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No evidence for GNAS copy number variants in
patients with features of Albright’s hereditary
osteodystrophy and abnormal platelet Gs activity

Benedetta Izzi1, Francis de Zegher2, Inge Francois2, Jurgen del Favero3,4, Dirk Goossens3,4,
Christine Wittevrongel1, Chantal Thys1, Chris Van Geet1,2 and Kathleen Freson1

Albright’s hereditary osteodystrophy (AHO) is characterized by short stature, round face, calcifications, obesity, brachydactyly

and intellectual disability. AHO without hormone resistance is called pseudopseudohypoparathyroidism (PPHP), a rare clinical

condition difficult to diagnose with highly variable features. PPHP is caused by paternally inherited loss-of-function mutations

in the GNAS. Patients with 2q37 microdeletions or HDAC4 mutations are also defined as having an AHO-like phenotype with

normal stimulatory G (Gs) function. We have studied 256 patients with AHO features but no other diagnosis. Their platelet Gs

activity was determined via the aggregation-inhibition test showing Gs hypo- or hyperfuncton in 24% and 15% of the patients,

respectively. Before initiating with detailed (epi)genetic GNAS studies, we here wanted to excluded copy number variants (CNVs)

in GNAS as cause of AHO with a novel large-scale screening technique. Multiplex amplicon quantification (MAQ) for CNVs

screening was developed for the 20q13.3 region including GNAS and potential long-range imprinting control elements such

as STX16. This is the first large-scale GNAS CNV study in patients with common AHO features but no CNVs were detected.

In conclusion, CNVs in the GNAS region are not likely to cause an AHO-like phenotype with or without abnormal platelet Gs

activity. Future studies will be undertaken to find out whether these AHO patients with abnormal Gs function are characterized

by GNAS coding or methylation defects.
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GNAS is an imprinted region that gives rise to several transcripts,
antisense transcripts and noncoding RNAs, including transcription of
the alpha subunit of the stimulatory G protein (Gsalpha), which
interacts with adenylyl cyclase to generate cAMP.1 Several phenotypes
resulting from genetic and epigenetic abnormalities of the GNAS
region have been described so far. Gsalpha loss-of-function mutations
cause Albright’s hereditary osteodystrophy (AHO), a spectrum of
phenotypic features including short stature, obesity, round face,
brachydactyly, subcutaneous ossifications and intellectual disability.1

Patients with maternal inheritance of Gsalpha mutations often develop
multi-hormone resistance, and are therefore referred to pseudohypo-
parathyroidism type Ia (PHP-Ia), whereas pseudohypoparathyroidism
type Ib (PHP-Ib) patients, despite presenting also with hormone
resistance, do not show overt AHO features. PHP-Ib patients display
methylation abnormalities in the GNAS differentially methylated
regions, such as NESP hypermethylation versus XL/Nespas and
Exon A/B hypomethylation.2 Familial cases of PHP-Ib present with
Exon A/B-only hypomethylation3,4 that appears to be caused

by maternally inherited deletions affecting imprinting control centers
in either the STX16 gene5,6 or the NESP55/NESPAS region.2,7 Paternal
Gsalpha-inactivating mutations lead to pseudopseudohypoparathyr-
oidism (PPHP).1,8,9 This clinical condition is characterized by highly
variable AHO features but no hormone resistance.1,9,10 Clinical
diagnosis of those patients is particularly difficult because of their
phenotypic heterogeneity and the absence of a biochemical marker
that could be used, such as PTH and calcium levels, that are
determined to diagnose PHP-Ia and PHP-Ib. A firm clinical diagnosis
of PPHP may therefore be hard to make, as AHO features can also be
nonspecific. Additional diagnostic support for PPHP comes from Gs
functional assays. Such tests typically involve the use of the patients’
erythrocytes or platelets and have been shown to be able to support
the diagnosis of PHP-Ia, some cases of PHP-Ib and also PPHP.11–13

However, the genotype–Gs function correlation is not always respected
as a number of patients have been found to have an AHO phenotype,
a Gs loss of function through Gsalpha-coding mutations could not be
detected.12 Chromosome 20q paternal uniparental isodisomy has also
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been described as possible cause of PHP-Ib14–16 but maternal uni-
parental isodisomy has never been described for PPHP patients. In
addition, an AHO-like phenotype is also described in patients with
HDAC4 happloinsufficiency due to gene mutations or 2q37 micro-
deletions.17,18

In the last decade, hundreds of submicroscopic copy number
variants (CNVs) and inversions have been described in the
human genome.19–23 This type of variants can contain millions of
bases of DNA, encompassing entire genes and their regulatory
regions.19–21,23,24 CNVs in some genomic regions have no obvious
phenotypic consequence,19–21,23 whereas others might influence gene
dosage leading to genetic diseases either alone or in combination with
other genetic or environmental factors.25

Despite the identification of two genomic losses in the GNAS
locus26,27 reported in the Database of Genomic Variants (Center of
Applied Genomics), to our knowledge,CNVs in the GNAS cluster
were not studied in detail in patients with an AHO-like phenotype
(including PPHP cases). We have selected 256 patients with AHO
features (including in most cases idiopathic short stature, brachydac-
tyly or the presence of short and broad fingers with/without
clinodactyly and/or a variable degree of neurobehavior problems)
but none of the patients presented with hormone resistance or having
another clinical diagnosis. Before screening this large patient popula-
tion for GNAS (epi)genetic defects, we set up a large-scale screening
technique to exclude GNAS CNVs. In all patients, we have first studied
platelet Gs activity as described earlier using the platelet aggregation-
inhibition test (Table 1).28 All functional platelet and genetic studies
were approved by our institutional Ethics Committee. This test

is based on the inhibition of platelet aggregation by cyclic adenosine
monophosphate (cAMP) produced by Gs agonists, such as prosta-
glandin E1 or the stable prostacyclin analog Iloprost, and proved to be
reliable in the identification of both Gsalpha hypo- or hyperfunc-
tion.28–30 For 24% and 15% of the 256 patients, we could identify a Gs
hypo- or hyperfunction, respectively (Table 1). We have previously
described platelet Gs hypofunction in PPHP, PHP-Ia and PHP-Ib
cases,28,30 but platelet Gs hyperfunction was also detected in patients
with an AHO-like phenotype including brachydactyly with short
stature or neurobehavior problems due to a genetic variant in
XlalphaS.29,31 We here wanted to evaluate the possible influence of
specific CNVs combinations in the GNAS region on both the AHO
phenotype and the platelet Gs function by including AHO-like
patients with normal and abnormal platelet Gs function. To be able
to rapidly screen for CNVs in a large sample set of 256 patients, we
have developed and optimized a Multiplex amplicon quantification
(MAQ) assay32 for the assessment of CNVs in the 20q13.3 region
including the complete GNAS locus with all alternative transcripts and
the STX16 region that comprises a GNAS imprinting control region.

MAQ is a low-cost and high-throughput PCR-based method that
can reliably detect copy number alterations in genomic regions.
Differently from MLPA, which is currently the most used technique
to study CNVs,33,34 MAQ is a closed, single tube analysis method,
whereas MLPA needs three steps (hybridistaion, ligation and ampli-
fication) that requires opening of the test tube during the process.32

In addition, a comparative study between MLPA and MAQ, showed
that the MAQarray slightly performed better than the MLPA method
in detection of CNVs in neuroblastoma.32 The MAQ assay performed

Table 1 The aggregation-inhibition test to study platelet Gs activity

Prostin 250ngml�1

amplitude of aggregation (%)a
Prostin 1000ngml�1

amplitude of aggregation (%)a
Iloprost 2,5ngml�1

amplitude of aggregation (%)a

Average s.d. P-value Average s.d. P-value Average s.d. P-value

Unrelated control subjects(n¼70) 22.94 16.94 12.71 9.81 18.09 19.84

AHO patients with Gs hypofunction (n¼63) 40.25 24.9 o0.001b 17.74 10.92 0.006b 29.67 23.5 o0.003b

AHO patients with Gs hyperfunction (n¼40) 14.80 9.7 o0.001b 9.44 5.17 0.025b 9.7 4.3 0.001b

Abbreviations: AHO, Albright’s hereditary osteodystrophy; Gs, stimulatory G.
aPlatelets are stimulated with 2 mg ml�1 Horm collagen 1 min after preincubation with Gs agonists prostaglandin E1 (Prostin) or prostacyclin (Iloprost) for the indicated concentration.
bvs controls, two-tailed unpaired t-test.
The aggregation-inhibition test is described in detail previously.26,27 The amplitude of aggregation represents the degree of inhibition by adding a Gs agonist. Gs hypofunction patients have a
statistically higher amplitude of aggregation whereas Gs hyperfunction patients have a lower amplitude of aggregation compared with a group of controls.

Figure 1 MAQ amplicons distribution along the GNAS chromosomal region. Chromosome 20q13 region selected for the MAQ assay. The region comprises

the STX16 locus, the GNAS cluster and downstream genes TH1L and TUBB1. Amplicons designed for the MAQ assay are depicted as small vertical black

bars (NCBI36/hg18).
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for this study consisted of a multiplex PCR amplification of 18 GNAS
target amplicons and 9 reference amplicons (randomly located on
different chromosomes) (references of amplicons are in Supplemen-
tary Table 1) (Figure 1), followed by fragment analysis on an ABI 3730
DNA Analyzer (Applied Biosystems, Foster City, CA, USA).32 The
reaction was carried on 50 ng genomic DNA by using optimized
reaction conditions. The comparison of normalized peak areas
between patient and control individuals results in a dosage quotient
of the target amplicon. Dosage quotients were calculated using the
MAQ-S software package (www.multiplicom.com). The complete
GNAS MAQ array was performed in duplicate. No statistical differ-
ences were observed in GNAS CNVs in all the 256 patients studied,
irrespectively of their loss, gain or normal platelet Gs function. The
latter suggests that CNVs are not the cause in the present subset of
patients neither for the AHO phenotype nor for the Gs abnormal
function in their platelets. Therefore, it might be more appropriate to
first exclude the known causes of AHO by (epi)genetic screening of
the GNAS cluster, before analyzing AHO patients with other genetic
screening methods.

In conclusion, we here have optimized the first rapid large-scale
screening method for GNAS CNVs and have applied it to a population
of 256 patients with AHO features but no endocrinopathy with or
without abnormal platelet Gs function. Future studies will include the
GNAS sequencing and methylation analysis of these AHO-like patients
with abnormal platelet Gs function. In addition, patients without
GNAS (epi)genetic mutations also need to be screened for 2q37
deletions or HDAC4 mutations.
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