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PTPN11 mutation in a large family with Noonan
syndrome and dizygous twinning
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Noonan syndrome (NS, MIM 163950) is an autosomal dominant condition characterised by facial
dysmorphy, congenital cardiac defects and short stature. Recently missense mutations in PTPN11, the
gene encoding the nonreceptor protein tyrosine phosphatase SHP-2 on 12q24, were identified in 50% of
analysed Noonan cases. A large four-generation Belgian family with NS and some features suggestive of
cardio-facio-cutaneous syndrome (CFC) was previously used to fine map the Noonan syndrome
candidate region to a 5 cM region in 12q24. We now report the identification of a mutation (Gln79Arg) in
the PTPN11 gene in this large family. In D. melanogaster and C. elegans the PTPN11 gene has been
implicated in oogenesis. In this family two affected females had dizygous twins. This suggests that
PTPN11 might also be involved in oogenesis and twinning in humans.
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Introduction
Noonan syndrome (MIM 163950) is an autosomal domi-

nant syndrome characterised by several features such as a

typical facial dysmorphy (hypertelorism, downward

eyeslant, broad nasal tip, low-set posteriorly rotated ears),

short stature, short webbed neck, typical chest deformity

and cardiac anomalies.1 The syndrome is relatively

common with an incidence of 1 in 1000 to 2500 live births.

Two large families were used to map the syndrome to a

5 cM interval between markers D12S84 and D12S1341 on

chromosome 12q24.2,3 Recently missense mutations in

PTPN11 (MIM 176876) have been found in 9 NS families

and four individual cases, corresponding to 50% of the

cases analysed. Genetic heterogeneity has also been shown

by lack of linkage to 12q24 of several smaller nuclear

families.4

PTPN11 encodes the nonreceptor protein tyrosine phos-

phatase SHP-2, an enzyme participating in several signal

transduction cascades downstream of receptors for growth

factors, cytokines and hormones.5 The crystal structure of

SHP-2 revealed an auto-inhibitory mechanism of the cataly-

tic activity by the N-terminal SH-2 domain.6 All reported

Noonan syndrome mutations are clustered in this SH-2

domain or the phosphotyrosine phosphatase domain

(PTP) and switch the enzyme to its active conformation.7

The pathogenesis of Noonan syndrome is therefore due to

excessive SHP-2 activity.

We screened the PTPN11 gene by DHPLC in a large, four-

generation Belgian family previously used to fine map the

NS region. In this family some individuals present with

NS and features suggestive of CFC8 and others with NS

features only.3,9

Subjects, material and methods
Subjects

The family has previously been extensively described.3,9

Essentially we sampled 10 affected individuals, seven unaf-

fected relatives and three spouses (Figure 1). Most affected

individuals have a typical Noonan syndrome phenotype

with the typical facial dysmorphy and pale grey-blue eyes.

Individual III2 was treated for a ventricular septal defect

and pulmonic valve stenosis. Individual III12 is severely

mentally retarded and lives in an institution for mentally

handicapped adults. In addition he has a pulmonic valve
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stenosis. The two brothers IV1 and IV2 presented with a

phenotype suggestive of CFC: besides the facial dysmorphy

and growth retardation, they also have a dry scaly skin and

sparse scalp hair. They are also mildly mentally retarded.

Individual IV4 has a pulmonic valve stenosis treated by

balloon dilatation. She was investigated for a bleeding

tendency. A reduced level of clotting factor XI was found

in addition to a platelet aggregation abnormality. She has

one café-au-lait spot and is currently treated with human

growth hormone because of short stature. In this family

all individuals with NS syndrome and normal intelligence

experienced learning difficulties at school.

DHPLC screening of PTPN11

The genomic structure and intron boundary sequences

were deduced from the genomic contig NT030120 and

mRNA sequence NM002834 in combination with the

mRNA-genomic alignments at NCBI (Locus ID 5781). PCR

primers (typically 20 bp long) were designed for each exon

individually with primer-3 software (http://www-genome.

wi.mit.edu/cgi-bin/primer/primer3_www.cgi/). Amplicons

typically include a 50 bp intronic sequence on either site

of the exon. Primer sequences are available on request.

PCR amplifications were done in 50 ml with 16 PCR

buffer (Roche, Mijdrecht, the Netherlands); 25 pmol of each

primer, 0.2 mM dNTPs, 2 U Taq polymerase (Roche) and

200 ng genomic DNA. All PCR mixes were amplified with

the same touch down program: 958, 5 min, 10 cycles of

(958C for 30 s, 658C (718C/cycle) for 30 s, 728C for 30 s),

25 cycles of (958C for 30 s, 558C for 30 s, 728C for 30 s)

and a final extension at 728C for 5 min.

PCR amplification is followed by a denaturation at 958C
for 2 min, slow cooling to 458C (in 30 min) and a final

incubation at 458 for 30 min to allow heteroduplexes to

form.

DHPLC screening was done using a WAVE 3500HT

system (Transgenomic, Cheshire, UK). Typically 7 ml of

PCR product was injected on the DNA-sep column (Transge-

nomic). Gradients and column temperatures were used as

predicted by the Wavemaker 4.1 software and are available

on request.

Amplicons with an aberrant elution profile were subse-

quently sequenced with Big-dye terminator cycle

sequencing (Applied Biosystems, Foster City, CA, USA) as

recommended by the manufacturer and analysed on an

ABI-3100 (Applied Biosystems).

Results
Amplicons of exon 3 resulted in an aberrant elution pattern

on DHPLC for all affected individuals compared to the

control samples. Sequencing identified an A4G transition

in exon 3 at nucleotide position 236, resulting in Gln79Arg

or Q79R (Figure 2). Samples of non-affected relatives

revealed no heteroduplexes and normal sequence for exon

3.

The remaining 13 exons were screened for mutations by

DHPLC in three affected individuals (III2, III10, II5) and

one normal control (III11). No other abnormalities were

detected.

Discussion
We describe here a PTPN11 mutation in a large family with

NS. The same Q79R mutation was also reported in one NS

family and one NS individual by Tartaglia et al 7 and five

more cases were described by Tartaglia et al10 in 2002.

Gln79 is a residue of the aB helix of the N-SH2 domain,

which is involved in the polar interaction of the PTP

domain with the N-SH2 domain in the inhibitory state.6

Changing the very basic Gln79 to Arg might disturb this

interaction and favour the active conformation of SHP-2.7

Figure 1 Pedigree of the NS family. Only the available family members of the first two generations are shown. No material was available
from individual III4 (NM). All affected individuals are heterozygous for the mutation Q79R. The mutation was not found in the analysed
normal family members.
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In this family some relatives with the Q79R mutation

have a Noonan syndrome phenotype and others were

described with features suggestive of CFC.3,9 At this

moment however one cannot conclude that these indivi-

duals had classical CFC syndrome. Further PTPN11

mutation analysis in a large group of patients with classical

CFC syndrome will show if there is a relation between CFC

and PTPN11. Preliminary data show no PTPN11 mutations

in the first series of CFC patients.11,12

A remarkable finding in this large NS family is the

presence of three dizygotic twins in the offspring of two

affected females. A dizygotic twin in the offspring of an

affected female is also observed in the other large NS family

with linkage to 12q24.2 The C. elegans (PTP2) and D. mela-

nogaster (Corkscrew) homologues of human SHP-2 are

involved in oogenesis.13,14 C. elegans hermaphrodites

homozygous for the ptp-2 (op194) loss of function muta-

tion exhibit a semisterile phenotype with low numbers of

abnormally large oocytes. PTP-2 has been described as an

essential component of a signalling cascade that regulates

normal oogenesis in C. elegans.13 Transcripts from corkscrew

are detected in the germline during oogenesis in Drosophi-

la,14 and are important in the establishment of dorsal

follicle cell fates. Therefore it seems possible that hyper-

function of PTPN11 in humans might result in multiple

ovulation and an increased risk of dizygous twinning.

Further mutation analysis in NS families will show if twin-

ning is indeed more frequent in PTPN11 mutation positive

females.
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