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Abstract
Leigh syndrome is a neurodegenerative disease has an incidence of 1:40,000 live births and is the most frequent mitochondrial 

disease in the first year of life. The clinical presentation is variable and includes psychomotor retardation or regression, acute 
or acidotic neurological episodes, hypotonic, ataxia, spasticity, movement disorders, and multifocal spongiform degeneration 
throughout the brain, including the basal ganglia, thalamus, cerebellum, trunk brain, spinal cord and optic nerves which can be seen 
on MRI, occurs due to mitochondrial dysfunction caused by an inherited genetic defect, associated with bilateral lesions of the central 
nervous system. Herein we report a case of a child with clinical signs of pneumonia, acidosis, and a psychomotor and neurological 
disorder. A mutation in the mitochondrial Cytochrome C, encoded by the SURF1 gene as found by DNA sequencing. Interestingly, the 
pattern of genes up and down regulated affected different pathways and reactions (p-values <<<). From the metabolism of proteins, 
digestion and absorption to ion channel and oxygen transport, mitochondrial functions, and neuronal system. Altogether the results 
point, and strengthen the paramount importance of an integrated clinic, genetic and molecular diagnostic to carefully monitor any 
adverse reaction that can worst the state of health of the individuals.

Keywords: Mitochondrial Diseases; Leigh; Molecular Techniques; Microarrays; Cytokines

DOI: 10.31080/ASMS.2024.08.1851

Citation: Luis A Aguilera-Galaviz., et al. “UP and DOWN Expression of Genes Affects Ion Channels, Oxygen Transport and Mitochondrial Functions in a 
Case Report of Leigh Syndrome". Acta Scientific Medical Sciences 8.7 (2024): 76-92.

http://actascientific.com/ASMS/pdf/ASMS-08-1851.pdf


Introduction

Leigh syndrome is a rare neurodegenerative disease that usually 
manifests in infancy or early childhood. It is a rare, heterogeneous, 
progressive neurodegenerative disorder caused by mutations in 
the Mitochondrial DNA or in nuclear genes. It has an incidence of 
1:40,000 live births and is the most frequent mitochondrial disease 
in the first year of life. The clinical presentation is variable and 
includes psychomotor retardation or regression, acute or acidotic 
neurological episodes, hypotonic, ataxia, spasticity, movement 
disorders, and multifocal spongiform degeneration throughout 
the brain, including the basal ganglia, thalamus, cerebellum, trunk 
brain, spinal cord and optic nerves which can be seen on MRI, 
occurs due to mitochondrial dysfunction caused by an inherited 
genetic defect, associated with bilateral lesions of the central 
nervous system [5,6,11-13]. 

The prognosis is usually poor, with a rapid decline in cognitive 
and motor function leading to death within months or years. Since 
the identification of the first pathogenic mutation in a patient 
with LS in 1991, more than 75 disease genes have been identified, 
most of them thanks to the introduction of next generation 
sequencing [NGS] technology. Dysfunction is found in LS in a 
restricted but vital area of mitochondrial metabolism, oxidative 
phosphorylation, where most cellular ATP is produced. There is 
no specific treatment, and the prognosis is guarded [11,14]. The 
genetic etiology is confirmed in about 50% of cases, with more 
than 60 mutations identified in nuclear or mitochondrial DNA, the 
latter being responsible for about 10 to 30% of cases. Nuclear DNA 
mutations are inherited in a Mendelian fashion, with X-linked and 
autosomal recessive inheritance thought to be the etiology of Leigh 
Syndrome. Maternal inheritance imparts the disease mutation to 
all children of an affected woman [13,15]. The onset can begin in 
utero with oligohydramnios and intrauterine growth restriction, 
and its variable onset has made the diagnosis present in more 
age groups. The classic form usually begins before 2 years of age, 
even in the neonatal period, and presents with hypotonic, epilepsy, 
respiratory distress, neurodevelopmental delay, ataxia, lactic 
acidosis, neurodevelopmental failure, ataxia, and lactic acidosis. 
Most parental complaints are related to loss of head control and 
other motor milestones and limpness prompt initial medical 
investigation. [13] Typical neuroimaging reveals symmetric T2-
weighted magnetic resonance (MR) imaging hyper intensity in the 
basal ganglia and/or brain stem with a lactate spike in affected 

areas, using spectroscopy [16]. These lesions are attributed to ATP 
depletion, with consequent lacto acidosis, vascular congestion, 
hypoxia, and finally, necrosis [12]. During disease progression, 
muscle tissue is altered as aberrant brain function fails to control 
muscle contraction, leading to hypotonic, dystonia, and ataxia. 
This makes us think that muscle biopsy can also help to assess the 
severity of the disease, it is observed that irregular red fibers are 
found in 51% of muscle biopsies from patients. Therefore, early 
disease may not show abnormalities in muscle biopsies using light 
microscopy [17]. Conventional biomarkers used to support the 
diagnosis of mitochondrial disease in clinical practice are mostly 
metabolic intermediates, specific enzymes, or end products of 
anaerobic glucose metabolism, which are the result of impaired 
oxidative phosphorylation. Identification of molecular signals or 
metabolic fingerprints of a deficiency in oxidative phosphorylation 
have the potential to be more useful biomarkers for mitochondrial 
diseases [18]. The biochemical markers that are considered 
suggestive of Leigh syndrome are elevated plasma lactate levels, 
which are usually caused by glucose overload, and in turn, an 
increase in the lactate/pyruvate ratio; however, its absence does 
not exclude the diagnosis [12]. While postmortem diagnosis, 
strictly defined by histopathological observations, to a clinical 
entity with indicative laboratory, genetic, nuclear and radiological 
findings [5].

How to approach the treatment of LS patients with any for 
example periodontal disease? The anesthetic management of 
pediatric patients with congenital pathologies is notoriously 
difficult, since it is necessary to know in depth the characteristics 
of each anomaly in order to achieve effective and safe anesthesia. 
Patients with advanced sequelae of mitochondrial diseases may 
experience respiratory failure, cardiac depression, conduction 
defects, or dysphagia. Several reports suggest that such 
conditions may be at increased risk of complications during 
medical procedures using local anesthetics, such as respiratory 
depression, impaired cardiac function and arrhythmias, metabolic 
disorders, or severe neurological damage. It should be noted 
that other amide local anesthetics (ropivacaine and lidocaine) 
inhibit carnitine-acyl carnitine translocase to a lesser extent and 
therefore have a smaller detrimental effect than bupivacaine 
on carnitine-stimulated pyruvate oxidation [24]. Bupivacaine 
prevents oxidative phosphorylation and inhibits the respiratory 
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chain by reducing mitochondrial ATP synthesis. The high 
lipophilicity of bupivacaine can lead to high concentrations in the 
mitochondria and inhibit the respiratory chain [23]. Unfortunately, 
almost all general anesthetics studied have been shown to inhibit 
mitochondrial function. Most notable are volatile anesthetics and 
propofol (an alkyl phenol, C12H18O). There are studies in which it 
is shown that even at the doses commonly used in the operating 
room, anesthetics cause significant inhibition of mitochondria in 
normal patients [25]. Several mechanisms of action have been 
proposed to explain the cytotoxic effects of local anesthetics, 
such as: induction of mitochondrial membrane collapse, resulting 
in prolonged blockade of potassium channels and impaired 
calcium homeostasis. Local anesthetic molecules interact with 
phospholipids in cell membranes, causing imbalances in the 
activity of enzymes such as protein kinase C and phospholipase 
A2, and affecting mitochondrial energy metabolism, as well as 
interfering with other cellular communication pathways [26]. 
Which in turn has shown that highly lipid-soluble local anesthetics 
can reach the mitochondria and modify the membrane potential 
of 3T3 fibroblasts [27]. Mitochondrial patients generally require 
lower doses of general anesthetics, local anesthetics, sedatives, 
analgesics, and neuromuscular blocking agents (paralyzing 
agents) to achieve the desired endpoints. In addition, avoiding 
the increased metabolic load in patients with DM by not requiring 
prolonged fasting and preventing hypoglycemia, postoperative 
nausea and vomiting, hypothermia (with consequent chills), 
chronic application of orthopedic tourniquets, acidosis, and 
hypovolemia. Regional anesthetic techniques and local anesthetic 
infiltration provide analgesia without the depressant effects of 
parenteral opioids on respiratory drive and upper airway tone 
[30]. There is evidence that long-acting local anesthetics interfere 
with mitochondrial metabolism, a hypothesis that helps explain 
the cardiac depression associated with bupivacaine toxicity. 
Bupivacaine prevents oxidative phosphorylation and inhibits the 
respiratory chain by reducing mitochondrial ATP synthesis. The 
high lipophilicity of bupivacaine can lead to high concentrations 
in the mitochondria and inhibit the respiratory chain [31,32]. 
Nonsteroidal anti-inflammatory drugs, such as salicylates and 
ibuprofen commonly prescribed, have side effects that appear to 
be mediated by a process that includes mitochondrial damage and 
cyclooxygenase inhibition. These anti-inflammatory drugs modify 
oxidative phosphorylation, inhibiting ATP production and altering 

the permeability of the inner membrane. Ibuprofen directly 
induces the opening of the PPTM [31].

Molecular techniques

DNA sequencing. Whole exome sequencing is used to find 
mutations (changes) in genes that sometimes cause diseases 
such as cancer. The exome is the part of the genome (set of 
DNA molecules) made up of exons, the DNA fragments that are 
transcribed to give rise to proteins. The study of the exome is one of 
the most complete and complex ways of studying our DNA. Before 
explaining what the exome is, we will review some necessary 
concepts. A gene is the unit of genetic material that provides the 
necessary information for the synthesis of a protein. A gene is 
made up of a long chain of nucleotides, in which exons and introns 
are distinguished. The exons are the coding regions that are going 
to provide the information for the synthesis of a protein, while 
the introns are non-coding regions, which are interspersed in 
the gene and have other functions. The human exome consists of 
approximately 180,000 exons that constitute about 1% of the total 
genome (about 30 megabases of DNA).

Microarrays for biomarkers determination leads to a better 
understanding of the components that determine the disease 
spectrum of the Syndrome de Leigh. Therefore, this tool represents 
a powerful and potential alternative to predict or define 
prognostic or diagnostic tests. Microarrays technologies have 
enabled biomarkers candidates determination could potentiate 
the sensibility and specificity of diagnostic and prognostic tests. 
However, microarrays still need to be scaled and developed for 
clinical purposes. 

Characteristics of the case report

An individual, a 6-year-old male (weight, height, and height) 
presented several clinical signs, regression in the psychomotor 
development of the patient, such as neurodevelopmental 
regression, characteristic of Leigh Syndrome. The parents decided 
to consult different doctors, including pediatricians, neurologists, 
ophthalmologists, geneticists. In 2019, they were ordered to carry 
out an Exome analysis (Massive analysis of point mutations with 
analysis of the mitochondrial genome) which was carried out 
successfully, resulting in a pathogenic variant in a homozygous 
state in the SURF1 gene. The result obtained confirms the genetic 
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diagnosis of Leigh syndrome due to COX4 deficiency, of autosomal 
recessive inheritance (OMIM®: 185620). 

Background of the case report

Neurological problems

•	 THICK: Head support at four months, sitting without support 
at five months, rolling over at four months, start of standing 
with support at twelve months, at the time of assessment with 
regression of developmental milestones, no path.-FINE: At five 
months able to take objects with a thick pool and pass it from 
one hand to another. At nine months I take the spoon and try 
to put the food in my mouth.

•	 LANGUAGE: He began to babble at six months of life, at eight 
months he spoke monosyllables and at twenty-four months 
two-syllables, he currently does not speak.

•	 SOCIAL: Social smile at three months. At six months he 
clapped and at eight months he waved. Currently attached to 
parents and sister.

General physiological problems. 

•	 At 11 months of life, the individual presented an infection in 
the upper airways which triggered high fevers of up to 39* for 
which antibiotics (amoxicillin) were prescribed, the patient 
presented secondary reactions to the treatment.

•	 At 18 months after a bilateral cryptorchidism in which 
general anesthesia with Propofol was performed, there was a 
reduction in bicarbonate, which resulted in acidosis.

•	 At 24 months, psychomotor regression begins, the first 
regression being head control, the patient after a long episode 
of constipation was when he lost total control of his head, he 
began to lose speech and standing.

Clinical finding

Medical consultation, the individual first attended by a private 
pediatrician, who referred them to a nephrologist, who requested 
an arterial blood gas in which bicarbonate was found to be altered, 
for which a differential diagnosis of Renal Tubular Acidosis was 
given. However, in different renal studies, there were no alterations 
that gave rise to the patient’s symptoms. Therefore, the patient was 
referred to a specialist in inborn errors of metabolism. 

Molecular genetic diagnosis

Mitochondrial DNA sequencing, identification of a variant of 
the SURF1 gene that codes for Cytochrome c oxidase (COX4; CytC), 
homozygous recessive mutation, and that causes Leigh Syndrome. 
- Treatment with Levocarnitine, Biotin, Coenzyme Q10, Riboflavin, 
Vitamin C, Vitamin E, Citrates and Creatinine.

Physical exploration before periodontal checking. 

•	 11 November 2020. History of aspiration pneumonia.

•	 11 November 2020. History of an infection associated to 
health care. 

•	 11 November 2020. Endoscopic gastrostomy and tracheostomy 
placement in the same intervention in the operating room, 
extraction of upper central and lateral incisors was performed 
due to a history of caries. (General anesthesia with Sevorane 
and local anesthesia with lidocaine)

•	 December 2020. Orchidopexy at two years, tracheostomy 
and gastrostomy in December 2020. Molar extraction was 
performed due to a history of caries. History of hospitalizations 
due to metabolic decontrol (metabolic acidosis and respiratory 
distress). Blood transfusion. No drug allergies. (Maternal and 
child hospital in the city of Saltillo, Coahuila. Mexico).

•	 01 June 2021. Home visit, at that time, without dependence on 
supplemental oxygen with a ventilator, a diagnosis of bruxism 
was made.

•	 08 July 2021. The technique of the parents for gastrostomy 
feeding was assessed, which was adequate and did not present 
leaks.

•	 19 November 2021. Obstruction of the tracheostomy cannula 
was reported and a family member reported difficulty 
aspirating secretions, a replacement was performed without 
eventualities.

•	 20 December 2021. It was reassessed at home due to 
mismanagement of secretions, nebulization with hypersaline 
3% were indicated.

•	 16 February 2022. Gastrostomy Mickey Button was replaced

•	 24 February 2022. Home consultation was carried out. 
Limitation for hip abduction was found. The Traumatology 
service reported that a surgical approach was necessary (both 
for the hip and for the release of the Achilles heel).

In the light of these clinical features of the disease, parents 
assessed the risk benefit, deciding to postpone the procedure and 
seek conservative treatment.

In Abril 2022, blood puncture was made in the clinic lab to 
evaluate potential genes involved in these clinical signs of LS. The 
genes UP regulated (n = 423 genes) and DOWN regulated (n = 
593 genes). Among those most Up regulated genes (HBA1, α1, β, 
γ1, mu and θ1) (Z higher than 5.0) involved in s oxygen binding; 
oxygen carrier activity; binding of alpha Hb, forming part of the 
part of haptoglobin-hemoglobin complex; of hemoglobin complex. 
Participate in carbon dioxide transport; in cellular oxidant 
detoxification, and oxygen transport (Figure 1A Up and Down, 
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left panel; and Table 1A.1). Furthermore, and of note is that the 
genes involved in the mitochondria function such as LETM1 (Z 
= 4.43); TIMM44 (Z = 2.22). The first one related to the Leucine 
zipper and EF-hand containing transmembrane protein 1, located 
at in mitochondrial inner membrane located in mitochondrion 
and involved in calcium export from the mitochondrion, in cristae 
formation; mitochondrial calcium transmembrane transport. In 
addition, TIM44, a translocase of inner mitochondrial membrane 44, 
part of TIM23 mitochondrial import inner membrane translocase 
complex; mitochondrion; mitochondrial inner membrane, 
enables ATP binding chaperone, protein binding. And involved in 
intracellular protein transport, protein import into mitochondrial 
matrix, protein targeting to mitochondrion. Other genes involved 
in the mitochondria function are, CKM (Z = 3.04), creatine kinase, 
mitochondrial 2; the CYP2A7 (Z = 2.1176 ), cytochrome P450 family 
2 subfamily A member 7 and the CYP3A4 (Z = 2.0977 ), cytochrome 
P450 family 3 subfamily A member 4, Located respectively in 
located in mitochondrial inner membrane; in mitochondrion, is 
active in cytoplasm; in intracellular membrane bounded organelle, 
and enables ATP binding; creatine kinase activity, protein binding, 
enables iron ion binding: oxygen binding: oxirreductase activity, 
enables testosterone 6-beta-hydroxylase activity, CKM participate 
in muscle contraction; phosphocreatine biosynthetic process, 

in phosphorylation, while CYP2A7 is involved in coumarin 
metabolic process; epooxygenase P450 pathway in xenobiotic 
metabolic process, and CYP3A4 in involved in cholesterol, lipid 
metabolic process; long chain fatty acid biosynthetic process, 
androgen metabolic process; Vitamin D, Xenobiotic catabolism, 
Oxidative demethylation. In addition other genes that are also 
Up regulated and are involved in immune responses (IFR2, Z = 
3.25), BCL11 (BCL11 transcription factor B; Z = 2.317), KIR2DL1 
(killer cell immunoglobulin like receptor, two Ig domains and long 
cytoplasmic tail 1; Z = 4.6680) and ATG3 (autophagy related 3; Z = 
3.87). Located in nucleus, plasma membrane, cytoplasm, in cytosol, 
part of cytoplasmic ubiquitin ligase complex, part of SWI/SNF 
complex ; in neuron projection, active in nucleus), and involved 
in innate immune response, in antiviral response, in natural killer 
cell inhibitory signaling pathway, in auto phagosome assembly 
involved, in autophagy of mitochondrion, i protein ubiquitination, 
and in involved in T cell differentiation in thymus in epithelial 
cell morphogenesis; in hematopoietic stem cell migration; in 
keratinocyte development. Moreover, the gene TMEM119 (Z = 
4.087), a transmembrane protein 119, located in endoplasmic 
reticulum membrane; active in plasma membrane, involved_in 
biomineral tissue development; endochondral ossification; 
osteoblast differentiation; bone mineralization (Table 1.I).
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Figure 1: Heat map of the Up and Down regulated genes at systemic level of an individual with Syndrome of Leigh. Total RNA was 
obtained from whole blood (Mat and Methods) from a child that presented clinic manifestations that resemble Leigh syndrome. 

Microarray determinations were determined. A.1 Analysis of the Up and Down regulated genes at SD > 2 Up regulated genes with 
Z values from 3.6 to 5.91, encoding molecular components of the oxygen transport, mitochondrial functions, cellular response to 
stimuli. A.2. Down regulated genes with Z -2.00 through -6.33 encoding to the Aquaporin’s, and other ion channel transporter of 
small molecules, BCR activator of RhoGEF and GTPase, hsa mir325 (affecting mostly the stability of the mRNAs), and involved in 
multicellular organism. In B. are represented the Up (Z from 3.2 to 4.95) (B.1) and Down (Z from -2.00 to -3.0) (B.2.) regulated 

genes from an individual with non related disease. 
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By another hand, and insight Reactome data base analysis of 
the 25 most representative genes, to note is that these genes have 
the probability (p values, <<<) to react at pathways such as heme 
signaling, Hemostasis, β-catenin phosphorylation cascade, O2/
CO2 exchange in erythrocyte; factors involved in megakaryocyte 
development and platelet products, and intestinal infections 
disease (Table 2A). 

In comparison with a gene expression Reactome profile of an 
unrelated disease (Allergy), the Up regulated genes (Figure 1B Up 
and Down;, Table 1B.1. right panel), and Table 2A.1 (right panel), 
Among them, regulation of gene expression genes, cotransporter’s 
of different molecules, relaxin receptors, purine catabolism, 
G-alpha signaling.

The most DOWN regulated genes (Figure 1B.1) that are involved 
in the transport are the aquaporin’s, AQP9 (Z = -2.0), active 
in basolateral plasma membrane; in intracellular membrane-
bounded organelle; in plasma membrane, enables water 
channel activity; glycerol channel activity; purine nucleobase 
transmembrane transporter act; urea channel activity; involved in 
amine transport; in water, urea, glycerol transport; in canalicular 
bile acid transport; in cellular response to cAMP; purine, 
pyrimidine transport. The gene CLCC1 (Z = -3.05) chloride channel 
CLIC like 1, located in membrane, nuclear, Golgi; part of chloride 
channel complex; in mitochondria-associated ER membrane, 

enables chloride channel activity; protein binding and it is 
involved in chloride transmembrane transport. CLIC1 (Z = -2.19), 
chloride intracellular channel 1; nuclear chloride ion channel 27; 
located in nuclear envelope; in nucleus; in perinuclear region of 
cytoplasm; in plasma membrane; in vesicle, in nuclear membrane; 
enables cadherin binding; chloride channel act; protein binding; 
voltage-gated monoatomic ion channel activity. It is involved in 
chloride transmembrane transport; in platelet aggregation; in 
positive regulation of osteoblast differentiation; in regulation of 
mitochondrial membrane potential; regulation of monoatomic 
ion transport; in signal transduction. hsa mir325 (Z = .2.0), 
microRNA 325, part of RISC complex; in extracellular exosome, in 
extracellular space, and involved in post-transcriptional regulation 
of gene expression in multicellular organisms by affecting both the 
stability and translation of mRNAs. BCR (Z = -2.219), BCR activator 
of RhoGEF and GTPase, located in axon, in cytosol, in plasma 
membrane, enables ATP binding, GTPase activator act, protein 
binding, kinase activity, nucleotide exchange factor activity; involved 
in intracellular protein transmembrane transport; in keratinocyte 
differentiation, in macrophage migration. ISCU (-2.99), iron-sulfur 
cluster assembly enzyme, located in mitochondrial matrix; in 
mitochondrion; cytoplasm, nucleus, enables iron ion binding; zinc 
ion binding, ferrous binding, protein binding, involved in iron-
sulfur cluster assembly; in negative regulation of iron ion import 
across plasma membrane; in positive regulation of mitochondrial 
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electron transport, NADH to ubiquinone, while the genes that are 
related also with the mitochondria function and are related to the 
mutation SURF1, FECH (Z = -3.298), a Ferro chelatase, located in 
mitochondrial inner membrane; in mitochondrial matrix; is active 
in mitochondrion, enables 2 iron, 2 sulfur cluster binding; ferrous 
iron binding; heme binding; iron responsive element binding, 
protein binding. It is involved in involved in cholesterol metabolic 
process; in heme biosynthetic process; in iron iron homeostasis; 
in generation of precursor metabolites and energy as well as in 
erythrocyte differentiation. TIM50 (Z = -3.33), translocase of 
inner mitochondrial membrane 50; part of TIM23 mitochondrial 
import inner membrane translocase complex; mitochondrial inner 
membrane; in mitochondrion, in nucleoplasm; in nuclear speck; 
enables protein tyrosine phosphatase activity; ribonucleoprotein 
complex binding: It is involved in intracellular protein transport ; 
in mitochondrial mem org; in protein phosphorylation; in protein 
import into mitochondrial matrix; act upstream of release of 
cytochrome c from mitochondria. ABCE10 (Z = -2.657), ATP binding 
cassette subfamily B member 10, located in mitochondrial inner 
membrane; mitochondrial membrane, in mitochondrion; enables 
ABC-type transporter activity; ATP binding; ATP hydrolysis act; 
protein binding. It is involved in erythrocyte development; in heme 
biosynthetic process; in mitochondrial transport; mitochondrial 
unfolded protein response. Furthermore, the lowest down 
regulated genes MRLP33 (Z = 6.33), a mitochondrial ribosomal 
protein L33. Mammalian mitochondrial ribosomal proteins are 
encoded by nuclear genes and help in protein synthesis within 
the mitochondrion. Mitochondrial ribosomes (mitoribosomes) 
consist of a small 28S subunit and a large 39S subunit. They 
have an estimated 75% protein to rRNA composition compared 
to prokaryotic ribosomes, where this ratio is reversed. Another 
difference between mammalian mitoribosomes and prokaryotic 
ribosomes is that the latter contain a 5S rRNA. Among different 
species, the proteins comprising the mitoribosome differ greatly 
in sequence, and sometimes in biochemical properties, which 
prevents easy recognition by sequence homology. This gene 
encodes a 39S subunit protein. Alternatively spliced transcript 
variants encoding different isoforms have been described. AMELY 
(Z = -3.7369), AMELY amylogenic Y-linked. This gene encodes a 
member of the amylogenic family of extracellular matrix proteins. 
Amelogenins are involved in bio mineralization during tooth enamel 
development. Mutations in a related gene on chromosome X cause. 
GRIK2 (Z = -2.11 ), glutamate ionotropic receptor kainate type 

subunit 2; excitatory amino acid receptor 4. located in glutamatergic 
synapse; in hippocampal mossy fiber to CA3 synapse; is active and 
located in plasma membrane; in presynaptic membrane; enables 
extracellularly glutamate-gated ion channel activity; kainite 
selective glutamate receptor act; ligand gated monoatomic channel 
act. Presynaptic membrane potential. It is involved in behavioral 
fear response; chemical synaptic transmission; in detection of 
cold stimulus, in Thermoception; in neuronal action potential; in 
glutamate receptor signaling pathway. Other down regulated genes 
involved in the immune response and in autophagy, are FOXP1 (Z = 
-2.60), fork head box R, located in chromatin; active and located in 
nucleus; cytoplasm; enables DNA-binding transcription repressor 
activity, RNA polymerase II-specific sequence-specific double-
stranded DNA binding. It is involved in brain development; in 
negative, positive regulation of transcription by RNA polymerase 
II. ATG5 (Z = -2.745), autophagy related 5; APG5 autophagy-5-
like; ATG5 autophagy related 5 homolog; located in cytosol, in 
membrane; part of the Atg12-Atg16 complex of auto phagosome, 
in membrane; in axioneme; contributes to Atg8 ligase activity; 
protein binding. It is involved in autophagy; in auto phagosome 
assembly; in autophagy in mitochondrion; in autophagy in 
nucleus, in blood vessel remodeling; in heart contraction; in mucus 
secretion; in negative regulation of cardiac muscle, in cell apoptotic 
process. TNFRSF8 (Z = -2.60), TNF receptor superfamily member 
8, located in cytoplasm; in extracellular exosome; in plasma 
membrane; enables transmembrane signaling receptor activity. It 
is involved in cellular response to mechanical stimulus; negative 
regulation of cell population proliferation, positive regulation of 
apoptotic process, in signal transduction, in TRAIL production; 
positive regulation. CD22 (Z = -2.69), B cellular receptor CD22; 
B-lymphocyte cell adhesion molecule; T cell surface antigen Leu-14; 
Sialic acid binding Ig-Like lectin 2; is active in plasma membrane; 
located in plasma membrane; is active in recycling endosome; 
enables protein phosphatase binding; sialic acid binding; signaling 
receptor binding. It is involved in B cell activation; in cell adhesion; 
in regulation of B cell proliferation; in regulation of endocytosis; 
in regulation of immune responses; in negative regulation of B 
cell receptor signaling pathway. FCRL3 (Z = -2.01 ), Fc receptor 
like 3; located in clathrin-coated endocytic vesicle membrane; in 
early endosome membrane active in plasma membrane; enables 
Ig receptor activity; IgG binding; enables transmembrane signaling 
receptor activity. It is involved in Fc receptor signaling pathway; 
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adaptive immune response, in cell surface receptor signaling 
pathway, regulation of immune response (Table 1.II).

The Reactome base data analysis of 25 most relevant pathways 
sorted by p-value in Up (Table 2A) and Down (Table 2A.1) regulated 
genes in a case report of Leigh Syndrome determined that 14 of 25 
identifiers in the sample were found in the Reactome’annotated 
data (reactions possible) where 169 pathways were hit by at 
least one of them. Among them with p-values low corrected for 
false discovery rate (FDR), the erythrocyte take up of oxygen with 
release of carbone dioxide, pathways involved in the megariocyte 
development and differentiation, heme signaling, hemeostasis. 
While the sample of the 25 most downregulated genes (Table 2A.1) 
showed that 17 of 25 identifiers were found in the Reactome’s 
annotated data where 118 reactions were hit by at least one of 
them (Table 2A.1.). Among the pathways hitted are the transport of 
glycerol from the adipocytes into the liver by Aquaporin’s (AQP9), 
passive transport by aquaporins, biogenesis of mitochondria, 
neurotransmitter receptors and postsynaptic signal transmission. 
Activation of Ca2+ permeable kainate receptor. Receptor mediated 
mitophagy (Table 2A.1.). In marked contrast, the Up regulated 
genes (sample of n= 25 genes) showed that 13 of 25 identifiers 
were found in the Reactome’s annotated data where 65 reactions 
were hit by at least one them (Table 2B). Among them, regulation 
of beta cells, beta cell differentiation, type II Na+/Pi cotransporters, 
Sodium phosphate coupled receptors, Hydroxicarboxylic acid 
binding receptors (Table 2B). The down regulated genes (sample 
of n= 25) in an unrelated disease, 20 of 25 identifiers were found 
in the Reactome’s annotated data where 176 reactions were hit 
by at least one of them (Table 2B.1.). Among them most directed 
to the stimulation of immune responses (STAT-3; IL-13 signaling; 
eicosanoids; synthesis of leukotriens, and Eoxins), fatty acids; 
disease of cellular response to stress (Table 2B.1) 

Discussion

The Syndrome of Leigh is characterized by psychomotor 
retardation or regression, acute or acidotic neurological episodes, 
hypotonic, ataxia, spasticity, movement disorders, and multifocal 
spongiform degeneration throughout the brain, including the basal 
ganglia, thalamus, cerebellum, trunk brain, spinal cord and optic 
nerves which can be seen on MRI, occurs due to mitochondrial 
dysfunction caused by an inherited genetic defect, associated with 
bilateral lesions of the central nervous system. 

The results of the case study report of an individual with clinical 
signs of pneumonia, acidosis, psychomotor and neurological 
problems, a mutation in the gene SURF1 encoding to the 
mitochondrial cytochrome C, and pattern of up and down regulated 
genes affecting ion transport and oxygen transport carriers, as 
well as the mitochondrial function, and neuronal system. The data 
reported herein point the importance of an early and integrated 
clinic, genetic and molecular diagnostic to assure that subjects 
with Leigh syndrome be carefully treated before any surgical 
intervention or under treatment with antibiotics for potential 
adverse reactions. The specificity of the Up and Down genes that 
affect different pathways are represented in Figures 1A (UP and 
DOWN regulated); Figure 1B (UP and DOWN regulated); Table 
1A.1; 1B.1). The identity of the UP regulated genes (n = 50) (Table 
1.I) and DOWN regulated genes (n = 50) (Table 1.II). Reactome base 
data analysis of the 25 genes Up and Down regulated genes in th 
case of Leigh Syndrome (Table 2A), and of unrelated disease (Table 
2B) respectively. DOWN regulated genes Table 2A. Up and Down 
regulated from the Leigh Syndrome.Table 2B Unrelated disease in 
the new version of the tables, it is indicated in the title. 

The clinic manifestation of the individual with Leigh 
Syndrome point to a strong effect in all the cellular functions, 
that includes among many, ion channel transport (Aquaporin), 
the neurological system, the intestinal (absorption/digestion), 
the cellular responses to stimuli and all the signal transduction 
where the grow factor and the second messengers are involved. 
Gene expression (transcription), The hemostasis or the fibre 
cloth cascade, the platelet activation, signaling and aggregation. 
Specifically it is observed that from the genes most up regulated 
are those genes encoding the different subunits of the hemoglobin 
(Hb) complex, that function in the erythrocyte oxygen take up 
and carbon dioxide release (Table 1A). Another set of genes up 
regulated and that have an impact in the mitochondrial functions 
are LETM, LRFN2, LRRCR1, Leucine zipper and EF-hand containing 
transmembrane protein located in mitochondrial inner membrane 
;located in mitochondrion, enables calcium ion binding; calcium 
proton antiporter act; protein binding, involved in calcium export 
from the mitochondrion, in modulation of chemical synaptic 
transmission. While TIMM44, TMBiM1, TMEM119, translocase of 
inner mitochondrial membrane 44 part of TIM23 mitochondrial 
import inner membrane translocase complex; mitochondrial 
inner membrane enables ATP binding chaperone, protein binding 
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involved in intracellular protein transport, protein import 
into mitochondrial matrix, protein targeting to mitochondrion 
transmembrane. As a molecular function, involved in bio mineral 
tissue development; endochondral ossification; osteoblast 
differentiation; bone mineralization. 

Many other physiological pathways are affected by clinic 
manifestation of the gene SURF1 gene, at the level of nucleus, 
nucleoplasm, and cytoplasm such as. ZCCHC7, ZNF215, ZNF354C, 
located in nucleus, cytosol and in the nucleoplasm, enables RNA 
binding; besides the gene ISCU. Iron-sulfur cluster assembly 
enzyme. Located in mitochondrial matrix; in mitochondrion; 
cytoplasm, nucleus. Enables iron ion binding; zinc ion binding, 
ferrous binding, protein binding. Involved in iron-sulfur cluster 
assembly; in negative regulation of iron ion import across 
plasma membrane; in positive regulation of mitochondrial 
electron transport, NADH to ubiquinone. ABCE10. ATP binding 
cassette subfamily B member 10. Located in mitochondrial inner 
membrane; mitochondrial membrane, in mitochondrion. Enables 
ABC-type transporter activity; ATP binding; ATP hydrolysis act; 
protein binding. Involved in erythrocyte development; in heme 
biosynthetic process; in mitochondrial transport; mitochondrial 
unfolded protein response. FOXP1. Fork head box R1. Located 
in chromatin; active and located in nucleus; cytoplasm; enables 
DNA-binding transcription repressor activity, RNA polymerase 
II-specific; sequence-specific double-stranded DNA binding. 
Involved in brain development; in negative, positive regulation of 
transcription by RNA polymerase II. 

Furthermore, the analysis of the reactions (Reactome’s 
annotated base data) in which the most 25 Up (Table 2A, 2A.1) 
and Down (Tables 2B, 2b.1.) Regulated genes sorted by p-values 
(the probability) corrected by the false discovery rate (FDR) that 
arises from evaluating the submitted list (Up or Down regulated 
genes) against every pathways. Thus, in the Leigh Syndrome (Table 
2A, 2A.1) the pathways most involved are the oxygen transport, 
the hemostasis, mitochondrial functions, aquaporin transport, 
strengthening the molecular detection of the SURF1 mutation, and 
the patterns of gene expression determined by microarrays. While 
in the unrelated disease, other pathways most involved with the 
immune system, and the metabolism (Table 2B, 2b.1).

Conclusions and Perspectives

On referring specifically to a case study of an individual with 
Leigh syndrome under a odonatological intervention, there is no 
guide on how to perform dental management which guarantees 
the absence of complications during the procedures performed, 
that is, there are various studies which have shown that the use of 
the local anesthetic lidocaine causes apoptosis and mitochondrial 
dysfunction in chondrocytes. Individuals after exposure to it, giving 
similar results when exposed to bupivacaine and ropivacaine. 
Therefore the use of lidocaine as a local anesthetic can put the 
patient’s condition at risk with mitochondrial diseases, such as LS. 
Surprisingly, local anesthetic of choice (lidocaine) during multiple 
dental extractions the individual does not present any negative 
reaction, however, the reaction is different between different 
individuals. 
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