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CLINICAL CASE OF MITOCHONDRIAL
COMPLEX | DEFICIENCY, NUCLEAR TYPE 5

(LEY SYNDROME)

Relevance. Diagnosis of mitochondrial pathology is a difficult practical task. The variability of clinical manifestations of mitochoric diseases is
associated with high genetic heterogeneity of mitochondrial pathology. Therefore, the analysis of clinical cases of mitochondrial pathology is an

urgent task for early diagnosis.

The aim of this study: to analyze a clinical case of mitochondrial complex deficiency complex |, nuclear type 5 (Ley syndrome).

The result of the study: a description of a clinical case of Ley syndrome was carried out. It is shown that the development of the disease man-
ifested in early preschool age against the background of intercurrent disease. The disease manifested itself by metabolic disorders, degenerative
signs from the nervous system, immunological changes and within 9 months led to a fatal outcome.

Conclusion. The absence of specific signs at the initial stage significantly complicates the diagnosis of the disease and leads to difficulties in

diagnosis.
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Relevance. Timely diagnosis of he-
reditary pathology remains an urgent
problem in clinical medicine. Mitochon-
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drial diseases are particularly difficult to
diagnose. The genetic heterogeneity of
mitochondrial diseases is extremely high,
including due to mutations in genes regu-
lating the work of mitochondria, but locat-
ed in the nucleus. At the same time, there
are no obvious correlations between gen-
otype and phenotype, and a conclusion
about the etiology based on a clinical or
biochemical picture is difficult, and some-
times impossible [7]. In this regard, the
analysis of clinical variants of mitochon-
drial diseases is an important and urgent
task.

Introduction. Leigh syndrome (syn-
onyms: Lee, Leigh) is a heterogeneous
disease of hereditary genesis associat-
ed with mutation of energy metabolism
genes (complexes |, II, Ill, 1V, V of the
mitochondrial respiratory chain) respon-
sible for oxidative phosphorylation, syn-
thesis of ATP and components of the
pyruvate dehydrogenase complex [1]. As
a result of a violation of energy metab-
olism, damage to the substance of the
brain occurs [1], accompanied by pro-
gressive neurological symptoms (muscle
hypotension, loss of previously acquired
psychomotor skills, seizures in the form
of myoclonus, cerebellar and extrapyra-
midal disorders) [12]. Along with neuro-
logical symptoms, cardiomyopathy and
liver failure develop [13], lactic acidosis
[8], and a specific X-ray picture of degen-
erative brain changes. The manifestation
of the disease occurs at an early age [8],
or preschool [4], even less often — in ad-
olescence [2] and can be provoked by
intercurrent diseases [1].

The incidence of Ley syndrome is 1 in
36,000 newborns [1]. The type of inheri-
tance is autosomal recessive [6], but may

have mitochondrial or X-linked recessive
inheritance (depending on the mutant
gene responsible for the formation of the
mitochondrial complex) [5].

A clinical case. The child (girl) is 4
years old, urgently admitted to the City
Ivano-Matrenenskaya Children's Clinical
Hospital (GIMDKB) with complaints of
convulsive contractions in the extremi-
ties, periodic vomiting, weakness, gait
disorder (turns her right leg outwards
when walking, bends her knee), lower
back pain, soreness in the lower extrem-
ities.

Anamnesis. A child from the first preg-
nancy, the first birth. The pregnancy pro-
ceeded without any peculiarities. Deliv-
ery on time is 39 weeks, independent, the
age of the parents at the time of delivery:
mother is 24 years old, father is 61 years
old. Birth weight 3200 g, body length at
birth 51 cm. She grew and developed ac-
cording to her age. He is registered at a
dispensary with a gastroenterologist with
a diagnosis of gastroesophageal reflux
disease (GERD) of the 3rd degree, a re-
active state of the pancreas. All vaccina-
tions are age-appropriate. There were no
blood transfusions. It was not possible to
identify the hereditary burden.

The disease began acutely 6 months
ago with an increase in body temperature
to 40 ° C, treatment did not help, the fever
lasted for 3 days.

She was taken to the district hospital
with a diagnosis of acute respiratory viral
infections, neurotoxicosis. On the same
day, she felt worse, lost consciousness,
and was transferred to the intensive
care unit. PCR (polymerase chain reac-
tion) for COVID-19 is positive. | received
ceftriaxone and mannitol. Computed to-
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mography (CT) of the brain revealed no
focal changes. The condition is without
positive dynamics. She was transferred
to the regional clinical children's hospi-
tal, where she was diagnosed with grade
3 GERD without esophagitis (vomiting
syndrome). Metabolic disorders (hyper-
cholesterolemia), cardiac arrhythmia. A
nuclear magnetic resonance imaging of
the brain was performed, which revealed
gliosis of the brain. She was discharged
with improvement.

6 months after discharge, her condi-
tion deteriorated sharply, which is why
she was hospitalized in the HIMDKB.

Objective status. The condition is se-
rious. The temperature is at normal and
subfebrile levels. There is no vomiting
upon admission. The child is conscious,
answers questions late, correctly. Slug-
gish, hypodynamic. Visual response is
preserved, friendly, horizontal nystag-
mus. Divergent squint, watching objects.
You can't stand on your own. There are
no seizures. Hyperesthesia. The skin is
pale, the turgor is preserved. There is
no swelling. There is hyperemia of the
arches in the throat, hypertrophy of the
palatine tonsils of the 1st degree, the
tongue is overlaid with a yellow plaque
along the middle line.

The biochemical blood test increased
the level of C-reactive protein (CRP) to
6.9 mg/l.

MSCT of the brain with contrast was
performed. Conclusion: signs of partial
concretion of C2-C3 vertebrae. Other-
wise, no pathological changes were de-
tected.

During the examination by an oph-
thalmologist, the alleged diagnosis was
made — pronounced hypoxic changes in
the optic disc with its atrophy.

Tandem mass spectrometry (MS/MS)
for the quantitative determination of ami-
no acids, succenylacetone, free carnitine,
acylcarnitines revealed no significant de-
viations. Of the studied parameters, only
proline 78.8 mmol/l was below the norm
(at a norm of 89.8-305 mmol/l).

Based on anamnestic, clinical, labora-
tory, and instrumental data, the diagnosis
was made: unspecified quadriparesis.
Nystagmus. Differential diagnosis: en-
cephalic demyelinating process.

Further, during the next 3 months after
hospitalization, there was a deterioration
in the general condition and an aggrava-
tion of the MRI picture of the brain and
spinal cord by the type of acute demy-
elinating encephalomyelitis. Foci of de-
myelination appeared in the basal nuclei
(pale ball on the right, white matter of the
legs of the brain, right cerebellar pedicle,
hemispheres of the cerebellum, medulla

oblongata, spinal cord to the level of C7,
which may correspond to the course of
acute demyelinating encephalomyelitis).
The picture of the epiphysis cyst, moder-
ate expansion of the internal cerebrospi-
nal spaces (Fig. 1, 2, 3).

Immunological changes were not-
ed: the phagocytic activity of leukocytes
was reduced, the level of JgG was re-
duced (0.611 g/I, norm 4.53 — 9.16 gl/l;
0.0526 g/I, norm 5.40-18.22 g/l), bilater-
al polysegmental pneumonia joined. A
toxic allergic reaction developed during
immunoglobulin treatment. There were
signs of systemic inflammatory response
syndrome, generalized edematous syn-
drome, hypoproteinemia, reactive peri-
cholecystitis, pancreatitis.

Moderate respiratory distress syn-
drome (RDS), pulmonary hypertension,
and increasing cardiovascular insufficien-
cy have joined. Pronounced quadripare-
sis remained in the neurological status.
The level of erythrocytes decreased to
2.92x109, the hemoglobin level was 80
g/l. In the biochemical analysis of blood,
hypoalbuminemia, hypoproteinemia were
noted, a small-point rash appeared on the
trunk, limbs, and the temperature rose to
37.7 ° C. DIC syndrome has developed.
A hemotransfusion of erythrocyte mass
was performed with a positive effect.

However, the condition worsened
further, the patient was immersed in a
drug-induced sleep, while the signs of
severe RDS persisted, effective breath-
ing could be maintained only on 90% ox-
ygen. By this point, the leading pathoge-
netic syndrome determining the severity
of the condition was cerebral, respiratory
and cardiovascular insufficiency.

This was followed by a deterioration
of the picture on MSCT: damage to the
white matter of the brain (mainly the
frontal-parietal lobes symmetrically on
both sides, with hemorrhagic impregna-

tion in the right frontal lobe, damage to
the knee of the corpus callosum). Signs
of widespread lesions of the white mat-
ter of the frontal, temporal and occipital
lobes on both sides, the white matter of
the basal nuclei (outer capsule) on both
sides, the corpus callosum with the for-
mation of leukomalacia sites in the fron-
tal lobes with negative MSCT dynamics.
Signs of partial concretion of C2, C3 ver-
tebrae.

The main diagnosis was formulated
as: Demyelinating CNS disease of un-
specified etiology. Multiphase dissemi-
nated encephalomyelitis, probably post-
infectious, severe progressive course.
Bilateral pneumonia of mixed etiology,
severe respiratory insufficiency of the
3rd degree, disseminated intravascular
coagulation syndrome (DIC syndrome),
cardiovascular insufficiency, acute pan-
creatitis. The immunodeficiency condi-
tion is unspecified. Toxic-allergic reaction
to immunoglobulin. Common urticaria.
Dilation of the esophagus. Non-erosive
reflux esophagitis. Insufficiency of the
cardia. Superficial gastroduodenitis of
the antrum of the stomach. GERD of the
4th degree.

3 months after hospitalization, biolog-
ical death was diagnosed. Resuscitation
measures in full were not effective. Death
occurred as a result of cardiac arrest
against the background of progressive
cerebral insufficiency.

Morphological signs of damage to the
brain and spinal cord were posthumous-
ly recorded: foci of necrosis of the sub-
stance of the brain and spinal astroglio-
sis, numerous perivascular couplings in
the substance of the brain, pronounced
dystrophic changes in preserved neuro-
cytes, foci of linear discharge and cellular
prolapse in the substance of the brain,
foci of a decrease in the number of neu-
rons of the molecular and granular layers

Fig.1. Initial brain changes. 6 months from the beginning of the manifestation of the disease
(upon admission to the hospital. The arrows indicate the formation of a cyst



of the cerebellum with focal inclusions of
Purkinje cells, fields of gliofibrosis, foci
of large-focal encephalomyelolysis, sec-
ondary foci of cerebral leukomalacia in
the corpus callosum, tissues of the frontal
lobe of the right hemisphere, the zone of
the central nuclei of the right hemisphere.
Postmortem signs of progressive cerebral
insufficiency, multiple organ failure syn-
drome were noted: RDS in the lungs, foci
of tubular necrosis in the kidneys, degly-
cogenesis of the heart, liver, and skeletal
muscles. Swelling of the brain and spinal
cord. Adrenal adenoma. Morphological
signs of secondary immunodeficiency:
emptying of follicles of the paratracheal
lymph node, as well as lymph nodes of
the mesentery and spleen.

Posthumously, full-exome DNA se-
quencing was performed, which revealed
a pathogenic variant of the NDUFS1
gene at position (GRCh37/hg19)
chr2:207011681:A>G, position in cDNA
¢.683T>C with effect p.(Val228Ala). The
patient's DNA was analyzed using the II-
lumina NextSeq550DX genetic analyzer
using the pair-terminal reading method
(2x151 bp). For sample preparation, the
technique of selective capture of DNA
sites belonging to the coding regions of
human genes (Agilent SureSelect Hu-
man All Exon V8 kit) was used, followed
by sequencing by synthesis (SBS). The
designation of the identified variants
was carried out in accordance with the
international standards of the HGVS no-
menclature (http://varnomen.hgvs.org ).
Sequencing data processing was carried
out using an automated algorithm devel-
oped in the Bioinformatics Department
of the Federal State Budgetary Budget-
ary Institution “Medicogenetic Center
named afteracademician N.P.Bochko-
va” (NGS-DATA reg. No. 2021614055,
2021662119, since 2017).

Discussion of the results. Mutations
of the NDUFS1 gene cause deficiency of
mitochondrial complex |, nuclear type 5.
[10]. The mitochondrial complex | (NADH)
itself, a multisubunit forming ubiquinone
oxidoreductase, is the first enzyme com-
plex in the electron transport chain of mi-
tochondria [10]. It can be fragmented into
3 different fractions: flavoprotein fraction,
iron-sulfur protein fraction (IP) and hydro-
phobic protein fraction (HP). The IP frac-
tion consists of products of the NDUFS,
NDUFS2, NDUFS3, NDUFS4, NDUFSS5,
NDUFS6 and NDUFAS5 genes [9]. Func-
tionally, this enzyme is considered to be
the first protein to accept electrons from
NADH-flavoprotein reductase inside the
complex [10].

Other researchers [11] have identi-
fied the protein encoded by the NDUFS1
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Fig. 2. Brain changes 8 months after the onset of the disease manifestation. Multiple cysts of

the brain

Fig. 3. Brain changes 9 months after the onset of the disease (20 days before the fatal outcome.
Multiple cysts of the brain

gene as a critical substrate of caspase in
mitochondria. When mutated, the protein
becomes insoluble, but even with such a
protein, the cell is able to maintain mito-
chondrial transmembrane potential and
ATP levels during apoptosis. However,
there is a decrease in the production of

reactive oxygen species in response
to apoptotic stimuli. This did not affect
the release of cytochrome C and DNA
fragmentation during apoptosis, but the
morphology of the mitochondria of apopt-
ing cells and the integrity of the plasma
membrane were preserved [11].
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In general, from the data presented, it
can be concluded that the product of the
NDUFS1 gene plays an important role in
the synthesis of ATP (controlling energy
processes), but most importantly regu-
lates the processes of apoptosis (prob-
ably triggering autoimmune processes).

Conclusion. At the moment, mito-
chondrial pathology is difficult to diag-
nose and has no effective treatment
methods. The considered clinical case
associated with a deficiency of mito-
chondrial complex |, nuclear type 5 has
severe clinical manifestations and a pro-
gressive course. The absence of specific
diagnostic markers at the initial stage of
development and the rare prevalence of
the disease significantly complicates di-
agnosis. In this regard, it is necessary to
pay more attention to the awareness of
doctors about hereditary pathology and
the role of genetic factors in the structure
of general pathology [3].
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