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Case Report

A novel GNAS-Gsa splice donor site variant in a girl with
pseudohypoparathyroidism type 1A and her mother with
pseudopseudohypoparathyroidism
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e We encountered a girl with pseudohypoparathyroidism type 1A and her mother with
pseudopseudohypoparathyroidism.

o Weidentified a novel GINAS-Gsa splice donor site variant that created an alternative splice donor
site and produced an aberrant mRNA subject to nonsense-mediated mRNA decay.

e We revealed the molecular consequence of the disruption of the canonical splice donor site.

Abstract. We encountered a Chinese girl with pseudohypoparathyroidism type 1A (PHP1A) and her mother with
pseudopseudohypoparathyroidism (PPHP). Sequencing analysis of GNAS-Gso revealed a heterozygous ¢.212+2T>C
variant (NM_000516.4) affecting the canonical splice donor site of intron 2 in the girl and her mother. RT-PCR
performed on mRNA samples obtained from cycloheximide-treated and cycloheximide-untreated lymphoblastoid cell
lines of this girl revealed the utilization of an alternative splice donor site at 33—34 bp from the boundary between
exon 2 and intron 2 and the production of an aberrant mRNA with a retention of a 32 bp intronic sequence between
exon 2 and exon 3 (p.(Gly72Lysfs*39)), which satisfied the condition for the occurrence of nonsense-mediated mRNA
decay, as predicted by SpliceAl. This study revealed the molecular consequences of disruption of the canonical splice
donor site and confirmed the clinical utility of SpliceAl.
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Introduction

The o subunit of the stimulatory G protein (Gsa),
encoded by exons 1-13 of GNAS (hereafter referred
to as GNAS-Gsa), plays a critical role in the signal
transduction of multiple G-protein-coupled receptors
(GPCRs), including PTH-receptor (PTH1R), TSHR,
LHCGR, FSHR, and GHRHR (1). While GNAS-Gsa
is biallelically expressed in most tissues, including
the skeletal system, it is predominantly expressed
from the maternal allele in a few tissues, such as the
renal proximal tubule, thyroid, gonad, and pituitary,
because genomic imprinting is regulated by the
methylation pattern of GNAS differentially methylated
regions (GNAS-DMRs) (2—4). Thus, compromised
expression of maternally inherited GNAS-Gsa leads to
pseudohypoparathyroidism type 1A (PHP1A) associated
with resistance to PTH as well as other hormones such
as TSH, LH/FSH, and GHRH, and Albright’s hereditary
osteodystrophy (AHO), which is characterized by obesity,
round face, short stature, brachydactyly, subcutaneous
ossifications, and intellectual disability, whereas
compromised expression of paternally transmitted
GNAS-Gsa results in pseudopseudohypoparathyroidism
(PPHP) with AHO but without hormonal resistance (5).
In addition, methylation defects in GNAS-DMRs usually
result in pseudohypoparathyroidism type 1B (PHP1B)
with hormonal resistance but without AHO (5).

Here, we report a novel GINAS-Gsa splice donor site
variant in a girl with PHP1A and her mother with PPHP.
Molecular analysis revealed that an alternative splice
donor site was utilized to produce an aberrant mRNA
subject to nonsense-mediated mRNA decay (NMD).

Clinical Report

We encountered a Chinese girl with PHP1A
(the proband) and her mother with PPHP (Fig. 1A).
The girl (III-2) was born as the second child to non-
consanguineous parents at 37 wk and 4 d of gestation
after an uneventful pregnancy and delivery. At birth, her
length was 43.0 cm (—2.1 SD), and her weight was 2,646 g
(~0.2 SD). Shortly after birth, she was referred to a local
hospital because of an elevated TSH level on newborn
screening for congenital hypothyroidism, although she
exhibited no clinical features of hypothyroidism such as
neonatal jaundice, hypotonia, poor feeding, umbilical
hernia, and macroglossia. At that time, her serum
TSH was 53.27 mIU/mL (reference range, 0.36-9.75
mlIU/mL), and free T4 was 2.10 ng/dL (0.70-2.47 ng/
dL). Thus, the patient was diagnosed with subclinical
congenital hypothyroidism and treated with /-thyroxine.
Furthermore, congenital bilateral sensorineural deafness
was identified during the neonatal period. Around 5
mo of age, multiple subcutaneous ossifications were
observed on the abdomen, back, and lower extremities.
Marked weight gain was also observed up to 12 mo of
age, which became inconspicuous afterward (Fig. 1B).

At 7 yr and 10 mo of age, the patient was referred

to our hospital because of AHO-like features. Her height
was 130.6 cm (+1.3 SD), and her weight was 31.8 kg (+1.6
SD). Physical examination revealed a round face, low-set
ears, misaligned teeth, micrognathia, brachydactyly of
the bilateral fifth fingers and fourth toes, and multiple
subcutaneous ossifications of the upper and lower
limbs (Fig. 1C). Furthermore, several postoperative
scars derived from the subcutaneous osteotomy were
observed (Fig. 1C). She also had intellectual disability
with speech delay. Laboratory tests revealed a low-
normal serum calcium level of 8.9 mg/dL (8.8-10.8 mg/
dL), a high-normal level of serum inorganic phosphorous
concentration of 5.5 mg/dL (3.7-5.6 mg/dL), and an
elevated intact PTH level of 125 pg/mL (10-65 pg/mL).
Bone survey delineated brachydactyly of the bilateral
fifth metacarpal bones, fourth metatarsal bones, and
multiple subcutaneous ossifications in the legs (Fig.
1D). Based on these findings, the patient was diagnosed
as having PHP1A.

Her mother (II-2) had multiple subcutaneous
ossifications and normal serum calcium, inorganic
phosphorus, and intact PTH levels. Therefore, she was
clinically diagnosed as having PPHP. The father (II-1)
and older brother (ITI-1) were clinically healthy, with
no discernible AHO features. The maternal grandfather
(I-3) was free from PHP1A or PPHP clinical features,
although he was obese and had diabetes mellitus. The
maternal grandmother (I-4) exhibited no AHO features.

Molecular Studies

This study was approved by the Institutional
Review Board Committee of the Hamamatsu University
School of Medicine and was performed after obtaining
written informed consent for the publication of clinical
and molecular findings, including photographs.

Direct sequencing was performed for exons 1-13
of GNAS-Gsa, using leukocyte genomic DNA samples
obtained from the girl and her parents. Consequently, a
maternally derived ¢.212+2T>C variant (NM_000516.4),
affecting the canonical splice donor site of intron 2, was
identified in this girl (Fig. 2A). This variant was absent
from the three representative public databases (gnomAD,
http://gnomad.broadinstitute.org/; HGVD, http://www.
hgvd.genome.med.kyoto-u.ac.jp; and 38 KJPN, https://
jmorp.megabank.tohoku.ac.jp/) and in-house database.

SpliceAl (https://github.com/Illumina/SpliceAl)
predicted the utilization of an alternative splice donor
site at 33—34 bp from the boundary between exon 2 and
intron 2, as well as the production of an aberrant mRNA
with a retention of a 32 bp intronic sequence between
exon 2 and exon 3 (p.(Gly72Lysfs*39)), thereby satisfying
the condition for the occurrence of NMD (Fig. 2B) (6).
To examine this possibility, reverse transcription (RT)-
PCR was performed on mRNA samples obtained from
lymphoblastoid cell lines (LCLs) of this girl and a healthy
control, which were incubated for 8 hours with or without
the NMD inhibitor cycloheximide (CHX), yielding normal
214 bp products and aberrant 246 bp products which
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Fig. 1. Summary of clinical findings. A: Pedigree of the family. The girl (I1I-2) indicated by
an arrow is the proband. B: The growth chart of the girl with PHP1A plotted on the
growth curves of Japanese girls. C: Photographs of the girl at the ages of 7 yr and
10 mo. The circle indicates subcutaneous ossification, and the arrowheads indicate
the postoperative scar from the subcutaneous osteotomy. D: Roentgenograms of
the girl. The arrowheads indicate subcutaneous ossifications.

was clearly identified in the CHX-treated LCLs of this
girl (Fig. 2C). The RT-PCR products of CHX-treated
LCLs of this girl were subcloned using a TOPO TA
Cloning Kit (Invitrogen), and direct sequencing of the
subcloned RT-PCR products confirmed the presence of
the wildtype mRNA and the aberrant mRNA retaining
a 32 bp intronic sequence, as predicted by Splice Al
(Fig. 2D).

We identified a novel GNAS-Gso splice donor site
variant (¢.212+2T>C) in a girl with PHP1A and her
mother with PPHP. This variant was shown to produce
mRNA subject to NMD by utilizing an alternative
splice donor site, as predicted by SpliceAl. Although
a certain amount of mRNA may have escaped NMD,
such mRNA is predicted to yield a drastically truncated
protein p.(Gly72Lysfs*39). Thus, this study revealed the
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Fig.2 Summary of the molecular findings. A: Electrochromatograms showing a maternally derived splice donor site

variant (c.212+2T>C) in intron 2 of GNAS-Gso (marked with multiple asterisks) obtained using a forward
primer hybridizing to exon 2 (5'-CTCTGCGTCGAAATGTCAAG-3') and a reverse primer hybridizing to exon 3
(5-"TGGTTGCCTTCTCACCATC-3'). B: Schematic representation of the utilization of an alternative splice donor
site and production of an aberrant mRNA predicted by SpliceAl. C: RT-PCR analysis of mRNA extracted from
CHX-untreated and CHX-treated LCLs of the girl and a control subject. The primers utilized were: forward,
5-GGGTGCTGGAGAATCTGGTA-3’; and reverse, 5'- TGGTTGCCTTCTCACCATC-3'. D: Electrochromatograms
of subcloned wildtype and variant mRNA sequences obtained by RT-PCR for CHX-treated L.CLs of the girl.

molecular consequences of the disruption of the canonical
splice donor site. According to the ACMG guidelines (7),
this variant is classified as “pathogenic”, because it is
positive for PVS1 (disruption of the canonical + 1 or 2
splice sites), PS3 (confirmation of NMD by RT-PCR), and
PM2 (absence from the public databases and in-house
database). This variant was of maternal origin in this girl
with PHP1A and is predicted to reside on the paternally
transmitted allele of the mother with PPHP. In this
regard, since the maternal grandfather had no clinical
features of PHP1A or PPHP, the GNAS-Gso variant
may have occurred as a de novo event in the mother.
This girl showed an elevated serum TSH level,
congenital bilateral sensorineural deafness, multiple
subcutaneous ossifications, and excessive weight gain
in the neonatal to infantile period, before she was found
to have multiple AHO-like features and asymptomatic
PTH resistance in childhood. The clinical course was
fairly characteristic of PHP1A, because it has been
reported that [1] TSH resistance has frequently been

identified as the initial hormonal abnormality in PHP1A
(8, 9); [2] congenital hearing impairment has been
reported in PHP1A with a prevalence of 11% (10); [3]
the occurrence of multiple subcutaneous ossifications
has been reported in early infancy of PHP1A patients
(8, 11, 12); [4] early onset of obesity has also frequently
been observed in PHP1A (13); and [5] PTH resistance
usually becomes clinically discernible in childhood (5).
Notably, early recognition of PHP1A-compatible clinical
features would serve to make the diagnosis of PHP1A
before the clinical symptoms of PTH resistance, such
as hypocalcemic seizures, become discernible. In this
girl, several features, such as elevated serum TSH level,
sensorineural deafness, subcutaneous ossifications, and
weight gain are considered as the characteristic features
which permit early recognition of PHP1A. In addition,
although a strict genotype—phenotype correlation has not
been established for PHP1A, subcutaneous ossifications
are more frequent in PHP1A and PPHP patients with
amorphic GNAS-Gsa variants than in those with
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hypomorphic GNAS-Gso variants (8, 11, 12). Thus,
multiple subcutaneous ossifications can be considered
an indication of amorphic GNAS-Gso variants.

Conclusions

We identified a novel GNAS-Gso splice donor site
variant shared by a girl with PHP1A and her mother
with PPHP. The molecular studies demonstrated the
production of aberrant mRNA subject to NMD, providing
strong support for the clinical utility of SpliceAl.
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