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ABSTRACT

Neurofibromatosis-Noonan syndrome (NFNS) is a distinct entity which shows
the features of both NF1 (neurofibromatosis 1) and Noonan syndrome (NS).
While growth hormone deficiency (GHD) has been relatively frequently
identified in NF1 and NS patients, there is limited experience in NFNS cases.
The literature includes only one case report of a NFNS patient having GHD and
that report primarily focuses on the dermatological lesions that accompany
the syndrome and not on growth hormone (GH) treatment. Here, we present a
13-year-old girl who had clinical features of NFNS with a mutation in the NF1
gene. The case is the first NFNS patient reported in the literature who was
diagnosed to have GHD and who received GH treatment until reaching final
height. The findings in this patient show that short stature is a feature of NFNS
and can be caused by GHD. Patients with NFNS who show poor growth should
be evaluated for GHD.
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which has variable features of both NFI (neurofibromatosis |)
and Noonan syndrome (NS). Mutations in the NF/ gene were
identified in majority of NFNS cases. Growth hormone deficiency
(GHD) has been relatively frequently identified in NFI and NS,
there is limited experience with GHD in NFNS cases.

Introduction

Neurofibromatosis-Noonan syndrome (NFNS, OMIM 601321)
was first defined as a distinct entity in 1985 by Allanson et al (1)
who reported four unrelated patients with neurofibromatosis (NF)
who also had manifestations of Noonan syndrome (NS). These

WHAT THIS STUDY ADDS?

Short stature is a feature of NFNS; however, in some cases it
can be caused by GHD and patients with NFNS who are not
growing sufficiently should be evaluated for GHD. The case
presented herein had clinical features of NFNS with a mutation in
the NFI gene. It is the first NFNS case reported in the literature
with GHD, receiving growth hormone (GH) treatment, and
reaching a successful final height under GH treatment.

cases had presented with clinical findings such as short stature,
ptosis, midfacial hypoplasia, webbed neck, learning disabilities,
and muscle weakness (1). Opitz and Weaver (2) also reported
a similar syndrome, defined as a separate clinical entity which
they named NFNS. This entity bore the features of both NF type
1 (NF1) and NS. These early reports were followed by others
(3,4,5,6,7,8,9,10,11). When the genetic studies performed on
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NFNS are reviewed, it is noted that a mutation was identified
in the NF7 gene in the majority of these studies. The
co-occurrence of NF1 and PTPN11 mutations has been
shown in very few studies and has been attributed to a de
novo mutation either in NF7 or PTPN117 gene (12,13). Today,
the opinion that NFNS originates from different mutations
at distinct genes affecting a common intracellular signal
transduction pathway called RAS-MAPK (mitogen-activated
protein kinase) pathway is more widely accepted. This pathway
plays roles in cell proliferation, differentiation, and apoptosis.
The number of affected genes in the RAS-MAPK pathway and
the diversity of the mutations in these genes result in various
different phenotypic characteristics and different syndromes.
Since these syndromes are associated with the effects on the
same pathway, they are called “RASopathies” or RAS-MAPK
syndromes and NFNS is an important RASopathy.

Growth hormone deficiency (GHD) has been relatively
frequently identified in NF1 and NS patients. Those receiving
growth hormone (GH) treatment have been published
as case reports and the growth pattern, GH responses,
near-adult, and adult heights of these cases have been
reported (14,15,16,17). However, the literature includes
only one study that shows GHD in NFNS cases and that
report primarily focuses on the dermatological lesions that
accompany NFNS (18). GH treatment in NFNS is still a
matter of debate. To our knowledge, the case presented
herein is the first reported NFNS patient with GHD who
received GH treatment and was followed until she reached
final height under GH treatment.

Case Report

A 13-year-old girl presented with short stature. Physical
examination showed dysmorphic facial features, a short and

Figure 1. Physical findings of the patient suggestive of both
neurofibromatosis 1 and Noonan syndrome

webbed neck, low posterior hairline, cubitus valgus, brachy-
and clinodactyly, and widely spaced nipples suggesting
NS and multiple café-au-lait spots (>15 mm, 8 spots),
axillary freckling, and relative macrocephaly suggesting
NF1 syndrome. Dysmorphic facial features included
midfacial hypoplasia, prominent nasolabial folds, low-set
and posteriorly rotated ears, hypertelorism, downslanted
palpebral fissures, and low nasal root (Figure 1). The patient
did not have any neurofibroma. Cardiovascular examination
revealed no cardiac murmur and echocardiography was
normal. The ocular examination did not reveal Lisch nodules.
There was no sign of developmental delay, and the nervous
system examination was completely normal. The patient’s
pubertal stage was evaluated as Tanner stage 2. Her
arm span was 124.8 cm and upper/lower ratio was 0.9
suggesting no skeletal deformity. Karyotype analysis was
46,XX. The auxological parameters of the case at diagnosis
are given in Table 1.

Complete blood count, routine biochemistry, and urine
analysis were within the normal limits. The celiac antibodies
were negative and thyroid function tests were normal.
Both serum insulin-like growth factor-1 (IGF-1) and IGF
binding protein 3 (IGF-BP3) levels were below -3 standard
deviation score (SDS). Peak GH response to L-dopa and
clonidine stimulation tests were 3.9 ng/mL and 4.2 ng/
mL, respectively. Other pituitary hormone levels were all
within normal ranges. The serum pituitary hormone levels
at diagnosis are given in Table 2.

The size of the pituitary gland was measured as 3.5
mm in the pituitary magnetic resonance imaging (MRI) and
this was considered to be consistent with anterior pituitary
hypoplasia according to the age group of the patient.
NFNS syndrome was suspected, and cranial MRI was
performed to evaluate the neurological involvement. Cranial
MRI showed a hyperintense mildly swollen appearance
in T2 at the cerebral peduncles and globus pallidus that
may be attributed to NE T1-weighed images also showed
hyperintense lesions associated with T1 limitation; after
administration of intravenous contrast substance, these
lesions did not show any uptake of the contrast (Figure 2).

Since the patient fulfilled the criteria of GHD, GH therapy
was initiated with a dosage of 0.3 mg/kg/week. The height

Figure 2. Cranial magnetic resonance imaging of the patient showing
the lesions of neurofibromatosis in the cerebral peduncles and globus
pallidus and adenopituitary hypoplasia in the pituitary
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velocity during the first year of GH treatment was 9.8 cm/
year and was 7.2 cm and 4.5 cm on the second and third
years of GH therapy, respectively. The patient’s height was
147.3 cm (height SDS: -2.3) at the end of the third year
of GH therapy. The patient was 16.5 years old when the
GH therapy was discontinued; she had had three regular
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Figure 3. Growth chart of the patient under growth hormone therapy.
Source: http:/www.cdc.gov/growth charts (Centers for Disease
Control and Prevention (CDC) 2000)

Table 1. Auxological data of the case at the time of diagnosis
Auxological parameters

Age at diagnosis (years) 13.5
Bone age (years) 1
Height (cm) 125.8
Height SDS -4.8
Weight (kg) 26.3
BMI (kg/m2) 16.6
BMI-SDS -0.94
Height velocity at the beginning of GH therapy (cm/yr) 1.3
Height velocity SDS at the beginning of GH therapy (cm/yr) -2.8
Father's height (cm) 150
Father's height SDS -4.1
Mother's height (cm) 145
Mother's height SDS -2.9
Midparental height (cm) 14
Midparental height SDS -35
Predicted adult height (cm) 137
Predicted adult height SDS -4.2
SDS: standard deviation score, BMI: body mass index, GH: growth hormone

menstruation cycles and her bone age was 14.5 years. Her
final height was 148.5 cm, 7.5 cm above the mid-parental
height (Figure 3).

The patient's father also had features representing
both NF1 and NS such as multiple café-au-lait spots,
short stature, relative macrocephaly, and axillary freckling,
suggesting NF syndrome, and findings such as prominent
nasolabial folds, low-set ears, low nasal root, dysmorphic
facial features, short neck, and cubitus valgus suggesting
NS. It was learned that some members of the father's
family also had multiple café-au-lait spots. Genetic analyses
were performed for the patient and her father to investigate
NFNS and the genetic analysis of both the patient and the
father revealed a truncating mutation ¢.7846C>T (M82814),
p.Arg2616X (AAA59924) in the NF1 gene. No mutation was
found in PTPN11 gene.

Discussion

NFNS is an entity presenting with clinical characteristics
of both NF1 and NS. The frequency of NFNS is thought to
be higher than the current estimates, since these cases
may be missed due to their being inadvertently diagnosed
as classic NF1 or NS. In the study of Colley et al (11),
the reassessment of 94 cases diagnosed with NF1 has
demonstrated that 12 of these cases actually met the
criteria for NS. This reassessment has shown that some

Table 2. Pituitary hormone levels of the case at diagnosis

Hormone levels | Reference

of the patient hormone levels
T4 (pmol/L) 12.8 7.86-14.41
fT3 (pmol/L) 48 3.8-6.0
TSH (plU/mL) 2.31 0.34-5.6
FSH (1U/L) 1.6 >0.3 (pubertal)
LH (1U/L) 05 >0.3 (pubertal)
Estradiol (pg/mL) 22 >10 (pubertal)
ACTH (pg/mL) 458 0-90
Cortisol (pg/dL) 15.1 43-22.4
PRL (ng/mL) 121 3.3-18.7
IGF1 (pg/L) 150 203-831
IGF-BP3 (ug/L) 2430 2710-6340
Peak GH level in L-dopa test 39 >10
(ng/mL)
Peak GH level in clonidine test | 4.2 210
(ng/mL)
GH: growth hormone, fT,: free thyroxin fTs: free triiodothyronine, TSH: thyroid-
stimulating hormone, FSH: follicle stimulating hormone, LH: luteinizing hormone,
ACTH: adrenocorticotropic hormone, PRL: prolactin, IGF1: insulin-like growth factor-1,
IGF-BP3: insulin-like growth factor binding protein 3
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patients who have been clinically diagnosed with NF1 or NS
can indeed be NFNS.

The genetic studies that have been undertaken to
identify the gene causing NFNS have shown that the
majority of these cases have a mutation in the NF1 gene.
These studies have revealed that the mutations responsible
for classic NF1 can also cause NFNS (19,20,21). The
mutation identified in the present case is indeed a mutation
that is seen in classical NF1 cases. Additional studies are
required to clarify which mutations cause classic NF1, which
mutations cause NFNS, and which mutations have the
potential to cause both.

Short stature is a common feature of NFNS as it is of
NF1 and NS (22). The frequent causes of short stature in
these syndromes are skeletal deformities and nutritional
problems. Presence of suprasellar lesions is also a frequent
cause, but GHD can develop in some of these patients in
the absence of an underlying suprasellar lesion (15). While
many studies have reported presence of GHD in NF1
and NS, to our knowledge, there is only one case report
on NFNS receiving GH therapy (18). It is known that NS
patients are of normal height and weight at birth and that
growth deficiency develops later, with almost 80% of the
cases eventually being of short stature (23). Several studies
have shown that GH treatment increases the final height in
NS cases (24,25,26). Among these studies, the one with
the highest number of cases is the National Cooperative
Growth Study (27). This study involves a large cohort of 252
NS cases who have received GH therapy for 5.6 years on
average. GHD can also be seen in NF1 cases in the absence
of suprasellar lesions. Some researchers suggested that
there could be a relationship between GHD and NF1 in the
absence of an organic pituitary damage, and they agree
that larger cohort studies are required to decide whether
NF1 is a cause of GHD (15,28). GHD-specific screening
was recommended in NF1 cases with insufficient growth.
An impairment in the cellular signal transduction was
suggested as the reason of GHD in NF1 cases without
suprasellar regions (29). Hegedus et al (30) showed that
neurofibromin provides somatic growth by affecting the
hypothalamic-pituitary axis. In their study, body weight and
anterior pituitary gland size were found to decrease in mice
with an inactivated NF1 gene. It was also shown that the
decrease in anterior pituitary size reduces neurofibromin
expression in the hypothalamus, thereby decreasing the
production of GH-releasing hormone, that of GH and IGF-1
as well.

There is only one case report in the literature about GHD
and GH treatment in NFNS. As mentioned above, this one
report focuses on the dermatological lesions in NFNS and
gives no detailed information about GH treatment. Thus,
the present manuscript is first to provide details of GH

treatment in a NFNS case. The growth pattern of our patient
showed that short stature had been a problem since early
childhood, but that the problem had gradually increased
within the last 2 years, during which her peers entered
puberty and had pubertal growth. There was no underlying
reason, such as severe skeletal deformities, suprasellar
lesions, or nutritional deficiency to explain the short stature
observed in the present case, thus initially, the short stature
was considered to be related to the delay in puberty, as
in NS cases. At admission, the height of our patient was
<-2 SDS and her growth rate was very low. GHD was
considered to be a possible reason for short stature, and
GH stimulation tests were performed. The peak GH level
was calculated as <5 ng/mL in two GH stimulation tests
suggesting that the patient had severe GHD. While the final
height predicted based on bone age at the beginning of GH
therapy was 137 cm, the final height after GH therapy was
148.5 cm. GH therapy resulted in an 11.5 ¢cm (1.8 SDS) gain
in the final height.

Recent studies indicate that NS and NF1 patients
also benefit from GH treatment. In one study, the height
gain based on CDC standards was 8.9 cm for boys and
10.0 cm for girls in NS cases receiving GH treatment and
this gain was similar to that in Turner syndrome cases
(27). In another study evaluating NF1 cases receiving GH
treatment, the growth rate, which was 5 cm/year before GH
therapy, increased to 9 cm/year at the first year of therapy,
was 8.3 cm/year in the second year, and decreased to 6
cm/year between the third and the fifth years of treatment
(15). Although the final height of our patient was 7.5 cm
greater than the midparental height, it was still short due
to the underlying familial short stature and the relatively
short duration of GH therapy. The reason the father had
a short stature was likely due to the fact that he also had
NFENS, was not assessed with respect to GHD, and did not
receive any treatment. When the patient was referred to our
clinic, her puberty had already started. A better final height
could possibly be achieved if GH treatment could have
been started at a younger age. Studies have shown that the
earlier that GH therapy is initiated in NF1 and NS cases, the
better the final height that can be achieved (14,15).

There is limited experience with GHD in NFNS cases,
since it is a rare condition that is clinically difficult to identify.
Our patient had the clinical features of NFNS and was found
to have a mutation in the NF1 gene. She also had GHD and
responded very well to GH treatment. It may be argued
that short stature is a feature of NFNS, but it is evident
that in some cases, short stature can be caused by GHD.
For this reason, patients with NFNS who are not growing
sufficiently should be evaluated for GHD. Those diagnosed
to have GHD can benefit from GH treatment. However, it
is obvious that more studies are needed on the use and
benefits of GH therapy in NFNS cases, and also in NF1 and
NS cases.
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