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INTRODUCTION

Calcium-sensing receptor (CASR), a cell membrane G protein-coupled receptor 
located in the parathyroid glands and renal tubules, detects changes in serum cal-
cium levels and is responsible for the regulation of parathyroid secretions and 
positive ions in the kidneys [1,2]. CASR maintains calcium homeostasis by regu-
lating extracellular calcium ion (Ca2+) levels. Activating mutations of CASR are 
also called gain-of-function CASR mutations, and such mutations result in auto-
somal dominant hypocalcemia with hypercalciuria (ADHH) [3]. ADHH is a ge-
netic disorder characterized by hypocalcemia and hypercalciuria with inappropri-
ately low levels of parathyroid hormone (PTH) [4]. Patients with ADHH have 
varying degrees of hypocalcemia [5]. CASR is characterized by the presence of a 
large extracellular domain (ECD), transmembrane domain (TMD), and intracel-
lular domain (ICD) [6]. Various CASR mutations have been reported. We en-
countered and reported three cases of activating variants of CASR, with major dif-
ferences observed in the degree of symptoms according to the patients. In this 
study, we investigated the clinical and molecular characteristics of patients with 
activating variants in CASR in Korea.
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Purpose: Activating mutations of the calcium-sensing receptor (CASR) are a rare genetic disorder, and result in autosomal domi-
nant hypocalcemia with hypercalciuria (ADHH). ADHH exhibited varying degrees of hypocalcemia. In this study, we report the 
clinical and molecular characteristics of activating variants in CASR patients diagnosed in Korea. Methods: This study included 
three patients with activating variants of CASR confirmed by biochemical and molecular analysis of CASR. Clinical and biochemi-
cal findings were reviewed chart retrospectively. Mutation analysis of CASR was performed by Sanger sequencing. Results: Sub-
ject 1 showed severe symptoms from the neonatal period and had difficulty in controlling the medications that were administered. 
Subject 2 was identified as having a novel variant of CASR with hypocalcemia and a low parathyroid hormone that were found in 
the neonatal period. During a course without medication, hypocalcemia occurred suddenly around 2 years of age. Subject 3 was 
diagnosed with hypoparathyroidism with hypocalcemic seizures starting from the neonatal period. About 4 years without taking 
medication with any symptom. However, at 10 years old revisited by repetitive hypocalcemic seizure events. Subject 1 and 3, were 
heterozygous for c.2474A>T (p.Y825F), c.2395G>A (p.E799K) located in the transmembrane domain (TMD) of CASR. Subject 2 
was heterozygous for c.403A>C (S430L) located in the extracellular domain (ECD) of CASR. Conclusion: We reported 3 patients 
who have activating CASR variant with different onset and severity of symptoms. In the future, further  study is needed to deter-
mine how the protein level according to the location of the mutation of CASR affects the degree of symptoms.
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METHODS

This study included 3 patients (1 male and 2 females) with 
an activating variants in CASR. Clinical features and biochemi-
cal profiles were collected by retrospective chart review. Each 
diagnosis of the CASR variants was confirmed by molecular 
analysis of the CASR gene. This study was approved by the In-
stitutional Review Board (IRB) of Kyungpook National Uni-
versity Chilgok Hospital and was conducted according to the 
recommendations of the IRB. Blood samples for DNA analysis 
were collected after obtaining informed consent from the par-
ticipants’ parents.  

RESULTS

�Clinical and biochemical characteristics of patients with 
CASR activating variant (Tables 1, 2)

Subject 1, a 5-day-old female neonate, was referred for eval-
uation of neonatal seizures. She was born at 39 weeks of gesta-
tion with a birth weight of 3.2 kg. The serum calcium level was 
4.7 mg/dL (9.0–10.6), ionized calcium level was 2.2 mg/dL 
(4.8–4.9), phosphate level was 13.2 mg/dL (4.8–8.2), magne-
sium level was 1.29 mEq/L (1.44–3.1), PTH level was 2.6 pg/

mL (10–65), and vitamin D level was 13.95 ng/mL (8.0–51.9). 
The patient did not have any morphological abnormalities of 
the face, limbs, or fingers. When patients were given calcium 
carbonate, magnesium, calcitriol, and thiazide, the serum cal-
cium level was maintained at 6–8 mg/dL (9.0–10.6), and the 
phosphate level was maintained at 8–10 mg/dL (4.8–8.2). 
When the dose for calcitriol was increased, serum calcium lev-
el was maintained low at 6–8 mg/dL (9.0–10.6), but the spot 
urine Calcium/Creatinine (Ca/Cr) increased at 2.0 and kidney 
stones were formed in the kidney USG. Therefore, calcitriol 
(0.5 mcg/day) treatment has been reduced and being main-
tained, and the levels are currently being monitored. Lithotrip-
sy was performed in the urology department due to urine 
stones at eight months of age in the neonate. 

Subject 2, a 2-day-old male neonate, was referred to neona-
tal intensive care unit due to tachypnea. He was born at 38 
weeks of gestation and weighed 3.6 kg without any perinatal 
problems. He has been incidentally finding hypocalcemia in 
the neonatal intensive care unit. The serum calcium level was 
6.8 mg/dL (9.0-10.6), ionized calcium level was 3.2 mg/dL 
(4.8–4.92), phosphate level was 6.3 mg/dL (4.8–8.2), magne-
sium level was 1.6 mEq/L (1.44–3.12), PTH level was 8.5 pg/
mL (10–65), and vitamin D level was 9.98 ng/mL (8.0-51.9). 

Table 1. Clinical and molecular characteristics of patients with CASR activating variant

Variable Subject 1 Subject 2 Subject 3

Age at Diagnosis 1 month 1 month 14 yr
Current Age (yr) 3.5 3.3 17.1
Symptom start at 3 days after birth 3 yr old 3 days after birth and restart symptoms at 10 yr 
Current medication Calcium carbonate Calcium carbonate Calcium carbonate

Magnesium Calcitriol Calcitriol
Calcitriol
Thiazide

Other finding Kidney stone None Medullary nephrocalcinosis
CASR variant c.2474A>T (p.Y825F) c.403A>C (S430L) c.2395G>A (p.E799K) 
Domain in CASR TMD ECD TMD 

yr, year; CaSR, Calcium sensing receptor; TMD, Transmembrain domain; ECD, Extracellualr domain.

Table 2. Laboratory finding of 3 patients 

Variable (reference ranges)
Subject 1 Subject 2 Subject 3

Initial Post med Initial Post med Initial Post med

Calcium (mg/dL) (9.0-10.6) 4.7 6–8 6.8 7–8 4.6 7–8
Phosphate (mg/dL) (4.8-8.2) 13.2 8–10 6.3 6–7 9.8 6–7
Ionaized calcium (mg/dL) (4.8-4.9) 2.2 3.5–4 3.2 3.5–4.5 2.5 3.9–4.8
Intact PTH (pg/mL) (10-65) 2.6 1–5 8.5 3–9 8.5 1–3
Spot urine Ca/Cr (<0.2) 2.0 <0.2 0.2 <0.2 - 0.14

PTH, parathyroid hormone; Ca/Cr, Calcium Creatinine ratio.
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This neonate had low intact PTH when being monitored with-
out administration as spot urine Ca/Cr <0.2, but showed im-
provement with serum calcium level higher than 8 mg/dL and 
maintained normal ranges without medication. During fol-
lowing up, the serum calcium level decreased to 6.8 mg/dL 
(9.0–10.6) at the age of 2, and is currently being monitored 
with the administration of calcium carbonate and calcitriol. 
Currently, the patient is 3 years old, and maintaining low cal-
cium levels at 7–8 mg/dL without any complication in the 
kidney USG. 

Subject 3, a 4-day-old female neonate, was referred for eval-
uation of neonatal seizure. She was born at 38 weeks of gesta-
tion with a birth weight of 3.1 kg. The serum calcium level was 
4.6 mg/dL (9.0–10.6), ionized calcium level was 2.5 mg/dL 
(4.8–4.92), phosphate level was 9.8 mg/dL (4.8–8.2), magne-
sium level was 1.5 mEq/L (1.44–3.12), and PTH level was 8.5 
pg/mL (10–65). Administration of calcium gluconate (100 
mg/kg/day) and low phosphate diet was initiated at the time 
of diagnosis of primary hypothyroidism. Serum calcium level 
was maintained at 7–8 mg/dL in the process, and there were 
no neurological symptoms. After 4 years without any symp-
toms and without medication by the patient’s own. The pa-
tient has not visited the hospital for about 4 years, and there 
were no special symptoms in the meantime. The patient was 
readmitted to generalized tonic-clonic type seizure at the age 
of 10, and the laboratory findings at that time were as follows. 
Serum calcium 6.5 mg/dL, phosphate 7.4 mg/dL and intact 
PTH 2.5 pg/mL. The patient was receiving a calcitriol (1.5 
mcg/day) and a calcium carbonate (3,000 mg/day), and med-
ullary nephrocalcinosis diagnosed from the conducted kidney 
USG. The spot urine Ca/Cr of 0.14. The patient was being 
monitored. The serum calcium level was maintained at 7–8 
mg/dL (9.0–10.6), and the phosphate level was maintained at 
6–7 mg/dL (4.8–8.2). 

Molecular analysis of the CASR gene (Table 1)
Targeted exome sequencing in the 3 patients was performed 

using the TruSight One Sequencing Panel, resulting in a het-
erozygous variant c.2474A>T (p.Y825F), c.403A>C (S430L), 
and c.2395G>A (p.E799K) in exon 7 of the CASR gene con-
firmed by Sanger sequencing. Subjects 1 and 3 were heterozy-
gous for c.2474A>T (p.Y825F), and c.2395G>A (p.E799K) 
located in the TMD of CASR. Subject 2 was heterozygous for 
c.403A>C (S430L) located in the ECD of CASR. 

DISCUSSION

This study presents the clinical, biochemical, and molecular 
analysis of patients with activating variants of CASR. 

Most activating mutations of the CASR gene have been re-
ported to be missense mutations in patients with ADHH [7]. 
Conditions of all patients in this study were due to missense 
mutation and we reported patient 1 as having a novel variant 
[8]. Cell function study was performed for the variant of pa-
tient 1, and it was confirmed that MAP kinase singnaling was 
increased. Patient 2 had a variant that has not been reported 
previously. The variant of patient 3 is in a pathogenic location 
that has been previously reported [6]. CASR, which is com-
posed of 1,078 amino acids, consists of a large ECD compris-
ing seven transmembrane-spanning domains and an intracel-
lular tail, and is encoded by six exons of the CASR gene that 
are located on chromosome 3q13.3–21 [3].

Leach et al. [9] reported that many activating mutations of 
CASR coupled more strongly to Ca2+. Research on the role of 
TMD in CASR is ongoing. There are studies that outline that 
CASR of the TMD has enhanced sensitivity depending on the 
calcium concentration, with research that also outlines that 
control is conducted by constitutive activation rather than en-
hanced Ca2+ sensitivity [10,11]. In addition, reports outlining 
the characterization of a novel ADHH-causing mutation, Arg-
680Gly, has led to the identification of a transmembrane salt 
bridge (Arg680–Glu767). Therefore, it was confirmed that the 
three-dimensional structure connected to the location of the 
TMD affects the function of CASR [12]. Moreover, Vezzoli et 
al. [13] reported that the Arg990Gly CASR single nucleotide 
polymorphism is associated with an increased risk of hyper-
calciuric nephrolithiasis; therefore, symptoms may vary de-
pending on the location of the CASR mutation. In this study, 
subject 1 was heterozygous in the 6th loop, and the severe 
symptoms and excretion of calcium from the kidney were the 
most severe among the 3 patients from the neonatal period. In 
the case of subject 3, the TMD was located on the cyto-loop 3, 
which is between the 5th and 6th loop. Despite showing 
symptoms since birth, they were milder than those in subject 
1. The location was at ECD for subject 2, and the symptoms 
were milder compared to the other two subjects. Hypocalce-
mia occurred at the age of 3, and the onset and severity of 
symptoms were observed to be different. Variants are located 
between loops 3 and 4 of the ECD, and there have been no re-
ports of activating variants of CASR in this area. It is hypothesis 
that the number of cases confirmed through tests are few as 
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the symptoms were mild. However, we confirmed that the ac-
tivating variant of this area eventually leads to hypocalcemia, 
and would like to emphasize that patients should regularly be 
monitored even if symptoms are mild at the time as the ECD 
is a variant during the neonatal period. 

In conclusion, we report three patients with activating vari-
ants in CASR. The variants of each patient were as follows: 
Subjects 1 and 3 were heterozygous for c.2474A>T (p.Y825F), 
and c.2395G>A (p.E799K) located in the TMD of CASR. Sub-
ject 2 was heterozygous for c.403A>C (S430L) located in the 
ECD of CASR. Patients report different onset and severity of 
symptoms. Further studies are needed in the future to deter-
mine how protein levels affect the degree of symptom exer-
tion, according to the location of the CASR mutation.
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