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DESCRIPTION
Noonan syndrome (NS) is a relatively common autosomal 
dominant genetic disorder that affects approximately 1 in 1,000 
to 2,500 live births. Characterized by distinctive facial features, 
short stature, congenital heart defects, and variable 
developmental delays, NS presents with a wide spectrum of 
clinical severity. Advances in molecular genetics have 
significantly enhanced the understanding of NS, revealing its 
close association with mutations in genes involved in the RAS/
MAPK signaling pathway. Identification of these causative genes 
has not only clarified the pathogenesis of the disorder but also 
opened new possibilities for precision diagnostics and 
individualized management.

The genetic basis of NS is highly heterogeneous, with mutations 
identified in several genes that regulate intracellular signal 
transduction. The most commonly implicated gene is PTPN11, 
accounting for approximately 50% of all NS cases. PTPN11 
encodes the protein SHP-2, a tyrosine phosphatase that plays a 
critical role in the RAS/MAPK pathway. Mutations in PTPN11 
lead to gain-of-function changes that disrupt normal cell growth, 
differentiation, and development. Other genes associated with 
NS include SOS1, RAF1, KRAS, NRAS, BRAF, RIT1, and 
LZTR1. These genes encode proteins that act at different points 
within the same signaling cascade, and their mutations also 
result in hyperactivation of the pathway, contributing to the 
diverse clinical manifestations observed in NS.

Phenotypically, NS is highly variable. The most recognizable 
features include a triangular-shaped face, low-set posteriorly 
rotated ears, ptosis, and a broad forehead. Growth retardation is 
common, often presenting as failure to thrive in infancy and 
short stature in later childhood. Congenital heart disease is seen 
in over 70% of cases, with pulmonary valve stenosis and 
hypertrophic cardiomyopathy being the most frequent cardiac 
anomalies. Other systemic features may include chest wall 
deformities, cryptorchidism in males, lymphatic abnormalities, 
and bleeding diathesis.

Neurodevelopmental outcomes in NS are also variable. While 
some individuals exhibit normal cognitive development, others 

may experience mild intellectual disability, learning difficulties, 
or speech delays. Early developmental assessments and tailored 
educational support are crucial to optimizing outcomes. 
Behavioral issues such as Attention-Deficit/Hyperactivity 
Disorder (ADHD) and social communication challenges may 
also be present. Diagnosis of NS is typically based on clinical 
evaluation supported by genetic testing. Molecular confirmation 
is particularly valuable in cases with mild or atypical 
presentation. Genetic testing using Next-Generation Sequencing 
(NGS) panels or Whole Exome Sequencing (WES) can identify 
mutations in known NS-associated genes. Genotype-phenotype 
correlations have been observed; for example, SOS1 mutations 
are frequently associated with normal growth and ectodermal 
anomalies, while RAF1 mutations are more commonly linked to 
hypertrophic cardiomyopathy. These insights help guide 
surveillance and management strategies.

Clinical management of NS is multidisciplinary and 
individualized. Regular monitoring by a cardiologist is essential, 
especially in the presence of congenital heart defects. 
Electrocardiogram (ECG) and echocardiogram evaluations are 
part of routine follow-up. Growth should be monitored closely, 
and in selected cases, Growth Hormone (GH) therapy may be 
considered to improve final adult height. Endocrine evaluations 
should also assess for delayed puberty and thyroid dysfunction. 
Hematologic evaluations may be warranted due to the increased 
risk of bleeding, often associated with platelet dysfunction or 
coagulation factor deficiencies. Developmental and educational 
support plays a pivotal role in managing neurocognitive 
outcomes. Early intervention with speech, occupational, and 
physical therapies can significantly improve functional skills. 
Psychological assessments can guide behavioral therapies for 
children with ADHD or social difficulties. Genetic counseling is 
strongly recommended for affected individuals and their families 
to discuss inheritance patterns, recurrence risks, and 
reproductive options. Emerging research in targeted therapies 
has raised interest in modulating the RAS/MAPK pathway to 
address the underlying molecular dysfunction in NS. Although 
no such treatments are currently approved, preclinical studies 
using MEK inhibitors and other pathway modulators are 
ongoing and may offer future therapeutic options.
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CONCLUSION
Noonan syndrome is a complex genetic disorder rooted in
dysregulation of the RAS/MAPK signaling pathway due to
mutations in multiple genes such as PTPN11, SOS1, RAF1, and
others. The clinical presentation is diverse, affecting multiple

organ systems and neurodevelopmental trajectories. Advances in
genomic analysis have facilitated more accurate diagnosis and
informed genotype-based management. With comprehensive,
multidisciplinary care and ongoing research into targeted
therapies, the outlook for individuals with Noonan syndrome
continues to improve.
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