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Summary
Disease characteristics.  Noonan syndrome (NS) is characterized by short stature; congenital
heart defect; broad or webbed neck; unusual chest shape with superior pectus carinatum,
inferior pectus excavatum, and apparently low-set nipples; developmental delay of variable
degree; cryptorchidism; and characteristic facies. Varied coagulation defects and lymphatic
dysplasias are frequently observed. Congenital heart disease occurs in 50%-80% of individuals.
Pulmonary valve stenosis, often with dysplasia, is the most common heart defect and is found
in 20%-50% of individuals. Hypertrophic cardiomyopathy, found in 20%-30% of individuals,
may be present at birth or appear in infancy or childhood. Other structural defects frequently
observed include atrial and ventricular septal defects, branch pulmonary artery stenosis, and
tetralogy of Fallot. Length at birth is usually normal. Final adult height approaches the lower
limit of normal. Mild mental retardation is seen in up to one-third of individuals. Ocular
abnormalities, including strabismus, refractive errors, amblyopia, and nystagmus, occur in up
to 95% of individuals.

Diagnosis/testing.  Diagnosis of NS is made on clinical grounds, by observation of key
features. Affected individuals have normal chromosome studies. PTPN11, KRAS, SOS1, and
RAF1 are the only genes known to be associated with Noonan syndrome. Molecular genetic
testing identifies mutations in the PTPN11 gene in 50% of affected individuals and is available
on a clinical basis. Molecular genetic testing identifies mutations in the RAF1 gene in 3%-17%
of affected individuals and is available on a clinical basis. Molecular genetic testing identifies
mutations in the KRAS gene in fewer than 5% of affected individuals and is available on a
clinical basis. Molecular genetic testing identifies mutation in the SOS1 gene in about 10% of
individuals with Noonan syndrome and is available on a clinical basis.

Management.  Treatment of cardiovascular anomalies in NS is generally the same as in the
general population. Developmental disabilities are addressed by early intervention programs
and individualized education strategies. The bleeding diathesis in NS can have a variety of
causes and the specific treatment for serious bleeding may be guided by knowledge of a factor
deficiency or platelet aggregation anomaly. Growth velocity increases with growth hormone
(GH) treatment. Surveillance includes monitoring of anomalies found in any system, especially
cardiovascular abnormalities.

Genetic counseling.  NS is inherited in an autosomal dominant manner. Many affected
individuals have de novo mutations; however, an affected parent is recognized in 30%-75% of
families. The risk to the sibs of a proband depends upon the genetic status of the parents. If a
parent is affected, the risk is 50%. When the parents are clinically unaffected, the risk to the
sibs of a proband appears to be low (<1%). Each child of an individual with Noonan syndrome
has a 50% chance of inheriting the mutation. Prenatal testing is available if the disease-causing
allele has been identified in an affected family member.
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Diagnosis
Clinical Diagnosis

Diagnosis of Noonan syndrome (NS) is made on clinical grounds, by observation of key
features. Despite a lack of defined diagnostic criteria, the cardinal features of NS are well
delineated [Allanson 1987]:

• Short stature
• Congenital heart defect
• Broad or webbed neck
• Unusual chest shape with superior pectus carinatum, inferior pectus excavatum
• Apparently low-set nipples
• Developmental delay of variable degree
• Cryptorchidism in males
• Characteristic facies. The facial appearance of NS shows considerable change with

age, being most striking in the newborn period and middle childhood, and most subtle
in the adult [Allanson et al 1985]. Key features found irrespective of age include low-
set, posteriorly rotated ears with fleshy helices; vivid blue or blue-green irides; and
eyes that are often wide-spaced, with epicanthal folds and thick or droopy eyelids.

• Others:
– Varied coagulation defects. Coagulation screens such as prothrombin time,

activated partial thromboplastin time, platelet count, and bleeding time often
show abnormalities. Specific testing should identify the particular
coagulation defect. Laboratory findings include von Willebrand disease,
thrombocytopenia, varied coagulation factor defects (factors V, VIII, XI,
XII, protein C), and platelet dysfunction.

– Lymphatic dysplasias

Molecular Genetic Testing
GeneReviews designates a molecular genetic test as clinically available only if the test is listed
in the GeneTests Laboratory Directory by either a US CLIA-licensed laboratory or a non-US
clinical laboratory. GeneTests does not verify laboratory-submitted information or warrant
any aspect of a laboratory's licensure or performance. Clinicians must communicate directly
with the laboratories to verify information.—ED.

Genes.  Four genes are known to be associated with Noonan syndrome:
• PTPN11mutations are observed in about 50% of individuals with Noonan syndrome.
• KRASmutations are observed in fewer than 5% of individuals with Noonan syndrome

[Schubbert et al 2006].
• SOS1mutations are identified in about 13% of individuals with Noonan syndrome.

About 16%-20% of individuals with a clinical diagnosis of Noonan syndrome who
do not have an identified PTPN11 mutation are found to have an SOS1 mutation
[Roberts et al 2006; Tartaglia, Pennacchio et al 2006].

• RAF1mutations are observed in 3%-17% of individuals with Noonan syndrome
[Pandit et al 2007, Razzaque et al 2007].
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Other loci.  Absence of linkage to 12q (the location of the PTPN11 gene) in some families
from the original report suggested locus heterogeneity. It is unclear whether any of these
families may have had KRAS mutations. It is presumed that additional loci may be identified.

Clinical uses
• Confirmatory diagnostic testing
• Prenatal diagnosis

Clinical testing

Sequence analysis
• PTPN11.  Sequence analysis of all exons of PTPN11 detects missense mutations in

about 50% of individuals tested [Tartaglia et al 2001, Tartaglia et al 2002, Jongmans
et al 2004].

• KRAS.  Isolation of genomic DNA and direct, bidirectional sequencing of all exons
of KRAS detects mutations in fewer than 5% of individuals with Noonan syndrome
[Schubbert et al 2006].

• SOS1.  Sequence analysis of exons 1-23 detects all reported missense mutations
[Roberts et al 2006].

• RAF1.  Sequence analysis of exons 1-17 detects all reported missense mutations
[Pandit et al 2007, Razzaque et al 2007].

Table 1 summarizes molecular genetic testing for this disorder.

Table 1. Molecular Genetic Testing Used in Noonan Syndrome

Test Method Mutations Detected Mutation Detection Frequency  1 Test Availability

Sequence analysis PTPN11 mutations 50%
Clinical 

FISH (genomic microarray) analysis PTPN11 deletions <1%  2

Sequence analysis KRAS mutations <5% Clinical 

Sequence analysis SOS1 mutations 10%-13% Clinical 

Sequence analysis RAF1 mutations 3%-17% Clinical 

1. Proportion of affected individuals with a mutation(s) as classified by gene and test method
2. The only reported deletion in PTPN11 was a 3-bp deletion in exon 3 in a female infant with severe features of Noonan syndrome, including
hydrops fetalis and juvenile myelomonocytic leukemia [Yoshida et al 2004]; thus, the use of FISH (genomic microarray analysis) seems unlikely
to detect/diagnose Noonan syndrome.

Interpretation of test results.  For issues to consider in interpretation of sequence analysis
results, click here.

Testing Strategy
1 PTPN11 sequence analysis of exons 3, 8, 9, and 13

2 If no mutation is identified, sequence analysis of SOS1 exons 1-23

3 If no mutation identified in PTPN11 or SOS1, sequence analysis of remaining 11
exons of PTPN11 and of RAF1 exons 7, 14, and 17

4 If no mutation is identified, sequence analysis of remaining RAF1 exons and exons
1-6 of KRAS
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Genetically Related (Allelic) Disorders
PTPN11

• LEOPARD syndrome (lentigines, ECG abnormalities, ocular hypertelorism,
pulmonary stenosis, abnormalities of genitalia, retardation of growth, deafness) is an
autosomal dominant condition with variable expression. It shows significant overlap
with Noonan syndrome, in which pigmentary differences such as nevi (25%), café au
lait patches (10%), and lentigines (3%) are reported. Recently, mutations in exons 7
and 12 of PTPN11 have been reported in LEOPARD syndrome [Digilio et al 2002,
Legius et al 2002]. These reports suggest that Noonan syndrome and LEOPARD
syndrome are allelic conditions, or that a particular genotype-phenotype correlation
exists with certain mutations in PTPN11 leading to the pigmentary changes observed.
It is interesting to note that some families with LEOPARD syndrome show no
PTPN11 mutation or linkage to chromosome 12q; thus this condition, like Noonan
syndrome, is genetically heterogeneous.

• Leukemia and solid tumors.  Juvenile myelomonocytic leukemia (JMML)
constitutes one-third of childhood cases of myelodysplastic syndrome (MDS) and
about 2% of leukemia. Mutations in NRAS, KRAS2, and NF1 have been shown to
deregulate the RAS/MAPK pathway leading to JMML in about 40% of cases.
Recently, somatic mutations in exons 3 and 13 of PTPN11 have been demonstrated
in 34% of a cohort of individuals with JMML [Tartaglia, Niemeyer et al 2003].
Mutations in exon 3 were also found in 19% of children with MDS with an excess of
blast cells, which often evolves into acute myeloid leukemia (AML) and is associated
with poor prognosis. Nonsyndromic AML, especially the monocyte subtype FAB-
MD, has been shown to be caused by PTPN11 mutations. All of these mutations cause
gain of function in tyrosine-protein phosphatase non-receptor type II (SHP-2), likely
leading to an early initiating lesion in JMML oncogenesis with increased cell
proliferation attributable, in part, to prolonged activation of the RAS/MAPK pathway.

More recently, the spectrum of leukemogenesis associated with PTPN11 mutations
has been extended to include childhood acute lymphoblastic leukemia (ALL).
Mutations were observed in 8% of B-cell precursor ALL cases, but not among children
with T-lineage ALL [Tartaglia, Martinelli et al 2004]. Additionally, Bentires-Alj and
colleagues (2004) have described SHP-2-activating PTPN11 mutations in solid
tumors such as breast, lung, and gastric neoplasms, and neuroblastoma.

• Noonan-like/multiple giant-cell lesion syndrome is said to be characterized by
some cardinal features of Noonan syndrome in association with giant cell lesions of
bone and soft tissues (cherubism). PTPN11 mutations have been described in both
familial and simplex (i.e., a single occurrence in a family) cases.

Sarkozy et al (2004) reported a girl whose early phenotype was typical of Noonan
syndrome, but who, over time, developed the hearing loss and lentigines characteristic
of LEOPARD syndrome. Thus, Noonan-like/multiple giant-cell lesion syndrome may
be too limited and inaccurate a term; a variety of PTPN11 mutations, some of them
programming the phenotype of Noonan syndrome and others the phenotype of
LEOPARD syndrome, may also program the development of giant cell lesions.

One family with Noonan-like/multiple giant-cell lesion syndrome has a PTPN11
mutation that has been reported in Noonan syndrome without giant cell lesions
[Tartaglia et al 2002]. Thus, additional genetic factors may be necessary for the giant
cell proliferation to occur.

KRAS.  Mutations in KRAS are rarely associated with cardio-facial-cutaneous syndrome (see
Differential Diagnosis).
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SOS1.  A frameshift mutation in SOS1 has been reported in a single four-generation family
with hereditary gingival fibromatosis [Hart et al 2002]. This condition is a rare form of gingival
overgrowth characterized by benign slowly progressive fibrous enlargement of the maxillary
and mandibular keratinized gingiva. SOS1 mutations have not been reported in other families
with this disorder.

RAF1.  LEOPARD syndrome is also caused by gain-of-function mutations in RAF1. About
one-third of the families without PTPN11 mutations will have a mutation in RAF1.

RAF1 missense mutations are observed rarely in somatic cancer (see Pandit et al 2007,
references).

Clinical Description
Natural History

Females and males are equally likely to be affected.

Facial features.  Differences in facial appearance, albeit subtle at certain ages, are a key clinical
feature.

• In the neonate, tall forehead, hypertelorism with downslanting palpebral fissures,
low-set, posteriorly rotated ears with a thickened helix, a deeply grooved philtrum
with high, wide peaks to the vermillion border of the upper lip, and a short neck with
excess nuchal skin and low posterior hairline are found.

• In infancy, eyes are prominent, with horizontal fissures, hypertelorism, and thickened
or ptotic lids. The nose has a depressed root, wide base, and bulbous tip.

• In childhood, facial appearance is often lacking in affect or expression, resembling
an individual with a myopathy.

• By adolescence, facial shape is an inverted triangle, wide at the forehead, tapering to
a pointed chin. Eyes are less prominent, and features are sharper. The neck lengthens,
accentuating skin webbing or prominence of the trapezius muscle.

• In the older adult, nasolabial folds are prominent, and the skin appears transparent
and wrinkled.

Cardiovascular.  Significant bias in the frequency of congenital heart disease may exist
because many clinicians require the presence of cardiac anomalies for diagnosis of NS. The
frequency of congenital heart disease is estimated to be between 50% and 80% [Allanson
1987, Patton 1994]. An electrocardiographic abnormality is documented in about 90% of
individuals with NS [Sharland, Burch et al 1992], and may be present without concomitant
structural defects.

• Pulmonary valve stenosis, often with dysplasia, is the most common anomaly in NS,
found in 20%-50% of affected individuals [Allanson 1987; Sharland, Burch et al
1992; Ishizawa et al 1996]; it may be isolated or associated with other cardiovascular
defects.

• Hypertrophic cardiomyopathy is found in 20% to 30% of affected individuals
[Allanson 1987; Sharland, Burch et al 1992; Patton 1994; Ishizawa et al 1996]. It may
present at birth, in infancy, or in childhood.

• Other structural defects frequently observed include atrial and ventricular septal
defects, branch pulmonary artery stenosis, and tetralogy of Fallot [Allanson 1987,
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Ishizawa et al 1996]. Coarctation of the aorta is more common than previously thought
[Digilio et al 1998].

Growth.  Birth weight is usually normal, although edema may cause a transient increase
[Allanson 1987, Patton 1994]. Infants with NS frequently have feeding difficulties [Sharland,
Burch et al 1992]. This period of failure to thrive is self limited, although poor weight gain
may persist for up to 18 months.

Length at birth is usually normal. Mean height follows the third centile until puberty, when
below-average growth velocity and attenuated adolescent growth spurt tend to occur. As bone
maturity is usually delayed, prolonged growth potential into the 20s is possible [Allanson
1987; Sharland, Burch et al 1992]. Final adult height approaches the lower limit of normal:
161 cm in males and 150-152 cm in females [Witt et al 1986]. Growth curves have been
developed from these cross-sectional retrospective data [Witt et al 1986]. A recent study
suggests that 30% of affected individuals have height within the normal adult range, while
more than 50% of females and nearly 40% of males have an adult height below the third centile
[Noonan et al 2003].

Decreased IGF1 and IGF-binding-protein-3, together with low responses to provocation,
suggest impaired growth hormone release, or disturbance of the growth hormone/insulin-like
growth factor axis, in some affected persons. Mild growth hormone resistance related to a
postreceptor signalling defect, which may be partially compensated for by elevated growth
hormone secretion, is reported in individuals with Noonan syndrome and a PTPN11 mutation
[Binder et al 2005].

Psychomotor development.  Early developmental milestones may be delayed, likely as a
result, in part, of the combination of joint hyperextensibility and hypotonia.

Most school-age children perform well in a normal educational setting, but 25% have learning
disabilities [Lee et al 2005] and 10% to 15% require special education [Sharland, Burch et al
1992; van der Burgt et al 1999]. Mild mental retardation is observed in up to one-third of
individuals [Mendez & Opitz 1985, Allanson 1987]. Verbal performance is frequently lower
than nonverbal performance. There may be a specific cognitive disability, either in verbal or
praxic reasoning, requiring a special academic strategy and school placement.

Articulation deficiency is common (72%) but usually responds well to intervention therapy.
Language delay may be related to hearing loss, perceptual motor disabilities, or articulation
deficiencies [Allanson 1987].

No particular syndrome of behavioral disability or psychopathology is observed and self-
esteem is comparable to age-related peers [Lee et al 2005].

Ocular.  Ocular abnormalities occur in up to 95% of individuals. They include strabismus,
refractive errors, amblyopia, and nystagmus. Anterior segment and fundus changes are less
frequent [Lee et al 1992; Sharland, Burch et al 1992].

Bleeding diathesis.  Most persons with NS have a history of abnormal bleeding or bruising
[Sharland, Patton et al 1992]. About one-third of all individuals with NS have one or more
coagulation defects [Witt et al 1988]. The coagulopathy may manifest as severe surgical
hemorrhage, clinically mild bruising, or laboratory abnormalities with no clinical
consequences.

Lymphatic.  Varied lymphatic abnormalities are described in individuals with NS [Mendez
& Opitz 1985, Witt et al 1987]. They may be localized or widespread, prenatal and/or postnatal.
Dorsal limb (top of the foot and back of the hand) lymphedema is most common. Less common
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findings include intestinal, pulmonary, or testicular lymphangiectasia; chylous effusions of the
pleural space and/or peritoneum; and localized lymphedema of the scrotum or vulva.

Prenatal features suggestive of Noonan syndrome, likely of a lymphatic nature, include
transient or persistent cystic hygroma, polyhydramnios and, rarely, hydrops fetalis [Gandhi et
al 2004, Yoshida et al 2004, Joo et al 2005].

Genitourinary.  Renal abnormalities, generally mild, are present in 11% of individuals with
NS. Dilatation of the renal pelvis is most common. Duplex collecting systems, minor rotational
anomalies, distal ureteric stenosis, renal hypoplasia, unilateral renal agenesis, unilateral renal
ectopia, and bilateral cysts with scarring are reported less commonly [George et al 1993].

Male pubertal development and subsequent fertility may be normal, delayed, or inadequate
[Mendez & Opitz 1985; Sharland, Burch et al 1992]. Deficient spermatogenesis may be related
to cryptorchidism, which is noted in 60% to 80% of males [Patton 1994, personal data].

Puberty may be delayed in females, with a mean age at menarche of 14.6±1.17 years [Sharland,
Burch et al 1992]. Normal fertility is the rule.

Dermatologic.  Skin differences, particularly follicular keratosis over extensor surfaces and
face, are relatively common and may occasionally be as severe as those found in cardio-facio-
cutaneous syndrome (see Differential Diagnosis) [Pierini & Pierini 1979; Sharland, Burch et
al 1992].

Scalp hair may be curly, thick, and wooly, or sparse and poor growing with easy breakage.

Café-au-lait spots and lentigines are described in NS more frequently than in the general
population [Allanson 1987; Sharland, Burch et al 1992] (see LEOPARD syndrome discussion
in Allelic Disorders).

Other
• Arnold-Chiari I malformation has been reported several times [Holder-Espinasse

& Winter 2003] and the author is aware of at least three other individuals with this
anomaly [Author, personal observation].

• Hepatosplenomegaly is frequent; the cause is unknown [Sharland, Burch et al
1992] but may be related to subclinical myelodysplasia.

• Juvenile myelomonocytic leukemia (JMML) is often caused by somatic mutations
in PTPN11 (see Genetically Related Disorders) [Tartaglia, Niemeyer et al 2003;
Tartaglia, Martinelli et al 2004]. Additionally, individuals with Noonan syndrome
and a germline mutation in PTPN11 have a predisposition to this unusual childhood
leukemia. In general, JMML in Noonan syndrome runs a more benign course, a
finding that may be related to the higher gain-of-function effect of somatic mutations
leading to leukemogenesis [Tartaglia, Martinelli et al 2006].

• Myeloproliferative disorders, either transient or more fulminant, can also occur in
infants with Noonan syndrome [Kratz et al 2005].

Genotype-Phenotype Correlations
PTPN11.  Analysis of a large cohort of individuals with Noonan syndrome [Tartaglia et al
2001, Tartaglia et al 2002] has suggested that PTPN11 mutations are more likely to be found
when pulmonary stenosis is present, whereas hypertrophic cardiomyopathy is less prevalent
among individuals with Noonan syndrome caused by PTPN11 abnormalities.
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Additional cohort analyses have linked PTPN11 mutations to short stature, pectus deformity,
easy bruising, characteristic facial appearance [Zenker et al 2004], and cryptorchidism
[Jongmans et al 2004].

The likelihood of developmental delay does not differ in mutation-positive and -negative
groups, although individuals with the N308D mutation are said to be more likely to receive
normal education [Jongmans et al 2004].

Mutations at codons 61, 71, 72, and 76 are significantly associated with leukemogenesis, and
identify a subgroup of individuals with Noonan syndrome at risk for JMML [Niihori et al
2005].

Knowledge of the postreceptor signalling defect causing mild growth hormone resistance in
individuals with Noonan syndrome and a PTPN11 mutation [Binder et al 2005] might suggest
reduced efficacy of growth hormone treatment in mutation-positive individuals. One published
study supports this hypothesis [Ferreira et al 2005].

KRAS.  No data are currently available as too few cases have been reported.

SOS1.   In a study of 22 individuals with Noonan syndrome who were found to have SOS1
mutations, Tartaglia, Pennacchio et al (2006) concluded that the phenotype in this cohort fell
within the spectrum of Noonan syndrome but emphasized the more frequent occurrence of
ectodermal abnormalities and a greater likelihood of normal development and stature. In a
companion paper, Roberts et al (2006) reported 14 individuals with Noonan syndrome who
were found to have SOS1 mutations. This cohort did not differ in development and stature from
other individuals with Noonan syndrome. Cardiac septal defects were found more frequently
than in individuals with Noonan syndrome and mutations in PTPN11. The study did not make
specific mention of ectodermal findings.

RAF1.  The studies reported to date emphasize a striking correlation with hypertrophic
cardiomyopathy, with 95% of affected individuals showing this feature, in comparison with
the usual prevalence of 18%. This suggests that pathologic cardiomyocyte hypertrophy occurs
because of increased Ras signaling.

Penetrance
Penetrance of Noonan syndrome is difficult to determine because of ascertainment bias and
variable expressivity with frequent subtlety of features. Many affected adults are only
diagnosed after the birth of a more obviously affected infant.

Anticipation
Anticipation has not been described in Noonan syndrome.

Nomenclature
An early term for Noonan syndrome, "male Turner syndrome," implied that the condition
would not be found in females.

Ullrich, in 1949, reported a series of affected individuals and noted a similarity between their
features and those in a strain of mice bred by Bonnevie (webbed neck and lymphedema). The
term Bonnevie-Ullrich syndrome became popular, particularly in Europe.
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Prevalence
Noonan syndrome is common, and reported to occur in between one in 1,000 and one in 2,500
persons. Mild expression is likely to be overlooked.

Differential Diagnosis
For current information on availability of genetic testing for disorders included in this section,
see GeneTests Laboratory Directory. —ED.

Turner syndrome, found only in females, is differentiated from NS by demonstration of a sex
chromosome abnormality on cytogenetic studies in individuals with Turner syndrome. The
phenotype of Turner syndrome is actually quite different, when one considers face, heart,
development, and kidneys. In Turner syndrome, renal anomalies are more common,
developmental delay is much less frequently found, and left-sided heart defects are the rule.

The Watson syndrome phenotype also overlaps with that of neurofibromatosis type 1 and the
two are now known to be allelic. Like Noonan syndrome, features of Watson syndrome include
short stature, pulmonary valve stenosis, variable intellectual development, and skin pigment
changes, such as café au lait patches [Allanson et al 1991].

Cardiofaciocutaneous (CFC) syndrome and Noonan syndrome have the greatest overlap in
features. CFC syndrome has similar cardiac and lymphatic findings [Noonan 2001]. In CFC
syndrome, mental deficiency is usually more severe, with a higher likelihood of structural
central nervous system anomalies; skin pathology is more florid; gastrointestinal problems are
more severe and long lasting; and bleeding diathesis is rare. Facial appearance tends to be more
coarse, dolichocephaly and absent eyebrows are more frequently seen, and blue eyes are less
commonly seen. CFC syndrome occurs sporadically. PTPN11 mutations were not found in a
cohort of 28 affected individuals [Ion et al 2002]. Recently, Rodriguez-Viciana et al (2006)
studied 23 individuals with CFC syndrome and demonstrated mutations in three genes in the
MAPK pathway. In the majority (18 of 23) a BRAF mutation was found, while more rarely a
mutation in MEK1 or MEK2 was found.

Costello syndrome shares features with both NS and CFC [Noonan, personal observations].
Two series of individuals with Costello syndrome have been studied molecularly and no
PTPN11 mutation has been identified [Tartaglia, Cotter et al 2003; Troger et al 2003]. Recently,
germline mutations occurring exclusively in exon 2 of the HRAS proto-oncogene have been
shown to cause Costello syndrome [Aoki et al 2005].

Other.  NS should be distinguished from other syndromes with developmental delay, short
stature, congenital heart defects, and distinctive facies, especially Williams syndrome, Aarskog
syndrome, and in utero exposure to alcohol or primidone.

Management
Evaluations Following Initial Diagnosis

At the time of initial diagnosis of Noonan syndrome (NS), a series of evaluations is
recommended to appropriately guide medical management:

• Complete physical and neurologic examination
• Plotting of growth parameters on NS growth charts [Witt et al 1986]
• Cardiologic evaluation with echocardiography and electrocardiography
• Ophthalmologic evaluation
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• Hearing evaluation
• Coagulation screen
• Renal ultrasound examination with urinalysis if the urinary tract is anomalous
• Clinical and radiographic assessment of spine and rib cage
• Brain and cervical spine MRI, if neurologic symptoms are present
• Multidisciplinary developmental evaluation
• Genetics consultation

Treatment of Manifestations
Treatment of cardiovascular anomalies is generally the same as in the general population.

Any developmental disability should be addressed by early intervention programs and
individualized education strategies.

The bleeding diathesis in Noonan syndrome can have a variety of causes. Specific treatment
for serious bleeding may be guided by knowledge of a factor deficiency or platelet aggregation
anomaly. Factor VIIa has been successfully used to control bleeding caused by hemophilia,
von Willebrand disease, thrombocytopenia, and thrombasthenia. It has also been used in an
infant with Noonan syndrome whose platelet count and prothrombin and partial thromboplastin
times were normal to control severe post-operative blood loss resulting from gastritis [Tofil et
al 2005].

Results of growth hormone (GH) treatment studies from the US, UK and Japan [Ogawa et al
2004] and aggregated European data are expected shortly. Data show that growth velocity
increases with GH treatment, at least over the first three years, with maximum gain in the first
year or two. Only a small number of study participants have reached final adult height. In some
individuals, bone age appeared to advance disproportionately, but this phenomenon is not
unique to treatment of Noonan syndrome. No abnormal impact on ventricular wall size was
noted. As a result of these studies, enthusiasm for GH treatment is considerable in the US while
in other countries such treatment is not initiated without a documented deficiency of GH (see
review of treatment in Allanson 2005). Dutch data [K Noordam, personal communication]
suggest a 1.3 standard deviation gain in final height (7 cm), leading endocrinologists in Holland
to reserve use of growth hormone for affected individuals whose expected final height would
be less than the mean for Noonan syndrome.

Surveillance
If anomalies are found in any system, periodic follow-up should be planned and lifelong
monitoring may be necessary, especially of cardiovascular abnormalities.

Agents/Circumstances to Avoid
Aspirin therapy should be avoided.

Therapies Under Investigation
Search ClinicalTrials.gov for access to information on clinical studies for a wide range of
diseases and conditions. Note: There may not be clinical trials for this disorder.
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Other
Genetics clinics, staffed by genetics professionals, provide information for individuals and
families regarding the natural history, treatment, mode of inheritance, and genetic risks to other
family members as well as information about available consumer-oriented resources. See the
GeneTests Clinic Directory.

Support groups have been established for individuals and families to provide information,
support, and contact with other affected individuals. The Resources section may include
disease-specific and/or umbrella support organizations.

Genetics clinics are a source of information for individuals and families regarding the natural
history, treatment, mode of inheritance, and genetic risks to other family members as well as
information about available consumer-oriented resources. See the GeneTests Clinic
Directory.

Support groups have been established for individuals and families to provide information,
support, and contact with other affected individuals. The Resources section (below) may
include disease-specific and/or umbrella support organizations.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on
the nature, inheritance, and implications of genetic disorders to help them make informed
medical and personal decisions. The following section deals with genetic risk assessment and
the use of family history and genetic testing to clarify genetic status for family members. This
section is not meant to address all personal, cultural, or ethical issues that individuals may
face or to substitute for consultation with a genetics professional. To find a genetics or prenatal
diagnosis clinic, see the GeneTests Clinic Directory.

Mode of Inheritance
Noonan syndrome is inherited in an autosomal dominant manner.

Risk to Family Members
Parents of a proband

• Many affected individuals have de novo mutations; however, an affected parent is
recognized in 30%-75% of families [Mendez & Opitz 1985, Allanson 1987]. In
simplex cases (i.e., those with no known family history), paternal origin of the
mutation has been found universally to date [Tartaglia, Cordeddu et al 2004]. In this
cohort, advanced paternal age was observed along with a significant sex-ratio bias
favoring transmission to males, which is thus far unexplained.

• It is appropriate to evaluate both parents, including a thorough physical examination
with particular attention to the features of NS; echo- and electrocardiography;
coagulation screening; and review of photographs of the face at all ages, searching
for characteristic features of NS. Molecular genetic testing of parents is available on
a clinical basis if the proband has an identified disease-causing mutation.

Sibs of a proband
• The risk to the sibs of a proband depends upon the genetic status of the parents.
• If a parent is affected or has the disease-causing mutation that was identified in the

proband, the risk to the sibs is 50%.
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• When the parents are clinically unaffected and do not have the disease-causing
mutation found in the proband, the risk to the sibs of a proband appears to be low
(<1%). No instances of germline mosaicism have been reported, although it remains
a possibility.

Offspring of a proband.  Each child of an individual with NS has a 50% chance of inheriting
the mutation.

Other family members of a proband.  The risk to other family members depends upon the
genetic status of the proband's parents. If a parent is found to be affected, his or her family
members are at risk.

Related Genetic Counseling Issues
Family planning.  The optimal time for determination of genetic risk and discussion of the
availability of prenatal testing is before pregnancy.

Considerations in families with an apparent de novo mutation.  When neither parent of a
proband with an autosomal dominant condition has the disease-causing mutation or clinical
evidence of the disorder, it is likely that the proband has a de novo mutation. However, possible
non-medical explanations including alternate paternity or undisclosed adoption could also be
explored.

DNA banking.  DNA banking is the storage of DNA (typically extracted from white blood
cells) for possible future use. Because it is likely that testing methodology and our
understanding of genes, mutations, and diseases will improve in the future, consideration
should be given to banking DNA of affected individuals. DNA banking is particularly relevant
in situations in which the sensitivity of currently available testing is less than 100%. See DNA
Banking for a list of laboratories offering this service.

Prenatal Testing
High-risk pregnancy

• Molecular genetic testing.  Prenatal diagnosis for pregnancies at increased risk for
Noonan syndrome is possible by analysis of DNA extracted from fetal cells obtained
by amniocentesis usually performed at about 15-18 weeks' gestation or chorionic
villus sampling (CVS) at about ten to 12 weeks' gestation. The disease-causing allele
of an affected family member must be identified or linkage established in the family
before prenatal testing can be performed.

Note: Gestational age is expressed as menstrual weeks calculated either from the first
day of the last normal menstrual period or by ultrasound measurements.

• Ultrasound examination.  For pregnancies at 50% risk, high-resolution ultrasound
examination is also available. A common prenatal indicator of NS, caused by
lymphatic dysfunction or abnormality, is a cystic hygroma, which may be
accompanied by scalp edema, polyhydramnios, pleural and pericardial effusions,
ascites, and/or frank hydrops fetalis. The presence of these findings should suggest
the diagnosis of NS. In addition, a search for a cardiac defect should be made, although
a recent study has pointed out how infrequently such a defect will be detected
prenatally [Menashe et al 2002].

Low-risk pregnancy.  Although the ultrasonographic findings described above suggest the
diagnosis of Noonan syndrome in high-risk pregnancies, they are nonspecific and may be
associated with cardiovascular defects or other chromosomal and non-chromosomal
syndromes.
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Preimplantation genetic diagnosis (PGD) may be available for families in which the disease-
causing mutation has been identified. For laboratories offering PGD, see .

Molecular Genetics
Information in the Molecular Genetics tables is current as of initial posting or most recent
update. —ED.

Table A. Molecular Genetics of Noonan Syndrome

Gene Symbol Chromosomal Locus Protein Name

KRAS 12p12.1 GTPase KRas

PTPN11 12q24.1 Tyrosine-protein phosphatase non-receptor type 11

RAF1 3p25 RAF proto-oncogene serine/threonine-protein kinase

SOS1 2p22-p21 Son of sevenless homolog 1

Data are compiled from the following standard references: Gene symbol from HUGO; chromosomal locus, locus name, critical region,
complementation group from OMIM; protein name from Swiss-Prot.

Table B. OMIM Entries for Noonan Syndrome

 163950 NOONAN SYNDROME 1; NS1

 164760 V-RAF-1 MURINE LEUKEMIA VIRAL ONCOGENE HOMOLOG 1; RAF1

 176876 PROTEIN-TYROSINE PHOSPHATASE, NONRECEPTOR-TYPE, 11; PTPN11

 182530 SON OF SEVENLESS, DROSOPHILA, HOMOLOG 1; SOS1

 190070 V-KI-RAS2 KIRSTEN RAT SARCOMA VIRAL ONCOGENE HOMOLOG; KRAS

 609942 NOONAN SYNDROME 3

 610733 NOONAN SYNDROME 4; NS4

Table C. Genomic Databases for Noonan Syndrome

Gene Symbol Entrez Gene HGMD

KRAS 3845 (MIM No. 190070)  

PTPN11 5781 (MIM No. 163950) PTPN11

RAF1 5894 (MIM No. 164760) RAF1

SOS1 6654 (MIM No. 182530) SOS1

For a description of the genomic databases listed, click here.

Note:  HGMD requires registration.

PTPN11

Normal allelic variants: Tartaglia et al (2001) identified the PTPN11 gene as causative of
Noonan syndrome. The gene comprises 15 exons, with two tandemly arranged SRC-2
homology 2 (SH2) domains at the N terminus (N-SH2 and C-SH2), a single catalytic protein
tyrosine phosphatase (PTP) domain, and a carbody tail with two TP sites and a proline-rich
stretch. The SH2-PTP interaction maintains TP sites and a proline-rich stretch. The SH2-PTP
interaction maintains the protein in an inactive state.

Pathologic allelic variants: Missense mutations in PTPN11 were identified in 50% of
individuals examined. Ninety-five percent of mutations alter residues at or close to the SH2-
PTP interacting surfaces, which are involved in switching between active and inactive
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conformations of the protein and cause catalytic activation and gain of function. Five percent
of the mutations alter sensitivity to activation from binding partners. One 3-bp deletion has
been described [Tartaglia et al 2002; Fragale et al 2004].

Normal gene product: PTPN11 encodes tyrosine-protein phosphatase non-receptor type II
(SHP-2), a widely expressed extra-cellular protein. The protein is a key molecule in the cellular
response to growth factors, hormones, cytokines and cell adhesion molecules. It is required in
several intracellular signal transduction pathways that control diverse developmental processes
(including cardiac semilunar valvulogenesis and blood cell progenitor commitment and
differentiation) and has a role in modulating cellular proliferation, differentiation, migration,
and apoptosis [Tartaglia et al 2002, Fragale et al 2004].

Abnormal gene product: Activation of tyrosine-protein phosphatase non-receptor type II
stimulates epidermal growth factor-mediated RAS/ERK/MAPK activation, increasing cell
proliferation [Tartaglia et al 2002, Fragale et al 2004].

KRAS

Normal allelic variants: The gene has four exons spanning 45 kb. Alternative splicing results
in two isoforms (4a and 4b) that differ at the C terminus. In 98% of transcripts, exon 4a is
spliced out and only exon 4b is available for translation into protein. The effector or switch
domains are part of exons 1 and 2, while binding to guanine nucleotide exchange factors occurs
in exon 3.

Pathologic allelic variants: Somatic KRAS and NRAS mutations have been found in myeloid
malignancies and other cancers. The association between abnormal Kras and Noonan
syndrome is the first evidence of a role in embryonic development. These gain-of-function
mutations confer similar biochemical and cellular phenotypes as Noonan syndrome-associated
SHP-2 mutations.

Normal gene product: Ras proteins regulate cell fates by cycling between active guanosine
triphosphate (GTP)-bound and inactive guanosine diphosphate (GDP)-bound conformations.
They are key regulators of the RAS-RAF-MEK-ERK pathway, which is important for
proliferation, growth and death of cells.

Abnormal gene product: The abnormal K-Ras protein induces hypersensitivity of primary
hematopoietic progenitor cells to growth factors and deregulates signal transduction in a cell
lineage-specific manner. Strong gain-of-function KRAS mutations may be incompatible with
life.

SOS1

Normal allelic variants: Human SOS1 comprises 23 exons and encodes a 150-kd multidomain
protein. The gene contains a RAS-GEF (guanine nucleotide exchange factor) domain, a
conserved histone-like fold, Dbl homology (DH) and plekstrin homology (PH) domains, a
helical linker, a RAS exchange motif (REM) and a proline-rich region. The Dbl homology
domain may act as a guanine nucleotide exchange factor (GEF) for the RAC family small G
proteins (RAC-GEF). SOS1 has two RAS binding sites: an effector site in the Cdc25 domain
and an allosteric site formed by the REM and Cdc25 domains. RAS binding to the allosteric
site enhances RAS-GEF activity. The DH-PH module controls RAS binding at this site and
likely acts as an intramolecular inhibitor of RAS-GEF activity. The entire N terminus functions
as an integrated unit to inhibit the REM-Cdc25 domain.
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Pathologic allelic variants: Noonan syndrome-associatred SOS1 missense mutations are
hypermorphic. The vast majority are located in highly conserved sites. They cluster at codons
encoding residues implicated in the maintenance of SOS1 in its autoinhibited form. One such
cluster is found in the PH domain and may disrupt the autoinhibited conformation by
destabilizing the conformation of the DH domain. Another cluster resides in the helical linker
between the DH and REM domains. A third cluster affects residues that mediate the interaction
between the DH and Rem domains.

Normal gene product: SOS1 is a RAS-specific guanine nucleotide exchange factor (GEF).
The protein is autoinhibited owing to complex regulatory intra- and intermolecular interactions.
After receptor tyrosine kinase (RTK) stimulation, SOS1 is recruited to the plasma membrane,
where it acquires a catalytically active conformation. It then, in turn, catalyses activation of
the RAS-MAPK pathway by conversion of RAS-GDP to RAS-GTP.

Abnormal gene product: Noonan syndrome-associated SOS1 mutations abrogate
autoinhibition, increasing and prolonging RAS activation and downstream signaling through
enhanced RAS-GEF activity. Somatic SOS1 mutations have not been found in cancer.

RAF1

Normal allelic variants: Human RAF1 comprises 17 exons. It has three conserved regions
(CR). CR1, exons 2-5, contains a RAS-binding domain (RBD) and a cysteine-rich domain
(CRD). CR2 lies in exon 7, while CR3, which spans exons 10-17, contains an activation
segment. The gene is highly regulated with numerous serine and threonine residues that can
be phosphorylated, resulting in activation or inactivation. Ser259, which is in CR2, is
particularly important. In the inactive state, the N terminus of RAF1 interacts with and
inactivates the kinase domain at the C terminus. This conformation is stabilized by 14-3-3
protein dimers that bind to phosphorylated Ser259 and Ser261. Dephosphorylation of Ser259
facilitates binding of RAF1 to RAS-GTP and propagation of the signal through the RAS-MAPK
cascade via RAF1MEK kinase activity.

Pathologic allelic variants: The consensus 14-3-3 recognition site includes Arg256, Ser257,
Ser259, and Pro261 in exon 7. Many of the mutations identified in Noonan syndrome cluster
in this CR2 domain, interfere with 14-3-3 binding, and cause greater kinase activity than wild-
type protein, both basally and after EGF stimulation. Other mutations reside in the RAF
activation segment in CR3 and show reduced or absent kinase activity. However, they still
result in constitutive ERK activation. Somatic RAF1 mutations have only rarely been found in
cancer. Most of these cancer-causing mutations do not cluster in the CR2 and CR3 hot spots.

Normal gene product: RAF1 is ubiquitously expressed and encodes a protein of 648 amino
acids with three domains. CR1 contains a Ras-binding domain, CR2 is a site of regulatory
phosphorylation and association with the 14-3-3 protein. CR1 and CR2 both have negative
regulatory function, removal of which results in oncogenic activity. The kinase domain, CR3,
also associates with 14-3-3.

Abnormal gene product: Noonan syndrome-associated RAF1 mutations increase and prolong
RAS activation and downstream signaling through enhanced RAS-GEF activity and reduced
14-3-3 binding and autoinhibition.

Resources
GeneReviews provides information about selected national organizations and resources for
the benefit of the reader. GeneReviews is not responsible for information provided by other
organizations. Information that appears in the Resources section of a GeneReview is current
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as of initial posting or most recent update of the GeneReview. Search GeneTestsfor this

disorder and select for the most up-to-date Resources information.—ED.

National Library of Medicine Genetics Home Reference
Noonan syndrome

The Noonan Syndrome Support Group
PO Box 145 
Upperco MD 21155 
Phone: 888-686-2224; 410-374-5245 
Email: info@noonansyndrome.org 
www.noonansyndrome.org

Human Growth Foundation
997 Glen Cove Avenue Suite 5 
Glen Head NY 11545 
Phone: 800-451-6434 
Fax: 516-671-4055 
Email: hgf1@hgfound.org 
www.hgfound.org

The MAGIC Foundation
6645 West North Avenue 
Oak Park IL 60302 
Phone: 800-362-4423; 708-383-0808 
Fax: 708-383-0899 
Email: info@magicfoundation.org 
www.magicfoundation.org

Genetic Alliance BioBank
A centralized biological and data [consent/clinical/environmental] repository to enable
translational genomic research on rare genetic diseases.
Phone: 202-966-5557 
Email: sterry@geneticalliance.org 
www.biobank.org

References
Medical Genetic Searches: A specialized PubMed search designed for clinicians that is located
on the PubMed Clinical Queries page. 

Published Statements and Policies Regarding Genetic Testing
No specific guidelines regarding genetic testing for this disorder have been developed.

Literature Cited
Allanson J. Noonan syndrome. In: Cassidy SB, Allanson JE (eds) Management of Genetic Syndromes.

Wiley-Liss, NY. 2005
Allanson JE. Noonan syndrome. J Med Genet. 1987;24:9–13. [PubMed: 3543368]
Allanson JE, Hall JG, Hughes HE, Preus M, Witt RD. Noonan syndrome: the changing phenotype. Am

J Med Genet. 1985;21:507–14. [PubMed: 4025385]

Page 16

GeneReviews: Noonan Syndrome

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?PrId=5505&uid=9999&db=books&url=http://www.genetests.org/servlet/access?id=INSERTID&fcn=y&fw=RsjD&filename=/labsearch/searchdztest.html
http://ghr.nlm.nih.gov/condition=noonansyndrome
http://www.noonansyndrome.org
http://www.hgfound.org
http://www.magicfoundation.org
http://www.biobank.org/?
http://www.ncbi.nlm.nih.gov/entrez/query/static/clinical.shtml
http://www.ncbi.nlm.nih.gov/pubmed/3543368
http://www.ncbi.nlm.nih.gov/pubmed/4025385


Allanson JE, Upadhyaya M, Watson GH, Partington M, MacKenzie A, Lahey D, MacLeod H, Sarfarazi
M, Broadhead W, Harper PS, et al. Watson syndrome: is it a subtype of type 1 neurofibromatosis? J
Med Genet. 1991;28:752–6. [PubMed: 1770531]

Aoki Y, Niihori H, Kurosawa K, Ohashi H, Tanaka Y, Filocamo M, Kato K, Suzuki Y, Kure S, Matsubara
Y. Germline mutations in HRAS proto-oncogene cause Costello syndrome. Nat Genet. 2005;37:1038–
40. [PubMed: 16170316]

Bentires-Alj M, Paez JG, David FS, Keilhack H, Halmos B, Naoki K, Maris JM, Richardson A, Bardelli
A, Sugarbaker DJ, Richards WG, Du J, Girard L, Minna JD, Loh ML, Fisher DE, Velculescu VE,
Vogelstein B, Meyerson M, Sellers WR, Neel BG. Activating mutations of the noonan syndrome-
associated SHP2/PTPN11 gene in human solid tumors and adult acute myelogenous leukemia. Cancer
Res. 2004;64:8816–20. [PubMed: 15604238]

Binder G, Neuer K, Ranke MB, Wittekindt NE. PTPN11 mutations are associated with mild growth
hormone resistance in individuals with Noonan syndrome. J Clin Endocrinol Metab. 2005;90:5377–
81. [PubMed: 15985475]

Digilio MC, Conti E, Sarkozy A, Mingarelli R, Dottorini T, Marino B, Pizzuti A, Dallapiccola B.
Grouping of multiple-lentigines/LEOPARD and Noonan syndromes on the PTPN11 gene. Am J Hum
Genet. 2002;71:389–94. [PubMed: 12058348]

Digilio MC, Marino B, Picchio F, Prandstraller D, Toscano A, Giannotti A, Dallapiccola B. Noonan
syndrome and aortic coarctation. Am J Med Genet. 1998;80:160–2. [PubMed: 9805134]

Ferreira LV, Souza SA, Arnhold IJ, Mendonca BB, Jorge AA. PTPN11 (protein tyrosine phosphatase,
nonreceptor type 11) mutations and response to growth hormone therapy in children with Noonan
syndrome. J Clin Endocrinol Metab. 2005;90:5156–60. [PubMed: 15956085]

Fragale A, Tartaglia M, Wu J, Gelb BD. Noonan syndrome-associated SHP2/PTPN11 mutants cause
EGF-dependent prolonged GAB1 binding and sustained ERK2/MAPK1 activation. Hum Mutat.
2004;23:267–77. [PubMed: 14974085]

Gandhi SV, Howarth ES, Krarup KC, Konje JC. Noonan syndrome presenting with transient cystic
hygroma. J Obstet Gynaecol. 2004;24:183–4. [PubMed: 14766467]

George CD, Patton MA, el Sawi M, Sharland M, Adam EJ. Abdominal ultrasound in Noonan syndrome:
a study of 44 patients. Pediatr Radiol. 1993;23:316–8. [PubMed: 8414765]

Hart TC, Zhang Y, Gorry MC, Hart PS, Cooper M, Marazita ML, Marks JM, Cortelli JR, Pallos D. A
mutation in the SOS1 gene causes hereditary gingival fibromatosis type 1. Am J Hum Genet.
2002;70:943–54. [PubMed: 11868160]

Holder-Espinasse M, Winter RM. Type I Arnold-Chiari malformation and Noonan syndrome. Clin
Dysmorphol. 2003;12 [PubMed: 14564218]

Ion A, Tartaglia M, Song X, Kalidas K, van der Burgt I, Shaw AC, Ming JE, Zampino G, Zackai EH,
Dean JC, Somer M, Parenti G, Crosby AH, Patton MA, Gelb BD, Jeffery S. Absence of PTPN11
mutations in 28 cases of cardiofaciocutaneous (CFC) syndrome. Hum Genet. 2002;111:421–7.
[PubMed: 12384786]

Ishizawa A, Oho S, Dodo H, Katori T, Homma SI. Cardiovascular abnormalities in Noonan syndrome:
the clinical findings and treatments. Acta Paediatr Jpn. 1996;38:84–90. [PubMed: 8992869]

Jongmans M, Otten B, Noordam K, van der Burgt I. Genetics and variation in phenotype in Noonan
syndrome. Horm Res 62 Suppl. 2004;3:56–9. [PubMed: 15539800]

Joo JG, Beke A, Toth-Pal E, Csaba A, Papp C. Successful pregnancy in a Noonan syndrome patient after
3 unsuccessful pregnancies from severe fetal hydrops: a case report. J Reprod Med. 2005;50:373–6.
[PubMed: 15971489]

Kratz CP, Niemeyer CM, Castleberry RP, Cetin M, Bergstrasser E, Emanuel PD, Hasle H, Kardos G,
Klein C, Kojima S, Stary J, Trebo M, Zecca M, Gelb BD, Tartaglia M, Loh ML. The mutational
spectrum of PTPN11 in juvenile myelomonocytic leukemia and Noonan syndrome/
myeloproliferative disease. Blood. 2005;106:2183–5. [PubMed: 15928039]

Lee DA, Portnoy S, Hill P, Gillberg C, Patton MA. Psychological profile of children with Noonan
syndrome. Dev Med Child Neurol. 2005;47:35–8. [PubMed: 15686287]

Lee NB, Kelly L, Sharland M. Ocular manifestations of Noonan syndrome. Eye 6 (Pt. 1992;3):328–34.
[PubMed: 1446772]

Page 17

GeneReviews: Noonan Syndrome

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

http://www.ncbi.nlm.nih.gov/pubmed/1770531
http://www.ncbi.nlm.nih.gov/pubmed/16170316
http://www.ncbi.nlm.nih.gov/pubmed/15604238
http://www.ncbi.nlm.nih.gov/pubmed/15985475
http://www.ncbi.nlm.nih.gov/pubmed/12058348
http://www.ncbi.nlm.nih.gov/pubmed/9805134
http://www.ncbi.nlm.nih.gov/pubmed/15956085
http://www.ncbi.nlm.nih.gov/pubmed/14974085
http://www.ncbi.nlm.nih.gov/pubmed/14766467
http://www.ncbi.nlm.nih.gov/pubmed/8414765
http://www.ncbi.nlm.nih.gov/pubmed/11868160
http://www.ncbi.nlm.nih.gov/pubmed/14564218
http://www.ncbi.nlm.nih.gov/pubmed/12384786
http://www.ncbi.nlm.nih.gov/pubmed/8992869
http://www.ncbi.nlm.nih.gov/pubmed/15539800
http://www.ncbi.nlm.nih.gov/pubmed/15971489
http://www.ncbi.nlm.nih.gov/pubmed/15928039
http://www.ncbi.nlm.nih.gov/pubmed/15686287
http://www.ncbi.nlm.nih.gov/pubmed/1446772


Legius E, Schrander-Stumpel C, Schollen E, Pulles-Heintzberger C, Gewillig M, Fryns JP. PTPN11
mutations in LEOPARD syndrome. J Med Genet. 2002;39:571–4. [PubMed: 12161596]

Menashe M, Arbel R, Raveh D, Achiron R, Yagel S. Poor prenatal detection rate of cardiac anomalies
in Noonan syndrome. Ultrasound Obstet Gynecol. 2002;19:51–5. [PubMed: 11851968]

Mendez HM, Opitz JM. Noonan syndrome: a review. Am J Med Genet. 1985;21:493–506. [PubMed:
3895929]

Niihori T, Aoki Y, Ohashi H, Kurosawa K, Kondoh T, Ishikiriyama S, Kawame H, Kamasaki H,
Yamanaka T, Takada F, Nishio K, Sakurai M, Tamai H, Nagashima T, Suzuki Y, Kure S, Fujii K,
Imaizumi M, Matsubara Y. Functional analysis of PTPN11/SHP-2 mutants identified in Noonan
syndrome and childhood leukemia. J Hum Genet. 2005;50:192–202. [PubMed: 15834506]

Noonan JA. Cardiac findings in cardio-facio-cutaneous syndrome: similarities to Noonan and Costello
syndromes. Proc Greenwood Gen Ctr . 2001

Noonan JA, Raaijmakers R, Hall BD. Adult height in Noonan syndrome. Am J Med Genet A.
2003;123:68–71. [PubMed: 14556249]

Ogawa M, Moriya N, Ikeda H, Tanae A, Tanaka T, Ohyama K, Mori O, Yazawa T, Fujita K, Seino Y,
Kubo T, Tanaka H, Nishi Y, Yoshimoto M. Clinical evaluation of recombinant human growth
hormone in Noonan syndrome. Endocr J. 2004;51:61–8. [PubMed: 15004410]

Pandit B, Sarkozy A, Pennacchio LA, Carta C, Oishi K, Martinelli S, Pogna EA, Schackwitz W,
Ustaszewska A, Landstrom A, Bos JM, Ommen SR, Esposito G, Lepri F, Faul C, Mundel P, Lopez
Siguero JP, Tenconi R, Selicorni A, Rossi C, Mazzanti L, Torrente I, Marino B, Digilio MC, Zampino
G, Ackerman MJ, Dallapiccola B, Tartaglia M, Gelb BD. Gain-of-function RAF1 mutations cause
Noonan and LEOPARD syndromes with hypertrophic cardiomyopathy. Nat Genet. 2007;39:1007–
12. [PubMed: 17603483]

Patton MA. Noonan syndrome: a review. Growth, Genetics and Hormones. 1994;10:1–3.
Pierini DO, Pierini AM. Keratosis pilaris atrophicans faciei (ulerythema ophryogenes): a cutaneous

marker in the Noonan syndrome. Br J Dermatol. 1979;100:409–16. [PubMed: 454568]
Razzaque MA, Nishizawa T, Komoike Y, Yagi H, Furutani M, Amo R, Kamisago M, Momma K,

Katayama H, Nakagawa M, Fujiwara Y, Matsushima M, Mizuno K, Tokuyama M, Hirota H,
Muneuchi J, Higashinakagawa T, Matsuoka R. Germline gain-of-function mutations in RAF1 cause
Noonan syndrome. Nat Genet. 2007;39:1013–7. [PubMed: 17603482]

Roberts AE, Araki T, Swanson KD, Montgomery KT, Schiripo TA, Joshi VA, Li L, Yassin Y, Tamburino
AM, Neel BG, Kucherlapati RS. Germline gain-of-function mutations in SOS1 cause Noonan
syndrome. Nat Genet [Epub ahead of print]. 2006 [PubMed: 17143285]

Rodriguez-Viciana P, Tetsu O, Tidyman WE, Estep AL, Conger BA, Santa Cruz M, McCormick F, Rauen
KA. Germline Mutations in Genes within the MAPK Pathway Cause Cardio-facio-cutaneous
Syndrome. Science. 2006;311:1287–90. [PubMed: 16439621]

Sarkozy A, Obregon MG, Conti E, Esposito G, Mingarelli R, Pizzuti A, Dallapiccola B. A novel PTPN11
gene mutation bridges Noonan syndrome, multiple lentigines/LEOPARD syndrome and Noonan-
like/multiple giant cell lesion syndrome. Eur J Hum Genet. 2004;12:1069–72. [PubMed:
15470362]

Schubbert S, Zenker M, Rowe SL, Boll S, Klein C, Bollag G, van der Burgt I, Musante L, Kalscheuer
V, Wehner LE, Nguyen H, West B, Zhang KY, Sistermans E, Rauch A, Niemeyer CM, Shannon K,
Kratz CP. Germline KRAS mutations cause Noonan syndrome. Nat Genet. 2006;38:331–6.
[PubMed: 16474405]

Sharland M, Burch M, McKenna WM, Paton MA. A clinical study of Noonan syndrome. Arch Dis Child.
1992;67:178–83. [PubMed: 1543375]

Sharland M, Patton MA, Talbot S, Chitolie A, Bevan DH. Coagulation-factor deficiencies and abnormal
bleeding in Noonan's syndrome. Lancet. 1992;339:19–21. [PubMed: 1345952]

Tartaglia M, Cordeddu V, Chang H, Shaw A, Kalidas K, Crosby A, Patton MA, Sorcini M, van der Burgt
I, Jeffery S, Gelb BD. Paternal germline origin and sex-ratio distortion in transmission of PTPN11
mutations in Noonan syndrome. Am J Hum Genet. 2004;75:492–7. [PubMed: 15248152]

Tartaglia M, Cotter PD, Zampino G, Gelb BD, Rauen KA. Exclusion of PTPN11 mutations in Costello
syndrome: further evidence for distinct genetic etiologies for Noonan, cardio-facio-cutaneous and
Costello syndromes. Clin Genet. 2003;63:423–6. [PubMed: 12752577]

Page 18

GeneReviews: Noonan Syndrome

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

http://www.ncbi.nlm.nih.gov/pubmed/12161596
http://www.ncbi.nlm.nih.gov/pubmed/11851968
http://www.ncbi.nlm.nih.gov/pubmed/3895929
http://www.ncbi.nlm.nih.gov/pubmed/15834506
http://www.ncbi.nlm.nih.gov/pubmed/14556249
http://www.ncbi.nlm.nih.gov/pubmed/15004410
http://www.ncbi.nlm.nih.gov/pubmed/17603483
http://www.ncbi.nlm.nih.gov/pubmed/454568
http://www.ncbi.nlm.nih.gov/pubmed/17603482
http://www.ncbi.nlm.nih.gov/pubmed/17143285
http://www.ncbi.nlm.nih.gov/pubmed/16439621
http://www.ncbi.nlm.nih.gov/pubmed/15470362
http://www.ncbi.nlm.nih.gov/pubmed/16474405
http://www.ncbi.nlm.nih.gov/pubmed/1543375
http://www.ncbi.nlm.nih.gov/pubmed/1345952
http://www.ncbi.nlm.nih.gov/pubmed/15248152
http://www.ncbi.nlm.nih.gov/pubmed/12752577


Tartaglia M, Kalidas K, Shaw A, Song X, Musat DL, van der Burgt I, Brunner HG, Bertola DR, Crosby
A, Ion A, Kucherlapati RS, Jeffery S, Patton MA, Gelb BD. PTPN11 mutations in Noonan syndrome:
molecular spectrum, genotype-phenotype correlation, and phenotypic heterogeneity. Am J Hum
Genet. 2002;70:1555–63. [PubMed: 11992261]

Tartaglia M, Martinelli S, Cazzaniga G, Cordeddu V, Iavarone I, Spinelli M, Palmi C, Carta C, Pession
A, Arico M, Masera G, Basso G, Sorcini M, Gelb BD, Biondi A. Genetic evidence for lineage-related
and differentiation stage-related contribution of somatic PTPN11 mutations to leukemogenesis in
childhood acute leukemia. Blood. 2004;104:307–13. [PubMed: 14982869]

Tartaglia M, Martinelli S, Stella L, Bocchinfuso G, Flex E, Cordeddu V, Zampino G, Burgt I, Palleschi
A, Petrucci TC, Sorcini M, Schoch C, Foa R, Emanuel PD, Gelb BD. Diversity and Functional
Consequences of Germline and Somatic PTPN11 Mutations in Human Disease. Am J Hum Genet.
2006;78:279–90. [PubMed: 16358218]

Tartaglia M, Mehler EL, Goldberg R, Zampino G, Brunner HG, Kremer H, van der Burgt I, Crosby AH,
Ion A, Jeffery S, Kalidas K, Patton MA, Kucherlapati RS, Gelb BD. Mutations in PTPN11, encoding
the protein tyrosine phosphatase SHP-2, cause Noonan syndrome. Nat Genet. 2001;29:465–8.
[PubMed: 11704759]

Tartaglia M, Niemeyer CM, Fragale A, Song X, Buechner J, Jung A, Hahlen K, Hasle H, Licht JD, Gelb
BD. Somatic mutations in PTPN11 in juvenile myelomonocytic leukemia, myelodysplastic
syndromes and acute myeloid leukemia. Nat Genet. 2003;34:148–50. [PubMed: 12717436]

Pennacchio LA, Zhao C, Yadav KK, Fodale V, Sarkozy A, Pandit B, Oishi K, Martinelli S, Schackwitz
W, Ustaszewska A, Martin J, Bristow J, Carta C, Lepri F, Neri C, Vasta I, Gibson K, Curry CJ,
Siguero JP, Digilio MC, Zampino G, Dallapiccola B, Bar-Sagi D, Gelb BD. Gain-of-function SOS1
mutations cause a distinctive form of Noonan syndrome. Nat Genet [Epub ahead of print]. 2006
[PubMed: 17143282]

Tofil NM, Winkler MK, Watts RG, Noonan J. The use of recombinant factor VIIa in a patient with
Noonan syndrome and life-threatening bleeding. Pediatr Crit Care Med. 2005;6:352–4. [PubMed:
15857538]

Troger B, Kutsche K, Bolz H, Luttgen S, Gal A, Almassy Z, Caliebe A, Freisinger P, Hobbiebrunken E,
Morlot M, Stefanova M, Streubel B, Wieczorek D, Meinecke P. No mutation in the gene for Noonan
syndrome, PTPN11, in 18 patients with Costello syndrome. Am J Med Genet. 2003;121A:82–4.
[PubMed: 12900909]

van der Burgt I, Thoonen G, Roosenboom N, Assman-Hulsmans C, Gabreels F, Otten B, Brunner HG.
Patterns of cognitive functioning in school-aged children with Noonan syndrome associated with
variability in phenotypic expression. J Pediatr. 1999;135:707–13. [PubMed: 10586173]

Witt DR, Hoyme HE, Zonana J, Manchester DK, Fryns JP, Stevenson JG, Curry CJ, Hall JG.
Lymphedema in Noonan syndrome: clues to pathogenesis and prenatal diagnosis and review of the
literature. Am J Med Genet. 1987;27:841–56. [PubMed: 3321992]

Witt DR, Keena BA, Hall JG, Allanson JE. Growth curves for height in Noonan syndrome. Clin Genet.
1986;30:150–3. [PubMed: 3780030]

Witt DR, McGillivray BC, Allanson JE, Hughes HE, Hathaway WE, Zipursky A, Hall JG. Bleeding
diathesis in Noonan syndrome: a common association. Am J Med Genet. 1988;31:305–17. [PubMed:
3232698]

Yoshida R, Miyata M, Nagai T, Yamazaki T, Ogata T. A 3-bp deletion mutation of PTPN11 in an infant
with severe Noonan syndrome including hydrops fetalis and juvenile myelomonocytic leukemia. Am
J Med Genet A. 2004;128:63–6. [PubMed: 15211660]

Zenker M, Buheitel G, Rauch R, Koenig R, Bosse K, Kress W, Tietze HU, Doerr HG, Hofbeck M, Singer
H, Reis A, Rauch A. Genotype-phenotype correlations in Noonan syndrome. J Pediatr.
2004;144:368–74. [PubMed: 15001945]

Suggested Readings
Tartaglia M, Gelb BD. Noonan syndrome. Atlas of Genetics and Cytogenetics Oncology and

Haematology. atlasgeneticsoncology.org. 2005

Page 19

GeneReviews: Noonan Syndrome

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

http://www.ncbi.nlm.nih.gov/pubmed/11992261
http://www.ncbi.nlm.nih.gov/pubmed/14982869
http://www.ncbi.nlm.nih.gov/pubmed/16358218
http://www.ncbi.nlm.nih.gov/pubmed/11704759
http://www.ncbi.nlm.nih.gov/pubmed/12717436
http://www.ncbi.nlm.nih.gov/pubmed/17143282
http://www.ncbi.nlm.nih.gov/pubmed/15857538
http://www.ncbi.nlm.nih.gov/pubmed/12900909
http://www.ncbi.nlm.nih.gov/pubmed/10586173
http://www.ncbi.nlm.nih.gov/pubmed/3321992
http://www.ncbi.nlm.nih.gov/pubmed/3780030
http://www.ncbi.nlm.nih.gov/pubmed/3232698
http://www.ncbi.nlm.nih.gov/pubmed/15211660
http://www.ncbi.nlm.nih.gov/pubmed/15001945


Chapter Notes
Revision History

• 6 September 2007 (cd) Revision: mutations in RAF1 associated with Noonan
syndrome

• 22 December 2006 (cd) Revision: SOS1 mutations responsible for some cases of
Noonan syndrome; clinical testing available

• 22 May 2006 (cd) Revision: prenatal testing for Noonan syndrome caused by KRAS
mutations clinically available

• 16 May 2006 (cd) Revision: KRAS testing clinically available
• 1 May 2006 (ja) Revision: mutations in KRAS cause Noonan syndrome
• 9 March 2006 (me) Comprehensive update posted to live Web site
• 17 December 2003 (me) Comprehensive update posted to live Web site
• 15 November 2001 (me) Review posted to live Web site
• 2 August 2001 (ja) Original submission

 

Page 20

GeneReviews: Noonan Syndrome

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s

G
eneR

eview
s


