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Late onset MELAS with m.3243A > G mutation
and its association with aneurysm formation
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Abstract We reported a 53-year-old with late-onset mi-
tochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS) accompanied by aneu-
rysm and large vessel dilations. Most studies have fo-
cused on microangiopathy causing stroke-like episodes.
We report a case to describe large vessel involvement in
clinical considerations, and possible mechanisms of an-
eurysm formation. We recommended regular angio-
graphic examination for patients with MELAS.
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Abbreviations
MELAS mitochondrial myopathy, encephalopathy, lactic

acidosis, and stroke like episodes
NAA N-acetyl aspartate
NO nitric oxide
eNOS endothelial nitric oxide synthase
UIA unruptured intracranial aneurysm
DSA digital subtraction angiography
IA intracranial aneurysm
IL interleukin
DAMPs damage associated molecular patterns
COX cytochrome c oxidase

Introduction

Mitochondrial encephalomyopathy is a rare disease affecting
multiple organs and is caused by structural or functional dis-
orders in the mitochondria, predominantly affecting the brain
and muscle. Mitochondrial myopathy, encephalopathy, lactic
acidosis, and stroke-like episodes (MELAS) is among the
most predominant subtypes of mitochondrial disorders and
was first reported by Pavlakis in 1984(Pavlakis et al. 1984).
MELAS is often reported to have an onset age of 30 years or
earlier, and patients typically contain the m.3243A > G muta-
tion in the MT-TL1 gene of mtDNA encoding mitochondrial
tRNA. Since its discovery, at least 39 distinct mutations were
found to be associated with MELAS, among which A3243G
accounts for 80% of the mutations.

In mitochondrial diseases, cellular energy production is af-
fected and concomitants such as diabetes mellitus (Wang et al.
2013), cardiomyopathy (Ping et al. 2015), gastrointestinal dis-
eases (Fukuyama et al. 2012), and renal, pulmonary,
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dermatological, hematological manifestations (El-Hattab et al.
2015), and angiopathies (Takahashi et al. 2005) have been re-
ported. In previous studies, lesions of themicrovasculature were
commonly observed (Takahashi et al. 2005), while large vessel
involvement in patients with MELAS has been rarely reported.
Several recent studies (Brunetti-Pierri et al. 2011; Finsterer and
Zarrouk-Mahjoub 2016; Gabrielson et al. 2016; Tay et al. 2006)
evaluating mitochondrial disorders revealed an association be-
tween MELAS with ectasia of the arteries and aneurysm for-
mation. In this paper, a case of MELAS with carotid aneurysm
and large vessel dilation is reported and its association with
aneurysm formation is discussed.

Case report

A 53-year-old man with short stature (163 cm), was admitted
to our university hospital mainly complaining of visual loss in
the left eye for 1 day and right eye for 12 h because of cortical
blindness. He had expirenced headache and disorientation
4 days before admission. Physical examination revealed
weakness of both the upper and lower limbs, auditory impair-
ment, myoclonus of the upper limbs, hyporeflexia of the bi-
ceps and triceps reflex, areflexia of the patellar and Achilles
tendon reflex, and no pathological reflex. He experienced sei-
zures on the first day of admission. Magnetic resonance im-
aging (3.0 Tesla) was performed on day 4 and revealed stroke-
like foci in the bilateral temporal, parietal, and occipital lobes,
represented as symmetric low-intensity on T1-weighted imag-
ing, high-intensity on T2-weighted, diffused weighted, and
fluid attenuated inversion imaging. The foci were inconsistent
with the vascular supply. Magnetic resonance spectroscopy
revealed an elevated choline peak, decreased N-acetyl aspar-
tate peak, and elevated, inversed lactate peak, choline/NAA
ranged approximately from 1.56 to 3.32. Computerized tomo-
graphic angiography revealed an aneurysm with a diameter of
approximately 0.4 mm, located in the clinoid segment of the
left internal carotid artery and dilation and dissection were
detected at the distal cervical segment of the bilateral internal
carotid arteries. Additionally, magnetic resonance angiogra-
phy showed the same results, while other cerebral vascula-
tures appeared to be normal. Electroencephalography revealed
diffused severe encephalopathy.

Genetic examination was performed and an m.3243A > G
point mutation was identified. The diagnosis of MELAS was
confirmed according to the Japanese diagnostic criteria (Table 1)
developed by Yatsuga et al. (Yatsuga et al. 2012). On day 12, the
symptoms reached a peak and gradually improved following ad-
ministration of oral coenzyme Q10 and levetiracetam therapy.
Additionally, diabetes mellitus was diagnosed. For this patient,
several risk factors related to aneurysm formation, including sex
(females are more susceptible), smoking, alcoholism, and hyper-
tension, were not present. Considering the associations described
above, the case in this report indicates that aneurysm formation

should be added to the list of vascular features in patients with
MELAS, even in those with mitochondrial disorders.

According to scales used to describe the progression and
prognosis of mitochondrial diseases, such as the Newcastle
mitochondrial diseases adult scale (Schaefer et al. 2006) and
Japanese mitochondrial disease rating scale (Yatsuga et al.
2012), the patient was considered a severe MELAS case. We
did not treat the aneurysm because it was a mini unruptured
intracranial aneurysm (mUIA) and because of the severity of
the disease. Researches (Wiebers et al. 2003) from the
International Study of Unruptured Intracranial Aneurysms
demonstrated that the 5-year rupture rate of UIAs less than
7 mm is approximately 0–0.7%, and this value may be nearly
zero for UIAs in anterior circulation. Factors increasing the
risk of rupture, such as a history of hypertension, smoking,
multifocal aneurysm, posterior circulation, and history of rup-
tured aneurysms, were all negative for the patient. Thus, sur-
gical interventions and digital subtraction angiography (DSA)
examinations were not conducted for this patient.

Discussion

Mitochondrial disease with aneurysm formation has recently
been examined in several studies. The pathogenesis of vascular
involvement in MELAS remains unclear. However, several hy-
potheses have been proposed; the most commonly accepted is
an aberrant vascular tone caused by abnormalities in the vascu-
lar smooth muscle and endothelium. A study by Vattemi et al.
(Vattemi et al. 2011) suggested that in MELAS patients, the
vessel wall is a target of oxidative stress and that the degree of
endothelial dysfunction is related to age and oxidative stress.
First, regarding endothelial dysfunction, nitric oxide (NO) syn-
thesis by endothelial nitric oxide synthase (eNOS) was de-
creased. Second, asymmetric dimethylarginine, an NOS

Table 1 Japanese diagnostic criteria for MELAS

Category A. Clinical findings of stroke-like episodes

1. Headache with vomiting

2. Seizure

3. Hemiplegia

4. Cortical blindness or hemianopsia

5. Acute focal lesion observed via brain imaging

Category B. Evidence of mitochondrial dysfunction

1. High lactate levels in plasma and/or cerebral spinal fluid or defi-
ciency of mitochondrial-related enzyme activities

2. Mitochondrial abnormalities in muscle biopsy

3. Definitive gene mutation related to MELAS

Definitive MELAS: two items of Category A and two items of Category
B (four items or more)

Suspicion ofMELAS: one item of Category A and two items of Category
B (at least three items)

1070 Metab Brain Dis (2017) 32:1069–1072



inhibitor, was found to be increased in MELAS patients (El-
Hattab et al. 2012b). Third, availability of the NO precursors
arginine and citrulline availability was low in MELAS patients
(El-Hattab et al. 2016), and thus a lower level of NO was ob-
served inMELAS. Previous studies demonstrated that deficien-
cies in NO can result in impaired microvasculature, myopathy,
lactic acidosis, diabetes, and, in turn stroke-like episodes (El-
Hattab et al. 2012a). Interestingly, a recent study (Yang et al.
2015) revealed an association between eNOS and intracranial
aneurysm (IA) risk. The study suggested that T786C polymor-
phisms are associated with the susceptibility to IA in the Asian
population; however, G894T and 27-bp-VNTR likely have no
influence on this condition. Similarly, downregulated NO may
trigger cerebral aneurysm (Tamura et al. 2009). Therefore, in
patients with MELAS, eNOS may be important in the forma-
tion of aneurysm.

Another mechanism explaining the association between
MELAS and aneurysm formation involves interleukin (IL).
During the early immunoinflammatory process of injury, cell
signalling and the release of cytokines and growth factors,
such as partially damage associated molecular patterns
(DAMPs), are involved, with γδ T cells playing a key role.
Inmitochondrial DAMPs, pro-inflammatory cytokine produc-
tion was induced by γδ T cells, while anti-inflammatory cy-
tokines such as IL-10 were not affected or decreased to some
extent (Raju et al. 2016). A study by Jan suggested that a
general inflammatory process and its association with
hyperexpressed IL-6 involve B plasma cell infiltration
(plasmacytosis) (Lindeman et al. 2008).Moreover, IL-10 gene
containing 1082G/A polymorphisms are significantly associ-
ated with aneurysm in the Chinese population (Wang et al.
2015). Compared to the IL-10 gene 1082G, the A allele was
generally associated with a lower level of IL-10 (Bown et al.
2007), which may contribute to the formation of IA. In the
microenvironment of mitochondrial dysfunction in MELAS,
hyperexpressed IL-6 and stochastic regulation of IL-10 are
vital for the formation of IA. Additionally, other cytokines in
inflammatory processes, such as IL-1β and IL-8, which are
positively regulated by the inflammatory factor NF-κB, are
essential in aneurysm formation in MELAS, but the mecha-
nisms require further investigation.

In patients with MELAS, because of the oxidative stress
caused by mitochondrial dysfunction, deficiency in a general-
ized cytochrome c oxidase (COX), the main component of the
respiratory chain in mitochondria, via mitochondrial protein
kinase A was discovered (Srinivasan and Avadhani 2012;
Srinivasan et al. 2013). When COX is deficient, electron trans-
port is impaired, reducingATP synthesis and increasing reactive
oxidative species, leading to apoptosis. Moreover, COX defi-
ciency may activate and promote ceramide synthase 6, resulting
in the accumulation of ceramide and cytochrome c release via
mitochondrial outer membrane permeabilization caused by Bcl-
2 proteins, lipid composition, and accumulated ceramide

(Schüll et al. 2015). Thus, the intrinsic apoptotic pathway is
initiated by activation of caspase-9. In fact, COX deficiency is
not restricted to ischemic regions and cerebral blood vessels,
and the aorta may also be affected by COX deficiency.
Furthermore, a study by Sinha et al. revealed that intrinsic
mitochondrial-dependent apoptosis of cells in the aortic wall
was associated with aneurysm formation (Sinha et al. 2005).

The heteroplasmy rate is approximately 10%. Furthermore,
we carried out a family study, but no relatives were found to be
similar to the proband. Several studies in other countries sug-
gestedmaternal inheritance in a considerable number of patients
with m.3243A > G mutation, while a Chinese study reported
the opposite. Among patients with the m.3243A > G mutation
in China, only 18.7% showed a maternal inheritance pattern. A
lack of family history may be because: (1) mitochondrial DNA
mutations often exhibit a threshold pattern, and the relatives we
investigated may have low mutation rates that were lower than
the threshold and (2) the patient may be sporadic, referring to a
spontaneous mutation in the oocyte or fertilized egg.

Large vessel angiopathy in patients with MELAS may not be
an occasional issue. The mechanisms involved in this process
may include eNOS deficiency, cytokine disorders, and
mitochondrial-dependent apoptosis. MELAS is a mitochondrial
disorder with various biomolecular changes, and the mechanisms
discussed above may be essential; however, other factors, such as
angiotensin-converting enzyme, endoglin, apolioprotein E, and
the regional matrix metalloproteinase family balance, may also
be significant. The mechanisms causing aneurysm require further
analysis.

Conclusion

We describe an association between mitochondrial disorders,
particularly MELAS and aneurysm formation. In clinical as-
sessments of a patient diagnosed with or suspected as having
MELAS, aneurysmal formation should be considered and an-
giographic examinations such as computed tomography angi-
ography, magnetic resonance angiography, or digital subtrac-
tion angiography should be conducted for patients at high risk.
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