests a maternally
inherited disorder. All siblings carried the A3243G mitochondrial DNA mutation. The identification of people with monogenic forms of
diabetes mellitus is a diagnostic challenge. This condition should be considered whenever there is a history of diabetes associated with
hearing loss and a relevant family history. Cardiopathy is also known to be an important feature of mitochondrial disease. In order to
identify this aetiology, family screening, genetic counselling and screening of associated comorbidities are encouraged.
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RESUMO

A sindrome diabetes e surdez de transmissdo materna € uma forma rara de diabetes que resulta da mutagdo A3243G do ADN mi-
tocondrial. Expde-se o caso de uma doente do sexo feminino, 55 anos de idade, admitida por cardiomiopatia hipertrofica. A doente
possui antecedentes de diabetes mellitus e surdez. Da historia familiar, destaca-se a mée e os seus dois irmaos e duas irmas, que
apresentam diabetes e surdez. Este padrdo sugere uma doenca de heranga maternal. Todos sdo portadores da mutagdo A3243G
do ADN mitocondrial. A identificagdo de pessoas com formas monogénicas de diabetes mellitus € um desafio diagnostico. Deve ser
considerado sempre que ha historia de diabetes associada a surdez e historia familiar de diabetes. A cardiomiopatia hipertrofica é uma
caracteristica importante da patologia mitocondrial. Nestes doentes deve ser considerada a avaliagdo da familia, aconselhamento
genético e triagem de comorbilidades associadas.
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INTRODUCTION

Diabetes mellitus (DM) and its clinical features may arise
as a result of genetic disorders.” Mitochondrial diabetes
encompasses a group of pathologies that are caused by a
dysfunction of the mitochondrial respiratory chain.?

Maternally inherited diabetes and deafness (MIDD) is
a rare form of DM. The most common mutation in MIDD
results from the presence of an A instead of a G in the

position 3243 (A3243G) of the mitochondrial DNA (mtDNA)
that encodes the gene for tRNA. Other mitochondrial DNA
point mutations have been associated with MIDD, but are
extremely rare.?

The condition is maternally inherited as mitochondrial
DNA is practically only derived from oocytes.® Some
pathophysiological mechanisms that may lead to
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mitochondrial diabetes include impaired insulin secretion,
glucose toxicity with loss of pancreatic cells, and insulin
resistance.*

First described in 1992, MIDD affects 0.5% to 2.8% of
people with diabetes. Patients typically have progressive
insulinopenia, sensorineural hearing loss and macular
dystrophy.57 Unfortunately, MIDD often goes unrecognised.®

A multicentre study by Guilasseau et al showed that
all patients with MIDD experienced neurosensory hearing
loss and 86% had macular dystrophy.® Surprisingly, the
prevalence of diabetic retinopathy was lower than expected
(8%) while the prevalence of kidney disease was as high as
28%.7

The present clinical report describes a case of a person
with diabetes who was admitted because of an associated
comorbidity. A thorough clinical and family history study
suggested the diagnosis of MIDD, which was subsequently
confirmed.

CASE REPORT

The index case (I1.4) is a 55-year-old woman who went
to the emergency room because of chest pain, dyspnoea
and fatigue. She had been diagnosed with diabetes 12
years earlier, and suffered from progressive sensorineural
hearing loss. Diabetes was non-insulin dependent at onset,
but 11 years later she started insulin therapy. Her body
mass index (BMI) was 21 kg/m?.

The patient was admitted to the hospital. A cross-
sectional echocardiography showed hypertrophy of the left
ventricle, with a left ventricular ejection fraction of 42%.
Hypertrophic cardiomyopathy was diagnosed. She was
then referred to the internal medicine department because
of multisystem comorbidities and to follow-up her diabetes.
She also had a history of depression, cognitive impairment
and progressive loss of motor skills.

While recording the patient’s family history, it became
evident that she, her mother and her four siblings shared a
history of diabetes and progressive deafness. Her family is

@1 B

represented in the family tree in Fig. 1.

The presence of diabetes, deafness and a relevant
family history prompted an investigation for MIDD. The
genetic test was performed in blood leukocytes and showed
A3243G mitochondrial DNA mutation. The index case’s
(I1.4) siblings carried A3243G mitochondrial DNA mutation
with different heteroplasmy levels.

One of the index case’s sisters (11.5) presented signs
of depression and cognitive impairment. A brain magnetic
resonance imaging (MRI) revealed calcification of basal
ganglia and diffuse atrophy of the cerebellum. These are
common features of mitochondrial disorders (Fig.s 2, 3).

The index case (1.4) and her sister (Il.5) underwent
an ophthalmologic examination, which revealed macular
dystrophy (Fig. 4). Moreover, their hearing tests showed
sensorineural deafness with preponderance to high
frequencies. Their blood and urine tests showed proteinuria
with preserved renal function.

Moreover, a muscular biopsy showed ragged red
fibres (H-E) that were simultaneously active to succinate
dehydrogenase (SDHase) and COX-negatives (COX),
which is specific to mitochondrial disorders (Fig. 5).

After a detailed family history study and counselling,
genetic testing was offered to the patients and their first-
degree relatives. The Ill.1, 11l.2 and 1ll.3 cases, who were
all under 30 years old, agreed to participate in genetic
screening, and the result was a positive test for A3243G
mitochondrial DNA mutation. They were referred to genetic
counselling. Currently, none of them shows signs of the
disease.

Family phenotypic heterogeneity is represented in Table
1. This family is an example of the multiorgan involvement
of mitochondrial diseases.

DISCUSSION

Monogenic forms of DM are difficult to diagnose. After
being diagnosed, patients should be closely followed
because of distinctive management issues and associated
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Figure 1 — Index case family tree
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Figure 2 — Sequence T2 GE in the axial plane. This sequence
is very sensitive to material with magnetic susceptibility, namely
minerals such as calcium and blood (hyposignal)

comorbidities.5®

MIDD usually manifests itself in organs with a higher
metabolic rate. The main diagnostic features may be
accompanied by a wide range of manifestations that result
from cellular energy deficiency.?

Diverse levels of mutated mtDNA in different tissues
result in different phenotypic expressions of MIDD. On the
other hand, heteroplasmy levels can potentially determine
MIDD phenotype’s severity.®'° This mutation can also result
in a more severe syndrome — MELAS (mitochondrial
myopathy, encephalopathy, lactic acidosis and stroke),
and, thus, its differential diagnosis is very important.® The
index case (11.4) and her family did not present the landmark
clinical manifestations of MELAS — lactic acidosis or stroke-
like episodes.

A strong familial clustering of diabetes should raise

Figure 4 — Macular dystrophy present in index case

Figure 3 — Sequence T1 SE in the sagittal plane, showing enlarge-
ment of the folia of the cerebellum, which presents a lower volume
than expected for the age group

the suspicion of mitochondrial diabetes. It may also
indicate MODY (maturity onset diabetes of the young),
but the presence of maternal transmission together with
hearing impairment or macular dystrophy distinguishes
mitochondrial diabetes from MODY.8

Persistent hyperglycaemia leads to both mitochondrial
dysfunction and reduced insulin release. The estimated
penetrance of diabetes is 85%.2 The average age for the
onset of diabetes, which is usually insidious, ranges between
30 and 40 years old. The index case (ll.4) was diagnosed
with diabetes at the age of 33 and had a normal BMI. She
also had high heteroplasmy levels. A significant negative
correlation was found between heteroplasmy levels and
BMI: the lower the BMI, the higher the heteroplasmy levels.®
MIDD’s most common ophthalmic feature is macular retinal
dystrophy, which affects 86% of cases.® The index case (11.4)
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Figure 5 — Muscular biopsy with ragged red fibres, hematoxylin eo-
sin (H-E)
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Table 1 - Family phenotypic heterogeneity

Heteroplasmy

Macular  Neuropsychiatric Cardiac

o .
Gender Age % A3243G Deafness Diabetes dystrophy symptoms disorders Nephropathy
mtDNA
Dead
1.1 F at 82 Unknown Yes Yes Unknown Unknown Unknown Unknown
Developmental
1.1 M 60 58% Yes Yes Yes cognitive delay from - -
birth
1.2 M 58 21% Yes Yes - - Left fascicular -
block

1.3 F 57 1% Yes Yes - - Hypertrophic -

cardiomyopathy

Hypertrophic
1.4 F 55 52% Yes Le0 Yes Depression cardlomyop.athy; Proteinuria
therapy left anterior
fascicular block
. Cognitive )
I.5 F 53 44% Yes Insulin Yes dysfunction; Hypertrophic o\ inuria
therapy ) cardiomyopathy
Depression

.1 B 29 51% - - - - - -
.2 F 26 43% - - - - - -
1.3 [ 23 <5% - - - - - -

complained of visual loss and night blindness. Macular test
images show pigmented lesions in the retina and atrophy
of the choroid pigment epithelium, with “salt and pepper”
appearance, as can be seen in Fig. 4.

Brain changes (i.e., bilateral subcortical and basal
ganglia high-signal lesions on T2-weighted images) appear
in the MRI of case II.5. These changes probably reflect a
hypometabolic state in neurons caused by mitochondrial
respiratory function impairment.?2 Both 1.5 and 1.1 have
neuropsychiatric disorders with depression and show
progressive cognitive dysfunction since birth.

Nephropathy is more common in people with MIDD,
suggesting a specific involvement of mitochondrial kidney
disease.” Blood pressure control and early treatment with
nephroprotective agents may be beneficial to prevent renal
failure."

Cardiopathy is known as another important feature
of mitochondrial disease. Hypertrophic remodelling is
the dominant pattern of cardiomyopathy in all forms of
mitochondrial disease, occurring in up to 40% of patients.'?
Follow-up and screening of both cardiac conduction
abnormalities and heart failure must be conducted regularly
from an early stage.

Some drugs such as tetracyclines, valproate and
metformin may deteriorate mitochondrial function; however,
their effects in MIDD patients are not well-known. Metformin
is less effective and may be harmful because of the
increased risk of lactic acidosis.

There is no curative treatment for patients with
mitochondrial disease. Given the lack of treatments and
the limitations of prenatal and preimplantation diagnosis,

attention has focused on prevention of transmission of
mitochondrial disease through germline gene replacement
therapy.'®'#

CONCLUSION

The identification of monogenic forms of DM is difficult.
However, this condition should be considered whenever
there is a history of diabetes associated with both hearing
loss and relevant family history. All first-degree family
members should be screened for the mutation and provided
with genetic counselling. The diagnosis of mitochondrial
disorder can influence treatment options for diabetes.
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