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Abstract

We report the case of a male patient in his early thirties presenting with per-
sistent hypercalcemia and a notable family history of hypercalcemia. Both his
mother and brother were diagnosed with primary hyperparathyroidism and
had undergone parathyroidectomy. Initial biochemical investigations demon-
strated elevated serum calcium and parathyroid hormone levels, but low uri-
nary calcium excretion, raising suspicion for familial hypocalciuric hyper-
calcemia (FHH). Genetic testing subsequently revealed a pathogenic mutation
in the AP2S1 gene, confirming FHH type 3. This case highlights the diagnostic
challenges in distinguishing FHH from primary hyperparathyroidism and
emphasizes the importance of genetic analysis in guiding appropriate man-
agement.
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1. Introduction

Familial hypocalciuric hypercalcemia (FHH) is a rare genetic disorder inherited
in an autosomal dominant manner. It consists of three subtypes that are clinically
indistinguishable from one another and are caused by different gene mutations.
Approximately 65% of the cases have FHH type 1. FHH type 1 is caused by inac-
tivating mutations in the calcium-sensing receptor (CaSR) gene. (1) On the other
hand, FHH type 2 is caused by inactivation of the G-protein subunit all (GNA11)
gene, which is responsible for the CaSR signal transduction [1].

FHH type 3 accounts for approximately 20% of all FHH cases and has a median
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age at diagnosis of 34 years [2] [3]. It is caused by activating mutations in the
adaptor-related protein complex two sigma subunit 1 (AP2S1) gene, located on
chromosome 19 [4].

All known missense mutations in the AP2S1 gene are associated with disease,
involving the substitution of the arginine residue at position 15 (Argl5), specifi-
cally: Argl15Cys, Argl5His, and Argl5Leu [4]. This mutation decreases the sensi-
tivity of CaSR-expressing cells to extracellular calcium and reduces CaSR endocy-
tosis [2]. In the parathyroid glands, normal or elevated calcium levels are misin-
terpreted as low, resulting in inappropriate secretion of parathyroid hormone
(PTH), which in turn leads to mild hypercalcemia. Meanwhile, in the kidneys, it
will result in reduced calcium excretion. This combination will result in hypocalci-
uric hypercalcemia [5].

Higher elevations of serum albumin adjusted-calcium concentrations were
noted in Argl5Leu mutations than in those with Arg15Cys and Argl5His AP2S1

mutations [4].

2. Case Presentation

A gentleman in his early thirties, was referred to the endocrine department with
persistent hypercalcaemia (3.05 mmol/l, reference range: 2.05 - 2.60 mmol/l). He
had a history of type 2 diabetes mellitus, neonatal cerebral hypoxia, alcohol abuse,
and depression. Approximately seven years prior, the patient began experiencing
seizures and was initiated on sodium valproate therapy. Magnetic resonance im-
aging (MRI) of the brain was unremarkable, with no evidence of intracranial cal-
cifications. He had no history of lithium use or treatment with thiazide diuretics.

The patient had a positive family history of hypercalcemia, with two first-degree
relatives—his mother and brother—previously diagnosed with primary hy-
perparathyroidism. Both patients were considered suitable candidates for surgery,
as their corrected serum calcium levels exceeded 1 mg/dL above the upper limit
of normal, and they were under 50 years of age at the time of evaluation. Neither
exhibited skeletal nor renal involvement. Both underwent parathyroidectomy;
however, cinacalcet therapy was initiated postoperatively due to persistently ele-
vated corrected calcium levels. Genetic testing was not performed prior to surgery

On examination, the patient had no signs of bone tenderness, nephrolithiasis,
abdominal pain, or muscle weakness. The patient denied symptoms such as poly-
uria, constipation, nausea, or mood changes. However, he did report experiencing
depression associated with alcoholism and suicidal ideations. He had no history
of pancreatitis. Physical examination of the abdomen, respiratory, and cardiovas-
cular systems revealed no abnormalities.

The first set of blood panel showed a high corrected calcium level of 3.05
mmol/l (reference range: 2.05 - 2.60 mmol/l), normal phosphate level of 1.12
mmol/l (reference range: 0.87 - 1.45 mmol/l) and borderline low serum 25-hy-
droxyvitamin D level of 28 ng/ml (reference range: 30 - 100 ng/mL). Serum mag-

nesium was normal at 1.0 mmol/L (0.65 - 1.05 mmmol/L).
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Parathyroid hormone (PTH) was mildly elevated at 67 pg/ml (reference range:
15 - 65 ng/ml). The patient’s serum 25-hydroxyvitamin D level was normalised to
33 ng/ml following supplementation with Vitamin D. However, his corrected se-
rum calcium remained significantly elevated at 2.92 mmol/l and his PTH level
remained mildly raised as well (67 pg/ml, range 15 - 65 pg/ml).

An ultrasound neck did not reveal any enlarged parathyroid glands. A subse-
quent sestamibi and pertechnetate parathyroid scan showed no abnormal areas of
increased tracer uptake indicative of any parathyroid adenomas, which were also
not evident on a computed tomography scan of the neck and thorax. Dual x-ray
absorptiometry (DEXA) scan revealed osteopenia with bone mineral density with
a T-score of —1.4 at the lumbar spine and —1.3 at the femoral neck.

The main differential diagnosis at this point was familial primary hyperpara-
thyroidism (PHPT), with familial isolated PHPT being most likely given the ab-
sence of extra parathyroid manifestations in both the patient and his family, or
more likely familial hypocalciuric hypercalcaemia in view of the low 24-hour uri-
nary calcium.

The patient was initially treated with a 60 mg dose of pamidronate disodium;
however, his corrected calcium level remained elevated at 3.14 mmol/L. Normocal-
caemia was subsequently achieved with 30 mg of cinacalcet administered twice
daily.

A 24-hour urine collection for calcium and creatinine was performed. The re-
sults showed a low urine calcium level of 1.42 mmol/L/24 hours (reference range:
2.5 - 8 mmol/24 hours), a low random urine calcium of 0.39 mmol/L (reference
range: 1.7 - 5.3 mmol/L), and a urine creatinine of 1.86 mmol/L (reference range:
3.45 - 22.9 mmol/L). The calculated urine calcium-to-creatinine clearance ratio
(CCCR) was 0.0163.

The patient was referred to the genetics clinic for counseling and genetic testing
for FHH. The genetic panel included analysis of the CaSR, AP2S1, and GNA11
genes. The testing identified a heterozygous mutation in the AP2S1 gene, specifi-
cally an Argl5Leu substitution, consistent with FHH type 3.

The patient has now been followed up for seven years. During this period, we
observed that the corrected calcium and PTH levels remained within the normal
range on cinacalcet 30 mg, which was eventually increased to thrice daily. A repeat
DEXA scan five years after starting treatment has revealed improvement of the
osteopenia at the femoral neck; from a T-score of —1.3 to —0.6. However, the T-
score at the lumbar spine remained the same at —1.4. His epilepsy remained under
control, and he had no further admissions with seizures.

Regarding his depression, he had remained stable over the past six years, with
no further admissions for suicidal ideation, and had regular follow-up appoint-
ments with his psychiatrist. His renal function remains normal with an estimated

glomerular filtration rate of 88 mls/min/1, 73 m? with no detectable albuminuria.

3. Discussion

We report the case of a gentleman in his early thirties with a history of hypercal-
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caemia and depression, a positive family history of hypercalcaemia, and a germline
Argl5Leu substitution mutation in the AP2S1 gene.

FHH is a benign disorder that is not associated with end-organ damage and,
consequently, does not necessitate therapeutic intervention [6]. Patients with
FHH type 3 were noted to have higher levels of serum calcium concentrations and
lower levels of urinary calcium excretion than those with FHH type 1 [3].

In our case, the patient had a history of depression and suicidal ideations. Hy-
percalcaemia is known to cause neuropsychiatric dysfunction. Patients with hy-
percalcaemia may present with depression, anxiety, and cognitive changes. In
more severe cases, patients may experience psychosis, confusion, altered mental
status, lethargy, and coma [7]. In a report by Hendy et al, three patients were
identified with AP2S1 gene mutations. Among them, one individual carrying the
Argl5Leu mutation, exhibited cerebral palsy along with global developmental de-
lay. The other two cases with Argl5Leu and Argl5Cys mutations were diagnosed
with major depressive disorder and an unspecified psychiatric condition, respec-
tively [8].

Significant incidence of cognitive and behavioural disorders was reported in
patients with FHH 3 [9] [10]. Six children, 0.1 to 8 years of age with FHH 3 were
reported to have neurodevelopmental problems ranging from global developmen-
tal delay (n = 4), learning difficulty at school (n = 3), dyslexia (n = 1) and isolated
mild motor delay (n = 1). Moreover, three children were diagnosed with autism
spectrum disorder (ASD) and one with attention deficit hyperactivity disorder
(ADHD). Relatives which were affected with FHH 3 were also noted to have mild
to moderate learning difficulties, hyperactivity, and dyslexia [9].

Differentiating PHPT from familial hypocalciuric hypercalcaemia (FHH) can
be challenging but is essential, as PHPT is potentially curable through parathy-
roidectomy, whereas FHH does not respond to surgical treatment [11]. Both
PHPT and FHH can present with mild hypercalcaemia and elevated PTH. Other
conditions that can present with hypercalcemia and elevated PTH, and should be
considered in the differential diagnosis, include the use of thiazide diuretics, lith-
ium therapy, and rare cases of ectopic PTH secretion [12].

A urinary calcium-to-creatinine clearance ratio (CCCR) less than 0.01 suggests
familial hypocalciuric hypercalcaemia (FHH), whereas a ratio greater than 0.02 is
more consistent with primary hyperparathyroidism (PHPT) [11]. Unfortunately,
in our case, the calcium-to-creatinine clearance ratio (CCCR) was not calculated
prior to starting treatment with cinacalcet, however, he had a very low 24-hour
urinary calcium excretion in the presence of normal 25-hydroxyvitamin D levels.
Approximately 20% of patients with FHH have a CCCR greater than 0.01, making
urinary calcium levels unreliable for diagnosing FHH. The most accurate method
to confirm FHH is through genetic testing for mutations in the CaSR, AP2S1, and
GNA11 genes [1] [13] [14].

Cinacalcet is a calcimimetic agent that targets the CaSR, leading to a reduction

in PTH secretion and serum calcium levels. Approximately 75% of patients with
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FHH can achieve normalization of serum calcium concentrations with cinacalcet
treatment [15]. Cinacalcet has been reported to lower serum calcium levels by ap-
proximately 10% in a patient with FHH type 3 [16]. In our case, treatment with
cinacalcet resulted in about a 15% reduction in calcium levels, leading to a normal
serum calcium. Therefore, cinacalcet may represent a potential therapeutic option
for FHH, particularly in cases like FHH3 where serum calcium remains persis-

tently elevated.

4. Conclusion

This case highlights the diagnostic challenges in distinguishing FHH from PHPT,
particularly in patients with a positive family history and overlapping biochemical
features. The presence of hypercalcemia with inappropriately normal or elevated
PTH and low urinary calcium excretion should prompt consideration of FHH. In
this patient, genetic testing confirmed FHH type 3 due to an AP2S1 Argl5Leu
mutation. This diagnosis prevented unnecessary surgical intervention and guided
appropriate medical management with cinacalcet, which effectively normalized
serum calcium levels. Furthermore, the patient’s psychiatric symptoms raise the
possibility of neuropsychiatric involvement in FHH3, as previously described in
the literature. This case underscores the importance of genetic evaluation in cases
of familial hypercalcemia and supports the role of cinacalcet as a therapeutic op-

tion in symptomatic patients with FHH3.

5. Learning Points

® Parathyroidectomy is not curative in FHH and treatment with cinacalcet is in-
dicated if there is end-organ damage or symptoms, which can be ameliorated.

® It is important to calculate the calcium creatinine clearance ratio (CCCR) by
collecting and measuring 24-hour urinary samples for calcium and creatinine
excretion simultaneously with serum calcium and creatinine to help assess
FHH, though it is limited by reduced diagnostic sensitivity and specificity. Ge-
netic diagnosis is mandatory for confirmatory testing.
24-hour urinary calcium excretion is reduced in the presence of Vitamin D in-

sufficiency/deficiency, renal impairment and thiazide diuretics, while it is in-

creased in pregnancy. Hence, CCCR cannot be calculated in such instances.
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