American
Journal
of

Case
Reports

Received: 2020.08.10
Accepted: 2020.09.29
Available online: 2020.10.14
Published: 2020.11.25

Authors’ Contribution: ABCDEF 1
Study Design A BCDE 2

Data Collection B
Statistical Analysis C
Data Interpretation D

Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author:
Conflict of interest:

e-ISSN 1941-5923
© Am ) Case Rep, 2020; 21: €927938
DOI: 10.12659/AJCR.927938

Phenotypic Heterogeneity in 5 Family Members
with the Mitochondrial Variant m.3243A>G

Josef Finsterer 1 Neurological Department, Klinik Landstrasse, Messerli Institute, Vienna, Austria
Franco Laccone 2 Institute of Medical Genetics, Medical University of Vienna, Vienna, Austria

Josef Finsterer, e-mail: fifigs1@yahoo.de
None declared

Case series
Patients:

Final Diagnosis:
Symptoms:
Medication:
Clinical Procedure:
Specialty:

Objective:

Background:

Cases Reports:

Conclusions:

MeSH Keywords:

Full-text PDF:

Metabolic acidosis
Deafness

Neurology

Rare disease

The pathogenic mitochondrial DNA variant m.3243A>G is associated with a wide range of clinical features,
making disease course and prognosis extremely difficult to predict. We aimed to understand the cause of this
broad intra-familial phenotypic heterogeneity in a large family carrying the variant m.3243A>G.

Thirteen family members were clinically affected. Clinical manifestations occurred in the brain, eyes, ears, endo-
crine organs, myocardium, intestines, kidneys, muscle, and nerves. Five family members carried the m.3243A>G
variant. The 2 most severely affected patients were the index patient, a 60-year-old woman, and her sister,
who was deceased. The phenotypic features most frequently found were hypoacusis and cerebellar atrophy.
Hypertrophic cardiomyopathy was diagnosed in 3 family members. Short PQ syndrome and gestosis had not
been reported to date. The broad phenotypic heterogeneity was attributed to variable heteroplasmy rates and
variable mtDNA copy numbers. All affected patients benefited from symptomatic treatment.

The mitochondrial DNA variant m.3243A>G can manifest phenotypically with a non-syndromic, multisystem
phenotype with wide intra-familial heterogeneity. Rare manifestations of the m.3243A>G variant are gestosis
and short PQ syndrome. The broad intra-familial phenotypic heterogeneity may be related to fluctuating het-
eroplasmy rates or mitochondrial DNA copy numbers and may lead to misdiagnosis for years.

Cardiomyopathies ¢ MELAS Syndrome ¢ Mitochondrial Diseases
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Background

The mitochondrial DNA (mtDNA) variant m.3243A>G manifests
with syndromic or non-syndromic phenotypes [1]. Among the
syndromic phenotypes, mitochondrial encephalopathy, lactic
acidosis, and stroke-like episodes (MELAS) syndrome is the
most well-known [2]. Other syndromic phenotypes due to the
variant m.3243A>G include maternally inherited diabetes and
deafness (MIDD) syndrome, myoclonic epilepsy with ragged
red fiber (MERRF) syndrome, Leigh syndrome, or MELAS/KSS
(Kearns-Sayre syndrome) overlap syndrome [1]. Non-syndromic
phenotypes commonly include multisystem disorders affect-
ing the brain, eyes, ears, endocrine organs, myocardium, gas-
trointestinal tract, and the kidneys in variable combinations.
Little is known about the frequency and expression of non-
syndromic m.3243A>G-related phenotypes. Here, we present
a family carrying the variant m.3243A>G with a non-syndromic
phenotype and broad intra-familial phenotypic heterogeneity.

Case Reports

The index patient (I1I/3) was a 60-year-old white woman, height
164 cm, weight 45 kg with a multisystem mitochondrial disor-
der (MID) initially classified as MIDD syndrome. The initial clin-
ical manifestation was growth retardation resulting in short
stature. At age 35 years, hypoacusis became apparent, requir-
ing bilateral hearing devices. At age 39 years, ataxic gait de-
veloped, being attributed to cerebellar atrophy on imaging. At
age 48 years, she underwent subtotal thyroidectomy because
of struma multinodosa. Starting at age 52 years, she experi-
enced recurrent episodes of vertigo, which later became per-
manent and were attributed to vestibular dysfunction.

Starting at age 55 years, slowly progressive weakness of the
upper limbs and recurrent cramps of the upper and lower
limb muscles developed, preventing her from sleeping prop-
erly. Additionally, she experienced easy fatigability. Starting at
age 59 years, she experienced paresthesias of the distal low-
er limbs. Nerve conduction studies revealed axonal, sensori-
motor polyneuropathy. A genetic work-up at age 57 years by
means of PCR and Sanger sequencing revealed the common
variant m.3243A>G in MT-TL1, the most common MELAS mu-
tation, with a heteroplasmy rate of 20% in blood lymphocytes
and 75% in buccal mucosa cells.

At age 58 years she experienced acute heart failure attribut-
ed to hypertrophic cardiomyopathy (hCMP) (septum: 15 mm,
posterior wall: 16 mm) with a hypokinetic septum, an ejec-
tion fraction (EF) of 25%, dilated atria, hypertension (PAP 45
mmHg), and mild mitral and tricuspid insufficiency. The proB-
NP value was 9508 ng/L (n, <125 ng/L). ECG showed left an-
terior hemiblock and a shortened PQ time (<0.12 ms) without
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a delta-wave (short PQ syndrome). Holter monitoring revealed
recurrent, arrhythmic, supraventricular salvos. Coronary angi-
ography was normal. Cardiac MRI, 9 months after heart fail-
ure, revealed an EF of 56%, mild septal hypertrophy (12 mm),
and postero-latero-basal late gadolinium enhancement (LGE).
At age 59 years, paroxysmal atrial flutter with 2: 1 transmis-
sion was diagnosed. Cardioversion was successful.

She had a history of smoking 10 cigarettes per day but stopped
smoking at age 58 years. Chronic obstructive pulmonary dis-
ease (COPD)-Il was additionally diagnosed. Blood chemical in-
vestigations revealed erythrocytosis, hepatopathy, and renal
insufficiency (Table 1). Additionally, pre-diabetes was diag-
nosed, without requiring therapy.

A neurologic exam at age 60 years revealed short stature, dry
eyes, hypoacusis, mild dysarthria, sore neck muscles, diffuse
weakness of the upper limbs (M4), weak foot extension (M5-),
diffuse wasting of the upper and lower limbs, absent tendon
reflexes on the upper and lower limbs, and gait ataxia.

She was regularly taking bisoprolol (5m g/day), lisinopril
(5 mg/day), furosemide (20 mg/day), edoxaban (30 mg/day),
and tiotropium bromide. She was drinking approximately
500 mL/d. She was recommended to additionally take coen-
zyme-Q (300 mg/day).

The family history was positive for multisystem MID in her
mother (11/1), sister (111/2), and brother (lll/1); in the sister
(1173) and brother (11/2) of the mother (Table 1); and in her
2 daughters (IV/1, IV/2), 2 female cousins (111/8, 111/9), and 2
nieces (IV/5, IV/6) (Figure 1). In 5 of these clinically affected
relatives, the m.3243A>G variant was detected (Figure 1). The
phenotype varied considerably among these family members
(Table 1). The mother of the index patient had died at age 80
years from pulmonary embolism. During adulthood she had
developed hypoacusis, cerebellar ataxia, and polyneuropathy.
One brother of the mother, aged 81 years, experienced hy-
poacusis since age 50 years and macula dystrophy. He had 3
healthy children (2 girls, 1 boy). The sister of the mother (11/3)
had a suspected visual problem and died at age 87 years. The
grandmother from the mother’s side (I/1) had a history of visu-
al impairment and hearing loss and died at age 91 years. The
sister of the index patient (I11/2) (height 155 cm, weight 42 kg),
had epilepsy, diffuse cerebral atrophy with dementia, cerebel-
lar atrophy with ataxia, leucoencephalopathy, hypoacusis re-
quiring cochlear implants, retinal dystrophy, diabetes (HbAlc
up to 12.1), hyperlipidemia, struma nodosa requiring thyroid-
ectomy, hCMP with intermittent short PQ syndrome and mild
aortic and mitral insufficiency, hepatopathy, muscle weak-
ness with hyper-CKemia, a single pancreatic cyst, surgery for
squinting as a child, rectal discharge, near-drowning because
of muscle weakness at age 62 years, and renal insufficiency.
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Table 1. Phenotypic manifestations in 13 clinically affected family members. Five of them carried the m.3243A>G variant.

Phenotypic manifestation 111/3 /2 /1 1171 1172 1173 171 IV/2 IV/1 11/9 11178 IV/6 IV/5

Aneurysm X

AFLU — atrial flutter; hCMP — hypertrophic cardiomyopathy; LAH — left anterior hemiblock; LGE — late gadolinium enhancement;
Nt — not tested; * died at indicated age.
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Figure 1. Pedigree of the index patient’s family (* clinically affected, m.3243A>G: mutation carrier).

She carried the m.3243A>G variant with a heteroplasmy rate
of 40-50% in buccal mucosa cells. She died at age 53 years
from heart failure and renal insufficiency. The brother (l11/1),
aged 67 years, had a history of epilepsy, hypoacusis, macular
dystrophy (fundus flavimaculatus), and hCMP (Table 1). The
2 daughters of the index patient (IV/1, IV/2) also carried the
m.3243A>G variant. The older daughter (IV/2), now aged 32
years, manifested with cerebellar atrophy, hearing loss, and
gestosis requiring cesarian section in gestational week 29. Her
son (V/1) was born by cesarean section in gestational week
25 and presented with mild delayed motor development. The
younger daughter of the index patient (IV/1), aged 25 years,
complained of impaired hearing and tinnitus. The index pa-
tient has 4 female cousins. The oldest cousin (I11/8), aged 75
years, has diabetes, hearing impairment, and vestibular dys-
function. The second cousin (111/9) died from cancer at age 32
years after the birth of her fourth child (2 boys, 2 girls). One
girl, now age 45 years (IV/6), has diabetes and hypoacusis.
The second girl (IV/5) had diabetes and hypoacusis and died
from aneurysmal bleeding at age 35 years. The 2 other cous-
ins are healthy.

Discussion

The presented family is interesting for multisystem MID due to
the variant m.3243A>G in 5 family members, manifesting with
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a non-syndromic phenotype with high intra-familial variabil-
ity. MELAS was excluded as none of the family members car-
rying the variant manifested with a stroke-like episode (SLE).
None of the mutation carriers fulfilled the Japanese or Hirano-
criteria [3,4] for diagnosing MELAS. MIDD was excluded, as
only 1 of the mutation carriers had deafness and diabetes to-
gether. The index patient was diagnosed only with pre-dia-
betes, which never required anti-diabetic medication. MERRF
was excluded, as none of the mutation carriers fulfilled the
diagnostic criteria for MERRF [5]. Leigh syndrome was exclud-
ed based on the non-compatible clinical presentation and ab-
sence of typical features on cerebral MRI [6]. None of the mu-
tation carriers fulfilled the diagnostic criteria for KSS. Based
on these considerations, a non-syndromic MID with wide phe-
notypic variability was diagnosed [7].

The index patient (11I/3) manifested in the brain, eyes, ears, en-
docrine organs, heart, intestines, kidneys, muscle, and nerves
(Table 1). Her sister (111/2) manifested in the brain, ears, en-
docrine organs, liver, muscle, kidneys, and heart (Table 1).
Interestingly, the index patient developed gestosis during both
of her pregnancies. The brother of the index patient (l11/1) man-
ifested clinically in the brain, eyes, ears, and heart (Table 1).
The older daughter of the index patient (IV/2) manifested in
the brain and ears (Table 1). Her sister (IV/2) manifested only
in the ears with tinnitus and mild hypoacusis. The grandson
of the index patient (V/1) became apparent because of motor
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developmental delay. One uncle from the mother’s side (11/2)
manifested in the ears, brain, and eyes (Table 1). An aunt from
the mother’s side (11/3) possibly manifested in the eyes. Two of
the index patient’s nieces (IV/5, IV/6) manifested in the ears
and the endocrine organs. A female cousin of the index pa-
tients (111/9) manifested with a carcinoma. Of her 4 children,
2 were affected (IV/5, IV/6) and manifested in the ears and
the endocrine organs.

The phenotypic features that were most frequently observed
in this family include deafness and cerebellar atrophy (Table 1).
Previously unreported phenotypic features in m.3243A>G car-
riers were gestosis and short PQ syndrome (Table 1). Rarely
described phenotypic features included LGE and psychomo-
tor retardation. LGE has been reported only once [8]. However,
in a study of 22 m.3243A>G mutation carriers by cardiac MRI,
none of the included patients showed LGE [9]. Three probands
had hCMP. All other features occurred only in 1 or 2 probands.
Hyperlipidemia was considered an m.3243A>G manifesta-
tion, as MID patients frequently manifest with hereditary dis-
turbance of lipid metabolism. The phenotypic heterogeneity
could be also due to the fact that disease duration varied sig-
nificantly among family members. However, there were some
probands with similar disease duration but variable pheno-
type. The phenotypic heterogeneity may not only be due to
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heterogeneous heteroplasmy rate, but could be also due to
variable copy numbers within a mitochondrion. Unfortunately,
copy numbers were not counted in any of the family members.
Recently, nuclear factors were identified explaining some of
the phenotypic divergence [10]. The low heteroplasmy rates
in blood and buccal mucosa cells do not exclude pathogenic-
ity, as they were determined in tissues that are largely unaf-
fected clinically.

Conclusions

This case study shows that the mtDNA variant m.3243A>G can
manifest phenotypically in a non-syndromic way with large in-
tra-familial phenotypic heterogeneity. So far, unreported man-
ifestations of the m.3243A>G variant were gestosis and inter-
mittent short PQ syndrome. The broad intra-familial variability
may be related to the variable heteroplasmy rates in affected
or non-affected tissues, to the phenotypic expression, which
modifies the disease course, and the diet, drugs, environmen-
tal poisoning, and lifestyle of mutation carriers. Acronyms for
mitochondrial syndromes may help to classify a patient but do
not contribute much to the understanding of the phenotypic
variability of mtDNA variants. The broad phenotypic variabil-
ity may lead to misdiagnosis for years.
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