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WelcomeïTechnicalpoints
Å We areplease to be numerous 97registrations

ÅWebinar being recorded

ÅThank you to
ÅTurn off your microphone and disconnect your camera

ÅUse the Chat for your questions or Raise your hand at the time of the discussions  (end)

ÅA satisfaction survey will be sent to you :

ÅWebinars # will be available on ITHACAõs Website

Åhttps://ern -ithaca.eu/documentation/educational -resources/

ÅAnne Hugon Project Manager ERN ITHACA - anne.hugon@aphp.fr
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Introduction

Webinar:ά9ƴŘƻŎǊƛƴŜaspectsof RASopathiesέ
Chairedby

ÅLaura Mazzanti, - Alma Mater Honorary Professor, University of Bologna, Bologna, Italy

A few words on our speakers

ÅMarco Tartaglia - Head of Molecular Genetics and Functional Genomics, Research Division, Ospedale 
PediatricoBambino Gesù, IRCCS, Roma, Italy

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

ÅFederica Tamburrino- Rare Disease Unit, Department of Pediatrics, IRCCS Policlinicodi {ŀƴǘΩhǊǎƻƭŀ, 
Bologna, Italy

ÅAlexander 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. Ψ¢ƘŜ ƳƻƭŜŎǳƭŀǊ ƎŜƴŜǘƛŎǎ ƻŦ RASopathiesΩΣ aŀǊŎƻ ¢ŀǊǘŀƎƭƛŀ

2. ΨDǊƻǿǘƘ ŀƴŘ ƎǊƻǿǘƘ ǘƘŜǊŀǇƛŜǎ ƛƴ RASopathiesΩΣ ¢ƘƻƳŀǎ 9ŘƻǳŀǊŘ

3. ΨtǳōŜǊǘȅ ƛƴ RASopathiesΩΣ Federica Tamburrino

4. ΨaŜǘŀōƻƭƛŎ tǊƻŦƛƭŜ ƛƴ tŀǘƛŜƴǘǎ ǿƛǘƘ bƻƻƴŀƴ {ȅƴŘǊƻƳŜΩΣ Alexander A L Jorge

ÅConclusion 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
PediatricoBambino 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      RASA2LZTR1(D) MRAS  CDC42 RRAS2 MAPK1     ERF         
BRAF         RAF1                     NRAS                                                          RRAS   SOS2    PPP1CB                LZTR1(R)                           SPRED2   

MAP2K1/MAP2K2                                 YWHAZ

нллм        нллн       нлло      нллп        нллр       нллс       нллт      нллу       нллф       нлмл      нлмм        нлмннлмо       нлмп       нлмр       нлмс       нлмт       нлму       нлмф      нлнл   нлнм

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    



мо

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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RASopathiesby gene

Alessandro De Luca, unpublished (Istituto CSS-Mendel, Rome, Italy )

last 2 years- conscutiveunselectedseries-
suspectedRASopathy(N=450)

OtherçRASopathy genesè likelyexist

Molecular diagnosis offers the opportunity to 

overcome the weakness of subjective clinical 

criteria



RASopathies are largely

autosomal dominant

disorders é

é but recessive forms

do exist

Inheritance

10



Steklovet al. (2018) Science 362:1177-1182
Motta et al. (2019) HumMol Genet28:1007-1022

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

dominantNoonansyndrome

recessive Noonansyndrome

[½¢wм ŦǳƴŎǘƛƻƴǎŀǎŀ ǎǳōǎǘǊŀǘŜ
ŀŘŀǇǘƻǊƻŦ /w[о ǳōƛǉǳƛǘƛƴƭƛƎŀǎŜ

ŎƻƳǇƭŜȄŜǎŀƴŘ ǇŀǊǘƛŎƛǇŀǘŜǎƛƴ ŀ ƴƻǾŜƭ
ŎƛǊŎǳƛǘŎƻƴǘǊƻƭƭƛƴƎw!{κwL¢ ǎƛƎƴŀƭƛƴƎ

Yamamoto et al. (2015) J MedGenet52:413-21
Johnston et al. (2018) GenetMed20:1175-85

17

Two different classes of LZTR1mutations 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



нл

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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ERFhaploinsufficiencyunderlies 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., EurJ HumGenet, 32(8):954-963.



25

¶Ptpn11 Y279C model : 

Rapamycin, an inhibitor 

of the PI3K -AKT-mTOR pathway, is 

effective in blocking HCM progression

¶Ptpn11 Q79R 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.



RASopathiesshare the upregulation of 

RAS-MAPK signaling as a common 

pathogeneticmechanism

>25 diseasegenesidentified;                   

13 implicatedin Noonansyndrome

Take home message (1)

27

New RASopathies and r ecessive 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



29

OPBG
MarialetiziaMotta 
Clementina Radio          

Cecilia Mancini

Luca Mignini

Claudia Compagnucci

Marcello Niceta

Antonella Lauri

Giulia Fasano

Andrea Ciolfi

Mattia Carvetta

https://si0.twimg.com/profile_images/3689282991/9314c0637d772784ccc116eb51bc7c0c.png

ISS
Elisabetta Flex               

Simone Martinelli

Viviana Cordeddu

Alessandro Bruselles

Luca Pannone 

Valentina Muto

Simona Coppola 

Emilia Stellacci

Giovanna Carpentieri

Erika Zara

Lorenzo Stella, Gianfranco Bocchinfuso (Rome ) 

Giovanni Chillemi (Rome )           

Rete Italiana per le RASopatie
Giuseppe Zampino, Chiara Leoni ( Rome )

Alessandro De Luca ( S. Giovanni Rotondo )

GiBi Ferrero & Alessandro Mussa ( Turin)

Laura Mazzanti, Federica Tamburrino , Emanuela 

Scarano & Cesare Rossi (Bologna ) 

M. Cristina Digilio & Maria Lisa Dentici ( Rome )

Leonardo Salviati & Eva Trevisson(Padua )

Manuela Priolo, Giuseppe Limongelli  ( Naples )

Daniela Melis (Salerno) 

Angelo Selicorni (Como )

NSEuroNet
Martin Zenker (Magdeburg ), Bruce D Gelb (New York), 

Helene Cavé (Paris), Reza Ahmadian (Dusseldorf ), 

Jeroen den Hertog (Utrecht ), Armelle Yart (Tolouse), 

Monika Gos (Warclaw )

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=q_JqVDDpYTeReM&tbnid=CaSghYMCOAYTJM:&ved=0CAUQjRw&url=https://twitter.com/AIRC_it&ei=oeA7UuLXOOuQ0QXf5IDgBQ&bvm=bv.52434380,d.d2k&psig=AFQjCNESpbFtmNAxZLiEiP7HLOBbz4VDLQ&ust=1379741251270963


Topic 2 - Growth Abnormalities
and New Therapeutic Perspectives 

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

Reference centrefor rare diseases of growth, FIRENDO network, Endo-ERN

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

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

Å Advisory board participation: Biomarin, Novo Nordisk

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

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



Noonan syndrome (NS)

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

Å Autosomal dominant (affected parent in å1/3)2

1. Roberts AE et al. Lancet 2013;381:333ï42; 2. Zenker M et al. Arch Dis Child 2022;107:1073ï8; 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;39:676ï700; 

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;30:4834ï43.

Å Many other defects

ï Cryptorchidism in males6

ï Skeletal anomalies (pectus, scoliosis)6

ï Developmental delay and learning disability, hearing and visual impairment6

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

Roberts et al. Lancet 20131

Distinctive facial features 1 Congenital heart defects (80%) 3 Short stature (50 ï70%)4

Faienzaet 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
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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
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
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

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

ï Poor sucking, prolonged feeding times, recurrent vomiting

ï Tube feeding needed in 25%

ï Usually resolves within the first few years of life

Å Lean phenotype with BMI in the lowïnormal range

Å Aetiology unknown, could be due to increased energy expenditure

Roberts AE et al. Lancet 2013;381:333ï42; da Silva FM et al. Am J Med Genet A 2016;170:1525ï31; Cessans C et al. Eur J Endocrinol 2016;174:641ï50.



Healthy patients (mean ± 2 SDS)

Female patients with NS (mean ± 2 SDS)

Growth and puberty

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

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

Å Worsening during puberty due to delay

Å 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;148:220ï7; 3. Binder G et al. J Pediatr 2012;161:501ï5.

Short stature in 50 ï70% of patients with NS 1

162.5 cm (ï2 SDS)2 152.7 cm (ï2 SDS)2

169.2 cm (ï1.3 SDS)3 154.4 cm (ï1.7 SDS)3

Healthy patients (mean ± 2 SDS)

Male patients with NS (mean Ñ2 SDS)

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



Short stature,

pulmonary valve stenosis

Noonan syndrome 3,4

Hairless skin, 

loose anagen hair

NS with loose anagen hair 4

Neurofibromas, 

café-au-lait spots

NS / NF11

Lentigines,

deafness

NS with 

multiple lentigines 2

Ectodermal 

lesions,

mental 

retardation

Cardiofaciocutaneous 

syndrome 3

Costello syndrome 3

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;71:389ï94; 

3. Allanson JE. Am J Med Genet A 2016;170:2570ï7; 4. Mazzanti L et al. Am J Med Genet A 2003;118A:279ï86.



Hyperactivation

PTPN11

gene

RASopathies

Saint-Laurent C et al. Eur J Pediatr 2024;183:1011ï9.



Genotypeïphenotype correlations for growth

1. Ranke MB et al. Eur J Pediatr 1988;148:220ï7; 2. Cessans C et al. Eur J Endocrinol 2016;174:641ï50.

In 144 patients with a clinical diagnosis of NS

Adapted from Ranke et al. 19881

ü 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
i
g
h
t
 
(

S
D
S)



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;109:4257ï62; 2. Tajan M et al. Hum Mol Genet 2018;27:2276ï89.

GH Đ

IGF-1 

ĒĒ

NS mouse model

PTPN11 D61G/+

Abnormal chondrocyte differentiation

(IGF-1 independent)2

GH insensitivity1

RAS/MAPK 

ĐĐ

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;67:803ï18.

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

ü Good cardiac and metabolic tolerance

33 µg/kg/day 66 µg/kg/day


