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Abstract    Mitochondrial  disorders  are  highly  heterogeneous  and  can  manifest  as  a  spectrum  of  clinically
heterogeneous disorders that affect multiple organ systems. Herein, we report a Chinese female patient carrying
mitochondrial  DNA  m.3243A>G  mutation  who  sequentially  experienced  myoclonic  epilepsy  with  ragged  red
fibers,  mitochondrial  neurogastrointestinal  encephalomyopathy,  and  mitochondrial  encephalomyopathy  with
lactic  acidosis  and  stroke-like  episodes.  This  report  expands  the  current  understanding  of  phenotypic
heterogeneity in mitochondrial disorders.
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 Introduction

Mitochondria  serve  as  the  dominant  energy-generating
organelles in eukaryotes. Mitochondrial dysfunction leads
to  a  spectrum  of  clinically  heterogeneous  disorders  that
affect  multiple organ systems, including the nervous and
muscular  systems  [1,2].  Both  nuclear  and  mitochondrial
DNA  are  responsible  for  encoding  mitochondrial
components. The mitochondrial DNA 3243A>G mutation
(m.3243A>G)  is  the  most  common  disease-causing
mitochondrial  DNA mutation,  which is  a  common cause
of mitochondrial encephalomyopathy with lactic acidosis
and  stroke-like  episodes  (MELAS)  [3].  However,  the
same mutation may also lead to other distinct syndromes,
such  as  maternally  inherited  deafness  and  diabetes
(MIDD)  and  myoclonic  epilepsy  with  ragged  red  fibers
(MERRF),  and may even lead to overlapping syndromes
[3,4].

Mitochondrial  neurogastrointestinal  encephalomyo-
pathy  (MNGIE)  is  a  rare  autosomal  recessive  disease
caused  by TYMP mutations  that  impair  mitochondrial

DNA homeostasis  [5].  MNGIE affects  multiple  systems,
primarily manifesting as gastrointestinal and neurological
symptoms.  It  has  been  reported  that  the  m.3243A>G
mutation may also manifest with MNGIE [6].

The phenotypic variability of the same mutation, which
can  lead  to  different  syndromes,  frequently  poses
challenges in patient diagnosis and management.  Herein,
we  present  a  case  of  a  patient  with  the  m.3243A>G
mutation  who  sequentially  developed  MERRF,  MNGIE,
and MELAS episodes. It has not been reported before.

 Case presentation

The  patient  was  a  23-year-old  Chinese  woman who  was
admitted  to  the  Second  Affiliated  Hospital  of  Wenzhou
Medical  University  due  to  recurrent  episodes  of
unconsciousness  accompanied  by  generalized
convulsions lasting for 5 hours.  Her medical  history was
unremarkable.  Her  grandparents  and  parents  had  no
similar medical conditions.

In  the  emergency  department,  the  patient’s  convulsive
state  was  alleviated  through  intravenous  infusion  of
valproate.  She  was  in  a  fragile  condition  with  a
temperature of 37.7 °C, heart rate of 111 bpm, and blood
pressure  of  105/69  mmHg.  No  abnormal  signs  were
detected  on  the  neurological  examination.  Blood  tests
showed  elevated  C-reactive  protein  level  (52.8  mg/L,
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reference  interval:  0–6  mg/L),  leukocyte  count  (24.91 ×
109/L,  reference  interval:  3.5 × 109/L–9.5 × 109/L),
neutrophil count (22.22 × 109/L, reference interval: 1.8 ×
109/L–6.3 × 109/L), lactate level (2.56 mmol/L, reference
interval:  0.5–2.2  mmol/L),  and  creatinine  kinase  level
(256  IU/L,  reference  interval:  40–200  IU/L).  Liver
function,  kidney  function,  thyroid  function,  and
parathyroid hormone levels were within the normal range.
Chest  computed  tomography  (CT)  revealed  bilateral
pulmonary  infections.  Brain  CT  demonstrated
calcifications  involving  the  bilateral  basal  ganglia,
thalamus,  and  dentate  nuclei  of  cerebellum (Fig. 1A and
1B), with subsequent magnetic resonance imaging (MRI)
corroborating  these  findings  (Fig. 1C–1F).  The
electroencephalography  demonstrated  occasional  spike-
and-wave  discharges  predominantly  over  the  bifrontal
and  anterior-midtemporal  areas  (Fig.  S1).  Exome
sequencing did not  detect  any pathogenic variants,  while
mitochondrial  DNA  analysis  by  long  PCR  revealed  the
m.3243A>G mutation  with  a  heteroplasmy level  of  32%
in  blood.  The  mutation  was  confirmed  by  Sanger
sequencing  (Fig. 2).  Due  to  the  decline  in  blood
heteroplasmy  levels  with  advancing  age  [7],  we  further
calculated  an  age-adjusted  heteroplasmy  level  of  72%.
Mitochondrial DNA in other tissues was not analyzed due
to  lack  of  consent.  We  diagnosed  the  patient  with
MERRF  and  initiated  levetiracetam  for  seizure  control.
Coenzyme  Q10  and  L-arginine  were  administered  to
mitigate  oxidative  stress  and  improve  mitochondrial
metabolism.  The  patient  was  discharged  for  outpatient
follow-up after symptom resolution.

Eighteen  months  later,  the  patient  was  transferred  to
our hospital  with severe septic  shock and multiple organ
dysfunction  syndrome.  Prior  to  this,  the  patient  had
experienced severe abdominal pain, intestinal obstruction,
and intestinal infection. Due to the critical  condition, the
patient was admitted to the intensive care unit (ICU) and
received  vital  function  support,  fluid  resuscitation,  and
broad-spectrum antibiotics treatment. After one month of
treatment,  her  condition  improved.  Neurological
examination  revealed  decreased  muscle  strength  (grade
4+/5)  and  reduced  muscle  tone  in  all  four  limbs.  Other
neurological  signs  were  unremarkable.  Abdominal
examination  revealed  distension  with  diminished  bowel
sounds.  Abdominal  CT  scan  reveals  intestinal  dilation
with  air-fluid  levels  (Fig. 3A).  Brain  MRI  revealed
cerebral  atrophy  and  a  lacunar  infarction  adjacent  to  the
left  lateral  ventricle  (Fig. 3B–3F).  Based  on  her
predominant  clinical  manifestations  and  mitochondrial
gene  mutation,  the  patient  was  diagnosed  with  MNGIE
[5].  She  was  discharged  from  the  hospital  for  follow-up
after  her  intestinal  obstruction  was  relieved,  and  she
continued to supplement coenzyme Q10 and L-arginine to
improve mitochondrial metabolism.

Twelve months later, the patient was readmitted due to

2  days  of  blurred  vision.  Neurological  examination
revealed  right  homonymous  hemianopia  with  intact
extraocular  movements  and  pupillary  light  reflexes.
Muscle strength was graded 4+/5 in all four limbs. Other
neurological signs are unremarkable. Blood tests showed
elevated  lactate  level  (2.69  mmol/L,  reference  interval:
0.5–2.2  mmol/L).  Complete  blood  count,  liver  function
tests, renal function tests, and electrolytes were all within
normal range. Brain MRI showed signals compatible with

 

 
Fig. 1    Brain imaging findings at first hospitalization. (A) CT showed
bilateral  basal  ganglia  and  thalamic  calcifications.  (B)  CT  showed
calcifications  in  the  cerebellar  dentate  nucleus.  (C)  T1-weighted
magnetic resonance imaging showed calcifications in the bilateral basal
ganglia.  (D)  T2-weighted  magnetic  resonance  imaging  showed
calcifications  in  the  bilateral  basal  ganglia.  (E)  Diffusion-weighted
magnetic  resonance  imaging  showed  no  abnormal  signals.  (F)  Fluid-
attenuated  inversion  recovery-weighted  magnetic  resonance  imaging
showed no abnormal signals. Arrows indicate the calcifications.

 

 
Fig. 2    Sanger  sequencing  of  the  mutation.  Arrow  indicates  the
mitochondrial DNA 3243A>G mutation.
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cerebral infarction in the left occipital lobe (Fig. 4A–4D).
Based  on  the  stroke-like  episodes,  characteristic
neuroimaging findings, and mitochondrial DNA mutation
[8],  we  diagnosed  her  with  MELAS  and  administered
intravenous  arginine  to  improve  mitochondrial
metabolism. After 2 weeks, the patient partially regained
her  visual  field.  The  patient  is  currently  under  regular
follow-up with a residual partial visual field deficit.

 Discussion

Primary  mitochondrial  disorders  are  a  collection  of
diseases  with  extreme  phenotypic  heterogeneity,
involving  multiple  organs  and  manifesting  as  diverse
clinical  syndromes.  These  syndromes  may  present  either
in isolation or in overlapping combinations,  significantly
complicating  clinical  diagnosis  and  management.
MERRF,  MNGIE,  and  MELAS  share  overlapping
clinical features while maintaining distinct characteristics
(Table 1)  [5,8,9].  Herein,  we  report  a  patient  carrying

 

 
Fig. 3    Abdominal  and  brain  imaging  findings  at  second
hospitalization. (A) CT of the abdomen revealed intestinal dilation with
air-fluid  levels  (red  arrows).  (B)  Diffusion-weighted  magnetic
resonance  imaging  showed  hyperintensity  adjacent  to  the  left  lateral
ventricle  (red  arrow).  (C)  T1-weighted  magnetic  resonance  imaging
(arrows  indicate  the  calcifications).  (D)  T2-weighted  magnetic
resonance  imaging  (arrows  indicate  the  calcifications).  (E)  Diffusion-
weighted  magnetic  resonance  imaging.  (F)  Fluid-attenuated  inversion
recovery-weighted magnetic resonance imaging.
 

 
Fig. 4    Brain  imaging  findings  at  third  hospitalization.  (A)  T1-weighted  magnetic  resonance  imaging,  showing  hypointensity  in  the  left
occipitallobe.  (B)  T2-weighted  magnetic  resonance  imaging,  showing  hyperintensity  in  the  left  occipital  lobe.  (C)  Fluid-attenuated  inversion
recovery-weighted  magnetic  resonance  imaging,  showing  hyperintensity  in  the  left  occipital  lobe.  (D)  Diffusion-weighted  magnetic  resonance
imaging, showing hyperintensity in the left occipital lobe. Red arrows indicate the lesion.
 

Table 1    Typical clinical features of MERRF, MNGIE, and MELAS
MERRF MNGIE MELAS

Neurological and
muscular symptoms

Myoclonus, epilepsy, cerebellar ataxia, migraine,
intellectual disability, psychiatric disorder, stroke-
like episodes, myopathy, exercise intolerance,
hearing loss, ptosis, op thalmoplegia, optic atrophy,
polyneuropathy

Chronic progressive external
opthalmoplegia, ptosis,
leukoencephalopathy, peripheral
neuropathy, hearing loss

Stroke-like episodes, epilepsy,
cortical vision loss, hearing
loss, weakness, headache,
peripheral neuropathy

Cardiovascular
symptoms

Arrhythmias, cardiomyopathy / Arrhythmias, cardiomyopathy,
arterial hypertension

Gastrointestinal
symptoms

Gastrointestinal dysmotility, dysphagia Gastrointestinal dysmotility /

Endocrine symptoms Diabetes, hypothyroidism Early onset diabetes Early onset diabetes

Blood test Elevated plasma lactate, elevated creatine kinase Increased triglyceride levels, elevated
plasma lactate

Elevated plasma lactate and
pyruvate

Others Lipomatosis Thin constitution/cachexia (even with
normal food behavior and nutritional
intake), liver steatosis evolving in
cirrhosis, pancreatitis

Nephropathies

MELAS, mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes; MERRF, myoclonic epilepsy with ragged red fibers; MNGIE,
mitochondrial neurogastrointestinal encephalomyopathy. Features presented in bold were observed in the current case.
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m.3243A>G  mutation  who  sequentially  experienced
MERRF, MNGIE, and MELAS episodes.

The  m.3243A>G mutation  is  located  in MT-TL1 gene,
which  encodes  mitochondrial  tRNALeu(UUR) [10].  This
mutation  leads  to  the  mistranslation  of  leucine  codons
into  non-cognate  phenylalanine  [11].  However,  the
precise  mechanism  from  translational  dysfunction  to
disease  pathogenesis  remains  unclear.  Studies  have
shown  that  the  resulting  mitochondrial  metabolic
dysfunction  contributes  to  disease  pathogenesis  through
associated vascular and cellular damage [4,8,12].

Mitochondrial  diseases  are  highly  heterogeneous  and
can  manifest  as  various  syndromes.  Each  syndrome  has
its  own  distinct  characteristics,  while  also  sharing
pathological  overlaps  among  them  [13].  The  most
common  syndrome  caused  by  the  m.3243A>G  mutation
is MELAS. Additionally, this mutation may also manifest
as diverse clinical syndromes, including MERRF, MIDD,
and  chronic  progressive  external  ophthalmoplegia
(CPEO),  among  others  [3,4,14].  Moreover,  these
syndromes  may  present  in  overlapping  combinations,
such  as  MIDD/MELAS  overlap  syndrome  [15]  or
MNGIE/MELAS overlap syndrome [6]. Our study further
demonstrates  that  patients  with  mitochondrial  disorders
may  present  with  distinct  clinical  syndromes  during
different stages of disease progression.

Mitochondrial  DNA  is  maternally  inherited  through
oocytes  and  exists  in  a  state  of  heteroplasmy  within
human  tissues.  The  degree  of  heteroplasmy  across
different  tissues  and  organs  results  in  diverse  clinical
manifestations  stemming  from  the  same  mitochondrial
DNA  mutation  [2,16].  In  our  patient,  the  heteroplasmy
level of the m.3243A>G mutation was 32% in peripheral
blood  leukocytes,  which  does  not  necessarily  reflect
uniform  levels  across  all  tissues.  Clinically,  specimens
including  blood  leukocytes,  urine,  hair  follicles,  muscle
biopsies,  oral  mucosa,  and  nail  tissues  are  routinely
utilized  for  detecting  mitochondrial  DNA  mutation.
Significant  inter-tissue  heterogeneity  in  heteroplasmy
levels is consistently observed [4]. Assessment of tissue-
specific  distribution  of  heteroplasmy  levels  provides
critical  insights  into  the  phenotypic  complexity  of
mitochondrial  disorders,  though  practical  challenges
persist—particularly  regarding  inaccessible  tissues  (e.g.,
cerebral biopsies) in living patients.

In  conclusion,  we  present  a  case  carrying  the
m.3243A>G  mutation  who  sequentially  developed
MERRF,  MNGIE,  and  MELAS  syndromes.  Our  report
expands  the  current  understanding  of  phenotypic
heterogeneity in mitochondrial disorders.
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