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Mutations in PTPN11  
and Pulmonic Stenosis – an Overview 
 
 

Introduction 
 
Congenital heart defects occur in about 1 in 
160 newborns (1). These cardiac abnormali-
ties are mostly idiopathic and isolated, but can 
also be part of hereditary syndromes such as 
Down syndrome, Marfan syndrome, Ellis-van 
Creveld syndrome, Turner syndrome, or 
Noonan syndrome. Noonan syndrome has an 
estimated incidence of about 1:1000 – 1:2,500 
live births and leads to congenital heart de-
fects in about 50% of affected individuals, or in 
about 1:2000 – 1:5000 newborns (2-4). The 
cardiac abnormalities most often associated 
with Noonan syndrome are pulmonary valve 
stenosis and hypertrophic cardiomyopathy, but 
atrial and ventricular septal defects, branch 
pulmonary artery stenosis, tetralogy of Fallot, 
coarctation of aorta, and coronary aneurysms 
have also been reported (4). Noonan syn-
drome is genetically heterogeneous, showing 
both autosomal dominant and, more rarely, 
autosomal recessive inheritance, and so far 
has been linked to mutations in either of two 
genes, PTPN11 or KRAS (5-8). Autosomal 
dominant gain-of-function mutations in the 
gene PTPN11 account for about 50% of all 
cases of Noonan syndrome and most of the 
cases associated with pulmonary valve steno-
sis (9-12). It is important to identify mutations 
in PTPN11 as the cause of congenital cardiac 
abnormalities, since PTPN11-related Noonan 
syndrome may be associated with a host of 
other manifestations, including bleeding 
diathesis and juvenile myelomonocytic leuke-
mia (JMML) (13), and because the condition 
shows a dominant mode of inheritance.   
 

Molecular Pathophysiology 
 
PTPN11 codes for a non-receptor associated 
protein-tyrosine phosphatase (SHP-2), which 
plays a key role in a number of different sig-
naling cascades controlling developmental 
processes such as mesodermal patterning, 
limb development, hematopoietic cell differen-

tiation, and cardiac semilunar valvulogenesis 
(9). SHP-2 activation is triggered by binding of 
various growth factors, cytokines, or hormones 
to their respective cell-surface receptors. In 
most cases, SHP-2 activity stimulates down-
stream signaling (e.g., the Ras/MAPK cascade 
induced by epidermal growth factor), but it can 
also exert a negative control (e.g., on inter-
feron-stimulated JAK/STAT signaling). In 
addition to the enzymatic phosphatase domain 
(PTP), SHP-2 contains two regulatory src-
homology (SH2) domains. In the basal state, 
the PTP domain is inactive because it is 
blocked by the N-terminal SH2 domain (14). 
Binding of a specific phoshopeptide to the 
SH2 domains releases this block by inducing a 
conformational shift in SHP-2 that renders the 
PTP domain accessible to its substrate. The 
triggering phosphopeptide may be part of a 
cell-surface receptor or of a separate adapter 
molecule (15). 

About half of all cases of Noonan syndrome 
are associated with germline gain-of-function 
mutations in PTPN11 (7). These gain-of-
function mutations disrupt the interaction 
between the N-terminal SH2 domain and the 
phosphatase domain, destabilizing the inactive 
conformation of SHP-2 and allowing SHP-2 to 
activate or inhibit a downstream signaling 
cascade in the absence of the appropriate 
upstream triggering event. Noonan-syndrome 
associated germline mutations are typically 
missense mutations (7,9,10,16), although 
small in–frame deletions have also been 
reported (17). Somatic rather than germline 
mutations in PTPN11 have been identified in 
34% of non-syndromic juvenile myelomono-
cytic leukemia (JMML), 10% of childhood 
myelodysplastic syndrome (MDS), and 4% of 
childhood acute myeloid leukemia (AML) (13) 
and also play a less prominent role in various 
other cancers (18). It has been suggested that 
mutations in PTPN11 cause JMML by over-
stimulating the Ras signal transduction path-
way, and that somatic mutations lead to a 
more pronounced destabilization of the SHP-2 
inactive conformation than germline mutations 
(13).  



 
 

Clinical Presentation 
 
Noonan syndrome typically presents in infancy 
or childhood, with heart defects (most often 
pulmonary valve stenosis and hypertrophic 
cardiomyopathy), dysmorphic facial features 
(hypertelorism with down-slanting palpebral 
fissures, ptosis, low-set posteriorly angulated 
ears with thickened helices), a webbed neck 
with excess nuchal skin, an unusual chest 
shape (superior pectus carinatum with inferior 
pectus excavatum), proportionate short sta-
ture, and, in males, cryptorchidism (4). Mild 
retardation, coagulation defects, and spinal 
deformities may also be present. Noonan 
patients are at an increased risk for develo-
ping JMML, but such syndromic JMML typi-
cally has a much better prognosis than iso-
lated JMML (13,16,19,20). Germline gain-of-
function mutations in PTPN11 are also asso-
ciated with LEOPARD syndrome (21,22) and 
Noonan-like/multiple giant-cell lesion syn-
drome (9,23), clinical variants of Noonan 
syndrome that are characterized by multiple 
lentigines and cyst-like osteolytic lesions, 
respectively. 
 

Diagnosis 
 
Clinical diagnosis of Noonan syndrome in 
children with cardiac abnormalities is based on 
presence of characteristic symptoms such as 

dysmorphic facial features and short stature 
(24). However, short stature may not be 
obvious in young children, and facial dysmor-
phies tend to become less prominent with age 
and may be subtle enough to be missed 
(25,26), complicating clinical diagnosis. A 
family history may not always be apparent, as 
an affected parent can be identified in only 30-
75% of cases (3,9,16). Since published stu-
dies have established a causal relationship 
between certain variants of PTPN11 and 
Noonan syndrome, a clinical diagnosis or 
suspicion of Noonan syndrome may be con-
firmed through genetic testing (7,9).  
 

Treatment 
 
Treatment of Noonan syndrome is sympto-
matic. Noonan-syndrome related heart defects 
and spine deformities may require surgery, 
which may be complicated by coagulation 
defects or malignant hyperthermia (27). 
Growth-hormone therapy has been shown to 
increase growth velocity in the first year of 
treatment, but its effect on adult height is not 
yet clear (28). In contrast to non-syndromic 
JMML, Noonan-syndrome related JMML 
typically has a relatively good prognosis, often 
showing spontaneous improvement (16,19, 
20,29). 
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