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Welcome – Technical points
• ​We are please to be numerous ​97 registrations

• Webinar being recorded​

• Thank you to
• Turn off your microphone and disconnect your camera​

• Use the Chat for your questions or Raise your hand at the time of the discussions​ (end)

• A satisfaction survey will be sent to you :

• Webinars # will be available on ITHACA’s Website

• https://ern-ithaca.eu/documentation/educational-resources/

• Anne Hugon Project Manager ERN ITHACA - anne.hugon@aphp.fr
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Welcome and Introduction

Webinar: “Endocrine aspects of RASopathies”

“RASopathies” represent one of the most common non-chromosomal diseases affecting
development and growth.

A brief introduction will outline their genetic heterogeneity and clinical variability.

We’ll then explore the endocrinological aspects of RASopathies, focusing on key areas such
as - growth, growth therapy, puberty and metabolic profiling – to better understand their
impact on patient care and long-term outcomes .

The webinar is designed for all specialists involved in the care of individuals with
RASopathies, particularly pediatricians, endocrinologists, geneticists and, of course, patients
and Families, whose engagement and collaboration remain at the heart of effective
management.
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Introduction

Webinar: “Endocrine aspects of RASopathies”
Chaired by

• Laura Mazzanti, - Alma Mater Honorary Professor, University of Bologna, Bologna, Italy

A few words on our speakers

• Marco Tartaglia - Head of Molecular Genetics and Functional Genomics, Research Division, Ospedale 
Pediatrico Bambino Gesù, IRCCS, Roma, Italy

• Thomas Edouard - Endocrine, Bone Diseases, and Genetics Unit, Children's Hospital, Toulouse University 
Hospital, Toulouse, France

• Federica Tamburrino - Rare Disease Unit, Department of Pediatrics, IRCCS Policlinico di Sant’Orsola, 
Bologna, Italy

• Alexander A L Jorge - University of São Paulo (USP), Head and Principal Investigator of the Genetic 
Endocrinology Unit at Hospital das Clínicas, University of São Paulo, São Paulo, Brazil
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Agenda

1. ‘The molecular genetics of RASopathies’, Marco Tartaglia

2. ‘Growth and growth therapies in RASopathies’, Thomas Edouard

3. ‘Puberty in RASopathies’, Federica Tamburrino

4. ‘Metabolic Profile in Patients with Noonan Syndrome’, Alexander A L Jorge

• Conclusion with speakers and moderator
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Topic 1- The molecular genetics of 
RASopathies
Marco Tartaglia
Head Molecular Genetics and Functional Genomics, Research Division, Ospedale
Pediatrico Bambino Gesù, IRCCS, Roma, Italy
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Molecular Genetics of 

RASopathies

Marco Tartaglia
Molecular Genetics and Functional Genomics

marco.tartaglia@opbg.net
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Speakers Bureau/Honoraria: Novo Nordisk, Sandoz

Consultant/Advisory Board: Novo Nordisk, BioMarin

Marco Tartaglia

Disclosure Information (last three years)



9 Tartaglia, Aoki & Gelb (2022) Am J Med Genet C 190:425-39 

LoF/DN

GoF

Molecular basis



major clinical features

Distinctive facies

CHD/HCM

Short stature

Variable DD/ID
Variable cancer predisposition

Hair and skin abnormalities

Lymphatic abnormalities

Skeletal abnormalities

Bleeding diathesis

Feeding difficulties

Immunological abnormalities

Delayed puberty

Visual and hearing defects

Tartaglia & Gelb (2010) Ann N Y Acad Sci 1214:99-121

Zenker (2022) Am J Med Genet C 190:414-24  
10

systemic RASopathies

DO NOT POST

M. Zenker
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NF1                 PTPN11                                             HRAS   KRAS SOS1 SPRED1            SHOC2   CBL        RIT1      RASA2 LZTR1(D) MRAS  CDC42 RRAS2 MAPK1     ERF         
BRAF         RAF1                     NRAS                                                          RRAS   SOS2    PPP1CB                LZTR1 (R)                           SPRED2   

MAP2K1/MAP2K2                                 YWHAZ

2001        2002       2003      2004        2005       2006       2007      2008       2009       2010      2011        2012 2013       2014       2015       2016       2017       2018       2019      2020   2021

somatic PTPN11

mutations in JMML and 

childhood leukemia

functional delineation of previously uncharacterized 

circuits with role in RAS-MAPK signaling

positional candidacy

(2001)

functional candidacy

(2005-2010)

genomic sequencing (hypotesis-free approach)

(since 2013)

1990

Timeline - Milestones

MAPK

vs

PI3K/AKT/mTOR

?

25 genes implicated in 

RASopathies

Insights on the mechanism(s) 

of disease

Molecular diagnosis in >90% of 

patients with clinical diagnosis

Improved care and more 

accurate counseling

Development of targeted

therapies

Tartaglia, Aoki & Gelb (2022) Am J Med Genet C 190:425-39 



systemic RASopathies - genetic landscape

12
Tartaglia & Gelb (2010) Ann N Y Acad Sci 1214:99-121

Tartaglia, Aoki, Gelb (2022) Am J Med Genet C Semin Med Genet 190:425-39    
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What have we learned?
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NS incidence has 

been estimated  

as between           

1:1000 to 1:2500

Mendez HMM & Opitz JM (1985) 

Am J Med Genet 21:493-506. 

Nora JJ et al. (1974) 

Am J Dis Child 127:48-55.
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RASopathies by gene

Alessandro De Luca, unpublished (Istituto CSS-Mendel, Rome, Italy)

last 2 years - conscutive unselected series -
suspected RASopathy (N=450)

Other «RASopathy genes» likely exist

Molecular diagnosis offers the opportunity to 

overcome the weakness of subjective clinical 

criteria



RASopathies are largely

autosomal dominant

disorders …

… but recessive forms

do exist

Inheritance

10



Steklov et al. (2018) Science 362:1177-1182
Motta et al. (2019) Hum Mol Genet 28:1007-1022

Castel et al. (2019) Science 363:1226-1230

dominant Noonan syndrome

recessive Noonan syndrome

LZTR1 functions as a substrate
adaptor of CRL3 ubiquitin ligase

complexes and participates in a novel
circuit controlling RAS/RIT signaling

Yamamoto et al. (2015) J Med Genet 52:413-21
Johnston et al. (2018) Genet Med 20:1175-85

17

Two different classes of LZTR1 mutations underlie dominant
and recessive forms of Noonan syndrome

Motta et al. (2019) Hum Mol Genet 28:1007-1022
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Genotype-Phenotype Correlations at the Gene Level



20

Genotype-Phenotype Correlations at the Mutation Level

M. Zenker



«Phenotype-driven» vs

«genotype-driven»

21
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Recognizing new 

RASopathies by unbiased

clinical reassessment
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ERF haploinsufficiency underlies a novel RASopathy

Dentici et al., Eur J Hum Genet, 32:954-63.

Clinically variable 

No subject show cardiac involvement
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ERF & MAPK signaling

ERF is an ETS domain transcriptional 

repressor that binds to DNA in a 

sequence-specific manner to 

transcriptionally silence target genes

ERF is regulated by ERK 

phosphorylation via nucleo-

cytoplasmic shuttling. 

ERK-mediated phosphorylation 

promotes ERF translocation to the 

cytoplasm, allowing transcription of 

target genes

no stimulation

MAPK signaling

Dentici et al., Eur J Hum Genet, 32(8):954-963.
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• Ptpn11Y279C model : 

Rapamycin, an inhibitor 

of the PI3K-AKT-mTOR pathway, is 

effective in blocking HCM progression

• Ptpn11Q79R e Raf1L613V  models:

The use of MEK inhibitors allows

to rescue multiple clinical features

(e.g., reduced growth, HCM)

Notwithstanding the clinical overlap, 

different molecular mechanisms underlie RASopathies

TARGETED PHARMACOLOGICAL APPROACHES ARE REQUIRED
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«Noonan syndrome» is not

a clinically exhaustive term

the involved gene and pathogenic

variant(s) should be taken into

account to effectively apply

precision medicine and optimize

patient management and care.



RASopathies share the upregulation of 

RAS-MAPK signaling as a common 

pathogenetic mechanism

>25 disease genes identified;                   

13 implicated in Noonan syndrome

Take home message (1)

27

New RASopathies and recessive forms are emerging



Take home message (2)

Mutations may affect protein function by 

multiple mechanisms and have different

consequences on intracellular signaling

Other pathways contribute to the clinical

phenotype and phenocopies do exist

RASopathy mutants are weak    

hypermorphs & mutations do not 

necessarily predispose to cancer

28
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Topic 2 - Growth Abnormalities
and New Therapeutic Perspectives 

Thomas Edouard, Professor, MD, PhD, Endocrine, Bone Diseases, and Genetics Unit,

Reference centre for rare diseases of growth, FIRENDO network, Endo-ERN

Children's Hospital, Toulouse University Hospital, Toulouse, France 
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Disclosures

• Research funding (investigator in clinical trials): Biomarin, Novo Nordisk, QED therapeutics 

• Advisory board participation: Biomarin, Novo Nordisk

• Fees for lecture: Biomarin, Kyowa Kyrin, Novo Nordisk, Pfizer

• This presentation was developed by the speaker and is sponsored by Novo Nordisk



Noonan syndrome (NS)

• Common genetic disorder (1 in 2,000 live births)1

• Autosomal dominant (affected parent in ≈1/3)2

1. Roberts AE et al. Lancet 2013;381:333–42; 2. Zenker M et al. Arch Dis Child 2022;107:1073–8; 3. Faienza MF et al. Genes 2024;15:1015; 4. Edouard T et al. Eur J Med Genet 2022;65:104404; 

5. Dyscerne. 2010. NS Clinical Management Guidelines. Available at: https://dyscerne.org/dysc/digitalAssets/0/265_Noonan_Guidelines.pdf. Accessed November 2025; 6. Tajan M et al. Endocr Rev 2018;39:676–700; 

7. Protocole National de Diagnostic et de Soins (PNDS). RASopathies: Syndromes de Noonan, cardio-facio-cutané et apparentés. 2021. Available at: https://www.has-sante.fr/upload/docs/application/pdf/2021-

10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf. Accessed October 2025; 8. Perrino MR et al. Clin Cancer Res 2024;30:4834–43.

• Many other defects

– Cryptorchidism in males6

– Skeletal anomalies (pectus, scoliosis)6

– Developmental delay and learning disability, hearing and visual impairment6

– Increased risk of cancer (juvenile myelomonocytic leukaemia 3%, brain tumour <1%)7,8

Roberts et al. Lancet 20131

Distinctive facial features1 Congenital heart defects (80%)3 Short stature (50–70%)4

Faienza et al. Genes 20243 Dyscerne 20105

https://dyscerne.org/dysc/digitalAssets/0/265_Noonan_Guidelines.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
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https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
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https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-10/pnds_rasopathies_texte_sept21_2021-10-01_09-53-19_890.pdf
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Nutritional and metabolic aspects

• Feeding difficulties and failure to thrive are frequent in newborns and infants (75%)

– Poor sucking, prolonged feeding times, recurrent vomiting

– Tube feeding needed in 25%

– Usually resolves within the first few years of life

• Lean phenotype with BMI in the low–normal range

• Aetiology unknown, could be due to increased energy expenditure

Roberts AE et al. Lancet 2013;381:333–42; da Silva FM et al. Am J Med Genet A 2016;170:1525–31; Cessans C et al. Eur J Endocrinol 2016;174:641–50.



Healthy patients (mean ± 2 SDS)

Female patients with NS (mean ± 2 SDS)

Growth and puberty

• Birth length in the lower normal range (25% small for gestational age)

• Decreased growth velocity and short stature by 2 years of age

• Worsening during puberty due to delay

• Bone age typically delayed by about 2 years, allowing for prolonged catch-up growth

1. Edouard T et al. Eur J Med Genet 2022;65:104404; 2. Ranke MB et al. Eur J Pediatr 1988;148:220–7; 3. Binder G et al. J Pediatr 2012;161:501–5.

Short stature in 50–70% of patients with NS1

162.5 cm (–2 SDS)2 152.7 cm (–2 SDS)2

169.2 cm (–1.3 SDS)3 154.4 cm (–1.7 SDS)3

Healthy patients (mean ± 2 SDS)

Male patients with NS (mean ± 2 SDS)

Adapted from Ranke et al. 19882 Adapted from Ranke et al. 19882



Short stature,

pulmonary valve stenosis

Noonan syndrome3,4

Hairless skin, 

loose anagen hair

NS with loose anagen hair4

Neurofibromas, 

café-au-lait spots

NS / NF11

Lentigines,

deafness

NS with 

multiple lentigines2

Ectodermal 

lesions,

mental 

retardation

Cardiofaciocutaneous 

syndrome3

Costello syndrome3

HCM,

mental 

retardation,

solid tumours 

(15%)

Noonan syndrome-related disorders

1. Reig I et al. Dermatol Online J 2011;17:4; 2. Digilio MC et al. Am J Hum Genet 2002;71:389–94; 

3. Allanson JE. Am J Med Genet A 2016;170:2570–7; 4. Mazzanti L et al. Am J Med Genet A 2003;118A:279–86.



Hyperactivation

PTPN11

gene

RASopathies

Saint-Laurent C et al. Eur J Pediatr 2024;183:1011–9.



Genotype–phenotype correlations for growth

1. Ranke MB et al. Eur J Pediatr 1988;148:220–7; 2. Cessans C et al. Eur J Endocrinol 2016;174:641–50.

In 144 patients with a clinical diagnosis of NS

Adapted from Ranke et al. 19881

➢ The severity of short stature is correlated with genotype

In 420 patients with a confirmed genetic diagnosis of NS

Adapted from Cessans et al. 20162

SOS1 > PTPN11 >  RAF1

Healthy patients (mean ± 2 SDS)

Male patients with NS (mean ± 2 SDS)

Age (months)

H
e
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h
t 
(S

D
S
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Pathophysiology of short stature (PTPN11 mutation)

GH

IGF-1

Endochondral ossification

Proliferative zone

Hypertrophic zone

Bone

Germinative zone



Pathophysiology of short stature (PTPN11 mutation)

1. De Rocca Serra-Nédélec A et al. Proc Natl Acad Sci USA 2012;109:4257–62; 2. Tajan M et al. Hum Mol Genet 2018;27:2276–89.

GH ⬍

IGF-1 



NS mouse model

PTPN11 D61G/+

Abnormal chondrocyte differentiation

(IGF-1 independent)2

GH insensitivity1

RAS/MAPK 



Tajan et al. 20182



Pathophysiology of short stature (BRAF mutation)

Gualtieri A et al. Nat Commun 2021;12:2028.



Short- to medium-term response to growth hormone treatment

Horikawa R et al. Endocr J 2020;67:803–18.

In 51 patients with NS and short stature, 

treatment over 4 years with somatropin 33 µg/kg/day vs 66 µg/kg/day

P < 0.0001

➢ Good cardiac and metabolic tolerance

33 µg/kg/day 66 µg/kg/day



Jorge A et al. Presented at the Joint Congress of ESPE and ESE 2025; 10-13 May 2025; Copenhagen, Denmark. Poster LB91.

In 77 patients with NS and short stature, 

treatment over 1 year with daily somatropin (50 µg/kg/day) or 

weekly somapacitan (0.24 mg/kg/week)



Still many unanswered questions related to rhGH treatment for NS…

• What is the long-term efficacy of rhGH treatment on adult height?

• How safe is the treatment in patients with hypertrophic cardiomyopathy? 

• Could there be genotype–phenotype correlations for rhGH treatment 

efficacy and safety?

• Is a GH stimulation test necessary in children with short stature?

• Should a brain MRI be performed before initiating rhGH treatment?

• What is the optimal age to start rhGH therapy?

• What height threshold should be used when considering rhGH treatment?

• Could rhGH have a beneficial effect on muscle function and motor 

development?

The Endocrine working group:

Atilano Carcavilla (Spain)

Laura Mazzanti and Stefano Cianfarini (Italy)

Kees Noordam (Netherlands)

Mehul Dattani and Guftar Shaikh (UK)

Jan Lebl (Czech Republic)

Alexander Jorge (Brazil)

Thomas Edouard (France)

➢ Consensus guidelines for Noonan 

syndrome spectrum disorders 

(currently being developed and validated in 

association with ESPE and ERN-ITHACA)



Novel therapeutic perspectives

Hyperactivation

Saint-Laurent C et al. Eur J Pediatr 2024;183:1011–9.



Effect on lymphovascular anomalies1

Dori et al. 20201 Gelb et al. 20222

Effect on hypertrophic 

cardiomyopathy2,3

Patients with NS

MEK inhibitors (trametinib)

1. Dori Y et al. Pediatrics 2020;146:e20200167; 2. Gelb BD et al. Am J Med Genet C Semin Med Genet 2022;190:541–60; 3. Wolf CM et al. JACC Basic Transl Sci 2025;10:152–66. 

Wolf et al. 20243



Effect on lymphovascular anomalies1

Dori et al. 20201 Gelb et al. 20222

Effect on hypertrophic 

cardiomyopathy2,3

Patients with NS

MEK inhibitors (trametinib)

1. Dori Y et al. Pediatrics 2020;146:e20200167; 2. Gelb BD et al. Am J Med Genet C Semin Med Genet 2022;190:541–60; 3. Wolf CM et al. JACC Basic Transl Sci 2025;10:152–66. 

Effect on growth

Growth chart image courtesy of Dr MA Delrue.



CNP analogues and achondroplasia

1. Horton WA et al. Lancet 2007;370:162–72; 2. Shazeeb MS et al. Sci Rep 2018;8:469; 3. Savarirayan R et al. Nat Rev Endocrinol 2022;18:173–89.

Constitutive activation 

of FGFR3

Hyperactivation 

of RAS/MAPK

Abnormal endochondral 

ossification

Tyrosine kinase inhibitors

Infigratinib (QED therapeutics)

Orally once daily

CNP analogues

Vosoritide (Biomarin)

Subcutaneous once daily

TransconCNP (Ascendis Pharma)

Subcutaneous once daily

Horton et al. 20071

Shazeeb et al. 20182

Savarirayan et al. 20223



CNP analogues and achondroplasia

1. Lorget F et al. Am J Hum Genet 2012;91:1108–14; 2. Savarirayan R et al. Genet Med 2021;23:2443–7.

Lorget et al. 20121

Fgfr3Y367C/+

+1.6 cm/year

Savarirayan et al. 20212



Improvement of growth retardation 

in a CFC mouse model 

Braf Q241R/+ 

CNP analogues and RASopathies

1. Inoue SI et al. Hum Mol Genet 2019;28:74–83; 2. ClinicalTrials.gov. 2024. Available at: https://clinicaltrials.gov/study/NCT04219007. Accessed October 2025; 

3. ClinicalTrials.gov. 2025. Available at: https://clinicaltrials.gov/study/NCT06668805. Accessed October 2025

Inoue et al. 20191

2

3

https://clinicaltrials.gov/study/NCT04219007
https://clinicaltrials.gov/study/NCT06668805


Take-home messages

• NS is a common genetic disorder that is now well described in childhood

• NS and related disorders are caused by mutations in the RAS/MAPK signalling pathway 

➢ The hyperactivation of this pathway is responsible for the different defects

• Genotype–phenotype correlations have been established

• To date, only symptomatic treatments are available (rhGH for short stature)

– Improves growth velocity and height SDS and increases IGF-1 levels in the medium term

– Some issues have to be resolved (adult height, patients with HCM, genotype–phenotype correlations…)

• RAS/MAPK inhibitors or modulators (i.e. MEK inhibitors, CNP analogues) are currently being assessed
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Topic 3 - Puberty in RASopathies
Federica Tamburrino , MD, PhD, Rare Disease Unit, Department of Pediatrics, IRCCS 
Policlinico di Sant’Orsola, Bologna, Italy
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Puberty is a process that marks the transition 
from childhood to adulthood, and influences 

the development of secondary sexual 
characteristics, reproductive organs, growth 

velocity and final height (FH), and self-esteem 

PUBERTY



OUTLINE

• The challenge of puberty in RASopathies

• Noonan syndrome as a model

• Extending to other conditions

• What we know about the mechanisms

• What clinicians should do

• What still needs to be learned

• Take home messages



What is known from the literature regarding puberty in RASopathies?

Delayed Puberty is frequent

Pubertal Onset is usually spontaneous

Sex Differences

Impact on Final Height and Psychosocial well-being

Hormonal Alterations affecting fertility

1. The Challenge of Puberty in RASopathies



Delayed Puberty

• Pubertal onset: typically delayed by ~2 years (not in all patients)
• Growth during puberty: secondary peak growth rate lower than general population (GP)
• Multiple cases of delayed puberty described and primary amenorrhea reported in some 

cases
• Puberty progression: in some patients, onset is within normal range but progression is slow

2. Noonan syndrome as a model

Shaw AC et al, 2007
Romano AA et al, 2009
Rezende et al, 2022
Libraro et al. 2021



Age at start puberty

Males Females

Age % delay Age % delay

Shaw et al., 2007 14.5 yrs (10-18) 14 yrs (10-18)

Romano et al., 2009 > 13.5 yrs 35% > 13 yrs 44%

Libraro et al., 2021 12.1±2.3 yrs 10% 12.1±1.3 yrs 45%

Rezende et al., 2022 12.5±1.7 yrs 27.9% 11.9±1.9 yrs 49.1%

Patti et al., 2024 12.3 yrs±2.7 DS 13.3±0.8 yrs

Tamburrino et al., 2025 11.96±0.17 yrs 2.6% 12.92±0.25 yrs 23%



Pubertal Onset

• Despite the delay, puberty begins spontaneously in most 
NS patients, indicating normal hypothalamic-pituitary function

• Consider:
• mild alteration in GnRH pulsatility
• partial pituitary resistance to GnRH

delay in HPG axis maturation



Sex differences

Rezende et al., 2022
Tamburrino et al., 2025

Females
• Puberty onset: more often delayed compared to males
• Fertility: generally preserved

Males
• Puberty onset: may be delayed
• Cryptorchidism: present in 60–77% of patients

• Similar frequency in normal and delayed puberty groups
• Impact on puberty: minimal
• Impact on fertility: can impair spermatogenesis

• Fertility: reduced (not limited to pts with cryptorchidism); exact prevalence unknown



Impact on Final Height and Psychosocial Development

• The age of onset and the duration of pubertal development significantly influence the
growth spurt and near adult height in RASopathies, exacerbating the typical growth
deficits associated with these conditions.

• In RASopathies, delayed pubertal development and inadequate pubertal catch-up
growth could contribute to the observed reduced adult height

• Emotional and social challenges due to delayed development



Hormonal Alterations

• Altered levels of LH, FSH, and sex steroids 
reported in several studies

• Notably, in males with NS, fertility appears to be 
reduced, probably due to

• the high incidence (60–77%) of cryptorchidism
• primary alterations in the activity of Sertoli and 

Leydig cells

Ankarberg-Lindgren C et al 2011
Moniez S et al, 2018



3. Extending to other conditions

Precocious puberty is often associated with 
other central nervous system abnormalities 

(Arnold-Chiari malformation, hyperprolactinemia, or GHD)

Syndrome Delayed Puberty Precocious Puberty Notes / Evidence

NSML
Possible / scarce
data

Rare / unknown
Very limited case 
reports

Costello Reported Anecdotal
Mixed pattern, 
mostly delayed

CFC Reported Anecdotal
Possible
hypogonadism, 
limited evidence



4. What We Know About the Mechanisms



5. What Clinicians Should Do

Regular 
endocr. 

follow-up

Monitoring of 
pubertal 

progression

Early 
treatment  

cryptorchidism

Fertility 
Counseling

(M) 

Multidisciplinary 
approach

Psycological
support



6. What still need to be learned

heterogeneity 
in sample size 
and genotype

lack of data on 
psychosocial or 
quality-of-life 

outcomes

transition
to adult age



Personal data



Tamburrino  et al., Front Endocrinol 2025



Tamburrino  et al., Front Endocrinol 2025



Tamburrino  et al., Front Endocrinol 2025



Tamburrino  et al., Front Endocrinol 2025



Tamburrino  et al., Front Endocrinol 2025

Final Height according to pubertal timing



Tamburrino  et al., Front Endocrinol 2025
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Post-natal growth in NS
Age Height SDS

1mo – 2y -1.9 ± 1.6

2y - 5y -2.0 ± 1.2

5y – 10y -2.1 ± 1.1

12y - 18y -3.2 ± 1.3

Total of 137 patients
Adult height  (n = 60)

Males = 157.2 ± 7.5 cm
Females = 150.6 ± 7.7 cm

Our cohort was shorter in stature than the
average normal Brazilian population,
corresponding to a height SDS of -2.6 and -2.0
for males and females, respectively.

Malaquias et al. Am J Med Genet A. 2012 PMID: 22887833



Post-natal growth curves in NS
The mean BMI observed values correspond to -1.2 and -0.7 SDS for Brazilian healthy men and women,
respectively

Control Control

Males
NS + NSL

Females
NS + NSL

Malaquias et al. Am J Med Genet A. 2012 PMID: 22887833



NS genotype influence on BMI
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The lowest BMI values were observed in
patients with SHOC2 mutation, followed by
patients with KRAS mutations (p < 0.001)

Patients with RAF1 mutations and BRAF
mutations had the highest BMI of the
whole cohort (p < 0.001)

These results raise the intriguing possibility that
mutations associated with NS and NLS could have
influence on metabolism and energy storage control.

Malaquias et al. Am J Med Genet A. 2012 PMID: 22887833



Low BMI as NS-phenotype

Binder et al. J Pediatr 2012; 161(3): 501-505

One study evaluated 45 adults with NS and observed a lower

incidence of overweight or obesity than observed in the

general population (mainly among men).

420 patients (176 females and 244 males)

• NS-PTPN11 n= 244

• NSML-PTPN11 n = 25

Patients with NS had lower BMI at 10 years.

No difference between genotypes was demonstrated

Cessans et al. Eur J Endocrinol. 2016; PMID: 26903553



Isojima et al. Pediatr Res. 2016. PMID: 26650342

308 subjects (males: 159 and females: 149)

New BMI curves in patients with NS



Cappa et al. Horm Res Paediatr. 2024; PMID: 38964306

Additional BMI curves in patients with NS

190 patients
106 males : 84 females
66% PTPN11

BMI for both females and males with NS
was below the reference
curve for the general Italian population.

This trend was seen up to approximately
12 years of age, after which patients
seemed to progressively gain weight.

Both females and males with PTPN11
mutations had lower BMIs than those
with “other mutations”,
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SHP2 controls energy balance and metabolism

Zhang et al. PNAS 2004; PMID: 15520383

Mice with selected deletion of Shp2 in forebrain neurons developed early-onset obesity,
due to the decrease of leptin-stimulated Erk (MAPK) pathway



Tajan et al. PNAS 2014; PMID: 25288766

Animal model with SHP-2 (PTPN11) mutation

Knock-in mouse model carrying the T468M mutation (SHP2 mutations in Leopard syndrome/NSML patients)

NS variants: SHP2 gain-of-function → ↑RAS–MAPK; 
LS/NSML variants : catalytically impaired (dominant-negative) SHP2 → PI3K–AKT/mTOR-shifted signaling

Regular diet Impaired adipocyte differentiation



Tajan et al. PNAS 2014; PMID: 25288766

Animal model with SHP-2 (PTPN11) mutation

High fat diet Caloric expenditure

LS Mice Are Resistant to HFD-Induced Obesity

28 adults with NSML

Z-score of adipose tissue

between -2.4 to -1.8





NS (Total)

n:112

NS (PTPN11 +)

n:57

NS (PTPN11 -)

n:55

Controls

n:43

p

(NS vs control)

p 

(PTPN11 + vs -)

Sex (F:M) 46:66 19:38 27:28 19:24 0.865 0.133

CA, years 7.7 (2.6 to 16) 7.1 (4.1 to 16)a 8.4 (2.6 to 14.4)a 9.7 (7.2 to 12.6) <0.001 0.221

Height SDS -2.2  1.2 -2.3  1.1 a - 2.1  1.3a 0.9 (-1.7 to 2.1) <0.001 0.459

BMI SDS -0.4 (-4.7 to 2.4) -0.5 (-3.2 to 1.3) - 0.3 (-4.7 to 2.4) -0.4 (-2.0 to 1.7) 0.293 0.777

Noronha et al. Am J Med Genet A. 2021 PMID: 33382187

Unfavorable metabolic profile in Noonan syndrome

185 patients (112 prepubertal children and 73 adults) 
NS (n = 178) and CFCS (n = 7)

Exclusion criteria:  Medications that interfere with glucose or lipid homeostasis, chronic 
disease malnutrition, and a positive familial history of dyslipidemia and diabetes mellitus.

Control group (n = 43) : healthy children from the same community as the patients.
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Noronha et al. Am J Med Genet A. 2021 PMID: 33382187

Elevated triglycerides levels



Frequency of Glucose Intolerance in Noonan Syndromes 

Ten patients (18%) had impaired 
glucose tolerance (IGT)

54 patients with NS
(31 females / 22 males) 
CA = 14.5 to 61.2 years.

75g OGTT

Noronha et al. Am J Med Genet A. 2021 PMID: 33382187

Abnormal OGTT

5 males and 5 females

PTPN11 (6x), 
RIT1, LZTR1, RAF1, SHOC2

Age:  26.5 ± 5.6 y (17.8 to 37.7 y)

BMI: 21 ± 3 kg/m2

• 2 underweight 
• 7 appropriate weight
• 1 overweight

Low HDL-cholesterol 50%



Association studies

GWAS Catalog
SNPs in PTPN11 associated with:

• Low LDL-cholesterol levels (5 associations)
• Low HDL-cholesterol levels (4 associations)
• Triglycerides (2 associations)



Saint-Laurent et al. Biomedicines. 2022. PMID: 36140242 

SHP-2 (PTPN11) 
and

Insulin Resistance



Tamburrino et al. Front Endocrinol (Lausanne). 2023 PMID: 37588986

N = 93
CA = 9.5 ± 6.2 years
BMI SDS = -0.3 ± 1.2
52.7% PTPN11

Low
• Total cholesterol
• HDL-cholesterol

(in particular in PTPN11)

Triglycerides showed an 
increasing trend with age only 
in NS females.

Normal glucose metabolism
(HOMA-IR)

Lipid profile in Noonan syndrome: Italian cohort



Patients with NS, especially those with PTPN11, exhibit resistance to
weight gain

• Low BMI is frequently observed in childhood, but in
adulthood it is a phenotype more commonly seen in men
with Noonan syndrome.

There appears to be a metabolic profile in patients with Noonan 
syndrome characterized by:

• Resistance to weight gain
• Low total cholesterol and HDL cholesterol
• Tendency toward elevated triglycerides

Take home message



In our clinic, we currently have 81 adult patients with NS under
annual follow-up

• None have developed diabetes or had a cardiovascular event.
(70% women, median age 31 years)

Long-term, large cohort studies are needed to define the clinical 
significance of these findings in terms of:

• Cardiovascular risk
• Risk for diabetes

Take home message
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Time for questions and discussion

https://ern-ithaca.eu

https://ern-ithaca.eu/webinars/

• Time for questions 

• Satisfaction Survey : 

• https://forms.office.com/e/FYeG2sTkPC

• Website : 
• https://ern-ithaca.eu

• https://ern-ithaca.eu/webinars/

Webinar ITHACA 2025 100

Thank you for your 
participation

https://ern-ithaca.eu/
https://ern-ithaca.eu/webinars/

	Section par défaut
	Diapositive 1 ENDOCRINE ASPECTS OF RASOPATHIES 
	Diapositive 2 Welcome – Technical points

	Laura Mazzanti
	Diapositive 3 Welcome and Introduction  
	Diapositive 4 Introduction  
	Diapositive 5 Agenda

	Marco Tartaglia
	Diapositive 6 Topic 1- The molecular genetics of RASopathies
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15
	Diapositive 16
	Diapositive 17
	Diapositive 18
	Diapositive 19
	Diapositive 20
	Diapositive 21
	Diapositive 22
	Diapositive 23
	Diapositive 24
	Diapositive 25
	Diapositive 26
	Diapositive 27
	Diapositive 28
	Diapositive 29

	Thomas Edouard
	Diapositive 30 Topic 2 - Growth Abnormalities and New Therapeutic Perspectives 
	Diapositive 31 Disclosures
	Diapositive 32 Noonan syndrome (NS)
	Diapositive 33 Nutritional and metabolic aspects
	Diapositive 34 Growth and puberty
	Diapositive 35 Noonan syndrome-related disorders
	Diapositive 36 RASopathies
	Diapositive 37 Genotype–phenotype correlations for growth
	Diapositive 38 Pathophysiology of short stature (PTPN11 mutation)
	Diapositive 39 Pathophysiology of short stature (PTPN11 mutation)
	Diapositive 40 Pathophysiology of short stature (BRAF mutation)
	Diapositive 41 Short- to medium-term response to growth hormone treatment
	Diapositive 42
	Diapositive 43 Still many unanswered questions related to rhGH treatment for NS…
	Diapositive 44 Novel therapeutic perspectives
	Diapositive 45 MEK inhibitors (trametinib)
	Diapositive 46 MEK inhibitors (trametinib)
	Diapositive 47 CNP analogues and achondroplasia
	Diapositive 48 CNP analogues and achondroplasia
	Diapositive 49 CNP analogues and RASopathies 
	Diapositive 50 Take-home messages
	Diapositive 51

	Federica Tamburrino
	Diapositive 52 Topic 3 - Puberty in RASopathies
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58
	Diapositive 59
	Diapositive 60
	Diapositive 61
	Diapositive 62
	Diapositive 63
	Diapositive 64
	Diapositive 65
	Diapositive 66
	Diapositive 67
	Diapositive 68
	Diapositive 69
	Diapositive 70
	Diapositive 71
	Diapositive 72
	Diapositive 73
	Diapositive 74

	Alexander A L Jorge
	Diapositive 75 Topic 4 - Metabolic Profile in Patients with Noonan Syndrome
	Diapositive 76
	Diapositive 77
	Diapositive 78
	Diapositive 79
	Diapositive 80
	Diapositive 81
	Diapositive 82
	Diapositive 83
	Diapositive 84
	Diapositive 85
	Diapositive 86
	Diapositive 87
	Diapositive 88
	Diapositive 89
	Diapositive 90
	Diapositive 91
	Diapositive 92
	Diapositive 93
	Diapositive 94
	Diapositive 95
	Diapositive 96
	Diapositive 97
	Diapositive 98 Acknowledgment
	Diapositive 99
	Diapositive 100 Time for questions and discussion


