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Pseudohypoparathyroidism (PHP) is a rare disease
caused by impairments in the parathyroid hormone (PTH)
signaling pathway and was first described by Fuller Albright
and colleagues in 1942 (1). The current classification is
based on the presence or absence of Albright hereditary
osteodystrophy (AHQO) characterized by brachydactyly,
rounded face, short stature, obesity, and subcutaneous
ossifications and, the presence or absence of PTH or multiple
hormonal resistance together with an in vivo response
to exogenous PTH and the results of an in vitro assay to
measure Gsa activity (2). However, this classification do
not include recently described other related diseases like
acrodysostosis (Acro) or progressive osseous heteroplasia
(POH), as well as clinical and genetic/epigenetic background
of the different subtypes.

The GNAS complex locus encodes the alpha-subunit
of the stimulatory G protein (Gsa), a ubiquitous signaling
protein mediating the actions of many hormones,
and gives rise to other gene products, most of which
exhibit exclusively monoallelic expression. Although,
Gsa is expressed biallelically in most tissues, paternal
Gsa expression is silenced in some tissues with poorly
understood mechanisms that involve differential methylation
within GNAS (2).

Current classification of the disease is given in the Table
1 below:

However, this classification could not include all features
of the disease like in the following cases: PHP1b patients
show mild TSH resistance and AHO features in several
cases have and a recent study showed mildly diminished
erythrocyte Gsa activity (3,4). In a subset of patients with

PHP1a, also shows methylation defects in GNAS identical
to that of PHP1b.

Additionally, mild resistance to PTH was described
in patients having a paternal GNAS mutation, known as
pseudopseudohypoparathyroidism (5), demonstrating that
the hormonal resistance is not restricted to the maternally
inherited mutations.

In this description of the disease, patients with
methylation defects having AHO feature can be classified
as PHP1c (6).

Additionally, two other diseases are caused by the
defects involved in signaling pathway of Gsa., acrodysostosis
caused by heterozygous mutations in PRKAR1A and PDE4D
(7,8) and hypertension and brachydactyly syndrome (HTNB)
caused by heterozygous mutations in PDE3A have been
identified (9).

For all these reasons, the EuroPHP network suggested
a new classification that encompasses all disorders with
impairments in PTH and/or PTHrP cAMP-mediated pathway
and proposed the name inactivating PTH/PTHrP signalling
disorder (iPPSD) with the following classification (10).

iPPSD1: Loss of function mutation in PTH1R

iPPSD2: Loss of function mutation in Gsa coding exons

iPPSD3: Methylation change(s) at one or more GNAS,
differentially methylated regions associated with or without
a genetic (deletion) or cytogenetic (UPD) defect,

iPPSD4: PRKARTA mutations

iPPSD5: PDE4D mutations

iPPSD6: PDE3A mutations

iPPSDx: Lack of genetic/epigenetic defect identified
following molecular investigation of known genes described
above.

As a conclusion, the new classification will cover the
recent findings and lead to a more straightforward definition
of the disease.

Table 1. Current classification of the disease

Defect Parental origin PTH Additional AHO Urinary cAMP | Erythrocyte Gsa

resistance hormone features and phosphate | activity
resistance to PTH

PHP1a Gso coding mutation Maternal Yes Yes Yes Blunted Reduced
PHP1c Gso coding mutation Maternal Yes Yes Yes Blunted Normal
PPHP Gso coding mutation Paternal No No Yes Normal Reduced
POH Gsa coding mutation Paternal No No No Normal Reduced
PHP1b Methylation defectin | Maternal Yes No No Blunted Normal

DMR of GNAS
Gso: alpha-subunit of the stimulatory G protein, PHP: pseudohypoparathyroidism, POH: progressive osseous heteroplasia, PTH: parathyroid hormone, AHO: Albright hereditary
osteodystrophy, DMR: differentially methylated region, cAMP: cyclic adenosine monophosphate, PPHP: pseudopseudohypoparathyroidism




J Clin Res Pediatr Endocrinol 2016;8(Supplement 1):1-17

References

Albright F; Burnett CH, Smith PH, Parson W. Pseudohypopara
thyroidism-an example of “Seabright-Bantam syndrome”.
Endocrinology 1942;30:922-932.

Turan S, Bastepe M. The GNAS complex locus and human
diseases associated with loss-of-function mutations or
epimutations within this imprinted gene. Horm Res Paediatr
2013;80:229-241. Epub 2013 Oct 3

de Nanclares GR Fernandez-Rebollo E, Santin |, Garcia-
Cuartero B, Gaztambide S, Menéndez E, Morales M,
Pombo M, Bilbao JR, Barros F Zazo N, Ahrens W, Jippner
H, Hiort O, Castafio L, Bastepe M. Epigenetic defects of
GNAS in patients with pseudohypoparathyroidism and
mild features of Albright’s hereditary osteodystrophy. J Clin
Endocrinol Metab 2007;92:2370-2373. Epub 2007 Apr 3
Zazo C, Thiele S, Martin C, Fernandez-Rebollo E, Martinez-
Indart L, Werner R, Garin I; Spanish PHP Group, Hiort O,
Perez de Nanclares G. Gsa activity is reduced in erythrocyte
membranes of patients with psedohypoparathyroidism due
to epigenetic alterations at the GNAS locus. J Bone Miner
Res 2011,;26:1864-1870.

Turan S, Thiele S, Tafaj O, Brix B, Atay Z, Abali S, Haliloglu
B, Bereket A, Bastepe M. Evidence of hormone resistance
in a pseudo-pseudohypoparathyroidism patient with a novel
paternal mutation in GNAS. Bone 2015;71:53-57. Epub
2014 Oct 18

Brix B, Werner R, Staedt P Struve D, Hiort O, Thiele S.
Different pattern of epigenetic changes of the GNAS gene
locus in patients with pseudohypoparathyroidism type Ic
confirm the heterogeneity of underlying pathomechanisms
in this subgroup of pseudohypoparathyroidism and the
demand for a new classification of GNAS-related disorders.

J Clin Endocrinol Metab 2014;99:1564-1570. Epub 2014
May 30

Linglart A, Menguy C, Couvineau A, Auzan C, Gunes
Y, Cancel M, Motte E, Pinto G, Chanson R Bougnéres
P Clauser E, Silve C. Recurrent PRKARTA mutation in
acrodysostosis with hormone resistance. N Engl J Med
2011,;364:2218-2226.

Michot C, Le Goff C, Goldenberg A, Abhyankar A, Klein
C, Kinning E, Guerrot AM, Flahaut P Duncombe A,
Baujat G, Lyonnet S, Thalassinos C, Nitschke P Casanova
JL, Le Merrer M, Munnich A, Cormier-Daire V. Exome
sequencing identifies PDE4D mutations as another cause
of acrodysostosis. Am J Hum Genet 2012;90:740-745.
Epub 2012 Mar 29

Maass PG, Aydin A, Luft FC, Schachterle C, Weise A,
Stricker S, Lindschau C, Vaegler M, Qadri F Toka HR,
Schulz H, Krawitz PM, Parkhomchuk D, Hecht J, Hollfinger
I, Wefeld-Neuenfeld Y, Bartels-Klein E, Mihl A, Kann M,
Schuster H, Chitayat D, Bialer MG, Wienker TE Ott J,
Rittscher K, Liehr T, Jordan J, Plessis G, Tank J, Mai K,
Naraghi R, Hodge R, Hopp M, Hattenbach LO, Busjahn
A, Rauch A, Vandeput F Gong M, Rischendorf F Hibner
N, Haller H, Mundlos S, Bilginturan N, Movsesian MA,
Klussmann E, Toka O, Bahring S. PDESA mutations cause
autosomal dominant hypertension with brachydactyly. Nat
Genet 2015;47:647-653. Epub 2015 May 11

10. Thiele S, Mantovani G, Barlier A, Boldrin V, Bordogna R de

SanctisL, Elli F Freson K, Garin |, Grybek V, Hanna P 1zzi B,
Hiort O, Lecumberri B, Pereda A, Saraff V, Silve C, Turan
S, Usardi A, Werner R, Perez de Nanclares G, Linglart A.
From Pseudohypoparathyroidism to inactivating PTH/PTHrP
Signalling Disorder (iPPSD), a novel classification proposed
by the European EuroPHP network. Eur J Endocrinol
(Accepted for publication).



