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Abstract

Background Dent disease is a rare tubulopathy characterized by manifestations of proximal tubular dysfunction, which
occurs almost exclusively in males. It mainly presents symptoms in early childhood and may progress to end-stage renal
failure between the 3rd and 5th decades of human life. According to its various genetic basis and to clinical signs and symp-
toms, researchers define two forms of Dent disease (Dent diseases 1 and 2) and suggest that these forms are produced by
mutations in the CLCN5 and OCRL genes, respectively. Dent diseases 1 and 2 account for 60% and 15% of all Dent disease
cases, and their genetic cause is generally understood. However, the genetic cause of the remaining 25% of Dent disease
cases remains unidentified.

Data sources All relevant peer-reviewed original articles published thus far have been screened out from PubMed and have
been referenced.

Results Genetic testing has been used greatly to identify mutation types of CLCN5 and OCRL gene, and next-generation
sequencing also has been used to identify an increasing number of unknown genotypes. Gene therapy may bring new hope
to the treatment of Dent disease. The abuse of hormones and immunosuppressive agents for the treatment of Dent disease
should be avoided to prevent unnecessary harm to children.

Conclusions The current research progress in classification, genetic heterogeneity, diagnosis, and treatment of Dent disease
reviewed in this paper enables doctors and researchers to better understand Dent disease and provides a basis for improved
prevention and treatment.
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Introduction

Dent disease is a kind of familial kidney disorder with an
X-linked recessive pattern that may cause end-stage renal
disease (ESRD). It was found and described by Dent and
Friedman for the first time as early as 1964 after they
reported two unrelated male individuals with renal rickets
due to renal tubular damage. The damage had characteris-
tics of hypercalciuria, hypophosphatemia, low-molecular-
weight proteinuria (LMWP), and aminoaciduria [1, 2]. At
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that time, these symptoms were not formally named but were
just described as hypercalciuric rickets. Thirty years later,
Wrong et al. [3] carried out additional clinical work and
described the disease as a form of hereditary renal “Fan-
coni Syndrome” that had characteristics of hypercalciuria,
LMWP, nephrocalcinosis, slowly progressive renal failure,
and a marked male predominance. Wrong et al. [3] termed
the condition as Dent disease and suggested that it should
be inherited in an X-linked pattern. Subsequently, with the
application of molecular genetic analysis, Dent disease was
finally confirmed as a rare X-linked recessive renal tubu-
lar disorder caused by pathogenic gene variants. Genetic
analysis also revealed that Dent disease has characteristics
of LMWP, hypercalciuria, and at least one of the following
characteristics: nephrocalcinosis, nephrolithiasis, hematuria,
hypophosphatemia and chronic kidney disease (CKD) [2, 4].

Typical symptoms of Dent disease are generally found in
boys under 10 years old [5, 6]. Between the ages of 30 and
50, 30-80% of patients with Dent disease can develop ESRD
[5, 7, 8]. One of the typical histological features observed
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on Dent disease renal biopsies is reported as being focal
global glomerulosclerosis, which can easily be interpreted
as focal segmental glomerulosclerosis [9—11]. Mutations
in the CLCN5 (chloride voltage-gated channel 5) or OCRL
gene (inositol polyphosphate-5-phosphatase) are reported to
cause Dent disease. For example, approximately 200 muta-
tions in the CLCN5 gene and more than 140 mutations in
the OCRL gene have been reported [12, 13]. In males, one
altered copy of a gene in each cell is sufficient to cause the
signs and symptoms of the disorder, whereas females with
one mutated copy of the gene can be carriers that pass on
the altered gene and cause milder signs and symptoms of the
disorder (mainly hypercalciuria and microscopic hematuria,
and rarely ESRD or CKD) [14].

With the rapid development of next-generation sequenc-
ing technology in recent years, more diverse mutation types
of CLCNS5 gene and OCRL gene as well as unknown geno-
types in patients with Dent disease can be identified by per-
forming genome sequencing. These newly discovered geno-
types have allowed researchers to make significant progress
in the early diagnosis of Dent patients. Therefore, this paper
attempts to provide a thorough review of the latest research
progress regarding Dent disease’s classification, genetic
mutation, diagnosis, and treatment.

Clinical classification

There are two forms of Dent disease that are generally
defined by researchers according to a mutated gene on the
X-chromosome; they are Dent disease 1 and Dent disease 2.
Patients with mutations in the CLCN5 gene are categorized
as patients with Dent disease 1, which accounts for about
60% of all cases of Dent disease. Patients with mutations in
the OCRL gene are defined as patients with Dent disease 2,
which accounts for about 15% of all cases of Dent disease.
The genetic origin of the remaining cases (25% of all cases)
is still unclear [1, 6].

Dent disease 1 and Dent disease 2 are partially similar
in clinical and biological phenotypes. The main clinical
manifestations of Dent disease 1 patients include LMWP,
hypercalciuria, renal calcification, and nephrolithiasis, and
renal tubular dysfunction. Some patients may even have pro-
gressive renal failure and rickets-related symptoms [15]. By
comparison, patients with Dent disease 2 are likely to have
milder extrarenal characteristics than those with Lowe syn-
drome. Their symptoms generally include muscle weakness,
ocular abnormalities, and milder mental retardation [16, 17].
Also, recent observations have shown that Dent disease 2
presents with typical cutaneous features, namely hidradenitis
suppurativa, previously never reported [18, 19].

Dent disease 1 and CLCN5 mutations

Dent disease 1 is caused by inactivating mutations in the
CLCNS gene located on the short arm of the X-chromo-
some (Xpl11.22) [1]. The CLCNS5 gene encodes a 746
amino-acid CLC-5 protein, a highly conserved elec-
trogenic 2C17/H* antiporter [20], which contains 18
a-helices, with two phosphorylation and one N-glyco-
sylation site. CLC-5 protein consists of a homodimer that
spans the cell membrane in the opposite direction. Each
subunit has its own pore responsible for the selective trans-
port of chloride and hydrogen ions [21]. CLC-5 is mainly
expressed in the proximal tubule and intercalated cells of
the collecting duct in the kidney, and it is predominantly
located in early endosomes, colocalizing with V-ATPase
[22].

Generally, glucose, albumin, transferrin, ions, vitamin
D, amino acids, insulin, growth hormone, and parathyroid
hormone filtered by the glomerulus are effectively reab-
sorbed in the proximal tubule. The reabsorption process
is essentially mediated by megalin/cubilin and is accom-
plished via endocytosis. With the help of H*-ATPase,
endosomes are gradually acidified, resulting in dissocia-
tion of the receptor ligand complex and subsequent deg-
radation of the ligand in the lysosome [23]. Researchers
have demonstrated that CLC-5 plays a crucial role in
endosome acidification, and it is a direct drive of protons
into proximal tubular cells, thus contributing to endocytic
pathways. In the absence of functional CLC-5, the endocy-
tosis of proximal renal tubular epithelial cells is inhibited,
and the biological function of reabsorbing carbohydrates,
amino acids, and hormones cannot be exerted, resulting
in LMWP. Besides, defects in endocytosis of proximal
tubular epithelial cells lead to the reabsorption of parathy-
roid hormone (PTH) in the proximal tubules, causing an
increase in the concentration of PTH in the urine and thus
the high level of 1,25-(OH),-vitamin D5 [1, 24]. Thereby,
intestinal absorption of calcium is promoted, leading to
clinical symptoms of hypercalciuria and renal calcifica-
tion [1, 25]. When expression of the megalin receptor on
the apical membrane of the proximal tubule is deficient,
inflammation and apoptotic pathways in renal epithelial
cells can be triggered [26].

Dent disease and hereditary hypophosphatemic rick-
ets are both related to the changes of CLCN5 gene. More
than 200 different mutations of CLCN5 gene have been
identified thus far, mainly including nonsense variants
(p.-R637X, p.Y143X), missense variants (p.A540D,
p-GI35E, p.G703V), deletion variants (exons 9, 10, 11, 12,
13, 1 missing), and a frameshift variant (p.T260Tfs*10)
[24, 25]. The mutation sites of CLCN5 gene have the
unfixed and diverse characteristics; their connection
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with clinical symptoms is still unclear. Mansour-Hendili
et al. [12] reviewed 234 kinds of CLCN5 gene muta-
tions reported from January 2001 to December 2014. By
descriptive analysis, they revealed that there are 33.33%
of missense, 29.05% of frameshift, 17.52% of nonsense
and other mutation types. Among them, nine nonsense
(p.R28X, p.R34X, p.W279X, p.R347X, p.R467X,
p-R637X, p.R648X, p.R704X and p.R718X) and three
missense (p.S244L, p.R516W and p.S545N) mutations
have been detected in patients from different geographic
origins and thus can be considered as mutation hotspots.

Except for mutations in exons, researchers have found that
intronic mutations of CLCNS5 gene play an essential role in
causing Dent disease that may have been ignored in previ-
ous studies. Matsumoto et al. [27] described a 40-year-old
Japanese male with Dent disease caused by a novel intronic
mutation (1348-1G > A) on the splicing site of CLCN5
gene that had not been included in any genetic databases
before. Two other intronic mutations (IVS3 +2G > C and
IVS3 - 1G> A) also were discovered by Tosetto et al. [28].
Researchers concluded that different types of mutants can
be broadly classified into three categories [29, 30]. The first
type of mutant is characterized by the inability to induce
2C17/H" reverse current. The second type of mutant is
characterized by the inability to perform protein process-
ing and maturation stably. The last type is characterized by
insufficient bioelectrical activity. Although the mutations
in the CLCN5 gene observed in patients with Dent disease
have been summarized by Grand et al. [31], the relationship
between mutation types (missense, nonsense, deletion, or
frameshift) and prediction results of disease or prognosis
is unknown.

Dent disease 2 and OCRL mutations

Dent disease 2 is caused by the mutation of OCRL, which
is located on the long arm of the X-chromosome (Xq26.1)
and contains 24 exons. The OCRL gene mutation was first
identified by Attree et al. [32]; it causes Lowe syndrome,
an X-linked recessive disorder that is characterized by con-
genital cataracts, intellectual disability and renal syndrome.
Mutations in OCRL also were found to underlie Dent disease
2 by Hoopes et al. [33]. Research has shown that pathogenic
mutations can occur in all regions of the OCRL gene. The
mutation sites that are distributed in exons 1-15 region of
the OCRL gene, while Lowe syndrome is mainly distributed
in exons 8-23 [1, 13, 34]. To date, more than 140 mutation
sites in the OCRL gene that cause Dent disease 2 have been
reported, including insertions, deletions, splicing, and mis-
sense mutations [13]. Dent disease 2 associated missense
mutations are distributed in exons 4—15, mainly in exons
9-15 [1, 13, 34], whereas the other mutations (nonsense,
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frameshift and splicing) are found within the first seven
exons and exons 22-24 [16, 34, 35].

It encodes the inositol polyphosphate 5-phosphatase
(OCRL1) [32] that hydrolyzes phosphatidyl-inositol
4,5-bisphosphate (PIP,) to regulate membrane transport
and cytoskeletal structure and function [24]. Universally
expressed in almost all tissues, the protein structural domain
mainly includes a 5-phosphatase catalytic domain, a Rho-
GAP-like domain, an N-terminal domain, and a C-terminal
lipid-binding domain [24, 36, 37]. Previously, it was thought
that the mutation sites affecting Dent disease 2 were mainly
located in PH domain [34]. However, Ye et al. found that the
5-phosphatase catalytic domain and Rho-GAP-like domain
coding region of OCRL are important functional domains in
Dent disease 2 [13]. In the nephron, it is mainly located in
the glomerulus, proximal tubules and collecting ducts [38].

The OCRLI1 protein is originally concentrated in a com-
plex trans-Golgi network that classifies proteins and other
molecules and delivers them to intended destinations inside
and outside the cells. It also exists in the endosomes and spe-
cialized compartments formed on the cell surface to trans-
port proteins and small molecules to the specified destina-
tions within the cell. The lack in OCRLI1 leads to impaired
endocytosis of zebrafish, indicating that tubular endocytosis
requires catalytic activity of OCRL1, which is needed for
endocytic transport in vivo [39]. Regarding the detailed
molecular mechanisms, some researchers maintained that
shrunk OCRL1 activity could lead to accumulation of PIP,
and thus change cellular phosphatidylinositol 4-phosphate
5-kinase signaling pathway associated with endocytosis [39,
40].

OCRL mutations also may cause Dent disease or Lowe
syndrome and thus have an influence on the kidney [41].
Some researchers consider Dent disease 2 as a mild Lowe
syndrome [42]; however, the renal manifestations of Lowe
syndrome are different from the Dent disease with tubular
dysfunction. Lowe syndrome can present with symptoms of
renal glycosuria, aminoaciduria, and phosphate urinary tract.
These symptoms are rare in Dent disease. As the OCRL gene
is actively expressed throughout the body, the reason why
Dent disease 2 primarily affects the kidney and, to a lesser
extent, the brain, eyes, and other tissues remains unclear.

Heterogeneity of Dent disease

Approximately 25% of patients with Dent disease do not
carry the CLCN5 or OCRL mutations, indicating the pres-
ence of other unrecognized genetic factors. Patients with
Dent disease are generally believed to have a single gene
mutation either in the CLCNS5 gene or in the OCRL gene;
very few patients have been reported to carry both OCRL
and CLCNS disease-causing mutations and thereby realize
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the additive effect of Dent disease [43]. Using the next-
generation sequencing to analyze the whole exome of
nine patients in Children’s Hospital of Fudan University,
Zhang et al. [30] identified possible modifier genes CFTR,
SCNNIA, and SCNN1B associated with cystic fibrosis (CF)
or CF-like diseases that could contribute to Dent disease
pathology. However, the exact disease-causing mutation
of these genes has not yet been identified [30]. Glomerular
pathology, specifically involving the podocyte, may promote
the progression of Dent disease [15]. A better screening tool
is thus needed as a possible diagnosis tool, and the aware-
ness of identifying novel mutations related to Dent disease
also should be raised.

Diagnosis

Early diagnosis is the key to treatment of Dent disease as it
can prevent drug abuse, as well as occurrence and develop-
ment of renal failure by conducting possible effective inter-
ventions. However, Dent disease is often diagnosed at an
advanced stage or is sometimes undiagnosed. The clinical
manifestations of Dent disease are diverse. In addition, the
lack of typical serological changes and insufficient recogni-
tion by pediatricians make it extremely difficult to diagnose
Dent disease early in routine clinic work. The occurrence
of proteinuria in children is first regarded as caused by glo-
merular lesions, which leads to misdiagnosis as nephrotic
syndrome. Consequently, corticosteroids and immunosup-
pressive therapies are incorrectly used for treatment; thus,
Dent disease can easily be ignored. For example, Li et al.
[44] reported that 16 of 19 patients with Dent disease had
been misdiagnosed, and 11 of 19 had received incorrect or
unnecessary treatment.

Currently, the diagnostic methods of Dent disease mainly
include two aspects: targeting symptoms and targeting gene
mutations. A typical phenotype characterized by LMWP,
hypercalciuria, and progressive renal failure in various com-
binations often makes clinical diagnosis easier and more
precise [28]. Dent disease should be considered in patients if
they are characterized by proteinuria and/or focal glomeru-
losclerosis, particularly in male patients without edema or
hypoalbuminemia and also in male patients with a family
history of renal disease on the maternal side [1, 45]. Hyper-
calciuria is not a typical symptom used for the diagnosis
of Dent disease, whereas LMWP is a common symptom
presented in all patients. For example, Sekine et al. [8] con-
cluded that the incidence of hypercalciuria in 86 cases of
Japanese Dent disease was only 51%. Children with renal
Fanconi syndrome also have clinical features such as proxi-
mal tubule dysfunction, which is similar to patients with
Dent disease.

The following cases are more likely to be diagnosed as
Dent disease: (1) the patient has proximal renal tubular dys-
function without symptoms of acidosis; (2) male patients
have no edema or low protein blood symptoms, but have a
family history of renal disease in male patients on the mater-
nal side [1, 33, 46]. Verified by experimental data, urine
protein electrophoresis provides a more rapid and accurate
method of screening for LMWP to find tubular disease
[47-49]. Albumin/total protein <0.21 and a1-microglobulin/
creatinine of > 120 mg/g have been put forward as criteria
for screening Dent disease [11]; however, this laboratory
diagnostic technology has not been used routinely in clini-
cal work. The sub-clinical physical condition also may go
under-diagnosed, limiting early diagnosis of Dent disease.
Genetic testing is recommended to confirm the diagnosis on
clinically suspected patients and their female family mem-
bers. Genetic testing, especially next-generation sequencing,
has not been applied well in clinical diagnosis due to its
high cost and lack of awareness, despite its ability to pro-
vide accurate diagnosis [44]. At present, the most commonly
used procedure for gene sequencing of suspected cases is to
extract the peripheral blood genomic DNA of the patients,
to amplify all coding sequences of CLCN5 gene and OCRL
gene, and to sequence and analyze the PCR products. This
procedure is useful in the diagnosis of Dent disease, but it is
rather time-consuming. A better screening tool is therefore
needed as a possible diagnosis tool. The awareness of identi-
fying novel mutations related to Dent disease also should be
raised. Researchers suggest that when a patient develops pro-
teinuria, a protein test on the hepatic tubule can be used to
distinguish between renal tubular proteinuria and glomerular
proteinuria. Further genetic testing can then be performed
in the laboratory to determine whether the CLCN5 and/or
OCRL genes are mutated. Raising clinicians’ awareness of
Dent disease is also important.

Treatment

Dent disease is a congenital genetic disease, and it is still
incurable. Only symptomatic support can be taken, includ-
ing reduction of hypercalciuria, prevention of nephrocal-
cinosis and kidney stones, and retardation of the evolution
of chronic kidney disease. For treatment of Dent disease,
current interventions are designed firstly to drink plenty of
water, so as to avoid high calcium, high sodium and high
oxalate diets, as well as to control high calcium urine and
to prevent kidney calcification and its complications. The
main clinical measurements for hypercalciuria are low-
calcium diet and hydrochlorothiazide intake to promote
calcium reabsorption at the distal end of the tubule and to
delay the progression of the disease. However, it should be
noted that a low-calcium diet and a low vitamin D intake
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may affect bone health and may increase the risk of kidney
stone formation [50, 51]. Many publications have reported
that the potassium citrate diet, the drug combination treat-
ment of amiloride, hydrochlorothiazide and potassium cit-
rate, and the angiotensin-converting enzyme inhibitor drug
significantly reduce urinary calcium and protect kidney
function [51-53].

Gabriel et al. [54] found that the bone marrow trans-
plantation can improve proximal tubular dysfunction
of Dent disease in virtue of Clcn5Y/- mice, which is a
faithful model for Dent disease. GH therapy can increase
height velocity and serum insulin-like growth factor 1
levels, especially delay the improvement of phosphatu-
ria in Dent disease patients [55]. Unfortunately, research
objects in these studies were limited, and control defects
were insufficient. To produce a good treatment plan, more
clinical trials are needed to provide a theoretical basis for
treatment.

Conclusions

Dent disease is an X-linked recessive inherited tubular dis-
ease and has clinical features of LMWP, hypercalciuria,
and renal calcification. Some patients with Dent disease
may have renal dysfunction or renal failure. Dent disease
is mainly caused by mutations of CLCN5 gene, and a small
proportion of Dent disease cases is caused by mutations
of OCRL gene.

In the past few decades, great progress has been made
in understanding Dent disease. With the deepening of
molecular genetic research in Dent disease, the dis-
covery of more pathogenic genes has promoted a more
thorough understanding of the pathogenesis of Dent dis-
ease. Gene therapy may bring new hope to the treatment
of Dent disease. Further research is needed to exploit
disease heterogeneity and to develop early diagnosis
technologies. The abuse of hormones and immunosup-
pressive agents, which may cause unnecessary harm to
children, should be avoided in the treatment of Dent
disease. Moreover, attention should be paid to the iden-
tification of type 1 and type 2 Dent disease and to other
complications.
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