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Mutazioni nel gene GNAS e ossificazioni 

eterotopiche

GNAS mutations and heterotopic ossifications 
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-McCune-Albright syndrome

-Pseudohypoparathyroidism/AHO

-POH/Osteoma cutis

GPCR



- short stature

- obesity

- rounded face

- brachydactyly

- subcutaneus ossifications

- mental retardation

ALBRIGHT’S HEREDITARY OSTEODYSTROPHY (AHO):

AHO

• resistance to PTH = hypocalcemia

• resistance to TSH = hypotiroidism

• resistance to gonadotropins

= hypogonadism

• resistance to GHRH = GH deficit

Pseudohypoparathyroidism Ia (PHP-Ia)
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Mutations in GNAS

Maternal Paternal

Pseudohypoparathyroidism  Ia

(PHP-Ia)

Isolated AHO or

Pseudo-pseudohypoparathyroidism

(PPHP)

POH/Osteoma Cutis
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Inactivating mutations associated withAHO/PHP/POH

Inactivatingmutations > altered mRNA > no protein

Hot-spot (20%)

Cromosoma 20q13



CLASSIFICATION OF AHO e PHP

Type I

Type II

Absent plasmatic and urinary cAMP response to 

exogenous PTH

Normal plasmatic and urinary cAMP response to 

exogenous PTH

• PHP Ia

• PHP Ib

• PPHP 

• PHP Ic

• PHP II

GNAS



Pseudohypoparathyroidism type Ib

- Renal resistance to PTH

- No other hormone resistance (TSH?)

- No physical abnormalities

- No mutation in the PTH-R gene

- No mutation in GNAS

Alterations of imprinting at the GNAS gene 

> Reduced expression of Gsα protein

(in selected tissues only)

2 FORMs

Familial: autosomal dominant

Sporadic



J Clin Endocrinol Metab, Feb 2010



Patient Sex Age
Hormone
Resistance

AHO
features

Abnormal
methylation

1
2

F
M

9
22

PTH/TSHs
PTH/TSHs

Br/RF
Br/SS/RF/Ob/SO/MR

AB/AS/XL
AB//XL

3
4

F
F

22
18

PTH/TSHs
PTH/TSH

Br/SS/RF/Ob/SO/MR
Br/SS/RF/Ob/SO/MR

AB/NESP/AS/XL
AB/NESP/AS/XL

5
6

F
F

15
4

PTH/TSHs
PTH/TSHs

Br/SS/RF/Ob/SO/MR
SS/RF/Ob/SO/MR

AB/XL
AB/AS/XL

7
8

M
M

3
3

PTH/TSH
PTH/TSHs

Br/SS/RF/MR
Br/SS/RF/Ob/MR

AB/NESP/XL
AB/NESP/XL

9
10

M
M

8
12

PTH/TSH
PTH/TSHs

Br/RF/Ob/SO/MR
SS/RF

AB/XL
AB/AS/XL

11
12

F
F

13
10

PTH/TSHs
PTH/TSH

Br/SS/RF
Br/SS

AB/XL
AB/AS/XL

13
14

F
F

8
4

PTH/TSH
PTH/TSHs

Br/RF/Ob
Br/RF/Ob

AB/NESP/AS/XL
AB/AS/XL

15
16

M
M

2
13

PTH/TSH
PTH/TSHs

Br/RF
Br/SS/RF/Ob/SO

AB/NESP/XL
AB/NESP/AS/XL

17
18

F
M

15
19

PTH
PTH

Br/RF/Ob/SO/MR
Br/RF/Ob

AB/AS
AB/AS/XL

19
20

F
F

13
18

PTH
PTH/TSHs

Br/SS/RF/Ob/MR
Br/MR

AB/NESP/AS/XL
AB/AS/XL

21
22

M
F

6
5

PTH/TSHs
PTH/TSHs

Br/SS/RF/Ob
Br/SS/RF/Ob/SO/MR

AB/AS
AB/AS

23
24

F
F

14
7

PTH
PTH

Br/SS/RF/Ob/SO/MR
Br/SS/RF/Ob

AB/NESP/AS
AB/AS

25
26

F
F

13
2

PTH/TSH
PTH/TSHs

Br/SS/RF/Ob/MR
Br/RF/SO

No
No

27
28

F
M

12
5

PTH/TSHs
PTH/TSHs

Br/SS/RF/Ob/SO
Br/RF/Ob/SO/MR

No
No

29
30

F
F

1
13

PTH/TSH
PTH/TSHs

Br/RF/Ob/SO
Br/SS/RF/Ob/SO

No
No

31
32

F
F

11
15

PTH/TSH
PTH/Gn

RF/MR
Br/RF

No
No

33
34

F
F

30
10

PTH/TSH
PTH/TSHs

Br/SS/RF/Ob/SO/MR
Br/SS/RF/Ob/SO

No
No

35
36

F
F

1
12

PTH
PTH/TSHs

Br/RF/SO/MR
Br/RF/SO

No
No

37
38

F
F

12
23

PTH
PTH/TSHs

Br/RF
Br/RF

No
No

39
40

M
M

10
22

PTH
PTH/TSHs

Br/SS/RF/Ob/MR
Br/SS/MR

No
No

STX
deletion

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No

No
No



CLASSIFICATION OF AHO e PHP

Type I

Type II

Absent plasmatic and urinary cAMP response to 

exogenous PTH

Normal plasmatic and urinary cAMP response to 

exogenous PTH

• PHP Ia

• PHP Ib

• PPHP 

• PHP Ic

• PHP II

GNAS



N total = 111



Adegbite et al., 2008



GNAS and ectopic ossifications

?



In condrocytes, the reduction of 

Gsα protein induces premature 

hypertrophic differentiation of 

the growth plate and, likely, 

premature bone formation with 

reduced long bones length 











GNAS mutations/alterations

Maternal Paternal

PHP-Ia PPHP

Familial PHP-Ib POH

Osteoma Cutis

Epigenetic

Sporadic PHP-Ib

?



POH/OC patients studied in our laboratory:

- 8 patients: 4M, 4F

- 5 OC, 3 POH, no apparent endocrine manifestation, 1 case with 

suspect AHO/PHP

- From: Milano (N=4), Modena (N=1), Roma (N=1), 

Mestre (N=1), Brescia (N=1)  

- Age at diagnosis: 1 – 42 anni

- GNAS analyisis: 5 de novo mutations

- In 3 negative cases: no imprinting alteration

CAG→TAG, Gln29XdelGACT189/190delT184

Esone 7 Esone 7 Esone 1
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POH/OC patients studied in our laboratory:
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