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ABSTRACT

BACKGROUND: Short stature represents one of the main features of children with Noonan
syndrome. The reason for impaired growth remains largely unknown. OBJECTIVE: To assess
GH and IGF1 secretion in children with Noonan syndrome. Patients: 12 prepubertal children
with Noonan syndrome due to mutations in the PTPN11 gene [7 males, 6 females; median age,
years: 8.6 (range 5.1-13.4)] were studied; 12 prepubertal children with short stature (SS) [7
males, 5 females; median age, years: 8.1 (range 4.8-13.1)] served as the control group. Meas-
urements: GH secretion after arginine stimulation test; IGF1 generation test by measurement
of IGF1 levels before and after recombinant GH (rGH) administration (0.05 mg/kg/day for 4
days). RESULTS: Baseline and stimulated peak values of GH were not significantly different
between the two groups. At +120 minutes, GH levels remained significantly higher (p = 0.0121)
in comparison with baseline values in children with Noonan syndrome. Baseline IGFI levels
in patients and in SS controls were not significantly different, in contrast to values after the
rGH generation test [205 ng/mL (interquartiles 138.2-252.5 ng/mL) and 284.5 ng/mL (inter-
quartiles 172-476 ng/mL), respectively; p = 0.0248]. IGF1 values were significantly related to
height (baseline: r = 773, p = 0.0320; peak: r = 0.591, p = 0.0428) in children with Noonan
syndrome. CONCLUSIONS: Blunted increase of IGF1 after the rGH generation test was pre-
sent in children with Noonan syndrome due to mutations in the PTPN11 gene in comparison
with SS children. This finding may be due to partial GH resistance in the former likely related
to altered Ras-MAPK signaling pathway.
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and clotting disorders."* In 30-60% of the patients,
the syndrome is related to mutations in the PTPN11
gene, which encodes the non-receptor protein tyrosine
phosphatase SHP-2; this protein is involved in a variety
of intracellular signal cascades downstream of recep-
tors for growth factors, cytokines and hormones.**
The mutations associated with Noonan syndrome
result in a gain of function of SHP-2 and determine
derangements of the post-receptorial Ras-MAPK
signaling pathway.** Other genes involved in the
Ras-MAPK signaling cascade have been identified
in patients without PTPN11 mutations.'?

Short stature is a cardinal feature of the syn-
drome."¢ Adult height is about 161-170 cm for males
and 150-153 cm for females and it is below third per-
centile in about 40% of males and 55% of females."*

The cause of growth impairment in Noonan syn-
drome remains poorly understood. Some studies
demonstrated subnormal stimulated GH levels in a
minority of the investigated patients,%!! while other
authors reported normal GH response or tendency to
increased GH peaks.'>" The spontaneous GH secre-
tion demonstrated qualitatively abnormal secretion
with high trough GH concentrations."*!* The levels
of insulin-like growth factor-I (IGF-I) have been
found to be reduced, !¢ suggesting that partial GH
resistance may be operative in children with Noonan
syndrome.'>™

The IGF-I generation test is a dynamic test to as-
sess the sensitivity to GH through the measurement
of serum IGF-I prior to and after the administration
of recombinant GH (rGH).""

In this paper, we report on GH secretion assess-
ment and the IGF-I generation test in prepubertal
children with Noonan syndrome due to mutations
in the PTPN11 gene. Results are compared with
those obtained in a group of prepubertal subjects
with short stature.

PATIENTS AND METHODS

Patients

Twelve prepubertal children [7 males (2 brothers)
and 5 females; median age, years: 8.6 (range 5.1 -
13.4)] with Noonan syndrome were studied. All the
children were born at term (39.9 = 0.7 weeks) after

uneventful pregnancies (birth weight, g: 3198 + 363;
birth length, cm: 49.7 * 1.4). The individual clinical
data are summarized in Table 1. All the subjects pre-
sented short stature and every child showed a height
SDS below mid-parental height SDS. Heterozygous
PTPN11 mutations were found in all children (Table
1). Cardiac anomalies are present in 6/12 (Table 1);
median height in patients with cardiac anomalies
was not significantly different (p = 0.749) from that
of children with normal cardiac morphology [-2.95
SDS (interquartiles -3.26, -1.95 SDS) and -2.75 SDS
(interquartiles -3.08, -1.96 SDS), respectively]. No
patients were prescribed cardiologic drugs when
GH and IGFT status were assessed. Two boys were
brothers, both without cardiac involvement (Table 1).
Twelve prepubertal children [median age, years: 8.1
(range 4.8 - 13.1); 7 males, 5 females; two brothers]
with short stature (SS) [height, SDS: median -2.4
(interquartiles —3.8, -1.4); bone age, years: median
7.3 years (interquartiles 4.2, 10)] were recruited as the
control group. Extensive clinical evaluation by expert
pediatric endocrinologists (SB, GIB) and a clinical
genetist (BT) did not reveal signs of Noonan syndrome
or other disorders associated with impaired growth.
History of familial short stature was present in 5/12.

In both groups, the occurrence of occult celiac
disease or other chronic gastrointestinal disorders
was ruled out by appropriate biochemical analysis;
reactive C protein, thyroid values, renal function
and albumin levels were normal. Body mass index
(BMI) was in the normal range and not significantly
different between children with Noonan syndrome
and SS controls [median BMI, kg/m* 15.7 (interquar-
tiles 14.9, 16.4) and 15.3 (interquartiles 14.1, 18.1),
respectively)]. None of the subjects showed clinical
and/or biochemical signs of pubertal development
[pubertal stage Phl and B1 or G1, for females and
males, respectively; prepubertal levels of LH and
17p-estradiol (<75 pmol/L) or testosterone (<1
nmol/L)]. Informed parental consent and approval
by our department ethics committee were obtained
before the study.

Auxological assessment

Height was measured by standard methodology
using a wall-mounted stadiometer and calculating
the average of three measurements. Auxological
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Table 1. Clinical findings of the children with Noonan syndrome due to mutations in the PTPN11 gene

Height Mutation
CA, BA, Target Cardiac nucleotide aminoacid
n Sex years years cm SDS height, SDS  involvement exon substitution substitution
1 M 5.1 25 96 -2.96 0.60 Yes 3 c317A>C p-D106A
2 M 53 35 98 247 1.14 No 3 c.172A>C p-N5S8H
3 F 6 3 105.5 -2.03 -0.70 Yes 13 ¢.1472C>T p.P491L
4 F 6.1 4 110 -1.71 0.40 Yes 3 ¢317A>G p.D106G
5 F 79 5 112 -2.60 -0.56 No 3 c.178G>A p.G60S
6 F 79 6 104 -4.13 0.50 Yes 8 c.188A>G p.F285S
7 M* 94 7.5 118 -3.01 -2.02 No 3 ¢.854T>C p.Y63C
8 F 111 10.5 142.5 -0.43 -0.53 No 5 ¢.556C>T p-R186X
9 M 113 10.5 123.5 297 -0.37 Yes 3 ¢.205¢>C p.E69Q
10 M 11.6 7 127.5 -2.96 -2.02 Yes Intron4  ACS526+11G>C -
1 M 131 10.5 138 -2.90 1.07 No 3 c.188A>G p.Y63C
12 M 134 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 34 154 0.92 1.05 - - - -
median 8.6 6.5 115 293 -0.45 - - - -
interquartiles  6-11.5  3.6-105 1044-1299 -3--214 -0.68-0.58

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

data were transformed to standard deviation scores
(SDS) using Italian reference values.” 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.”!

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.” 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.>>*

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).""® A second blood sample was taken in the
morning of the fifth day.'”!® A positive response to
the IGF-I generation test was defined as a A-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.'!” The biochemical data used
were the absolute laboratory value obtained at each
serum sample and the A 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 1% international
reference preparation for hGH (WHO IRP 66/217)
in which 1 mg = 1.6 IU of hGHj; 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-1I was then added to
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the acid-treated serum to prevent re-association of
IGF-1 with its carrier proteins when buffer was added.
The limit of detection, defined as being the smallest
detectable concentration different from zero with a
probability of 95%, was 1 ng/ml. Intra-assay CV and
inter-assay CV were <5% and <8%, respectively.
Internal reference values for IGF1 (277 = 93 ng/ml)
were obtained in healthy prepubertal children (n =
35, age 8.9 = 2.4 years, 16 females, 14 males; height
within 25-75° centile for chronological age; body
weight within +10% of ideal body weight for height);
they were free from endocrine and non-endocrine
diseases affecting serum IGF1 values.

Molecular analysis

Blood samples were taken in ethylenediamine
tetraacetate (EDTA)-containing tubes and DNA was
extracted by BioRobot EZ1 (Qiagen).

The PTPN11 gene coding regions and exon-intron
boundaries were amplified by PCR. Purified PCR
products were bidirectionally sequenced using the
ABIPrism BigDye Terminator v3.1 Cycle Sequencing
kit (Applera, Italy) and, after removal of unincor-
porated dye terminators, the sequencing reactions
were separated on an ABIPrism 3130XL Genetic
Analyzer (Applera, Italy) and analyzed by means of
DNASequencingAnalysis and SeqScape software.

Statistical analysis

Results are expressed as median and interquartiles
or as mean * SD, when specified. Non-parametric
statistical analysis was used to compare the data. The
relationships between pairs of variables were assessed
by the Wilcoxon rank-sum test and by repeat analysis
of variance, when appropriate. A “p” value less than
0.05 was considered to be significant in all statistic
analysis. Statistics were obtained by using GraphPad
InStat, version 3.10.

RESULTS

GH secretion

After arginine stimulation, a GH peak above
the cut-off value of 10 ng/mL was found in all the
children with Noonan syndrome and in SS controls.
Baseline and stimulated peak values of GH were
not significantly different between the two groups

(Figure 1). At the end of the provocative test (+120
minutes), GH levels were not significantly different
in comparison with baseline values in SS children,
while they remained significantly higher in patients
with Noonan syndrome, this demonstrating a signifi-
cant difference between the two groups (Figure 1).

IGF1

Baseline IGF1 levels in patients and in SS con-
trols were significantly reduced (p = 0.0000 and p
= 0.0002, respectively) in comparison with internal
reference values, while significant differences between
the two groups were not found (Figure 2). After the
rGH generation test, 11/12 of the patients and all
SS children showed incremental values above the
cut-off limit of 15 ng/ml. However, the absolute and
SDS peak levels of IGF1 in patients were signifi-
cantly reduced in comparison with those of controls
(Figure 2). A-increment in patients was significantly
lower than that in controls (Figure 2). After rtGH
administration, serum IGF1 SDS levels remained
significantly low in children with Noonan syndrome
in comparison with reference values (p = 0.0046),
while they normalized in controls (p = 0.2070). Height
was significantly related to baseline and stimulated
IGF1 levels in children with Noonan syndrome (basal
absolute values: r = 0.773, p = 0.032; basal SDS; r
= 0.772, p = 0.032; stimulated absolute values: r =
0.591, p = 0.0428; stimulated SDS: r = 0.595, p =
0.0411). No other significant relationships were found
(data not shown).

DISCUSSION

Short stature is a well known feature of children
and adults with Noonan syndrome.®? Although height
and weight are usually in the normal range at birth,
as in this patient sample, height drops off during the
first months of extrauterine life, leading to a decline
in growth curve.! The biological basis of impaired
postnatal growth in Noonan syndrome is not com-
pletely understood.! Assessment of GH secretion
demonstrated inconclusive results. Some papers
suggested GH insufficiency or GH neurosecretory
dysfunction.'”!? Other authors have reported abnor-
malities in GH secretion unrelated to the auxological
findings.!®* However, since several studies involved
patients who were not characterized by molecular



90

S. BERTELLONI ET AL

50 - p = 0.022 vs basal
40 +
E
B 30 p = 0.0121 vs basal
c
T 20
)
10 ~  p =0.00001
p = 0.022 vs basal ~ ~
. ' p=0,260 @ p = 0.1078 vs basal
1
basal peak 120’
GH (ng/ml) timepoints Noonan syndrome SS controls
Baseline, median (interquartiles) 2.7 (2-5) 1.7 (0.4-3.6)
Peak, median (interquartiles) 20.6 (15.7-29.8) 16.8 (13.7-28.9)
4120 minutes, median (interquartiles) 9.5 (7.5-20.5) 3.9 (1.8-4.9)

Figure 1. GH levels (mean = SD) in children with Noonan syndrome (®) and in SS children (0) during the arginine stimulation test
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Figure 2. Baseline and stimulated levels (median and interquartiles) of IGF1 (absolute values: panel A; SDS values: panel B) in
children with Noonan syndrome (®) and in SS children (©). In panel C, individual absolute D-increment of IFG1 after rGH admin-
istration in the two groups is reported; the dotted box represents median and lower/upper interquartiles.

analysis, they possibly included subjects of different
genetic backgrounds.

In the present study, well genetically defined
prepubertal patients were investigated and data were
compared with those obtained in the SS controls. We

found a GH peak above 10 ng/mL in all children. Al-
though a single GH stimulatory test was performed,
this result, in agreement with other studies,'*'> was
not consistent with classical GH deficiency*. Fur-
thermore, adequate response to one stimulatory
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test indicates that the child’s GH secretory status is
not impaired.” A tendency to higher GH peak and
significantly higher GH values at the last timepoint
of the arginine stimulatory test was found in Noonan
children, this corroborating that a mutated SHP2
protein may interfere with intracellular GH signal-
ing.!? More sensitive protocols in larger numbers
of patients should be carried out in order to reach
definitive conclusions.

Despite normal GH response to the arginine
provocative test, baseline IGF1 levels were signifi-
cantly reduced in patients with Noonan syndrome.
Decreased IGF1 values have previously been re-
ported,’* although some authors did not confirm
this finding.** To further explore the GH-IGF1 axis,
we performed the IGF1 generation test. Because
only prepubertal patients were studied, confounding
factors related to the pubertal IGF1 increase were
avoided.” In addition, BMI values were similar in the
two groups, ruling out the possibility that the different
IGF1 pattern may be related to BMI differences. An
adequate response was found in the majority of our
patients (90%), according to the cut-off value of 15
ng/ml.""" The unresponsive girl did not show peculiar
clinical features, but she had the highest GH peak
after arginine stimulation (patient 1). Jorge et al also
reported a boy with Noonan syndrome, diagnosed on
the basis of clinical findings, who failed to respond to
rGH stimulation, but he presented normal response
to a second test.® Although this patient’s data may
indicate lack of reproducibility of the IGFI generation
test and point to the need to perform a second test
to confirm the GH insensitivity,” we were unable to
do this in our unresponsive girl.

The results of the IGF1 generation test demon-
strated that the majority of our children with Noonan
syndrome did not present classic biochemical GH in-
sensitivity.””?” However, the absolute and A-increment
IGF1 values in this patient group was significantly
reduced in comparison with that observed in the SS
children. In the healthy children, the reported mean
A-increment of IGF1 with the rGH dose we used was
322 ng/mL" and 144.8 ng/mL." Though these results
exhibited a great variability of the IGF1 generation
test, they are consistent with the A-increment we found
in the SS controls, while the mean increase in patients
with Noonan syndrome was 63.9 ng/mL. This finding

suggests an impaired responsiveness to GH stimulation
and is in keeping with the lower IGF1 increase' as
well as the lower growth velocity reported in patients
with Noonan syndrome positive for PTPN1] muta-
tions during rGH replacement therapy by contrast
to those not sharing the mutation.'*!3

Recently, a girl with Noonan-like syndrome with
loose anagen hair (OMIM 607721) has been de-
scribed in whom severe short stature was associated
with blunted IGF1 increase during a generation test
performed by using a different rGH dose (0.33 pg/
kg/die for 4 days).”® Ras-MAPK signal dysregulation
is also operative in this syndrome.?” Taken together,
these data seem to imply that all genetic alterations
involving the Ras-MAPK signaling cascade may
determine partial GH insensitivity.?®

Major limitations of our study were the small
group of patients and the overlapping IGF1 values
between patients and SS controls due to the large
variability in IGF1 increase. Other GH doses has
been proposed to investigate partial defects in GH
response.'”" Thus, lower GH doses and a different
sampling schedule could be useful in future studies
to better delineate the pattern of the GH-IGF1 axis
derangement in children with Noonan syndrome and
PTPN11 mutations. In addition, adequate cohorts of
patients of different genetic backgrounds should be
investigated to assess the effects of the various genes
involved in cell signaling through the Ras-MAKP
pathway on GH sensitivity. Certainly, there is a need
for such studies to be carried out based on stricter
selection of patients in order to pinpoint those more
likely to benefit from treatment with GH or IGFI.
Finally, the effect of different PTPN 11 mutations on
the GH resistance phenotype should be assessed by
in vitro functional studies.
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