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Genetics

Rare disease

Loss-of-function mutations of the CYP24A1 gene cause a deficiency of the CYP24A1 enzyme, which is involved
in the catabolism of 1,25-dihydroxyvitamin D3. Patients who are CYP24A1 enzyme deficient are at increased
risk of developing hypercalcemia during pregnancy and should avoid additional vitamin D supplementation.
This case report provides additional information for managing and diagnosing patients with a CYP24A1 gene
mutation.

A primipara woman with a twin pregnancy was admitted to our hospital for frequent hypertensive crises. She
had no history of hypercalcemia-associated signs and symptoms except nephrocalcinosis, and reported no oth-
er abnormalities or discomfort at presentation. Laboratory tests revealed that the parathyroid hormone level
was suppressed and the serum calcium level was markedly increased. The 25-hydroxyvitamin D level was at
the upper limit of the reference range while the 1,25-dihydroxyvitamin D3 level was elevated, suggesting a vi-
tamin D catabolism disorder. A genetic test was performed and a homozygous likely pathogenic variant (based
on the American College of Medical Genetics and Genomics guidelines) c.964G>A (p.Glu322Lys) was detected
in the CYP24A1 gene (NM_000782.5).

A cesarean section delivery was performed due to a single intrauterine demise at 33 weeks of gestation. The
preterm newborn was diagnosed with transitional hypercalcemia and hyperphosphatemia; however, he was
not treated, as he was asymptomatic.

Patients with a CYP24A1 gene mutation are at increased risk of hypercalcemia and fetal demise; therefore, 25-hy-
droxyvitamin D and calcium levels should be monitored in routine blood tests during pregnancy. Hypercalcemia
in a newborn should be carefully evaluated and treated, as hypercalciuria can lead to nephrocalcinosis.

CYP24A1 Protein, Human ¢ Hypercalcemia, Idiopathic, of Infancy ¢ Vitamin D3 24-Hydroxylase
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Background

Hypercalcemia is a rare disorder during pregnancy and its ear-
ly detection is crucial for lowering maternal and fetal morbid-
ity and mortality rates [1]. The symptoms of hypercalcemia
overlap with common discomforts during pregnancy, including
nausea, constipation, anxiety, hypertension, and preeclamp-
sia, presenting a serious challenge to the clinician and often
resulting in a delayed diagnosis. This clinical case gives addi-
tional information for clinicians managing and diagnosing pa-
tients with a CYP24A1 gene mutation.

In the 1950s, relatively high doses of vitamin D supplementa-
tion (up to 4000 IU/day) were prescribed for infants. Within
2 years of receiving infant formula and fortified milk supple-
mented with vitamin D, nearly 200 infants in the UK had se-
vere hypercalcemia and related symptoms (including anorex-
ia, polyuria, dehydration, constipation, abdominal pain, and
lethargy) [2,3]. Their blood test results showed suppressed
parathyroid hormone (PTH) levels and hypercalcemia. At that
time, it was mainly attributed to vitamin D supplementation
and defined as idiopathic infantile hypercalcemia (IIH). In 2011,
Schlingmann et al identified a mutation of the CYP24A1 gene
that is inherited in an autosomal recessive pattern and causes
hypercalcemia in patients with IIH [4]. Since 2011, 20 differ-
ent mutations in the CYP24A1 gene have been identified [5].
Hypercalcemia due to the CYP24A1 gene mutation not only af-
fects infants and children but can also be asymptomatic and
manifest during pregnancy and late adulthood.

We believe IIH is an obsolete term and genetic testing should
be used to determine the cause of hypercalcemia. We pres-
ent a case of gestational hypercalcemia caused by mutation
of the CYP24A1 gene.

Case Report

A 33-year-old primipara woman in the 2" trimester of a
twin pregnancy presented at our hospital’s Department of
Gynecology and Obstetrics due to frequent urgent hyperten-
sive crises. She had not responded well to antihypertensive
therapy in outpatient settings and additional investigations
were needed. She reported frequent headaches, nausea, and
weakness during the pregnancy. She had taken multivitamin
supplements containing 1000 IU of cholecalciferol, fish oil cap-
sules, and intravenous iron for anemia during the first trimes-
ter of her pregnancy. She denied having any signs of chronic
hypercalcemia, including those for kidney stone disease. There
was no family history of hypercalcemia, endocrine tumors, re-
nal calculi, or any other pathology.
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From the age of 15 years, she had experienced monthly (or less
frequent) headaches. Doppler ultrasonography (in an outpa-
tient setting) performed for brachiocephalic arteries revealed
a slightly calcified left common carotid artery with no stenosis.
No further examinations were performed, as the headaches
went away. She also recalled an admission to the Emergency
Department for stomach pain 5 years ago. During the physi-
cal examination, she was notified about hypertension and the
need for a detailed investigation to exclude secondary causes.
An abdominal computed tomography (CT) had been performed
at that time and revealed nephrocalcinosis; however, no oth-
er abnormal pathology was revealed. Her blood calcium level
was never tested during regular checkups and blood pressure
was not measured in the outpatient settings.

After hospital admission to the Department of Gynecology and
Obstetrics during the 2™ trimester due to frequent hyperten-
sive crises, an endocrinologist was consulted for further in-
vestigations. Blood tests revealed severe hypercalcemia, sup-
pressed PTH levels, 25-hydroxyvitamin D levels within the
reference range, mild hypoproteinemia, and anemia (Table 1).

Investigations

We obtained measurements of blood gases and determined
the calcium-ion levels in a 24-h urine sample. Calcifediol was
at the upper end of the reference range, which raised suspi-
cion of hypercalcemia caused by vitamin D, as vitamin D hypo-
vitaminosis is observed at our geographical latitude in Eastern
Europe [6]. The calcium-ion level was above the reference range
and the 24-h urine sample revealed no increase in calcium se-
cretion through the kidneys. At this point, it was obvious that
this case of hypercalcemia was PTH-independent and it was
important to exclude humoral hypercalcemia of malignancy and
possible parathyroid hormone-related protein (PTHrP) overpro-
duction by the placenta or breast tissue. We performed mag-
netic resonance imaging of the thorax, and ultrasonography
of the thyroid and parathyroid glands, breasts, and abdomen.
None of these radiological examinations revealed any patholo-
gy. She remained under close observation by the Gynecologist
and Obstetrics Specialist and the ultrasonography was repeat-
ed every 2 weeks to 3 weeks due to the twin-growth discor-
dance. The levels of 1,25-dihydroxyvitamin D3 (calcitriol) and
PTHrP were measured. PTHrP was within the normal range,
while calcitriol was significantly elevated. The CYP24A1 single-
gene test was performed and a homozygous, likely pathogen-
ic variant (based on the American College of Medical Genetics
and Genomics guidelines) c.964G>A (p.Glu322Lys) was detect-
ed in the CYP24A1 gene (NM_000782.5) [7]. Due to the num-
ber of homozygous benign variants detected in the coding and
noncoding parts of the gene, the possibility of partial or whole
gene deletion in 1 allele was proposed; however, no further
investigations have been performed to date.
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Table 1. Laboratory results at the first hospital admission (16 weeks+5 days of gestation) and the follow-up visit during pregnancy.

Admission date Day 30 DEVA Reference range
Complete blood count
CweC 10°) 06 93 8 a0
CRBC(<10%0) 35 0 28 4254
Wby 03 o5 & 120160
s o1 82 359 3747
CPtioy 55 64 07 150400
Moy o s1a 938 922 80-100
McHG®) c I 38 308 2733
My 3 390 3¢ 320360
Blood chemistry and serum
O 6 1049
CasTOn 20 o33
CGlucose (mmol/) 37 4159
Totalprotein g) & 648
Abumin@y) 8 3550
CUrea (mmo) a1 s9 77 3282
Creatinine wmol) & o4 8 4990
Sodium (mmot) 137 1w 139 136-145
Potassium (mmol) 41 39 44 3551
Ccaldium (mmolt) 34 29 29 208265
Phosphorus (mmoll) w0 o0 T 078165
 Magnesium (mmoll) o6 o5 06 066-1.07
Con @mo) 87 9304
e @« s
CPTH(g/Mm) 21 a7 15683
CTSH@UmM) 29 055478
CPTH® (g/m) @ @
25.0HVitaminD 4645 5358 30100
125-OHvitaminD (pg/m) 481 196543
Atterialblood gases
PH 757 735
Sedium Be 136-145
CPotassum 38 3445
lonised calcium L7s 115127
Curinalysis
 Urine volume (L/24h) o
Caldum (mmol/24k) s6

ALT — alanine aminotransferase; AST — aspartate transaminase; CRP — C-reactive protein; GFR — glomerular filtration rate;
PTH — parathyroid hormone; PTHrP — parathyroid hormone-related protein; 25-OH vitamin D — 25-hydroxy vitamin D; 1.25-OH vitamin
D - 1,25-dihydroxyvitamin D.
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Figure 1. Laboratory approach to the diagnosis of hypercalcemia in pregnancy. BMD — bone mineral density; eGFR — estimated
glomerular filtration rate; Li — lithium therapy; MAH — malignancy-associated hypercalcemia; PHPT — primary
hyperparathyroidism; SPEP — serum protein electrophoresis; UPEP — urine protein electrophoresis.

Used with permission from “Approach to Hypercalcemia,” by Goltzman D, Feingold KR, Anawalt B, et al. Endotext. 2019.
Copyright by South Dartmouth [MA]: MDText.com, Inc. https://www.ncbi.nlm.nih.gov/books/NBK279129/) [8].

Differential Diagnosis

In the modern world, excessive consumption of over-the-
counter food supplements and vitamin D poses a risk of hy-
pervitaminosis D, which should be a diagnosis of exclusion in
patients with hypercalcemia. Although rarely observed, hyper-
vitaminosis A can also cause hypercalcemia. During the labo-
ratory work-up for hypercalcemia, we used the clinical path-
way proposed by Goltzman (Figure 1) and found it to be very
useful, as it provided a logical sequence for the follow-up and
summarized all the information provided in a journal article
by the same author [8]. By performing radiological examina-
tions, we excluded tuberculosis, granulomatous diseases, and
malignancies. During the pregnancy, she had anemia and by
performing serum protein electrophoresis, we excluded multi-
ple myeloma from the differential diagnosis. After these tests,
genetic pathologies (including familial hypocalciuria, hypercal-
cemia, and CYP24A1 gene mutation) were considered to be
the most probable causes of the hypercalcemia.

Treatment

Antihypertensive therapy with 250 mg methyldopa 3 times dai-
ly was initiated and it brought her blood pressure to within the
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normal range. Hypercalcemia was partly managed using furo-
semide (10 mg twice daily) to control diuresis and hydration.
In alternate weeks, blood was analyzed to determine her elec-
trolyte levels. There was a significant decrease in the calcium
levels; however, they were never within the reference range.
Throughout the observation period (3™ trimester), hypomag-
nesemia was recorded, and supplementation with magnesium
was ineffective. She refused treatment with glucocorticoids.

Outcome

During a regular prenatal visit, an ultrasound investigation
revealed no heartbeat in 1 of the 2 fetuses and she was ad-
mitted to the Emergency Department. A cesarean section was
performed due to a single intrauterine demise at 33 weeks of
gestation. The second fetus (male) was delivered with an Apgar
score of 3/5/6 and admitted for further care to the Children’s
Clinical University Hospital. He had significant developmental
disorders, including anorectal malformation. He was hyper-
calcemic and diagnosed with transitional hypercalcemia and
hyperphosphatemia. At 8 months, he remained hypercalce-
mic; however, he was not treated, as he was asymptomatic.
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After giving birth, the mother refused to be treated for hy-
percalcemia and was followed up by the family physician.
Nevertheless, we maintained contact with the patient to pro-
vide medical care and treatment for hypercalcemia in case
she decided to accept treatment. We are aware that she is
still mildly hypercalcemic, and 3 months after the delivery,
she was diagnosed (by ultrasonography) with sand-like par-
ticles in both kidneys.

This clinical case report was conducted in accordance with
the Declaration of Helsinki, and its protocol was approved
by the Ethics Committee of Pauls Stradins Clinical University
Hospital. The patient gave informed consent for the publica-
tion of this case report.

Discussion

Hypercalcemia during pregnancy, due to the loss-of-function
mutation of the CYP24A1 gene, is rarely described in the lit-
erature. In our patient, hypercalcemia and hypervitaminosis
D was due to the biallelic, autosomal recessive gene mutation
of CYP24A1 [4]. The CYP24A1 gene encodes vitamin D 24-hy-
droxylase, a mitochondrial enzyme that breaks down calcitri-
ol and calcifediol via the C24- and C23-oxidation pathways,
thus controlling the availability of active vitamin D in the body.
The loss-of-function variants of this gene lead to the overpro-
duction of 1,25-dihydroxyvitamin D3 (calcitriol), which results
in hypercalcemia, hypercalciuria, hypertension, anxiety, head-
ache, and nephrosclerosis [9].

Griffin et al reported that CYP24A1 gene mutations are in-
herited and can be benign or likely benign [10]. The CYP24A1
gene mutation is inherited in an autosomal recessive pattern,
as reported by Schlingmann et al [4]. The proband in the case
report by Griffin et al developed hypercalcemia during the 2
trimester of her pregnancy and was treated by administration
of intravenous fluids and glucocorticoids to maintain normo-
calcemia. Similar to our case, their patient developed hyper-
tension with subsequent preeclampsia and the pregnancy
was resolved by an emergency cesarean section. Previously,
the proband had been asymptomatic and normotensive. The
proband’s family members were also asymptomatic and only
1 member reported nephrolithiasis.

The placenta controls the transfer of minerals between the
mother and the fetus. Receptors for calcium transportation
through the placenta are expressed on the trophoblast surface
and provide transportation of calcium against the concentra-
tion gradient. Fetal calcium concentration is significantly high-
er compared to the maternal calcium levels. During significant
maternal hypovitaminosis D, normocalcemia is maintained for
the fetus [11]. High concentrations of PTHrP, calcitonin, and
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PTH are found in developing fetuses. For example, the PTHrP
concentration in cord blood is 15 times to 20 times higher than
the maternal PTH levels. The concentration of calcium rises as
early as 15 weeks’ gestation to 20 weeks’ gestation. This rise
in the calcium level is explained by the calcification of skele-
tal structures [12,13].

Although calcitonin does not play a role in calcium transpor-
tation, the deactivation of calcitonin receptors was found to
cause fetal death [12]. Many fetal tissues were identified as
producers of PTHrP; however, the placenta and the fetal para-
thyroid glands are thought to play a major role in the syn-
thesis of PTHrP. There are few studies that describe a PTHrP-
dependent hypercalcemic crisis during pregnancy, which can
be due to the physiological overproduction of PTHrP by the
placenta, breast tissues, or malignant cells [11,14,15]. In an-
imal studies, a parathyroidectomy and low levels of PTH and
PTHrP caused hypocalcemia in the fetus, consequently lead-
ing to a wide range of complications, including neonatal tet-
any, stillbirth, and skeletal disorders [12,15].

Our knowledge about the treatment, clinical presentation, and
diagnostics of hypercalcemia caused by the CYP24A1 gene mu-
tation is mainly based on case reports. Clinical presentations
can vary; for example, Woods et al reported a case of gesta-
tional hypercalcemia, which presented with acute pancreati-
tis and hypertension [16]. Acute pancreatitis can occur due to
hypercalcemia and not directly due to the CYP24A1 gene mu-
tation. Although hypercalcemia is a rare cause of acute pan-
creatitis, clinicians should always take steps to rule it out from
the differential diagnosis [17].

In our opinion, nonpharmacological and pharmacological
treatment of hypercalcemia should be initiated simultane-
ously. Nonpharmacological treatment should be initiated by
the cessation of over-the-counter food supplements, includ-
ing vitamin D and multivitamins, and lowering the intake of
calcium-rich foods. There are restrictions in the pharmacolog-
ical treatment options for hypercalcemia during pregnancy, as
many treatment options pose risks to the fetus and mother.
Biphosphonate use during pregnancy poses a risk of fetal hy-
pocalcemia. For nonpregnant individuals, treatment options in-
clude bisphosphonates, calcitonin, loop diuretics, and glucocor-
ticoids. Only some of these treatment options are safe during
pregnancy. Treatment with bisphosphonates is not advised dur-
ing pregnancy, as there are uncertainties about the possibility
of teratogenic effects, since some studies have demonstrat-
ed that congenital malformations can occur. Bisphosphonates
are small molecules that cross the placenta and can cause fe-
tal hypocalcemia and related complications [14,18,19]. In our
experience, treatment with loop diuretics should be initiated
as soon as possible. As torasemide is potassium- and calcium-
sparing, it is less effective than furosemide in the treatment
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of hypercalcemia [20]. Glucocorticoids are an option for the
treatment of hypercalcemia, as they directly act on the osteo-
cytes and osteoblasts, promote apoptosis [21], reduce osteo-
blast proliferation, inhibit the production of cytokines, and
reduce the activity of cytokines in osteoblasts [22,23]. A few
studies have investigated the action of corticosteroids on the
CYP24A1 gene and the expression of vitamin D 24-hydroxylase.
They report that glucocorticoids suppress the degradation of
calcitriol by 24-hydroxylase in the bone cells, which could in-
crease the concentration of active vitamin D. This in turn sup-
presses the action of the corticosteroids [23].

In patients with therapy-resistant hypercalcemia, concomitant
hyperparathyroidism should be ruled out by obtaining serum
PTH levels. Due to hypercalcemia, nephrosclerosis and chronic
kidney disease can develop and cause secondary hyperparathy-
roidism and further increase calcium levels. Before performing
any surgical interventions, additional laboratory investigations
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are needed, including the determination of phosphate and
1,25-dihydroxy vitamin D levels [24].

Conclusions

Patients with CYP24A1 gene mutation can be oligosymptom-
atic, although they are at an increased risk of hypercalcemia
and fetal demise during pregnancy. Our patient only reported
frequent headaches, nausea, and weakness during the preg-
nancy. To avoid fetal demise as seen in the present case (1 fe-
tal demise in the twin pregnancy), the measurement of Ca?
and vitamin D metabolites should be included in routine blood
tests early in the gestational period.
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