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Novel homozygous inactivating mutation
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in neonatal severe hyperparathyroidism
responding to cinacalcet therapy

A case report and literature review
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Abstract

.
N\

Rationale: Calcium-sensing receptor (CaSR) mutations can cause life-threatening neonatal severe hyperparathyroidism (NSHPT). \
The medical management of NSHPT is often challenging and complex. Here, we present a case of NSHPT caused by a novel
homozygous CaSR mutation.

Patient concerns: A Chinese female infant presented with poor feeding, constipation, severe hypotonia, and periodic
bradycardia. Biochemistry tests revealed markedly elevated serum levels of Ca®* and parathyroid hormone (PTH).
Diagnoses: Genetic sequencing revealed a previously undescribed CaSR mutation in exon 3 (¢.242T>A,; p.I181K). A diagnosis of
NSHPT secondary to homozygously inherited familial hypocalciuric hypercalcemia syndrome was established.

Interventions: Cinacalcet was administered after the common treatments (low-calcium intake, hydration, and furosemide),
calcitonin, and pamidronate therapy all failed.

Outcomes: Serum Ca®* decreased and stabilized with cinacalcet therapy. During a 10-month follow-up, total calcium was
maintained within the high-normal range and PTH was normalized.

Lessons: A trial of cinacalcet therapy might be undertaken in cases of NSHPT while definitive results of the genetic analysis are
awaited.

Abbreviations: ALP = alkaline phosphatase, CaSR = calcium-sensing receptor, DOL = day of life, FHH = familial hypocalciuric
hypercalcemia syndrome, NSHPT = neonatal severe hyperparathyroidism, PTH = parathyroid hormone, TMD = transmembrane

domain, UCCR = urine calcium-to-creatinine clearance ratio.
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1. Introduction

The calcium-sensing receptor (CaSR) is a 1078 amino acid cell
membrane protein with a large extracellular domain expressed
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mainly in the parathyroid glands and kidneys.!"*! The CaSR
plays key roles in the maintenance of a narrow range (1.1-1.3
mmol/L) of extracellular ionized calcium concentration (Ca>*)
primarily by regulating parathyroid hormone (PTH) secretion
and urinary calcium excretion.[>=!

Heterozygous inactivating mutations of the CaSR gene (CaSR)
usually result in mild, asymptomatic hypercalcemia seen in
familial hypocalciuric hypercalcemia syndrome (FHH; OMIM
145980). Homozygous inactivating CaSR mutations result in
neonatal severe hyperparathyroidism (NSHPT; OMIM 239200).
NSHPT usually presents in the first weeks of life with failure to
thrive, hypotonia, dehydration, respiratory distress, and meta-
bolic bone disease.[!->*°¢]

NSHPT is a life-threatening disorder, and its acute manage-
ment is based on dietary calcium restriction, intravenous fluid
hydration, calcitonin, and bisphosphonate.[**”! Parathyroidec-
tomy is an option for patients unresponsive to medical
therapy.>"~1% However, parathyroidectomy is a complex
procedure, and many medical centers have no parathyroidectomy
experience in infants. In recent years, cinacalcet (a calcimimetic)
has been used for NSHPT. Cinacalcet allosterically modulates the
CaSR, increasing its affinity for calcium and thereby decreasing
serum PTH and Ca®* levels.!>'~14

We present a case of a Chinese girl diagnosed with NSHPT and
treated successfully with cinacalcet after bisphosphonates had
failed. Molecular biology analysis revealed an inherited homo-
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undermineralization but no signs of bone resorption or fractures.

zygous mutation in the third exon of the CaSR (c.242T>A) not
previously described.

2. Case presentation

Standard care is performed, so ethical approval is not applicable
in this study. Informed consent was obtained from the parents of
the infant presented in the case report.

We present the case of a Chinese female infant born by
spontaneous vaginal delivery at term (3000g, 50th percentile).
The pregnancy had progressed normally, and the family history was
unremarkable, although the parents were second cousins. The baby
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appeared well initially but exhibited poor feeding, drowsiness and
constipation on day of life (DOL) 7. Unresolving pneumonia and
hypercalcemia prompted referral to West China Second University
Hospital of Sichuan University on DOL 30 (April 6,2017). Physical
examination demonstrated lethargy, severe hypotonia, absent deep
tendon reflexes, periodic bradycardic episodes, a bell-shaped chest,
and signs of respiratory distress but no dysmorphic features.
Biochemistry investigations revealed markedly elevated serum levels
of Ca®* (3.99 mmol/L; reference range: 0.98—1.45mmol/L), total
calcium (6.01 mmol/L; reference range: 2.10-2.55 mmol/L), and
alkaline phosphatase (ALP; 555 U/L; reference range: 125-250 U/L)
aswell as a reduced serum concentration of phosphorus (0.56 mmol/
L; reference range: 1.45-2.10mmol/L). The results of other
laboratory investigations were intact PTH level of 945.8 pg/mL
(reference range: 15.0-68.3 pg/mL); 25-hydroxyvitamin D level of
10.8 ng/mL (reference range: 30-100ng/mL); and magnesium ion
(Mg?*) level of 1.84 mmol/L (reference range: 0.7-1.0 mmol/L). The
24-hour renal calcium excretion was 3.3 mg/kg (reference range: 2—
6 mg/kg). Chest computed tomography showed pneumonia. X-ray
of the lower extremities revealed generalized skeletal underminer-
alization but no signs of bone resorption or fractures (Fig. 1).
Electrocardiography demonstrated ST segment changes. Both
parathyroid ultrasonography and Technetium-99m methoxyisobu-
tylisonitrile (Tc-99m MIBI) scintigraphy were normal, with no
evidence of parathyroid adenoma.

Given that NSHPT was suspected due to homozygously
inherited FHH, calcium metabolism tests and genetic tests were
requested from both parents. For the father, total serum calcium
was 2.82mmol/L, PTH was 42.3 pg/mL, and 24-hour urine
calcium-to-creatinine clearance ratio (UCCR) was 0.002. For the
mother, total serum calcium was 2.78 mmol/L, PTH was 38.2 pg/
mL, and UCCR was 0.008.

After hospitalization, the infant was treated initially with
intravenous fluids (1 U of physiological saline and 3 U of 5%
dextrose administered at 100 mL/kg), furosemide (0.5 mg/kg
every 8hours), and low-calcium milk. Since the hypercalcemia
did not improve, salmon calcitonin (Novartis Pharma Schweiz
Aktien Gesellschaft, Schaffhauserstrasse, Stein, Switzerland) was
given intramuscularly (81U/kg per day, every 12hours) from
DOL 38 for 4 days. However, the patient showed a worsening of
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Figure 2. Changes in the serum levels of ionized calcium during the administration of different medical therapies. The numbers annotating the graph show the

values of serum ionized calcium at specific time points.
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hypercalcemia (Fig. 2), so treatment with pamidronate (0.5 mg/kg
per day iv, administered every 2 days) was started on DOL 42.
The patient showed a response to pamidronate in the initial
phase, with serum Ca** levels falling to 1.87 mmol/L on DOL 50,
the 9th day of pamidronate therapy. However, serum Ca** levels
subsequently increased over the course of 22 days to 3.5 mmol/L.
Therefore, definitive therapy was sought. After obtaining
informed consent from the parents, therapy with cinacalcet
(Kyowa Hakko Kirin Co., Ltd, Ohtemachi, Chiyoda-ku, Tokyo,
Japan) was initiated on DOL 72 (30 mg/m? per day, twice daily).
Serum Ca** decreased and stabilized at around 2.8 mmol/L. On
DOL 78, the dose of cinacalcet was adjusted to 45 mg/m? per day,
twice daily. Serum Ca®* decreased further and stabilized at
around 1.6 mmol/L, while PTH decreased to 55 pg/mL (Fig. 2).
The patient has been followed-up monthly for 10 months. She is
thriving and developing normally. The total calcium level has
been maintained within the high-normal range, and the levels of
PTH and ALP have been normal.

3. Sequence analysis of the CaSR

Genetic sequencing of the patient’s CaSR (Beijing Zhiyin Oriental
Translational Medical Research Center, Yizhuang, Beijing,
China) revealed a previously undescribed homozygous T>A
point mutation at nucleotide ¢.242 in exon 3 (c.242T>A), which
was heterozygous in both parents. This mutation results in the
replacement of isoleucine by lysine at codon 81 (p.I81K). The
NSHPT associated with this novel homozygous mutation
(c.242T>A; p.I81K) in the CaSR was transmitted as an
autosomal recessive trait in this family.

4. Discussion

The patient described in this case report presented with life-
threatening neonatal hypercalcemia (serum Ca**>4mmol/L),
very high PTH levels, failure to thrive, severe hypotonia, and
respiratory distress. The clinical diagnosis of NSHPT was
confirmed by genetic tests.>'5! The sensitivity of Tc-99m MIBI
scintigraphy in patients with primary hyperparathyroidism
ranges between 54% and 100%, with a relatively high false-
negative rate."'®! Thus, a Tc-99m MIBI scan may be normal in
patients with NSHPT.

The medical management of NSHPT is often challenging and
complex, and calcium intake must be restricted. Therapy for
hypercalcemia was initiated using hydration and administration
of a loop diuretic and calcitonin. Calcitonin can reduce bone and
tubular calcium resorption, but its effect has been described as
transient.”>”! Calcitonin was not effective in our patient.

Bisphosphonates that inhibit osteoclastic bone resorption have
been increasingly used in children for a variety of disorders
including hypercalcemia. Therefore, the short-term use of a
bisphosphonate is logical. In NSHPT, it is thought that
uncontrolled hyperparathyroidism stimulates osteoclasts and
leads to a marked increase in bone resorption, exacerbating
hypercalcemia.l®!”! The Ca®* levels in our patient decreased
during the first 9 days of pamidronate administration but
subsequently increased, accompanied by a rebound increase in
serum PTH. Individual variability in the responsiveness of
NSHPT to pamidronate has been reported. In some cases,
pamidronate was found to control severe hypercalcemia,
enabling the postponement or avoidance of surgery.!®$10:18!
However, there have been reports of Ca** levels decreasing
temporarily following bisphosphonate administration but then
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subsequently increasing,>!*!%2% while other cases have shown

no apparent immediate fall in serum Ca?*.1”>®! Hypercalcemia in
NSHPT has a multifactorial etiology and is not simply secondary
to rampant bone resorption!®'”); pamidronate has limited
efficacy and does not specifically address the problem of
abnormal CaSR function.*"! In addition, the adverse effects of
long-term use of pamidronate in children are not fully known.!?!
Thus, we propose that although pamidronate may not represent a
definitive therapy, it could be used as a short-term medical
therapy to stabilize a patient’s severe hypercalcemia.

Since the patient had only a transient response to pamidronate,
definitive therapy was sought. Parathyroidectomy is a life-saving
intervention, but the family expressed reservations about this
option. Hence, cinacalcet was offered as an experimental
alternative, since it has been shown previously to be effective
in some cases. After discussion with the parents regarding the
risks and benefits of the alternatives, cinacalcet was chosen as the
therapeutic option and consent for treatment was provided.

Calcimimetics are drugs that interact with the transmembrane
domain (TMD) of the CaSR and make the receptor more sensitive
to Ca>*. Calcimimetics suppress PTH levels and increase renal Ca**
excretion, which can avoid the need for surgery. Cinacalcet, a type
II calcimimetic, is a positive allosteric activator of the CaSR.13=>1°!
Cinacalcet has proven useful in the management of neonatal
hyperparathyroidism or NSHPT!-1%12131 byt is not effective in
every case.>”1%2% To date, there have been 4 published cases
of NSHPT successfully treated with cinacalcet (reviewed in
Table 1).1%131 Our patient responded well to cinacalcet, showing
an obvious improvement in serum Ca>* level and normalization of
PTH level, suggesting a positive effect of cinacalcet on this
previously unreported homozygous mutation in the CaSR. The
present report expands the number of cases of NSHPT successfully
treated with cinacalcet to 5. Despite the successes reported in these
S patients, other cases of NSHPT were found to be resistant to
cinacalcet (reviewed in Table 1).571%2% Thus, the effects of
cinacalcet may vary depending on the CaSR mutation.

Although NSHPT classically manifests as the result of a
homozygously inherited inactivating mutation of CaSR, some
NSHPT cases are due to compound homozygous or heterozygous
inactivating mutations of CaSR or simply de novo mutations in
heterozygotes.!'™** The type of mutation can affect the severity
of the clinical manifestation and the response to treatment.”®! In
the present case, the proband was homozygous for a CaSR allele
with a missense variant, I81K, which has not been previously
described. The proband’s father and mother were asymptomatic
heterozygous carriers for the mutation and could be diagnosed as
FHH. Prediction analysis of the functional effect of the I81K
CaSR variant using PROVEAN, PolyPhen-2, SIFT, Muta-
tionTaster, and REVEL revealed that this mutation was very
likely to be deleterious.

Amino acid 81 of the CaSR lies within the extracellular Venus
Flytrap module, which is the principal site of Ca®* bind-
ing.[*?3241 Furthermore, there is evidence that the TMD is also
involved in Ca** sensing because a mutant CaSR lacking the
extracellular domain (ECD) also responded to Ca** and other
polyvalent cations.*>! The existence of multiple binding sites for
Ca®* in the CaSR might explain why the 181K variant, which
showed abnormal Ca** sensing function (since 1 Ca**-binding
site was inactivated), was still able to respond to a calcimimetic
(via other Ca**-binding sites).

Geng et al identified 4 novel Ca**-binding sites in the ECD
structure of each CaSR protomer and named these 1 through 4.
The bound Ca** located at site 1 is primarily coordinated by the
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backbone carbonyl oxygen atoms of 181, S84, L87, and L88.[2¢!
Thus, we speculate that the replacement of isoleucine by lysine at
codon 81 interferes with the coordination of a divalent cation at
this binding site and results in abnormal Ca®* sensing function.
The mechanism by which cinacalcet is able to overcome the
impairment of Ca>* binding at this site remains to be determined.
Although the I8 1K variant has not been described previously, the
disease-causing mutation I81K has been shown to abolish the Ca*
*-dependent receptor response,?”! highlighting the importance of
181 for normal CaSR Ca®* binding and function.

The 4 previously reported cases of NSHPT that responded to
cinacalcet were all associated with heterozygous mutations
(reviewed in Table 1). Garcia Soblechero et al reported a case of
NSHPT with a homozygous mutation of the CaSR that showed
treatment failure with cinacalcet, whereas the present case with a
homozygous mutation was responsive to the drug. We suggest
that a mutation of the CaSR that loses the Ca®*-binding domain
or cinacalcet-binding domain would be unresponsive to
cinacalcet irrespective of whether the mutation was homozygous
or heterozygous. Residual functionality of the CaSR may be an
important predictor of the success of cinacalcet therapy.>'"1 A
prompt assessment of the CaSR genotype is desirable to
determine whether treatment with a calcimimetic is suitable.

Our patient experienced no adverse effects of cinacalcet, such
as nausea, vomiting, or hypocalcemia. Nonetheless, we recom-
mend that calcium, phosphorus, PTH, and ALP levels be
monitored regularly in patients administered cinacalcet.

In conclusion, we report a case of NSHPT caused by a novel
homozygous inactivating mutation in the CaSR that responded
very well to cinacalcet therapy. We suggest that a trial of
cinacalcet therapy be undertaken in cases of NSHPT while
definitive results of the genetic analysis are awaited.
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