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Abstract: Familial hypomagnesemia with hypercalciuria and nephrocalcinosis (FHHNC) is a rare
tubulopathy characterized by renal loss of calcium and magnesium leading to progressive renal
failure. The disorder is caused by variants to the tight junction proteins claudin-16 and -19. While
rare, this disorder causes a significant burden to patients based on its clinical manifestations of
various electrolyte abnormalities, nephrocalcinosis, and early progression to renal failure. In this
report we describe the diagnosis of a novel variant of CLDN16 which clinically presented with severe
hypomagnesemia, hypocalcemia, nephrocalcinosis, and renal failure.
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1. Introduction

Familial hypomagnesemia with hypercalciuria and nephrocalcinosis (FHHNC) is a
rare autosomal recessive disorder caused by pathogenic variants in CLDN16 and CLDN19,
which encode the tight junction proteins claudin-16 and -19 [1–3]. Defects in these proteins
lead to defective paracellular reabsorption of magnesium and calcium in the thick ascend-
ing limb of the loop of Henle and subsequent hypomagnesemia and hypercalciuria [4].
Sequela of these electrolyte abnormalities are responsible for FHHNC’s clinical presen-
tation, characterized by polyuria, urinary tract infections, nephrocalcinosis, and chronic
kidney disease (CKD) with early progression to renal failure [5]. Biochemical findings and
clinical features are suggestive of FHHNC, but genetic testing has been increasingly used
in a confirmatory role.

The understanding of the pathophysiology of FHHNC continues to evolve with
approximately 130 cases reported since its initial description in the 1970s. Here we add to
that fund of knowledge with a case report of an individual with symptomology typical of
FHHNC, with a novel variant of uncertain significance (VUS), and a pathogenic variant
in CLDN16.

2. Case Report

A 43-year-old male with a longstanding history of nephrolithiasis was transferred to
our hospital in late 2017. His first stone episode was at the age of 10 years and since then
he has passed ‘hundreds to thousands of stones’. His past medical history is notable for
gout, recurrent urinary tract infections (UTI) and CKD stage III, and creatinine (Cr) 1.7
(eGFR 53 mL/min/1.73 m2), stable over the past 13 years. He had no other hormonal or
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metabolic disorders. His past surgical history included multiple failed treatments with
extracorporeal shockwave lithotripsy. He reported no family history of nephrolithiasis
or renal disease. Prior to presentation, he was managed on hydrochlorothiazide (HCTZ)
12.5 mg daily, potassium chloride 15 mEq twice a day, colchicine 0.6 mg twice a day, and
prophylactic trimethoprim/sulfamethoxazole (dose unknown).

He was transferred to the Mayo Clinic due to severe electrolyte abnormalities in
October 2017. His labs were notable for a Cr of 1.95 (eGFR 49 mL/min/1.73 m2), potas-
sium of 2.6 mmol/L, bicarbonate 26.5 mmol/L, magnesium of 0.5 mg/dL, and calcium of
5.2 mg/dL. His parathyroid hormone (PTH) was 96.3 pg/mL, vitamin D 27 ng/mL, and
1,25-dihydroxy vitamin D 47 pg/mL. Of note, the patient had had a computational tomog-
raphy of this neck in the past to evaluate his elevated PTH. This showed no parathyroid
adenomas or masses. CT of the abdomen and pelvis during admission was notable for
extensive calcifications of the medullary regions of both kidneys consistent with nephro-
calcinosis and an obstructing 1 cm right renal pelvis stone (Figure 1). The patient had a
ureteral stent placed for the obstructing stone and his electrolytes were normalized with
supplementation. He was discharged on magnesium oxide 800 mg four times a day, cal-
cium carbonate 1000 mg three times a day, amiloride 5 mg daily, colchicine 0.6 mg twice
a day, and allopurinol 100 mg daily, and advised to continue HCTZ 12.5 mg daily and
potassium chloride 15 mEq twice a day.
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Figure 1. CT scan on presentation demonstrating bilateral large volume stone burden and an obstruct-
ing 1 cm right ureteropelvic junction stone. Burden of stone disease consistent with nephrocalcinosis.

He underwent a standard (30 fr) right percutaneous nephrolithotomy in December
2017. This demonstrated a large right renal pelvis stone as well as numerous stones in
the collecting system and emanating from the parenchyma. Given the extensive stone
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burden, he was unable to be rendered visually stone-free. Stone analysis revealed a mixed
composition stone, 70% calcium phosphate (apatite), 20% calcium oxalate monohydrate,
and 10% calcium oxalate dehydrate.

The patient underwent a metabolic urine evaluation in January 2018. This demon-
strated hypercalciuria, severe hypocitraturia, elevated urinary pH, and adequate urinary
volume (Table 1). The patient was started on chlorthalidone 12.5 mg daily in lieu of HCTZ
for management of hypercalciuria, his allopurinol dose was increased to 200 mg daily and
he was advised to continue electrolyte supplementation.

Table 1. 24 h urine samples.

24 h Urinary
Parameters January 2018 #1 January 2018 #2 May 2018 November 2020 Reference Range Units/24 h

Volume 4.11 4.15 4.07 3.7 0.5–4 L

Calcium 327 366 320 269 <250 mg

Oxalate 25 24 22 19 20–40 mg

Citrate <62 <62 <61 <55 >450 mg

Uric Acid 0.362 0.374 0.381 0.198 <0.800 g

Sodium 153 184 201 164 50–150 mEq/L

pH 6.732 6.671 6.599 6.973 5.8–6.2

SS calcium
oxalate 2.88 2.75 2.16 2.03 6–10 RS

SS calcium
phosphate 0.83 0.81 0.7 0.91 0.5–2 RS

SS uric acid 0.04 0.05 0.06 0.01 0–1 RS

Over the next 26 months, the patient had a total of eight ureteroscopic stone procedures
to treat his extensive bilateral nephrocalcinosis. At each procedure complete stone clearance
was attempted. Given the patients large stone burden, staged procedures were required.
Ureteral stents were placed after each procedure and removed after 5 days unless a staged
procedure was planned in the future. Of note, the patients most recent ureteroscopies were
performed with the thulium fiber laser and, anecdotally, superior stone clearance was noted.
Subsequent stone analysis revealed predominantly calcium phosphate (apatite) stones.
Throughout this period, the patient continued to have hypercalciuria (269–320 mg/day)
and hypomagnesaemia (1.2 mg/dL) on laboratory evaluations. The patient’s Cr ranged
from 2.16 to 2.49 (37–30 eGFR mL/min/1.73 m2). His serum bicarbonate level ranged
from 20 to 27 mmol/L. Most recently, the patient is being managed with chlorthalidone
25 mg daily, amiloride 5 mg in the morning and 10 mg nightly, 1000 mg of calcium
supplementation four times a day, magnesium chloride 143 mg, and calcitriol 0.25 mg three
times a week. He has been followed with renal ultrasounds and kidney–ureter–bladder
X-rays every 6–9 months.

Given the constellation of electrolyte abnormalities, urinary metabolic findings, nephro-
calcinosis, and childhood onset of symptoms, he was recommended for genetic testing.

3. Genetic Testing

The patient underwent genetic testing with a focused 41-gene panel (GeneDx, Gaithers-
burg, MD, USA) in April 2020. This showed two heterozygous variants in CLDN16:
NM_006580.3:c.697G > T − p. (Gly233Cys) and NM_006580.3:c.310G > A − p. (Asp104Asn).
The former variant was classified as likely pathogenic and the latter as a VUS following the
ACMG/AMP 2015 guidelines [6]. A limitation of the genetic testing is that it cannot deter-
mine the phase of the reported CLDN16 variants (cis or trans). Therefore, family variant
testing (FVT) was offered to the patient’s mother and brother. His mother underwent FVT,
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which confirmed that she carries the likely pathogenic variant and does not carry the VUS.
These results, in addition to his clinical presentation, suggest the variants are in trans. The
patient’s brother has not yet undergone genetic testing.

4. Discussion

As our clinical knowledge of FHHNC has grown so has our understanding of its
underlying genetic causes. According to the Human Gene Mutation Database, there
are 69 genetic variants described in CLDN16 and 22 variants in CLDN19 that have been
associated with FHHNC [1,7]. Since FHHNC is inherited in an autosomal recessive manner,
affected individuals are homozygous or compound heterozygous for the disease-causing
variants. The reported pathogenic variants are located scattered across the gene, so there is
no definitive genotype–phenotype correlation; although, individuals with biallelic loss-of-
function variants usually progress more rapidly than individuals with missense variants.

The most frequent CLDN16 pathogenic variant is the NM_006580.3:c.453G > T − p.
(Leu151Phe) being found in up to 50% of the Eastern European and German individuals
with FHHNC [4,8]. The p. (Gly233Cys) present in the patient reported here is classified
as likely pathogenic since it has been reported in trans with other pathogenic variant in
families with FHHNC and it is predicted to impact protein function by in silico tools—such
as the combined annotation-dependent depletion (CADD) and the rare exome variant
ensemble learner (REVEL) [9–11]. Furthermore, there are other pathogenic variants at the
same amino acid that have been associated with the disease.

Interestingly, the p. (Asp104Asn) was classified as a VUS by the clinical laboratory
due to lack of evidence of pathogenicity. The variant lies at exon 1, in the first extracellular
loop of the protein, a region very conserved throughout evolution. It is present in only
one allele in the Genome Aggregation Database and it is predicted to be damaging by
multiple in silico predictors [12,13]. Through family variant testing, it was proved that
the CLDN16 variants were in trans. Based on the patient’s clinical presentation with
a longstanding history of nephrolithiasis, gout, recurrent UTIs, early development of
CKD, and classical laboratory findings, the VUS could be reclassified as likely pathogenic.
Notably, most pathogenic variants reported in CLDN16 are missense located in one of the
two extracellular loops, as is the case for the p. (Asp104Asn) identified in this patient [14].
The patient had manifestations of disease in childhood with a protracted course towards
severe complications in adulthood. This slower disease progression highlights that the
biallelic missense variants may cause partial loss of protein function.

There are currently no guidelines for the specific treatment of FHHNC. Care focuses
around medical management to limit the development of profound nephrocalcinosis, with
surgical intervention used to keep stone burden at bay. Thiazide diuretics are one of the
mainstays of treatment and have demonstrated decreased rates of hypercalciuria; how-
ever, their effect on the course of the disease long-term has not been determined [4]. In
our patient, treatment with thiazides did produce a significant change in hypercalciuria
levels—demonstrating the variability in treatment response among patient with FHHNC.
Hypomagnesemia, and other electrolyte abnormalities, are treated with supplementation.
Amiloride may also play a role in treating patients with FHHNC; however, the mechanism
of magnesium conservation with the use of the potassium-sparing diuretic is not under-
stood. The patient also suffered from profound hypocitraturia; however, in the context of
his stone composition and urinary pH, supplementation with citrate may have increased
his risk of stone precipitation. Such competing considerations are common in patients with
FHHNC and provide challenges in optimizing their medical management.

Despite optimal supplementation therapy, it is not uncommon for patients to require
surgical intervention to address profound nephrocalcinosis. At present, our patient still has
a significant stone burden despite multiple stone procedures. The development of advanced
laser technology may offer opportunities for more efficient ureteroscopic procedures in the
future [15]. The goals of disease management are ultimately to delay the development of
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renal failure. For those that do progress, renal transplantation is an effective option and has
shown to resolve electrolyte abnormalities with no evidence of disease recurrence [14,16].

The etiology for renal deterioration in FHHNC patients has not been elucidated. Possi-
ble explanations include the effects of prolonged nephrocalcinosis, inflammation secondary
to crystal nephropathy or renal dysplasia due to defective claudin-16 function [14,17,18].
The patient reported here has had a protracted decline which may be explained by a partial
loss of function mutation, as prior studies have noted a more rapid decline when complete
loss of function is seen [8]. Without an exact etiology for renal decline, management must
focus on treatable sequalae.

5. Conclusions

In summary, we have examined the clinical course, diagnosis, and treatment of a
middle-aged man with FHHNC. Genetic testing found a novel variant, c.310G > A − p.
(Asp104Asn), that is likely pathogenic and may produce partial loss of function of CLND16.
The treatment of FHHNC is complex and currently directed by best practices—utilizing
both medical and surgical options. As more is understood about FHHNC and the reasons
for progression to renal failure are clarified, future treatments may be better tailored.
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