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PTH resistance is characterized by elevated parathyroid hormone (PTH) levels,
hypocalcemia, hyperphosphatemia and it is classically associated with GNAS locus
genetic or epigenetic defects. Inactivating PTH/PTHrP signaling disorders (iPPSD)
define overlapping phenotypes based on their molecular etiology. iPPSD1 is associated
with PTH1R variants and variable phenotypes including ossification anomalies and
primary failure of tooth eruption but no endocrine disorder. Here we report on a 10-
month-old child born from consanguineous parents, who presented with mild
neurodevelopmental delay, seizures, enlarged fontanelles, round face, and bilateral
clinodactyly. Hand x-rays showed diffuse delayed bone age, osteopenia, short
metacarpal bones and cone-shaped distal phalanges. A diagnosis of PTH resistance
was made on the basis of severe hypocalcemia, hyperphosphatemia, elevated PTH and
normal vitamin D levels on blood sample. The patient was treated with calcium carbonate
and alfacalcidol leading to rapid bio-clinical improvement. Follow-up revealed multiple
agenesis of primary teeth and delayed teeth eruption, as well as Arnold-Chiari type 1
malformation requiring a ventriculoperitoneal shunt placement. GNAS gene analysis
showed no pathogenic variation, but a likely pathogenic homozygous substitution
c.723C>G p.(Asp241Glu) in PTH1R gene was found by trio-based whole exome
sequencing. We studied the deleterious impact of the variant on the protein
conformation with bioinformatics tools. In conclusion, our study reports for the first time
PTH resistance in a child with a biallelic PTH1R mutation, extending thereby the clinical
spectrum of iPPSD1 phenotypes.

Keywords: PTH1R, iPPSD1, epilepsy, parathyroid hormone, alfacalcidol, GNAS, Albright hereditary osteodystrophy,
pseudohypoparathyreoidism
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INTRODUCTION

Parathyroid hormone (PTH) resistance is characterized by
e l e va t ed p l a sma PTH l eve l s , hypoca l c emia , and
hyperphosphatemia (1). As a consequence of hypocalcemia,
patients may present with peripheral neuromuscular
hyperexcitability (paresthesia of the extremities, perioral
numbness, muscle cramping) and seizures (2).

Association of PTH resistance with specific features was
formerly classified under the pseudohypoparathyroidism
(PHP) term. PHP type 1 (PHP1) and type 2 (PHP2) are
typically distinguished by the blunted cyclic adenosine
monophosphate (cAMP) response to G protein activation (i.e.
by exogenous PTH administration) seen in PHP1, as opposed to
the normal response seen in PHP2 (1). PHP1 is further
differentiated according to the presence (PHP1A, MIM
#103580, and PHP1C, MIM #612462) or absence (PHP1B,
MIM #603233) of Albright hereditary osteodystrophy (AHO)
(3). AHO is a clinical entity encompassing heterogeneous clinical
findings such as brachydactyly, rounded face, short stature,
subcutaneous ossification and variable degrees of intellectual
deficiency (4, 5).

PTH resistance is reported among multiple overlapping
phenotypes associated with various molecular defects. In 2016,
a more effective classification based on the molecular defect
underlying PTH resistance was published and termed
“inactivating PTH/PTHrP signaling disorders” (iPPSD,
Supplementary Table 1) (6). iPPSD clinical diagnosis is made
in the presence of major and/or minor criteria (Supplementary
Table 2). iPPSD1 encompasses four phenotypes associated with
PTH1R pathogenic variants (Table 1). Recently, PHP1B was
associated with a homozygous variant in PTH1R in an adult
patient presenting with partial seizures and intracranial
calcification (7).

Herein, we report for the first time a child presenting PTH
resistance, manifesting with seizures as first symptoms, due to a
homozygous likely pathogenic variant in PTH1R gene. We
delineate the extended phenotype comprising ossification, teeth
and skull anomalies, and we add evidence that PTH resistance is
part of a fifth iPPSD1 phenotype.
CASE DESCRIPTION

The proband is the third child of consanguineous (first cousins)
parents originating from Turkey. He has two healthy siblings.
There is no known history of endocrine disorder or epilepsy in
the pedigree.

He was born by primary cesarean delivery because of breech
presentation, at 39 weeks of gestation, after an uneventful
pregnancy with a normal gestational diabetes screening test.
He had an excellent neonatal adaptation. At birth, his weight
was 4.440 kg (+2.2 SD, macrosomia), his height was 55 cm (+
2.1 SD) and his head circumference was 36 cm (+1.0 SD). The
mother was diagnosed with type 2 diabetes, treated with insulin
injections, a few weeks after the delivery. Proband’s medical
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history comprised virus-induced airway hyperresponsiveness,
gastroesophageal reflux and iron deficiency anemia, treated
with inhaled salmeterol-fluticasone, omeprazole and iron
supplementation, respectively. He exhibited no feeding/
sleeping problem but mild neurodevelopmental delay (the
sitting position without support was acquired at 10 months).

At 10 months of age, during a short course of salbutamol
treatment, he presented an acute episode with generalized
(axial and peripheral) hypertonia, vomiting and loss of
consciousness during less than 10 minutes. Two weeks later,
he presented similar symptoms during a febrile episode
associated with an upper respiratory tract infection. When
he was 1 year old, he was referred to our center after a third
shorter (3 minutes) episode with perioral cyanosis and
drooling but no fever. All three episodes resolved
spontaneously and the third one was followed by a postictal
state (see timeline in Figure 1A). No access to toxic drug nor
history of head trauma was reported.

Clinical examination of the patient showed enlarged
anterior and posterior fontanelles associated with mild
facial dysmorphic features including a round face, arched
eyebrows, wide nasal bridge with telecanthus, bulbous nose
and mild retrognathia. Bilateral clinodactyly of the fifth digit
were noted without clear shortening of the 4th and 5th

metacarpal bones. The rest of the clinical and neurological
examination was unremarkable. The patient exhibited
normally implanted nipples.
DIAGNOSTIC ASSESSMENT

The biological work-up (Figures 1B–E) highlighted
hypocalcemia (ionized calcium: 0.68 mM; nl 1.2-1.4 and total
calcium <1.25 mM; nl 2.2-2.7), hyperphosphatemia (3.39 mM; nl
1.36-1.74), elevated PTH level (401 ng/L; nl 14-72), and normal
levels of 25-OH-vitamin D (34.9 ng/L; nl 30-100) and
magnesium (0.71 mM; nl 0.65-1.05). Thyroid function, cardiac
ultrasound and electroencephalogram were normal. In the
absence of chronic kidney disease, these results were
compatible with a diagnosis of PTH resistance. The differential
diagnosis of PTH resistance is given in Table 2. The patient was
treated accordingly, with calcium carbonate titrated up to 800
mg 3x/d (5.4 mmol Ca++/kg/d) and alfacalcidol 1 mg 1x/d,
leading to rapid bio-clinical improvement.

Brain magnetic resonance imaging (MRI) showed a 6 mm gap
in the posterior part of the left lentiform nucleus and an Arnold-
Chiari type 1 malformation (CM1) (Figures 1F–H). Control
MRI performed 6 months later showed no progression of the gap
and highlighted “benign” intracranial hypertension signs and
bilateral transverse sinus stenosis with collateral vessels
development. Dilated fundus examination confirmed a high
probability of intracranial hypertension and the patient
underwent ventriculoperitoneal shunt placement. Hand x-rays
showed diffuse delayed bone age, osteopenia, sparse trabeculae,
absence of carpal bones ossification, short metacarpal bones,
absence (or hypotrophy) of the medial phalange ossification
Frontiers in Endocrinology | www.frontiersin.org 3
centers, cone-shaped distal phalanges and clinodactyly of the
fifth digit (Figures 1I, J). No soft tissue ossification was noted on
skeleton x-ray.

Comparative genomic hybridization array (180K) and
epilepsy targeted gene panel detected no pathological copy
number variation or pathogenic variant, respectively. Sanger
sequencing and methylation-specific multiplex ligation-
dependent probe amplification (MS-MLPA) of the GNAS
locus revealed no pathogenic variant, large deletion or
abnormal methylation pattern. Trio-based whole exome
sequencing (WES) revealed a homozygous substitution
c.723C>G p.(Asp241Glu) in exon 9 of the PTH1R gene
(NM_000316.3) which was confirmed by Sanger sequencing
(ClinVar SCV001984749). Both parents carried the substitution
in heterozygous state (Figures 2A–C). The variant was not
found in large databases (gnomAD, ESP, ClinVar) or in our in-
house exome database. The variant affects an amino-acid
residue located in the N-terminal part of the second
transmembrane helix of PTH1R class B G-protein-coupled
receptor (GPCR), and found in interaction with the peptide
hormone in the complex crystal structure of PTH1R (8)
(Supplementary Table 3). The residue D241 is highly-
conserved, both between species and among H. sapiens
paralogs (Figures 2D–F). The vast majority of bioinformatics
tools (10/12) recognize the variant as deleterious. According to
the American College of Medical Genetics criteria, this variant
was considered as likely pathogenic (PM2, PM3, PP1, PP2, PP3
and PP4) (9).

Under treatment, calcemia and phosphoremia improved but
did not normalize, and PTH levels remained elevated
(Figures 1B–E). At 38 months, renal ultrasound showed
grade 2 medullary nephrocalcinosis in the context of
hypercalcemia, hypophosphoremia, abolished PTH secretion,
and chronic asymptomatic hypercalciuria resulting from an
iatrogenic event (overtreatment). The treatment was adjusted
(calcium carbonate 200 mg 1x/d, alfacalcidol 0.25 mg 1x/d) to
achieve a near normal calcemia (2-2.4 mM) and avoid
hypercalciuria. Nephrocalcinosis partially resolved on
ultrasound performed 2 years later.

When he was 5 year-old, he was treated for multiple agenesis
of primary teeth and delayed teeth eruption.

At last follow-up, at the age of 5 years and 8 months, his
weight, height, body mass index, and head circumference were
23.5 kg (P75), 112.5 cm (P25), 18.6 kg/m² (P90-P97, overweight),
and 51.5 cm (P60), respectively. He followed normal education
and he was well integrated. He was on low-phosphorus diet
because of persisting hyperphosphatemia, and he received
calcium carbonate 400 mg 1x/d and calcitriol 0.25 μg 1x/d.
There was no recurrence of seizure since the biological
diagnosis was made.
DISCUSSION

Bi-allelic PTH1R pathogenic variants have been associated
with: 1. Blomstrand chondrodysplasia (BCD, MIM 215045), a
June 2022 | Volume 13 | Article 928284
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FIGURE 1 | The patient presented with severe hypocalcemia and hyperphosphatemia which improved after treatment initiation. The work-up highlighted an Arnold-
Chiari type 1 malformation (CM1) and delayed ossification on brain magnetic resonance imaging (MRI) and hands X-ray, respectively. (A) Overview of the patient’s
diagnostic and therapeutic journey. Plasma (B) ionized calcium, (C) total calcium, (D) phosphate and (E) parathyroid hormone (PTH) concentrations measured at
diagnosis and during follow-up. Of note, the dramatic PTH level decrease was associated with hypercalcemia resulting from an iatrogenic event (excessive
alfacalcidol administration). Grey zone highlights normal value range. (F) Sagittal T1-weighted, (G) transversal T2-weighted, and (H) coronal T2-weighted brain MRI
highlighting the CM1 (arrowhead, tonsillar herniation measured 10 mm below the drawn McRae line) and a 6 mm lacune in the posterior part of the left lentiform
nucleus (arrow, stable on control MRI 6 months later). Hand X-ray at (I) 12 months and (J) 32 months of age showing diffuse osteopenia, sparse trabeculae,
absence of carpal bones ossification, short metacarpal bones (only described at 32 months), absence (or hypotrophy) of the medial phalange ossification centers,
cone-shaped distal phalanges and clinodactyly of the fifth digit.
Frontiers in Endocrinology | www.frontiersin.org June 2022 | Volume 13 | Article 9282844
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lethal chondrodysplasia presenting with hydrops fetalis,
increased bone density and, in some cases, absence of nipples
(10–13), 2. Eiken Syndrome (ES, MIM 600002), in patients with
delayed ossification (14, 15), normal calcium and PTH levels
and short stature, and 3. primary failure of tooth eruption (16)
(PFTE, MIM 125350, a feature also present in ES (17, 18)).
Interestingly, in addition to PTH resistance, our patient
exhibited symptoms in common with ES including delayed
ossification, PFTE, febrile seizures (17) and CM1 (18). PTH1R
pathogenic variants are dispersed all along the gene and the
protein domains. Until now, no genotype-phenotype
correlation could be drawn (17).

As it was shown in a mouse model (19), we postulate that the
various phenotypes might reflect a different impact of the
variants on adenyl cyclase (calcium homeostasis) and
phospho l ipa se C (embryon i c endochondra l bone
development), two intracellular effectors activated by PTH1R
in response to PTH. Here we report on a 10-month-old boy, born
from consanguineous parents, presenting with seizures in the
context of hypocalcemia secondary to PTH resistance. Trio-
based WES found a homozygous missense variant c.723C>G
p.(Asp241Glu) in PTH1R gene (NM_000316.3) leading to the
diagnosis of iPPSD1.

Zhao et al. showed that the D241 residue was highly
conserved among class B GPCRs and that it was involved in
the peptide binding pocket of PTH1R (20). Considering the 3D
localization of D241 residue and the “two domain binding
model” for class B GPCRs (21), we postulate that the
p.(Asp241Glu) substitution alters the second step of the
binding process in which N-terminal part of the peptide
hormone binds to the juxtamembrane region of the PTH1R,
mediating thereby the receptor activation. Of note, although
the p.(Asp241Glu) substitution does not modify the
physicochemical properties, the resulting small expansion in
side-chain length may presumably affect the precise binding of
ligand to PTH1R. Hence, the homozygous variant may lead to
alteration of PTH signaling causing calcium homeostasis
impairment and ossification disturbances.

Our patient exhibited the classical biological alterations seen
in PTH resistance (i.e. hypocalcemia, hyperphosphatemia and
elevated PTH levels). PTH1R gene mutations have been shown
to reduce the cAMP response to PTH in vitro (22). In PHP
Frontiers in Endocrinology | www.frontiersin.org 5
patients, cAMP response to exogenous PTH was formerly used
to distinguish between different types of PHP. To our
knowledge, this has never been evaluated in patients carrying
PTH1R pathogenic variants. In our case, the diagnosis of
iPPSD1 was made through WES and it was decided not to
perform an invasive test (i.e. PTH stimulation test) to ascertain
the diagnosis.

Guerreiro et al. reported an adult patient, born from
consanguineous parents, presenting drug-resistant epilepsy
and a biological work-up compatible with PTH resistance.
WES discovered homozygous PTH1R pathogenic variant,
both parents being heterozygous carrier. Two siblings, one
being asymptomatic and the other with speech problem at
age 50, were also homozygous for the PTH1R variant. Basal
ganglia calcification and PTH elevation was shown in all three
siblings (7). These 3 patients might reflect an adult, milder,
presentation of PTH resistance caused by bi-allelic PTH1R
pathogenic variant.

CM1 was detected after the genetic diagnosis was made in our
patient. Obviously, since parental consanguinity increases
homozygosity regions in the progeny (23), we cannot exclude
that some clinical features presented by our patient may be due
to additional pathogenic variants. We performed a second
analysis of the WES results to filter the variants with the
Human Phenotype Ontology HP:0002308, corresponding to
Arnold-Chiari malformation. We found no additional
pathogenic or likely pathogenic variants. Interestingly, CM1
was previously reported in a patient with Eiken syndrome (ES)
(18) and in 3 patients with PHP1A (24–26). The underlying
mechanisms have not been elucidated yet but growth hormone
pathway alteration might be involved in CM1 associated with
PHP1A (25, 27).

In conclusion, we report a homozygous likely pathogenic
variant in PTH1R gene and we provide a deep phenotypic and
bioinformatics characterization. Based on this report and the
literature (7, 10–12, 14–18, 22, 28), it emerges that the iPPSD1
phenotypes, associated with bi-allelic PTH1R pathogenic
variants, form a large spectrum from chondrodysplasia to PTH
resistance. Along with endocrinological anomalies, the patient
presented with ossification anomalies, Arnold-Chiari type 1
malformation and primary failure of tooth eruption. His
phenotype locates between ES, PTFE and the PHP1B patient
TABLE 2 | PTH resistance differential diagnosis.

25-OH-vitamin D
levels

Kidney
function

AHO Erythrocyte Gsa
activity

cAMP urinaryresponse
to PTH

Multi-hormone
resistance

Gene involved

iPPSD2 Normal Normal + ↓ ↓ + GNAS (genetic
defect)

iPPSD3 Normal Normal ± Normal/↓ ↓ ± GNAS (epigenetic
defect)

iPPSD4 Normal Normal ± Normal Normal ± PRKAR1A
iPPSD5 Normal Normal ± Normal Normal ± PDE4D
Vitamin D deficiency ↓ Normal – n.a. n.a. n.a. n.a.
Worsening of chronic kidney
disease

Normal ↓ – n.a. n.a. n.a. n.a.
June 2022 | Volume
PTH, parathyroid hormone; AHO, Albright’s hereditary osteodystrophy; cAMP, cyclic adenosine monophosphate; iPPSD, inactivating PTH/PTHrP signalling disorder; +, present; ↓, low; ±,
not alway present; -, absent; n.a., not applicable.
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reported by Guerreiro et al. (7), and it could reflect a fifth iPPSD1
phenotype. Taken together, data argue the iPPSD1 as a large
spectrum of overlapping phenotypes.
PATIENT PERSPECTIVE

The genetic diagnosis confirmed the appropriateness of the
patient’s treatment, refined his follow-up and allowed the
family to receive precise genetic counseling. The patient
confessed that the low-phosphorus diet is the most difficult
part of the treatment.
Frontiers in Endocrinology | www.frontiersin.org 6
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FIGURE 2 | Genealogy, sequencing and bioinformatics supported the pathogenicity of the c.723C>G p.(Asp241Glu) variant in the PTH1R gene
(NM_000316.3). (A) Pedigree of the family showing the index case (arrow), who is homozygous for the PTH1R variant (+/+), his unaffected (white symbol)
parents (I.1 and I.2) and sister (II.1), who are heterozygous carriers of the variant (+/-), and his unaffected sister (II.2) who does not carry the PTH1R variant
(-/-). (B) Sanger chromatograms confirming the homozygous and heterozygous status of our patient and his parents. (C) Next-generation sequencing
uncovering the homozygous transversion, cytosine to guanine, with a sequencing depth of 132 x in the proband (upper panel) compared to heterozygous
carrier status in his parents (lower panels). (D) Protein sequence alignment of 12 vertebrates species highlighting conservation of the amino-acid residue
(red rectangle) up to the zebrafish. (E) WebLogo analysis of the region 234-248 among PTH1R sequences showing the high conservation of the position
D241. The picture was produced via the web server weblogo with 979 protein sequences collected by a Blast search in the UniRef100 database and
aligned with the clustal2.1 algorithm. (F) Ribbon representation of the crystal complex structure (PDB 6FJ3) between the PTH1R protein (in blue) and its
peptide ligand (parathyroid hormone, in pink) highlighting the patient’s affected residue (D241, labeled and depicted in sphere representation) in close
vicinity with the peptide hormone. Four other affected PTH1R residues previously reported in iPPSD1 patients are also labeled and showed in the 3D
structure (see Supplementary Table 3). In residue sphere representation, atoms of carbon, oxygen and nitrogen are colored in green, red and blue,
respectively. The C-terminal extremity of peptide hormone PTH is indicated. TMD and ECD mean transmembrane domain and extra-cellular domain.
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