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An atypical Dent’s disease phenotype caused by
co-inheritance of mutations at CLCN5 and OCRL genes

Maria Addis1, Cristiana Meloni1, Enrica Tosetto2, Monica Ceol2, Rosalba Cristofaro2, Maria Antonietta Melis1,
Paolo Vercelloni3, Dorella Del Prete2, Giuseppina Marra3 and Franca Anglani*,2

Dent’s disease is an X-linked renal tubulopathy caused by mutations mainly affecting the CLCN5 gene. Defects in the OCRL

gene, which is usually mutated in patients with Lowe syndrome, have been shown to lead to a Dent-like phenotype called Dent

disease 2. However, about 20% of patients with Dent’s disease carry no CLCN5/OCRL mutations. The disease’s genetic

heterogeneity is accompanied by interfamilial and intrafamilial phenotypic heterogeneity. We report on a case of Dent’s disease

with a very unusual phenotype (dysmorphic features, ocular abnormalities, growth delay, rickets, mild mental retardation) in

which a digenic inheritance was discovered. Two different, novel disease-causing mutations were detected, both inherited from

the patient’s healthy mother, that is a truncating mutation in the CLCN5 gene (A249fs*20) and a donor splice-site alteration in

the OCRL gene (c.388þ3A4G). The mRNA analysis of the patient’s leukocytes revealed an aberrantly spliced OCRL mRNA

caused by in-frame exon 6 skipping, leading to a shorter protein, but keeping intact the central inositol 5-phosphatase domain

and the C-terminal side of the ASH-RhoGAP domain. Only wild-type mRNA was observed in the mother’s leukocytes due to a

completely skewed X inactivation. Our results are the first to reveal the effect of an epistatic second modifier in Dent’s disease

too, which can modulate its expressivity. We surmise that the severe Dent disease 2 phenotype of our patient might be due to

an addictive interaction of the mutations at two different genes.
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INTRODUCTION

Dent’s disease is now the generally accepted name for a group of
X-linked renal tubular disorders, including X-linked recessive nephro-
lithiasis with renal failure, X-linked recessive hypophosphatemic
rickets, and idiopathic low-molecular weight (LMW) proteinuria.1–3

Dent’s disease is caused mainly by mutations in the CLCN5 gene
(Dent disease 1, MIM #300009) located on chromosome Xp11.22,
which encodes for the 746 amino-acid ClC-5 chloride channel
implicated in the tubular endocytotic reabsorption of albumin and
LMW proteins. ClC-5 was first thought to provide a shunt con-
ductance in early endosomes, enabling efficient intraluminal acidifi-
cation by V-type Hþ ATPase.4–6 It has recently been demonstrated,
however, that ClC-5 functions as a Cl�/Hþ antiporter when
activated by positive voltages.7,8

No CLCN5 gene mutations are detected in approximately 40% of
patients with the classic symptoms of Dent’s disease, suggesting a
locus heterogeneity. The OCRL gene located on chromosome Xq26.1,
whose mutations cause Lowe syndrome, has recently been found
altered in 20% Dent’s patients,9 but about 20% of patients carry
neither CLCN5 nor OCRL mutations.10–13

Dent’s disease tends to become manifest in childhood or early adult
life. It is characterized by LMW proteinuria, hypercalciuria, medullary
nephrocalcinosis, nephrolithiasis, other tubular dysfunctions, and
renal failure in various combinations. Different groups of researchers

have recently reported on case series of patients with atypical or rare
Dent disease 1 phenotypic signs, such as episodic night blindness,14

Bartter-like syndrome,15,16 growth hormone deficiency,17 and
proteinuria with histological evidence of focal segmental
glomerulosclerosis.18,19

Dent’s disease patients carrying OCRL gene mutations (Dent
disease 2, MIM#300555) have none of the classic symptoms accom-
panying renal tubulopathy in Lowe syndrome, that is mental
retardation, bone disease, growth retardation, congenital cataracts,
delayed motor milestones. This milder phenotype is not attributable
to less severe changes in protein expression or enzyme activity, as both
are significantly reduced or absent.10–13 The renal symptoms of Lowe
syndrome are very similar to those of Dent’s disease, though the
characteristics of the patients’ tubular dysfunction may differ. To date,
there are reports of around 45 patients with Dent disease 2; a
minority of them have revealed a few mild extrarenal signs, such as
mild intellectual impairment, ocular abnormalities, and short
stature.10 Recently however, two different OCRL mutations each
causing both Dent disease 2 and Lowe syndrome even in the same
family have been described.20 In short, Dent’s disease seems to be
characterized by a genetic and phenotypic heterogeneity.

Here, we describe and discuss an atypical case involving a
syndromic variant of Dent’s disease, with documented CLCN5 and
OCRL mutations.
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MATERIALS AND METHODS

Case report
A second-born, 6-year-old boy was referred for tubulopathy, rickets, and

syndromic features including microcephaly and dysmorphic facies, that is a

triangular face, severe prognathism, anterior crossbite, hypomaxillia, malocclu-

sion, large, low-set ears, low forehead, and arched palate (Figures 1a and b).

In his family history he had a paternal grandmother with bilateral tibia vara,

a first-degree cousin with mental retardation of unknown origin, and a

maternal grandfather who had suffered from nephrolithiasis since his youth.

The patient’s medical history included orthopedic investigations at 3 years of

age for tibia vara due to rickets and neurological investigations for attention

deficit hyperactivity disorder. MRI showed asymmetry of the brain hemi-

spheres and ventricular system, with septum pellucidum and right ventricle

deviation, and partial interdigitation of the medial frontal cerebral cortex. The

boy had undergone genetic analysis for mutations in the FRAXA and FRAXE

genes, and for copy number variations by CGH arrays, the results of which

were negative.

At the time of our investigations, the patient had:

� normal renal function, electrolytemia, parathyroid hormone levels, and

blood pH; nonselective aminoaciduria, hypophosphoremia (2.9–3.6 mg/dl)

with low tubular phosphorus reabsorption (TRP 71–84%), hypercalciuria

(UCa/UCr 40.3), LMW proteinuria (b2 microglobulin 490 000mg/l),

paroxysmal microhematuria, a bone age of 4 years and 3 months (according

to Greulich and Pick criteria), high bone alkaline phosphatase (911 IU/l);

� poor parenchymal differentiation and hyperechoic spots compatible with his

hypercalciuria at renal ultrasound;

� florid rickets with a radiologically evident reduction in bone calcium

content, bilateral and symmetrical widening of the metaphyseal regions,

curvature of both the femoral, and the tibial diaphyses at X-ray (Figure 1c);

� peripapillary optic nerve atrophy with gray papillae (no other ocular

alterations at slit lamp examination);

� mild mental retardation (IQ 70), attention deficit hyperactivity disorder on

WISC/R test.

Renal findings were suggestive of Dent’s disease, so genetic analyses were

performed.

Molecular studies

DNA analysis. Genomic DNA from peripheral blood was extracted using

NucleoSpin Blood Quick Pure minicolumns (Macherey-Nagel GmbH & Co.

KG, Duren, Germany). Primers and PCR conditions for amplifying the coding

region, intron–exon boundaries, and 50UTR exons of the CLCN5 gene have

been described elsewhere.21

The PCR products were analyzed using the Agilent bioanalyzer (Agilent

Technologies, Waldbronn, Germany) and purified with the QIAquick DNA

purification kit (Qiagen GmbH, Hilden, Germany). Direct automated PCR

product sequencing was done with the ABI PRISM GENESCAN 373A DNA

sequencer and the BigDye Terminator v1.1 Cycle Sequencing Kit (PE Applied

Biosystems, Foster City, CA, USA). The nomenclature of the mutations is

based on the ClC-5 cDNA sequence NM_000084.2.

Sequences of all 23 coding exons and the flanking intronic sequence of the

human OCRL gene were analyzed according to Addis et al.22 The

nomenclature of the mutations is based on the cDNA sequence NM_000276.3.

All the nucleotide variations observed were confirmed by means of

independent PCR reactions.

OCRL mRNA analysis. Total RNA was extracted from the patient’s and his

mother’s leukocytes using Trizol reagent (Life Technologies, Monza, Italy)

according to the manufacturer’s instructions, and 0.2mg of total RNA was

reverse transcribed using the TaqMan multiscribe RT-PCR system (PE Applied

Biosystems). Five microlitre of cDNA were amplified using a forward primer

located in exon 4 (50-GTTCAAGAAGCAGAAGAAACTCT-30) and a reverse

primer located in exon 7 (50-GTCTTCAAATCCAAGAAGCC-30), and PCR

conditions according to Addis et al.21 PCR products were purified

and directly sequenced on ABI 3130XL apparatus (PE Applied Biosystems).

X-inactivation study. The androgen receptor (AR) X chromosome inactiva-

tion (XCI) study was done using a PCR method described elsewhere.23 The

XCI pattern was classified as random (ratios 50:50; o80:20), skewed (Z80:20),

or extremely skewed (Z95:5).

RESULTS AND DISCUSSION

The boy, whose phenotype was characterized by classical Dent’s
disease tubulopathy (LMW proteinuria, hypercalciuria, and micro-
lithiasis), was first tested for CLCN5 mutations and a frameshift
truncating variant in exon 7 of the CLCN5 gene, the 992_995 ins
CAGC (A249fs*20) mutation, was identified. This mutation had
never been described before and was inherited from his healthy
mother.

The patient’s DNA had already been analyzed for any FRAXA and
FRAXE mutations, or copy number variations, using CGH arrays
because of his multisystemic signs and symptoms, but no abnorm-
alities had come to light. The phenotype was highly unusual for Dent
disease 1, however, and more suggestive of a mild Lowe syndrome.

The evolving view of genetic disease transmission should force us
to consider that the phenotypic effects also in the so-called mono-
genic diseases can be the result of the combined action of more than
one gene. Taking this view, a possible digenic inheritance was
suspected, and we considered OCRL a candidate modifier gene.
DNA-sequencing analysis thus revealed an OCRL alteration of the
donor splice site consensus sequence – the c.388þ 3A4G mutation –
in our patient and, in the heterozygous state, in his mother
(Figure 2a), that has never been described before.

Figure 1 Front and lateral view of the patient at the age of 6 years. (a, b)

Note triangular face, severe prognathism, hypomaxillia, anterior crossbite,

large low-set ears, low forehead. (c) Note rickets, bilateral and symmetrical

widening of the metaphyseal regions, curvature of both the femoral, and the

tibial diaphyses.
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The patient’s leukocyte cDNA was amplified by PCR and electro-
phoresis revealed a fragment 90 bp shorter than expected. On
sequencing, this fragment showed an in-frame exon 6 skipping
(r.299_388 del exon 6) (Figure 2b). The mutation identified in our
patient predictably results in an OCRL1 protein lacking 30 amino
acids encoded by exon 6 (p.A100_G129 del), but with the central
inositol 5-phosphatase domain and the C-terminal side of the ASH-
RhoGAP domain intact. Only the wild-type mRNA was found in the
mother’s leukocytes. To ascertain the molecular basis for the mono-
allelic expression of normal OCRL in the mother, we performed an
XCI study on the AR locus. The mother showed a completely skewed
X inactivation with a ratio of 100:0 (Figure 2c). DNA analysis of the
maternal grandfather revealed no such CLCN5 and OCRL mutations,
suggesting that the patient’s X chromosome was inherited from his
maternal grandmother, who died of colon cancer at 42 years of age.

The OCRL mutation that we found is located in the first 50UTR
exons, where all frame-shift and splice-site mutations detected in
Dent disease 2 patients so far have been clustered. Excepting very few
cases, the OCRL mutations associated with Dent disease 2 do not
overlap with those causing Lowe syndrome.10,20,24 Missense
mutations occur in the middle region of the gene (exons 9–15),
whereas truncating mutations are found exclusively in the first 7
exons; the OCRL mutations associated with Lowe syndrome are

located instead in the 30 region of the gene (exons 9–22) and involve
all three functional OCRL1 domains, whereas frameshift and non-
sense mutations cluster in exons 8–23. The different distribution of
OCRL mutations in Dent disease 2 and Lowe syndrome suggests a
genotype–phenotype correlation that has yet to be thoroughly
explored.

Our case is the first to be reported so far of a digenic inheritance
with additive effect of Dent’s disease and thus adds to our knowledge
of the genetic and phenotypic heterogeneity of Dent’s disease. The
phenotype of this patient carrying both OCRL and CLCN5 disease-
causing mutations might stem from a positive (synergic) interaction
between the two mutations. In fact, he had a severe Dent disease 2
phenotype that was more similar to the syndromic Lowe phenotype.

A likely involvement of epistatic gene–gene interactions between
OCRL and CLCN5 in determining a patient’s phenotype was also
suggested in a previous case report of ours,24 in which we
documented both a silent CLCN5 mutation (P568P) in two
brothers, which was predicted, and was demonstrated to strengthen
a cryptic splice site, and a missense OCRL mutation (E720D), which
was expected to alter the ASH-RhoGAP domain (similar to a typical
Lowe mutation). The two brothers’ phenotype was more similar to a
Dent disease 2 than to a Lowe syndrome, however, suggesting a
negative (antagonistic) interaction between the two mutations.

Figure 2 (a) DNA sequencing at the junction between exon 6 and intron 6. The box indicates the nucleotide substitution A4G at the third nucleotide of

the donor splice-site consensus sequences (c.388 þ3A4G) found in the patient and in his heterozygous mother. (b) cDNA sequencing shows the absence

of exon 6 in the patient, but not in his mother. (c) XCI in peripheral leukocytes. Analysis of methylation of HpaII site at the human AR locus. �HpaII,

undigested DNA; þHpaII, digested DNA. The same results were obtained using HhaI (data not shown).
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Our results also indicate that the OCRL1 and ClC-5 proteins
cooperate more in cell physiology than was previously believed.
Lowe’s group25,26 showed that OCRL1 is localized to early endosomes
and the trans-Golgi apparatus, and is present in clathrin-coated
transport intermediates. They also showed that OCRL1 depletion
disrupts trafficking at the TGN/endosome interface, suggesting its role
in regulating transport between these compartments. The
involvement of both ClC-5 and OCRL1 in the assembly of the
macromolecular complex implicated in the endocytic pathway might
point to the common pathogenic mechanism by means of which
renal tubulopathy occurs in Dent’s disease as well as in Lowe
syndrome. Our case seems to suggest instead that the cooperation
between the two proteins might go beyond renal tubular function. We
speculate that, as both the OCRL1 and the ClC-5 proteins are linked
through their C-terminal domains to actin dynamics,27–29

perturbation of the fine mechanisms of cell polarity30,31 and/or
cytokinesis32 might be additional common pathogenic mechanisms.
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