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Dent disease is an X-linked tubulopathy, characterized
by low molecular weight proteinuria, hypercalciuria,
nephrocalcinosis and nephrolithiasis that may progress
to advanced renal failure [1,2]. During the last decade,
loss-of-function mutations of the CLCN5 gene, which is
located in chromosome Xp11.22 and encodes the renal
chloride/proton antiporter ClC-5, have been consistently
reported in patients with Dent disease [3]. However,
in about 40% of patients with a Dent-like phenotype,
no CLCN5 mutations are found [4]. In 2005, Hoopes
et al. [4] showed for the first time that the Dent pheno-
type may also be caused by mutations in the OCRL1
gene, which encodes a phophatidylinositol 4,5-phosphate
(PIP2) 5-phosphatase, located in the trans-Golgi network.
These findings were confirmed by other reports [4–6] and
led to the definition of two types of Dent disease:
Dent-1, caused by CLCN5 mutations (OMIM #300009)
and Dent-2, caused by OCRL1 mutations (OMIM
#300555), which accounts for about 15–20% of Dent
cases [7].
PIP2 5-phosphatase, which is encoded by the

OCRL1 gene, is expressed ubiquitously in human tis-
sues, including the eyes, kidneys and brain, the main
organs involved in Lowe syndrome. This protein is
distributed predominantly in the Golgi complex, lyso-
somes and endosomes [8]. Both ClC-5 and PIP2

5-phosphatase are expressed in endosomes of the
proximal tubular cells and thought to be related to
the recycling of multi-ligand receptors, such as mega-
lin and cubilin, which are commonly involved in both
Dent-1 and Dent-2 disease. Further genetic heteroge-
neity is assumed to exist, since there are patients
expressing the distinctive phenotype of Dent disease,
in which no mutation was identified in either CLCN5
or OCRL1 genes [4].

The OCRL1 gene is also mutated in the oculocereb-
rorenal syndrome of Lowe (OMIM #309000), which
is a rare X-linked disorder, characterized by bilateral
congenital cataracts, mental retardation and a selective
proximal tubular dysfunction very similar to the renal
phenotype of patients with Dent disease [9]. However,
progressive renal failure is common, and is typically
more aggressive and occurs at an earlier age than in
Dent-2 disease. Thus, loss of Ocrl1 function can cause
a spectrum of renal, as well as systemic symptoms.

In this issue of Journal of Pediatric Genetics, Bocken-
hauer et al. [10] report their study of 14CLCN5 negative
patients from 12 families with a phenotype resembling
Dent-2 disease, for defects in OCRL1. In six of these
patients, they identified three novel mutations and
another three known mutations in the OCRL1 gene.
None of these mutations has been described in patients
with the classic Lowe syndrome. The renal phenotype
of these patients was similar to that of patients harboring
the CLCN5 gene mutations, except for a lower preva-
lence of nephrocalcinosis.
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The most interesting observation of this study is the
high rate of extra-renal symptoms found in the affected
children. The finding of typical symptoms of the
Lowe syndrome, such as peripheral cataracts, mental
impairment, growth retardation, and various degrees
of elevated serum creatine kinase or lactate dehydrogen-
ase, makes it difficult to distinguish between the two
OCRL1- related syndromes. These clinical observations
support previous speculations that Dent-2 disease is
actually a mild variant of the Lowe syndrome [11].
It is not clear yet why some patients with OCRL1
mutations develop the complete phenotype of classic
Lowe syndrome, while others develop the phenotype
of Dent-2 disease [11].
The genotype/phenotype correlation in patients with

OCRL1-associated diseases has not been well studied,
however, there are no known mutations common to
Lowe syndrome and Dent-2 disease. As shown in pre-
vious reports of OCRL1 mutations causing Dent-2 dis-
ease, two of the novel OCRL1 mutations found in this
study fall into the N-terminal half of the gene, in exons
12 and 15 and another novel mutation occurred in
intron 3. All Dent-2 missense mutations fall in the
phosphatidylinositol phosphate 5-phosphate domain
of the Ocrl1 protein, while all of the other mutations,
either nonsense or frame shift mutations, fall in the first
7 exons, and are, therefore, expected to eliminate all
Ocrl1 protein function [12]. In contrast, the Lowe
syndrome-associated mutations fall primarily in exons
9–22, where large functional domains map, and would
be expected to reduce Ocrl1 function significantly [13].
Shrimpton et al. [12] showed that the OCRL1

mutations causing Dent-2 reside in the 5’ region of
the gene, and are of significantly different nature and
distribution from the mutations that underlie Lowe
syndrome. Analysis of a gene model revealed that
splice variants in the 5’ or 3’ regions of OCRL1 very
likely generate different isoforms of the Ocrl1 protein.
They speculated that an Ocrl1-isoform initiating from
the methionine in exon 8 may account for the milder
phenotype in Dent-2 patients.
Interestingly,Ocrl1 knockout mice show no evidence

of cataracts, neurological abnormalities or renal dys-
function. However, simultaneous deficiency of both
the Ocrl1 and a highly homologous Inpp5b gene, which
also encodes PIP2 5-phosphtase, results in an embryonic
lethal phenotype in mice [14]. These findings suggest
that Inpp5b phosphatase can compensate for the absence
of the Ocrl1 enzyme in mice. Occurrence of a similar
phenomenon in humans, with variable expression of a

compensating enzyme among tissues and individuals,
could explain the phenotypic variability in patients with
OCRL1 mutations, causing either Dent-2 disease or
Lowe syndrome [14].

Most recently, Bothwell et al. [15] generated mice
that express human INPP5B on an Inpp5b- and Ocrl1-

deficient background. These mice demonstrate the
common tubular abnormalities seen in Lowe syndrome
and Dent-2 disease-model Ocrl1-/- mice that express
INPP5B, but not the Inpp5b protein. These mice
showed reduced postnatal growth, low molecular
weight proteinuria and aminoaciduria. Thus, a new ani-
mal model for Ocrl1 and Dent-2 disease tubulopathy
was created by humanizing a modifier paralog in mice
already carrying the mutant disease gene.

In conclusion, OCRL1-associate disease presents
with two overlapping phenotypes: Dent-2 and Lowe
syndrome. The pathophysiology of the disease is not
yet fully understood. A new mouse model may pro-
vides a tool for further investigating the mechanism
by which Ocrl1 defects lead to the tubular abnormal-
ities seen in both syndromes, and also for developing
potential therapies in the future.
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