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SOS1 and PTPN11 mutations in five cases of Noonan
syndrome with multiple giant cell lesions

Claire Beneteau*!, Héléne Cavé?, Anne Moncla®, Nathalie Dorison?®, Arnold Munnich?®,
Alain Verloes® and Bruno Leheup’

!Service de Médecine Infantile III et Génétique Clinique, Hopital d’Enfants CHU de Nancy, Vandoeuvre Cedex, Faculté
de Médecine Nancy Université Henri Poincaré, Vandoeuvre, Cedex, Vandoeuvre, France; *Département de Genetique,

Hdpital Robert Debré, Paris, France; *Département de Génétique Médicale, Hopital d’enfants de la Timone, CHU de

Marseille, France; *Service de Neuropédiatrie pathologie du développement, Hépital Armand Trousseau, Paris, France;
SService de Genetique Médicale, Hopital Necker Enfants Malades, Paris, France; *Département de Génetique, Hopital
Robert Debré, Paris, France; ' Service de Médecine Infantile III et Génetique Clinique, Hopital d’Enfants CHU de Nancy,
Vandoeuvre Cedex, Faculté de Médecine Nancy Université Henri Poincareé, Vandoeuvre Cedex, Vandoeuvre, France

We report five cases of multiple giant cell lesions in patients with typical Noonan syndrome. Such
association has frequently been referred to as Noonan-like/multiple giant cell (NL/MGCL) syndrome
before the molecular definition of Noonan syndrome. Two patients show mutations in PTPNT1 (p.Tyr62Asp
and p.Asn308Asp) and three in SOST (p.Arg552Ser and p.Arg552Thr). The latter are the first SOST
mutations reported outside PTPN11 in NL/MGCL syndrome. MGCL lesions were observed in jaws
(‘cherubism’) and joints (‘pigmented villonodular synovitis’'). We show through those patients that both
types of MGCL are not PTPN11-specific, but rather represent a low penetrant (or perhaps overlooked)
complication of the dysregulated RAS/MAPK signaling pathway. We recommend discarding NL/MGCL
syndrome from the nosology, as this presentation is neither gene-nor allele-specific of Noonan syndrome;
these patients should be described as Noonan syndrome with MGCL (of the mandible, the long bone...).
The term cherubism should be used only when multiple giant cell lesions occur without any other clinical
and molecular evidence of Noonan syndrome, with or without mutations of the SH3BP2 gene.
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Introduction

Mutations in genes of the RAS/MAPK signaling pathway
have been reported in several developmental disorders. In
most cases, those mutations are expected to lead to
overactivation of the pathway. Implications of germline
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mutations in the RAS/MAPK pathway in development and
malignancies have been reviewed recently.'~* Five core
phenotypes are associated with constitutionally de-
regulated RAS/MAPK signaling: Noonan syndrome (NS),
LEOPARD syndrome (LS), cardiofaciocutaneous syndrome
(CFC), Costello syndrome (CS), and neurofibromatosis 1.
They are collectively referred to as the neuro-CFC
syndromes.*

The dominantly inherited NS is a well-defined syndrome
characterized by typical facial dysmorphism, cardiac
anomalies, growth retardation, and inconstant cognitive
impairment. Birth prevalence is estimated between 1/1000
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and 1/2500. Mutations in PTPN11° are reported in about
50% of cases, SOS1%7 in 10~20%, RAF1® and KRAS,’ both in
less than 5%, Rare patients with BRAF, MEK1, or MEK2 may
exhibit an NS phenotype,'® although most of them have
CFC syndrome.

Several ‘Noonan-like (NL) entities’ have been delineated.
When NS and CFC genes were discovered, it became
evident that those variants reflected intrinsic, non-allele-
specific variability in the expression of those genes. The
NL/multiple giant cell lesion (NL/MGCL) syndrome is one
of those rare variants that were once considered as bona
fide syndromes. MGCLs, also known as central giant cell
lesions or giant cell granulomas, are non-neoplastic lesions
characterized by a proliferation of granulation tissue
containing many multinucleated giant cells (Langhans
giant cells) embedded in a fibrous stroma. MGCLs are
found in several disorders, among which two are related to
NS, ‘cherubism’ and pigmented villonodular synovitis.
MGCLs of the jaws are osteoclast-rich lesions. Most cases
are sporadic, unilateral, and more common in women. By
contrast, a bilateral, symmetric form is observed in a rare
autosomal dominant disorder, called cherubism syndrome,
with male preponderance. Cherubism syndrome is char-
acterized by bilateral swelling of the jaws, full cheeks,
hypertelorism, prognathism, malocclusion, and oligodon-
tia. Enlargement of the cheeks first appears around the
third or fourth year of life, usually stabilizes after puberty
and abates by the third decade. Cystic lesions are
symmetrical. On X-rays, they appear as multilocular cysts
that expand the cortical plate and may displace tooth
buds and erode roots. Local aggressiveness of the tumor is
variable. Histologically, the lesions are indistinguishable
from those of the sporadic, unilateral cases. They are
similar to brown tumors of hyperparathyroidism. In the
adult, the cystic lesions give place to sclerosis with
progressive calcifications. Cherubism syndrome is fully
penetrant in men and partially (50-70%) penetrant in
women. A majority of cases have been associated with
missense mutations affecting a 6-amino-acid sequence
(aa 33-aa 38) upstream of the SH2 domain of the SH3BP2
protein. The corresponding gene SH3BP2 (Src homology
3-binding protein 2) maps to chromosome 4pl6.3.
Sporadic MGCLs of the jaw are not associated with the
germline or somatic mutations of SH3BP2.'!

Pigmented villonodular synovitis (PVS) is a benign
proliferative disorder of the synovial tissue, which may
affect the synovial-lined large joints (more commonly the
knee and ankle) or tendon sheaths of small joints. It is
more frequent in women. Patients usually present with
painless swelling of the joints. PVS is sporadic and its
pathogenesis is unknown. Histologically, PVS lesions are
central giant cell lesions similar to those seen with
cherubism. The presence of hemosiderin in giant cells
and surrounding stroma gives the tissue a characteristic
pigmentation. The lesions tend to be hyperplastic,

hypervascular and hemorrhagic. PVS typically invades the
surrounding tissues, including the subchondral bone,
resulting in bone cyst formation.

NL/MGCL syndrome combines clinical signs of NS
with multiple giant cell lesions similar to those observed
in cherubism and PVS.'?~!* Before the discovery of the
NS-causing genes, nine patients have been described with
NS and cherubism'®~2° and only one with NS and PVS.?!
Nine patients with NS and cherubism have been reported
with PTPN11 mutations."®*?2-2% These mutations are not
specific (the same variation can be observed with or
without MGCL lesions, even in a single pedigree).

To date, no mutations in SOS1, KRAS, RAF1, BRAF or MEK
have been reported in patients with this phenotype and
no PTPNI11 alteration. Similarly, no mutation has been
reported insofar in patients with NS and PVS. We report
five cases of NS with MGCL, including three patients with
S§OS1 mutations.

Clinical cases reports
Clinical data of the five cases are summarized in Table 1.

Patient 1

The first patient had a birth length (BL) of 55cm (>90th
centile), a birth weight (BW) of 4288 g (>90th centile) and
an occipitofrontal head circumference (OFC) of 35.5cm.
(50-75th centile) at term. Stenosis of the pulmonary valve
was diagnosed in early infancy. We saw him first at the age
of 8 years. He has typical features for NS. His karyotype was
46, XY, inv(9) (p11ql3). An X-ray survey and CT scan
showed bilateral radiolucent cysts of the mandible that
were not operated. Eruption of the incisors was delayed. He
had a normal stature and no learning difficulties.

Patient 2

This patient was born at 41 weeks of gestation (WG) with
normal birth parameters: BL 48cm (25th centile) and
BW 3610g (75-90th centile). Mitral valve prolapse was
diagnosed at the age of 10 years. We saw him first at 11
years. He had typical NS, with cryptorchidism and
decreased platelet aggregation function. Cerebral MRI
showed moderate ventriculomegaly. Cysts of the mandible
were present. At the age of 12 years, he had normal stature,
dyslexia, and learning difficulties. His IQ was 93.

Patient 3

This patient was born at 39 WG. Hydramnios was present
during pregnancy. BW was 3950 g (>90th centile), and BL
51 cm (90th centile). Stenosis of the pulmonary artery and
atrial septal defect were diagnosed at birth. Clinical
features were typical for NS. At 12 years, PVS of the left
ankle was diagnosed and confirmed by bone scintigraphy,
MRI, and biopsy. At the age of 15 years, his height was at
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Table 1 Clinical features of patients (Pts) 1-5

Pt 1 Pt 2 Pt 3 Pt 4 Pt5

Craniofacial

Full face + + + + +

Hypertelorism + + + _ _

Ptosis - - - + +

Low nasal bridge + - - + +

Epicanthal folds + - - + +

Low-set and posteriorly angulated ears with thick helices + + + + +

Low posterior hairline + — + + +

Tall forehead + - + + +

Prognatism - - - + _

Micrognathia + - - — +

Malocclusion - - - - _

Oligodontia - - - - _
Cardiovascular

Stenotic pulmonary valve + - - + +

Pulmonary artery stenosis - - + - _

Septal defect - - - — _
Growth

Short stature - - + + +
Skeletal

Pectus carinatum/excavatum, sternal defect + - + + —

Cubitus valgus - - - - _
Neurological

Learning difficulties — + — + _

Psychiatric disorder - - - - +
Genitourinary

Cryptorchidism — + + + —

Puberty (N and D) NA N D D NA
Mutation

SH3BP2 NA NA NA NA NA

PTPNT11 - - - + +

SOS1 + + + NA NA
X-rays

Cystic lesions of bones + + - + +
Histopathology

MGCL in cellular fibrous tissue. NA NA + + NA

+, present; —, absent; D, delayed; N, normal; MGCL, multiple giant cell; NA, information not available.

—2DS. He had delayed puberty, left cryptorchidism, and no
learning disabilities. There was no involvement of the jaws.

Patient 4

This boy was born at 41 WG, BW was 3850 g (75th centile),
BL 51cm (50th centile), and OFC 35.5cm (50-75th
centile). Stenosis of the pulmonary valve was diagnosed
after birth. He carried a maternally inherited balanced
translocation 46, XY, t(3;22) (p21q13)mat. At 5 years of age,
he developed a cherubic appearance (Figure 1). Multiple
radiolucent lesions in both ascending rami of the mandible
were found (Figure 1). Partial bilateral resection was carried
out at the age of 6 years. Pathological examination showed
MGCL. Progressive bilateral enlargement of lesions and
recurrence of the tumor in the ascending ramus of the right
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mandible at the age of 8 made further surgery mandatory.
He had speech delay and learning disabilities. At 8 years of
age, his DQ was 87, with specific visual constructional
problems and discrepancy between verbal and performance
scores. Final height was 162 cm (—1.9 DS).

Patient 5

This boy was born at 38 WG, BW was 3320 g (50th centile),
and BL 51 cm (75th centile). His father was 58 years of age
at conception. Valvular and supravalvular pulmonary
stenoses were diagnosed during gestation. NS was suspec-
ted at birth because of his facial features. A left unilocular
mandibular radiolucency was coincidentally discovered
at 12 years on an orthopantogram, and confirmed on a CT
scan of the mandible (Figure 2). A histopathological
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Figure 1

Patient 4. (a) and (b) Facial appearance in adolescence after surgical correction of left eyelid ptosis. Characteristic gestalt of NS. The facial

fullness with swollen cheeks and mild prognathism are the consequences of mandibular MGCL. (c) CT scan of the mandible with bilateral radiolucent
lacunae corresponding to the extensive bilateral MGCL, more extensive on the left. (d) Partial orthopantogram of the left mandible showing the

expansive lesions.

examination of the lesion disclosed MGCL. His height was
at —2DS at 12 years. He had had no difficulties at school,
but was depressive.

Molecular investigations

Direct sequencing of the PTPNI11 coding region (exons
1-15) was carried out in the five patients. Exons 16-23 of
SOS1 were further sequenced in patients 1, 2, and 3 using
standard protocols. On the basis of RefSeq NM_005633.2,
the mutation c.1656G > C (p.Arg552Ser) was found in exon
11 of SOS1I in patients 1 and 3 (who are not related). This
mutation has been reported earlier in common NS.?*?” The
mutation c. 1655G > C (p.Arg552Thr) was found in exon 11
of SOS1 in patient 2. This mutation has never been
reported. On the basis of RefSeq NM_002834.3, muta-
tions c.184T>G (p.Tyr62Asp) in exon 3 and c.922A>G
(p-Asn308Asp) in exon 8 of PTPN11 were found in patients
4 and 5, respectively. These two mutations have been
reported earlier in NS.?%?” No PTPNII mutations were
found in patients 1, 2, and 3.

Discussion

To date, at least 23 patients with NL/MGCL phenotype
have been reported under various names, most of
them without molecular data,'?~151719-2428.29 Tywq were

familial.?>?® Taking these reports into account, 11 patients
carrying a mutation of PTPN11 were found among 18 NL/
MGCL-screened cases (61 %). In a series of eight patients
with cherubism, Jafarov et al** found three with a mutation
in SH3BP2 and two with a mutation in PTPN11. One of the
latter has clinical features of NL/MGCL syndrome; the
other one was not described. None of them carried a
mutation in both genes.

MGCL has been reported with other phenotypes linked to
the RAS/MAPK pathway. A case of MGCL was reported with
LS.? Sarkozy et al®*! reported a patient harboring a mutation
in PTPN11 with a complex phenotype progressing through-
out the years from NS toward LS and NL/MGCL. Interest-
ingly, some patients with NF1 have been reported with
MGCLs of various locations, including the jaws.3?~3¢

Before the elucidation of the molecular basis of NS, some
authors had suggested that the association of MGCL
with an NS phenotype was an independent NL entity, the
NL/MGCL syndrome. The mutations observed in patients
with MGCL are not different from those observed in NS
without any bone anomalies. A mutation can be observed
with or without granulomas in the same family. NL/MGCL
syndrome must be considered as a part of the NS spectrum,
and not as an NL disorder. We strongly support the idea
of discarding the use of NL/MGCL syndrome, Noonan-
cherubism or other specific names to refer to this presen-
tation of NS. NS with MGCL may be used to describe the
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1: distance 17, angle 4
3 distance 13w, angle 7

Figure 2 Patient 5. (a): Partial orthopantogram of the jaw showing
cystic erosion of the mandible. (b) CT scan of the lower jaw showing
bilateral cysts invading the mandibular rami.

affected patients. Cherubism should only be used for
patients with sporadic or SH3BP2-related multiple giant
cell lesions of the jaws, without any evidence of NS.

The pathophysiology of MGCL remains mysterious.
SH3BP2 codes for the multidomain scaffolding protein,
SH3BP2,%” a critical regulator of myeloid cell responses.
Mutations in cherubism lead to a gain of function or act in
a dominant-negative manner, leading to abnormal gain of
myeloid cell function. Osteoclasts are multinucleated cells
derived from the myeloid lineage. The major factors for
osteoclast differentiation are RANKL (through its receptor
RANK) and M-CSF; SH3BP2 functions downstream of both.
It contributes to the activation of ERK, which is at the
bottom of the MAPK-dependent pathway, leading to
the production of TNFa and to the activation of the
calcineurin/NFAT (nuclear factor of activated T cells)
pathway and its downstream effector, NFATcl (nuclear
factor of activated T cells c1 isoform).3®3° Although these
observations give a frame to explain granuloma formation
with RAS/MAPK-related genes on the one hand, and
SH3BP2 on the other, whether this low penetrant manifes-
tation results from the interference of modifier genes with
the RAS/MAPK pathway or from an exogenous stimulus
leading to focal development of granuloma in a genetically
permissive environment remains unknown.

European Journal of Human Genetics

In summary, we present five patients with NL/MGCL.
Three of them have SOS1 mutations (two patients with
facial giant cell lesions and one patient with PVS of the
ankle joint). The two others have PTPN11 mutations. NL/
MGCL syndrome, previously regarded as an entity distinct
from NS, is a phenotypic variation within the NS spectrum.
MGCL appears to be a non-gene-specific and non-allele-
specific manifestation of dysregulated RAS/MAPK pathway.

Note added in proof

Although this study was under reviewing process, two
independent reports confirmed our observations. In this
Journal, cherubism was reported in four patients with NS
and SOSI mutations, and in three patients with CFC and
BRAF mutations.*® A SOS1 mutation*'was reported in a
single patient with NS and PVS. These reports confirm that
MGCL is a rare complication of the deregulated RAS/MAPK
pathway.
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