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Abstract

Introduction: Spinal Muscular Atrophy (SMA), is defined as a set of
hereditary neurodegenerative disorders causing a high phenotypic and
genotypic variability that generate an impact on quality of life, psycho-
social, emotional and functional development, considered in Colombia
orphan disease in relation to its low prevalence, chronicity and high
complexity.

Objective: To describe, characterize and correlate phenotypically
and genotypically a patient with clinical suspicion of neurodegenera-
tive disease.

Clinical case: A 32-year-old female patient with clinical picture con-
sisting of equinismus, varus, hindfoot supination, right forefoot adduc-
tion and limitation in wrist extension with subsequent weakness and
muscle atrophy predominantly in the lower limbs, generalized areflexia
and positive Gowers sign, with suspicion of progressive degenerative
neuromuscular disease, endocrine, neuromuscular, cardiovascular
studies, sural nerve biopsy and genetic study were requested.

Results: Biopsy of sural nerve with loss of axons with little demyelin-
ation, hypertrophy of Schwann cells, and genomic study clinical exome
sequencing trio performed using lllumina technology with identifica-
tion of variants with pathogenic clinical significance in the NOD2 gene
with heterozygous zygosity and homozygous DYNC2H1, finally gene in-
teraction network is performed using Gene Mania program determin-
ing gene associations.

Conclusion: The diagnosis of SMA represents a challenge due to its
wide phenotypic-genotypic variability, although most patients are due
to variants in the SMN1 gene there are other non-5q genes associated
with this pathology, a specific diagnosis impacts on treatment, prog-
nosis and morbimortality attributed, establishing heritability risk and
genetic counseling for the sake of preventive, predictive, personalized
and participatory medicine.

Keywords: Spinal Muscular Atrophy; Orphan disease; Neuromuscu-
lar; Genetic characterization; Correlation; Preventive medicine.
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Introduction

Spinal Muscular Atrophy (SMA) is defined as a group of he-
reditary neurodegenerative disorders, capable of causing an al-
teration in the cells of the anterior horn in the spinal cord and
the motor nuclei in the lower part of the brainstem, causing
progressive symmetrical muscle weakness and atrophy whose
severity depends on the age of onset, in addition to chronically
debilitating long-term complications that threaten the lives of
patients [1-4].

Resolution 023 of 2023 “Whereby the list of orphan - rare
diseases in Colombia is updated” includes SMA as an orphan
disease, due to its low prevalence, chronicity and high complex-
ity; it is classified into SMA associated with a genetic variant in
the long arm of chromosome 5 (SMA 5q) and non-5g SMA [2].

SMA 5q represents 80-90% of hereditary motor neuron dis-
orders, with an incidence of 1 in 6000-10000 live births, sec-
ondary to deletion of the motor neuron Survival Gene (SMN1)
located on chromosome 5g11.2-q13. 3, telomeric, considered
as the determinant of the disease since its absence or genetic
variants constitute the genetic confirmation of the clinical sus-
picion and the motor neuron Survival Protein 2 (SMN2) gene,
centromere, homologous to SMN1, considered a phenotypic
modifier [5,6].

In Colombia, according to the National Institute of Health,
in an epidemiological period from 2016 to 2020, 2,159 cases of
diseases of the nervous system were reported, among which 3
cases of other unspecified SMA were identified, representing
0.04% of the 8,555 cases of orphan-rare diseases. 555 cases of
orphan-rare diseases [7], during 2021 the behavior of nervous
system diseases reported by the Public Health Surveillance Sys-
tem (SIVIGILA) was 1,187 cases of the 4,949 orphan diseases.
949 orphan diseases, among which they do not describe which
diseases correspond to each case [8], in relation to the epi-
demiological bulletin of 2022, 1,368 cases of nervous system
diseases were reported to SIVIGILA with the identification of 9
cases of other unspecified SMA representing 0.14% of the 6,657
cases of orphan diseases [30].

The number of causative genes associated with non-5q SMA
has expanded rapidly due to the advent of next-generation se-
quencing technologies, they are usually classified genetically
according to autosomal dominant, autosomal recessive or X-
linked inheritance pattern and distribution of proximal, distal or
bulbar muscle weakness [9-11] (See Table 1 and 2).

Pathophysiological mechanisms secondary to motor neuron
damage include abnormalities in DNA deoxyribonucleic acid)
repair (UBA1), altered RNA (ribonucleic acid) processing and
degradation (EXOSC3, EXOSC8), vitamin uptake (SLC52A3 and
SLC52A2), cell cycle regulation (VRK1, TFG), lipid metabolism
(ASAH1), nuclear transport (GLE1), regulation of autophagy
control, cytoskeleton dynamics and RNA metabolism (LAS1L,
IGHMBP2, AR, SETX), molecular transport by cation channeling
(TRPV4), nuclear transport (LMNA), nuclear transcription (AR),
axonal transport (BICD2 and DYNC1H1), immune and inflamma-
tory regulation (TFG), ganglioside accumulation in the lysosome
(HEXB), structural and functional abnormalities of mitochondria
(CHCHD10) [9,15].

The clinical spectrum of SMA is broad and heterogeneous,
the clinical presentation of non-5g SMA depends on each ge-
netic variant and the areas involved, the main clinical manifes-
tation of lower motor neuron involvement is muscle weakness
(proximal or distal, symmetrical or asymmetrical, in upper or
lower limb and with or without involvement of the respiratory
musculature), if there is any involvement in bulbar motor neu-
rons, swallowing and voice disorders will be present and final-
ly hyporeflexia or areflexia, The clinical presentation of some
types of non-5q SMA can be similar to 5q SMA in which there
is evidence of fetal hypomotility, muscle weakness, hypotonia,
areflexia, facial diplegia, arthrogryposis or respiratory insuffi-
ciency, however, the complementary study, treatment and ge-
netic counseling are clearly different [2,4,14,16].

SMA is considered a medical challenge, the diagnostic sus-
picion begins when confronted with a patient with clinical
manifestations consisting of muscle weakness or hypotonia not
attributed to secondary causes; clinical signs suggesting lower
motor neuron involvement (muscle atrophy, fasciculations,
hypotonia, clubfoot, deforming contractures, winged scapula,
hypoarreflexia or areflexia), the age of onset of clinical mani-
festations considering that there are pictures of rapid or slow
progression, the clinical heterogeneity according to the early
(congenital, early infancy, early childhood) or late (young adult,
older adult) onset of symptoms, the search for involvement of
other systems or organs, and the knowledge of the different en-
tities described in Table 1 and 2, which will allow making the
right decisions in order to have a specific diagnosis [2,3].

Confirmation of the diagnosis is made by molecular genet-
ic testing with analysis of specific genetic variants that detect
homozygous deletions of exons 7 of SMN1, the most common
genetic variant in SMA, however, due to the wide genetic vari-
ability of non-5g SMA, obtaining the presence of the SMN1
genetic variant with non-pathogenic clinical significance does
not rule out the presentation of SMA; Electromyography and
muscle biopsy were previously a standard part of the diagnostic
evaluation of SMA, however, molecular genetic testing is now
widely available [2,3].

Currently there is no established treatment for each of the
non-5q SMAs, according to Clinical Trials 215 SMA-related stud-
ies have been documented from 2000 to the present year, in-
cluding two studies associated with non-5q SMA, a Phase I/lla
intrathecal gene delivery clinical trial for IGHMBP2 gene-related
disease with an estimated study completion date of November
2028; trial to evaluate the long-term safety and efficacy of leu-
prorelin acetate injection kit 11.25 mg in patients with spinal
and bulbar muscular atrophy in the routine clinical setting with
an estimated study completion date of August 31, 2025; mean-
while in the literature Lee J, Termglinchan V, Diecke S et al. [20]
describe a study in which a Lamin A/C (LMNA)-dilated cardio-
myopathy model was performed in vitro using patient-specific
induced pluripotent Pluripotent Stem Cell-Derived Cardiomyo-
cytes (iPSC- CM) in which pharmacological and molecular inhi-
bition of the Platelet-Derived Growth Factor (PDGF) signaling
pathway was shown to ameliorate the arrhythmia phenotypes
of mutant iPSC-CM in vitro suggesting PDGF receptor beta as a
potential therapeutic target, However, adequate dosing or al-
ternatives to these inhibitors have not been established by clini-
cal trials; Therefore, the therapeutic management of patients
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Early onset of symptomatology (unexplained muscle weakness and atrophy)

Motor neuron disease criteria and exclusion of 5g SMA.

Identification of multisystem involvement by clinical and laboratory tests

Arthrogryposis Muscle involvement Early diaphragmatic weakness MNervous system
mainly in the lower and respiratory failure involvement
| limbs |
GLEL1. i ‘ LASIL, IGHMBP2 |
UBA1 + |
Sensorineural VREIL Pontocerebgllar Pontobulbar Epilepsy
hearing loss DYNCIHI1. hypoplasia palsy
i BICD2 | | ‘
TRPWV4
EXOSCS. SLC5242, ASAHI1
EXOSCE SCL52A3

| Figure 1: Algorithm of diagnostic suspicion in early-onset non-5q SMA

J

Source: Peeters K. Clinical and genetic diversity of SMN1-negative proximal spinal muscular atrophies. Brain. Castiglionia C. Spinal muscular

atrophies not associated with SMN1. Clinica Las Condes Medical Journal

a h
Late onset of symptomatology (unexplained muscle weakness and atrophy)
|
Motor neuron disease criteria and exclusion of 5g SMA.
Identification of multisvstem involvement by clinical and laboratory tests
|
Myocardiopathy Endocrine Purely muscular Laryngeal paralysis,
disorder involvement sensorineural deafness
| | | |
LMMNA AR TFG, CHCHDI10, TEPV4
SETX, VAPB, HEXB
\\Figure 2: Algorithm for diagnostic suspicion in late-onset non-5gq SMA. )

Source: Peeters K. Clinical and genetic diversity of SMN1-negative proximal spinal muscular atrophies. Brain. Castiglionia C. Spinal muscular

atrophies not associated with SMN1. Clinica Las Condes Medical Journal

with non-5¢q SMA is limited to orthopedic, nutritional, ventila-
tory and rehabilitative support therapies according to the clini-
cal presentation of the patient [1,17-20].

The follow-up of patients diagnosed with SMA in the pres-
ymptomatic stage requires monitoring of the development of
symptomatology to determine the appropriate initiation of tar-
geted or supportive therapies, the multidisciplinary evaluation
should be carried out every six months to assess: respiratory
and motor function, orthopedic status and nutritional status,
this support is essential to reduce the severity of symptoms
[23].

As it is a progressive neuromuscular disease, the functional
prognosis, respiratory capacity and life expectancy will depend
on the time of evolution of the disease, the multidisciplinary
management in a timely manner and the establishment or not
of complications among which are swallowing problems with
subsequent affectation in nutrition; Gastrointestinal dysfunc-
tion with constipation, gastroesophageal reflux and delayed

gastric emptying and respiratory problems consisting of airway
obstruction and aspiration infections, in relation to the above,
the prognosis of a patient with the presence of complications
and without multidisciplinary interventions has a life expectan-
cy rarely greater than 2 or 3 years [4,24].

Materials and methods

A 32-year-old female patient, with clinical picture of onset
at the age of 1 year and 3 months with the presence of equinis-
mus, varus, rearfoot supination, right forefoot adduction and
bilateral wrist extension limitation, with subsequent onset of
weakness and muscle atrophy in predominantly lower limbs,
denying the presence of proprioceptive, auditory, visual and
skin alterations. As background product of non-consanguineous
parents, no family history of degenerative neuromuscular dis-
eases.

On physical examination symmetrical limbs, symmetrical
pulses, no distal coldness, capillary filling less than 2 seconds,
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fasciculations and pain on palpation at the level of the rhom-
boid muscle, bilateral hand posture, no hyperextension, no liga-
ment hyperlaxity, with presence of splints in lower limbs, mus-
cle atrophy, generalized areflexia, walks with support, strength
according to Daniels scale with absence of contraction in flexor-
extensors of hands and feet, positive Gowers sign, no sitting,
neurologically alert, oriented in time, place and person.

With paraclinical tests showing Creatine kinase 239 IU/L,
calcium 9.4 mg/dl, prolactin 19.14 ng/mL, Thyroid Stimulating
Hormone (TSH) 5.04 mlU/L, parathyroid hormone (PTH) 51.91
pg/mL, vitamin D 25 ng/mL, 17-OH-Progesterone 19. 7 IU/I,
Somatomedin C 181 U/ml, electrocardiogram, transthoracic
echocardiogram and holter without cardiovascular alterations,
orthoradiography of spine with right vertex rotoescoliosis at
lumbar dorsal level with Cobb angle of 44 degrees, sural nerve
biopsy with loss of axons with little demyelination, hypertrophy
of Schwann cells, without electromyography.

According to the degenerative neuromuscular clinical man-
ifestations and the results of the sural nerve biopsy, the first
diagnostic impression was Charcot-Marie-Tooth disease, for
which reason a molecular study of deletions/duplications in the
PMP22 gene was performed, with the result that there was no
alteration.

In view of the suspicion of a progressive neurodegenerative
polyneuropathy to be classified and the wide phenotypic and
genotypic variability associated with this medical condition, a
trio clinical exome sequencing study was performed using lllu-
mina technology from a peripheral venous blood sample; DNA
extraction was carried out using Qiagen’s DNeasy package; to
determine the concentration and purity of DNA, the samples
were evaluated using a spectrophotometer (Na-noDrop), ob-
taining values of approximately 500 ng/uL and an average Op-
tical Density (OD) A260/A280 of 1.80. Subsequently, massive
sequencing of Nextera TM libraries was performed using the II-
lumina platform with 100X coverage. Alignment with reference
genome GRCh38. All selected regions presented depth greater
than or equal to 32.2 x and a minimum mapping confidence
threshold Q30 with a total read of 27,320,632 Nexteratm Illumi-
na libraries. The results were compiled in a Variant Call Format
(VCF) output file, where the variants found were recorded. The
population databases Exac, 1000 Genomes, OMIM and gnom
AD were consulted to determine the existence of the variants
reported; subsequently, bioinformatic analysis and functional
effect prediction of the variants found were performed.

For the analysis of the reported variants we used the bio-
informatics software: Mutation Taster (http://www.mutation-
taster.org/), PROVEAN (http://provean.jcvi.org/index.php), the
UMD predictor (http://umd-predictor.eu/), POLYPHEN (http://
genetics.bwh.harvard.edu/pph2/) SIFT (https://sift.bii.a-star.
edu.sg/), Human Splicing Finder (http://umd.be/Redirect.html)
and Clinvar (https://www.ncbi.nlm.nih.gov/clinvar/), which
served as in-situ clinical prediction tools. The nomenclature
used to name the variants was based on the recommenda-
tions of the American College of Medical Genetics and Genom-
ics (ACMG). Finally, a gene interaction network was performed
using the GeneMania program to determine close associations
with other genes to determine physical interactions or co-ex-
pression levels.

Results

In trio clinical exome sequencing a pathogenic variant was

found in the DYNC2H1 gene with nucleotide change: c.8365
T>C, protein: p. Phe2789Leu, zygosity: homozygous, heterozy-
gous father and mother; gene coding for cytoplasmic dyneins of
heavy chain 1, subunit of the primary motor protein responsible
for retrograde axonal transport in neurons which when affected
is associated with the presentation of muscular affectation pre-
dominantly in the proximal lower extremity [25].

On the other hand, the second variant with clinical patho-
genic significance was found in the trio clinical exome sequenc-
ing in the NOD2 gene; this variant was not identified in the DNA
extracted from any of the parents, with nucleotide change:
c.1001G>A, protein: p.Arg334GIn, zygosity: heterozygous, gene
that plays an important role in the function of the immune sys-
tem, however, the genetic variant has not been associated with
any type of clinical manifestation [27].

Additionally, in order to determine interactions between the
affected genes to establish a phenotype-genotype relationship,
a gene interaction network was constructed (Figure 3). In this
network it was observed that the two genes involved in the
clinical pathology of the patient, DYNC2H1 and NOD?2, accord-
ing to the analysis with GeneMania, presented close interac-
tions with the genes RIPK2, NLRP1, NOD1, IKBKG, DYNC2LI1,
NLRC4, DCTN1 and CASP1, all with process-related functions to
the nucleotide-binding domain, leucine-rich repeat-containing
receptor signaling pathway, MyD88-dependent Toll-like recep-
tor signaling pathway, zymogen activation, Toll-like receptor 4
signaling pathway, regulation of interleukin-1 beta secretion,
antigen processing, and presentation of peptide or polysaccha-
ride antigens through Major Histocompatibility Complex (MCH)
class Il. The genes highlighted for their co-expression with
DYNC2H1 and NOD2 genes were RIPK2, NOD1 and TNFAIP3.

The DYNC2H1 gene presented physical interaction with 6 dif-
ferent genes, having a high interaction with 1 of them (DYN-
C2LI1). The NOD2 gene was the gene that reported the most
physical interactions [16], being the association with the RIPK2
gene the strongest interaction.

Knowing the metabolic pathways, interactions, allows to
know the pathophysiological mechanisms involved and to es-
tablish a specific diagnosis in a degenerative and progressive
neuromuscular disease with a phenotypic and genotypic vari-
ability as the non-5q SMA in order to offer a targeted treatment
that manages to impact on the prognosis and morbidity and
mortality attributed to this pathology, establishing follow-up
guidelines, education on risk of heritability and an adequate
genetic counseling approaching 4P medicine that would impact
on the natural history of the disease [2,4,28].

Elaboration: Own source, Gene Mania Program.
Bioethical aspects

The present case report is considered an observational de-
scriptive study based on the review of the clinical history of a
patient and review of the literature; no intentional modification
of the biological, physiological or psychological characteristics
was made, which is why the level of this research has been cat-
egorized as minimal risk according to resolution 8430 of 1993.
Prior to the production of the case report, the respective in-
formed consent for the confidential use of data was obtained.
The authors declare that in this article the data taken from the
clinical history were analyzed protecting the confidentiality and
privacy of the patient.
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Discussion

In Colombia, SMA are considered orphan diseases that have
coexisted in the population since their origin, however, they
have gone unnoticed in relation to their low prevalence and
lack of knowledge of health personnel that leads to the difficult
diagnosis, as described by Castiglioni and Peeters et al. [9,15]
5q SMAs account for 80% of motor neuron disorders, however,
the number of causative genes associated with non-5q SMAs,
has expanded rapidly due to the advent of next generation se-
quencing technologies, existing according to Castiglioni and Lo-
zano et al. [9] up to 2018, 20 associated genes, which is why ob-
taining a molecular study that reports non-pathogenic clinical
significance in the SMIN1 gene does not rule out the disease and
more genomic data should be included for the characterization
of the patient with suspected SMA.

Exome sequencing is aimed at obtaining the maximum pos-
sible genetic information from the exons present in the almost
26,000 genes of human beings, covering approximately 85% of
the variants associated with the presentation of the heteroge-
neous group of complex hereditary genetic diseases, elucidat-
ing the diagnosis of the characteristic phenotype of the patient
and the discovery of new genetic variants associated with pa-
thologies [28].

Currently, as part of exome analysis targeting genes of in-
terest, sequencing of the so-called clinical exome is in use, us-
ing kits developed by the industry (Agilent SureSelect Focused
Exome, lllumina TruSight One, Roche NimbleGen SeqCap EZ
MedExome), which include about 5,000 genes included in the
OMIM (Online Mendelian Inheritance in Man) catalog and as-
sociated with clinically relevant disease-associated phenotypes.
That is, they cover only 20% of the entire exome and require,
like the gene panels, additional analysis if the alteration caus-
ing the clinical condition is not found, clinical use has been pro-
posed as the first diagnostic test in neurodevelopmental disor-
ders [28].

Clinical bioinformatics is defined as an emerging scientific

discipline in the biomedical sciences that uses information tech-
nology to organize, analyze and distribute biological informa-
tion, using DNA, RNA, amino acid sequences, proteins, three-
dimensional molecular structures, gene interactions, metabolic
pathways, among others; This has made it possible to explain
the function of various proteins, develop structural models and
protein interaction networks, elucidate the different molecular
mechanisms related to the presentation of different diseases,
improve the understanding of the relationship between hered-
ity and the risk of suffering a disease, reveal the genetic influ-
ence on the appearance and identification of biomarkers and
specific therapeutic strategies for these conditions [29].

Seeking to define a specific diagnosis according to the het-
erogeneous clinical manifestations of the patient, a clinical
triple exome sequencing study was performed in search of ge-
nomic variants associated with the patient’s phenotype and to
perform a correct correlation of the protein function by means
of bioinformatics techniques. In this context, in the present
study, 2 genetic variants with a pathogenic clinical significance
were identified in the DYNC1H1 and NOD2 gene [28].

The DYNC1H1 gene is responsible for making the protein
dynein-2, with subsequent development of dynein-2 complex
which is found in cilia, microscopic projections that protrude
from the cell surface, dynein-2 is involved in Intraflagellar Trans-
port (IFT) by which materials are transported within the cilia;
specifically, dynein-2 is a motor that uses energy from the ATP
molecule to drive the transport of materials from the tip of the
cilia to the base [25].

The DYNC1H1 and DYNC2H2 gene family encodes cytoplas-
mic dynein heavy chain 1, which is a subunit of the primary
motor protein responsible for retrograde axonal transport in
neurons; when a genetic variant with pathogenic clinical signifi-
cance is present in this gene, these functions are altered [25].

According to studies performed by Weedon et al. [26] where
a nonsense mutation [p.H306R (c.917A> G)] in the DYNC1H1
gene was identified in a family of four generations with 23
members, the most striking characteristic among the patients
was a unique distribution of muscle involvement. The quadri-
ceps femoris muscle was affected from the early course of the
disease, and the proximal lower extremity was predominantly
involved throughout the course of the disease.

Harms et al. [25]. meanwhile reported three nonsense
variants in the tail of the DYNC1H1 domain in families with
dominant spinal muscular atrophy with lower extremity pre-
dominance (SMA-LED, OMIM 158600), expanding the role of
DYNC1H1 in motor neuron maintenance. In their work Harms et
al. [25] proposed that the non-progressive clinical course of the
disease despite early childhood onset should be another hall-
mark of SMA-LED; they further postulated that the DYNC1H1-
associated gene family plays an essential role in maintenance of
spinal motor neurons and their axons.

Tsurusaki et al. [10] studied two siblings: the first had mild
motor delay in infancy, unsteady gait that persisted until 3 years
of age, examinations showing proximal lower limb muscle atro-
phy and decreased deep tendon reflex; Gowers sign was posi-
tive. No neurological deficit was demonstrated. Motor nerve
conduction velocity within normal limits. Muscle computed
tomography demonstrated severe atrophy and lipid degenera-
tion, predominantly in the bilateral quadriceps femoris muscle.
A muscle biopsy of the quadriceps femoris muscle demonstrat-
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ed severe atrophy of type 2 fiber bundling.

The second patient, presented with delayed motor develop-
ment; physical examination revealed moderate proximal lower
extremity muscle weakness, but Gowers’ sign was negative,
muscle computed tomography revealed severe atrophy and
lipid degeneration, mainly in the bilateral quadriceps femoris
muscle. Proximal lower extremity weakness and wasting is evi-
dent, but the patient showed no upper extremity weakness.
The investigators found nonsense variants in the DYNC1H1 and
DYNC2H2 genes in the 2 patients [10].

Scoto et al. [21] describe the phenotype of patients with
pathogenic clinical significance in the DYNC1H1 gene, where
it is usually characterized by muscle weakness with predomi-
nance in lower limbs in proximal segments that relatively pre-
serves adductor and semitendinosus muscles, muscle atrophy
with absence of sensory alteration, anadine gait, gait delay and
loss of distal osteotendinous reflexes.

On the other hand, the pathogenic variant in the NOD2 gene
not identified in DNA extracted from leukocytes of either par-
ent, formerly known as CARD15 according to Guzman et al. [22]
manufactures a protein that plays an important role in the func-
tion of the immune system, is active in some types of immune
system cells (including monocytes, macrophages and dendritic
cells), which help protect the body against bacteria and viruses.

The NOD2 protein has several critical functions in the body’s
defense against foreign invaders, it is involved in the recogni-
tion of certain bacteria and in stimulating the immune system
to respond appropriately, when activated by specific substanc-
es produced by bacteria, the NOD2 protein activates a protein
complex called nuclear factor-kappa-B, this protein complex
regulates the activity of multiple genes, including genes that
control immune responses and inflammatory reactions, how-
ever, despite presenting genetic variants it has not been associ-
ated with any type of clinical manifestation [27].

Conclusion

Non-5q SMA is a set of hereditary neurodegenerative disor-
ders capable of causing an alteration in the anterior horn cells
in the spinal cord and motor nuclei in the lower part of the
brainstem and subsequently a high phenotypic and genotypic
variability that generate an impact on quality of life, psycho-
social, emotional and functional development; Although most
patients are due to variants in the SMIN1 gene, there are other
non-5q genes associated with this pathology, which is why the
importance of performing genomic studies, clinical bioinformat-
ics, interaction networks and reverse phenotyping based on the
selection of a group of people with a genetic variant and the
evaluation of its phenotype, which have become fundamental
tools for the characterization of these complex diseases and the
determination with the potential to change reactive medicine
into preventive medicine, achieving an early diagnosis, with the
possibility of initiating an early and directed treatment that has
an impact on the prognosis and morbimortality attributed to
this pathology, establishing follow-up guidelines and adequate
genetic counseling that allows education on the risk of inherit-
ability or presentation of a disease, bringing us closer to preci-
sion medicine for the sake of the 4P medicine that would im-
pact on the natural history of the disease [1,15,31].

Conflict of interest: The authors declare that they have no
conflicts of interest.
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