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Spettro mutazionale in 114 famiglie con Esostosi 

Multipla ereditaria: approfondimenti clinici ed 

approcci molecolari per la definizione della 

patogenesi delle varianti in EXT1 ed EXT2



Hereditary multiple osteochondromas 

(HMO#MIM133700) 

Phenotypic hallmarks of HMO 

are:

 Multiple osteochondromas

Neoplastic Risk: 

0,5-20%

Location:

 Distal femur

 Proximal tibia 

 Fibula 

 Humerus 



Epidemiology

Prevalence: 1/50.000

Inheritance:

Autosomal dominant

Etiology

EXT1

EXT2

70%

30%



The pathogenic roles of heparan sulfate deficiency in 
hereditary multiple exostoses



Total Patients
Index Patients

Familial Patients

158

114

44

EXTs Variants at IRCCS Casa 

Sollievo della Sofferenza

Frame-shift 

38% 

Nonsense 

34% 

Missense 

10% 

Splicing 

15% 

Gross 

Deletion  

3% 

EXT1	Variants 

Frame-shift 

56% Nonsense 

20% 

Missense 

16% 

Gross 

Deletion  

8% 

EXT2	Variants 





EXT1 NM_000127

ID Exon # of patients  # of families DNA variants Predicted aminoacid change Reference

EXT1_01 1 2 1 c.64_71del p.(Tyr22Argfs*5) present work

EXT1_02 1 4 2 c.173del p.(Phe58Serfs*78) Ciavarella, (2013) Gene

EXT1_03 1 3 1 c.250C>T p.(Gln84*) Francannet (2001) J Med Genet 

EXT1_04 1 1 1 c.262dup p.(Ala88Glyfs*101) present work

EXT1_05 1 2 1 c.301del p.(Glu101Serfs*35) present work

EXT1_06 1 4 1 c.351C>G p.(Tyr117*) Ciavarella, (2013) Gene

EXT1_07 1 1 1 c.437del p.(Ser146Trpfs*11) present work

EXT1_08 1 1 1 c.500C>A p.(Ser167*)  Wuyts (2005) Cl in Genet 

EXT1_09 1 1 1 c.552G>A p.(Trp184*)  Sarrión (2013) Sci Rep 

EXT1_10 1 2 2 c.60_64del p.(Tyr22Argfs*6) present work

EXT1_11 1 1 1 c.600G>A p.(Trp200*) present work

EXT1_12 1 2 1 c.620del p.(Val207Glyfs*45) present work

EXT1_13 1 1 1 c.637C>T p.(Gln213*) present work

EXT1_14 1 2 1 c.742del p.(Arg248Glyfs*4) present work

EXT1_15 1 1 1 c.752del p.(Leu251*) present work

EXT1_16 1 1 1 c.796_797ins p.(Phe266Leufs*24) present work

EXT1_17 1 1 1 c.806_807ins p.(Lys269Asnfs*20) present work

EXT1_18 1 1 1 c.808A>T p.(Arg270Trp) present work

EXT1_19 1 3 2 c.838A>G p.(Arg280Gly) Wuyts (1998) Am J Hum Genet 

EXT1_20 1 1 1 c.943_944del p.(Asp315Glnfs*5) Wuyts (2000) Am J Hum Genet 

EXT1_21 1 2 2 c. (?-1)_(962+1_963-1)del p.0? White (2004) Hum Mutat 

EXT1_22 2 2 2 c.966T>G p.(Tyr322*) Lonie (2006) Hum Mutat 

EXT1_23 2 3 3 c.1018C>T p.(Arg340Cys) Philippe (1997) Am J Hum Genet

EXT1_24 2 7 5 c.1019G>A p.(Arg340His) Raskind (1998) Hum Mutat 

EXT1_25 2 1 1 c.1031C>T p.(Ser344Phe) present work

EXT1_26 3 1 1 c.1064G>T p.(Cys355Phe) Ishimaru(2016) BMC Genet 

EXT1_27 3 2 1 c.1065C>A p.(Cys355*) present work

EXT1_28 3 2 1 c.1091G>A p.(Trp364*) present work

EXT1_29 1 1 1 c.1160del p.(Leu387Tyrfs*16) present work

EXT1_30 3 1 1 c.1162C>T p.(Gln388*)  Wuyts (2005) Cl in Genet 

EXT1_31 3 1 1 c.1164+1G>A p.0? present work

EXT1_32 4 2 1 c.1213A>T p.(Arg405*) Dobson-Stone (2000) Eur J Hum Genet

EXT1_33 4 1 1 c.1278_1279del p.(Leu427Argfs*14) present work

EXT1_34 4 1 1 c.1284+1G>T p.0? present work

EXT1_35 4 1 1 c.1284+1G>A p.0? present work

EXT1_36 4 2 1 c.1285-2A>G p.0? present work

EXT1_37 5 2 1 c.1316C>G p.(Ser439*) present work

EXT1_38 5 2 1 c.1335G>A p.(Trp445*) present work

EXT1_39 5 1 1 c.1396_1399del p.(Pro466Thrfs*6) present work

EXT1_40 5 1 1 c.1418-2A>G p.0? present work

EXT1_41 6 2 1 c.1425del p.(Lys475Asnfs*13) present work

EXT1_42 6 1 1 c.1469del p.(Leu490Argfs*9) Xu (1999) Hum Gen

EXT1_43 6 1 1 c.1483C>T p.(Gln495*) Pei (2010) Genet Test Mol Biomarkers 

EXT1_44 6 1 1 c.1490del p.(Val497Glyfs*2) present work

EXT1_45 6 1 1 c.1522C>T p.(Gln508*) Pedrini, not yet published*

EXT1_46 6 3 2 c.1536+1G>T p.0? present work

EXT1_47 6 2 2 c.1537-1G>T p.0? present work

EXT1_48 6 1 1 c.1537-2A>T p.0? Ciavarella, (2013) Gene

EXT1_49 7 1 1 c.1561A>T p.(Lys521*) present work

EXT1_50 7 1 1 c.1633-2A>T p.0? Pedrini, (2013) Hum Mutat 

EXT1_51 8 1 1 c.1642del p.(Ser548Alafs*73) present work

EXT1_52 8 5 2 c.1714del p.(Thr572Glnfs*49) present work

EXT1_53 9 1 1 c.1746G>A p.(Trp582*)  Francannet (2001) J Med Genet 

EXT1_54 9 1 1 c.1757_1758del p.(Pro586Argfs*15) present work

EXT1_55 9 1 1 c.1759G>T p.(Glu587*) present work

EXT1_56 9 4 1 c.1797G>A p.(Trp599*) Seki (2001) Am J Med Genet

EXT1_57 9 1 1 c.1841del p.(Asn614Thrfs*7) Jennes(2009) Hum Mutat

EXT1_58 10 1 1 c.1921_1922insAGCC p.(Ser641Lysfs*14)  Pedrini, not yet published*

EXT1_59 10 2 2 c.1942C>T p.(Gln648*) Vink (2005) Eur J Hum Genet

EXT1_60 11 1 1 c.2071dup p.(Arg691Profs*4) present work

EXT1_61 11 2 2 c.2098C>T p.(Gln700*) Pedrini (2005) Hum Mutat 

EXT1_62 11 2 2 c. (?-1)_(*1_?)del p.0? Wuyts (2002) Am J Med Genet 

EXT2 NM_207122

ID Exon # of patients  # of families DNA variants Predicted aminoacid change Reference

EXT2_01 2 15 10 c.67C>T p.(Arg23*) Wuyts (1998) Am J Hum Genet 

EXT2_02 2 1 1 c.81del p.(Thr28Profs*31) Pedrini (2005) Hum Mutat 

EXT2_03 2 1 1 c.151G>T p.(Glu51*) present work

EXT2_04 2 1 1 c.173del p.(Val58Glufs*54) Ciavarella (2013) Gene

EXT2_05 2 1 1 c.244del p.(Asp82Ilefs*30) present work

EXT2_06 2 1 1 c.315del p.(Val106Cysfs*6) present work

EXT2_07 2 1 1 c.380del p.(Arg128Glyfs*142)  Wuyts (2005) Cl in Genet 

EXT2_08 2 3 1 c.390T>A p.(Tyr130*) present work

EXT2_09 2 1 1 c.448del p.(Ala150Profs*120) present work

EXT2_10 2 1 1 c.454_457del p.(Val154Profs*115) present work

EXT2_11 3 1 1 c.607del p.(Leu203Trpfs*67) present work

EXT2_12 4 2 1 c.668G>C p.(Arg223Pro) Shi (2000) Hum Mutat 

EXT2_13 4 4 1 c.684_688delins p.(Ser229Alafs*41) present work

EXT2_14 4 1 1 c.728del p.(Pro243Glnfs*27) present work

EXT2_15 5 3 1 c.863A>G p.(Asn288Ser) present work

EXT2_16 5 1 1 c.863del p.(Asn288Thrfs*44) present work

EXT2_17 5 1 1 c.883_887 del p.(Ser295Profs*2) present work

EXT2_18 6 1 1 c.991_992ins p.(Leu331*) present work

EXT2_19 6 1 1 c.1004del p.(Leu335Tyrfs*101) present work

EXT2_20 6 1 1 c.1052C>T p.(Pro351Leu) present work

EXT2_21 6 1 1 c.1016G>A p.(Cys339Tyr)  Li (2009) Genet Test Mol Biomarkers 

EXT2_22 8 1 1 c.1188G>A p.(Trp396*) present work

EXT2_23 8 1 1 c.1286G>A p.(Trp429*) present work

EXT2_24 10 2 1 c.(1495+1_1496-1)_(1661+1_1662-1)de l p.0? present work

EXT2_25 16 4 2 c.(1495+1_1495-1)_(*1_?)del p.0? present work

Mutational spectrum of EXT1 and EXT2 genes 



Genotype-phenotype correlations

Sex

Mutation in 

EXT1/EXT2

Mutation type

Familiarity

Stature

Malignant 

degeneration

Severity of the 

disease

Exostosis number



Genotype-phenotype correlations

EXT1 EXT2

Variable Category EXT1 EXT2 p-value

# patients 42 27

Age 28.90±17.81 31.96±16.53 0.4782

Sex Female 25 (59.52) 13 (48.15) 0.3539

Male 17 (40.48) 14 (51.86)



Golgi subcellular localization of EXTs proteins

EXT1
EXT2



Golgi subcellular localization of EXT1 variants



Golgi subcellular localization of EXT2 variants



Subcellular co-localization of 

EXT2-EXT1 variants



Subcellular co-localization of 

EXT1-EXT2 variants



Cell viability report of EXTs variants 



Novel EXT1 and EXT2 variants 

Correlation genotype/phenotype

Molecular and cellular studies

Conclusions



UOC GENETICA MEDICA

ANALISI NGS DEI GENI EXT1-EXT2

PANNELLO 

METABOLISMO 

OSSEO

ANALISI 

MOLECOLARE 

• EXT1

• EXT2

MLPA
IDENTIFICAZIONE DI 

DELEZIONI 

ESONICHE/MULTI-

ESONICHE

 EXT1

 EXT2

REFERTO 

NEGATIVO

REFERTO 

POSITIVO

INDICAZIONE CLINICA PANNELLO:

IDENTIFICAZIONE VARIANTE

ASSENZA  VARIANTE

 PATOLOGIE DEL METABOLISMO OSTEO-CALCICO

 RACHITISMO EREDITARIO

 SINDROMI CON FRAGILITA’ OSSEA

 MALATTIE ESOSTOSANTI ED ENCONDROMATOSI



Clinical suspect of HMO

Panel NGS analysis: EXT1, EXT2

Negative Positive

MLPA analysis: EXT1, EXT2

Negative Positive

Confirmation by:
Sanger Sequencing

1 probe

≥2 probes

Whole gene or 5’/3’-end

Confirmation by: 

qPCR

MLPA

SNParray

Report of NEGATIVE results

Clinical interpretation (ACMGG/AMP)

Report of POSITIVE results

Is 
the diagnosis of 

HMO still 
convincing?

Storage for WES/WGS (research)

Confirmation by:
Sanger Sequencing

Yes

HMO DIAGNOSTIC WORKFLOW



HMO 

Cohort Patients

Genotype-phenotype 

correlations

Molecular studies

MHO BiobankFunctional studies



MODELLI DI MALATTIA – SCREENING DI FARMACI – MEDICINA RIGENERATIVA

OSTEOCITI

CELLULE DELLA CUTE (FIBROBLASTI)

Biopsia Cutanea

da pazienti e individui sani

RIPROGRAMMAZIONE

DIFFERENZIAMENTO



RNA-Sequencing Analisi 

Bioinformatica

Identificazione di processi biologici 

differenzialmente espressi

Screening di 

farmaci

Selezione processi 

candidati
PAZIENTE
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Distribution of exostoses by anatomical site in males and females carrying 

EXT1 mutation. 



Distribution of exostoses by anatomical site in males and females carrying 

EXT2 mutation. 



Distribution of exostoses by anatomical site in males carrying EXT1 and 

EXT2 mutation. 



Distribution of exostoses by anatomical site in females carrying 

EXT1 and EXT2 mutation. 



Distribution Variants 

Frame-
shift
38%

Nonsens
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34%
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10%

Splicing
15%

Gross 
Deletion 

3%

EXT1 Variants

Frame-
shift
56%

Nonsens
e

20%

Missens
e

16%

Gross 
Deletion 

8%

EXT2 Variants



EGFP-MYC-EXT1: 

EGFP-MYC-EXT1 p.(Cys355*): 

+	 -	

-	 +	

110KDa- 

60KDa- 

IB:MYC 

HA-EXT1 p.(Leu427Argfs*14): 

HA-EXT1: +	 -	

-	 +	

75KDa- 

55KDa- 

IB:HA 

FLAG-EXT2: 

FLAG-EXT2 p.(Pro351Leu): 

FLAG-EXT2 p.(Pro243Glnfs*27): 

FLAG-EXT2 p.(Leu335Tyrfs*101): 

+	 -	 -	 -	

-	 +	 -	 -	

-	 -	 +	 -	

-	 -	 -	 +	

75KDa- 

55KDa- 

IB:FLAG 

35KDa- 

*	




