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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,

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 Study of Leigh Syn-

drome

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,

o
MEPL]
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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 another non related disease.
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A.l B.1

Up regulated Down regulated Down regulated
HBAL 5.5031 AQPS -2.00126 495354 KBETBDS -2.0310.
HBB 5.81085 hzamir -2.00144 4.8855% ACCH4 -2.0027
MP1157671 5.57671 FCRL3 -1.01138 4.3051 CccDcaa -2.0899
HBG1 5.24648 RALB -2.013312 4.70117 COKe -2.0657.
FAMI10EA1 5.15641 SAG -2.01752 465124 Fus -2.0233
NUP188 A.96167 GRIK2 -1.11487 4.10273 SVIL -2.00119
SCPEPL 4.819% PRPFE -2.10046 4.04558 CHRNAB -2.0485
PMS2LA 4.80555 KCNI10 -2.11372 4.04491 FAM3BC -X.0466
hCG_26523 A4.68145 RYR3 -1.1268 4.03411 IL2RG -2.0545
KIR2DL1 4.66387 cucy -2.19959 3.963% GAPDHS -2.079756
cDCP1 4.58664 BLR -2.21985 3.96355 KCTD1S -2,0950933
PPRIRSE 4.49633 PiGU -1.25566 3.9347 MuUC2 -2.08260
NSMCE2 a4an DCST1 -2.29887 3.93457 RPL1S -2.0925%
LETM1 4.43137 OR1DA -2.32553 3.88747 CYB5R4 -2,095814
55_rRNA 4.40937 EFMB2 -2.3273 3.87691 APOH -2.109189
C13orf26 4.23447 PCFT2 -2.4549 3.8y CCDCi3l -2.11299
PDID3 4.21108 uLs -1,56032 3.85546 ANKRD& -2.1109°
IQGAP2 4.20767 FOXR1 -2,60034 3.85536 cci11 -2,149558
ANKRDS5 4.13343 D22 -1.6066 3.80031 ADAMTSS -2.148
PDCDEIP 4.12436 THFRSF8 -2.66631 3.75977 CYP4B1 -2.1115
PREPL 4.12248 CD1A -1.6926 3.75845 D563 -2.12
HBO1 4.10387 ATGS -2.74539 3.72549 FECH -2.114004
TMEM119 4.08731 GABPA -2.75271 369225 GLYAT -2.1210
SERINCS 4.01404 PHMT -1.76169| 3.68105 IFT80 -2,165334
G5TT1 3.9564 BCLTE -2.8385 3.66477 L2s -2, 104
IBTBTC 3.95157 SLC35F3 -1.8725 3.65406 INGA -2,123454
TILLS 3.93387 ISCU -2.8981 3.62705 KCNH5 -2.1822
058P2 391718 MS54A2 -1.9193 3.60604 POX -2.14164
SHEBP1 3.90622 000a2s -2.964 3.55451 POLE2 -2.10210
PREAR2A 38T EFHD1 -1.59858 3.52806 RTNA -2.16029
ATG3 3.829M TMEM29 -3.0001 348634 TMEN29 -2.101424
SIRPB1 3.79385 GCK -3.0492 3.48072 VCAML -2,119518
CTRB2 377an acci -3.0575 3.47168 INFET1 -2.1222
INF354C 3.76248 GPR116 -3.09022 3.45859 CYCs -2.2056594
ANKRD20A3 3.70677 PPPIR1IB -3.1887 3.44029 KIR3DL1 -2.20140
NLRCA 3.69354 IWs1 -3.59923 3.41615 128 -2.25109
KRT16 3.64777 MUC17 -3.64137 3.38651 IL1B -2.241354
RNF34 3631159 ARLAA -3.6722 3.37841 MRFAPL -2,2406
SKAP2 3.62913 AMELY -3.73694 3.34685 TRAF1 -2.3639
SHAPCA 3.62615 THADA -3.85748 3.34366 CCRE -2.360207
TACA 3.62067 NCO2 -3.91883 3.322556 MID2 -2.402419
MRFAPL 3.55986 PRKCL -3.97452 3.30826 CDicC -2.418229
LILRAZ 3.55568 IRS3L -4.0457 3.30451 RGS7BP
LRRCA1 3.54678 TRIM2/E -1.0611 3.25082 MON2 -2.504
SDOCAGLD 3.54653 HMBOX1 -4.15217 3.28912 KIAAD247 -2.59%:
SCML1 3.5187 K1AA1429 -4.18804 3.284%8 FBLIm1 -2.7128%
EIAALDDS 3.50355 THPO3 -4.22044 3.24102 FBX033 -2.801435
ESF1 3.50955 DHMTIL -4.53549 3.2378 DCUN1D1 -2.50017¢
ICCHCT 34092 51006 -4.94273 3.22816 EGFLS -3.075599
CLP1 3.03373 MRPLSS -£.33996 3.21029 ALOX12 -3.0351
Table 1
Table 11  Gene Nombre Function
The hi Ipha globin gene cluster | d 1 30kb and includ loci: 5-zeta
pseudazeta -mu - pseudoalpha-1-alpha-2 -alpha-1 -theta- 3'. Thealpha-2 (HBA2) and alpha-1{HBA1) :odngsequm
are identical, These genes differ slightly over the 5 " nd the introns, but they
‘ . - 1[H piens 1 the 3' untranslated regions, Twoalpha chains plus two beta chains constitute HbA, which innormal adult life comprises
about 57% of the total Ipha chains ¢ delta chains to HbA-2, which with HbF [fetal
makes up the 3% ofadult Alpha rasult: each of the
alpha genes as well as daletions of both HBA2 and HBA1 have also been reported.
GECES [provided by RefSeq, Jul 2008]
[HBA}. (HB8) loci ine the structure of tha 2 types of ide chains in adult in, Hb
A.The normal adult interamer consists of pha chains and two beta chains. Mutantbeta globin causes
sickle cell anamia. Absanceof bet chain causes b i i
causes beta-pl jia. The order of the genes in the bet-globin cluster is S-epsilon - gar gamma-A—
Hee Hemoglobin subunitbeta delta—bera~3'. [provided by RefSaq, Jul 2005]
This gene is reportadto in prostata, rect d distal colon. Seq) ysis suggests that it
juip_115767.1 PRAC small nuclear protein may play a regulatory role inthanuclets. [prmden by RefSeq, Jul 2005]
Tha gamma globin genas (HBG1 and HBG2) are normally exp in the fawl liver, bone marro. Two

gamma chains together withtwo alpha chains constitute fetml hamoglobin [HBF) whichis normally replacad by adult
hemaoglobin (HbA) at birth. In some bata-thalassemias and related conditions, gamma chain production continues into
adulthood. The two typas of gamma chains differ at residue 136 wheraglycine is found in the G-gamma product (HBG2)
and alanine is found in the A-gamma product HBG1}. Theformeris predominant at birth. The order of the genes in the.
HBGL Hemoglobin subunitgamma 1 beta-glabin cluster is: 5-psilon ~ gamma-G — gamma-A — delta— beta-3". [pravidedby RefSeq, Jul 200]

Enables palmitoyl{protein) hydrolase activity. Involved inprotein prots
Located in endosome membrane; nuclesr speck; and plasma membrane. [provided by Alliance of Genome Resources, Apr
FAMI103AL domaii ining 17A, i 2022]

The nuclear pore complex (NPC) is found on the nuclear envelope and forms a gatewray that regulates theflow of proteins
and RNAs between the cytoplasm and nucleoplasm. The NPC is comprised of approximately 30 distinct proteins
collectively knouwn as nucleoporins. Hucleoporinsare porecomplex-specficglycoproteins which often have

c ically oriented O-linked H-acet idues and repeats of the e
XFXFG. Horever, the nudleoporin protein encoded by this gene does not contain the typical FG repest sequences found in
mast vertebrate: ins. This is form part of the scaffold for the central channel of the

NUP188 nucleoporin 138 nuclear pore. [provided by RefSeq, Jan 2013]

Predic ine-type car i ctivity. Predicted to be involved in negative regulation of blood
pressure and retincic acid metabolic process. Predicted to act upstream of or within blood vessel diameter mainterance.

SCPEPL serine carboxypeptidase 1 Located in extracellular exasome. [provided by Allisnce of Genome Resources, Apr 2022]

PMs2Le PMS1 homolag 2, mismatch repair system component pseudogene 4 [ pi inkidney [ 5.0}, thyroid (RPKM 4.0 and 24 ather tissues
Killer cell like receptors | by natural killer celsand

e e b e St e
19g13.4 within the 1Mb leukocyte receptor complex [LRC). The gene content of the KIR gene cluster varies amang

Il “framevrork” g found inall (KIR3DL2, KIR3DPL, KIR2DLA, KIR3DLI). The
KIR proteins are classified by the number of extracellular immunoglobulindomairs {2D or 30} and by whether they havea
long [L) or short {5} cytoplasmic domain. KIR proteins with the long cytoplasmic domain transduce inhibitary signals upon
ligand binding via an immune tyrosine-based inhibitory matif (ITIM), while KIR proteins with the short cytoplasmic domain

lack the ITIM matif and instead associatewiththe TYRO protein tyrosine kinase binding protein to transduce activating
signals. The ligands for several KIR protei bsets of HLA class | thus, KIR: thought to play an
EIRZDLl killer cell immunoglobulin like rec , two Iz domains and | ol lasmic tail imamnt N)IEinrgillatimuftheimmmeresame‘ MHEHRE@ Jul 2008]
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Gene Nombre Function
This gene encodes a provein which con@ins eflular CUB domains and acts as a substrate for
Sre family kinases. The protein piays arole in ¥ phosphorylati gulation of cellular events that
are involved in tumor it it i iitiple i of this g
kocp1 CUB domain containing protein 1 [provided by RefSeq, May 2013]
The protein encoded by this gene belongs to B family. Protein phosphatase 2Ais
nmduaemnupr!\eqrhrphusphms.mm- i we control of c and division. It
consists of 3 common yme, which is ofa catalytic itanda egulatory
m-nmmimmammdwumunhm" gulatory
selectivity and catalytic activity, This geneencodes an epsilon iscfom of Muitiple
PPRIRSE protei 2 regulatory Bepsilon transcript variants encoding sevesal different isoforms have been foundfor this gene, hmmwma_zmal
This gene encodss a member of 2 family of E3 small ubiquitinrelated modifier (SUMO) ligases that medistes the
attachment of a SUMO protein to proteins involved in nuclear transport, gation and DNA
repair. The encoded protein is part of the structural mai ofcl {SMC) 5/6¢ P akey
E ilitating ing mitoty . - ol
lethal prior yonic day 10.5 in this gene, that aboksh the
SUMO ligase activity, are associated with primordial dwarfism and extreme insulin resistance. [provided by RefSeq, Mar
jusmcez NSE2 [MMS$21) homolog, SMES-SMCE complex SUMO ligase 2017]
This gene encodes a protein that s localized to the inner mi i The protein ions ta maintin the
al tubular quired for momal mit i and cellular viability. Mutations in thig
B Wolf-Hi a complex i caused by ion of parts of the distal
shortarm of ¢ 4.Related been i i on ¢! 15and 13. L by
hETv1 leutine zipperand EF-hand contsi in 1 RefSeq, Dct 2009]
F130rf26 testis expresved 26 ivein i bya!uuuﬂi-m-u-numnp:!m]
This gene encodes a member of the IQGAP family. Th Q) domains, one calponin homology
mnmwpmnﬂm is p i with of th with celll
and with severs! signali egulate cell and motility. It also acts as a tumor|
suppressor and has been found to play a role in ngil antiviral i licw i
I0GAP2 10 motif contsining GTPe actuating protein 2 mnplemnptmmrs [provided by RefSeq, Apr 2017]
| ANKRDS S ankyrin repeat doman 55 Biased is ] 1.8), ymph i 0.8} and 100ther tissues
i protein that ions within the Burrpunuqmthnahn(mmpnnwnhmm. in
wesic ion, and in 1g. Studies usi shown that
cpressi is proteincan is. In addition, the p tof i of the PDCDY
gene, 3 protein requi is, ina calci This gene p binds to il
i of this g tand i its
In(mmd(mwlndmuhlchma’tzp-" il the protec inst cell death. Several alternatively
sphcee"-- i isoforms h. been foundfor this gene. Related pseudogenes have been
POCOEIP programmed cell death & interacting protein ond 15[ ided by RefSeq, lan 2012]
mm\nmmww;mmm proly i i i i ions in this
gene have ¥ als0 knawn as the 221 deletion syndrome Several
i spl variants i thesame or h. been described for this
PREPL prohl endopeptidase lie gene.[provided by RefSeq, Jan 2010]
Theta-globin mRNA is found mmf-ulmndnmb\lmm Y id or other Y id tissue. The
theta-1 ge: ¥ y early yonic e, perhaps ime before 5 weeks. Theta-1 is 3 member of the
human alpha-giobin gene cluster that i The order of genes is: 5" -zeta
2 '-ilphi—!-ilphi—l-ﬂle‘b—l-i'.m ipti
active role a functional role for ide in spedficcells, possibly those of early erythroid tissue.
pieai hemogiobe subsnit theta 1 [provided by RefSeq, Jul 2008]
Gene Nombre Function
in positive regulation of bone i posi gulation of i ion; and positive
ion of ion. located i [ i by Alliance of
TMEM119 Transmembrane protein 119 2022]
tirity. Contil to mRNA {2-0- ine-NE-}- activity. Involved in
mANA metabolic process; ion of it itor cell ion; and pasiti ion of
ion. L di Part of RNA NE plex. [ i Allance
NP_066012.1 14, NE i sbuni of Genome Resources, Apr 202%]
Predicted to enableL-serine. nspor tivity. i =sponse towi ion of virus
and innate i S Predic i to beactive i I i
SERING3 Serine incomorator 3 by Alliance of Genome Resources, Apr 2022]
The protei ione § |csnmnllssnu.iummb-ahmmmu
proteins that catalyze the canj reduced i
Nmﬁﬂumhﬁmmmnﬁumn(lmdmm.m.mlndummM(llnmcll.l-GSIT:l GSTT2.
and GSTT2B. GSTT1 and GSTT2/GSTT2B share 55% amino acid may playarole
carci is. The GSTT1 g i specific and i 385 of it icing of thi
GSTT1 Glutathione S-transferase theta 1 gene i i ipt variants. [provi RefSeq, Sep2015]
Pradicted nds ription factor activity, RNA li-spedficand RNA I cis-
g ¥ regi specific DNAbi Involved ive regulationof ion proliferati
ZBTB7C Zinc finger and BTB domain containing 7C Predicted in nudeus. | i Alliance of Apr 2027]
This gene encodes amember of intyrosine ligase like infamily. Thi ini with two
.Iu i i y factor lmdm-ir-qucmmnrl This protein
of glucocorti gene induction and repression. This protein may also
TILLS_HUMAN tubulin tyrosine ligase ke 5 i alpimuuhn polygluamylase.fprovided by RefSeq, Feb 2010]
The protein g ins a, {PH) domain and an oxysterolbinding region. It binds
has? and may inhibi spliced s i oding
psap2 Oxysterol binding protein 2 mnmemmmmmmsm[mmwm Sepﬂ)ﬂ]
Enables identical actiity. in p of epi growth factor
SHKBP1 SH3KBP1 binding protein 1 receptor signaling pathway. Predicted to be located i [provi bnﬂlhncem Apr 2022]
cAMP is a 5i i i tantfor a variety of cellular functions, cAMP exerts its effects by activating the cAMP-
protein kinase, whi igr ylation of different ins. The inactive
klmhlmwuauw of gulatory i i the dissociation of
the inactiy of regulatory i CcAMPand two ic catalytic
subunits. Four different regul ¥ i W been i it in humans. The protein
encoded by this gene is one of the regulatory i i can ¥ ¥ tivated catalysic
subunit. It may i various A i sins and ¥ tion of cAMP-
ctein kinase, Thi i transpart from endosomes to the Golgi
PREARZA Protein kinase cAMP-dependent type || regulatory subunit alpha and further to the i re&lullmlEl,\. [pruuheﬂwlmlllzﬂl]
This gene encodes a ubiquitindike-conj isa of ubi Jike sy i in
the process of i mnﬂvu'imlr!q(ilgul i o i yotic cedk. This protein
|shmnmp1wimlzm tion of deﬂ:hﬁ L i on
ATG3 Autophagy related3 20. i tipl ript variants enc i isoforms. i RefSeq, Jul 2013]
The protei this gene i of the signal-regulatory-protein (SIRP} family, and also belangs to the
i ily. SIRP family are receptor-type : i
in the negati receptor tyrosi oupled signali This protein to interact with
Trm,.rmwu.-mmh—- i yrosi tivation metifs. Thi inwas also reported to
participate in of ine kinase SYK. i i iants encodi have been
EiRoB1 Si bet 1 found for this gene. [provided by RefSeq, Feb 2005)
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LTRE2

PNKRD20A3

LRCA

JRT16

SKAP2

[SMAPCA
NP_650878.2

TACA

Chymotrypsinogen 82

Zinc finger protein 354C

Ankyrin repeat domain 20family member A3, pseudogens

CARD domai ining 4

Ring finger protein34

Src kinase associated phosphoprotein 2

Small nuclear

ofthe

This odes of ine protease family of and forms

head-to-head with the related CTRB1 gene. Some human e an

The encoded i in the acinar cells of the panoreas and secretedintothe
smalli i i activation enzyme. This CTRB2 gene is located

mpmcmmwpmmumml xon 1, and the upstream sequence of the CTRB1 and CTRB2 genes. In this inversion
inCTR81 and CTRB2. This inversion is associated with differential

inverts 3 16.6 Kb

for chronic itic. The GRCE:

ge
rsB048956 of the CTRB1 zena. isdi ic fior this i ion. || i by RefSeq, kn 2021]

allele for SHP

g ription factor activity, RNA II-specificand RNA

M cis-

. Located i [provided by Alliance of Apr2022)
&Mlmlnms[m’m 4s), Ilr‘[ll'm ﬂﬁﬂ 11 mum

g y regi spechic tiwity. i in on of transcrpt RNA

R family.

mhsln ate i 5 i nge i i i damagy induﬂl!rceluhrm

splicing

mnnwts [pm-mhdbv leﬁeq Oct 2014]

in multiple

of keratin iby. The

d\eupelcwuiuihlsmdituﬁ(muhlm in pairs of ic keratin

the structural integrity of epi cellsand ided i ins and hair keratins. Most of

17q12-q21. Thi: i been kemtin 14 ina number of epithelial tEsues.}
irn:ludrgw tongue, and hair follides. Mubﬁmln this gene are associated with tvpe.'l pachyonychia congenita.
by

hains and are clustered

2008]

The protein encoded by this gene contains a RINF finger, a motif known to be involved |||pw.i|—prnh.llndpﬂi-nw

interactions. This protein interacts with DNAJIAZ/hTid-1, which is a Dnal protein repo

W Ouumul‘ﬂmm inHel cells was shown to confer the resistance to TNF-alpha induced lpnﬂmn.
tion of this protein. This proteincan be deaved by caspase-3 during theinduction of

I hospho-p53 for

u-uuux i inct i L brlleﬁm_.Fd:Zﬂll]

in multiple

withSre ki in 1, and i of Src
Mwhmkﬁmmmnﬂmuwmﬂa\rmmnl:n!rdelnﬂ\e&(np\allgpﬂnlﬂr andin
ac | coiled-col domain for self-
mme.mnm.apnemmmhmungﬂm}m"mmnm.mmnmammmam
domainat th sprotein inhibits actin pymerization

through i ith actin tors, and mi U

actin o i in i i diffe: isolo

m Jan 2015]

contains a Myb DNA-binding domain, and is essential Iorl'lﬂ.h Mand il

nuclear ivats in (SHAP} complex. The encoded pratein

from small

Tachykinin precursor 4

a nuclear RNA p A ion inthis gene is i i jitis. [
lm-wmmﬂ[m 123}, bonemarrow [RPKM 2.0}and 24 ther tissues
B ofthe

y inin proteins are cleaved into

by Jul 2016]

small, pep i ily of receptor proteirs, The products of

animlad-ylininm:w 1,and are hough

muﬂlertadwhnm proteins. cnmequmd\r. u!m:edﬂechnage,..

and The products of this gene lack 2 dibasic deavage site found
vivo i

to be

Multiple found for
1ul 2008]

This gene encodesan

P that interacts with of the MORF4,/MRG [mortality factor on
in) The

[provided by RefSeq,

4/Mo: ) and s

¥

arolei cell growth and G i ult
PRRET )

Table 1.11

Gene

Nombre

Function

YR

BCR

PGU

squsporin § | Home sapiens (human) |

banic hefix-loop-helix familly member 40

Fe receptar e 3

RAS ke grote sncogene &

Santigen visual arretin

gutamane ionotropic receptor kinate type
submanit 2

pre-mRNA processing factor §

Potassium inwarndly rectfying channel
subfamidy ) member 10

ryanodine receptor 3

chioride intracefiutar channel 1

BCR activanor of RhoGEF and GTPase

shosphatidylinasital gytan anchor
Biovynthesis clavs U

The aquagorins are a family of water-selective membrane channels. Thia gene encodes amember of a subset of aguaporiag called the squagheroparing. This protein slows
pamsage of a broad range of nonchanged solutes and aho stimulses ures TNIPon and oMot water permesbiity. This protesin may sho falione the uptake of gycersl in
hepatic tssue . The encoded protein may aho play a role i specalzed leukooyte functions sech o mmunologcal response and bactercidal actevity. Allemate sphong results

in multiple: transcript vasiants.

This gene encodes a basi helix-loop-helix protein expressed in various tisswes. The encoded protein can interact with ARNTL of compete for [-box binding sites in the
promoter of PURL and repress CLOCK/ARNTL's tramsactivation of POR1. This gene is believed 1o be involved in the control of circadian hythm and cel differentistion.
[iprovided by RefSeq. Feb 2014]

n-m-m-.—-mdu.-mmu receptor superfamily and is one of several Fz receptor fike ghrogroteing clustered on the long arm of chromaseme L.

y theation mot#i and Emmunorecepior tyrosine inhibinry motify in it croplnmic domsn and may play 3 role in
-.-u-m.«nm system. Mutations in this gene have been msodisted with rheumatoid arthriti, sutoemmune thyroid dinease, and systemic lupus erythematosus.
Alternative sphcing results in multiple transcript variants

Cukaryota; Metaroa: Chordata; Craniste: Vertebrata: Luteleastomi; Mammalia Lutheria; Cusrchontoglires; Primstes; Haplorrhini: Catarhini: Hominidee: Homo
This gene encodes a GTP-binding protei that belongs o the wnall GTPame superaniy and Ra famdy of proteins GTP-binding proteins mediste the transmembeane
signaling initised by the occupancy of senain cellsurface recepton.

Members of amestin/beta amestn grotein famdy are thought (o Garticsate in apontst medisied desensitication of G protein coupled receston and tause 3pecii dampening
of cellular _,.._..mwm-m—_. Aewrotsansmitien, o seasory signah S-amestin, sho known o $-antigen, i a majer soluble photoreceptor protein that i

L i camcade. i i the retina and the pineal gland and inhibits coupling of thodapsin 1o ramsdugin in wirs.
m-_.-_-u-w-* of inducing experimental autcimmune uveoretinits. Mutations i this gene have been msotisted with Oguchi disease.
2 rare sutesomal recessive form of aight bindess.

Glutamate recep the exciatory receptons in the mamemakan brain and are actvated in 3 variety of normal seurophysiologic proceases.
This gene product belongs 1o the kainate family of ghtamate rece piors, which are compesed of fous subunits and function  ligand-aciated ion chamneh_ The subunit
encoded by this gene is subject 1o ANA editing ot mukiple sites within the first and second ransmembrane domaing, which is thought 1o aher the structure and function of the
receptor complex. Aematively spiced transcript varants encoding different soforms have sho been described for this gene. Mutations in this gene have been msocisted
Pre-mANA. splicing occurs in 2 sequential transesterification steps. The protein encoded by this gene is 3 component of both U2- and U12-dependent spliceasomes, and
Found to be essential for the catalytic step Il in pre-mRNA spicing process. R contains several WD repeats, which function in protein-protein interactions. This protein has 3
sequence similarity to yeast Prpd protein. This gene & 2 candidate. gene for autasomal dominant retiniis pigmentasa [provided by RefSeq lul 2008]

Ubiquitous. enpression in ovary (RPEM 48 3}, testis [RPKM 47.0) and 25 other tissues See more

Thia gene encodes a member of the inwand ype potmsm v by having 3 greater tendency 1o siow potmsiim 1o flow into, rather than out
of 2 cell. The encoded protein may form aheterodimer with another potasshum thanael protein and may be nesponsible for the potmsium buffering sction of ghal cells in the
brain. Wutations in this gene have been associated with seirure susceptibdity of common idiopathic generaized epilepsy syndromes. [provided by RefSeq. Jul 20081

imsed expression in brain (RPEM 52.7). kidney (RPKM 14.2] and 2 sther tissues See mare

The protein encoded by this gene is 2 pnodine receptor, which fusctions to release calium from intrace Bulsr storage for use in mumy cellular processes. For example, the
encoded protein i ol d in skeletal muscle contraction by releasing caldium from the saropkmmic r=ticulum followed by depolxitation of T-tubules. Twe tamscript variants
isoforms have this gene. [provided by RefSeq. Sep 2011]

Chioride chanseks are 3 diverse group of proteins that regulme ceflular processes i on o potental, ’ tramsport,
mantenance of intracellular pH. and regulation of cell volume . Chisdide intracellular channel 1 & a member of the pbd lamily. the protein locaites principally 1o the cell nuckews
and exhibits both nuclear and plasma membrane chioride fon channel activity. [provided by RefSeq. Jul 2008]

A reciprocal wanslocation between chromosomes 12 and 9 produces the Philadeiphia chromosame, which & often found in patients with chronic myelogenous leulemia. The
cheomasome 21 breskpoint for this translocation & located within the BCR geme. The tramslocation produces a fusion protein which is encoded by sequence from both BCR
and ABL, the gene at the chromosome 9 breakpoint. Aithough the BCR-ABL fusion protein has been extensively studied. the function of the nommal BCR gene product i not
clear. The unreguisted tyrosine kinze ctivity of BCR-ABLL contributes to the immortality of beuksemic cells. The BCR protein has serine fthreonine kinae activity nd &3
GTPase-artuating protein for p2irac and other kinzses. Two transcript variants encoding different soforms. have been found for this gene [provided by RefSeq. fan 2020]
Ubiquitous expression intestis [RPKM 149}, brain (RPKM 14,5} and 25 other tissues See more

The protein encoded by this gene shares simarity with Saccharomyces cerevisise (8c91. a predicted integral membrane protein that may function in cell division control. The
protein encoded by this gene is the fifth subunil of GP| ransamidme that attaches GPY-anchors 1o proteins. [provided by RefSeq. Jul 2008]
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BC STAMP doman contaning 11

bat1os olfactory receptor famdy 1 subfamily O membes 4

posrz cullin 3

fonnz forkhead box R1
fozz CD22 molecule

frorisis TNF receptor superfamily member §

foia CD1a molecule

poas. sutophagy relsted §

fanea Gl inding protein transcription factor
subunit alpha

Fmat whenylethanotamine §-me thyltransfease

T GEne encdes 3 prolem with & Saman sar 19 ane feund m dendntc cols [PRIDL11CEA00] which pley 2 key roie m antgen - dnplay
responses. Multiple transcript variants. encoding different soforms have been found for this pene. [provided by RefSeq. Sep 20111
Baaed expression n testis (RPKM 2 9], skin (RPEM 1 8] and 8 other tsues See more

attary recepton mteract with odarant molecules in the nose, 1o initiste a neursnal reapanse that trggers the pereption of a smell. The oMlactsry receplor prateins are
memibers of a large family of G-protein-coupbed recepon (GPOR] ariing from single coding-eaon penes. Ofiactory recepton share  7-transmembrane domain structune with
many neurstransmitter and hormone receptors and are responsible for the recognition and G protein-medisted transduction of odorant sigask. The offaciory receptor gene
famidy & the largest in the genome. The nomenclsture msigned 1o the a¥artory receptor penes and prateins for this organim & & orgaisrm. This olfactory
mu--umm where some individusks have an aliele that encodes a functional olfactory receptor. while other ndividusts have an allele encoding
[provided by Refseq. lan 2017]

This geme encodes 2 member of the ephein (CPH] famdy. The ephiing and CPH-related recepton comprise the lamgest subfamily of receptor protein tyrosine kinases and have
events, especially in the nervous system and in iesis. Bamed on thei and sequence ips. ephrins are
divided into the ephiin-A (EFNA] class, which are anchared to the membrane by a ghycosyiphosphatidylinasitol Bnkage, and the ephrin-B [[FNB) class, which ae
wransmembrane proteins This gene encodes an LN cis ephrin which binds 1o the (PHB4 and (PHAD receplons. [provided by RefSeq, lul 2008]

This gene encodes 3 member of the cullm protein famiy. The encoded protein plays a critical role in the iom of specific protein
substrates = the core component and scafiold protein of an 3 ubiquitin fgme complex. L-n-h---d-ﬁ;n.nuunpm-n-. a0 play 3 role in bate endosome
matusation. Mhutations in this gene e 2 cause of type 2L pseudobypoaidosteronism. Atematively spliced Uanscript variants encoding multiple Boforms have been observed
for this gene. [provided by RefSeq. Mar 2012]

This gune encodes a member of the culin pratein famdy. The encoded protein plays a critical role in the iquitinatian and iom of specific protein

substrates 2 the core component and scafiokd protein of a 03 ublguitin fgme comples. Compleses including the encoded protein may aho play 2 role in late endosoms

maturation. Mutstions in this gere are 3 cavse of type 2L preudohyposidosteronism. Aernatvely spliced transcript variants encoding multiple Eoforms hove been cbserved
for this gene. [provided by RefSeq, Mar 2013]

his gene encodes s member of the forkhesd box {FOX) famiy of transcrigtion Tacion. FOK famly members sre monomeric. helix- turm helix proteins with s core DNA binding
domain of spproximately 110 22 Many FOX transcription factors play roles in determining cell fates during eary development. This forkhead box protein lacks the C-terminal
basic region found in many other FOX family members. itis located within the 11233 region which is commonly deleted in neursblztoma. [provided by RefSeq. Jul 2008]
Predicted 1o enable CD4 receptor binding activity: protein phosphatzue binding actvity: and sislic acid binding activity. involved in B cell activation: negstive reguimion of B el
receptor signsling pathway; and regulstion of endocytesis. Located in eardy endosome and recycling endosome. [provided by Alliance of Genome Resources, Aps 201]

The protein encoded by this gene s amember of the TNFreceptor superfamly. This receptor is expressed by sctivated, but not by resting, Tand B cells. TRAFI and TRAFS

can interact with this receptor, and mediate the signal transduction that leads 1o the xctivation of NF-kappal. This recepior s 3 positive regulstor of apopiosis, and sho has
been shown to fimit the proliferstive potential of sutoreactive (D8 eflector T cells and body against autoi Two vely spliced transcript varimnts of this
gene encoding distinet soforms have been reported. [provided by RefSeq. Jul 2008]

This gene encodes s member of the €01 famdy of which are related 1o the major histocompatibiity comples (MHC] proteins and
form heterodimen with beta-2-microglobulin. The CD1 proteing mediate the presentation of primarily igid and gheolipid antigens of self or microbial origin 18 T cells. The
human geneme contsins five CO1 family genes anganited in a duster on chromesome 1. The (01 famiy members are thought 1o differin their cellular localiration and
specificity for particular fipid fgands. The protein encoded by this pene locaizes 1o the plasma membrane and 1o recycing vesicles of the eary endocytic system. Aremative
splicing results in multiple transeript variants. [provided by RefSeq. Mar 2016)

The protein encoded by this gene, in combination with sutophagy protein 12 functions o an [1-Be actiating enryme in 2 ubiquitin Bke conjugating syitem_ The encoded
protein is involved in several &mn:mwnﬂmmﬁrmﬁlh“ negative regulstion of the inate
antivical imemune: ion, MHC Il antigen adipocyte and apoptosis. Several transcript variants

' have h-u;u Iprovided by RefSeq. Sep 2015]

This gene encodes one of three GA-bindng protein transcrption factor subunits which functions = 2 DNA bnding subunit. Since this subunit shares identity with a subumit
enceding the nuclear respirtory factor 2 pese. i i lkely imvobved i actvation of cylochrome oxidsse expression =nd suciesr costrol of mitochondeil function. Ths subunit
s shares identity with 2 the fption factor BATFL. for expression of the adenovirus [4 gene. Because of s chromosomal lecalization
and shiity 1o form heterodimers with other polypeptides, this gene may play 2 rale in the Down Syndrome phenatype. Two transcript vaants encoding the s3me protein have
been found far this gene. [provided by RefSeq, Oct 2010]

The produst of this gene catalyres the kst siep of the catecholamine bivsynthesis pathway, which methylates jme ghri The enayme
50 has beta-carboline: 2N-methylransferase activity. This gene is thought 1 play -mmp-mmm&_n spiiced transcript vasianes. have
been found for this gene. [provided by RefSeq, Nov 2012]

Gene Nombre

Function

icLan WAF chromatn remodeling complex
subunit BCLTS

fucases solute carrier family 35 member F3

Jocu ron sullur chuster msembly enzyme

rsanz membrane spanning & domainy A2

pooasa Asonemal dynein heavy chain

prins OF-hand domain family member D1

reciizg family with sequence simitarity 156 member &

ek gorokinae

buees chioride channel CLIC Wke 1

ipni6 e adhesion G protein-coupled receptor £

preanzn protein phosphatase 2 regulnory subuna Bbeta

wist interacts with SUPTEH, CTD msemibly factor 1

This gene encodes 3 member o the BCLY family inchuding BCLTA, BCLYS and BCLTC proteins. This member i BLTB, which contsins 3 region that & highly simils 15 the
W-terminal segment of BCLYA o BCLIC prateins. The BCLTA protein b encoded by the gene known (o be directly invohed in o three way gene transiscation in 3 Burkitt
iwmphoma cell ine_ This gene i located 2t 2 chromosomal region commenly deleted in Wiliams syndrome. This gene i highly conserved from C_ elegans 1o human. Multiple
sernatively spheed transcript variants have been found for this gene. [provided by RefSeq. Oct 2010]

Imvobved in thismine transport. integral of [provided by Aliance of Genome Resources. Apr 2022]

This gene encodes a companent of the iron sulfur {Fe §] huster scaflokl. Fe S chisters e eafactons that play 3 roke in the function of s diverse sct of enrymes, inchading
those tha reguiste metabolism, ion homeoitmis, and oudative stress response . Aemative Lplicing results in ranscript variants encoding different protein ioforms tha
focalie wither o the cyisel or 1o the mitochondrion. Mulations in this gene have been found in patents with hereditary myopathy with lactic acidesis. A dieme-mocisted
mutation in an intron may activale 3 cryptic splice site, resulting in the production of 2 splice varisnt. encading a putstively nom functional protein. A preudogene of this gene is
present on chromosome 1. [provided by RefSeq, Feb 2016]

The allergic response involves the binding of allergen 19 receptor bound kgl followed by cell acthvation and the relemse of medistors responsible for the manilestations of
sergy. The igh-receptor,  tetramer compoted of an sipha, beta, and 2 disuliide-linked gamma chains, i found on the surface of mat cells and baophis. This gene
encodes the high atfisity il receptor whi -lm*lﬂﬁ_ﬂhﬂqm“pmhﬂ‘*nﬁndﬂ_m-mhﬁ-
charactesized by common structusal features and simits intron/exon splice boundaries and display unique

tissues. This family member i localized to 11912, among 2 chister of membrane spanning 44 gene family members. lhn_h-:.l_unhhn#m.l—hh
encoding distinct proteins. Additionsl transcript variants. have been describied but require experimentsl validation. [provided by RefSeq. Mar 2012]

Axnnemal dyneins fonm the inner and outer rows of arm mocised with the doublet microtubules of motile ciia. These enzymes comvent the chemical energy

rebeased from adenosine Wighosphate |ATP). hydrolysis into mechanical work by causing the doublets 1o shide with respect 10 each other. Dyoeins form twe major groups baved
50 the number of heavy-chain motors within of e3h complex. In addition, these enzymes contsin other components that e required for assembly of the complete

that are reguired for msembly of the complete partices md/or for the reguistion of motor function in respanse (o phasphonylations ststus, igands such = Cads

u...-..mo.un-nhu(n.nu-.‘w—rl.ﬂ, of cacium binding proteins, which are imvolved in s varicty of cellular protesses including mitssis, synaptic

The protein v this gene i an N-terminal ehements, . ada
memmmuh ime with the il inner membrane, and in Hela cells, acts 25 a novel mitochondrial cakiam ion
sensor for mitochandrial flash activation. Akemative splicing results in muliisle transoript varints. [provided by RefSeq. Jul 2016]
Predicted to enshle methyisted histone binding actiwity. Located i nuclear envelope. [provided by Aliance of Genome Ressurces, Ape 2022)

This gene eacodes 2 member of the hexokinzse famlly of proteina. Hexokinzes phasphonyiste ghcose (o produce gosse—§-phasphate, the finst siep in most ghucose
metabolism pathwavs. In contrast 1o other forms of hexolinase, this enzyme is not inhibited by its product gucose-§-phosphate but remains xctive while ghicose b sbundant.
The use of multiple promoters and stemative splicing of this gene resull in distinct protein ioforms that exhibit tisue-specilic expression in the pancres and lver. I the
pancreas, this ensyme plays 3 role in glucose-stmulsted insulin secretion, while in the bver, this enzyme & important in ghucose uptste and conversion to ghycogen. Mutstions
in this gene that aher ensyme activity have been msocisted with multiple types of disbetes and hyperinsulinemic hypoghycemia. [provided by RefSeq. Aug 2017

chioride Be invabved in chisride transport. Located in reticubsm and
reticulum membrane. Implicated in retinitls pigmentoss 32 [provided by Aliance of Genome Resources, Apr 2022]
Ubiguitous expression in besin |RPKM 9.3), thyroid (RPKM 9.3) and 25 other tissues See more

Gpo sctivity. imvolved in G protein coupled receptor signaling pathway and cell surface receptor signating pathwsy
Predicted 1o act upstream of of within several processes, including glomeruls (Biration; pharmgesl arch artery morphogeness; sd turlxtmt homeostas. Locsted in cell
rurface and cytoplamic vesice. [provided by Aliance of Genome Resources, Ape 2022]

The product of this gene belongs 1o the phosphatae 2 regulatory subunit i family. Protein phosphatme 2 i one of the four major Ser/Thr phosphataves, and i is Implcated in
the negative contral of cell growth and division. & consists of 3 common heleromeric ore entyme. which i composed of a catahytic swbunil and 3 constant regulstory subunit,
that ansocistes with 3 variety of regulstory subunits. The B regulatory subunit might modulste substrate selectivity and catalytic activity. This pene encedes abeta inoform of
the regulatory subunit 855 subfamily. Defects in this gene cause sutosomal dominant spinocerebellar atasia 12 [SCALZ), a disease caused by degeneration of the cerebelum,
sometimes involving the brainstem and spinal tord. and in resubiing in poos i of Multiple spliced variants, which encode
tifferent noforms, have been dentified for ths gene. The 5" UTR of some of these vanants includes a CAG trimucieotide repeat sequence (7-28 copees| that can be expanded
19 5578 copées in cases of SCAL2. [provided by RefSeq. Jul 2016]

Imvobved in regulation of histone modification: regulation of MANA export from nuckeus: and reguistion of mANA processing. Locaied in mudeoplmm. [provided by Aliance of
& Besguzes for 20221
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Gene

Nombre

Function

pauciz

picoaz

ey

hiantazo

SLTET

imutin 17, cell surface msociated

ADP ribesylation factor e GTPame 84

amelogenin Y-linked

THADA srmadilo repest contsining

NCOAZ muckear receptor coactivator 1

[protein kinsse Ciota

insulin receptor substrate 3,
pseudogene

DNA methyltransferase ke

wipantite motil containing &

e protein encoded by ths gene & @ membrane bound mucin that provides profection to gut epithelial cell. The encoded protein contains sbout 60 tandem repeats,
with each repest being arcund 60 aa. N-gheasylation enables the encoded protein 1 localize on the cell surlace, while the Cterminus interacts with the scafiokd
peotein #OZ domain containing 1 [PDIKL). Two transcript warisnts, one protein-coding and the other non-proteia coding. have been found for this gene.
[provided by RefSeq. Nov 2015]

ADP-ribosylstion factorfe 4Ais a member of the ADP-ribosylation factor famiy of GTP-binding proteins. ARLSA & simitar to ARL4C and ARLAD and each has
 nuclear localization signal and an umusually highly guanine nuckeotide exchange rate. ARLAA s located in both the nudkear and extrmudiear cell compartments.
Multiple tramscript vasiants emcoding the same protein have been found for this gene.

s gene encodes 3 member of the amelogenin family of extraceBulsr matrix proteins.. ins are nvolved in biom
Mitstions in a relsted gene X cause X-lmked s imperfecta. [provided by RefSeq, Jul 2008]

during tooth enamel development.

type. This gene is the target of 2p21 choromosomal sbermations in benign thyroid adenom. Single nucleotide polymorphisms (SNP3] in this gene may be msocisted
with 2 disbetes and polycrstic ovary syndeome. The encoded protein i Bhely involved in the death receptor pathway and apoptasi. [provided by RefSeq. Sep 20161

e protein encoded by this pene functions = @ transcriptional coactivator for nuckear hormane recepton, including steroid, thyrod. retinoi. and vitamin O recepton.
the encoded protein acts m an intermediste factor for the igand-dependent activity of these nuclear recepion, which reguiate their trget. genes upon binding of
cognate response chements this gene has been found to be invalved in translocation that resull in fusion with other penes in variows cancers, inclading the hrsine ety
ransferamse 6A(KATEA) gene inacute myeloid leukemia, the [T5 variant 6 ([TV6] gene in arute lymphobimtic levkemia, and the hes retated family BHLH. transcription
Factor with YRPW motf 1 (HEY1] gene inmesenchymal chondrosarcoma. Alemative splicing resuits in multiple transcript varknts. [provided by RefSeq. Mar 2016]

This gene encodes 3 member of the protein kinase € {PKC} family of serine/threonine protein kinxses_ The PAC famly comprises 22 lemt sight members which are
Sifferentially expressed and are invalved in 3 wide variety of cellulyr processes. This protein kinse b caiciu and dependent b b not acti
wated by phorbolesters oc dixcylghyceral. This kinme can be recruted 1o vesicle & =d R & notactivated by phorbelesters or
discyighycersl tubutar chusters (VICs) by direct iteraction with the small GTPae RAB2, where this kinne phosphoryiates gyteraidehyde-}-phosphate dehydro-
geanse [GAPD/GAPDH] and plays a role in micratubule dynamics in the eaflysecretiny sathway. This kinme & found 1o be necessary for BCLABL medisted resis
tance to drug induced induced apoptosia and therefore protects kukemia cells aganst drug: and therefore protects lewkemia celh againit drug: apoplesis.

There nln*un\pund—mlw-d on chromesome K. [provided by RefSeq. lul 20081

Predicted to enable phosphatidyinasitol 3-kinase binding activty. Predicted to be locsted in plasma membrane. [provided by Alfance of Genome Resources,

e 2022]

Inables double-stranded telomers DNAbinding activity. dential protein binding sctivity; and activity.
invobved in negative regulation of tramscription by ANA polymerae I paositive regulstion -n.l-.-.—..-:-ur and positive regulation of telomere mantenace
wa telomerase.. Located in including telomeric region; and nuckear body. [provided by Aliance of Genome
Resources, Apr 2022]

Invobved in cell death and celulr response to DNA damage stimubus. Predicied 1o be imtegral component of membrane. |provided by Alance of Genome
Resources. dge 2022)

The protein encoded by this gene is anuclear import receptor for serine/anginine-rich {SR] proteins such 35 the splicing factors SFRS1 and SFRS2. The encoded
protein has ko been shown to be involved in HIV-1 infection, apparently through interaction with the HV-1 capsid protein. Several protein-coding and nos-coding
transcript variants have been found for this gene. [provided by RefSeq. Apr 2020

£pG methylstion b an epigenetic modification that b mportant far embryonic imprinting, and K inactivation. Studies in mice have
demanstrated that DNA methylation i required for mammalisn  development. This gene encodes anuchear protein with similrity to ONA methyitransferaes,
buts not thought to function 23 2 DNA methyliransferme a3 # does not contain the amine arid residues necessary for methviransferme activity. However,

it does stimulate de tion by DNA cytosi 3sipha and & thought to be required for the estblishment of mstermal genomic imprints.
This protein slse medistes transcriptionsl repression through interaction with histone deacetyisme 1. Alematively spliced ranscript varisnts encoding

aforms have been found for this gene. Mhnmunm

The protein encoded by this gene is amember of the tipartite motil {TRIM] famiy. The TRIM motf includes theee ing-binding domains, 3 RING, B-5ox type 1 and
B-box type 2 domain and a codled-codl region. The protein localizes 1o the nuckeus, butits specific function has not been identified. This gene is mapped to
thromosome . 11p15. where it resides a TRIM cluster. Altemative splicing results in multiple transcripts wariant. A read-through transcript from this gene

into the downstream TRIMI4 gene has sk been shserved, which results in a fusion product from these negihboring tamily members |provided by RefSen.

Nombre

Function

pamrLan

5100 calcium binding protein G

mitochondrisl ribosomal protein L33

This gene encodes calbindin DSK, 2 vitamin D-dependent calium binding protein. This cytosolic protei belongs 1o 2 famdy of calchum binding proteins
that includes calmodulin., parvalmin, tropenin €. and 5100 protein. In the intestine, the protein i vitamin O-dependent and ity espression comelstes
with calcium transport activity. The protein may increase Cals sbsorption by buffering Cals in the cytplmm and increave ATP-dependent Cal+ transport
in duodenal basolateral membrane vesicles. [provided by RefSeq. jul 2008

Mamemalian mitschondrial ribosomal proteins are encoded by nuckear genes and help in protein synthesis within the b
(mitoribosomes) consist of a small 285 subunit and 2 large 395 subunit. They have an estimated 75% protein to ANA composition compared 19 prakanyotc
ribosomes, where this ratie s reversed. Another between and s that the latter contaim & 55 fRNA.
Semong different species, the proteins comprising the mitorribosome dilffer greatly in sequence and sometimes in biochemical properties, which prevents
--‘.-m.namh-q-.nnnmh.. This gene encodes 3 385 subunit protein Altmatively spliced transcripts variants encoding different sofonms

have been Jul 2008)

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, B-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
unrelated disease (Allergy), the Up regulated genes (Figure 1B
and Down;, Table 1B.1. right panel), and Table 2A.1 (right pan

G-alpha signaling.

an

Up
el),

Among them, regulation of gene expression genes, cotransporter’s

of different molecules, relaxin receptors, purine catabolism,

The most DOWN regulated genes (Figure 1B.1) that are

involved in the transport are the aquaporin’s, AQP9 (Z
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-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 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
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

86
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.
Amelogeninsare 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
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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. 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-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;
adaptive immune response, in cell surface receptor signaling

pathway, regulation of immune response (Table 1.1I).

The Reactome base data analysis of the most 25 down regulated
genes shows that he pathways in which there are a high probability
that these genes are involved are several around 10 pathways,

among them, in the transport of glycerol from the adipocytes into

87
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 2B). The
down regulated genes in allergy individual are 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 of the 25 most representative gene reactions
Table 2A, UP regulated genes (n = 25) in LS. The unrelated disease
(Table 2A.1). DOWN regulated genes (Table 2B, UP LS genes), The

unrelated disease (Table 2B.1).
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Table 2A.1
i et [
FON1 495394 PrEmiaion ol e e i il 2/35 0.002 0.002 0119 1/12 £.06e-04
SERINCS 4.88559 Pelctye s
L=, 1/3 1.93e-04 0,005 0.125 11 6.72e-05
phrolithiasi
RLNS 4.80521 (NPHLOPL)
L sPalza 70117 Regulation of beta-cell development 267 D.004 0.006 0.125 1/26 0.002
Type 1 Na+/Pi cotransporters 1/s 32le04 0.009 0.125 12 134604
EPHXL 4.65124 7
:i}-‘(“ia‘\‘\\j:”bﬂ\”“ acid binding 17 e ke e 13 S
ka2 4.10273
Sodium-coupled phosphate
it e st 17 450604 0.013 0.125 1/3 2.02¢-04
Relaxin plors 1/8 514004 0.014 0129 3/4 2.69c-04
ARE. ez SLEP Dependent Processing of
k1 c1782 403411 Replication: Dependent Histone Pre n 706004 0.02 0.137 3/3 2.0Z2e-04
RFAPLL 306304 Calcitonin-like ligand receptors n T.0be-Dd 0.02 0.137 1/8 5.37e-04
i Atorvastatin ADME 1/20 0.001 0.035 0.203 3/12 B.0be-04
LrBE SEEE Synthesis of 5-¢ etracooic acids 1/24 0.002 0.042 0.203 1/4 2.6%¢-04
UDT10 393471 Serine biosynt 1/25 0.002 0.044 0.203 17 4.70e-04
kEcoss 393457 G alpha (s) signalling events 2/190 o.012 0.046 0.203 3/28 0.002
et S ::::::"im! pyrophosphates in the 1f29 0002 0.051 0208 af1s 00
L o s ‘mn»nu apped Intronless Pre 104 . ohss o 3710 et
PNFsas 35797 | [ F Ra (B ] ISR = 025 ke
PCDHBS T [ P st 114 0.003 0,07 0.207 17 0.001
FNF4g3 385536 Transport of Mature mRNAs Derived 1147 on03 o.081 0.207 319 6.05e-04
from Intronless Transcripts £
[GOLGABA 3.80031 Su: ant metabolism 1752 0.003 0.089 0.207 1/28 0.002
OR6CT0 375077 GPCR ligand binding 31609 0.039 0.095 0,207 srar 0.015
s T asc 1T Transcription o e e aa A R
kLBP 372549 Purine catabolism 1/80 0.005 0134 0.207 1/33 0.002
: Amyloid fiber formation 17189 0.006 0118 0207 2/33 0.002
TMEM156 3.69225 = S g
L:‘t‘;‘;f::ﬁ“ PGSR TR OO % 1/90 0.006 015 0.207 3/13 573004
AMELX 3.68105
ey e Inositol phosphate metabolism 1/% 0.006 0.15 0.207 4171 0.005
Table 2A.1
Table 2A
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FREPL 412248 s a0l L) s (v 67205
HBal 4.10387) s o0} .o «is LR 6.72e05
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Table 2B.1.
Down regulated
KBTBDS -2.031024 2/19 0.001 63304 0.051 3in 7.39¢-04
MCCN4 -2.00272¢ 4/211 0.014 69704 0.051 16 /47 0.003
ICCDC44 -2.089914 2/27 .00z 0.001 0.051 2/6 4.03c-08
COKE 2065726 | Misceltancous substrates 2427 0.002 0.000 0.051 1/s 33604
Fatty acids 2l 0.002 0.001 0.051 2/4 2.69e-04
FUS 202335 | 2/48 0.003 0.008 0.081 3/a2 0.003
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Note. Pathways that are mostly affected (p-values low)(<< 0) by the up (Table 2A; 2A.1) and down (Table 2B; 2B.2) expression of the

Table 2B.

genes.

Down regulated
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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
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;
electron transport, NADH to ubiquinone. ABCE10. ATP binding

cassette subfamily B member 10. Located in mitochondrial inner

in positive regulation of mitochondrial

membrane; mitochondrial membrane, in mitochondrion. Enables
ABC-type transporter activity; ATP binding; ATP hydrolysis act;

protein binding. Involved in erythrocyte development; in home

90
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.

Conclusions and Perspectives

On refereeing 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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