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Abstract

In the present study we describe from the clinical point of view a case of Noonan Syndrome (NS) and two simultaneous comor-
bidities, the hyperexcitability and attention deficit (ADHD) and autism spectrum disorder (ASD). A five years old patient with short
stature, hyperexcitability and attention deficit, stereotyped movement of hands expressing autism spectrum disorder, facial dysmor-
phism, featured by bulbous nose, elevated implantation of ears, arched brows, and palpebral ptosis, dental malformations and unique
central incisive, cardiovascular disease as ductus arteriosus and tachycardia, skeletal malformations, such as pectus excavatum, gait
disturbance, and neurological deficits as paresis of right lower limb and osteotendinous areflexia, cognitive deficit and language dis-
order. This heterogeneous clinical condition corresponds to the NS phenotype involved in the Ras/MAPK (mitogen-activated protein

kinase) signal transduction pathway and also to the genes involved in ADHD and ASD.
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Introduction

Noonan syndrome (NS) is a common, clinically and genetically heterogeneous condition characterized by distinctive facial features,
short stature, chest deformity, congenital heart disease, and other comorbidities. Gene mutations identified in individuals with the NS
phenotype are involved in the Ras/MAPK (mitogen-activated protein kinase) signal transduction pathway and currently explain ~61%
of NS cases [1-4].

The RASopathies are a group of syndromes and rare diseases that have in common germline mutations in genes that encode compo-
nents of the RAS/mitogen-activated protein kinase (MAPK) pathway and have been a focus of study to understand the role of this pathway
in development and disease. These syndromes include Noonan syndrome (NS), NS with multiple lentigines (NSML), neurofibromatosis
type 1 (NF1), Costello syndrome (CS), cardio-facio-cutaneous (CFC) syndrome, neurofibromatosis type 1-like syndrome (NFLS) and capi-
llary malformation-arteriovenous malformation syndrome (CM-AVM). These disorders affect multiple systems, including the craniofacial

complex [1-7]

Fetal autopsies with abnormal prenatal ultrasound findings and suspicion of Noonan syndrome showed signs of fetal hydrops and
polyhydramnios, cystic hygroma, pleural and abdominal effusions, congenital heart and kidney defects, skeletal defects and facial dysmor-
phism [8].
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In the present study we describe from the clinical point of view a case of Noonan Syndrome and two simultaneous comorbidities, the
hyperexcitability and attention deficit (ADHD) and autism spectrum disorder (ASD).

Case Report
A five years-old girl patient was studied at the Clinical Neuroscience Institute Outpatient Clinic at the Clinical Home San Rafael in Ma-

racaibo. Venezuela. She was previously examined from the psychological point of view at the Departments of Psychology of CETRO, San
Rafael Home Clinic.

Results

Five years old patient with short stature, hyperexcitability and attention deficit, stereotyped movement of hands expressing autism
spectrum disorder, facial dysmorphism, featured by bulbous nose, elevated implantation of ears, arched brows, and palpebral ptosis,
dental malformations and unique central incisive, cardiovascular disease as ductus arteriosus and tachycardia, skeletal malformations,
such as pectus excavatum, gait disturbance, and neurological deficits as paresis of right lower limb and osteotendinous areflexia, cognitive
deficit and language disorder.

Figure 1: Facial dysmorphism characterized by bulbous nose, elevated implantation of ears, and

arched brows and palpebral ptosis.

Figure 2: Peptus excavatum.
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Figure 3: Chromosomal karyotype 48 XX in all metaphases.

Discussion

The present study provides the mutation and phenotypic spectrum of one patient with clinical diagnosis of Noonan Syndrome (NS).
The patient exhibited the clinical symptoms and related cardiovascular, neurological, locomotor disturbances, cognitive deficit already
described in Noonan Syndrome [1-10]. In addition, the patient exhibited the following comorbidities, hyperactivity and attention deficit
(DHD), autism spectrum disorder (ASD), language impairment, suggesting multiple causative genes. We have applied the clinical diagnos-
tic criteria published elsewhere [11,12]. Castejon., et al. 2018, 2019 in the study of comorbidities found in the present study, such as ADHD

and ASD. Language impairment has been described in most patients with NS described thus far.

We have found autism spectrum disorder featured by stereotyped hand movements. According to Adviento., et al. [13] (2014), autism
traits in the RASopathies share characteristics with autism traits in the general population and clinical ASD population and can shed light
on idiopathic ASDs. Garg., et al. [14] (2017) also reported a high prevalence of ASD in Noonan and Cardiofaciocutaneous syndrome (CFC)
and offered crucial evidence to support the importance of the Ras/MAPK pathway in the aetiology of ASD. We have above reported dental
malformation and an unique frontal incisive. According to Cao., et al. [5] (2017), the dental phenotypes have not been analyzed in detail
for each of the RASopathies.

Possible mechanisms of short stature in NS include growth hormone (GH) deficiency, neurosecretory dysfunction, and GH resistance
[15].

This patient showed ductus arteriosus and tachycardia. As genotype-phenotype associations are being better understood, the mecha-
nisms for development of cardiomyopathy are also becoming elucidated [16]. The RAS/MAPK signaling pathway, summarizes multiple
molecular genetic approaches used during the last several decades to discover genes responsible for different RASopathies, and finally
focuses on several major disease genes associated with Noonan syndrome and related disorders with regard to genomic locations, struc-

ture, mutations, and genotype-phenotype correlations [17].

Nine genes (PTPN11, SOS1, KRAS, NRAS, RAF1, BRAF, SHOC2, MEK1 and CBL) have been documented to underlie this disorder or cli-
nically related phenotypes Affected genes encode for proteins participating in the RAS-mitogen-activated protein kinases (MAPK) signal
transduction pathway, which is implicated in several developmental processes controlling morphology determination, organogenesis,
synaptic plasticity and growth. In addition, several genes including RIT1, RRAS, RASA2, A2ML1, SOS2 and LZTR1, have been also shown
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to be associated with RASopathies, further expanding the disease entity. Although further analysis will be needed, these findings will
help to better elucidate an understanding of the pathogenesis of these disorders and will aid in the development of potential therapeutic

approaches [18].

The patient herein examined showed cardiovascular disease as ductus arteriosus and tachycardia. According to Ezquieta., et al. [19]
(2012) most patients (94%) with a positive genotype had known congenital heart disease, 79% pulmonary stenosis and 12% hypertro-
phic cardiomyopathy.

Cardiofaciocutaneous syndrome (CFC), a Noonan syndrome related disorder showed six different mutations in BRAF, as well as 2
MAP2K1 mutations. Short stature, developmental delay, language difficulties and ectodermal anomalies were more frequent in CFC pati-

ents when compared with other neuro-cardio-faciocutaneous syndromes [19].

Conclusion

The Noonan Syndrome (NS) of a five years old girl showed two simultaneous comorbidities, the hyperexcitability and attention deficit
(ADHD) and autism spectrum disorder (ASD). The patient exhibited short stature, hyperexcitability and attention deficit, stereotyped
movement of hands expressing autism spectrum disorder, facial dysmorphism, featured by bulbous nose, elevated implantation of ears,
arched brows, and palpebral ptosis, dental malformations and unique central incisive, cardiovascular disease as ductus arteriosus and
tachycardia, skeletal malformations, such as pectus excavatum, gait disturbance, and neurological deficits as paresis of right lower limb
and osteotendinous areflexia, cognitive deficit and language disorder. This heterogeneous clinical condition corresponds to the NS pheno-
type involved in the Ras/MAPK (mitogen-activated protein kinase) signal transduction pathway and also to the genes involved in ADHD
and ASD.
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