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Abstract

MELAS syndrome (mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes) is a genetically determined dis-
ease caused by mutations in mitochondrial DNA. We present a girl who was suspected of MELAS syndrome during the diagnostic
evaluation of short stature. The patient suffered from symptoms potentially indicating mitochondrial disease, such as muscular weak-
ness, cranial nerve VI palsy, headaches, retinitis pigmentosa, sensory-neural hearing loss, and elevated lactic acid. T2—weighted brain
MRI showed hyperintense lesions in the white matter. Muscular biopsy revealed ragged red fibres. Genetic evaluation did not detect
the most common mutations in the MT-TLT gene and MT-ND5 gene. Endocrine tests led to the confirmation of growth hormone
deficiency, and so replacement treatment was started. After 1 year of recombinant growth hormone therapy the patient was diag-
nosed with diabetes. At the age of 14 years the LH-RH test showed prepubertal values. Endocrine disorders may be one of the first
manifestations of MELAS syndrome. In differential diagnosis of short stature, less common causes, such as mitochondrial diseases,
should be taken into consideration.
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Streszczenie

Zespot MELAS (mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes) jest chorobg uwarunkowang gene-
tycznie, zwiazana z mutacja w mitochondrialnym DNA. Przedstawiamy przypadek pacjentki, u ktérej w trakcie diagnostyki niedobo-
ru wzrostu wysunieto podejrzenie zespotu MELAS. U dziewczynki oprécz niedoboru wzrostu obserwowano inne objawy sugerujace
chorobe mitochondrialng, takie jak m.in. hipotonia miesniowa, béle gtowy, niedowfad nerwu VI lewego, zwyrodnienie barwnikowe
siatkéwki, niedostuch zmystowo-nerwowy, zwiekszone stezenie kwasu mlekowego. W rezonansie magnetycznym moézgu zobra-
zowano hiperdensyjne zmiany w istocie biatej w obrazach T2- zaleznych. Biopsja miesnia wykazata obraz poszarpanych witékien
czerwonych charakterystyczny dla zespotu MELAS. W wykonanych badaniach genetycznych nie wykryto najczestszych mutagji
w genie MT-TLT i MT-ND5. W toku diagnostyki endokrynologicznej rozpoznano somatotropinowa niedoczynnos$¢ przysadki, roz-
poczeto leczenie preparatem hormonu wzrostu (rhGH). Po roku leczenia rhGH na podstawie doustnego testu obciazenia glukoza
zdiagnozowano cukrzyce. Ponadto u obecnie 14-letniej dziewczynki obserwuje sie opéznione dojrzewanie piciowe. Test z LH-RH
wykazat wartosci przedpokwitaniowe. Zaburzenia endokrynologiczne moga by¢ jedna z pierwszych manifestacji zespotu MELAS.
W diagnostyce niedoboru wzrostu nalezy uwzglednia¢ jego rzadsze przyczyny jak np. choroby mitochondrialne.

Stowa kluczowe:

zesp6t MELAS, somatotropinowa niedoczynnos¢ przysadki, cukrzyca.
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Introduction

MELAS syndrome (mitochondrial encephalomyopathy with
lactic acidosis and stroke-like episodes) is a genetically deter-
mined disease caused by mutations in mitochondrial DNA. The
most common is A3243G point mutation of mtDNA encoding
the leucine tRNA (MT-TL 1 gene) [1]. The first case suggesting
the diagnosis of MELAS was described in 1975 [2] The syn-
drome mainly causes dysfunctions of the nervous system and
muscles. It is also associated with several endocrine disorders,
e.g. short stature, delayed puberty, or diabetes mellitus [1].

Case report

We present a patient of Department of Endocrinology and
Diabetology, The Children’s Memorial Health Institute. The girl
was born at 40 weeks’ gestation with birth weight of 3160 g
(1.0 SDS) and length 55 cm (2.5 SDS). The parents of the pa-
tient are Caucasian, unrelated, and not affected by any chronic
or genetic disorders. Uncomplicated neonatal period and nor-
mal psychomotor development were observed. A 3-year history
of headaches was described; however, neurological evaluation
was performed, and the EEG showed no abnormalities. From

Figure 1. Magnetic resonance imaging of the brain. T-2 —
weighted imaging: hiperintensive changes in cerebellar pe-
duncles
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the age of 9 years the girl has been under ophthalmological
care due to retinitis pigmentosa. There was no family history of
endocrine and mitochondrial diseases.

The patient was first admitted to the Department of Endo-
crinology and Diabetology, The Children’s Memorial Health Insti-
tute at the age of 11.5 years. Physical examination revealed short
stature (height 127.7 cm; —2.95 SDS), asymmetry of the palpebral
fissures (right < left), cranial nerve VI palsy, hypotonia, and sym-
metrical hyporeflexia. Due to an abnormal neurological examina-
tion, a brain MRI was performed. It demonstrated hyperintense,
bilateral lesions in the corticospinal tract, thalamus, and cerebel-
lar peduncles in T2-weighted imaging (Fig. 1). In laboratory tests,
the blood and urine concentration of lactic acid and pyruvate
acid were elevated (urine was tested by the method of gas chro-
matography-mass spectrometry — GC-MS) (Table I). Addition-
ally, the patient was diagnosed with sensory-neural hearing loss.
Suspecting mitochondrial disease, a muscle biopsy was carried

Table I. Laboratory tests results
Parameter (units)

Laboratory value Normal range

Lactic acid (mg/dl) 30.7 45-19.8
Creatine kinase (U/l) 80 < 154
Pyruvic acid (mg/dl) 1.3 0.3-1.2
GC/MS profiling Elevated levels of
of urinary organic lactic and pyruvic
acids acid
IGF-1 ( ng/ml) 147 9-11 years:
188-515
IGF-BP3 (ug/ml) 2.43 3.0-7.02
TSH (uIU/ml) 25 0.4-5.0
T4 (ng/dl) 1.06 0.6-1.4
Cortisol (ug/dl) 1.4 5.0-20.0
HDA, (%) 55 4.8-5.9
C-peptide (ng/ml) 1.67 1.06-3.53
Anti-GAD (U/ml) <07 <1.0
Anti-IA2 (U/ml) <08 <20
Anti-ICA (U/ml) Negative Negative

GC/MS - gas chromatography — mass spectrometry; IGF-1 — insulin-
like growth factor 1; IGFBP3 — insulin-like growth factor-binding pro-
tein 3; TSH — thyroid-stimulating hormone; T4 — free thyroxine; HbA, |
— glycated hemoglobin A1c; anti-GAD — glutamic acid decarboxylase
antibodies; anti-IA2 islet tyrosine phosphatase 2 antibodies; anti-ICA —
islet cell antibodies
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Figure 2. Percentil chart growth for children and adolescents in Poland 3-18 year of age. OLA and OLAF researches [3]
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out. Histologically, ragged red fibres (RRF) with a normal activity
of cytochrome ¢ oxidase (COX) were present, which strongly
indicated MELAS syndrome. Nevertheless, a genetic evaluation
did not detect the most common mutations in the MT-TL7 gene
(point mutation 3243A>G) and MT-ND5 gene (12770A>G,
13084 A>T, 13094T>C, 13513G>A, 13514A>G, 13528A>G).

Table Il. Tests results

Test Laboratory value  Normal range

GH secretion tests (ng/ml)

GH secretion 0 -1.35 >10 ng/ml
with Glucagon 90'-1.08 (complete growth
loading 120 -2.7 hormone deficiency:
(0,03 mg/kg) 150’ - 1.15 < 5ng/ml)
180'-0.75
GH secretion 0-04 >10 ng/ml
with arginine 300-1.8 (complete growth
loading 60" -2.07 hormone deficiency:
(0,5 g/kg) 90'-2.8 < 5ng/ml)
120-0.85
GH secretion 0'-0.48 >10 ng/ml
during sleep 30'-28 (complete growth
60’ —0.86 hormone deficiency:
90'-0.94 < 5ng/ml)
1200 -2.2
LH - RH test
LH (U/) 0'-1.06 Pubertal values:
30'-1.5 > 8
60" —1.55
90’ -1.53
120’ - 1.45
FSH (1U/)) 0'-0.52
30'-4.02
60'-5.3
90’ -5.32
120'-6.22

Oral glucose tolerance test

Glucose 0'-95.3
(mg/dl) 60" -218.8
120" - 249.2
Insulin U/ml) 0" -12
60" -55.7
120 -87.2

GH - growth hormone; LH - luteinizing hormone; FSH - follicle stimu-
lating hormone
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Despite this, the treatment was initiated, which consisted of
L-arginine (2gb.i.d.), Coenzyme Q10 (100 b.i.d.), and L-carnitine
(500 mg b.i.d.). During follow-up, the cranial nerve palsy and the
asymmetry of the palpebral fissure resolved. In a recent neuro-
logical examination, ptosis and upper limb tremor was present.

Concurrently, the patient underwent endocrinological diag-
nostics. Stunted growth has been observed from 8 years of age
(Fig. 2). The peak level of growth hormone (GH) was 2.7 ng/ml,
2.8 ng/ml, and 2.8 ng/ml with a glucagon loading, with arginine
and during sleep, respectively (Table II). Insulin-like growth fac-
tor-1 (IGF-1) value was also decreased, and bone age was
delayed 2 years. Laboratory tests revealed no impairment of
thyroid and adrenal gland function (Table I). GH deficiency was
diagnosed, and recombinant human GH (rhGH) therapy was
introduced at 0.59 U/kg/week, which resulted in growth accel-
eration from 4.2 to 6.5 cm/year. At the age of 14 years delay pu-
berty was observed (Pub1, Th1, Ax1). The LH-RH test showed
prepubertal values (Table 1l), bone age was estimated to be
delayed by approximately 2.5 years. Due to the fact that first
signs of puberty developed during surveillance, no hormonal
therapy was introduced.

After 1 year of the rhGH therapy a oral glucose tolerance
test (OGTT) was performed which revealed diabetes. The in-
crease of glucose level at the 120-minute time point and nor-
mal blood values of insulin were detected (Table Il). Before the
initiation of rhGH treatment, the OGTT was negative. Glycated
haemoglobin Alc (HbA, ) before and during the rhGH therapy
remained normal. Levels of glutamic acid decarboxylase an-
tibodies (anti-GAD), islet tyrosine phosphatase 2 antibodies
(anti-IA2), and islet cell antibodies (anti-ICA) were not elevated;
therefore, diabetes type 1 was excluded (Table ). The patient
started a carbohydrate exchange diet, achieving normoglycae-
mia. The treatment of rhGH was continued.

Discussion

MELAS syndrome is a genetically determined disease
caused by mutations in mitochondrial DNA. The most common
(about 80% of cases) is A3243G point mutation of mtDNA en-
coding the leucine tRNA (MT-TL 1 gene). In addition, other point
mutations in the MT-TL 7 and MT-ND 5 gene are described. It is
estimated that the mutations of mtDNA are not identified in up
to 10% of patients with MELAS [1]. In our case we did not de-
tect the most common mutations; nevertheless, this does not
exclude the diagnosis of MELAS syndrome. Genetic analysis
using a next-generation sequencing (NGS) method is awaited.

Clinical manifestation of MELAS is variable. The first symp-
toms may appear both in childhood and in young adults (only
5-8% of cases before 2 years old and 1-6% above 40 years
old) [4]. According to several authors, the syndrome can be
divided into juvenile and adult form depending on the onset of
first symptoms [5].

Neurological symptoms, myopathy, and lactic acidosis are
the 3 main manifestations of MELAS. Stroke-like episodes are
the most common neurological disorders, characterized by the
following: reversible aphasia, hemiplegia, cortical blindness,
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etc. Localized or generalized epilepsy can also occur, mostly
as aresult of the presence of ischaemic foci [5-7]. Typical brain
imaging findings include stroke-like areas, bilateral abnormali-
ties in the deep grey matter or brainstem basal ganglia, or cer-
ebellar atrophy [8]. Similarly to our patient, the vast majority of
patients suffer from recurrent headaches. Attention should be
also paid to psychiatric symptoms such as depression, bipolar
disorder, or even psychosis [5-7].

Another major symptom of MELAS is myopathy, which may
present as a muscle weakness and exercise intolerance. Mus-
cle biopsy is necessary, and it can reveal characteristic abnor-
malities, which are RRF. This pathology can be also seen in
other mitochondrial cytopathies, but a large proportion of RRF
with normal activity of COX may guide the way to MELAS diag-
nosis [1]. Lactic acidosis affects the majority of patients with
MELAS; however, the normal lactic acid concentration does not
exclude this diagnosis. Watchful monitoring of the metabolic
status is very important in these patients, especially in a situa-
tion of active infection or during surgical procedures [9].

Patients with MELAS rarely suffer from cardiological prob-
lems (e.g. cardiomyopathy or Wolff-Parkinson-White syndrome).
Other uncommon manifestations may include gastrological (cy-
clic vomiting, diarrhoea, constipation, recurrent pancreatitis),
ophthalmic (retinitis pigmentosa), or audiological (sensorineural
hearing loss) disorders [4-7].

Endocrine problems in patients with MELAS are another
important issue. Short stature is observed in 33-82% of these
patients [4-5]. Growth hormone deficiency has been described
in multiple case reports [11-13].

It is presumed that in patients with mitochondrial diseas-
es, the hypothalamic-pituitary-axis dysfunction is a potential
mechanism of GH deficiency. Mutsuzaki et al. concluded that
the dysfunction of the hypothalamic cells producing growth
hormone-releasing hormone (GH-RH) is the initial impairment.
They hypothesize that these cells are much more vulnerable to
lactic acidosis than the anterior pituitary cells producing GH.
Chronic ischaemia and energetic deficiency of hypothalamic
cells is also postulated [13]. It also appears that the anatomi-
cal abnormality is not an issue, due to the fact that in most
patients with MELAS, brain MRI does not show abnormalities
of the pituitary gland and the hypothalamic area [11]. Notwith-
standing, the small number of cases described and a variety of
clinical features resulting from heteroplasmy of mitochondrial
DNA does not allow a single hypothesis to be put forward. De-
spite the fact that most patients with confirmed GH deficiency
receive rhGH treatment, not every individual will achieve an im-
provement in the rate of growth. Our patient reached an aver-
age growth acceleration. We did not notice any exacerbation
of the course of mitochondrial disease during the observation
period. In the literature, short-term follow-up does not reveal
any significant adverse effects of the rhGH therapy in patients
with MELAS; however, there are no data on the long-term safety

of the aforementioned treatment. Therefore, a careful qualifica-
tion and a close monitoring of hGH therapy in the patients with
mitochondrial disease is recommended [11, 13].

Approximately 1/3 of patients with MELAS are diagnosed
with diabetes, with higher prevalence in adult form [5, 14, 15].
The average age of the onset of diabetes is 38 years [4, 16].
The mechanism of diabetes in MELAS syndrome remains
unclear; nevertheless, several explanations are considered.
A disturbance of glucose consumption in peripheral tissues
can cause insulin resistance and insufficient insulin secretion
(reduction of ATP concentration as a result of mitochondrial
disease leads to a decrease in insulin release by ATP — sensi-
tive potassium channels). In addition, the higher concentration
of lactates found in MELAS causes an increase in gluconeo-
genesis, for which lactic acid is a substrate [17]. In our patient
the cause of diabetes remains unknown. It could be the effect
of rhGH therapy or a component of MELAS, or both of them.
Another complex issue is the treatment of diabetes related to
mitochondrial diseases, because currently no specific guide-
lines are available. However, it is known that due to the risk of
lactic acidosis, metformin is contraindicated. Thiazolidinedi-
ones reduce hepatic gluconeogenesis and increase glucose
utilization in muscles and adipose tissue, as well as preserving
beta-cell mass. On the other hand, thiazolidinediones inhibit the
mitochondrial purine carrier, which reduces the purine uptake in
mitochondria and, in this way, they can increase the risk of lac-
tic acidosis. Incretin drugs such as GLP-1 receptor agonists or
DPP-4 inhibitors seem to be the best therapeutic choice. They
increase the secretion of insulin from beta cells and also inhibit
the glucagon secretion. They also have antioxidant and anti-
inflammatory effects [17]. Currently, our patient is on a carbohy-
drate exchange diet, achieving normoglycaemia.

In MELAS syndrome, we can observe a hypogonadotropic
hypogonadism with low level of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH). In some patients a degree
of pubertal development may occur, but oligomenorrhoea or
secondary amenorrhoea can develop [12, 16].

There are also other endocrinological disorders in MELAS
syndrome. We can mention secondary hypothyroidism (due to
the hypothalamic dysfunction) or the case of a patient with pri-
mary adrenal insufficiency and MELAS syndrome [18].

Conclusions

MELAS is a mitochondrial multi-systemic disease, and
therefore patients require multi-specialist care. Endocrine dis-
orders may be one of the first manifestations of this syndrome.
In differential diagnosis of short stature, less common causes
such as mitochondrial diseases should be taken into consid-
eration. Regular glycaemic control is recommended due to the
risk of diabetes.

© Copyright by PTEIDD 2021 217



Pediatr Endocrinol Diabetes Metab 2021

Baszynska-Wilk M., Moszczyriska E., Szarras-Czapnik M., Wysocka-Mincewicz M.,
Watrobiriska U., Koztowska A., Szalecki M.

References

. Lorenzoni PJ, Werneck LC, Kay CSK, et al. When should MELAS

(Mitochondrial myopathy, Encephalopathy, Lactic Acidosis, and
Stroke-like episodes) be the diagnosis? Arg Neuropsiquiatr 2015;
73: 959-967. doi: 10.1590/0004-282X20150154

. Shapira Y, Cederbaum SD, Cancilla PA, et al. Familial poliodys-

trophy, mitochondrial myopathy, and lactate acidemia. Neurology
1975; 25: 614-621. doi: 10.1212/wnl.25.7.614.

. Rézdzynska-Swigtkowska A, Kutaga Z, Grajda A, et al. Height,

weight and body mass index references for growth and nutritional
status assessment in children and adolescents 3-18 year of age.
Standardy Medyczne/Pediatria 2013; 1: 11-21.

. El-Hattab AW, Adesina AM, Jones J, et al. MELAS syndrome:

Clinical manifestations, pathogenesis, and treatment options. Mol
Genet Metab 2015; 116: 4-12. doi: 10.1016/j.ymgme.2015.06.004.

. Yatsuga S, Povalko N, Nishioka J, et al. MELAS: a nationwide pro-

spective cohort study of 96 patients in Japan. Biochim Biophys
Acta 2012; 1820: 619-624. doi: 10.1016/j.bbagen.2011.03.015.

. Modrzejewska M, Chrzanowska M, Modrzejewska A, et al. Ocular

findings in MELAS syndrome — a case report. Klin Oczna 2016;
118: 301-307.

. Hougaard DD, Hestoy DH, Hojland AT, et al. Audiological and Ves-

tibular Findings in Subjects with MELAS Syndrome. J Int Adv Otol
2019; 15: 296-303. doi: 10.5152/ia0.2019.5913.

. Gongalves FG, Caschera L, Teixeira SR, et al. Intracranial calcifica-

tions in childhood: Part 2. Pediatr Radiol 2020; 50: 1448-1475. doi:
10.1007/s00247-020-04716-y.

. Roth S, Nienhaus J, Nickel F, et al. Management of patients with

MELAS syndrome: A case report and general characteristics from
an anesthesiological perspective. Anaesthesist 2020; 69: 471-476.
doi: 10.1007/s00101-020-00793-8.

218

© Copyright by PTEIDD 2021

10.

11.

13.

14,

15.

16.

17.

18.

Hsu Y, Yogasundaram H, Parajuli N, et al. MELAS Syndrome and
Cardiomyopathy: Linking Mitochondrial Function to Heart Failure
Pathogenesis. Heart Fail Rev 2016; 21: 103-116. doi: 10.1007/
s10741-015-9524-5

Chow J, Rahman J, Achermann JC, et al. Mitochondrial disease
and endocrine dysfunction. Nat Rev Endocrinol 2017; 13: 92-104.
doi: 10.1038/nrendo.2016.151

. Balestri B Grosso S. Endocrine disorders in two sisters affected

by MELAS syndrome. J Child Neurol 2000; 15: 755-758. doi:
10.1177/088307380001501108

Matsuzaki M, Izumi T, Shishikura K, et al. Hypothalamic growth hor-
mone deficiency and supplementary GH therapy in two patients
with mitochondrial myopathy, encephalopathy, lactic acidosis and
stroke-like episodes. Neuropediatrics 2002; 33: 271-273. doi:
10.1055/s-2002-36742

Al-Gadi IS, Haas RH, Falk JM, et al. Endocrine Disorders in Pri-
mary Mitochondrial Disease. J Endocr Soc 2018; 2: 361-373. doi:
10.1210/js.2017-00434

Reed EM, Swanson AA, Roden AC, Lin PT. Sudden Unexpected
Death in MELAS Syndrome Due to Diabetic Ketoacidosis. Am
J Forensic Med Pathol 2020; 41: 331-332. doi: 10.1097/PAF.
0000000000000563

Schaefer AM, Walker M, Turnbull DM, et al. Endocrine disorders in
mitochondrial disease. Mol Cell Endocrinol 2013; 379: 2-11. doi:
10.1016/j.mce.2013.06.004

Cosentino C, Contento M, Paganini M, et al. Therapeutic options
in a patient with MELAS and diabetes mellitus: follow-up after
6 months of treatment. Acta Diabetol 2019; 56: 1231-1233. doi:
10.1007/s00592-019-01302-z

Afroze B, Amjad N, Ibrahim SH, et al. Adrenal insufficiency in
a child with MELAS syndrome. Brain Dev 2014; 36: 924-927. doi:
10.1016/j.braindev.2013.12.009



