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Abstract
Noonan syndrome (NS) is a genetically heterogeneous disorder caused most commonly by
activating mutations in PTPN11. We report a patient with hypotonia, developmental delay and
clinical features suggestive of NS. High-resolution chromosome analysis was normal, and
sequence analyses of PTPN11, SOS1, KRAS, BRAF, RAF1, MEK, and MEK2 were also normal.
Array CGH revealed a single copy gain of 9 BAC clones at 12q24.11q24.21 (8.98 Mb in size),
which encompassed the PTPN11 locus at 12q24.13 and was confirmed by FISH analysis.
Shchelochkov et al., [2008] reported a similar case and speculated that such duplications might
account for 15–30% of NS cases with no detectable mutation in NS genes. We screened more than
250 NS cases without mutation in known NS disease-causing genes by quantitative PCR, and none
of these studies produced results in the duplicated range. We also explored the possibility that de
novo changes affecting the untranslated region (UTR) of the PTPN11 transcript might represent an
alternative event involved in SHP2 enhanced expression. DHPLC analysis and direct sequencing
of the entire 3' UTR in 36 NS patients without mutation in known genes did not show any disease-
associated variant. These findings indicate that duplications of PTPN11 represent an uncommon
cause of NS, and functionally relevant variations within the 3'UTR of the gene do not appear to
play a major role in NS. However, recurrent observations of NS in individuals with duplications
involving the PTPN11 locus suggest that increased dosage of SHP2 may have dysregulating
effects on intracellular signaling.
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INTRODUCTION
Noonan syndrome (NS) is a relatively common autosomal dominant condition, which may
be sporadic or inherited [Noonan, 2006; Allanson 2007]. It consists of characteristic facial
features, short stature, heart defects, particularly pulmonic stenosis, developmental delay in
about one third of cases (usually preceded by failure to thrive), blood clotting disorders,
variable ectodermal involvement, and susceptibility to certain cancers, particularly juvenile
monomyelocytic leukemia (JMML). Dermatologic findings may include café-au-lait spots,
keratosis pilaris, lentigines, and nevi. NS may be caused by gain of function mutations in
PTPN11 (50%), which encodes SHP2, a protein tyrosine phosphatase with positive
modulatory role in RAS-MAPK signaling, or functional dysregulation of other signal
transducers participating in this signal cascade, including, SOS1, KRAS, RAF1 or BRAF
[Tartaglia et. al. 2001; Zenker et al.,, 2004; Schubbert et al 2006; Roberts et al 2007;
Tartaglia et al., 2007; Nava et al.,, 2007; Razzaque et al 2007; Pandit et al 2007; Sarkozy et
al.,, 2009]. Overall, mutations in identified genes account for approximately 70–75% of
affected cases, indicating that other disease-causing events remain to be identified.

We report on the identification of a de novo duplication of 8.98 Mb at 12q24.11q24.21,
encompassing PTPN11, in a 4-year-old male with a phenotype fitting NS, apparently normal
chromosomes and no mutation in known disease genes. Quantitative PCR analysis and
denaturing high-performance liquid chromatography (DHPLC) screening performed to
explore prevalence of PTPN11 copy number gain and functionally relevant changes in the 3'
untranslated region (UTR) of PTPN11 support the view that duplications of PTPN11 are
uncommon as a cause of NS and that functionally relevant 3'UTR variants do not appear to
be associated significantly with this disorder.

CLINICAL REPORT
The patient was the AGA term product of an uncomplicated pregnancy, labor and delivery,
born to a 28-year-old primigravida mother and a 27-year-old father. After her second
pregnancy, in retrospect, his mother noted that the fetal movements of her first pregnancy
were less vigorous than in her second pregnancy. His delivery was via cesarean for failure to
progress. Family history was non-contributory, and he was born weighing 3.72 kg, and
measuring 53 cm in length, with a head circumference of 36 cm. Pyloric stenosis was
detected and repaired at age 4 weeks, and he underwent inguinal hernia repair with
orchiopexy at age 4 months. Feeding difficulties remained evident after birth, and a lingual
frenulum was clipped. He continued to have poor postnatal growth about 2 SD below mean
for age with preservation of his head size at the 50thcentile. He was a very slow feeder, with
a weak suck, and he seldom took more than 100 cc of feeding at a time. He was delayed in
transitioning to solid foods. Motor milestones were delayed during infancy, and he was
referred for early intervention to developmental services at age 1 year because he was not
crawling. A neurologist noted generalized hypotonia, and thyroid studies and pediatric eye
evaluation were normal. He had recurrent ear infections requiring insertion of pressure-
equalizing tubes and adenoidectomy. Echocardiogram revealed only mild mitral valve
regurgitation. His coagulation parameters were normal.

His skin appeared thin and smooth with easy bruising and several faint café au lait macules.
His hair was thin and fine, and he had a prominent forehead with down-slanting palpebral
fissures, bilateral epicanthal folds, and a flat nasal bridge (Fig 1). He had full lips, an
upturned nasal tip, and a short, wide neck. He had hypoplastic nipples and mild pectus
deformity with superior pectus carinatum and inferior pectus excavatum. He had bilateral
single transverse palmar flexion creases and flat feet, and his joints were very loose,
especially in his hands and feet. He had generalized hypotonia with normal hearing, with
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mildly delayed social skills, fine and gross motor skills and expressive language skills.
Formal developmental assessment at age 29 months placed his cognitive skills at 23–25
months, social skills at 25 months, fine motor skills at 18–23 months, and self-help skills at
29 months. At 33 months, his gross motor skills were at 22–26 months, and at age 4 years
his auditory comprehension skills were at 3.1 years, with expressive communication skills at
2.7 years. His height was 84.5 cm (just under the 3rd centile), weight 11.6 kg (3rd centile),
head circumference 50.5 cm (50th centile).

METHODS
Patient cohorts

As a collaborative multicentric effort, 250 subjects with NS or a phenotype suggestive of
this condition were screened to explore prevalence of PTPN11 copy number gains. Clinical
features for 124 of these subjects satisfied diagnostic criteria reported by van der Burgt et al.
[1994], while another 53 cases were more atypical, most of them displaying variable
cognitive deficits and developmental delay as well as additional anomalies compatible with
NS. These patients had been evaluated by experienced clinicians either personally or by
reviewing history, documented clinical findings and photographs. The remaining 73 subjects
of this cohort were referred for mutation analysis by clinicians who suspected a diagnosis of
NS. None of the subjects carried a mutation in the PTPN11, SOS, KRAS, or RAF1 gene
based on scanning of the coding exons by denaturing high-performance liquid
chromatography (DHPLC) analysis and/or direct sequencing.

Scanning of the 3' UTR of the PTPN11 gene was performed on a subgroup of 36 subjects
with clinical features that satisfied NS diagnostic criteria (see above). None of the subjects
carried a mutation in the PTPN11, SOS, KRAS, RAF1, MEK1 or MEK2 genes.

Array CGH Analysis and FISH Analysis
Array CGH was performed with a BAC microarray (the SignatureChip®-
www.signaturegenomics.com) that was developed for the detection of microdeletions,
microduplications, aneuploidy, unbalanced translocations, and subtelomeric and
pericentromeric copy-number alterations [Bejjani et al., 2005]. As shown in Figure 2,
microarray analysis was performed and analyzed as described [Bejjani et al., 2005], and
with an oligonucleotide array (the SignatureChipOS®) as described [Ballif et al., 2008]. All
abnormalities detected by array CGH were confirmed by fluorescence in situ hybridization
(FISH) as published [Shaffer et al., 1994] using a BAC clone from the PTPN11 locus
(RP11–9P8), revealing a duplication at 12q24.13 visible on metaphase chromosomes. The
centromere probe to chromosome 12 was use as a control and showed a normal
hybridization pattern.

Quantitative PCR
Quantitative real-time PCR analysis for PTPN11 exon 5 and exon 9 was performed using
custom designed primers and TaqMan minor-groove binder probes according to the
manufacturer's recommendations with the PrimerExpress 2.0 Software (Applied Biosystems,
Foster City, USA) from the Genbank sequence NM_002834 (PTPN11 exon 5: forward
primer 5'-GTGGAGGAGAACGGTTTGATTC-3', reverse primer 5'-
CCAATGTTTCCACCATAGGATTC-3', probe 6FAM-AGATCTTGTGGAACATTATA.
PTPN11 exon 9: forward primer: 5'-GAATTTGAAACCAAGTGCAACAAT-3', 5'-
CAGCCTTGTGTGGCAATGTAA-3', probe 6FAM-CAAAGCCCAAAAAG). The assay
for each sample was performed in 384-well plates with a final volume of 20 μl on an ABI
7900HT in a multiplex reaction with the endogenous control of albumin exon 12 as
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described previously [Thiel et al., 2003]. Copy number levels were calculated using the
ΔΔCt method and normalized to the expression levels of healthy control samples.

Mutation analysis
The entire coding sequence and flanking intronic portions of the PTPN11 gene were
screened by direct sequencing using the ABI BigDye terminator Sequencing Kit v.1.1
(Applied Biosystem, Foster City, CA) and an ABI 3700 Capillary Array Sequencer).
Exclusion of mutations within the affected exons of SOS1, KRAS, BRAF, RAF1, MEK1, and
MEK2 as well as of disease-associated sequence variants within the 3' UTR of the PTPN11
gene was based on DHPLC (3100 and 3500HT WAVE DNA fragment analysis systems,
Transgenomic) scanning. Amplimers having abnormal denaturing profiles were purified
(Microcon PCR, Millipore) and sequenced bi-directionally. Primer pairs, and PCR and
DHPLC analysis settings are available upon request.

RESULTS
Initial high resolution chromosome analysis revealed a normal male karyotype. After
PTPN11 was sequenced and found to be normal, array CGH was performed because of the
child's hypotonia and developmental delay. This assay demonstrated a single copy gain of 9
BAC clones at 12q24.11q24.21 (Figure 2), which included the PTPN11 locus, as well as
TBX3 and TBX5. This finding was confirmed by FISH analysis (Fig 2). Informed consent
was obtained from the family to analyze the other NS causative genes on a research basis.
An additional array CGH analysis was performed on an oligonucleotide array and further
defined the extent of duplication to be 8.98 Mb. The genomic coordinates of the duplication
on 12q24.3 were determined to be: 104,641,698– 113,603,100. The child's DNA was also
used as reference to check for changes in PTPN11 copy number in a cohort of 250 subjects
with NS or a phenotype suggestive of this disorder without mutations in known NS disease-
causing genes by qPCR. We did not observe any duplication, indicating that PTPN11 gene
duplication is not a frequent event among subjects with this disorder. We explored the
possibility that de novo changes affecting the 3' untranslated sequence of the PTPN11
transcript might represent an alternative mechanism involved in SHP2 dysregulated
expression. DHPLC screening and direct sequencing performed on 36 subjects with NS
without mutation in known genes did not reveal any disease-associated variant.

DISCUSSION
NS is a genetically heterogeneous disorder that may be caused by gain of function mutations
in PTPN11 (50%) or other genes coding for proteins participating in the RAS-MAPK
pathway, including SOS1 (15–20%), KRAS (2%), or RAF1 (5–10%) or BRAF (2%) [Sarkozy
et al., 2009; Tartaglia and Gelb, 2009]. The molecular cause underlying this disorder is still
unknown in approximately 25–30% of affected individuals. NS-causing PTPN11 mutations
generally promote upregulation of SHP-2 function and enhanced signal flow through RAS
[Tartaglia and Gelb, 2009]. Most mutations affect amino acid residues participating in
stabilization of the N-SH2/PTP domain interaction that maintains SHP-2 in its catalytically
active conformation, but other mechanisms appear to be also involved [Keilhack et al.,
2005; Tartaglia et al., 2006; Martinelli et al., 2008]. While it has been established that a
different group of PTPN11 mutations is acquired as a somatic event in childhood acute
leukemias and myeloproliferative or myelodysplastic disorders [Tartaglia et al., 2003; 2004],
a study documented an alternative perturbing effect of SHP-2 on signaling and
leukemogenesis via enhanced espression [Xu et al., 2005]. This observation raised the
hypothesis that PTPN11 gene duplication/amplification might affect developmental
processes via gene dosage effect. Consistently, a dosage effect for a mutated PTPN11 gene
has been documented in mice [Araki et al., 2004] and humans [Becker et al., 2007].
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In our patient with NS clinical features, no mutation was found in the PTPN11, KRAS,
SOS1, RAF1, BRAF, MEK1 and MEK2 genes, while array-CGH demonstrated an 8.98 Mb
duplication at 12q24.3, which included the PTPN11 locus. A similar finding was recently
documented by Shchelochkov et al. [2008] who reported a 3-year-old girl with a similar
duplication that also included PTPN11. This patient had hypotonia, coarctation of the aorta,
ASD and VSD (closed spontaneously), velopharyngeal incompetence, hypertelorism, ptosis,
epicanthal folds, cupped ears, microcephaly, pectus excavatum and short stature (10th
centile) with developmental delay. Based on this finding and available records, these authors
suggested that PTPN11 duplication might be a common cause for NS due to increased gene
dosage.

There are several other reports of patients with duplications of 12q24 encompassing
PTPN11 [Harrod et al., 1980; Dixon et al., 1993; Doco-Fenzy et al., 2006; Cappellacci et al.,
2007]. Only the patient reported herein and the patients reported by Doco-Fenzy et al.
[2006] and Shchelochkov et al. [2008] were initially suspected of having NS, and these
other two reported patients had microcephaly and aortic anomalies. Many of their other
manifestations are seen in NS, such as failure to thrive, developmental delay, short neck,
wide spaced nipples, chest deformity, and minor facial anomalies such as hypertelorism,
small chin, and down-turned corners of the mouth. The duplication observed in all 3 of these
patients who were initially suspected of having NS also includes TBX3 and TBX5, whose
action may be dosage-sensitive. Overexpression of TBX5 is known to have an impact on
cardiogenesis [Hatcher et al., 2004]. While these data suggest that duplications of the region
containing PTPN11 might result in an enhanced expression level of SHP2 that could have
activating effects on intracellular signaling similar to a mutant SHP2 protein with
dysregulated function and may affect development, our findings support the view that
PTPN11 duplication does not represent a common cause of this disorder. Since our qPCR
screening was performed using two intragenic fragment only (exons 5 and 11), we however
cannot rule out the hypothesis that smaller intragenic in-frame duplications or deletions
affecting PTPN11 might upregulate SHP2 function and cause NS or a related phenotype.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Clinical features of the patient at ages 25 months and 45 months (top left and right)
illustrating facial features for Noonan syndrome along with typical pectus deformity.
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Figure 2.
PTPN11 single copy gain in the patient with clinical features fitting NS. Array CGH
analysis demonstrated a single-copy gain of nine BAC clones at 12q24.11q24.21
(centromeric RP1-46F2, RP11-124I12, RP11-767G4, RP11-421J14, RP11-9P8,
RP5-1048I22, RP11-438N16, RP11-269C10, and RP11-100F15 telomeric) encompassing
the PTPN11 locus at 12q24.13 (top). FISH analysis confirmed the duplication of the
PTPN11 locus (bottom). Clone RP11-9P8 from the PTPN11 locus is labeled in red, and 12q
centromere probe D12Z3 is labeled in green as a control. The normal chromosome 12 shows
one green and one red signal, while the chromosome with the duplication shows one green
and two red signals.
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Figure 3.
PTPN11 gene duplication does not represent a major event in NS. Quantitative real-time
PCR analysis was used to check for changes in PTPN11 copy number in a cohort of 250 NS
cases without a mutation in known NS disease-causing genes. Two coding regions of the
gene (exon 5 and exon 9) were analyzed, and none of the cases produced results in the
duplicated range.
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