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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.
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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
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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, C,,H,,0). 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
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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

e 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.
e 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.

e 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.

e 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.

e 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.

e 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.
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Physical exploration before periodontal checking.
e 11 November 2020. History of aspiration pneumonia.

e 11 November 2020. History of an infection associated to

health care.

e 11November2020.Endoscopicgastrostomy 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)

e 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).

e 01]une 2021. Home visit, at that time, without dependence on
supplemental oxygen with a ventilator, a diagnosis of bruxism

was made.

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

leaks.

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

eventualities.

e 20 December 2021. It was reassessed at home due to
mismanagement of secretions, nebulization with hypersaline

3% were indicated.

e 16 February 2022. Gastrostomy Mickey Button was replaced

e 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, a1, §,
v1, mu and 61) (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, atranslocase ofinner 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,
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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
tissue endochondral ossification;

biomineral development;

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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Table 1. Up and Down regulated genes (Zscore) inthe Leigh Syndrome (A1)
and Unrelated disease (B.1)

gene Zzcore gene Zzcore Zacare gene Zzcore
A.1 = 50803 AOPS "Toorze] B.1 195358 RETBOS ~2.03102)
E HES 5.81085 nsamir -2.00144 4.BB559 ACCHA -2.002724
MP1157671  S5.57671 FCRL3 -2.01138 4.80521 £Cocas -2.089914
HBG1 5.24648 RALB -L013312 470117 CDKe -2.0657 4
FAM108A1 5.19641 SAG -3.01752 465124 FUs -L.02333
NUP1SS 496167 GRIK2 .2.11487 4.10273 SVIL -2.0011!
SCPEPL 4.819% PRPFE -2.10046 4.04598 CHRNAS -2.04856]
PM52L4 4.80555 KCNI10 -2.11372 4.04291 FAMSISC -2.04661
hCG_26523 4.68185 RYRZ 2.1268 4.03411 ILZRG -1.054573
KIRZDL1 4.568ET cuct 2.19959 35630 GAPOHS -2.97;‘;3
cocrl 4.58664 BCR 2.21985 3.96355 KCTDAS -2.09
PPRIRSE 445633 PGy 2. 25566 3.53471 MUC2 -1.08260]
NSMCE2 4.44272 DCSTL -2.29887 3.53457 RPL1S -2.0925H
LETM1 4.43137 OR1D4 -2.32553 388747 CYBSR4 -2.095814
55_rANA 4.40937 EFNB2 2.3273 3.87691 APOH -2.1091859
C13ori26 4.23447 PCFT2 +2.4549 3.87237 €CDC31 +2.11299
POIO3 4.21105 cuLs -2.56032 3.85586 ANKRDE -2.11057
IQGAP2 4.20767 FONR1 -2.60034 3.85536 ceLl -2.149554
ANKRDSS 4.13943 o2 26066 3.80031 ADAMTSS -2.14806]
POCDEIP 4.12436 TNFRSFE 266631 3.75977 CYP4B1 -2.111514
PREPL 412228 €D1A 2.6926 3.75845 D563 -2.12995]
HBOL 4.10387 ATGS -2.74539 3.71549 FECH
TMEM119 4.08731 GABPA -2.75271 365225 GLYAT
SERINC3 401404 PHMT -1.76165 3.68105 IFTED
GSTTL 3.95624 BCLTB +2.8385 3.66477 Lz
ZBTRTC 3.95157 SLC35F3 -2.8715 365406 INGa
TILLS 3.93887 (=i} -2.8981 32705 KCHHE
OSBP2 3.91718 MSEA2 .2.9193 3.60608 PDKX
SHKBP1 3.50622 000434 _ -2.964 3.59491 POLE2
PREARDA 3.8719 EFHD1 -1.9858 3.52806 RTHA
ATG3 3.87944 TMEM23 +3,0001 3.48634 TMEN29
SIRPE1 3.7985 GCK -3.0492 3.48072 VCAMI
CTREZ 3774 Lol -3.0575 347168 INFETL
INFIGAC 3.76248 GPR11E -3.09022 345859 oves
ANKRD2OAZ  3.70677 PPPZRZE -3.1887 3.40029 KIR3DLL
NLRCA 3.65354 ws1 -3.59923 3.41615 iL12e
KRT18 3.64777 Muc1? -3.54127 3.38651 IL1B
RNF34 3.63119 ARL3A -3.6722 3.37840 MRFAPL
SKAPZ 3.61913 AMELY -3.73694 330685 TRAFL
SMAPCA 3.62615 THADA -3.85748 3.34365 CCRE
TACS 3.62067 NCO2 -3.91883 3.32556 MID2
MRFAPL 3.55586 PRECL -3.97452 3.30826 oL
LILRA3 3.55568 IRS3L -4.0457 330451 RGSTEP
LRRCA1 354678 TRIM2/6 -4.0611 3.29082 MON2
SDCCAGLO 3.54653 HMBOX1 -4.15217 3.28922 KIAAD24T
SCMLL 35187 K1AALA29  -4.18804 3.284% FaLim1
KIAALO09 3.50955 THPOZ -4.22044 3.24102 FEX039
ESF1 3.50955 DNMT3L -4.53549 3.23729 DCUN1DL
ICCHCT 340522 £1004G -4.94273 322816 EGFLS
Lol 303973 LILEE) EEELED | 3.21029 ALONIZ

Note: The results of the hybridization of the cDNA either of the Leizh Syndrome (A 1.) and/or the unrelated
disease (B.1.) versus human DNA chip were analvzed using Genarise. Up and/or Down regulated genes are
reported for a Zscore (fold change) with an standard deviation of 2.0 {signficant lewvels).

Table 1.1. Identity of the UP REGULATED GENES in a case report of Leigh Syndrome

Gene

Nombre

Function

HBA1

HBB

NP_115767.1

HBG1

FAM108A1

NUP188

SCPEP1

PMS2L4

Hemoglobin subunit alpha-
1 [Homo sapiens]
(Human)

Hemoglobin subunit beta

The human alpha globin gy (] I d 16 spans about 30kb and includi k5 zeta-
pseudozeta - mu - pseudoalpha-1 - alpha-2 - alpha-1 - theta- 3', malmlﬂmﬂamalmlmﬂmumumm
are identical, These genes differ slightly over the &' Jated regions. i but they differsig over
the3' unmmhtdlmmiwdnhamm plwmmtwm:mmﬂbﬁ.wﬂ |nnorrralidultlieconpms
about 57% of the toml ith defta chains itute HbA-2, which with HbF [fetal
hm;loblnlmlmupﬂmumlnuiﬂn(mnhcm:bhn Alph i deletions of each of the
alpha genes as well as deleti f both HBA2 and HBA L e Ipha thal ias h I b ed.
[provided by RefSeq, Jul 2008]

mum{uu}mmmuumammu-uummmhcz ypes of ide chains in adult hemoglobin, Hb
1 adult hemog doh: ek SE

urld! cell anemia. Absence of beta chain i detec g

causes beta-plus-thalassemia, The order of the genes in globinchster is 5-epsilon - gamma-G - gamma-A -
delta - beta-3". Ipmdidbvmlllm

PRAC1 small nuclear protein |Misgeneisrep in prostate, rectum and distal colon. Sequence analysis suggests that it

Hemoglobin subunit
gamma 1

may play a regulatory role inthe nuckeus. [pmnded by RefSeq, Jul 2008]

Thlnmmll‘oﬂnmﬂilisﬁl and HBG2) are Iy iin the fetal liver b Two

= ithtwo alpha chai ST [HbF}whichi Iy repl me“
PP R b R jors, ganmima chain produtt :

adulthood, The two types of g ins differ at resicue 1 e nthe! gamma p [HBG2)

and alanine is found in the A-gamma product (HBG1). Thlbmmpmdalumtubm The order of the genes in the

beta-globin cluster is: 5-epsilon - gamma-G - gamma-A - delta - beta-3'. [prma&dbrmlulzmﬂl
Enables palmitoyl in) hydrolase activity. Involved in protein depal membiana)

Hydrolase D in Containi
17 A-depalmitoylase

Nucleporin 188

Serine carboxy peptidase 1

Located i lear sp p [provided by Alliance of Genome Resources, Apr

2022]

The P [NPC) is found on the nuch peand b ag ¥ that regulates theflow of proteing
I The NPC i i i distinct proteins

: X e o e
as por have

AFXFG. However, the nudeoporin protein ncoded by this gent d in the typical FG repeat sequences found ir
most ins, This inis thought to of thescaffold for of th
nuclear pore. [provided by RefSeq, Jan 2013]

Dradicend: L : i : R e T 5 lation of blcad

ype ¥
| pressure and retinoic acid metabolic process. Predicted to act ithi

Located in extracellular exosome. [provided by Alliance of Genome Resources, Apr 2022]

This gene encodes a protein belonging to the DNA mismatch repalr mutL/hexB family.

PMS1 homolog 2 Mismatch this protein is thought to be involved in the repair of DNA mismatches, and it can form

heterodimers with MLH1, a known DNA mismatch repair protein. Mutations in this gene|

repair System Component cause cancer type 3 (HNPCC3) either alone or in

Pseudogene 4

in combination wuh mutations in other genes involved in the HNPCC phenotype, which

is also known as anch nndlumn I:lnvidnd 2 Rnfsna Jnlﬁl
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Gene Nombre Function
al . . Killer celli [K1Rs) ins expi d by natural killer cells and
KIR2DL1 Killer cell immunoglobulin |||(EJ subsets of T cels The KIR genes are polymorptic and highiy homologaus and they ina cluster on
RE’GEP‘DF, two |g domain and 19g13.4within the B of the KIR gena :MWiumua.
" : inall I KIR3DP1, KIR3DL4, KIR3DL2). Th
Long cytoplasmic tail 1 T e o e e . F Rl it
'mﬂ.lwmn Islmopium-: domain. llnmmw-mm-u. i i inhibitory signals up
ligand binding ¥ y matif [ITIM), while KIR protei i i
lackthe i i i il YRO protein ine ki inding protein eactivating
signals. The [i proteins bsets of HLA class | KIR i e
i lei ion of the Torovided by RefSeq. Jul 20081
Thll d Wliﬂ L il and acts a3 a substrate for
CDCP1 CUB domain containing Sftl‘unllrll:\rul.hlpwuin in 2spl ot e of celluiar avents that
Protein 1 [provided nn-m:. May 2013] ¥
. it 2A ubun B ily. Pre phospha 2
PPP2RSE Protein phosphatase 2 Re :.:;Z‘;L.....ms..m.mu-mumu [ e e
phospl
gulatory subunit B epsilon mibunl, el e s b e ol
d This ilon isof ity. Multiple
transcript variants encoding several different isoforms have been foundfor this gene. [provided mnmmlmz?'
NSMCE2 NSE2['MM521] homolog e =y e bk I;nub.utrlan;ﬂ“‘ i progetin and DAY
SMC5-SMC6 complex repair. Thnmdwwhnlimow--nmmﬂ . omas (SMC) 5/ A e oy
SUMO ligase is lethal price yoric day 105 ; ions n ths gene, that e
e e e sl o . MIG S il
2017]
LETM1 Leucine-zipperand EF-hand | ™ des 3 is locali hai i ™ - maintain the
i mitechondrisl tubulse shapes and is required for nomal mitochondrial morphalogy and cellular viability. Mutations in thi
containing-transmembrane e Wone ¥ the distal
H 4, 15and 19
Protein-1 i oot
C130RF26 Testis expressed 26 ¥ [provided by ANlence of Apr2022)
5 ini Thi ncodes a member of the IOGAP family. The oded i tains three 10 domains, one
IQGAPZ IQ motif contalnlng GTPase ca!:onmlnmh::!nm rkaimnll. om‘:lm-GAP domain nn":‘l one ﬂ.\;cww"r‘h’:;::m interacts with components
Activating protein 2 of the cy with cell and with several signaling molecules to regulate cell
morphology and motility. It also acts as a tumor suppressor and has been found to play a role in regulating
innate antiviral responses. ARemative splicing results variants. by RefSeq, Apr
2017)
ANKRD55 Ankrying repeatdomain 55 diatoprotes i T iRou ol ki
Gene Nombre Function
PDCPS6IP Programmed cell death This gene encodes 3 mun SR SRS il R B KA Py N v A= o gy € S pEa iy
6 interacting protein averesprasmionaf this proteincan block apopiosis. In additon. of the POCDE
gene, a protein PO, i i algo binds
P 'CNI“ du i 3 product resuln
; o, which i the Ssaral
lnl-“e transcript variants e»ﬂn‘ edh-nnt |mnhmbm|eun¢br this gene. Related prewdogenes have been
Jan 2007]
PREPL
Prolyl endo peptidase like lhr- iatedwith hyptania-cystinura ais0 knowin as the 2521 deletion syndrame. Several
i i ot vari ing ei have been descril this
gene.[provided by RefSeq, Jan 2010]
HBQ1 Theta-globin mRNA is found in ythroid ti by ! ythroid or ythroid ti The
. . thy 1 be ¥ earty i ¥ |Ib,v- haps weeks. Thew-1 i ber of tha
Hemoglobin subunit theta 1 i ':':' s i s m.n.u:nc;.:.::"s- )
2 1-alpha-2 - llblu—l theta-1- 3'. Research supports & transcriptionally
for role for g possibly those of early erythroid thsue.
TMEM 119 [provided by RefSeq, Jul 2008]
Transmembrane protein 119 e ATty jon, Located inpk Ip J Al o
2022]
NP_0660121 Methyltansferase 14,N6- Enables mRNA binding actiiy. C to MANA (20 ineH6--methy activity. Involved i
Adeno sine Methyltrans A S0ic e ek pehiace) A pREIE e epUatin o
ferease subunit of Genome Resources, Apr 2022] 2 o i
SERINC3 Serin incorporated 3 Frmehc ol sexins I activey; By dmmction ot
by Alliance of Genome Resources, Apr 2002]
The protein encoded by I‘hkm pmjmm S-an#ernelﬁm theta 1(GSTT1), isa membuohmpeﬂamllvof
GSTT1 Glutathione-S-transferase RrOPRMMSEINE CRrifyas L Conjcy Y.t
Human G5Ts can be divided into five main tlms. alpha, mu, pi theta, md zeta. The theta class includes GSTT1, GSTT2,
theta 1 and GSTT28. GSTT1 and GSTT2/GSTT2B share 55% amino acid sty and may play a rols inhuman
i is. The GSTT1 i specificand i from 38% of ing of this
gene results in multipl it variants. [p y RefSeq, Sep2015]
HELALS Zinc finger and BTB domain DA g tion factor activity, RNA polymerase Il spedificand RNA polymerase I cis-
Containing 7C Predicted in nucleus. [provided by Alliance of Apr 2022] !
mL—SHUMAN - = c - e i melnh!:‘m . ipth : '.,-- = ..L.“_..‘J. ‘T"'* okd le-oe;nnr '. m:‘l’hisﬂmnh
Tubuline tyrosine lig like S yfunctionas of ool induction and repression. This protein may slio
functi tubulin [provided by RefSeq, Feb 2010]
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Gene

Nombre

Function

0sPB2

SHKBP1

PRKAR2A

ATG3

StRP81

CTRB2

Oxysterol binding protein 2

SH3KBP1 binding protein 1

Protein kinase cAMP depen
dent type 1 regulatory sub
unit alpha

Autophagy related 3

Signal regulatoryProtein 1

Chymoitrypsinogen B2

The protein encoded by this gene contins a pleckstrin homology [PH) domain and an oxysterokbinding region. It binds
ouysterols such as T-ketochalesterol and may inhibit their cytotaxicity, Alternatively spliced transcript variants encoding
multiple isoforms have b bsenved for this gene. [provided by RefSeq, Sep 2013]

Enables identical proteinbinding activity, Predicted to beinvolved in pasitive regulation of epidermal growth factor
receptor signaling pathway, Predicted tobe located inlysosome. [provided by Allance of G Apr2022)

cAMP is a signaling moleculeimportantfor a variety of cellular functions. cAMP exerts its effects by activating the cAMP-

dependent protein kinase, which transduces thesignal mmmmuumnnmprmm inactive
kinase holoenzyme is a tetramer composed of two regulatory and ic suburits. cAMP causes the dissociation of
the inactive holoenzyme into a dimer of regulatory subunits boundto f Ml‘mdmirummmulmulytt
subunits, Four different regulatory subunits and three catalytic subunits have been identified in humans. The protein
encoded by this geneis oneof the regullm wbm ‘I'hs:subm:can be phasphonylatedby the activated catalytic
subunit. It may i ith wari ] determine thesubcellular localization of cAMP-
dependent protein kinase, Thuwhmrthasbuns*wn w regulate protein transport from endosomes to the Golgi
apparatus and further to the endoplasmic reticulum ER). [provided by RefSeq, Jul 2008]

This gene encodes a ubiquitinike-conjugati disacomp of ubiquitination-like systems involved in

autophagy, the process of degradation, turnover and recycling of cytoplasmic constituents in eukaryotic cells, This proteir
uhmtuphawhlnremmmdwwﬁmﬂwuulm A pseudogene of this geneis located on chromosome
10, Its in multipletranscript varian's encoding different isoforms, [provided by RefSeq, Jul 2013

The protein encodedby this gene is a member of the signal-regulatory-protein [SIRP) family, and also belengs to the
immunoglobuin superfamily, SIRP family members are receptor-type transmembrane glycoproteins knownto beinvolve:
in the negative regubtion of receptor tyrosine kinase-coupled signaling processes. This protein was found to interact with
TYROBP/DAP12, a protein bearing immunoreceptor tyrosine-based activation metifs. This proteinwas also reported to
participate in therecruitment of tyrosine kinase SYK Multiple transcript variants encoding different isoforms have been
fnund for thiceens. [nruided he RefSan. Fah
This gene member of th i family of forms a principal i
pi ¥ ¥ The ded i[5 in the acinar cells of the pmamlnﬂs«r!ud intothe
smiall intestine wherei Iytic activation to ger atunctional enzyme. This CTRB2
head-to-head with the relsted CTRB1 gene. Some h ions have ich invertsa 16.6 Kb
region :wulm'pomuuullmnl @on l.anduuwmmmm"(ﬂnml Mm!m-.lnﬂnumm
exon 1CTRB and CTRBZ. This inversion i associated with differential
chronic itis. The GRCh the for SHP
158048956 0f the CTRE1 sene, SHP rsB048956 i d ic for this inversion. [provided 1an 202

Gene

Nombre

Function

ZNF354C

ANKRD20A3

NLRO4

KRT16

NRF34

SKAP2

SNAPC4

Zinc finger protein 354

Ankyrin repeat domain family
member A3, pseudogene

NLR family CARD domain
Containing 4

Keratin 16

Ring finger protein 34

SRC kinase associated
Phosphoprotein 2

Small nuclear RNA activating
Complex polypeptide 4

Predicted to enable DNA-binding transcription factor activity, RNA polymerase ll-specific and
RNA polymerase Il cis ! ¥ region seq pecific DNA binding activity. Predicted to
be involved in regulation of tr iption by RNA poh . Located in nucleoplasm.
[provided by Alliance of Genome Resources, Apr 2022]

playing pivotal rolesin t iptional r ion, sarcomere bly and
the heart.

This gene encodes a member of the caspase reauitment domai ining NLR family. Family play al
rales m-nrme-m:mneremmse mamuwdm«m:mmuweﬂmammmwwm
Mutations in this g icing results in muliple
uwcnptnnms. [provided by RefSeq, Oct 2014]
Thep bry this gene is a memberof the kemti family, Th i i filament proteins
mpmblehmuemnl |tyoiepﬂelalcelkandm bdividedi okeratins and hair keratins. Most of
the type | cy ins cansist of acidi i l!m@dlnmndhmm:hmn:hmmdm(hnn
inaregion of ch 17g I.hz!.T‘ inhas beencoexpressedwith keratin 14 ina number of eprmalilwsues.
including esophagus, tongue, and hair follides. Mutatiors in this g i ith type 1 pach
non-epidermolytic palmoplantar ilaterl palmop newus. iprtmdedlrf HelSeq.JuI
2008]
The protein encoded by this gene contins 3 RINF finger, a motif known tohelmhul in wonnamnmd pmenm
interactions. This protein interacts with DNAJA3/hTid-1, which is a DnaJ protein reportedto functionas | of
apoptosis. Overexpression of this gene inHek cells was shown to confer the resi: THF-alpha induced i
Suggesting an anti-apoptoticfunction of this protein This proteincan be deaved by caspase-3 dl.rlr; thundln:md
apoptosis. This protein also targets pS3and phospho-p53 for degradation, Akernatively splicing results in multiple
mmcnmnnms mdn[dmmn«nm [provided by RefSeq, Feb 2012]
The pr hares h gy withSre kil iated phosphoprotein 1, and is a substrate of Src
hmulyhnam.hmnadaptmpmmmhmsmelnanemmnlmlmthehmmpﬂvmy andin
regulating proper activation of the immune system. This protein contins an aming termiral coiled-coil domain for self-
dimerization, a plecskstrin homalogy (PH) domainrequi huuu-ammmﬁlmdmntnmmhm indaSn:
homalogy (SH3] domain at the carboxy terminus, & that thi in inhibits acti
through mmuuurm mnmhm mmmmume Ihe mdtumhm@hw
actin plicing tip p g differentisoforms. [providedby
RefSeq, Jan 2015}
Thisgene argest suburit of the small nudear RNA-activating protein (SNAP) complex. The encoded protein
containsa Myb DNA-binding domain, and is | for RNA pak Il and 1l polymerase transcription from small
nuclear RNA promoters. A mutation inthis gene is associated with ankylosing spondylitis. provided by RefSeq, Jul 2016]
Ubiquitous expression infat [RPKM 12.3), bone marrow [RPKM 80§ and 24 other tissues

chano-sensing in
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Gene Nombre Function
L N.\mtr] transferase Glycosylated proteins play Icnpoﬂnnl (olel in vivo in the cell membrane. These are often
P_sg,ns?a_z Domain taining 1 involved in cell-cell adhesi ¥ lation and immune recognition
e This gene isa of the imin family of i Eoenes.
TAC4 tachikinin precursor 4 Tachykinin proteins are cleaved into small, ides that acti sof &
Mllvﬂt:c:;lw protens. The products of this gene p(demn:‘l:lu m:::em!wﬂﬂn
are th to reg penp al endoc: parac functions
:::l::::‘b‘wd the b ¥ --..-ad-\dwrh!m'-uummlnﬂﬂm
of this gene lack a dibasic cleavage site found inother tac L
the nature of the in wivo Ll
Mlip;.:r‘;:umodr‘ﬂlﬂm isoforms have been found for this gene., [prniﬂ-i by
. This gene an i ellular p ] u-nm-'uuwilh members of the MORF4/MRG
Morf4 family associated [mortality factor on ch \e 4 /MORF4 &} tamily and
MRFAP1 prohm 1 Rb [retinoblastoma protein ) The protein may play a role Iumma call m“d
immortalization. ARernative splcing results in [
RefSeq. Jan 2013] iy o
LRRC41 Leucine rich repeat contai- mmmmmm:m in ;-:.:;m;ne [p-m :yAilla::.euoll uenoﬂ\eh
ning 41 Nmowroin Apr
Predicted 1o enable peptidyl-prolyl cis-trans activity. P 1o e
SDCCAG10 | CWC27 splicesome associa- | 555t toiceosome snd catamiic sicp 2 spiceosome. (brovided by Alisnce. of
» o enable ¢ tin bindi v and e activity
Scm polycomb group protein |  Predicted robe i .- e i ey
active Lo by of
SCML1 like 4 e 2022
L in cifium L d in axonemal L and cc
KIAA1009/CEP] Centrosomoal protein 162 [provided I:w“m O MENO LR Apr 2022)
162 SF1 nucl rpra—anNh Enables RMNA binding u!Mtv Predicted !ol:elnmlhrﬂl\l& Ir:c.:ull\l‘molu in
eola L space. [| by o
ESF1 processing protein homolog
ZCCHC7 Zinc finger CCH-type contai- G PR AR R T i = it
ﬂlﬂﬂ? This gene encodes a member of the Clpl family. The encoded protein is a multifunctional
CLP1 Clsavaaa factor Mﬁh k::::wlz::; pre- mnlp:: — ® Il This '—';. e i ERNA
Nucleotide kinase subunit 1 e T S L e posrey
different isoforms have been found for this gene. [provided by RefSeq. Sep 2014]

Table 1.1I. Identity of the DOWN REGULATED GENES in a case report of Leigh Syndrome

Gene Nombre Function
AQPQ T are a Family o water-selective membrane chasneds, This gene eacod mber of 2 subset of aquaporing. caled the aquaglyceroporins, This protein alows
Aquaporina 9 mdamwuwmnum mmmwmwpmﬁ Thi protein may aho facltste the stz of gicerel i
bepatc Gason . Th ey o play @ roke i spec respense icidd activy. Mteemate splcing reselts
inmukiple il wrimbs
5 Sl e This gene encodes 2 bask hel-loog-heln protes T tiues. Th d protei mmm:mmﬁmMau
h5amir Basic hélix-loop-hélix promater of PERL a regress CLOCK/ARNTLs esacttion of PRI, Ti gese s Fhed o tithr
family member e40 Ipeovided by Refien, Feb 1014]
; h'nundu clthele famdy and s oo of severd rptor-ike gheopeoteins cheitered o the long am of chromasome 1.
FCRL3 Fc receptor like 3 : tyrsine sctietion mots 24 i tyrosine inbibitory moths s cyoplasmic. domoin 3nd oy play 3 roke i
repulation of the immunt systen. Mulstions in this gene have been aacisted with theunolod athis, avtoimmune tyrod dsene, and systemi kpus enthematanus,
Mrermative splcng revelts in rultile tanscried vt
rkaryots, Metarox Chordats; Cramitz; Vertebests % Mook [ohenis Primates; Haplorhs; Catarrhini Hominidse: Homo
i s e encodes 2 GIP-binding potein th beonga o the sl GTPase supertamdy and s ol o proteins, G binding proteins medise the Vamsmermbrane
RALS RAS like proto-oncogene 8 L sl el
Members of amestin/betaamestin prtein family are ought &2 partcipate In agonit eedited e ol 6 prose 4 et :
£ - o e!ulnh L Mtnhnnu&m amMWMM
SAG S-antigen visual arretin . i X i ety “ _"h
msmummwuwumM—Mmmw-uummwmmau
2 wre actosomal snceviive form of night bladeesn
Gltamute recepiors e the predominant eacEtony newmAnIImItie: neceptans in the mammalin brain and are activated in 2 variety of sormul nesrophysiologic processes.
. . This gene product belongs 1o the kanate lamdy of ghotamate reve pion, which e compored of our subunts 3nd hunction = lgand xctivated ion channeh. The 1ebenis
GRIK2 Glutamate ionotropic receptor encuded by his e sbjct1a Ao ftin ¢ ke ses wihin e st and second ransemcane: doss, which s Bosght 1 ke e sructre o of e
kainate type subunit 2 receplor complex, Abematively ity hawe o . Mtations in th ioted
re-mRMA splcing k s shepn. The pratein &2 component of both Ul and ULl -depeadent spiceosomes, snd
iound tobe essential for the catayic step §in pre-mRNA spliing process. R contains several WD nepeats, which function im protein-protein interactions. This protein has 2
wequence vimdariy b0 vemt Prod prosein, This gene b 2 condidate gene Tor avtosomal dominant setiniis pigmenizia. [peovided By Rebieq Jol 1008]
bt Pop [RPEM &3] testa 5
e g s b f el poacios: chl ey, i b s s oy ko ko o o, bt
Pre-mRNA processing factor 8 | «:«t wih wthes o 3ot oy ‘ of il ceinthe
PRPF8 P 9 i M e e b et 20
Bened exprevsion in brain (RPKM 5.7, kidney (RPIM 14.4] and 2 ther tawse Sot mone
= i S The pesbein encoded by thi gene i 2rypmnodine rece plor, whi caiciern from intracelolar storage for use in mamy ceBolar processes, For example, the
KCNJ10 Potassium inwardly rectifying S i e e e e e & etiakon Klowndy e T
Channel subfamily member 10 || oo aferest sotoem b bees found s ths gese. [
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Gene

Nombre

Function

RYR3

CLICL1

BCR

PIGU

DCST1

OR11D4

EFNB2

PCF72

Ryanodine receptor 3

Chloride intracelular
Channel 1

BCR activator of Rho-GFP
And GTPase

Phosphatidylinositol glycan
anchor biosynthesis class U

DC-STAMP domain
containing 1

Olfatory receptor family 1
Subfamily D member 4

Ephrin B2

Cullin 3

mm:mhuwumw e cacium from intraceluby viseage f

ty eleming ki § B
mmmmmmhummhmmmu

vl processes. for example, the
y degolrizaien of 1 tubules. Two tramserigt varety

(hloride channehs ae 3 diverse: group of proteing that regulate Fundamental celelar processes including stabiization of cel membeane potential, tnmepithefal transgort,
mainieasnce of itreluly pH, 3 repoltion of cellvolme. (hloride inrcelole chonsel 1 3 member of the pid Lamly; the peaten localres principaly (o the cellnuckews
nd eekikits both neclear ind plasma membrane chlorde ion channel activty, [provided by RefSeq ul 2008]

A ’ wdip Phitadelchis cheomoseme, which & el npatients wih thronc leskeia, The
R g 4 Wit e e, he oo, prodeces  fiom proten whch s eocoded fnenbeth BCR
d AL, the gene a2 the chromosome 8 breaipoint. Mthoogh the BCR-ABL finicn pectein has bees extesaivelystadied,the fuscticn ofthe nermal BOR geoe product i sot
clear, The waregulited tyrosing kinae activity of BOR-ARLL contributes to the immortaity dlnh-: numnmmm.'mmman

TPase-xctivating protein for pd1eac and other kinaies. Two tramcript varints y RefSes, Jan 2010

Ubiquitous expression intests (RPKM 149, beain [RPEM 145 and 25 othertissues Seemaore

The prote : imik & cevevirioe (el d merbrane protein that may fuscticn i cel dunion control The
mmhummmmumm that antaches GPhanchons o proteing. [provided by Reteq ol 20|

hpﬂnﬁnlmﬂlmsﬁbwhﬂdnhﬂwﬂmiﬂﬂ}ﬂmah}ﬁu atigen processing and doplay forimruse
MWMM nosding P Sep0il]
" . \n.hw‘“ A 3 ot

[Exctory recepioes interact with odoranl mollecles in the sose, bo initiste 5 f 2 smell. The cixctory in1 e
mdﬂwHdGWNﬂMKNNMMu&WpMMWMﬁmMMd
ey duction of edermt signab. The ofactony
lﬂuhhpllh’m e olixtory i fox this organiam i i g, This oactory
retepler gene b 2 sepreting paeudogene, where some indhdush have 20 il that eacodes 2 hnctiondl ofictory rceplor, whie cther indaidusk kave a0 dlcle tacoding
1 protein that b peediched o be son-hunctiond. [provided by RefSeq, b 1017]

This gene encodes smember of the ephein [EPH] family, mmnw«mmmmummﬁdwmmmmmnm
el lm especisly in the. e ¥ igs, ephrien e
dovded i A |EFRA) clms, which e anchored by nkage, and the ephrin-B [(FNB] chus, which e
mheae proteis. Thi des a0 (PN chass ephein whi [PHEA and EPHAD recepion. [provided by Relteq, Jol 2004

TBis pene encodes amember af the culin protein fardy. Th in plays acritical roke . = i
vabstrates 2 the oore component and weaflold protein of an [ shiguitin igme compler. Complenes including the encoded prote’n may abo ploy 3 role in bte endosome
twraion. Mekations i the geae e 3 cauie of e M pitudobpoadostenanm. Mematvely splied iramitrpl v enceding ruliple Boforma hawt been obacind
fouthi gene, [provided by Refieq, M 200)

Gene

Nombre

Function

CUL3

FOXR2

CcD22

TNFRSF8

CD1A

ATGS

GABPA

PNMT

Cullin 3

Forkhead Box R1

CD22 molecule

TNF-receptor superfamily
member 8

CD1a molecule

Autophagy related 5

GA-binding protein trans-
cription factor subunit alpha

Phenylethanolamine N-methyl
transferase

This ge 1 in family. T i plays 3 v ol : ¢ speri
whitnies s hmmnmmﬂaﬂmbﬂw;wlﬁhkmmhm 0 play 2 role in bate endosome
imturstion. Mutations in this gene we 3 cause of type 20 Aaematively 13 il variants inorioers have

fothi gene, [provded by hefles Mar 1011]

¥

s pese encades a meeber of the lorkhead b |FOX) family of tramserption fxten. FON family members ire mosomeric, helbrturen-beli protei with 2 care DNkibinding

domain of sppraximately 110 m My FOX transcription factoes play roles in debermining el fates during early dewelopment. This forkhead ben protein backs the (-terming
i e odi ey e KOy e, i e i e 110 g wbch oy detedin neuslnors. [roned by e, 204

rediced o ensble M ecepdoe gty et phosphase bisding iy, o sk o b sty Ivhed i e tntion, segatie repltion efBeel
seceptorsigraing pathway; and reelion of endocytain. Located in early esdeaome and mecycling emdosome. [provided by Allance of Gesome Resources, dpe 112

The protein encoded by thi gene i amember o the TNF-receptor supertamily, Thia receptor s expressed by activated, butsot by resting, Tand B ceb TRARY and TRAFS

cn inberact with s receplor, and mediste uwmumnummmnmnmwﬁmdmu

Been shewa to lmit the peoerative potestid of astoveactive (O effector Teels ind the body pant ly fpt vorinty of thi
feneencoding datinct soborms Rave been repaied, [rovided by Refle bl 1004]

Ths ene encod fihe (01 famy of Pcoprotein, which e sircturaly rebted 1o the major histocompatbity complex (W) pestens d
form heterodimens with bets 2-microglobelin. The (D1 peoteins medite the presentation of prmarly fpid andl geolpd antigens of sef or micrabil oig B T cell The
B genome contans five (DL famly penes organized in a chuster on cheomasome 1. The (D1 family menben e thought 1o &ifferin e celoly localzation nd
speciiity for particelar i ligmnds. The protein encoded by thi gene localizes 1o the pluma membrane and (o recycing wesices of the ey endicytic sptem, Messative
splcing revolt in muliple tramicript varants, [provided by RefSeq, M 2016
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Gene Nombre Function
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. hmshwkwhhﬂwﬂuwmﬂm Frotee phosghatase 1 one of the bour maee SerfThe phoghatmes, ind it implisted in
PPP2R2B Protein phosphata.sez iheneguie ot ol cel prowth g dhision. R coesits of bich s compesed ol i sobusitand 3 constml epubony ssbund,
Regulatory subunit beta 8 it et o it e ety bt st b kR A . o vt el o
the requlatory subusit 855 subfamiy. Dedects in this proe ral domeant 1pe stmia 13 (SCALY], 2 c 4 by deg
vemetines. vohing the branstem nd spinal cord, 2nd im resubing in poce coondination of speech and body movements. Meltiple shematively splced wrionts, which encade
erest hoforrs, bove been destied for tha prae. Toe §'UTH ofsome of these wrints cudes 3 LAG tnutieotide repedt sequesce (124 coies) that o b expanded
10 5478 coples in caney of SALL, [provided by RefSeq, bl 2016
ISW1 Interacts with SUPTEH, CTD | trehed in epision of e modiation; reputon o mRAA expert rom ncleus; s repuin of miNA prcessing Locsed i socleoghun, [provded by Mimce of
Assembly factor 1 Buoes Rt e He2).
NMWHNMHMHMMM ot epithelal cells The eacoded protein contai sbowt ) tind
MUC17 Mucin 17 cell surface with exh repeat bei d 60 a N loxalize on the cellvurface, whilk the -teminus interacts with the scatfold
associated protein POI domain mﬂg mmunmnum. one pretein-coding and the other non-protein coding, have been found for ths gene.
peowided by Reffeq, Nov 2015]
ARL4A ADP-ribosyIation Tiar qunmdym hhhﬁ nfGTIWMM.MImﬁhMIdMOdmh
Like GTPase 4A 1 nuclesr locaization signd and mn unuswally highly puasine sucleotide enchange rate. MLAA & located in both the muckew nd chex cel
Mukiple tramcrpt varimis encoding the same protein have bees found fon this geoe.
AMELY Amelogenin Y-linked Ths gene encades amember ofthe amelogenin famly of extracellar matri s, Amelogening e ion durig ootk ename|
Mestions in 2 reated pese on chromasome N cavse Knked amelogenesis imperiecta, [provided by Retfes, Jol 2008
THADA THADA Armadillo repeat bype. This pene o the taget. of 11 choromosomal abermations in besign thyroid adesoma. Sngle suckotide polymorphisra (3NPy] in this pene may be aiaociated
containing with 2 disbetes i polyeystic ovary syndeome. The eacoded protein i Bely ievolved in the death receplor pathway and apoptent, [prowided by Refleq, Sep 2016]

84a

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



UP and DOWN Expression of Genes Affects lon Channels, Oxygen Transport and Mitochondrial Functions in a Case Report of Leigh Syndrome

Gene

Nombre

Function

NCOA2

PRKC1

IRSL3

HMBOX1

K1AA1429

TNPO3

DNMT3L

TRIM2/6

NCOA2 nuclear receptor
Coactivator 2

Protein kinase C-iota

Insulin receptor substrate 3
pseudogene

Homeobox containing 1

Sushi domain containing 6

TNPO3 transportin 3

DNA methyltransferase 3 like

Tripartite motif containing 6

The peotein encaded by this pese functions 3 traracriptionsl coxcivtir e nuclexr hormpone receptees, ncuding steraid, thyrod, retnoid, and vitamin [ recegters.
mwmnaammmummamm.mmmmmmpmwnﬁ;u

soguse reigonse tlemests thh geoe B b 10 be ivohed i oo that resukt i fus invarions cancen, inchding the e ety
ransferase GA[NATGA) gene in scute eyeloid leukenia, the TS vrisnt § (ETVE] geme in acote henghoblastic leskemia, i the bes related famly EHLH, trmscripion
Fator with YR motd 1 [HEY1 gene Reemative splck i i trnscict i, [peovided by Refes, Mar 16

hpu!ﬂnluﬁrdhmﬁtlm}ﬁimmmkmﬂmﬂli:ﬂ*uﬁmlﬁhn
mn;unnm-.mmwmmw in kinne d phovpholod-degendent k i not xti-
led by This Ko b u_.u' deol K & jeed by

dacyihersl tobuly chaten [VICs) by et imteresion with thesmal GTPame RAKD, where this i 3 phaschae dehpds.
mlmmu]-apm.unmmmamm oathw. hmumuum;mwmmmm
e b deug-o v therefore el aganst drog and theveone prosects lewkeria cel agamt dng eptast.

There 2 tintle enoe curudoeene momotd on chramasame K. Eevovicled by RefSen. ol 20081

Predicted to ensble ‘dinme binding actety. Presicted i plava membeane. |provided by Aiance of Genome Resources,
dpr 2002|

{nables double- inding xiviy, dented protein binding xth nmm&wswwmm

m-mmdwnmmt A 1 pulatis xthity, and
i iebmerne. in severd celuly components, intuding h telomerk region; and suckear body. |wﬂdh.ﬁu of Genome

Resoures, hor 2012

Iewived in cell death nd celubor reagonse o DNA damage stimwlus, Predicted 1o be inteprdl compone=t of membrane, [provided by Alnce of Genome
Ressurces, Apr 2002|

The protein enceded by thi gene & 3 nucle impeet. receplor for serine langinine rich [S8) proteins such = the splicing fcton $1RSL 3nd SHRSL. The encoded
protein has ko been shown o be involved in HIN-1 infection, apparently through interaction with the HIV-L capsid protein. Several protein-toding and non-coding
eranscript wariants hawe been found for this gene. [provided by RefSeq. Apr 2020]

CpG methylstion uamm M-wfﬂ mbeyons k impeinting. and X-ch " Studies in mice have
methyiston & mamekn Thiz gene encodes 2esclear protein with simiarity 10 DNA methykrnsfernes,

thﬂlwbwsnwﬂﬂwlﬂukmnlhuulnulhhmﬂmammmnhmmhm activity. Howeves,

o thylstion. by ONA cytosine methyltrnsferze 1 pha and is thought 10 be required for the extsblahment of maternal genomic imprints.

Thes protein she medise L ugh imterastion with histoms deceting | Atematively gl vl enceding

soforms have been fousd for thi gene. [provided by RelSeg, kol 2012]

The pratein encoded by this pene b 2 member of the tripartite moed (TRIM) famiy. The TRIM metd includes there rinc-binding domaing, 3RING, Fleatpe Land
[B-bon type 2 domsin and 2 colled-col region. The protein localzes 10 the suckess, but ity specifc function has act been dentified. This gene b mapped 1o
chromesome , 11p15, wheoe it resides a TRIM chuater. Hm-i! MM.#MM Aread-thsugh bamscrp from this gene

i the don TR pene b aho been ckaerd from theaa neghboring famly members [provided by Refleq,

e
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DNMT3L

TRIM2/6

NCOAZ2 nuclear receptor
Coactivator 2

Protein kinase C-iota

Insulin receptor substrate 3
pseudogene

Homeobox containing 1

Sushi domain containing 6

TNPO3 transportin 3

DNA methyltransferase 3 like

Tripartite motif containing 6

The protein encaded by this pese fuctions a3 raracriptionsl toxctvtie b muclex hermone recepton, nchiding sberod, thyrod, retinod, snd vitamia D recestees.
the encded o n i Lo e epanden ity ofhee which regulate thei Laget genes

sogne reigonse tlemests thh e oo that esuk i fusion with i vaiows cancens, inchuding the e ety
ransferase BA[NATGA) pene in scute eyeloid leukermia, the 15 vriant § {ETVE) gese i acute hmghoblitic leskermia, and the bes rebted famiy BHLH, transerigtion
Tactot with YRW motd | [HIYL gene in mesenchymul chondroswroma. Abemative spliceg results in mudtile trnscript wrints. [peovided by RefSes, Mar 2016]
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ﬁmulxﬂ!_mﬂhﬂmﬂmmlmhmﬂnﬂﬂ
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pr 2002]
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Resources, Apr 2022]

Iewived in cell desth nd celubr reagonse to DNA damage stimwlis, Predicted 1o be integral componeat of membrane, |provided by Alnce of Genome
Rescurces, dpe 2001

The protein encoded by this peme & 4 nuciear impeet receplor for serine/arginine-rich (S%] proteies such 2 the splicing factors SFS1 and SFRSL. The encoded
stotein has abo bees shown to be invoived in HI-1 infection, apparestly through imteraction with the HIV-L expsid protein. Several protein-toding nd pon-coding
transcript variants. have been found for this gene. |provided by ReSeq. Apr 2020]

CpG methykstion uamm Muw for embryonic development, imprnting, a0d N -chromesome inactwation. Studies in mice have
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Protein L33

Gene Nombre Function
This gene encodes eabedn DI awtame O dependentedoum bindeg protei Tha etisache pratein belongs 123 Tamiy of catiom bding prteing
$100G $100 Calcium binding Bt ckdes clmodln, by, Ui C, 0100 poten. e s, e poei s e D-dependentd s expesion conelts
protelnG with cakiom tramsport xtvity. The prodein moy increase Cad+ dbsorption by buffering (ad+ in the cytplusm and increase ATP-dependent (ad+ tamspont
i duodend baobterd membeane wesicies. [provided by RefSeq, Jol 2008
Moemaln mitechondrial rbosomal peoteins e encoded by nuclex penes nd hel in peotein synthests within the mitochendrion. Mitochoadrid rbesomes
MRLP3 Mitochondrial Ribosomal [mitorbosomes) consist of 2 smal 205 subunik and 2 brge 395 sbunt, They have an estimuted 15% protein o A composiion compared to prokaryotc

tbesomes, where this ratio & reversed. Ancther difference between mummaln milorbescmes and peokarpotic rbosomes i that the bitter contain 3 5§ PRNA
Among different species, the proteins comprising the mitorosome differ greatly in sequence and sometimes in biochemical properties, which prevents

emy recognitio by sequence homology .This pene encodes 395 subunit protein. Akematively spliced ramscripts variants encoding different isoforms

have been descrbed [ceovided by Refleo Jul 20081

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, (-catenin phosphorylation cascade, 02/
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
.2.0),

microRNA 325, part of RISC complex; in extracellular exosome, in

ion transport; in signal transduction. hsa mir325 (Z =

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 factoractivity; 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

86
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 Il-specific sequence-specific double-
stranded DNA binding. It is involved in brain development; in
negative, positive regulation of transcription by RNA polymerase
II. ATGS (Z = -2.745), autophagy related 5; APG5 autophagy-5-
like; ATG5 autophagy related 5 homolog; located in cytosol, in
membrane; part of the Atg12-Atgl6 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 1.1I).

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 Il 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.
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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
endochondral ossification; osteoblast

tissue development;

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 24, 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).
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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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