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data were transformed to standard deviation scores 
(SDS) using Italian reference values.20 Mid-parental 
height was calculated as follows: (measured father’s 
height + measured mother’s height)/2 + 6.5 cm for 
boys and – 6.5 cm for girls. Bone age was assessed 
by the Greulich and Pyle method.21

Hormonal assessment

GH secretion in response to the arginine provoca-
tive test (0.5 mg/kg/i.v. over a 30-minute period) was 
performed after an overnight fast in children with 
Noonan syndrome and controls.22 Serum samples for 
determination of GH were collected at 0, 30, 60, 90 
and 120 minutes. A normal response was defined as 
a GH peak above 10 ng/ml.22,23

The IGFI generation test was performed at least 
two weeks after the GH stimulation test. A blood 
sample was collected in the morning after 12 h of 
fasting; then, rGH was administered in the evening 
(h. 8.00 p.m.) for four consecutive days (0.05 mg/kg/
day).17,18 A second blood sample was taken in the 
morning of the fifth day.17,18 A positive response to 
the IGF-I generation test was defined as a Δ-increase 

of serum IGF-I levels >15 ng/mL over the baseline 
in the samples collected in the morning of the fifth 
day after 4 rGH doses.16,17 The biochemical data used 
were the absolute laboratory value obtained at each 
serum sample and the Δ between the basal sample 
and the one after rGH. Data in the patients were 
compared with those of controls. All serum samples 
were kept at -80°C up to IGF1 assessment, after 
which they were processed in the same assay batch.

Serum GH was determined by RIA (Spectria 
HGH, Orion Diagnostica, Espoo, Finland). The assay 
was standardized against the WHO 1st international 
reference preparation for hGH (WHO IRP 66/217) 
in which 1 mg = 1.6 IU of hGH; sensitivity was 0.6 
ng/ml; levels from 2 to 23 ng/ml presented a CV intra-
assay <8% and levels from 4 to 14 ng/ml presented 
a CV inter-assay <6%. Serum IGF-1 was measured 
with an IRMA kit (IGF-1-RIACT, Cis Bio, Gif-sur-
Yvette, France) which uses two monoclonal antibodies 
directed against two different epitopes of the IGF-1 
molecule. No extraction step was performed, but the 
bound IGF-1 was displaced from IGFBPs by acidi-
fication. A large excess of IGF-II was then added to 

Table 1. Clinical findings of the children with Noonan syndrome due to mutations in the PTPN11 gene

n. Sex
CA,  

years
BA,  

years

Height

Target  
height, SDS

Cardiac 
involvement

Mutation

cm SDS exon
nucleotide 

substitution
aminoacid  

substitution

1 M 5.1 2.5 96 -2.96 0.60 Yes 3 c.317A>C p.D106A

2 M 5.3 3.5 98 -2.47 1.14 No 3 c.172A>C p.N58H

3 F 6 3 105.5 -2.03 -0.70 Yes 13 c.1472C>T p.P491L

4 F 6.1 4 110 -1.71 0.40 Yes 3 c.317A>G p.D106G

5 F 7.9 5 112 -2.60 -0.56 No 3 c.178G>A p.G60S

6 F 7.9 6 104 -4.13 0.50 Yes 8 c.188A>G p.F285S

7 M* 9.4 7.5 118 -3.01 -2.02 No 3 c.854T>C p.Y63C

8 F 11.1 10.5 142.5 -0.43 -0.53 No 5 c.556C>T p.R186X

9 M 11.3 10.5 123.5 -2.97 -0.37 Yes 3 c.205g>C p.E69Q

10 M 11.6 7 127.5 -2.96 -2.02 Yes Intron 4 AC.526+11G>C —

11 M* 13.1 10.5 138 -2.90 1.07 No 3 c.188A>G p.Y63C

12 M 13.4 12 130.7 -3.30 -0.6 No 8 c.922A>G p.N308D

mean 9 6.8 117.1 -2.62 -0.26 — — — —

SD 3 3.4 15.4 0.92 1.05 — — — —

median 8.6 6.5 115 -2.93 -0.45 — — — —

interquartiles 6 – 11.5 3.6 – 10.5 104.4 – 129.9 -3 – -2.14 -0.68 – 0.58

CA: chronological age; BA: bone age; M: male; F: female; *brothers




