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SUMMARY

Introduction Recently, inactivation mutations of CYP24A1, the gene encoding vitamin D 24-hydroxylase,
were identified in hypercalciuric nephrolithiasis and nephrocalcinosis. Here, we describe a long-term
follow-up of a patient with hypercalciuric nephrolithiasis caused by CYP24A1 mutations.

Case outline A male Montenegro patient first presented with microhematuria at the age of five years.
Hypercalciuria had been documented and for some time he had been treated by hydrochlorothiazide.
After 12 years, the patient presented with macrohematuria and left-sided nephrolithiasis. He was found
to have intermittent borderline hypercalcemia, suppressed parathyroid hormone, hypercalciuria, and
increased plasma 25-hydroxy vitamin D [25(OH)D_]. The patient denied any vitamin D supplementation
and all other causes of hypercalcemia were ruled out. Positive family history for nephrolithiasis (both
parents and grandmother) and similar biochemical abnormalities detected in father and son pointed
to an inherited disorder. A homozygous mutation in CYP24A1 (E143del) was found in the patient and
his father, while mother is heterozygous. During the follow-up of two years, the patient underwent four
extracorporeal shockwave lithotripsies, he was advised to increase water intake, and to avoid sunlight
exposure. At the end of follow-up he was asymptomatic, and his renal ultrasound was normal, as well as
his renal function, but hypercalciuria and low parathyroid hormone levels persisted.

Conclusion Hypervitaminosis D should be considered in children with idiopathic hypercalciuria, nephro-
lithiasis and nephrocalcinosis of unknown etiology. Recognition of CYP24A1 mutations in these patients
may help to decrease the serious consequences by avoiding vitamin D supplements and excessive sun
exposure.
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INTRODUCTION

Metabolic disorders are a common cause of
nephrolithiasis in childhood [1]. Of these,
the most common is hypercalciuria, which is
found in 30-50% of children with stones in the
urinary system [2]. Hypercalciuria may be as-
sociated with normal, increased, or decreased
calcium in the blood (Table 1). Hypercalcemic
hypercalciuria may be found in hyperparathy-
roidism, but also in long-lasting immobiliza-
tion, sarcoidosis, malignancy, juvenile idio-
pathic arthritis, corticosteroid excess, adrenal
failure, William’s syndrome, and vitamin D
hypervitaminosis.

Historically, vitamin D hypervitaminosis has
been mainly attributed to vitamin D intoxica-
tion and/or to an intrinsic hypersensitivity to
vitamin D [3, 4, 5]. However, with advances
in the molecular examination of vitamin D
metabolism, our understanding of vitamin D
hypervitaminosis significantly improved [6, 7].
Hypersensitivity to vitamin D, which has been
observed in earlier studies [4, 5], now may be
explained by a gene mutation leading to de-
fective metabolization of active vitamin D [6].
Indeed, mutations of vitamin D 24-hydroxylase
(CYP24A1), which normally breaks down both

1,25(0OH),D, and 25(0OH)D,, result in exces-
sive formation of 1,25(0OH),D, [7]. Increased
1,25(OH),D, levels cause hypercalcemia due
to enhanced intestinal calcium absorption and
hypercalciuria, because of reduced parathyroid
hormone- (PTH) dependent calcium reabsorp-
tion in the distal renal tubule [7]. Affected indi-
viduals have hypercalcemia and hypercalciuria
due to which they are prone to nephrolithia-
sis/nephrocalcinosis, and consequently renal
failure may occur. Being autosomal recessive
inherited, this genetic disorder often shows
familial occurrence with an increased risk in
siblings, who may experience the first clinical
signs and diagnosis only in adulthood [8].

It is not rare that nephrolithiasis and neph-
rocalcinosis caused by CYP24A1 mutations
remain unrecognized despite extensive classi-
cal evaluation. The aim of our work is to draw
attention to hypercalciuria and nephrolithiasis
caused by the CYP24A1 gene defects.

CASE REPORT

We report a male Montenegro patient who had
primarily presented with microhematuria due
to idiopathic hypercalciuria at five years of age.
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Table 1. The causes of hypercalciuria

HEREDITARY HYPERCALCIURIA

ACQUIRED HYPERCALCIURIA

Normocalcemic hypercalciuria

Idiopathic

Prematurity

Dent’s disease

Drugs: diuretics (furosemide,
and acetazolamide),
anticonvulsant use (topiramate,
zonisamide), ketogenic diet

Antenatal Bartter syndrome

Familial hypomagnesemia
and nephrocalcinosis with
hypercalciuria

Distal renal tubular acidosis

Hereditary hypophosphatemic
rickets with hypercalciuria

Hypocalcemic hypercalciuria

Hypoparathyroidism

Autosomal dominant
hypocalcemic hypercalciuria

Hypercalcemic hypercalciuria

Primary hyperparathyroidism
(PHPT)

PHPT sporadic: single
parathyroid adenoma, not
inherited

MEN1 syndrome-associated
PHPT

Long-lasting immobilization

Familial isolated PHPT

Sarcoidosis

Hyperparathyroidism 2

Malignancies

Metaphyseal chondrodysplasia
Jansen type

Juvenile idiopathic arthritis

Inherited hypophosphatasia

Corticosteroid excess

Adrenal failure

Vitamin D / vitamin A
intoxication

Williams Beuren syndrome Chronic kidney disease

Vitamin D induced infantile
hypercalcemia-CYP24A1 gene
mutation

Drugs: calcium carbonate,
lithium

Renal ultrasound was normal, and he was treated by hydro-
chlorothiazide. After 12 years, the patient presented with
macrohematuria and left-sided renal colic due to neph-
rolithiasis (Figure 1). He was found to have intermittent
borderline hypercalcemia (serum Ca 2.46-2.66 mmol/l),
low level of intact PTH (< 0.26 pmol/l), hypercalciuria
(11.6 mmol / 24 hours), and increased plasma 25-hydroxy
vitamin D [25(OH)D,] (137.3 nmol/l). Serum 1,25(0OH),D,
was not measured. The patient denied using vitamin D
supplementation, but certainly had a great deal of seasonal
sunlight exposure due to Mediterranean climate. Serum
electrolytes including magnesium and phosphorus were
normal, as well as serum bicarbonate, urea, and creatinine.
Twenty-four-hour urine evaluations excluded hyperuricos-
uria and oxaluria. Also, other causes of hypercalcemia were
ruled out. Chemical analysis of stone found calcium oxalate.

During further follow-up of two years the patient was
treated with four courses of extracorporeal shockwave
lithotripsy, increased water intake, and he was advised to
avoid sunlight exposure. At the end of the follow-up he was
asymptomatic, and his renal ultrasound was normal, as
well as his renal function. The latest biochemical findings
were as follows: serum calcium normal (2.34 mmol/l; Ca**
1.12 mmol/l), intact PTH low (1.37 pmol/l), 25(OH)D,

Peco-Anti¢ A. et al.

Figure 1. Renal ultrasound displaying the patient’s left kidney — hy-
dronephrosis due to a stone in the proximal part of the left ureter
(arrowed)

in the upper normal range (123.5 nmol/l) and increased
24-hour calciuria (8.88 mmol / 24 hours).

The patient’s family history was positive for kidney
stones: in the father (at the age of 17 years), the mother
(at the age of 35 years) and the paternal grandmother. At
the time of this study, renal ultrasound was normal in the
parents, but hypercalcemia (2.62 mmol/l), hypercalciuria
(12.41 mmol / 24 hours), depressed PTH (1.07 pmol/l)
and increased 25(OH)D, (94.3 nmol/l) were found in the
father as well as in our patient. Familial occurrence of
nephrolithiasis pointed out its inherited occurrence. Us-
ing polymerase chain reaction and Sanger sequencing, a
homozygous mutation in CYP24A1 (E143del) was found
in the patient and his father, while the mother is hetero-
zygous. The parents declared not to be consanguineous.

DISCUSSION

Our patient as well as his father have an E143del homo-
zygous mutation in CYP24A1. This mutation, previously
described by Schlingmann et al. [9], leads to a complete
loss of 25-OH-D3-24-hydroxylase activity that results in
persistently increased levels of both 1,25(OH),D, and 25
(OH)D, and the absence of any measurable inactive me-
tabolite. Basal renal and extrarenal CYP24A1 is usually
low but is highly induced by its substrate 1,25(0OH),D.,.
In regulating the level of vitamin D,, CYP24A1 plays a
role in calcium homeostasis and the vitamin D endocrine
system. Its highest expression is in the intestine, the kid-
neys, and the skin, where this enzyme acts to remove me-
tabolites of vitamin D [10]. It has been demonstrated that
CYP24A1 knockout (-/-) mice suffer from increased sen-
sitivity to exogenous vitamin D intake and approximately
half of them die due to severe hypercalcemia [11]. In hu-
mans, CYP24A 1 mutations can cause idiopathic infantile
hypercalcemia (ITH) [12-19], idiopathic hypercalciuria
[9], nephrocalcinosis, and possibly reduced bone density
[20]. In patients with THH due to CYP24A 1 mutations,
even small doses of vitamin D, as prescribed for vitamin
D prophylaxis, may provoke symptomatic hypercalcemic
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has the identical CYP24A I mutation and almost identical

crisis which need treatment by acute hemodiafiltration
[16]. Increased sensitivity to vitamin D in patients with
CYP24A1 mutations has been also documented by sea-
sonal variations of vitamin D and calcium parameters
due to sunlight exposure [17, 18]. Calcemia may also be
influenced by alimentary factors. Those may explain the
intermittent character of hypercalcemia in our patient as
well, as he did not receive any vitamin D supplementation.
During his first clinical examination at five years of age, it
was winter time and investigation did not reveal hypercal-
cemia, but only hypercalciuria. Therefore, in patients with
idiopathic hypercalciuria, serum calcium level should be
monitor carefully throughout life.

Kidney damage may occur in patients with CYP24A1
mutations, because of nephrolithiasis and/or nephrocal-
cinosis. It has been estimated that the overall frequency of
kidney stones due to CYP24A1 deficiency is 4-20% [20,
21]. However, it probably may be even higher in children as
the majority of children with nephrolithiasis have a meta-
bolic background and familial occurrence [1]. Our patient
had familial history of nephrolithiasis. His father, who

biochemical alterations, had a kidney stone at adolescent
age, but with milder clinical course. It is only uncertain if
transient nephrolithiasis in the patient’s mother was the
consequence of the heterozygous CYP24A 1 mutation. Data
from literature suggest that most heterozygous CYP24A1
mutation carriers have a normal vitamin D level, usually
are asymptomatic, but may possibly be at an increased risk
of nephrolithiasis [22].

Treatment options for CYP24A1 mutation disorders

include avoidance of vitamin D supplementation, sunlight
exposure and tanning beds, and high water intake, while
in severely affected patients, treatment with cytochrome
ketoconazole inhibitor may be beneficial [23].
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Xunepkanuuypuja usassaHa mytauymjom CYP24A1 — yetpHaect roguHa npahema

Amupa Meuo-AnTuh', BurbaHa Wsera?, lopaaHa Munowescku-llomuh’, Qywat Mapunosuh', MaptuH KoHpag?

'YHuBep3uTeTCKa fevja KnnHuka, beorpag, Cpbuja;
“MegmumHckm ueHTap, Lieturbe, LipHa lopa;

3YHuBep3uTeTCKa Aevja KnnHuka y MuHctepy, Ogerberbe onwte negujatpuje, MuHctep, Hemauka

CAMETAK

YBop HepaBHo je Kao y3poK xunepKanuuypuuHe Hepponutuja-
3e 1 HeppoKanLUMHO3e OTKPVBEHA MHAKTMBALIMOHA MyTaLuja
CYP24A1, reHa Koju Kogupa BUTamuH [] 24-xuppokcmnasy.
Linm oBor paga je onuiwemo ayrotpajHo npahere 6onecHKa
ca xunepKanuuypuyHom HedponuTijasom nsassaHom CYP24AT1
MyTaL1joM.

Mpuka3s 6onecHuka [leuak u3 LipHe lope npBum nyT je ncnu-
TaH 360r MUKpOXemaTypuje y NeToj roAnHu XnBoTa. [loka-
3aHa je xunepkanuuypuja, 36or Koje je jegHo Bpeme neyeH
xugpoxnoptrasugom. Mocne 12 rogrnHa NOHOBO Ce jaBuro 360r
MaKpoxemaTtypuje 1 neBocTpaHe HedponuTyjase. [lokasaHu cy
VNHTEPMUTEHTHA XvNepKanuemmja, HU3aK HUBO NapaTXOPMOHa,
XunepkKanumypuja n nosehaH HUBO 25-xmapoKcK BUTaMUHA
[ [25(0H),D.] y nnasmu. bonecHuk Huje y3umao cyniemeHTe
ca BUTaMMHOM [] 1 CBM MNO3HaTM y3poLm Xunepkanuemuje cy
ncKbyyeHn. DammnujapHa nctopuja je No3nNTUBHa 3a Heppo-
nuTmnjasy (oba poamTterba 1 6aba no ouy), a CMYHe GUoXemMuj-

CKe aBHOPMaNHOCTM KO OLa 1 CMHa Cy YKa3alne Ha HacnefHu
nopemehaj. OTKpMBeHa je xomo3urotHa myTauuja CYP24A1
(E143del) kop 6onecHuKa 1 HEroBOr oLa, AOK je Majka buna
XeTepo3uroT. Y Toky Aasber npaherba of fiBe roguHe 60onecHmK
je neyeH ekcTpakopropanHOM IMTOTPUNCUJOM Y YETUPY HaBPa-
Ta, NoBehaHMM YHOCOM TEYHOCTM 1 13beraBarbem CyHuama. Ha
Kpajy npaheta oH je 6o 6e3 cumnTomMa, HopmanHe rnobanHe
ObyHKUMje 6ybpera, HopManHor ynTpacoHorpadbckor Hanasa
YPVIHApHOT TpaKTa, a/in ca XUnepKanumypujoM N HUCKAM HU-
BOOM NapaTXOpPMOHa Yy niasmu.

3akmyuak Kop 6onecHuKa Koju umajy nguonatcky xunep-
Kanuuypujy, Hebponutujasy u HedppoKanLHO3y Heno3HaTor
y3poKa, Tpeba ncnutatn ButamuH . Kog mytauuje CYP24A1
036W/bHe KoMMIMKaLuje mory ce n3behm jegHocTaBHUM Me-
pama: nsberaBatbe CyHYara U BUTaMMHa [] y BUTaMUHCKAM
CYMIEMEHTVIMA W XPaHW.

KmbyuHe peun: xepeantapHa Hedponutujasa; HeppoKanLmHo-
3a; XxunepBuTammnHo3a [I; nanonaTcka xvnepkanuemuja
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