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�� INTRODUCTION

The formation of kidney stones stems from a wide range of under-
lying disorders. It is relevant for clinicians to look for underlying causes 
of nephrolithiasis to direct medical management. Substantial progress 
has been made in identification of metabolic risk factors predisposing 
nephrolithiasis. The role of specific genetic and epigenetic factors has 
remained less clear. Although important advances have been made 
in understanding nephrolithiasis due to single gene defects, the under-
standing of polygenetic causes is still elusive.1 Until recently familial 
clustering of idiopathic nephrolithiasis was the main support of a 
suggested genetic basis. Genetic testing for the most common idio-
pathic forms of nephrolithiasis has yielded a number of promising 
candidate genes, such as SPP1 (osteopontin), CASR (calcium-sensing 
receptor), VDR (vitamin D receptor), CLDN14 (claudin 14).2,3 Timely 
diagnosis of genetic determinants of nephrolithiasis is warranted to 
prevent development of kidney injury; however, diagnosis is often 
delayed owing to unfamiliarity with these rare disorders.4 Advances 
in the management of nephrolithiasis depend on the combined efforts 
of clinicians and scientists to understand the pathophysiology.

�� CASE REPORT

A 63-year-old man with bilateral recurrent kidney stones was 
referred to our department. Nephrolithiasis onset occurred at age 13 
and the patient presented more than 20 episodes over his lifetime. 
He underwent left percutaneous nephrolithotomy over 20 years ago. 
Remaining stones were spontaneously expelled. None of his kidney 
stones have been analyzed. His medical history was unremarkable 
except for recent onset hypertension treated with irbesartan and a 

traumatic humerus fracture 2 years before. Of note, he had a family 
history of nephrolithiasis with 3 out of 5 of his siblings presenting 
kidney stones. He did not take any medication that interfered with 
calcium or phosphate homeostasis. His daily water intake was 1.5 
liters and he had stopped consumption of dairy products in the last 
2 years. His physical examination findings were normal. Renal ultra-
sound showed 2 right side kidney stones (5-6mm).

Biochemistry revealed an increased serum ionized calcium level 
of 1.39 mmol/L (1.14<N<1.31), low serum phosphate level at 0.7mmol/l 
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Table 1

Biology and oral calcium load test

Before calcium 
loading

After calcium 
loading

Normal range

Serum Phosphate (mmol/L) 0.66 ⇓ 0.85-1.31
Phosphate EF 15% ⇑ <20%
Serum calcium (mmol/L) 2.73 ⇑ 2.97 ⇑ 2.16-2.52
Ionized calcium (mmol/L) 1.39 ⇑ 1.47 ⇑ 1.14-1.31
PTH (pg/mL) 23 14 8-76
25 (OH)2 vitamin D3 (ngl/mL) 30.9 30-100
1,25 (OH)2D3 vitamin D3 (ngl/mL) 106 ⇑ 17-67
C-terminal FGF23 (RU/mL) 151 ⇑ 20.9-91.1
Serum creatinine (μmol/L) 140 ⇑ 45-80
eGFR (CKD-EPI) 45.7 >60

CKD-EPI: chronic kidney disease epidemiology collaboration; eGFR: estimated glomerular filtration 
rate; FGF 23: fibroblast growth factor 23; Phosphate FE: phosphate fractional excretion calculated as 
follows: (urine phosphate x serum creatinine)/(urine creatinine x serum phosphate); PTH: parathyroid 
hormone; RU: relative units. Values out of normal range are shown in bold.
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(0.85<N<1.31), a parathyroid hormone (PTH) level in the normal range 
at 32 pg/mL (8<N<76), and an elevated calcitriol serum level of 106 
pg/ml (17<N<67). Urine calcium excretion was increased at 10.3 
mmol/24h. Fasting urine pH was 6.2. An oral calcium load test was 
performed to investigate hypercalciuria and results are presented in 
Table 1. A fluorocholine PET-CT showing normal parathyroid glands 
without hypermetabolic foci, ruled out primary hyperparathyroidism 
(PHPT) and a thoracic-abdominal-pelvic CT scan did not show any 
findings suggestive of granulomatous lesions. Furthermore, PTHrP 
and angiotensin-converting enzyme levels were normal. Testing for 
CYP24A1, SLC34A1, SLC34A3, SLC9A3R1 genes was positive for a 
homozygous CYP24A1 mutation (c.1186C>T; p.Arg396Trp) and a 
SLC34A3 variant (c.1357_1359del; p.DelPhe453).

�� DISCUSSION

As the patient presented hypercalcemia, hypercalciuria, and renal 
phosphate loss, PHPT could be responsible for his condition. In the 
presence of PHPT, a calcium load test will increase serum calcium 
while PTH secretion should not be adequately decreased. In our 
patient, calcium load test showed further increase in serum calcium 
as expected. However, it was unclear whether the degree of PTH level 
decrease was appropriate to rule out PHPT. For this reason, we decided 
to further evaluate the hypothesis of PHPT by performing a fluoro-
choline PET-CT to evaluate the parathyroid glands. Imaging ruled out 
PHPT. Normal serum levels of parathyroid hormone-related protein 
(PTHrP, < 8.5 pg/mL) ruled out a PTHrP-secreting tumor.

Our patient also presented increased levels of calcitriol. In the 
absence of calcitriol supplementation, elevated calcitriol levels can 
be due to increased production or diminished degradation. The former 
occurs in the setting of increased 1-alpha-hydroxylase activity, which 
catalyzes the conversion of 25 (OH)2 vitamin D3 into calcitriol. 1-alpha-
hydroxylase (CYP27B1) is elevated in the setting of sarcoidosis due to 
increased production in macrophages. Increased calcitriol levels are 
also seen in the presence of reduced activity of 25(OH)-vitamin 
D3-24-hydroxylase (CYP24A1), the enzyme that promotes calcitriol 
degradation. Regarding increased activity of 1-alpha-hydroxylase, our 
patient did not present any signs or symptoms of granulomatous dis-
ease. Moreover, thoracic-abdominal-pelvic CT scan and angiotensin-
converting enzyme levels were normal.

Surprisingly, despite elevated levels of calcitriol, phosphatemia 
was decreased due to renal phosphate wasting (phosphate EF was 
elevated). Hence we hypothesized that the occurrence of both dis-
turbances of renal phosphate wasting and hypercalcitriolemia could 
be explained by underlying genetic mutations affecting genes coding 
for renal phosphate handling and enzymes acting on vitamin D metabo-
lism. Gene sequencing showed a homozygote mutation CYP24A1 and 
a heterozygous variant of SLC34A3 genes, respectively encoding for 
25(OH)-vitamin D3-24-hydroxylase and Na-dependent phosphate 
cotransporter 2c. The CYP24A1 mutation identified in our patient DNA 
(exon 9; homozygous variation; c.1186C>T; p.Arg396Trp; allele fre-
quency <1/1,500; missense; considered pathogenic – American College 
of Medical Genetics (ACMG) 2015, class 5) has been previously 
described.5 Bi-allelic CYP24A1 mutations can cause idiopathic infantile 
hypercalcemia, characterized by failure to thrive and nephrocalcinosis, 

typically presenting in the first year of life, as well as a more rare late 
onset presentation with hypercalcemia-induced nephrolithiasis gener-
ally leading to advanced chronic kidney disease.6 Our patient’s history 
of recurrent nephrolithiasis was reported at the age of 13 years, which 
is suggestive of heterogeneity of severity of modification in CYP24A1 
activity and an extended phenotypic spectrum.7

There is an increased incidence of nephrolithiasis for heterozy-
gous carriers of SLC34A3 mutations.8 Heterozygosity for the SLC34A3 
variant (exon 13; heterozygous variation; c.1454G>A, p.(Arg485His); 
allele frequency 0.27% (GNOMAD); missense; likely pathogenic – 
ACMG 2015, class 4); found in our patient is predicted to be delete-
rious according to the pathogenicity prediction system UMD-Pre-
dictor Alamut. However, many carriers are asymptomatic. We have 
previously described another patient with kidney stones, hypercal-
cemia, hypercalciuria, renal phosphate leak, and intermediate PTH 
levels who presented both mutations, although in the previous case 
the mutation of CYP24A1 was present in heterozygous state.8 This 
additional report reiterates our hypothesis of synergic deleterious 
interaction between CYP24A1 and SLC34A3 mutations favours a 
pro-lithogenic environment. SLC34A3 mutations alone, induce defec-
tive function of the Na-dependent phosphate cotransporter 2c, 
leading to renal phosphate wasting and a subsequent moderate 
increase of calcitriol levels.9 Additionally, reduced degradation of 
calcitriol due to the CYP24A1 inactive mutation will further increase 
already elevated calcitriol levels. These subsequent dysregulations 
of vitamin D metabolism are thus responsible for kidney stones in 
the setting of a PTH independent hypercalcemia – hypercalciuria 
phenotype.9

We also noted that this patient presented high levels of FGF-23. 
In chronic kidney disease (CKD) FGF-23 levels rise in parallel with 
declining renal function. Our patient presented proportional levels of 
FGF-23 with his degree of renal failure (100<N<225 RU/mL in CKD 
stage 3).10 FGF-23 regulates vitamin D metabolism by inhibiting expres-
sion of CYP27B1 (the gene encoding 1-alpha-hydroxylase) and promot-
ing expression of CYP24A1. Therefore increased FGF-23 results in 
decreased calcitriol levels.11 In this case, the increased level of FGF-23 
may exert a mild counterbalance to CYP24A1 and SLC34A3 mutations 
effects on calcitriol synthesis but increases renal phosphate leak. This 
case afforded insights into biological pathways that appear to underlie 
how genetic inheritance can affect multiple checkpoints and contribute 
to accrued risk of development of nephrolithiasis.
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