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1.1 HISTORY 

In 1938 Henry Turner described a series of female patients with typical face, short stature, 
congenital heart defect, and sexual infantilism [Turner, 1938]. In 1959 it was demonstrated 
that Turner syndrome results from monosomy X (45,XO), and is indeed limited to females 
[Ford, 1959]. Nonetheless several male patients were reported with very similar features as 
"male Turner syndrome" or "Turner phenotype with normal chromosomes" [Flavell, 1943; 
Futterweit, 1961; Heller, 1965]. It was not until several years later that such cases were 
recognized as having a distinct autosomal dominant syndrome, that is now called Noonan 
syndrome. 

In 1959, Dr. Jacquelyn Noonan was appointed as the first paediatnc cardiologist at the 
University of Iowa, where she, together with Dorothy Ehmke, conducted a clinical 
investigation. They studied 833 children with congenital heart disease for the presence of 
additional extra-cardiac anomalies. In nine of these children they recognized a similar 
condition. In 1962, at the meeting of the Mid-Western Society for Pediatric Research, Dr. 
Noonan reported on these nine patients with the previously unrecognized syndrome of 
pulmonary valve stenosis, characteristic facies and short stature. She published her findings 
the next year [Noonan and Ehmke, 1963]. By 1968 Dr. Noonan had expanded her series to 19 
patients, 12 males and 7 females. She labeled this syndrome: "Hypertelorism with Turner 
phenotype" [Noonan 1968] By that time, Jacquelyn Noonan had moved to the newly 
developed medical school at the University of Kentucky, where she was appointed as 
professor in her speciality in 1969. She has been chairman at the department of paediatrics 
since 1974 [Beighton, 1996]. Dr. John M. Opitz, who was a medical student and first year 
resident in the department of Professor Noonan, suggested that the term Noonan's syndrome 
should be used for this condition and confirmed Noonan's syndrome as a nosologic entity 
[Opitz, 1965; Opitz, 1985]. 

In retrospect, Kobylinski was probably the first to describe a patient with the features 
of Noonan's syndrome [Kobylinski, 1883]. Another important early contribution was made by 
Ullrich who presented his first patient with typical features of Noonan's syndrome in 1930 
and published an important review on Turner's syndrome and the "status Bonnevie-Ullrich" 
in 1949 [Ullrich, 1949]. Because of these early publications the eponyms "Ullrich-Turner" 
and "Ullrich-Noonan" syndrome have been used by some authors. 

Hundreds of patients with Noonan's syndrome have been described in the medical 
literature and the data have been summarised in several good reviews [Nora, 1976; Allanson, 
1987; Mendez, 1985; Sharland, 1992]. In 1994 professor Noonan updated the natural history 
of the syndrome for the paediatrician. She underlined the potential health problems of children 
with Noonan's syndrome, such as fetal oedema, feeding problems in early infancy, hypotonia, 
(mild) developmental delay, conductive hearing loss, refractive errors and strabismus, 
cryptorchidism, and scoliosis. Noonan placed special emphasis on the congenital heart defects 
present in the syndrome [Noonan, 1994]. 

As happens in most eponymous syndromes the name gradually changed over the years 
from Noonan's syndrome to Noonan syndrome (NS). 
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CLINICAL FEATURES 

1.2.1 Craniofacial 

A diagnosis of NS can only be made if characteristic facial features are present. Therefore the 

diagnostic process starts with the face. A NS diagnosis is only made in persons who have at 

least some of the characteristic facial features. These facial features change with age. 

In the newborn period the forehead is broad and high. There is hypertelorism, 

epicanthic folds and downward-slanting palpebral fissures (95%). In addition, low-set 

posteriorly rotated ears with a thick helix (90%), high arched palate (45%)), micrognathia 

(25%)), and a short neck with excess nuchal skin and a low posterior hairline (55%)) are seen 

(Fig.l). 

Figure 1 

Two infants with NS, note broad forehead, low set ears and excess nuchal skin 

The contour of the face becomes more triangular with age, and in childhood the face 
often appears coarse or myopathic with prominent eyes and (unilateral or bilateral) ptosis 
(42%)) (Fig.2). The head circumference is usually in the normal range. In the adolescent and 
young adult the eyes are less prominent and the neck appears less short. 

Sometimes patients show marked webbing or prominent trapezius (23%) (Fig.3). 
Typically, the older adult has prominent nasolabial folds, a high anterior hairline, thick 
hooded eyelids and a wrinkled skin [Allanson, 1985; Allanson, 1987; Sharland, 1992]. The 
facial features can be subtle, especially at older age [Sharland, 1993b]. 

12 



Figure 2 

Mother and child with NS 

1.2.2 Cardiac 

The most common congenital heart defect is a pulmonary valve stenosis (50-62%) with 
dysplastic leaflets [Pernot, 1987; Lin, 1988]. A hypertrophic obstructive cardiomyopathy 
(HOCM), including asymmetrical septum hypertrophy, is present in 20% of the patients. The 
HOCM can be rapidly progressive in infancy [Hirsch, 1975], but rarely causes severe 
complications. The ventricular hypertrophy in NS has the same histological characteristics as 
are found in other forms of hypertrophic cardiomyopathy [Burch, 1992]. 

Atrial septal defect occurs in 6-10%, ventricular septal defect in 5%, and persistent 
ductus arteriosus in 3% of cases [Allanson, 1987; Sharland, 1992]. Other more rare 
abnormalities are coarctation of the aorta, structural abnormalities of the mitral valve, 
hypoplastic left heart, supravalvular pulmonary stenosis, Ebstein's anomaly, polyvalvular 
dysplasia, and other complex cardiac abnormalities [Nora, 1975; Van der Hauwaert, 1978; 
Antonelli, 1990; Feit. 1995; Marino, 1995; Digilio, 1998]. Severe pulmonary hypertension 
has been described in NS [Tinker, 1989]. 

The electrocardiogram has wide QRS complexes, left axis deviation, giant Q waves 
and a predominantly negative pattern of the QRS complexes in the left precordial leads (62%) 
(Fig.4). The significance of these ECG signs and their relation to the pulmonary stenosis is 
not clear. It has been suggested that they may be of value in establishing the diagnosis 
[Sanchez-Cascos, 193; Pernot, 1987]. 
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Figure 4 
Electrocardiogram showing left axis deviation and a negative left precordial complex 

12 3 Growth 
Weight and length are usually normal at birth. Birth weight can be high, secondary to 
subcutaneous oedema. In such cases marked weight loss occurs in the first week of life. 
Neonatal feeding difficulties and failure to thrive are present in 63% of patients [Sharland, 
1992]. The feeding difficulties appear to be the result of delayed gastrointestinal motor 
development, and resolve as gut motility matures [Shah, 1999]. Mean prepubertal growth 
parallels the 3rd centile for height and weight. Onset of puberty has a delay of approximately 2 
years and the pubertal growth spurt is often reduced or absent. The average bone age is also 
delayed by 2 years. Mean adult height is 162.5 cm in males and 152.7 cm in females. Both 
values are below the 3rl1 centile. Noonan - specific growth curves have been designed [Ranke, 
1988; Witt, 1986]. 

Growth hormone levels are in the normal range. Somatomedin levels can be elevated. 
Growth hormone treatment in pharmacological doses accelerates growth over the first years. 
The first results appear promising [Elders, 1976; De Schepper, 1997; Thomas, 1993; 
Municchi, 1995]. There are not enough reports on long term results to know whether adult 
height is also increased by growth hormone treatment. 

/ 2 4 Skeletal 

The characteristic chest deformity consists of pectus carinatum superiorly and pectus 

excavatum inferiorly. This sternal change is present in 70-95% of cases. The thorax is broad 

with a large internipple distance. 
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Circa 15% of cases develop a thoracic scoliosis. The shoulders are often rounded with 
scapula alata. Other common orthopaedic features include cubitus valgus (50%), radioulnar 
synostosis (2%), clinobrachydactyly (30%), joint hyperextensibility (50%) and talipes 
equinovaris (12%) [Mendez, 1985; Allanson, 1987; Sharland, 1992]. Giant cell lesions of the 
jaws similar to those seen in cherubism were reported in several patients [Dunlap, 1989; 
Levine, 1991; Addante, 1996]. In one case giant cell lesions in the short tubular bones were 
also present [Cohen, 1991]. 

1 2.5 Genitourinary 
Undescended testicles are common in male patients (77%). Increased LH and FSH levels are 
present in prepubertal boys [Theintz, 1982]. High FSH levels and poor quality semen have 
been found in adult males, suggesting a failure of spermatogenesis in patients with testicular 
maldescent [Elsawi, 1994]. In both sexes pubertal development is delayed. The mean age of 
menarche in female patients is 14.6 years [Sharland, 1992]. However, fertility is not impaired 
in females with NS. 

Urinary tract malformations are present in 10% of cases, mostly pyelo-ureteric stenosis 
and/or hydronephrosis [Sommerschild, 1974; Mendez, 1985; Sharland, 1992]. 

12 6 Haemalology 
Increased bruising or bleeding is frequent, especially in childhood. Up to 55% of cases have a 
mild to moderate bleeding tendency. Severe haemorrhage occurs in 3% Coagulation studies 
reveal prolonged bleeding times, factor VIII, XI and XII deficiencies, thrombocytopenia and 
platelet function defects, singly or in combination. Nevertheless, the results of coagulation 
tests do not correlate with a history of easy bruising and may not predict bleeding risk. Since 
many patients undergo one or more operations, special care is required for prevention or early 
treatment of intraoperative or postoperative hemorrhage with immediate availability of 
suitable blood products [Witt, 1988; Sharland, 1992b; Massarano, 1996] 
Intracerebral hemorrhage with cerebral vascular anomalies has been described [Hara,1993]. 

Although acute leukemia and myeloproliferative disorders have been described in 
some patients, their number is not sufficient to prove or refute a predisposition for 
haematological malignancies inNS [Johannes, 1995; Bader-Meunier, 1997]. 

12 7 Lymphatics 
Lymphatic vessel dysplasia, hypoplasia, or aplasia is a well known finding in NS (20%). This 
may cause general lymphoedema, peripheral lymphoedema, pulmonary lymphangiectasia or 
intestinal lymphangiectasia. The most common manifestation is dorsal limb lymphoedema, 
which usually disappears during childhood. 

Varying degrees of oedema or hydrops are present during intrauterine life. Ultrasound 
examination can reveal cystic hygroma in early pregnancy that subsequently regresses and 
results in excess nuchal skin and pterygium colli after birth. Other features that may be due to 
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disruption of normal tissue migration or organ placement secondary to fetal oedema are 
cryptorchidism, wide-spaced nipples, low-set posteriorly rotated ears, hypertelorism, and 
downward slanting palpebral fissures [Witt, 1987; Nisbet, 1999]. 

Spontaneous chylothorax can occur in childhood and chylous effusion is a known 
complicationof cardiac surgery [Noonan, 1994]. 

Figure 3 

Child with NS, note marked webbing of the neck 

1.2.8 Ectoderm 

Abnormalities of pigmentation inNS include pigmented naevi (25%), café-au-lait spots (10%) 

and lentigines (3%). Ulerythema ophryogenes (=keratosis pilaris atrophicans faciei) is present 

in 14% of cases and may lead to lack of eyebrows. It is also often accompanied by keratosis 

pilaris on the upper arms [Pierini, 1979]. Approximately one-third of the patients have thick 

curly hair, and 10% have thin and sparse hair. Fetal pads on lingers and toes are common 

(67%) [Sharland, 1992]. 

7.2.9 Eye and ear 

Frequent ophthalmic abnormalities are strabismus (48-63%), refractive errors (61%) and 

amblyopia (33%). In one study, full orthoptic and ophthalmological evaluation revealed 

anterior segment changes in 30 out of 48 cases (63%) and fundal abnormalities in 10 out of 51 

(20%). In this study nystagmus was diagnosed in 9% of the patients [Lee, 1992]. 
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Hearing loss due to otitis media is a frequent complication (15-40%) Sensorineural 
hearing loss is less common, but can be found in the low frequency range in 10% and in the 
high-frequency range in 25% of patients [Qiu, 1998] Structural anomalies of the inner ear 
have occasionally been reported [Cremers, 1992, Naficy, 1997] and vestibular abnormalities 
in a single case [Martinez, 1998] 

With such high incidence of ophthalmologic and hearing abnormalities it is important 
that children with NS have vision and hearing evaluation at an early age 

1210 Development and behavior 

In general children with NS have mild motor delay, which may be partly attributed to the 
muscular hypotonia that is often present in early childhood 

Mean age for sitting is 10 months, for walking alone 21 months, and for talking 31 
months [Sharland, 1992] Articulation abnormalities are Ircquent (72%) Menial retardation, 
present in 15-35%), is usually mild and characterised by specific visual-constructional 
problems, and a discrepancy between verbal abilities and non-verbal performance Mean full 
scale IQ is 85, but there is a wide range in level of intelligence [Nora, 1974, Money, 1979, 
Finegan, 1988] 

Prominent behavioral problems are clumsiness, eating problems, fidgetty or stubborn 
spells, echolalia, and irritability Social problems and attention deficit have also been noted In 
spite of this wide range of reported behavioral problems, it is the experience of most authors 
that children with NS can usually be raised with good parental support and without 
specialized interventions [Wood, 1995] 

1211 Other associations 

Hepatosplenomegaly not due to cardiac failure is often present in infancy (26-51%) It is more 
prominent in younger children and tends to decrease with age I here are no reports of hepatic 
and/or splenal disfunction associated with the organomegaly 

Recurrent convulsions occur in 13% of NS patients [Sharland, 1992] Rare features 
are hypothyroidism [Sharland, 1992], malignant hyperthermia [Hunter, 1975, Rissam, 1982] 
and solid tumors (ganglioneuroma, malignant schwannoma, pheochromocytoma and 
rhabdomyosarcoma) [Kaplan, 1968, Becker, 1969, Khodadoust, 1967, Khan, 1995] A wide 
range of other abnormalities has been described in single NS patients 

1.3 CLINICAL DIAGNOSIS 

In the absence of a specific biochemical marker, NS is a clinical diagnosis Establishing the 
diagnosis can be very difficult, especially at an older age There is great variability in 
expression and improvement of the phenotype occurs with increasing age [Allanson, 1985, 
Sharland, 1993] Several scoring systems have been devised to help the diagnostic process 
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Early attempts were based on very detailed questionaires, and were not practical for diagnosis 
in the clinic [Duncan, 1981, Preus, 1984] More recent scoring systems are simpler and easier 
to use Sharland and colleagues [1993] proposed that definite NS can be diagnosed if the 
typical facial features are present plus either cardiac defect (pulmonary stenosis, HOCM, 
septal defect, patent ductus), short stature (height <10"' centile), or undescended testicles in 
males In their scoring system only persons with typical facial features could be diagnosed as 
definite NS We have previously suggested to diagose NS based on the following additional 
major characteristics pulmonary valve stenosis or HOCM and/or typical ECG pattern, pectus 
carmatum superiorly and excavatum infenorly, height below the 3"' centile, definitely affected 
first degree relative(s) and cryptorchidism in males Persons with a typical face for NS must 
have at least one other major characteristic, whereas persons with suggestive facial features 
must have at least two other major characteristics (see Table I, chapter 7) 

1.4 GENETICS AND DIFFERENTIAL DIAGNOSIS 

In reporting her original series of patients Jacquelyn Noonan suggested multifactorial or 
polygenic inheritance for NS, as she was impressed by the frequency of partial expression of 
NS in one or both parents [Noonan, 1963, Noonan, 1968] Transmission from affected 
mothers to both daughters and sons was then documented which led to the assumption that 
NS is inherited as an X-linked dominant trait [Nora, 1968] Later reports of male-to-male 
transmission made X-linked inheritance improbable, and suggested that NS is inherited as an 
autosomal dominant condition [Nora, 1970, Levi, 1970] Autosomal recessive inheritance has 
been suggested in only a few rare families [Diekmann, 1967, Maximilian, 1992] Most of the 
reported familial cases are consistent with autosomal dominant inheritance with a 
predominance of maternal transmission [Mendez, 1985, Sharland, 1993] This female 
transmission bias probably reflects the high frequency of cryptorchidism and subsequent 
infertility in male patients [Flsawi, 1994] 

In 1994 a gene for autosomal dominant NS was mapped on chromosome 12q in one 
large Dutch family Ilaplotype analysis of smaller NS families showed genetic heterogeneity 
[Jamieson, 94] Legius and colleagues reported in 1998 on a second large NS family with 
linkage to 12q24, and narrowed the critical region to a 5 centiMorgan interval between the 
markers D12S84 and D12S1341 In this family the clinical fcalures ol the affected persons 
were compatible with either NS or Cardio-Facio-Cutaneous (CFC) syndrome [Legius, 1998] 
CFC syndrome is characterised by a typical face, pulmonary valve stenosis, ectodermal 
abnormalities (usually hyperkeratosis) and short stature In 1986 Reynolds and colleagues 
described the first 8 patients and presented CFC syndrome as a separate entity [Reynolds, 
1986] Since this publication there is a continued debate in the literature regarding the 
relationship between NS and CFC syndrome Some authors favour the hypothesis that NS and 
CFC syndrome are two distinct conditions [Verloes, 1988, Neri, 1996] Others suggest that 
NS and CFC syndrome are variable manifestations of the same entity [Fryer, 1991, 
Leichtman, 1996] The NS/CFC family linked to chromosome 12q24 described by Legius and 
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colleagues supports the hypothesis that NS and CFC syndrome are allelic variants [Legius, 
1998] 

Over the years genetic heterogeneity was often proposed in NS There are a number of 
conditions which share a strikingly similar phenotype with NS These include Turner 
syndrome (45,XO), Watson syndrome (pulmonary valve stenosis, impaired intellect, and 
multiple cafe-au-lait spots), LEOPARD syndrome (multiple lentigines, pulmonary stenosis, 
and deafness) and Noonan-neurofibromatosis type 1 syndrome Chromosomal abnormalities 
with a Noonan-like phenotype include trisomy 8p, trisomy 22 mosaicism, deletion 
13(q21 32,q22 30), duplication ll(ql3 3,ql4 2), duplication-deletion 18q, and sex 
chromosome rearrangements [Burn, 1984, Wertelecki, 1986, Onufer, 1993, Legius, 1994, 
Courtens, 1998] 

Syndromes that combine facial features with short stature and cardiac defects may 
sometimes be difficult to differentiate from NS Notably Williams syndrome and Aarskog 
syndrome [Williams, 1961, Preus, 1984, Aarskog, 1970] 
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2.1 RESEARCH POPULATION 

Paediatrics, paediatric cardiologists, and clinical geneticists in The Netherlands were 
contacted and asked for names of patients under their care with Noonan syndrome (NS) 
Permission to approach over 150 individuals was obtained The first 100 patients with a 
clinical diagnosis of NS who visited the Clinical Genetics Section of the Department of 
Human Genetics of the University Hospital Nijmegen were included in the study The 
medical data were obtained from the hospital case notes, parental accounts, clinical 
photographs and specific investigations 

The study group consisted of 61 male and 39 female patients with an age range from 1 
month to 24 years There were 7 sib pairs with NS In 21 cases the mother had NS, in 8 cases 
the father, and 71 cases were sporadic 

Blood was taken for DNA studies from 30 sporadic NS patients and their parents as 
well as from 12 Dutch families with autosomal dominant NS 

211 Obi tre tic data 
The gestational age at delivery ranged from 32 to 41 weeks Polyhydramnion was documented 
in 19 pregnancies Birth weight was normal for gestational age in 82 babies Birth weight was 
below the 3rd centile in 3 cases and above the 97"' centile in 15 cases In the latter cases 
oedema in varying degrees was present at birth Polyhydramnion during pregnancy was 
documented in 10 of these 15 cases 

Three patients had a healthy dizygotic twin not affected with NS 

2 12 New born period and infancy 
Respiratory distress was present directly after birth in 10 patients In three cases 
tracheomalacia was diagnosed Feeding difficulties and failure to thrive were documented in 
55 patients Hypotonia was noted in 39 babies In 31 of these patients physiotherapy was 
started before the age of 1 year The motor development was slightly retarded in most cases 
Six children with NS died in infancy due to cardiac abnormalities Five were born with severe 
progressive hypertrophic obstructive cardiomyopathy (HOCM) and one patient was bom with 
a very complex cardiac defect 

2 13 Cramojacial features 
The large majority of patients (93/100) had facial features that were typical of NS The most 
prominent facial features of NS seen in this group were a high and broad forehead, 
hypertelorism, downward-slanting palpebral fissures, low-set posteriorly rotated ears, and a 
short neck with a low posterior hairline Obvious webbing of the neck was present in 30 
patients In two cases corrective surgery had been performed to reduce the webbing Ptosis 
(either unilateral or bilateral) was present in 52 cases Corrective surgery was performed in 6 
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patients. The typical facies of NS at school-age is demonstrated in Figure 1. Seven patients 

were included who had non-classical but still suggestive facial features. These demonstrated 

only one or two of the characteristic facial features (Fig. 2), but were included because they 

fullfilled several of the other criteria for NS. 

Figure 1 
Nine patients with NS, note variability in facial features 
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2.1.4 Heart 

A congenital cardiac defect was present in 75 patients. A pulmonary valve stenosis was 
diagnosed in 49 patients. It was present as an isolated lesion in 36 cases. In 10 patients the 
pulmonary valve stenosis was associated with an atrial septum defect (ASD), and in 3 cases 
with hypertrophic cardiomyopathy. HOCM was found in 17 patients; isolated HOCM in 11 
children, and associated with pulmonary valve stenosis in 3, with ASD in 2, and with aortic 
valvular stenosis in one case. Coarctation of the aorta was present in 3 patients, tetralogy of 
Fallot in 2 cases, a mitral valve prolapse in one patient, and a very complex cardiac defect in 3 
patients. Corrective cardiac surgery had been performed in 25 individuals. In 7 cases post
operative chylous effusion occurred. Two of the patients died shortly after the operation from 
cardiorespiratory distress. The typical electrocardiogram (ECG) with left axis deviation was 
present in 48 patients. 

2.1.5 Growth 

The height and weight measurements of the 100 patients with NS were compared with normal 
centiles. The data were plotted on Tanner and Whitehouse charts and the closest centile was 
recorded. Nineteen individuals from the study population were receiving growth hormone 
treatment at the time of the study. Growth data were utilised only from the period before 
treatment was started. Height was < 3rd centile in 44 patients, < 10"' ccntile in 32 patients and 
between the 10"' centile and 90"' centile in 24 patients. In 72 patients weight was < 3rd centile 
for normal controls. Weight was between the 10th and 50th centile in 19 children, and > 50th 
centile in 9 cases. Head circumference was between the 10th and 90th centile in all 
individuals. 

Figure 2 
Girl with familial NS who has suggestive facial features 
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2 1 6 Skeletal 
A chest deformity, consisting of pectus carinatum superiorly and pectus excavatum infenorly 
was present in 51 patients A broad thorax with large intemipple distance was found in 74 
cases Scoliosis was observed in 12 persons Two of them had scoliosis because of 
congemtally fused thoracic vertebrae The other 10 children had adolescent-onset scoliosis 

2 17 Genitourinary 
In 44 of the 61 boys the testicles were undescended at birth At the time of examination 
orchidopexy had been performed in 39 of them Urinary tract malformations were present in 
6 cases unilateral agenesis of the kidney in 1 patient, duplication of the ureter in 2 patients, 
hypospadias in 2 and hydronephrosis in one patient 

2 18 Huematology 
A mild to moderate bleeding tendency was mentioned in 43 individuals In 19 cases there was 
a history of postoperative bleeding A severe life threatening haemorrhage had not occurred 
in any of these patients Detailed coagulation studies were not performed in the study group 

2 19 Ectoderm 
Multiple pigmented naevi were seen in 7 patients, and cafe-au-lait spots in another 8 cases 
Ulerythema ophryogenes, a severe follicular keratosis of the face, was present in 11 children 
Four patients were born with a haemangioma, and one girl with a Tierfell naevus No other 
ectodermal changes were found 

2 1 10 Eye and ear 
Ophthalmic abnormalities, as strabismus, refractive errors and amblyopia, were present in 36 
patients Nystagmus was found in 2 children Recurrent otitis media was mentioned in 31 
cases Sensorineural hearing loss was found in only one of the 100 patients with NS 

2 111 Other associations 
In 12 children constipation was documented Severe general lymphoedema due to lymphatic 
vessel dysplasia was present in 2 patients One of them had been hospitalised several times 
because of extensive lymphoedema of the lower part of the body One case had pulmonary 
lymphangiectasia Hypothyroidism was documented in 4 cases Epilepsy was noted in 3 
patients, hydrocephalus in 2, and hemiplegia in one patient 
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2.2 OUTLINE OF THE PRESENT STUDY 

The studies presented in this thesis concern a cohort of 100 patients with Noonan syndrome 
(NS) that were seen in the Clinical Genetics department over a period of 6 years Specific 
studies on the localization of a NS gene, and of growth and development were performed in 
selected subsets of this cohort 

NS is one of the most common multiple congenital anomalies syndromes with an 
estimated incidence between 1 1000 and 1 5000 [Allanson, 1987] The phenotypical 
expression of NS is extremely variable and establishing this clinical diagnosis can be very 
difficult To our opinion the diagnostic scoring system devised by Duncan and colleagues 
[1981] has too many detailed items to be of practical use The scoring system of Sharland and 
colleagues [1992] is too restrictive since only patients with typical facial findings can be 
diagnosed as having definite NS We therefore analysed the clinical features of the first 30 
NS patients diagnosed by the author (IvdB) and drafted our own diagnostic criteria for NS 
[Van der Bürgt, 1995] We then studied a large Dutch NS family with 9 affected persons and 
introduced the scoring system based on 6 symptom-categories with 2 possible scores for each 
category (chapter 3) 

As can be concluded from the Introduction in chapter 1, our knowledge of the 
aetiology of NS is limited We wanted to clarify the aetiology of NS by genetic studies in the 
unique three generation NS family with 9 patients Using linkage analysis of this one large 
family and several smaller families, we mapped a gene for NS on chromosome 12q, presented 
in chapter 4 The analysis ot some of the smaller families indicated genetic heterogeneity for 
NS, but in most families the results of linkage studies were again compatible with a 
localisation on the long arm of chromosome 12 (chapter 4) 

Most cases of NS are due to autosomal dominant inheritance We found suggestive 
evidence for other forms of inheritance in our NS research population In chapter 5 we present 
four out of the 100 Dutch children with NS They have consanguineous parents, and in one 
case there was a suggestive recurrence All four had hypertrophic obstructive cardiomyopathy 
at birth The data argue for a rare autosomal recessive form of NS 

There is limited knowledge on cognitive profiles in children with NS Therefore we 
studied in detail the intellectual, psychosocial and academic functioning in 35 of the 100 NS 
children The results are described in chapter 6 

Short stature is one of the main features of NS We studied growth, growth hormone 
secretion and the growth-promoting effect of growth hormone treatment in 25 children with 
NS The results of this study are presented in chapter 7 
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ABSTRACT 

We describe the largest Noonan syndrome (NS) family reported to dale The manifestations of 
the affected relatives are discussed In the absence of a biochemical marker NS is still a 
clinical diagnosis The diagnostic criteria that were used are presented compared with other 
published criteria for diagnosing NS 

The large size of this family enabled us to test the possible involvement of candidate 
regions by multipoint linkage analysis Both the region surrounding the NF1 locus on 
chromosome 17 and the proximal part of chromosome 22 could be excluded Since NS may 
well be heterogeneous, the use of such a large family in linkage studies of NS should prove 
indispensable 

INTRODUCTION 

Noonan syndrome (NS) is a well-known multiple congenital anomalies syndrome, 

characterized by typical facial changes, short stature, congenital heart defect (most often 

pulmonary valve stenosis or hypertrophic cardiomyopathy), thorax deformity, and 

cryptorchidism in males In persons with NS a typical electrocardiogram (ECG) can be found 

with left axis deviation and a negative pattern in the left precordial leads [Sanches Cascos, 

1983] 

NS may occur on a sporadic basis or in a pattern consistent with autosomal dominant 

inheritance Although dominant transmission is evident in approximately one half of the 

cases, only relatively small pedigrees have been described The reason of this observation is 

not clear Increased male infertility and/or extreme variable expression of the syndrome are 

not sufficient explanations 

Occasionally, patients have been reported who simultaneously display the 

characteristics of a well-defined congenital disorder and of NS A combination of 

neurofibromatosis type 1 (NF1) and NS has been observed in patients with inherited 

molecular rearrangements of the NF1 locus [Colley, 1991] In addition, a patient has been 

reported with the characteristics of DiGeorge and NS, carrying a deletion of chromosome 

22ql 1 [Wilson, 1993] These observations may provide a clue to the molecular elucidation of 

NS, pointing to the genomic location of a responsible factor 

Here we introduce the scoring system that was used to establish the diagnosis NS and 

present the results of clinical and molecular studies in the largest NS family reported to date 

(Figi) 
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Figure 1 
Pedigree of the NS family 

CLINICAL REPORTS 

The pedigree is shown in Figure 1. III-13, the propositus, is a 4-year-old boy, the second child 
of unrelated Dutch pcirents. He was bom by ceasarean section after an uncomplicated 
pregnancy. Birth weight was 2,170 g. Neonatally he had feeding difficulties and failure to 
thrive. At age 2 years he underwent bilateral orchidopexy. Chromosomes were normal, 
(46,XY). 

Examination at age 4 years showed: height 95.4 cm (<3r'' centile), weight 13.8 kg (<3r'1 

centile), head circumference (OFC) 49 cm (20"' centile), curly hair, broad forehead, 
hypertelorism, ptosis, downslanting palpebral fissures, apparently lowset ears with a thick 
helix, short neck, broad thorax, mild pulmonary valve stenosis and bilateral inguinal scars 
(Fig.2). 

III-14, the patient's brother, was 19 months old at the time of our examination: height 
was 77 cm (<3rd centile), weight 9.2 kg (<3r" centile), OFC 47 cm (25'" ccntile). He had a 
broad forehead, hypertelorism, apparently lowset posteriorly angulatcd ears, micrognathia, 
short neck, broad thorax, and a dysplastic pulmonary valve stenosis (Fig.3). 

II-7, the mother of the propositus, was 32 years old. The facial characteristics were 
suggestive of NS (Fig.4). She was bom as one of dizygotic twins. She had a mild pulmonary 
valve stenosis and an ECG pattern typical of NS. Height was 1.49 m (<3'α centile), OFC 51.4 
cm (10"' centile). She had a history of easy bruising. Menarche occurred at age 17 years. 

1-2, the maternal grandmother, was 67 years old. Height was 1.46 m (<3rd centile), 
OFC 52 cm (IO"1 centile). The facial characteristics were typical for NS with a thin folding 
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ΠΙ-]3, propositus, age 4years 111-14, palients' brother, 1 7/12years old 

skin (Fig.5). She had no congenital heart defect and the ECG pattern was normal. She had a 

pectus carinatum/excavatum. The palms had strikingly wrinkled skin. 

II-2, a 40-year-old woman, had a height of 1.50 m (<3rd centile) and an OFC of 50.4 

cm (<10"' centile). She had typical facial changes and a pectus carinatum/excavatum. She had 

no congenital heart defect and a normal ECG pattern. She had a history of easy bruising. 

Menarche occurred at age 15 years. 

II-6, a 36-year-old man, had a height of 1.63 m {<Ύά centile), and an OFC of 55 cm 

(50"' centile). He had a typical face, broad thorax, dysplastie pulmonary valve stenosis, and 

atrial septal defect. The ECG pattern was typical of NS. 

II-9, a 31-year-old man, had aheight of 1.59 (<3rd centile) and an OFC of 55.6 cm (40,h 

centile). He was bom with a dysplastie pulmonary valve stenosis, an atrial ventricular block, 

and undescended testes. He had typical facial changes, pectus carinatum/excavatum, and a 

slightly abnormal ECG pattern. He reported prolonged bleeding after tooth extraction at age 

20 years. 

11-11, a 26-years-old woman, had a height of 1.53 m (<3'd centile) and an OFC of 56.5 

cm (75lh centile). She had facial findings suggestive of NS, dysplastie pulmonary valve 

stenosis, and pectus carinatum/excavatum. She had a history of easy bruising. Menarche 

occured at age 14 years. 

Ill-16, a 4-years-old boy, had a height of 95 cm (<3rd centile) and an OFC of 50.1 cm 

(40"' centile). He had a broad forehead, hypertelorism, microphthalmos of the right eye and an 

iridoretinochoroidal coloboma at the left eye, apparently lowsct posteriorly angulated ears, 
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short neck, mild dysplastic pulmonary valve stenosis, pectus carinatum/excavatum, and 
inguinal scars from orchidopexy. The ECG pattern was typical of NS. 

Figure 4 Figure 5 
II- 7, patients ' mother, 32 years old 1-2, patients ' grandmother, 6 7 years old 

MATERIALS AND METHODS 

Clinical Studies 
As part of a clinical and genetic study of NS, we performed clinical examinations and 
obtained blood samples of 29 members of a 3 generation family with NS (Fig. 1 ). The 29 
relatives (or their parents) were interviewed using a structured questionnaire. Each relative 
was examined clinically for NS signs and an ECG was made. 

On the basis of medical history, clinical examination, and ECG pattern every relative 
was scored for NS. For our study we used the diagnostic criteria shown in Table I. We scored 
6 items: 1) facial changes (which could be scored as typical or suggestive for NS), 2) cardiac 
abnormalities plus ECG pattern, 3) short stature, 4) thorax deformities, 5) family history, 6) a 
residual group of mental retardation and/or lymphatic dysplasia and/or cryptorchidism. 
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TABLE I. Diagnostic Criteria for NS* 

Feature 
1 Facial 

2 Cardiac 

3 Height 

4 Chest wall 

5 Family history 

6 Other 

A=major 
Typical face 

Pulmonary valve stenosis and/ 

or typical ECG 

<3rd centile 

Pectus cannatum/excavatum 
First degree relative definite NS 

All 3 (males) mental retardation 
cryptorchidism. 

lymphatic dysplasia 

B=niinor 
Suggestive face 
Other defect 

< 10"' centile 
Broad thorax 

First degree relative 
suggests NS 

One of mental retardation 
cryptorchidism. 
lymphatic dysplasia 

* Definite NS: 1A plus one of 2A-6A or two of 2B-6B; IB plus two of 2A-6A or three of 
2B-6B. 

DNA Isolation and Linkage Analysis 
Venous blood was sampled from all relevant persons in the family and DNA was isolated 
according to the procedure of Miller et al [1988] Highly polymorphic markers from the 
relevant regions from chromosome 17 and 22, respectively, as depicted in Figure 6A and 6B, 
were analyzed by polymerase chain reaction (PCR) amplification under the conditions 
described by Weber and May [1989] For each marker the locus-specific amplification 
primers recorded in the Genome DataBase (GDB) were employed (for NF1 [Xu et al, 
1991]) 12P-dCTP was included in the reaction mixture in order to label the amplification 
products The allelic DNA fragments were separated on 6 6% denaturing poly-acrylamide 
gels After electrophoresis, gels were dried and exposed for 6 hours to Kodak X-ray film to 
visualize the separated bands Multipoint linkage was performed using the LINKMAP option 
of the program LINKAGE, version 5 10 [Lathrop et al, 1985] With a 95% penetrance and a 
disease gene frequency of 1/5,000 Information on the relative order of marker loci and the 
genetic distances between them was obtained from GDB and from the literature [Haines et al, 
1992, O'Connel et al, 1992, Murray et al, 1993] 

RESULTS 

Clinical Studies 
All 29 relatives were examined by one of us (IvdB) and scored according to our scoring 
system (Table I) We diagnosed definite NS in 9 persons (Table II) Patient II-9 had a history 
of prolonged bleeding after tooth extraction and 3 patients had a history of easy bruising 
Extensive coagulation studies have not been performed in these persons 
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Patient 111-16 had NS and microphthalmus with agenesis of the ins in the right eye and 
a left indoretinochoroidal coloboma Unilateral ins coloboma with normal fundus has been 
described once m a patient with NS [Hall, 1989] 

TABLE II. Manifestations of NS in 9 Relatives 

Manifestations n=9 
Typical face 7 

Valvular pulmonary stenosis 7 

Typical ECG 4 

Height < S"1 centile 9 

Pectus carinatum/excavatum 3 

Cryptorchidism 3/5 

DNA Studies 

To test the possible involvement of the candidate regions on chromosome 17 and 22, we 

performed linkage analysis with several highly polymorphic marker loci As can be seen in 

Figure 6A, the region between D17S122 (pl2-pll 2) and D17S250 (ql 1 2-ql2) surrounding 

the NF1 locus is excluded from harboring the responsible gene This is also the case for the 

proximal part of chromosome 22, where the interval between D22S258 (qll-ql2) and 

D22S264 (qll 2) is firmly excluded (Fig 3B) In fact, the excluded area (lod score < -2) 

extends even more proximal to locus F8VWFP, which was not included in the multipoint 

calculations because of nonmformativity These results show that the gene for NS m the 

present family is not located near the NF1 locus nor in the proximal part of chromosome 22 

DISCUSSION 

In the present study we describe the largest NS family reported to date In the absence of a 
specific biochemical marker, NS remains a clinical diagnosis Establishing the diagnosis can 
be very difficult, especially at an older age In 1981 Duncan et al proposed the use of a 
scoring system with 21 items to help the diagnostic process In their study on NS in 144 
patients, Sharland et al [1993] diagnosed definite NS if the facial changes were present plus 
either characteristic cardiac defect, short stature (height < 10"' centile), or undescended testes 
in males For the facial changes, Sharland et al [1993] referred to the description of the 
craniofacial characteristics by Allanson [1987] Duncan et al [1981] included 12 different 
characteristics of the head and neck to be scored 

The typical facial anomalies in NS consist of a broad forehead, hypertelorism, ptosis, 
downslanting palpebral fissures, micrognathia, apparently lowset, posteriorly angulated ears 
with a thick helix, and a broad short neck However, it is our experience that the facial 
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anomalies may be very subtle and only suggestive of NS. Therefore we made a distinction in 

our scoring system between typical and suggestive facial findings (Table I). 

The diagnostic criteria we used offered the possibility to diagnose NS in persons who 

did not have the classical facial appearance, but had several other major manifestations of the 

syndrome. For instance patient II-7, who only had suggestive facial findings. She had normal-

set ears and no downslanting palpebral fissures (Fig.4). Because she had a pulmonary valve 

stenosis with typical ECG pattern and 2 sons with NS. We could diagnose definite NS in her. 

With the scoring system of Sharland et al. [1993] only persons with a typical face could be 

diagnosed as having definite NS. 

The scoring system of Duncan et al. [1981] has too many detailed items and is too 

cumbersome to be of practical use. The scoring system presented here contains only 6 

categories with 2 alternatives in each category. Compared with the scoring system of Sharland 

et al. [1993], more items have been taken into account. In our opinion this is necessary to 

diagnose a multiple congenital anomalies syndrome as NS. 

Because of its large size, the present family is ideal for linkage analysis. Simulation 

experiments have shown that given highly informative closely linked markers, a lod score >4 

can be obtained for this family alone. This is especially important in view of the possibility 

that NS is heterogeneous. The use of this NS family in linkage studies should yield 

unambiguous results. 

A Q 022S257 

0173122 NF1 D17S250 D 0225?5Θ I SCR 022528* FeVWFP 

Figure 6 

Multipoint linkage analysis of the family with NS. A: To investigate the possible involvement 

of the NFJ locus, 4-point linkage analysis was performed with DI 7S122, NF I, and Dl 7S250. 

Locus D17S122 has been taken as the reference point on the horizontal axis. B: Five point 

linkage analysis was performed with D22S258, D22S257, BCR, and D22S264. Locus 

D22S258 is used as the reference point on the horizontal axis. The position of the locus 

F8VWFP, which is the most proximal polymorphic marker on chromosome 22, is indicated. 
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Sharland et al [1992] excluded the NFl region on chromosome 17 as a candidate 

locus for the gene for NS in 3 of 11 nuclear families and Flintoff et al [1993] in 3 out of 6 

two generation families The other families in these studies were insufficiently informative to 

confirm or exclude involvement of the NFl locus This is not surprising in view of the 

relatively small size of these families 

By multipoint linkage analysis we have been able to exclude the involvement of the 

NFl locus in this family, thereby confirming the findings of Sharland et al [1992] and 

Fhntoff et al [1993] In addition, our results indicate that the gene for NS is not located at 

chromosome 22qll Based on the presently available genetic maps [Haines et al, 1992, 

Murray et al, 1993], the excluded area encompasses almost the entire band 22ql 1 up to locus 

F8VWFP [Haines et al, 1992], which is the most proximal polymorphic marker on 

chromosome 22 Unfortunately, this marker itself was not informative in our family 

Therefore, at present the possibility remains that the responsible gene is located proximal to 

F8VWFP A deletion of the proximal part of 22qll is probably not the cause for NS in our 

family, because one affected member is heterozygous for marker F8VWFP 

ACKNOWLEDGEMENTS 

This work was supported by the Dutch Heart Foundation (Nederlandse Hartstichting nr 

92 334) The authors thank the family members for their cooperation We thank S van der 

Velde-Visser and L Boender-van Rossum for cell transformations and cultunng We thank 

Dr H Brunner and Dr Ν van Slobbe for critically reading the manuscript 

REFERENCES 

Allanson JE Noonan syndrome J Med Genet 1987,24 9-13 

Colley Ρ, Colley A, Thakker Ν, Donnai D, Super M, Hams R, Strachan Τ Large scale 

mutations at the NFl locus in Noonan-NFl and NFl patients J Med Genet 1991,28 572 

Duncan WJ, Fowler RS, Parkas LG, Ross RB, Wright AW, Bloom KR, Huot DJ, Sondheimer 

HM, Rowe RD A comprehensive scoring system for evaluating Noonan syndrome Am J 

Med Genet 1981,10 37-50 

Fhntoff WF, Bahuau M, Lyonnet S, Gilgenkrantz S, Lacombe D, Marcon Γ, Levilhers J, 

Kachaner J, Munnich A, Le Merrer M No evidence for linkage to the type 1 or 2 

neurofibromatosis loci in Noonan syndrome families Am J Med Genet 1993,46 700-705 

46 



Haines JL, Buetow KH, Trofatter A. A comprehensive genetic linkage map of the human 
genome, chromosome 22. Science 1992;258:67-85 

Hall BD. Iris coloboma, ptosis, hypertelorism, and mental retardation. J Med Genet 
1989;26:69 

Lathrop GM, Lalouel JM, Julier C, Ott J. Multilocus linkage analysis in humans; detection of 
linkage and estimation of recombination. Am J Hum Genet 1985;37:482-498 

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for extracting DNA from 
human nucleated cells. Nucleic Acids Res 1988;16:1215 

Murray JC, Duyk GM, Sheffield VC, Weber JL, Buetow KH, Weir RF, Newkirk N. CHCL 
report 1993;1:18; GDB map C22M18 

O'Connel P, Plaetke R, Barker DF, Fain PR, Kidd KK, Skolnick M, Phillips J, Bale AE, 
Vergnaud G, Schwartz C, Weber JL, McBride OW, Cavalli-Sforza LL, Balazs 01, Murray J, 
Leppert MF, Lalouel JM, White RL. A comprehensive genetic linkage map of the human 
genome, chromosome 17. Science 1992;258:67-85 

Sanches-Cascos A. The Noonan syndrome. Eur Heart J 1983;4:223-229 

Sharland M, Taylor R, Patton MA, Jeffery S. Absence of linkage of Noonan syndrome to the 
neurofibromatosis type I locus. J Med Genet 1992;29:188-190 

Weber JL, May PE. Abundant class of human DNA polymorphisms which can be typed using 
the polymerase chain reaction. Am J Hum Genet 1989;44:388-396 

Wilson Dl, Britton SB, McKeown C, Kelly D, Cross IE, Strobel S, Scambler PJ. Noonan's 
and DiGeorge syndromes with monosomy 22ql 1. Arch Dis Child 1993;68:187-189 

Xu G, Nelson L, O'Connel P, White R. An Alu polymorphism intragenic to the 
neurofibromatosis type 1 gene (NF1). Nucleic Acids Res 1991;19:3764 

47 





CHAPTER 4 

Mapping a Gene for Noonan Syndrome to the Long Arm of Chromosome 12 

C. Ruth Jamieson (1), Ineke van der Burgt(2), Angela F. Brady(l), Margo van Reen(2), 
Madiha M. Elsawi(l), Frans Hol(2), Steve Jeffery(l), Michael A. Patton(l), Edwin 
Mariman(2) 

(l)Medical Genetics Unit, St George's Hospital Medical School, London, UK 
(2)Department of Human Genetics, University Hospital Nijmegen, Nijmegen, The 
Netherlands 

Nat Genet 1994;8:357-360 

49 





ABSTRACT 

Noonan syndrome is characterized by typical facies, short stature and congenital cardiac 

defects Approximately half of all cases are sporadic, but autosomal dominant inheritance 

with variable expression is well established We have performed a genome-wide linkage 

analysis in a large Dutch kindred with autosomal dominant Noonan syndrome, and localized 

the Noonan syndrome gene to chromosome 12 (Z1Ilax=4 04 at 9=0 0) I inkage analysis using 

chromosome 12 markers in 20 smaller, two-generation families gave Zm i,=2 89 at 0=0 07, but 

haplotype analysis showed non-linkage in one family These data imply that a gene for 

Noonan syndrome is located on chromosome 12q, between D12S84 and D12S366 

INTRODUCTION 

Noonan syndrome (NS) is a well known autosomal dominant condition, first described by 

Jacquelyn Noonan in 1963' NS patients have a typical face with hypertelorism, ptosis, down 

slanting palpebral fissures, low set posteriorly rotated ears and short neck Λ congenital heart 

defect, which is most often a pulmonary valve stenosis or hypertrophic obstructive 

cardiomyopathy (HOCM), is often present Other characteristic findings are short stature, a 

pectus deformity and cryptorchidism in males The incidence ol NS is estimated to be 

between 1 1,000 and 1 5,0002 Approximately half of all cases are familial As yet, nothing is 

known about the aetiology of this congenital malformation syndrome 

A condition with a strikingly similar phenotype is Turner syndrome, one of the most 

common chromosomal disorders, associated with a 45,X karyotype However, consistent 

chromosome abberations including sex chromosome rearrangements have not been described 

in patients with NS Reported chromosome rearrangements in four sporadic patients with a 

Noonan facial phenotype, but without typical NS, are t(5,7)(pl5,q22)3, 

del(13)(q21 32,q22 30)\ t(3,22)(p21,ql3)s and dup(l l)(ql3 3,ql4 2) " Based on the 

occurence of families in which NS co-segregates with neurofibromatosis type 1 (NFl), the 

locus for NFl on chromosome 17 has been considered as a candidate locus lor NS Wilson et 

a l 7 reported a patient with DiGeorge syndrome and NS. who had a deletion in chromosome 

22qll suggesting the presence of a NS gene in that area Both ol these loci, however, have 

been excluded as the site for a NS gene by linkage analysis * "' 

Here, we report the results of linkage analysis of a three-generation family with eight 

affected persons (Fig l) 1 0 and 20 smaller two generation families from Great Britain and the 

Netherlands Our results localize a gene for NS to chromosome 12q22-qter 
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CLINICAL ASSESSMENT 

One hundred and twelve persons from 21 families were physically examined by one of the 
authors, and ECGs and clinical photographs were obtained NS was diagnosed based on the 
presence of the following major characteristics typical face, pulmonary valve stenosis or 
HOCM plus abnormal ECG pattern, pectus carmatum superiorly and excavatum infenorly, 
height below the 3rl1 centile and cryptorchidism in males Persons with a typical face had to 
have at least one other major characteristic of the syndrome, whereas persons with suggestive 
facial findings had to have at least two other major characteristics in order to be diagnosed as 
aNS patient 
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Figure 1 
Pedigree and haplotypes of Family 1 The markers used for haplotype construction are 

shown The relative order of D12S84 and D12S105, which were mapped to the same 

locus(22), follows from a recombination observed in the affected individual 111 2 The cross-

hatched bars represent haplotypes which co-segregate with the disorder 

LINKAGE TO CHROMOSOME 12q 
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To localize the gene for NS in Family 1 (the large Dutch kindred. Fig l),a search for genetic 

linkage was performed with highly polymorphic markers randomly distributed across the 

human genome After exclusion of more than half of the genome with 325 CA-repeat 

markers, linkage was detected between NS and D12S105 (Z1Iiax=4 04 at 9=0 0) The same lod 

score was obtained with markers D12S354, D12S369 and D12S79, which are located slightly 

distal to D12S105 (Fig 2,Table I) Linkage was not observed for markers proximal to 

D12S105 (D12S84, D12S101, D12S58, IGF1, D12S78) or distal to D12S79 (D12S366, 

D12S349, D12S86) Haplotype analysis positioned the NS gene in this family within a 14 

cMorgan segment of 12q22-qter, defined by D12S84 and D12S366 (Fig 1) 

To determine whether this region of chromosome 12 is also involved in other NS 

families, linkage analysis with the same set of markers was performed in 20 unrelated two-

generation families This resulted in a maximum lod score of Z=+2 89 at 9=0 07 for marker 

D12S369 (Table II), arguing for the presence of a significant locus for NS on chromosome 

12q22-qter Varying the estimate for penetrance of the NS gene from 95% to 50% did not 

affect these results (for D12S369, Zmm=2 83 at 9=0 04 with 50% penetrance) 

TABLE I. Results of two-point linkage analysis of Family 1 

Locus Lod score (Θ) Zm„ (0) 

0.00 0.01 0.05 0.10 0.20 0.30 0.40 

D12S84 

D12S105 

D12S354 

D12S369 

D12S79 

D12S366 

-2 21 

4 04 

4 04 

4 04 

4 04 

-3 01 

-0 83 

3 98 

3 98 

3 98 

3 98 

0 02 

-0 20 

3 72 

3 72 

3 72 

3 72 

1 17 

0 03 

3 38 

3 38 

3 38 

3 38 

1 47 

0 18 

2 64 

2 64 

2 64 

2 64 

143 

0 19 

1 80 

1 80 

1 80 

1 80 

1 06 

0 13 

0 84 

0 84 

0 84 

0 84 

0 49 

0 20 (0 26) 

4 04 (0 00) 

4 04 (0 00) 

4 04 (0 00) 

4 04 (0 00) 

1 51 (0 14) 

GENETIC HETEROGENEITY OF NS 

Based on the fact that the lod scores did not reach their maximum values at 9=0 0 for any of 

the genetic markers from chromosome 12, the possibility of genetic heterogeneity for NS in 

our sample of 20 smaller families was raised Haplotype analysis demonstrated three crucial 

recombination events that involved only clinically affected individuals, and thus cannot be 

explained by nonpenetrance of the NS gene (Fig 3a-c) In two of these pedigrees, the 

recombination is consistent with a locus between D12S354 and D12S79 (Fig 3a and b) In the 

third family, however, one out of three clinically affected siblings has inherited a different 

haplotype for the entire region between D12S84 and D12S366 (Fig 3c) The findings in this 
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single family suggest that NS is genetically heterogeneous, based on the clinical criteria used 

in this study 

A heterogeneity analysis using HOMOG was carried out for the most informative 

marker, D12S369. For two uninformative families, which did not show recombination in the 

region studied, lod scores for D12S354 or D12S79 were used to increase the possibility of 

achieving significance. 

Analyses were performed for all 21 families, and for all families without Family 1. For 

the first analysis, homogeneity versus heterogeneity gave an estimate of alpha (linked 

families) of 0.86, but the chi square was only 0 771 and ρ value was 0.19. The lod score for 

linkage versus heterogeneity was 8.18 compared to 8.01 for linkage versus homogeneity. With 

Family 1 removed from the analysis, log,, likelihoods for linkage versus heterogeneity and 

linkage versus homogeneity were identical, with the data giving no significance (p=0.5, 

x2=o.o). 

DISCUSSION 

Using linkage analysis of one large three-generation family (1 ig. 1) and 20 smaller two-

generation families, we have mapped a gene for Noonan syndrome on the distal part of 

chromosome 12q (12q22-qter). llaplotype analysis of one of the smaller families shows the 

existence of genetic heterogeneity (Fig. 3c), although the degree of heterogeneity is still 

unclear. 
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Figure 3 

Haplotype analysii, oj three families with recombination eventi, involving affected persons In 

two families (a and b) partial sharing of haplotypes between affected sibs was found, whereas 

in the third family ( c ) affected sibs had different paternal haplotypes 
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The present localization is a prerequisite for the definition, and subsequent examination, of 
candidate NS genes. Identification of the NS gene should improve our understanding of 
valvular pulmonary stenosis and HOCM, both of which are characteristic NS features. Also, 
the resemblance of the facial features of Turner syndrome and NS is so striking that this may 
implicate a shared pathogenesis. The identification of a gene for NS could thus improve an 
important clue towards the identity of the putative Turner phenotype gene on the X 
chromosome." 

Figure 2 
A genetic map of the relevant region 

of chromosome 12q Distances are given 

in centiMorgans The relative order ofD12S84 

and D12S105 is based on recombination 

observed m Family 1 (see Fig 1 legend) 

The order ofD]2S369 and DI2S79, which 

were mapped to the same locus(22), is 

determined by a recombination event 

in one of the smaller Jamihes The distance 

between these markers is estimated tobe 0 2 cM. 

So far, no obvious candidate gene for NS has been identified. It has recently been 
reported that elastin gene mutations cause supravalvular aortic stenosis in Williams 
syndrome.12 This cardiac anomaly is clearly different from the valvular pulmonary stenosis of 
NS. Moreover, genes encoding components of the extracellular matrix have not been mapped 
to the relevant region of chromosome 12q. Interestingly, a locus for Holt Oram syndrome 
(HOS) has recently been localized to chromosome 12q22-qter 13"15 On clinical grounds NS and 
HOS are clearly different conditions, that are characterized by different congenital heart 
defects. Probably, the distal part of chromosome 12q contains at least two genes involved in 
cardiac development. Several genes have been localized which can cause HOCM'6 '9, a 
condition which is frequently encountered in patients with NS. However, in our study all 
known loci for HOCM were excluded by linkage analysis. The present mapping of a gene for 
NS on chromosome 12q is an important step towards the positional cloning of a gene 
responsible for congenital heart malformations. Eventually, the characterization of this gene 
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will provide insight into the complex process of cardiac development and should explain the 

other phenotypic findings in NS 

TABLE II. Results of two-point linkage analysis of 20 two generation families 

Locus 

D12S84 

D12S105 

D12S354 

D12S369 

D12S79 

D12S366 

0.00 

-4 37 

-3 56 

-2 03 

0 65 

-0 19 

-7 54 

0.01 

-0 24 

0 44 

0 76 

2 09 

1 44 

-3 36 

0.05 

1 80 

2 18 

2 09 

2 83 

2 39 

-0 74 

Lod score (Θ) 

0.10 

2 30 

2 49 

2 35 

2 83 

2 52 

0 27 

0.20 

201 

2 05 

191 

2 12 

1 99 

0 74 

I 

0.30 

123 

1 21 

109 

1 18 

1 15 

0 50 

0.40 

0 46 

0 42 

0 32 

0 38 

0 37 

0 14 

Ana« 

2 33 

2 50 

2 35 

2 89 

2 53 

0 74 

(Θ) 

(0 12) 

(0 10) 

(0 10) 

(0 07) 

(0 09) 

(0 20) 

METHODOLOGY 

Genotypmg 

Venous blood was sampled from relevant persons and genomic DNA was isolated 20 With 

regard to Family 1, DNA for the present study was available from eight affected and 12 

nonaffected members A dense network of highly polymorphic microsatellite markers 

covering the complete genome with, on average, a genetic distance of less than 1 ScMorgan 

was selected using recent mapping data2 1 '2 Genotypmg was performed either by a non

radioactive (London) or radioactive (Nijmegen) procedure The non-radioactive analysis 

involved PCR amplification of 50 ng genomic DNA in 15 μΐ with 30 ng of each primer, 200 

μπι each dGTP, dCTP, dTTP, dATP, 50 mM KCL, 1 5 mM MgCl 2, 10 mM Tns-HCl, 0 01% 

gelatin, 0 1% Triton X-100 and 0 1 U SuperTaq DNA polymerase (HT Biotechnology Ltd ) 

30 cycles (1 mm at 94°C, 2 mm at 550C and 2 mm at 72°C with a final 7 mm elongation step) 

were carried out in an automated thermal cycler (Hybaid) and amplified products were 

separated by electrophoresis on 10% Polyacrylamide gels The gels were silver stained23 and 

dried Radioactive PCR was performed with a similar amount of genomic DNA and primers 

in the same volume under slightly different conditions (10 mM Tns-HCl pH 9 0, 50 mM KCl, 

1 5m MgCl2, 0 1% Triton X-100, 0 01% (w/v) gelatin) with 200μΜ of each dATP, dGTP, 

dTTP and 2 5 μΜ dCTP, 0 6 μ α alpha32 P-dCTP (10 mCi ml', 3000 Ci mmol') 

Amplification was carried out in a 96 wells thermal cycler (M J Research Ine , Watertown) 

involving 30 cycles as mentioned above Samples were analysed on 6 6% denaturing 

Polyacrylamide gels After electrophoresis at 60 W for 3 h, gels were dried and exposed 

overnight to Kodak X-OMAT S film to vizuahze the allelic bands 
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Linkage analyse!, 

Linkage analyses were performed using the ILINK and MLINK options of the LINKAGE 

program package. Ver. 5.IO24 with an estimated disease gene frequency of 0.0002, 95% 

penetrance, mutation rate of 0.0001 for both males and females and a phenocopy frequency of 

0.0001. Heterogeneity tests were carried out using the HOMOG program.25 
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ABSTRACT 

Most Noonan syndrome (NS) families are compatible with autosomal dominant inheritance 
with predominance of maternal transmission Sporadic patients can be explained by new 
autosomal dominant mutations Here we report four Dutch NS patients, two male and two 
female, each with unaffected consanguineous parents All four had a typical NS phenolype 
and presented with hypertrophic obstructive cardiomyopathy (HOCM) at birth In two cases 
the HOCM improved, in one case it deteriorated, and in one case it remained constant over 12 
years These patients support the existence of an autosomal recessive form of NS in which 
HOCM is more frequent than in autosomal dominant NS 

INTRODUCTION 

Noonan syndrome (NS) is now a well-known multiple congenital anomalies (MCA) 
syndrome characterized by a typical face, congenital heart disease and short stature Facial 
characteristics of NS are a broad forehead, hypertelorism, ptosis, downward-slanting palpebral 
fissures, low-set rotated ears with a thick helix, a short neck, and low hairline The congenital 
heart defect is most often a pulmonary valve stenosis or hypertrophic obstructive 
cardiomyopathy (HOCM) Other manifestations include pectus delormities and 
cryptorchidism in males Hundreds of patients have been described, and excellent reviews 
have been published [Mendez and Opitz,1985, Allanson, 1987, Sharland et al, 1992] In the 
absence of a diagnostic biochemical marker, NS is a clinical diagnosis Several scoring 
systems have been developed to help the diagnostic process [Duncan et al, 1981, Sharland 
et al, 1993, van der Bürgt et al, 1994] The incidence has been estimated at 1/1,000 
to 1/5,000 live births [Allanson, 1987] Cause and heterogeneity of NS have been topics in the 
medical genetic literature ever since Noonan reported the first 9 patients in 1963 Most of the 
reported familial cases are consistent with autosomal dominant inheritance with predominance 
of maternal transmission [Noonan and Ehmke, 1963, Noonan, 1968, Collins and Turner, 
1973, Nora et al, 1973, Tassabehji et al, 1993, Jamieson et al, 1994, Bahdau et al, 1996] 

Approximately half of the patients are sporadic and may represent new mutations 
However, there are some reports of recurrences of NS in sibs with unaffected parents 
Diekmann et al [1967] described hypertrophic cardiomyopathy and pterygium colli in two 
brothers and their sister, suggesting a diagnosis of NS The parents were healthy without 
phenotypic abnormalities Abdel-Salam and Temtamy [1969] described two brothers with 
Turner phenotype and normal chromosomes (i e NS) whose unaffected parents were first 
cousins fhey also mentioned nine previously described families with recurrences of a similar 
condition in female and male sibs with unaffected parents More recently, Maximilian et al 
[1992] reported on a family with four children, of whom three, a girl and two boys, had 
apparent NS Neither parent had signs of NS 

As part of clinical and molecular studies on NS, we gathered the clinical data of 100 
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Dutch children with NS. In 21 cases the mother was affected , in 8 the father, and 71 cases 
were sporadic. There were seven definitely affected sib pairs among the NS patients. In all of 
these cases a parent was also affected. In one family there was a suggestive recurrence with 
fetal hydrops. In this case the parents were unaffected and consanguineous. In three other 
sporadic cases the parents were consanguineous also. This is striking, because consanguinity 
is very rare in Dutch couples. 

Here we report four NS cases with unaffected consanguineous parents. These data and 
a possible recurrence in one of the families argue for an autosomal recessive form and thereby 
supports heterogeneity in NS 

CLINICAL REPORTS 

Case I 
This boy was born after 40 weeks gestation , birth weight 4,310 gram (>90lh centile) , length 
53 cm (95'h centile ). After birth, he was cyanotic and had tachypnea. Cardiac evaluation 
demonstrated HOCM and a patent foramen ovale. The foramen ovale closed spontaneously 
and the infant's condition improved. 

He had a typical face with broad forehead, hypertelorism, downward-slanting 
palpebral fissures, apparently low-set ears and a short neck, a pectus excavatum and 
cryptorchidism. At 16 months his length was 78.5 cm (25"' centile) and he weighed 9 kg (3"1 

centile). The face was typical for a child with NS (Fig.l). He was in good health and 
echocardiography showed that the cardiac hypertrophy had normalized. At that time only a 
mild pulmonary stenosis was present. At 5 years, results of cardiac evaluation, including 
ultrasound, were normal. The boy was in a good condition, had no health problems, and had 
normal psychomotor development. Electrocardiography (ECG) showed left axis deviation and 
a negative pattern in the left precordial leads [Sanches-Cascos, 1983]. 

The second pregnancy of the parents, who are distantly related (Fig.2a), ended at 31 
weeks in the birth of a hydropic male who died 1 hr after birth. Birth-weight was 3,660 g 
(>90"' centile). A congenital infection, immunological differences, and a chromosome 
abnormality were excluded. Autopsy showed no malformations. Heart weight was 15 g, which 
is slightly above normal for 31 weeks, and the lungs weighed less than normal for the duration 
of pregnancy (33 g). There were no other abnormalities except for a low, normal weight of 
the adrenal glands. 

Neither the mother nor father had facial changes suggestive for NS, no thorax deformity, no 
congenital heart disease, and were of normal height. They had neither major nor minor signs 
ofNS. 

Case 2 
This female patient was the first child of healthy Dutch parents who are third cousins (Fig.2b). 
Polyhydramnios was observed during the last trimester of the pregnancy. After 42 weeks 
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Figure 1 

Case I at 7 years; note downward-slanting palpebral fissures and ptosis 

gestation the girl was born with a birthweight of 3,370 gram (40"' centile), length 50 cm (10,h 

cantile), and OFC 35 cm (25lh centile). She had hypertelorism, downward-slanting palpebral 

fissures, micrognathia, low-set and posteriorly angulated ears, and a short neck. 

Echocardiography showed signs of severe HOCM. ECG showed right atrial 

hypertrophy, a wide QRS complex, left axis deviation, giant Q-waves, and negative left 

precordial complexes. The patient had a normal female karyotype (46,XX). Because of the 

severe progressive HOCM and hypotonia, a biopsy of the quadriceps was taken. This biopsy 

demonstrated abnormal morphology on light microscopy with an excess of muscle spindles . 

These changes were interpreted as rare myopathic changes that could be added to the list of 

occasional findings associated with NS [de Boode et al., 1996]. The patient had feeding 

problems and failure to thrive. She died at 10 months of heart failure due to HOCM. 

Neither the parents nor their healthy second child had a medical history suggestive 

of NS. They had no facial findings, no thorax deformity, and no congenital heart disease, and 

were of normal height. 
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Case 3 

This female patient was born after 33 weeks' gestation Birthwcight was 2,150 g (60"' 

centile), length 43 5 cm (50"' centile), OFC 32 9 cm (90'" centile) At birth she had edema and 

a dysmorphic face with a broad forehead, hypertelorism with downward-slanting palpebral 

fissures, low-set posteriorly angulated, abnormally modeled ears, and a short, webbed neck 

(Fig 3) The thorax was broad with increased intemipple distance and pectus cannatum 

Cardiologie evaluation revealed HOCM with abnormalities of the mitral valves and the 

tricuspid valves, with mild stenosis of the aorta and of the pulmonary artery near the valves 

ECG showed right atrial hypertrophy, left axis deviation, giant Q-waves, and negative 

precordial complexes 

The patient had a normal female karyotype Neonatally there were feeding problems, 

hypotonia, and failure to thrive Her psychomotor development was delayed However, this 

improved steadily and at the age of 4 years she was an active happy child with a 

developmental delay of approximately 1 year, she attended a school for children with 

learning disabilities At 12 years she had a height of 133 cm (<3rd centile), and weighed 26 1 

kg She developed a thoracic scoliosis The face was typical of NS 

Her moderately severe HOCM was associated with evident stricture of the left 

ventricle outflow tract, mitral insufficiency, and tricuspid insufficiency These findings 

stayed constant over the years Clinical impairment was confined to long-distance walks and 

sports 

The parents, who are first cousins (Fig 2c), had no signs of NS There was no medical 

suggestive of NS They had no facial abnormalities, no thorax deformity, no congenital heart 
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disease, and a normal height. Their first pregnancy was terminated at 21 weeks with the 
unexplained premature birth of stillborn male twins without apparent congenital 
abnormalities. 

Figure 3 
Case 3 shortly after birth; note redundant skin in neck 

Case 4 

This boy was born as the second child of healthy second cousin parents (Fig.2d). After 32 
weeks' gestation, he was bom by caesarean section because of placenta previa. Birthweight 
was 1,900 g (50"' centile). He had a broad and high forehead, hypertelorism, down-ward 
slanting palpebral fissures, micrognathia and low-set, posteriorly angulated ears. Neonatally 
there were feeding problems and failure to thrive. 

Cardiologie examination showed mild HOCM with a ventricular septal defect and 
slight pulmonary valve stenosis. At 7 years echocardiography showed that the hypertrophy 
had normalized and the VSD had closed spontaneously. At 10 years only minimal pulmonary 
valve stenosis was present, but the ECG was typical of NS with left axis deviation, counter
clockwise rotation, and a negative pattern in the precordial leads. Because of his shortness, 
growth hormone therapy was started at 11 years. At that time he had a height of 124.6 cm, and 
weighed 22 kg (both < 3rd centile). The face was characteristic for NS (Fig. 4). His 
psychomotor development was normal. He had the typical NS thorax deformity with pectus 
carinatum superiorly and pectus excavatum inferiorly. The testes were present in the scrotum 
bilaterally. 

Neither the parents nor their firstborn child had a medical history suggestive of NS. 
They had no facial abnormalities, no congenital heart defect, and were of normal height. 
There were no signs of NS in any of them. 
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TABLE I. Clinical Findings in Four Probands and Literature Cases with NS 

Findings Case Case Case Case Literature 

1 
Face 

Hypertelorism with downward-slanting + 

palpebral fissures 

Low-set posteriorly rotated ears + 

Micrognathia 

Short neck with low posterior hairline + 

Heart 

+ 
+ 

Pectus carinatum/excavatum 

Cryptorchidism (in male) 
+ 
+ 

+ 

+ 

% 

95 

90 

25 

55 

Pulmonary valve stenosis 

HOCM 

Septal heart defect 

Typical ECG 

Growth 

Fetal edema/polyhydramnion 

Feeding difficulties during infancy 

Height<3rl1 percentile 

Others 

+' 

+' 

-
+ 

-

-

-

-

+ 

-
+ 

+ 

+ 

+ 

-

+ 

-

+ 

+ 

+ 

+ 

+' 

+' 

+' 

+ 

-
+ 

+ 

50-60 

10-20 

6-15 

62 

33 

76 

50-60 

70 

60-77 

+ ' normalised in time, F female 
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Figure 4 

Case 4 at 13 years; note curly hair, hypertelorism, and triangular face 

DISCUSSION 

Most NS cases are compatible with autosomal dominant inheritance with many new 
mutations. In 1994, a gene for autosomal dominant NS was mapped on chromosome 12q in 
one large Dutch family. Haplotype analysis of smaller NS families showed that, while the data 
for most families were compatible with this localization, the findings in a few were suggestive 
of genetic heterogeneity [Jamieson et al., 1994]. In the literature, several other patterns of 
inheritance have occasionally been considered. Noonan herself suggested multifactorial or 
polygenic inheritance, as she recognized mild features in both parents of some patients 
[Noonan, 1968]. This observation has not been confirmed in the years thereafter. It may 
represent autosomal dominant families with a mild adult phenotype in one of the parents, or 
sporadic NS patients whose parents demonstrate one of the features of NS without having the 
syndrome. Others suggested X-linked dominant inheritance in a proportion of the NS families, 
because of the predominantly maternal transmission [Collins and Turner, 1973; Nora et al., 
1973]. However, true X-linked families with NS have not been described over the last 30 
years. There are several additional conditions with phenotypic similarities. These include 
Ullrich-Turner syndrome (45,X karyotype), Watson syndrome (pulmonary valve stenosis, 
impaired intellect, and multiple café-au-lait spots), LEOPARD syndrome (multiple lentigines, 
pulmonary stenosis ) and Noonan-neurofibromatosis type 1 [Tassabehji et a l , 1993; Bahdau et 
al., 1996]. Reynolds et al. [1986] first described eight patients with cardio-facio-cutaneous 
(CFC) syndrome. Their patients, as well as subsequently published cases with CFC syndrome, 
had a strong phenotypic resemblance to NS, but differed in that patients with CFC syndrome 
had more ectodermal abnormalities and more severe mental retardation. This has led to the 
still unresolved discussion of wether NS and CFC syndrome arc truly separate conditions, or 
whether they represent a variable expression of the same entity [Fryer et al., 1991]. 
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In this study, we report on four selected cases out of 100 Dutch NS patients known to us. 
These patients had unaffected consanguineous parents and in one case there was a stillborn sib 
with hydrops, possibly with NS. Since consanguinity is rare in the Dutch population, with the 
exception of a few small, isolated populations, these four families attracted our attention, and 
support to the existence of an autosomal recessive form of NS. In the literature, only a few 
families are reported with NS in sibs without affected parents [Diekmann et al., 1967; 
Maximilian et al., 1992]. In one case the parents were consanguineous [Abdel-Salam and 
Temtamy, 1969]. We compared the manifestations of the present cases with those found in 
the literature (Table I) [Allanson, 1987; Sharland et al., 1992; Pemot et al., 1987]. All four 
patients had a typical face but none had the typical heart defect, which is an isolated 
pulmonary valve stenosis with dysplastic leaflets [Pernot et al., 1987]. Instead, all our cases 
had HOCM diagnosed directly after birth, but in three with a relatively mild course. In Cases 
1 and 4 the HOCM improved and finally normalized before 2 and 7 years of age, 
respectively. In both patients only a slight pulmonary valve stenosis remained, which 
normalized a few years thereafter. In Case 3 the HOCM remained constant through the years 
and is still unchanged at age 12 years. Only in Case 2 did the HOCM deteriorate and the girl 
died at 10 months. 

The other signs of NS in our four cases were similar to those in classical NS (Table 1). 
The present cases support the existence of a recessive form of NS, in which the patients have 
typical NS, but in which HOCM is present at birth. This contrasts with the situation in 
classical NS, in which only 10-20% of the patients have HOCM [Allanson, 1987; Sharland et 
al., 1992]. In the total group of 100 Dutch children with NS evaluated by us, 17 had HOCM 
(17%). It may be that HOCM is more frequent in this uncommon autosomal recessive form 
ofNS. 

The family described by Diekmann et al. [1967], in which all three affected sibs were 
born with HOCM and pterygium colli, may be an example of autosomal recessive NS. In the 
two affected sibs described by Abdel-Salam and Temtamy [1969], no congenital heart defect 
was mentioned, and the three sibs described by Maximilian et al. [1992] had pulmonary 
stenosis, but no further details were given. In their report on 117 families with NS, Sharland et 
al. [1993] mentioned a recurrence risk of 5% for unaffected parents who had a previous child 
with NS. In some of these families, one of the parents may have had NS with a very mild 
phenotype. Other families could represent autosomal recessive NS. Consanguinity was not 
mentioned and hence these cases could also represent germline mosaicism for the common 
autosomal dominant form of NS or nonpenetrance in one of the parents. 
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ABSTRACT 

Objective 

To evaluate the cognitive profiles of children with Noonan syndrome (NS) and to relate these 

profiles to measures of overall clinical seventy 

Study design 

Thirty-five children with NS between the ages of 7 and 18 years were tested on their 

intellectual, psychosocial and academic functioning The diagnosis NS was established on the 

presence of a typical face, the characteristic heart defect, thorax deformity, short stature, 

affected first degree relative(s), and cryptorchidism in male subjects 

Results 

The total group of children with NS (n=35) achieved significantly lower mean full-scale IQ, 

verbal IQ (VIQ), and performance IQ (PIQ) scores (between 85 9 and 89 3) than expected based 

on normative data The individual full-scale IQ scores varied between 48 and 130 Because of 

this wide range of individual scores, the mean group values are not extremely informative The 

mean full-scale IQ for the group with moderate NS (n=19) is 90 8, for the children with severe 

NS (n=16) the mean full-scale IQ is 80 6 The patterns of discrepancies between VIQ and PIQ 

are (1) an extreme discrepancy between VIQ and PIQ is most likely to emerge in children with 

severe NS with (low) average intellectual abilities, (2) children with moderate NS are more 

likely to attain similarities in VIQ and PIQ scores, and (3) children with moderate NS 

demonstrate a particular pattern of discrepancy between VIQ and PIQ (ie, VIQ > PIQ) 

Conclusion 

For children with NS, the findings on physical examination are indicative of the pattern of 

cognitive abilities NS is not associated with substantial deficits in the level of intellectual 

functioning or with a smgle/umtary cognitive pattern Severe Ν S expression, however, predicts 

in part a specific pattern of deficits and capacities in cognitive functioning 

INTRODUCTION 

Noonan syndrome is a well-known autosomal dominant condition characterized by a typical 

face, short stature and a congenital heart disease Mild mental retardation has been described 

as a feature of the syndrome' The incidence of NS has been estimated as 1 in 2000 live 

births2, which makes NS one of the more frequently occurmg multiple congenital anomalies 

syndromes In the absence of a specific biochemical marker, the diagnosis of NS is still based 

on clinical criteria A gene for autosomal dominant NS has been found on chromosome 12q, 

but this gene has not been characterized yet ' * 
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The phenotypic expression of NS is highly variable, and changes with age 5 In childhood the 
typical face has a triangular shape with a high broad forehead and a pointed chin, hypertelorism, 
ptosis, downward-slanting palpebral fissures, low-set posteriorly rotated ears with a thick helix, 
and a short broad neck with a low hairline The most common heart defects are pulmonary valve 
stenosis in 65% of the patients and/or a hypertrophic obstructive cardiomyopathy (HOCM) in 
20% Other features frequently seen in NS are pectus deformities ( up to 95%) and cryptorchi
dism in male patients (77%) 

Most review articles mention mild mental retardation in 15% to 35% of patients with NS 268 

However, there are only limited data on cognition and intelligence in NS Money and Kalus9 

described IQ and specific disabilities in 8 male patients They reported full-scale IQ scores that 
were variable, ranging from 64 to 127 One patient showed substantial verbal disabilities, and 4 
patients had major apractic disabilities The authors comment that despite the small number of 
patients, their study indicated that involvement of cognition in NS is sporadic ' In 1988 Finegan 
and Hughes10 reported one affected member of a family with NS who had very superior 
intelligence (full-scale IQ of 133) Comish" reported strenghts in non-verbal skills and 
weakness in verbal skills in a mother and 2 daughters with NS Recently, a study of cognitive 
abilities in 51 children with NS with a mean age of 9 years 7 months demonstrated a mean (SD) 
full-scale IQ of 84 3 (21 6), and in 41% of the cases the verbal IQ was lower than the 
performance IQ (M Patton, unpublished data) 

The primary aim of this study was to evaluate the cognitive profiles of children with NS 
Because we hypothesized that the intellectual phenotype could be related to the clinical 
phenotype of NS, we established indices for general levels of intelligence (IQs) and cognitive 
profiles (VIQ and PIQ) for 35 school-aged children with NS and related these indices to 2 
subtypes of phenotypic expression in NS 

SUBJECTS AND METHODS 

Clinical diagnosis 

Thirty-five children with NS between the ages of 7 and 18 years were tested on their 
intellectual, psychosocial and academic functioning The diagnosis NS was established based 
on the presence of a typical face, the characteristic heart defect, typical thorax deformity, short 
stature, affected first-degree relative(s), and cryptorchidism in male subjects Children with a 
typical face had to have at least one other major characteristic of the syndrome, whereas those 
with suggestive facial findings had to have at least 2 other major characteristics in order to be 
diagnosed as having NS 1 

Relevant clinical information about the children was obtained from their hospital case 
notes, parental accounts, and clinical examination This included features diagnostically 
relevant for NS such as weight and height curves, major feeding problems in infancy, hypot
onia, recurrent otitis, ocular abnormalities, and a history of easy bruising Twenty-nine of the 
35 children with NS were also evaluated on their socio-emotional functioning by the Child 
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Behavior Checklist (CBCL), completed by a primary caretaker (mothers, 82%, fathers, 11%, 
other, 7%) after informed consent was obtained 

Phenotypic patterns ofNS 

For subject classification of NS expression, 4 major physical characteristics of NS were 
applied (1) facial findings, (2) cardiac defects, (3) short stature, and (4) chest wall 
deformities According to the nature of these 4 characteristics, we made a subdivision between 
major (A) and minor (B) characteristics These major versus minor featureb are (1) typical 
face versus suggestive face, (2) pulmonary valve stenosis and/or hypertrophic obstructive 
cardiomyopathy versus other congenital heart defects, (3) height below the 3rd percentile 
versus height below the 10th percentile, and (4) pectus cannatum/excavatum versus broad 
thorax with large inter-nipple distance Based on the pattern of these phenotypic 
characteristics, each patient received a seventy rating of NS expression 

Intellectual assessment 

The Dutch adaptation of the Wechsler Intelligence Scale for Children-Revised (WISC-RN)12 

was used to assess intellectual ability The full-scale intelligence (total 1Q) of the WISC-RN is 
based on 12 subtests, each designed to measure either the verbal or performance ability of a 
child In the verbal section the tests are Information, Similarities, Arithmetic, Vocabulary, 
Comprehension, and Digit Span In the performance section the tests are Picture Completion, 
Picture Arrangement, Block Design, Object Assembly, Coding and Mazes Each section is 
scored separately and both a "verbal IQ" and a "performance IQ" are obtained The mean 
value of the total, verbal and performance IQ scores is 100 (SD = 15) A substantial difference 
between VIQ and PIQ of more than 11 points is considered clinically important for a 
disparity in cognitive pattern l3 An IQ range between 51 and 70 was typified as "mildly 
mental retarded" {International Classification of Diseases Ninth Revision Clinical 

Modification) according to Diagnostic and Statistical Manual of Mental Disorders Fourth 

Edition classification Several areas of cognitive functioning (eg, verbal comprehension, 
perceptual organization, spatial knowledge, sequencing abilities, memory, freedom from -
distractibihty) were evaluated by regroupings of WISC subtests proposed by Bannatyne14 and 
Kaufman '5 

In addition to the WISC-RN, the Visual-Motor Integration (VMI) and Raven Progressive 
Matrices cognitive tests were used to evaluate perceptual and motor skills"' and inductive 
reasoning ability " The youngest children (< 9 years) received the colored version of the 
Raven test, whereas for the older children the standard (uncolored) version was used For 2 
subjects (17 and 18 years old), an adult-version of the WISC-RN (the Wechsler Adult 
Intelligence Scale) was used The WISC-RN subscale Mazes was added, because the WAIS 
does not include this subtest Lezak18 indicated that it is appropriate to use the Mazes subscale 
and its highest WISC-R norm (16 0-16 5) to estimate the adequacy of the adult performance 
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Statistical analysis 

In order to facilitate comparison among the W1SC-RN and the 2 other cognitive tests (ie, VMI 

and RPM) the percentile scores of latter tests were converted to age-related IQ-equivalents. 

Means and SDs were computed for all IQ-related measures of the WISC-RN, RPM and VMI. 

For a comparison of means, standard parametric methods of analysis were used when scale 

properties permitted this. Two-tailed t tests were used to compare the means of the different 

subtests and subscales of the WISC-RN, and a one-tailed paired / test was used to assess 

directional differences. To investigate linear relationships between clinical and intellectual 

data, Spearman R coefficients of correlation were computed for those variables measured on 

an ordinal scale. 

Statistical evidence was found at Ρ levels of .05. All data were entered and analyzed by 

using SPSS/PC (SPSS-WIN, 1993). Test administration and analysis were carried out by the 

same examiner (G.T.) for all 35 cases. 

RESULTS 

Clinical data 

The sample consists of 23 boys and 12 girls. Besides the 22 patients with a typical heart 

defect, 2 patients had a coarctation of the aorta and one had an atrial septal defect with mitral 

valve insufficiency. In 10 patients (29%) no congenital heart disease was present. At the time 

of diagnosis height was below the 3"1 percentile in 26 children (74%); at the moment of 

cognitive testing, 20 of these (57%) still had a height below the ΎΛ percentile. Of the total 

sample of 35 children with NS, 19 children (54%) received growth hormone therapy. The 

mean duration of treatment at the time of the intellectual assessment was 2 years. The 

remaining 6 children had reached a height just above the 3rd percentile at the moment of 

cognitive testing. Seventeen (74%) of the 23 boys had undescended testes at birth. A history 

of easy bruising or bleeding was mentioned in 16 patients (46%). Major feeding problems, 

leading to poor weight gain in infancy, were reported in 17 of the cases (49%). Ocular 

abnormalities with impaired vision were observed in 15 children (43%), and recurrent otitis 

in 8 (23%). Two children had a drain because of hydrocephalus. 

The results of the CBCL were compared with those of Dutch standard populations. The 

children with NS showed more behavior problems than the control group but not in the 

clinical area. Clusters of behavior problems that scored high in the parental reports were social 

problems, attention problems, and somatic complaints. No correlation was found between the 

total results of the CBCL and gender, age, phenotypic expression, or educational setting 

(Roosenboom et al, unpublished data). None of the children had the clinical diagnosis of 

attention-deficit/hyperactivity disorder. 
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Sample characterization according tophenotypic expression 

The distribution of males and females in the sample was approximately 2:1 (Table I). Similar 

gender rates are observed for both phenotypic subgroups. The over representation of males in 

this study proves not statistically significant (χ2=3.46, df=l, P=0.063) The mean age of the 

children at intellectual assessment was 12.4 years (range 7.4 - 18.1 years). Fifteen children 

(43%) required special education at schools for children with severe learning disorders, which 

is significantly greater than the 4% of the Dutch school-aged population that attend these 

schools (χ2=41.98, df=\,P<.0Q\). 

Of the children with the classification "severe NS", almost 70% (11/16) attanded schools 

for children with severe learning disorders, compared with 21% (4/19) of the children with 

"moderate NS". 

TABLE I. Classification by sex, age, and education at date of intellectual assessment 

Phenotypic 
Classificatie 
Severe NS 

Moderate NS 

Total no. 
16 

19 

Sex 
Male Female 

11 6 

12 7 

Age group 
6-12y 12-18y 

9 7 

6 13 

Education 
Regular Special 

5 11 

15 4 

Total 35 23(66%) 12(34%) 15(43%) 20(57%) 20(57%) 15(43%) 

General level of intellectual ability 

As a group, the children with NS achieved significantly lower mean full-scale IQ scores than 

expected based on normative data (mean=100, SD=15) (/ = -3.24, 3/=68, P<.05) (Table II). In 

34% of the children with NS, we observed average intellectual abilities (IQs 85-115). This 

proportion is significantly smaller than the 68.2%) in the general population (χ2 =12.94, 5/=l, 

.P<.001). Mental retardation (IQ below 70) was present in 8 children (23%), which is 

significantly greater than in the general population (2.3%) (χ2=65.82, df=\, P<.00\). The 

proportion of children performing in the range of borderline or superior intelligence was as 

expected under a normal distribution (χ2< 3). 

The mean scores for full-scale IQ, VIQ and PIQ were quite similar (between 85.9 and 

89.3). These IQ-scores represent "low-average" intellectual capabilities. The measures of the 

Raven IQ and the VMI IQ point out that children with NS, as a group, had adequate (average) 

inductive reasoning and visual-motor abilities. 

The intra-group variability, defined as the coefficient of variation (SD/Mean), was high for 

all the IQ measures and for both subgroups of phenotypic expression. Significant differences 

between the 2 subgroups were observed only for VIQ and Raven IQ ( / >2.10, 9^33, .P<.05). 

On these IQ measures, children with moderate NS achieved average scores in comparison 

with age-related standardization subject samples, whereas children with severe NS achieved 

below-average scores. The observed differences between both subgroups on the other IQ 

parameters (ie, full-scale IQ, PIQ and VMI IQ) did not reach levels of significance (P < .05). 
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TABLE II. IQ scores and IQ equivalents for patients with NS 

IQ scores 
Full-scale 

IQ 
VIQ 

PIQ 

Raven IQ 

VMIIQ 

Total 
population 

Mean SD 
86 14 20 39 

89 26 19 28 

85 86 2125 

99 66 18 19 

90 94 14 39 

No. 
35 

35 

35 

35 

35 

Severe NS 

Mean 
80 63 

82 13 
84 06 
91 94 

88 13 

SD 
20 39 

19 75 
23 29 
18 67 
15 72 

No. 
16 

16 
16 
16 
16 

Moderate NS 

Mean 
90 79 

95 26 
87 37 

106 16 
93 32 

SD 
19 24 

17 14 
19 89 
15 39 

13 12 

No. 
19 

19 

19 
19 
19 

Normative IQ scores mean=l00, SD=]5 

The mean scores for lull-scale IQ, VIQ and PIQ were quite similar (between 85 9 and 

89 3) These IQ-scores represent "low-average" intellectual capabilities The measures of the 

Raven IQ and the VMI IQ point out that children with NS, as a group, had adequate (average) 

inductive reasoning and visual-motor abilities 

The intra-group variability, defined as the coefficient of variation (SD/Mean), was high for 

all the IQ measures and for both subgroups of phenotypic expression Significant differences 

between the 2 subgroups were observed only for VIQ and Raven IQ ( / >2 10, δ/=33, P< 05) 

On these IQ measures, children with moderate NS achieved average scores in comparison 

with age-related standardization subject samples, whereas children with severe NS achieved 

below-average scores The observed differences between both subgroups on the other IQ 

parameters (ie, full-scale IQ, PIQ and VMI IQ) did not reach levels of significance (P < 05) 

Distribution of Intelligence 

A substantial number of children with NS functioned intellectually in a borderline range (IQ < 

85) (Fig 1) This finding suggests that NS is linked with a general shift of the IQ distribution 

downward Moreover, this observation led us to question whether this lowering of full-scale 

IQ is attributable to the effect of a specific pattern in verbal-performance discrepancy or to 

specific dips in performance on particular subtests 

Patterns of discrepancy between VIQ and PIQ 

The mean difference in IQ points between VIQ and PIQ was +3 4 (15 5) in the total NS 

group, -1 9 (18 2) in the severe NS group, and 7 9 (11 5) in the moderate NS group (Table 

III) The observed difference between VIQ and PIQ (95 3 versus 87 4) in subjects with 

moderate NS was not statistically significant (f=l 31, d/=36, P= 20) Focusing on the direction 

of the discrepancies (VIQ>PIQ or PIQ>VIQ), the pattern VIQ>PIQ occured more often than 

PIQ>VIQ 9 children had a VIQ>PIQ disparity of 12 points or greater, whereas 

only 4 children had a PIQ>VIQ of this magnitude 
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IQ-distribution for NS 
Full-Scale IQ (FS-IQ) 

1 NS group 

General pcpulation 

< 69 70 79 Θ0 89 90 109 110 119 120 129 130 > 

IQ 

Figure 1 

Distribution of full-scale IQ for children with NS (n = 35) 

The individual performances on the VIQ and P1Q tests are displayed in an XY plot (Fig 2) 

In order to substantiate the observed trends in patterns of VIQ and PIQ across phcnotypic 

subgroups, separate correlations were performed In the total population, no significant 

association between clinical phenotype and VIQ-PIQ pattern was found (τ =0 13, n=35, 

P> 10) Because it is highly unlikely to find significant disparities between domains of 

intellectual functioning of mentally retarded children (because of floor effects), we excluded 

these subjects from the analyses A significant association was lound between clinical and 

intellectual phenotype (τ =0 39, n=27, P< 05) 

TABLE III. VIQ-PIQ discrepancy (intellectual patterns) for all patients with NS 

VIQ - PIQ discrepancy 

>11 points <Π points 

Classification VIQ>PIQ PIQ>VIQ Total PIQ~VIQ 

Severe NS 3 4 7(44%) 9(56%) 

Moderate NS 6 0 6(32%) 13(68%) 

Total 9(69%) 4(31%) 13(37%) 22(63%) 

VIQ > PIQ VIQ exceeds PIQ PIQ > VIQ PIQexceeds VIQ 
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Patterns of Verbal-Performance Discrepancy 
based on clinical classification (or 35 Noonan cases 

Performance-IQ 

40 60 80 100 120 110 160 

Verbal-IQ 

Figure 2 
Patterns of discrepancy between VIQ and PIQfor children with severe NS (n = 16) and 

moderate NS (n = 19), based on clinical classification for 35 cases ofNS 

Subtest Scatter 

The subtest scores on the WISC-RN in the NS subgroups are presented in Table IV. When 

both subgroups were compared, the severe NS group had significantly lower mean subtest 

scores on acquired knowledge (subtest Information) (t=-2 69,<9/=33, P=0.011), computational 

abilities (subtest Arithmetic) (/=-2.57, df=33, P= .015), and auditory short-term memory 

(subtest Digit Span) (/=-2.19, d/=32, P=0.036). Regroupings of the subtest scores (Table IV) 

revealed that particular areas of cognitive functioning are vulnerable in children with NS, 

namely the ability to organize perceptual information, planning abilities, working 

synthetically, and spatial knowledge. The NS group performed relatively well on tasks that 

require verbal comprehension, abstract reasoning, and social awareness or judgement. The 

performance of children with severe NS was signficantly poorer (P < .05) than that of 

children with moderate NS on tasks that reflect focussing attention, acquired knowledge, 

short-term memory (especially repetitive memory skills), and achieving without time 

pressure. 
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TABLE IV. Subtest scatter for patients with NS 

Subtest 
Verbal scale 
Information 

Similarities 

Arithmetic 
Vocabulary 

Comprehension 

Digit Span 

Performance scale 
Picture Completion 

Picture Arrangem. 
Block Design 

Object Assembly 
Coding 

Mazes 

Total 
Mean 

8.3 
8.9 
7.9 
7.9 
9.5 
7.6 

8.0 
7.7 
7.8 
7.5 
8.2 
7.6 

population 
(SD) 

(3.6) 
(3.2) 
(3.2) 
(3.2) 
(3.7) 
(3.0) 

(3.4) 
(3.6) 
(3.7) 
(4.7) 
(3.5) 
(4.0) 

Severe NS 
Mean (SD) 

6.7 
7.9 
6.6 
6.8 
8.7 
6.4 

7.4 
6.9 
7.4 
7.3 
7.1 
8.1 

(4.0) 
(3.5) 
(2.9) 
(3.9) 
(3.5) 
(2.8) 

(2.9) 
(4.4) 
(3.7) 
(5 4) 
(3.7) 
(4.4) 

Moderate NS 
Mean (SD) 

9.7 
9.7 
9.1 
88 
10.3 

85 

8.6 
83 
8.2 
7.7 
9.2 
7.2 

(2 6) 
(3.7) 
(2.9) 
(4.0) 
(3.7) 
(2.8) 

(3.7) 
(2.8) 
(3.7) 
(4.1) 
(3.2) 
(3 7) 

DISCUSSION 

Based on well-standardized tests of mental ability, our results show that children with NS 
have a wide range in level of intelligence (IQ-scores between 48 and 130). For the total NS 
population, the mean full-scale IQ of 86.1 is nearly 1 SD below the general population mean 
(IQ 85-115). Similar discrepancies are observed for the mean VIQ (89 3) and the PIQ (85.9). 

Because of the wide range of individual IQ scores, the mean group values are not extremely 
informative. We hypothesized that there would be an association between the severity of 
physical expression of NS in terms of moderate and severe (clinical phenotype) and the 
cognitive abilities in terms of IQs (intellectual phenotype). Sixteen of the 35 children with NS 
(46%), participating in this study, are severely affected with regard to the physical signs of NS 
(i.e., typical facies, congenital heart defect, thorax deformity, and short stature). The other 19 
children are moderately affected. When the sample is subdivided into these two groups, the 
full-scale IQ-measures differ in favor of the group with moderate NS. For VIQ and on the 
Raven IQ test, the differences are significant. Discrepancies between VIQ and PIQ are 
observed in 44% of the children with severe NS and in 32% of the children with moderate NS. 
Extreme discrepancies between VIQ and PIQ are more prominent in children with severe NS, 
whereas children with moderate NS are more likely to demonstrate a particular pattern of 
discrepancy between VIQ and PIQ (i.e., VIQ>PIQ). 

The relative stengths of children with NS are non-verbal reasoning, verbal comprehension, 
social judgement, and visual-motor abilities. Children with NS exhibit specific weaknesses in 
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spatial knowledge and planning abilities. This leads to limited abilities in organizing academic 
tasks (especially working synthetically) which leads to difficulties in school.. Areas of 
cognitive functioning that require special attention in early school years are the child's 
capacities for organization, memorization and focussing attention. 

Based on the results of this study, two questions related to the occurrence of mental 
disabilities in NS and its role in school reference can be answered. The first question is 
whether mental deficiency is a specific feature of NS. There is higher prevalence of children 
with NS in the schools for children with severe learning disorders (43%) than in the general 
Dutch population (4.8%). This is especially true for children with severe NS (69% vs 21% for 
those with moderate NS). This finding suggests that mild mental deficiency is more frequently 
found in patients with NS than in healthy children, although patients with NS may have even 
superior intelligence. 

The second question is whether the intellectual capabilities of children with NS are used as 
major criteria for access to special education services, l'irsi, the majority (77.7%) of children 
with NS and normal mental capacities (IQ > 84) attend regular schools. Two children with 
normal intelligence scores (89 and 93) attended schools for children with learning disorders 
because they had difficulty in the large classes in regular schools. The third child, who had an 
IQ score of 118, attended special education school at the request of his parents. Second, a one
way analysis of variance revealed that the mean scores of total IQ for children in special 
education is significantly lower than that for children in normal education settings (F= 14.46, 
dj=33, /^.Ol). These findings suggest that children with NS are referred to special schools 
because of below-average intellectual capacities. There was also no overrepresentation of 
children with NS and social and/or attention problems at the schools for severe learning 
disorders. However, the children with NS who attended special education schools had more 
somatic complaints than the children who attended regular schools (Roosenboom et al, 
unpublished data). 

For children with the diagnosis of NS, we recommend a thorough physical examination 
with emphasis on tests for vision and hearing. We also recommend an assessment of 
intellectual and academic function, as well as on neuropsychologic skills, with the WISC-RN 
test, the VMI, and the RPM. The results of these tests point out the relative strengths and 
specific weaknesses of the child with NS. The children should be tested in early school years 
so special attention can be given to the more limited capacities and the relative strenghts 
exposed. 
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ABSTRACT 

Short stature is one of the major features of Noonan syndrome (NS). Growth hormone (GH) 
treatment is given to prepubertal children with NS to improve their final height. In a 
multicentre trial of GH therapy in 25 children with NS, we observed a large inter-individual 
variation in first year response to GH treatment. This suggested that subgroups may exist in 
NS which differ in either endogeneous GH status or responsivity to GH therapy We therefore 
related growth, growth hormone secretion and 2 years response to GH treatment to subtypes 
of phenotypical expression of NS. Twelve patients were moderately affected and 13 had a 
severe clinical phenotype of NS. 

The variability in phenotype did not correlate with significant differences in either 
intra-uterine growth, infancy growth and childhood growth. The variability in phenotype 
severity did account for striking differences in endogeneous GH secretion. The response to 
GH treatment of the severe NS group was slightly inferior to the moderately affected group 
which may be due to partial GH insensitivity. 

INTRODUCTION 

Noonan syndrome (NS) is a relatively common multiple congenital anomalies (MCA) 

syndrome with highly variable expression. The syndrome is characterized by characteristic 

facial features, a congenital heart defect, and short stature 9 The facial features of NS are a 

high broad forehead, hypertelorism, ptosis, downward slanting palpebral fissures, low-set 

posteriorly rotated ears with a thick helix, a pointed chin and a short neck with a low hairline 

(Fig.I).2 The congenital heart defect is usually cither a pulmonary valve stenosis (50-62%) or 

hypertrophic obstructive cardiomyopathy (HOCM) (20%). Other features frequently seen in 

NS are thorax deformities (70%) and cryptorchidism in males (77%) The growth retardation 

is of postnatal onset. Weight and length are usually normal at birth. Neonatal feeding 

difficulties and failure to thrive are present in 63% of patients.'s These feeding problems tend 

to resolve later in infancy. Prepubertal growth is typically along the third ccntile. Due to a 

delayed puberty of approximately 2 years, they then have a relative decrease in height before 

attaining a mean adult height of 162.5 cm for males and 152.7 cm for females.12'22 Different 

explanations for the short stature in NS have been suggested m the literature. The growth 

defect might be due to an intrinsic bone/cartilage defect as is hypothesized for Turner 

syndrome (TS=45,XO). In addition, subtle abnormalities of growth hormone secretion have 

also been reported in patients with NS.1,16'17 Given the positive results obtained in TS, a 

number of small studies evaluated growth hormone (GH) treatment in prepubertal children 

with NS. Short term results are encouraging.1'3'4'11'14'19 

We conducted a multicentre trial of GH therapy in children with NS. First year 

results were published previously. Large inter-individual variation in response to GH 

treatment was observed. This suggested that subgroups may exist in NS which differ in either 
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endogenous GH status or GH responsivity, possibly reflecting overall disease severity. We 
therefore related growth, growth hormone secretion and 2 years response to GH treatment to 
subtypes of phenotypical expression of NS. Here we present the results of this study. 

Figure 1 

Boy with NS at 11 years: note high broad forehead, downward-slanting palpebral fissures, 

ptosis, low-set ears, and pointed chin. 

SUBJECTS AND METHODS 

Twenty-five children with NS (19 male, 6 female) aged 5.4 to 17.5 (mean 9.8) years 

were studied. All patients were examined by one of the authors (IvdB). A diagnosis of NS 

was based on the presence of typical facial features, the characteristic heart defect, typical 

thorax deformity, affected first degree relative(s), and cryptorchidism in male patients. 

Karyotype was normal in all children. Height-SDS was below - 2 SDS (5) in all subjects, 

because only in these children GH treatment was considered. All children were prepubertal at 

the start of GH treatment. Standard GH provocation tests (arginine, glucagon, L-DOPA-

propanolol) were normal in all patients. Growth was assessed at 6 monthly intervals using 

standard anthropometric techniques, starting 1 year prior to the start of GH treatment. Birth 

lengths and heights before entrance into the study were collected from the referring physicians 

or from the health council. To define the growth before GH treatment we chose 3 moments 

reflecting different growth phases in human life7 as well as height at the start of GH treatment. 

We analyzed birth length reflecting intra-uterine growth, height after 1 year (0.9 to 1.5 yr) 

reflecting infancy growth and height at 6 years (5 to 7 yr) reflecting childhood growth. 

Heights were expressed as standard deviation scores (SD-scores) for age according to Dutch 
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standards and Noonan standards '2 Birth lengths and weights were expressed as SD-scores 
according to Swedish standards 8 

In 17 patients spontaneous 12-hour overnight GH secretion was measured before start 
of GH treatment and evaluated by Pulsar as descnbed elsewere 10 The following parameters 
were evaluated mean GH level, the area under curve over zero ( A U C Q ) , the area under curve 
over the calculated baseline (AUCfc,) and the calculated baseline GH-dose in all patients was 
0 15 IU/kg/day subcutaneously, every evening The dose was adjusted every 6 months 
Compliance with GH treatment was checked by counting remaining GH-vials 

Phenotypical expression ofNS 

For subject classification of NS-expression 3 major physical characteristics of NS 

were scored facial findings, cardiac defect, and thorax deformity For each 

characteristic, scores were awarded of 0 (absent), 2 (major) or 1 (minor) Major or minor 

features included a typical face versus suggestive facial findings, pulmonary valve stenosis 

and/or HOCM versus other congenital heart defect, and pectus cannatum/excavatum versus a 

broad thorax with large inlemipple distance Based on these phenotypical findings each 

patient received a severity rating of NS expression Twelve children (4F,8M) had a moderate 

phenotype, and 13 children (2F,1 IM) had a severe clinical phenotype of NS Seventeen of the 

patients were tested for intellectual functioning using the Dutch adaptation of the Wechsler 

Intelligence Scale for Children-Revised 21 For further subject classification these patients 

were devided in two groups total IQ < 85 and total IQ > 85 

Data analysis 

Results are expressed as mean (SD) unless indicated otherwise Differences between the 
groups (severe versus moderate NS phenotype and low versus normal IQ) were analyzed by 
independent T-tests Differences between zero and H-SD-scores at baseline were tested by 
one-sample T-test's Significance was reached at a 0 05 level 

RESULTS 

Growth bejore GH treatment 

Auxological parameters are shown in Table la No significant difierences were found between 

the severely and moderately affected children for birth length, lor height at 1 year and for 

height at 6 years In Table lb the auxological parameters are shown for the groups subdivided 

on the basis of total IQ The patients with IQ <85 had a slightly, although not significant, 

smaller birth length 
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TABLE la: Growth before GH treatment: effect of phenotype 

Severe phenotype Moderate phenotype 
SD-scores 
Birth length 

Height at 1 year 

Height at 6 years 

-0 8(1 4) 
-2 8 (0 9) 

-3 2 (0 6) 

-0 9 (14) 
-2 5 (0 4) 

-3 2 (0 7) 
Data expressed as mean SD-scores (SD) 

No significant differences between the groups 

TABLE lb: Growth before GH treatment: effect of total IQ. 

IQ < 85 IQ >= 85 

SD-scores 

Birth length -10 -0 2 

Height at 1 year -2 7 -2 4 

Height at 6 years -3 2 -3 1 

No sigmjicant differences between the groups 

Growth ajter GH treatment 

In Table II the results of GH treatment are given There was marked individual variability in 
the response to GH treatment with gain in H-SDS over two years ranging between +0 14 and 

+ 161 The subgroup with severe NS was slightly smaller at the start and had a less favorable 

growth response There was no relation between total IQ and growth response (data not 
shown) 

Growth hormone secretion 

Data on GH secretion were available in 17 patients (10 with severe phenotype and 7 with 
moderate phenotype) Mean GH level was higher and the area under curve over zero and over 
calculated baseline was larger in the subgroup with the severe phenotype (Table III) 
Remarkably 6 out of the 10 severely affected children had a calculated baseline exceeding 2 5 
mU/1, in contrast to none of the children with a moderate phenotype The clinical data and 
individual response to GH treatment of these 6 children are presented in Table IV The 
auxology before the start of GH treatment and the response to GH treatment were not 
significantly different in these 6 children compared to the other study subjects (Table IV) 
The subgroups based on differences in total IQ showed no significant differences in 
parameters of spontaneous growth hormone secretion (data not shown) 
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TABLE II: Growth during GH treatment: effect of phenotype. 

Age at start of GH 

(yr) 

SD-scores: 

Height at start (Dutch 
standards) 
Height a start 
(Noonan standards) 
Height after 2 years 
(Dutch standards) 
Delta H-SDS (Dutch) 
over 2 years 
Height after 2 years 
(Noonan standards) 
Delta H-SDS 
(Noonan) over 2 years 

Data expressed as mean SD-scores (SD) 
No significant differences between the groups 

Severe phenotype Moderate phenotype 

9.3 (3.0) 10.3 (3.4) 

•3.3 (0.6) 

-0.5 (0.7) 

•2.6 (0.9) 

0.7 (0.4) 

0.5(1.0) 

1.0(0.4) 

-3.1 (0.7) 

-0,2 (0.6) 

-2.2 (0.7) 

0.9(0.5) 

0.9 (0.8) 

1.2(0.4) 

DISCUSSION 

This study shows that differences in phenotype do not significantly influence growth in NS. 
Birthlength was just below normal and similar in the groups with moderate and severe 
phenotype. Intrauterine growth is not importantly influenced by the phenotype. 

The postnatal growth retardation is reflected in the evident decrease in II-SDS that was 
found over the first year (Table I). The severely affected NS patients were slightly, although 
not significant, shorter with a wider range of values. Apart from the syndrome itself, the 
feeding difficulties in the first year could account for this finding (Table IV). Nonetheless the 
mean H-SDS of the total study group decreased even more after the first year (Table I). Given 
the deminishing influence of nutritional status on growth 6 this can only reflect an intrinsic 
growth problem. 

During the prepubertal period H-SDS was fairly constant given the small difference 
between H-SDS at 6 years and at the start of GH treatment. This finding argues against severe 
GH deficiency as the major cause of short stature in NS. 
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111.1 (34.3) 

77.0 (33.6) 

2.9(1.4) 

55.1(19.1) 

44.8(16.7) 

0.9 (0.6) 

PO.Ol 

PO.05 

PO.Ol 

TABLE III: Data on growth hormone secretion: effect of phenotype. 

Parameter (mU/1) Severe phenotype Moderate phenotype 

Mean GH level 9.4(3.2) 4.8(1.7) P<0.01 

Area under curve over 
zero 
Area under curve over 
calculated baseline 

Calculated baseline 

Data expressed as mean value (SD) 

Response to GH treatment was slightly better in the subgroup with a moderate 
phenotype, although not significant. At this point we could not yet evaluate the results on 
long term GH treatment. Prediction models generated over the last years'3 suggest that short 
term response to GH treatment is indicative for long term response. 

This study shows further that the NS children with a severe phenotype secreted 
significantly more GH overnight compared to the moderately affected children. In 6 of 10 
patients with severe NS the baseline GH level was elevated between the peaks. There were 
no striking differences in clinical data and response to GH treatment between these 6 children 
and the other study subjects (Table IV). 

When corrected for the elevated baseline level the total subgroup with severe NS still 
secreted significantly more GH than the children with moderate NS (Area under curve over 
calculated baseline, Table III). The greater amount of GH secreted overnight in the group with 
severe NS phenotype could point to a compensatory mechanism due to relative GH 
insensitivity since the height of these children was not significantly different from that of the 
other study subjects. 

Overall, the results of GH treatment were less favorable for the severe NS group, but 
not significantly different. Thus, even if there is partial GH insensitivity in the children with 
severe NS, this did not impinge on their response to high-dose GH treatment. 

As another measure of severity we divided the study population on the basis of IQ 
scores. In this analysis, total IQ was not associated with either differences in growth hormone 
secretion or in response to GH treatment. The subgroup with IQ<85 had a slightly smaller, 
although not significant, birth length than the group with IQ >= 85. There were no differences 
in infancy growth and childhood growth between these subgroups. 
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TABLE IV: Clinical data of 6 cases with severe NS and elevated GH baseline compared 
to the other study subjects 

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Severe NS Moderate 
Normal NS 
baseline Normal 
n=4 baseline 

n=7 
Neonatal 

feeding 

difficulties 

Valvular PS 

Typical face 

Pectus 

carinatum / 

Excavatum 

IQ scores 

+ 

+ 

+ 

88 

+ 

+ 

+ 

+ 

69 

+ 

+ 

+ 

56 

+ 

+ 

+ 

+ 

70 

+ 

+ 

+ 

+ 

88 

+ 

+ 

+ 

+ 

57 

3 / 4 

3 / 4 

4 / 4 

4 / 4 

60, 65,78, 

118 

1/7 

0 / 7 

7 / 7 

3 / 7 

81- 119 

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Severe NS Moderate 
Total NS 
group Total 
n=13 group 

n=12 
Birthlength 

SD scores 

Height at 1 year 

SD scores 

Height at 6 

years 

SD scores 

Height at start 

GH treatment 

SD scores 

Height after 2 

years GH 

SD scores 

Delta H-SDS 

over 2 years 

-0.6 

-1.9 

-2.8 

-3.1 

-3.0 

0.1 

-4.4 

? 

-2.7 

-2.6 

-2.0 

0.6 

-0.6 

-2.8 

-3.5 

-3.6 

-2.3 

1.3 

0.0 

-1.6 

-2.3 

-2.3 

-0.7 

1.6 

0.8 

-3.2 

-3.6 

-3.9 

-3.2 

0.7 

-1.9 

-4.7 

-4.4 

-4.4 

-3.9 

0.5 

-0.8(1.4) 

-2.8 (0.9) 

-3.2(0.6) 

-3.3 (0.6) 

-2.6 (0.9) 

0.7 (0.4) 

-0.9(1.4) 

-2.5 (0.4) 

-3.2 (0.7) 

-3.1 (0.7) 

-2.2 (0.7) 

0.9(0.5) 



In conclusion, the variability in phenotype severity accounted for striking differences 
in endogenous growth hormone secretion. In 6 of 10 severely affected patients there was an 
elevated GH baseline and overall the severe NS group secreted more GH than the moderate 
NS group. The response to GH treatment of the severe NS group was slightly inferior to that 
of the moderately affected group. This may reflect partial GH insensitivity. Variability in 
phenotype does not account for significant differences in either intra-uterine growth, infancy 
growth and childhood growth in NS. 
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8.1 CLINICAL DIAGNOSIS 

Postnatal 

It is almost 40 years since Noonan syndrome (NS) was first reported [Noonan and Ehmke, 
1963], and still the diagnosis is purely clinical with no molecular or chromosomal 
"diagnostic" test available Establishing the clinical diagnosis of NS can be very difficult The 
phenotype vanes from an adult with mild facial features plus a minimal pulmonary valve 
stenosis to severe dysmorphisms plus life threatening heart disease in a newborn Because of 
this variability of expression, specific criteria are useful to avoid diagnostic confusion In 
chapter 3 we presented a scoring system that we devised in 1994 No other scoring systems 
have been published since then We have used this scoring system for several years and find it 
easy to use and reliable with the provision that hypertrophic obstructive cardiomyopathy 
(HOCM) should be added as a major cardiac sign of NS [Sharland, 1992] (Table I) 

Prenatal 

There are few reports on prenatal diagnosis of NS Sonographic features include increased 
nuchal fluid, short femora, pleural effusions, hydrops, and cardiac and renal abnormalities If a 
parent has NS, or if the couple have had a previous child with NS, it would be appropriate to 
perform obstretic ultrasound at 12-14 and 20 weeks' gestation and again in the third 
trimester This allows prenatal diagnosis in most cases as well as the early detection of 
complications In view of the frequency of congenital heart defects, fetal echocardiography is 
also indicated [Nisbet, 1999] 

8.2 THE NOONAN SYNDROME 1-GENE (NS1) ON CHROMOSOME 12q 

By investigating a unique three-generation NS family, we identified a locus for NS on 
chromosome 12q22-qter (chapter 3) The analysis of 20 smaller families indicated genetic 
heterogeneity for NS but in the majority of these families the data were again compatible with 
linkage to 12q22-qter This suggests an important contribution of the locus on chromosome 
12 to the etiology of NS By fine mapping in the original large family the NS critical region 
was further restricted to an interval of 7 centiMorgans between markers D12S1637 and NOS1 
[Brady, 1997] 

Yeast Artificial Chromosomes (YACs) from the interval were derived from several 
sources and, with the exception of a 1-2 Mbase gap, a Y AC contig was established 
Employing these YACs which together span about 80% of the NS critical region , no disease-
related genomic alterations were detected using the Yeast Representation Hybridization 
(YRH) technique [Schwahn, 1998] Although this study was not fully completed and the YRH 
technique has its limitations, these results suggest that large sized deletions are not a major 
cause of NS [Kremer, 1996] The critical region for NS encompasses a large chromosomal 
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interval In 1998 linkage analysis in a four generation Belgian NS/CFC family narrowed the 
size of the NS critical region to 5 centiMorgans [Legius, 1998] Further reduction of this 
interval by linkage analysis is not expected due to the lack of suitable families Although there 
are many small NS families, NS families with five or more affected persons are very rare 
indeed 

In 1997, a Noonan Syndrome Consortium was created comprising the group of Prof 
M Patton from St George's Medical School London UK, the group ol Dr R Kucherlapati 
from Albert Einstein Institute New York USA, and the group of Dr H Krerner from 
University Hospital Nijmegen The Netherlands The NS Consortium performs mutation 
analysis of candidate genes for NS and attempts to complete the cloning of the NS critical 
region Several candidate genes for NS have been tested for the presence of mutations in NS 
and CFC patients, RPL6, MYL2, TBX3 and TBX5 No disease-related mutations were 
detected [Crosby, 1998] By determining the exact position of candidate genes located on 
12q22-qter, the genes encoding Insuhne-like growth factor-1, Epidermal growth factor 
receptor pathway substrate-8, Deconn, Clalhnn, ATPase Ca++ dependent slow-twitch cardiac 
muscle-2, and High mobility group protein I are positioned outside the NS region and 
excluded as the responsible gene lor NS [Ion, 1999] 

At least 15 more known genes and 70 Expressed Sequence Tags (LS fs) are located in 
the NS critical region Given the large number of genes present in the critical region, it would 
be helpful to select those candidates that have the highest likelihood of being the NS gene 
Recent developments in gene expression techniques could be of help In NS, the congenital 
heart defect and lymphatic vessel dysplasia are suitable symptoms for the selection of 
candidate genes based on expression pattern However, apart from expression in heart and 
lymphatic vessels, expression of the NS gene product can also be expected in other tissues 
such as connective tissue and brain We suspect that NS gene expression may not be restricted 
to a few tissues during a short period of development Therefore it will be difficult to choose 
the NS gene among the many positional candidates on the basis of mRNA expression studies 
It is equally difficult to predict a cellular function for the NS gene based on the clinical 
phenotype Experience with other multiple malformation syndromes has yielded several 
surprises (eg Smith-Lemh-Opitz syndrome , Rubinstein-Taybi syndrome), and the biological 
function of NSl may well be completely unpredictable 

Large scale positional candidate gene analysis, as performed by the NS Consortium, 
will undoubtedly lead to identification of the NSl gene in the near future The importance of 
the NSl gene on chromosome 12q can then be determined and the gene can provide 
important clues for the isolation of additional genes involved in non - chromosome 12 linked 
NS or related disorders 

8.3 HETEROGENEITY 

Genetic heterogeneity of NS has often been suggested because of obvious phenotypic 
differences between individuals or groups of patients In chapter 4 the results of linkage 
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analysis with the NS1 locus in several smal NS families are presented The NS1 gene locus 
on chromosome 12 was excluded as the responsible gene in some of these lamilics From this 
we concluded that there has to be at least one other gene for autosomal dominant NS 
Nonetheless our data suggest that most cases of AD NS are due to mutations at the NS1 gene 
locus Ihus the putative NS1 gene is the major cause of NS Recently two patients were 
described with a deletion on the long arm of chromosome 12 with features ol NS Both 
deletions (del(12)(ql2ql3 12) and del(12)(q21 2q23 2)) were outside the critical region for the 
NSl-gene [Tonoki, 1998, Brady, 1999] The patient described by lonoki and colleagues had 
no pulmonary valve stenosis and had other manifestations that are not typical for NS 1 his 
patient had a chromosomal abnormality with a Noonan-hke phenotype, but was not diagnosed 
as definite NS The girl described by Brady and colleagues had typical facial findings, short 
stature, pectus excavatum, and increased blood flow velocity in the proximal pulmonary 
artery She had a clinical diagnosis of NS The deleted region in this patient may contain 
another gene for NS However, another possible explanation is that this region contains a gene 
that regulates gene(s) in the NS 1 critical region 

A further location for a NS-gene is in the vicinity of the NFl-gene on chromosome 17 
In 1985 Allanson and colleagues reported 4 unrelated patients with neurofibromatosis type 1 
(NF1) who had manifestations of NS, including short stature, ptosis, webbed neck, and 
learning disabilities [Allanson, 1985] Since then several sporadic patients and some 
autosomal dominant families have been described with this Noonan-neurofibromatosis type 1 
syndrome (NF-NS) In some of these patients deletions were found encompasing the entire 
NFl-gene [Kayes, 1994, Colley, 1996] There are several possibilities to explain this 
combination (1) it represents an allelic mutation at the NI 1 locus, (2) it is due to the 
coincidence of 2 relatively frequent conditions, and (3) it represents associated disorders due 
to mutations at closely linked loci Bahuau and colleagues excluded allelism of NS and NF1 
in a large four generation family with NF-NS NF1 and NS were eventually demonstrated to 
segregate independently on the basis of polymorphic markers [Bahuau, 1996] In this family 
the causal NF1 mutation was a nonsense mutation of the ncurofibromin gene, which was 
absent in the two individuals with NS without NF1 [Bahuau, 1998] In this family the NF-NS 
phenotype was additive, being the result of both classical NF and NS I inkage of NS with 
polymorphic markers of the NS1 critical region on 12q was excluded by the authors In 
another detailed clinical study of 94 NF1 patients, features of NS were detected in 12 of them, 
including 6 individuals from three families In one family NF1 and NS segregated 
independently In the other NF1 families half of the affected persons also manifested NS 
These observations argue for the chance association of NF1 and NS in one of the families, and 
that the NS phenotype occured as a feature of NF1 in the other families [Colley, 1996] 
Tassabehji and colleagues found a tandem duplication within the NFl-gene in another three 
generation family with features of NF1-NS and also Watson syndrome [Tassabehji, 1993] 
Alterations of the NFl-gene thus may cause a wide spectrum of clinical phenotypes, including 
NS 

Approximately half of the patients with NS are familial cases in a pattern consistent 
with autosomal dominant inheritance The majority of the other patients are sporadic In these 
patients NS may be the result of a new dominant mutation, and there is a recurrence risk of 50 
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% in their children In chapter 4 we described four NS patients with consanguineous parents 

and suggested a rare autosomal ressecive lorm of NS characterised by typical facial features, 

HOCM diagnosed directly after birth, and the presence of the typical Ν S ECG-pattem 

Recognition of more of these families and subsequent molecular studies could reveal a 

recessive gene responsible for a limited proportion oi NS cases 

TABLE I. Diagnostic Criteria for NS 

Feature 

1 Facial 

2 Cardiac 

3 Height 

4 Chest wall 

5 Family 

6 Other 

Definite NS: 

A = major 

Typical face 

One of valvPS, HOCM, 

typical LCG 

<3 rd centile 

Pectus cannatum/ 

excavatum 

First degree relative Firsl 

definite Ν S 

All 3 (males) MR, 

cryptorchism, lymphatic 

dysplasia 

1A plus one of 2A-6A or 

Β = minor 

Suggestive tace 

Other defect 

<10l" temile 

Broad thorax 

t degree relative 

suggests NS 

One of MR, cryptorchism 

lymphatic dysplasia 

twoof2B-6B 

IB plus two of 2A-6A or three of 2B-6B 

valvPS = valvular pulmonary stenosis HOCM = hypertrophic obstructive cardiomyopathy 

ECG = electrocardiogram, MR = mental retardation 

8.4 COGNITIVE DEVELOPMENT AND EDUCATION OF CHILDREN WITH 

NOONAN SYNDROME 

It is clear that there is a wide variability in the intellectual and adaptive functioning of 

individuals with NS We described the various cognitive profiles ol 35 school-aged children 

with NS in chapter 6 We observed that the children with a severe phenotype often have 

extreme discrepancies between verbal IQ (VIQ) and performance IQ (PIQ) Children with a 

moderate phenotype are most likely to have a specific pattern in which verbal IQ scores are 

superior to performance IQ scores For the total group, the mean full-scale IQ was 86 1, nearly 

1 SD below the general population mean Thus, a significant proportion of children with NS 

has below-average intellectual capacities, with a discrepancy between VIQ and PIQ We 

therefore recommend that school readiness is determined at the time of entrance into primary 

school, and that the intellectual and academic functioning of the child with NS are monitored 
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in early school years Over the years school performance should be evaluated and decisions 
made on the basis of each child's unique pattern of strengths and needs 

Approximately 65% of individuals with NS attend regular schools The other children 
with NS require special education at schools for children with learning disorders Most 
children with NS finish secondary school Their choice of prolession is most often in retail 
trade or a handicraft 

8.5 SHORT STATURE 

Short stature is one of the major features of NS Although the cause of the growth retardation 
is unknown, growth hormone (GH) treatment has been administered to improve final height 
Large inter-individual variation in first year response to GH treatment was observed [de 
Schepper, 1997] We therefore studied growth, GH secretion, and 2 years response to GH 
treatment in 25 NS patients and related these data to the seventy of phenotypical expression of 
NS We showed that differences in overall disease seventy do not have a large influence on 
growth The response to GH treatment of the children with severe NS was slightly inferior to 
that of the moderate NS group Nevertheless, almost all short prepubertal children with NS 
gain in height-SDS for age under GH treatment The accelerating effect of GH therapy on 
bone maturation may compromise the long term result [Noordam, 2000 submitted] Only data 
on final height can resolve whether GH treatment improves final height sufficiently to justify 
long term GH therapy Data on normal growth in NS indicate that adult height expectation is 
on average 162 5 cm and 152 7 cm for males and females respectively 
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APPENDIX 

Clinical Management of Children with Noonan Syndrome 

I I I 



CLINICAL MANAGEMENT OF CHILDREN WITH NOONAN SYNDROME 

Children with NS are special The great majority will grow up and function normally in the 
adult world However, they need special care and counseling during their life This set of 
guidelines is designed to assist physicians in caring for NS patients and their families 
Familiarity with the characteristic features of NS is clearly important for clinical geneticists, 
cardiologists, surgeons, anaesthesists, gynaecologists, pediatricians and dermatologists Issues 
that need to be addressed at various ages are enumerated and briefly discussed 

Before birth - prenatal 

NS should be considered in all fetuses with Polyhydramnion, pleural effusions, oedema and 

increased nuchal fluid with a normal karyotype Where there is clinical evidence of NS in the 

fetus or where a first degree relative has NS, obstetric ultrasound is indicated at 12-14 and 20 

weeks' gestation and again in the third trimester Fetal echocardiography is indicated at 18-20 

weeks' gestation If NS is considered in the unborn child, physical examination of the 

parents for features of the syndrome is indicated Because normalization of the facial 

phenotype with age is well known in NS, review of childhood photographs of both parents is 

often helpful 

Before the child is bom, the following issues may be discussed with the parents as 

appropriate 

• Explain the mechanisms for occurrence or recurrence of NS in the fetus and the recurrence 
risk in the family 

• Review the natural history and manifestations of NS, including variability 

• Discuss further studies that should be done, particularly those that confirm the diagnosis in 
the newborn period If miscarriage, stillbirth, or termination occurs, confirmation of the 
clinical diagnosis by autopsy is also important 

• Review the currently available treatments and interventions 

• Explore the options available to the family for the management and rearing of the child 

From birth to 1 month - newborns 

Examination 

• Confirm the diagnosis considering the neonatal facial features oi NS, thorax deformity, 
possible oedema, the cardiac features and cryptorchidism in the males 

• Extensive cardiologie examination including echocardiography is indicated 

• Perform physical examination and appropriate laboratory studies, including chromosome 
analysis 

• Document measurements, including weight, length, occipital frontal circumference (OFC) 
and presence of hepatosplenomegaly 
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• Evaluate undescended testes in male patients and institute treatment if cryptorchidism is 
present 

Guidance 

• Review the phenotype and discuss the specific findings with both parents whenever 
possible 

• Discuss the heart disease if present and the possibilities of treatment 

• Take caution against weight loss in the first week and hypotonia, poor feeding and failure 
to thrive 

• Inform the parents about support groups 

• Offer extensive genetic counseling to the parents 

From 1 month to 1 year - infancy 

Examination 

• Assess growth and development in comparison to normal children and to children with 
NS 

• Check motor development and arrange physiotherapy if indicated 

• Check for serous otitis media 
• Cardiologie evaluation and treatment if necessary 

Guidance 
• Give advise to the parents about feeding and feeding difficulties 

• Review the support available to the family 

• Expect mild motor delay in most, but significant psychomotor delay in a minority only 

From I to 5 years - early childhood 

Examination 

• Assess growth and development in comparison to normal children and to children with NS 

• Continue cardiologie evaluation 
• Speech evaluation should be done at 2 years of age Speech therapy can be of value, 

especially for articulation problems 

• Preoperative coagulation studies including prothrombine time, partial thromboplastine 
time, bleeding time, and platelet count are indicated, especially if there is any clinical 
suspicion of a bleeding problem 

• In case of severe growth retardation growth parameters including growth hormone 
standard provocative tests (arginine, glucagon, L-DOPA-propanolol) and spontaneous 
growth hormone secretion should be measured In NS partial growth hormone deficiency 
can be present, although this is a rare occurrence 

• Evaluate cutaneous findings, and when prominent, refer for dermatologie examination 
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Guidance 

• Discuss feeding, have feeding problems resolved9 

• Discuss the possibility of growth hormone therapy in very small NS children 

• Continue physiotherapy and/or speech therapy if indicated 

• Review easy bruising and discuss the bleeding disorder that can be present in NS Note 
that there does not have to be a correlation between the bleeding problems and the results 
of the coagulation studies 

• Evaluate behavior and possible behavior problems and support the parents if necessary 

From 5 lo 13 years - late childhood 

Examination 

• Assess and review growth and development and social adaptation 

• Determine and follow up skeletal age 

• Start and evaluate growth hormone therapy if indicated 

• Continue cardiologie evaluation 

• Determine school readiness and assess the intellectual capabilities as well as 

neuropsychologic skills with the WISC-RN ( Wechsler Intelligence Scale for Children 

Revised) test, the VMI (Visual-Motor Integration), and the RPM (Raven Progressive 

Matrices) 

• Complete eye examination and hearing evaluation should be performed in early school 

years The incidence of ophthalmologic and hearing abnormalities is high among school 

aged children with NS 

Guidance 
• Expect a delay in puberty, corresponding to the average delay in bone age of about 2 

years 

• Review orthodontic and speech status 
• Discuss contact with other patients It is especially valuable at this age 

• Evaluate school performance 

From 13 lo 21 years or older - adolescence lo early adulthood 

Examination 

• Continue to record auxological parameters 

• Determine pubertal stages according to Tanner 

• Continue cardiologie evaluation 
• Coagulation studies may be repeated in early adulthood Bleeding abnormalities which are 

present in childhood often resolve at later age 

• Continue and evaluate growth hormone therapy until adult height is reached 

Guidance 
• Review school performance and choice of a profession 
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• Discuss the diagnosis with the adolescent to be sure that the adolescent has the vocabulary 
and understanding of the nature of NS. 

• Discuss autosomal dominant inheritance in NS, the recurrence risk in children and the 
variability of expression. 

• Offer extensive genetic counseling. 

In adulthood new medical problems are not expected. However, males who were bom with 
undescended testes may have fertility problems. There is no evidence for gynaecological 
complications in females with NS nor in childbearing. Some patients have health problems as 
a consequence of their congenital heart defect, lymphatic vessel dysplasia, urinary tract 
malformation, heamatologic disorder, or other anomaly associated with NS. Nonetheless, 
most adults with NS do not require special medical care. 
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SAMENVATTING 

Dr. Jacquelyn Noonan presenteerde in 1962 op een wetenschappelijke vergadering van de 
Mid-Westem Society for Pediatrie Research de eerste negen patiënten met een valvulaire 
pulmonaal sténose, een karakteristiek gelaat en een geringe lengte. Hel aantal patiënten met 
dit tot dan niet herkend syndroom, bedroeg in 1968 negentien (12 jongens en 7 meisjes), die 
Dr. Noonan beschreef met als titel: "Hypertelorism with Turner phenolype". Er waren 
namelijk opvallende gelijkenissen tussen het uiterlijk van deze kinderen en het uiterlijk van 
meisjes met het Turner syndroom (=monosomie X (45,XO)) die door Henry Turner in 1938 
waren beschreven. Het syndroom werd sinds 1968 ook door anderen herkend en als het 
Noonan syndroom beschreven. 

De karakteristieke gelaatskenmerken bestaan uit een breed en hoog voorhoofd, 
hypertelorisme, ptosis, laagstaande gekantelde oren met dikke helix en een korte brede hals 
met een lage haargrens achter in de nek. Deze uiterlijke kenmerken kunnen gering zijn, met 
name op oudere leeftijd. Ongeveer 50 tot 60% van de patiënten worden geboren met een 
vernauwing van de longslagader ter hoogte van de kleppen, een valvulaire pulmonaal stcnose. 
En 20% hebben een aandoening van de hartspier, een hypertrofische obstructieve 
cardiomyopathie (HOCM). Andere aangeboren hartafwijkingen komen bij een klein deel van 
de patiënten voor. Het ECG laat vaak een opvallend patroon zien dat karakteristiek is voor het 
Noonan syndroom. De vertraging van de lengte groei start na de geboorte. Geboorte gewicht 
en lengte zijn doorgaans normaal. Tot aan de puberteit groeien de kinderen met Noonan 
syndroom langs de onderste groeicurve (=3de percentiel). De puberteit start gemiddeld 2 jaar 
later. De volwassen lengte bedraagt voor mannen met het Noonan syndroom gemiddeld 162.5 
cm en voor vrouwen gemiddeld 152.7 cm. 

Andere veel voorkomende kenmerken zijn een brede borstkas en pectus 
carinatum/excavatum, niet ingedaalde testikels en een milde bloedings-nciging. Verder 
kunnen voorkomen: een verminderd functioneren van het lymfcvaatstelsel, dat zich uil als 
gegeneraliseerd of locaal oedeem, gepigmenteerde nevi en spaarzame wenkbrauwen met rode 
verkleuring van de huid (ulerythema ophryogenes), oogheelkundige afwijkingen met name 
strabisme en verziendheid, en gehoorsverlies ten gevolge van herhaalde oorontstekingen. 
In de eerste levensjaren is de motorische ontwikkeling enigszins vertraagd. De geestelijke 
ontwikkeling verloopt in de meerderheid normaal. Een milde mentale retardatie wordt 
vermeld bij 15 tot 35% van de personen met het Noonan syndroom. 

Noonan syndroom is nog steeds een klinische diagnose. Om op klinische gronden de 
definitieve diagnose Noonan syndroom te helpen stellen werden enkele scoringssystemen 
gepubliceerd. Hoewel genetische heterogeniteit aangenomen wordt past de grote meerderheid 
van de gevallen bij een autosomaal dominante aandoening met veel nieuwe mutaties. Welk 
gen het Noonan syndroom veroorzaakt is nog niet bekend. Het is aannemelijk dat het cardio-
facio-cutane (CFC) syndroom dezelfde genetische basis heeft als het Noonan syndroom. 

In hoofdstuk 2 worden 100 kinderen met het Noonan syndroom klinisch beschreven, 
die samen de onderzoeksgroep van dit proefschrift vormen. In deze onderzoeksgroep 
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verrichtten we studies naar de genetische oorzaak van het Noonan syndroom Tevens werden 
de groei en ontwikkeling van kinderen met het Noonan syndroom nader onderzocht 

Twee van de 100 kinderen behoren tot een familie die uniek is omdat Noonan 
syndroom hierin aulosomaal dominant overerlt in drie generaties In hoofdstuk 3 wordt deze 
grote Nederlandse familie met 9 aangedane personen beschreven De diagnose Noonan 
syndroom werd gesteld aan de hand van criteria die we formuleerden naar aanleiding van de 
bevindingen bij de eigen onderzoekspopulatie Hel scoringssysteem, gebaseerd op 6 
categorieën, wordt tevens geïntroduceerd Moleculaire koppeling studies sloten de regio van 
het neurofibromatosc type 1 gen op chromosoom nummer 17 uit voor de ligging van het 
verantwoordelijke gen voor Noonan syndroom evenals een beperkte regio op chromosoom 
nummer 22 (22ql 1) 

Hoofdstuk 4 beschrijft de lokalisatie van het gen voor Noonan syndroom (NS1) op 
chromosoom 12 Koppelmgsonderzoek in de in hoofdstuk Τ beschreven familie met 
autosomaal dominant Noonan syndroom lokaliseerde het verantwoordelijke gen op de lange 
arm van chromosoom nummer 12 tussen de markers D12S84 en D12S366 Aanvullend 
koppelmgsonderzoek werd verricht in 20 kleine families met Noonan syndroom In de meeste 
gevallen kon ook in deze families het oorzakelijke gen op chromosoom 12 liggen Slechts in 
een familie werd deze regio op chromosoom 12 uitgesloten als mogelijke lokalisatie van het 
verantwoordelijke gen Dit betekent dat op chromosoom nummer 12 een belangrijk gen ligt 
dat Noonan syndroom kan veroorzaken, echter kunnen niet alle gevallen van Noonan 
syndroom hierdoor worden verklaard 

In hoofdstuk 5 doen we bericht van vier van de 100 Nederlandse kinderen met 
Noonan syndroom Van deze kinderen waren de ouders consanguin In een tamihe werd 
behalve het kind met Noonan syndroom ook een kind geboren dat overleed ten gevolge van 
foetale hydrops Dit zou een kind met hel Noonan syndroom kunnen zijn geweest De vier 
beschreven patiënten werden allen geboren met de typische kenmerken van Noonan syndroom 
en met HOCM Zij representeren mogelijk een zeldzame autosomaal recessieve vorm van het 
Noonan syndroom waarbij HOCM meer voorkomt dan bij de autosomaal dominante vorm 

In hoofdstuk 6 worden de cognitieve profielen van 35 kinderen met het Noonan 
syndroom beschreven en gecorreleerd aan de klinische expressie van het syndroom De 35 
kinderen varieerden in leeftijd van 7 tot 18 jaar Zij werden getest op hun intelligentie, 
psychosociaal functioneren, en schoolse vaardigheden De gemiddelde IQ score van de totale 
groep was 85, 1 SD onder normaal Lr waren echter grote individuele verschillen, vanerend 
van 48 tot 130 IQ punten Voor de 19 kinderen met matige expressie van het Noonan 
syndroom was het gemiddelde IQ 90 8 punten, voor de 16 klinische ernstig aangedane 
kinderen 80 6 punten Het verbale en perlormale IQ verschilden het meest van elkaar bij 
kinderen met een ernstig Noonan syndroom fenotype Bij de kinderen met een matig ernstig 
klinisch beeld werd een cognitief profiel herkend waarbij het verbale IQ hoger is dan het 
performale IQ 

In hoofdstuk 7 wordt de groei, groeihormoon secretie en de reactie op groeihormoon 
therapie beschreven bij 25 prepuberale kinderen met hel Noonan syndroom Evenals in 
hoofdstuk 6 worden de bevindingen gerelateerd aan de klinische expressie van het Noonan 
syndroom Twaalf kinderen hadden een matige expressie en dertien hadden een ernstige vorm 
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van Noonan syndroom. De klinische variatie correleerde niet met de spontane groei bij deze 
25 kinderen. De ernstig aangedane kinderen produceren echter veel meer endogeen 
groeihormoon dan de kinderen met een matige expressie van het Noonan syndroom. Dit zou 
kunnen wijzen op een verminderde gevoeligheid voor groeihormoon. De reactie op twee jaren 
groeihormoon therapie is niet significant verschillend tussen beide groepen, hoewel de groep 
met matige expressie net iets beter reageerde. 

In de Appendix worden richtlijnen genoemd voor de medische zorg en begeleiding 
van kinderen met het Noonan syndroom. Per levensfase worden aandachtspunten gegeven 
voor het medische onderzoek en voor de begeleiding tot aan de volwassen leeftijd. 
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DANKWOORD 

Er zijn veel mensen die ik minstens "dank" verschuldigd ben bij het verschijnen van dit 
proefschrift Maar een dankwoord op deze plek geeft niet weer hoe belangrijk ze waren, en 
zijn' Ik hoop dan ook allen persoonlijk te kunnen bedanken, op 21 november of snel daarna 

Graag wil ik de volgende mensen noemen 
Als eerste alle kinderen met het Noonan syndroom en hun ouders Ik vind jullie een geweldige 
groep, en heb jullie samen met het syndroom in mijn hart gesloten 
Prof Dr HG Brunner, Han, zonder jou was er helemaal geen proefschrift geweest Jouw 
enthousiasme en vertrouwen in mijn kwaliteiten waren de allereerste voorwaarden1 

Dr BJ Otten, Barto, het was meer dan leuk om samen met jou, en later ook met Kees 
Noordam, de vele facetten van het Noonan syndroom te leren kennen en herkennen 
Dr Edwin Manman leidde vakkundig en plezierig het moleculaire onderzoek tijdens de eerste 
helft van de jaren negentig Daarna nam Dr Hanme Kremer dit met grote inzet en 
deskundigheid over Ik bewaar heel goede herinneringen aan onze gezamenlijke reizen, 
hoewel we dat gen maar niet vonden Margo van Reen heeft heel veel werk verzet in het DNA 
laboratorium, en dit uiterst nauwkeurig verslagen in haar "Noonan schriften" Aan jouw 
manier van werken zou ik een voorbeeld kunnen nemen 
Dr Ed Lommen is een ware kinderarts Hij stelde me niet alleen voor aan twee broertjes met 
het Noonan syndroom, maar kende ook de familie Door hem en Ed Berends, de echte 
huisarts, was het mogelijk een familie bijeenkomst te houden in hel gezondheidscentrum 
Stratum met een geweldige opkomst 
The people from the Department of Medical Genetics, St George's Medical Hospital School, 
London, Michael Patton, Angela Brady, Ruth Jamieson, Steve Jeffery and others, I thank you 
all very much for your cooperation and the pleasant meetings we had 
De medeauteurs van het IKNC, met name Geert Thoonen wil ik heel hartelijk danken voor de 
inzet en het enthousiasme waarmee het onderzoek naar de psychosociale aspecten uitgevoerd 
werd 
Mijn collegae van de sectie Klinische Genetica, ik zou al jullie namen willen schrijven maar 
doe het toch met Om jullie te danken heb ik nog tijd Ik denk niet op korte of midden lange 
termijn bij jullie te vertrekken 
Kees, Lonneke en Kellie, bij jullie kom ik iedere dag weer thuis' 
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