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Abstract
Background: To characterize the phenotypic spectrum and assess the antialbuminu-
ric response to angiotensin converting enzyme (ACE) inhibitor and/or angiotensin 
receptor blocker (ARB) therapy in a cohort of children with Dent disease.
Methods: The patients’ clinical findings, renal biopsy results, genetic and follow-up 
data were analyzed retrospectively. Mutations in CLCN5 or OCRL were detected by 
next-generation sequencing or Sanger sequencing.
Results: Of 31 Dent disease boys, 24 carried CLCN5 and 7 carried OCRL muta-
tions. Low molecular weight proteinuria and albuminuria were detected in all cases. 
Nephrotic-range proteinuria and severe albuminuria were identified in 52% and 62% 
of cases, respectively; by 7 years of age, 6 patients had hematuria and nephrotic-
range proteinuria, and 7 patients had hematuria and moderate to severe albuminuria. 
In addition to disease-related renal features, patients with Dent-1 disease also pre-
sented with congenital cataract (1/9) and developmental delay (2/7). Seventeen of 
31 patients underwent renal biopsy. Glomerular changes included mild glomerular 
lesions, mesangial proliferative glomerulonephritis and focal segmental glomerular 
sclerosis. Thirteen of the 31 patients had follow-up records and received ACE inhibi-
tor and/or ARB treatment for more than 3 months. After a median 1.7 (range 0.3–8.5) 
years of treatment, a reduction in the urinary microalbumin-to-creatinine ratio was 
observed in 54% of children.
Conclusions: Hematuria with nephrotic-range proteinuria or moderate to severe al-
buminuria was common in Dent disease patients. Extrarenal manifestations were ob-
served in Dent-1 patients, which extends the phenotypic spectrum. In addition, ACE 
inhibitors and ARBs are well tolerated, and they are partially effective in controlling 
albuminuria.
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1 |  INTRODUCTION

Dent disease is a rare X-linked recessive chronic kidney 
disease (CKD). Proximal renal tubular dysfunction, caused 
by mutations in the CLCN5 (OMIM# 300008, classified 
as Dent-1 disease, accounting for approximately 60%) 
or OCRL (OMIM# 300535, classified as Dent-2 disease, 
accounting for 15%) genes, leads to the clinical manifes-
tations of this disease (Zhang, Fang, Xu, & Shen, 2017). 
Dent disease is characterized by low molecular weight 
(LMW) proteinuria, hypercalciuria, nephrocalcinosis, 
nephrolithiasis, and chronic renal failure (Lieske et al., 
1993), and LMW proteinuria is the essential phenotype 
(Sekine et al., 2014). Affected males usually do not prog-
ress to end-stage renal disease before the age of 30 years 
(Devuyst & Thakker, 2010). Since proteinuria is always the 
initial symptom, and since nephrotic-level proteinuria can 
be detected in more than half of children with Dent disease 
(van Berkel, Ludwig, van Wijk, & Bokenkamp,  2017), it 
is not unusual for the disease to be misdiagnosed and mis-
treated (Wang et  al.,  2016). Therefore, understanding the 
phenotypic spectrum of Dent disease is helpful to further 
improve the reorganization of this disorder.

Recently, a study (Wang et al., 2016) showed that, in pa-
tients with Dent disease, glomerular pathology, including 
focal global glomerulosclerosis and foot process effacement, 
was common and was associated with renal function progres-
sion. As a principal biomarker for renal dysfunction, albu-
minuria increased as well as LMW proteins in the course of 
Dent disease (Kubo et al., 2016). These results indicated that 
angiotensin converting enzyme (ACE) inhibitors and angio-
tensin receptor blockers (ARBs) might be potential interven-
tions for Dent disease. However, there is a scarcity of data 
for the effectiveness of these drugs on albuminuria in Dent 
disease.

The aim of the present study was to characterize the phe-
notypic spectrum and assess the antialbuminuric response to 
ACE inhibitor and/or ARB therapy in a Chinese cohort of 
children with Dent disease.

2 |  SUBJECTS AND METHODS

2.1 | Ethical compliance

This study was performed in accordance with the Declaration 
of Helsinki, and the Ethical Committee of Peking University 
First Hospital approved this project.

2.2 | Patients

Data for this study were collected retrospectively from our 
hereditary renal diseases registry database initiated in 2012. 
The following criteria were used to enroll patients: (1) LMW 
proteinuria; and (2) mutations in CLCN5 or OCRL de-
tected by next-generation sequencing or Sanger sequencing. 
Patients were excluded if their age at onset of disease was 
over 18 years, if they were diagnosed with Lowe syndrome, 
or if their medical records were not available (Figure 1).

2.3 | Research methods

Patient information, including sex, race, age, clinical findings 
(age at onset of disease, first symptoms, kidney and extrare-
nal features), renal biopsy results, genotypes and follow-up 
data, were reviewed.

LMW proteinuria was defined as spot morning urine sam-
ple α1-microglobulin (α1-MG) 5 times above the upper limit 
of normal (Lieske et al., 1993). Mild, moderate and severe 
albuminuria referred to microalbumin-to-creatinine ratios 
(mg/g, ACR) <30, 30–300, and ≥300, respectively (Levin & 
Stevens, 2014). Nephrotic-range proteinuria was defined as 
24-hr urine protein > 50 mg/kg. Hypercalciuria was defined 
as urinary calcium > 0.1 mmol/kg/d or a calcium-to-creat-
inine ratio above the 95th percentile of reference values in 
random urine (Lieske et al., 1993). Since the level of serum 
phosphate in children varies with age, an age-based serum 
phosphate reference was used to diagnose hypophosphatemia 

F I G U R E  1  Flow diagram on 
detection of Dent disease from hereditary 
renal diseases registry database
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(Ruppe, 1993). Nephrocalcinosis was diagnosed by renal ul-
trasound. The glomerular filtration rate (GFR) was estimated 
using 24-hr endogenous creatinine clearance (Ccr) (National 
Kidney, 2002), and the Schwartz formula (Schwartz, Brion, 
& Spitzer,  1987) was used when 24-hr Ccr was unavail-
able. Renal dysfunction was defined as a GFR below 75 ml/
min/1.73 m2 (Pottel, Hoste, & Delanaye, 2015). Short stature 
was defined as height below the 3rd percentile of the refer-
ence for Chinese children. Intellectual disability and devel-
opmental delay were evaluated by Gesell developmental 
schedules, Wechsler intelligence scale or Raven intelligence 
test. Rickets was diagnosed by bone X-ray or physical ex-
amination. When there were more than two measurements 
of corresponding parameters in a month, we calculated the 
mean values and used them for subsequent analysis.

Genomic DNA, extracted from peripheral blood leuko-
cytes in all participants, was analyzed by next generation 
sequencing or Sanger sequencing. Whenever DNA from 
first-degree relatives of the participants were available, seg-
regation analysis was performed by Sanger sequencing. The 
interpretation of unpublished variants in CLCN5 or OCRL 
was performed according to American College of Medical 
Genetics and Genomics (ACMG) guidelines (Richards 
et al., 2015).

3 |  RESULTS

As shown in Figure 1, a total of 31 male patients with Dent 
disease were included in this study. They were from 14 prov-
inces in China and were predominantly of Han Chinese eth-
nicity (25/29), with the remainder being Hui, Manchu, Bai 
and Mongolian nationality.

All patients had a genetic diagnosis at the median age of 
6.3 (range 1.7–16.8) years old. The median duration from 
disease onset to genetic diagnosis was 31.2 (range 2.4–187.2) 
months.

The different CLCN5 and OCRL mutation categories de-
tected in the present study are summarized in Table 1. Almost 
half of these mutations were not published previously. Table 2 
lists the interpretation of these novel mutations according to 
ACMG guidelines. Among them, 13 variants were classified 
as pathogenic. Patients 7, 26 and 30 were highly suspected of 
Dent disease based on LMW proteinuria and hypercalciuria 
with or without nephrocalcinosis; thus, the novel variants 
identified in these three patients were classified as clinically 
pathogenic.

Of 31 patients, 22 patients (71%) were misdiagnosed. 
Among them, 19 patients received inappropriate steroid and/
or immunosuppressive therapy, and genetic diagnosis was 
made at the median age of 6.9 (range 3.8–16.8) years old. The 
median duration from onset of disease to genetic diagnosis in 
these patients was 30 (range 2.4–187.2) months.

3.1 | Characteristics of onset symptoms

The median age at disease onset was 3.7 (range 0.2–12.3) 
years old. Manifestations (including abnormal urine color, 
multiple urine foam, frequent micturition and edema) at dis-
ease onset were observed in 13 males (42%) at the median 
age of 4 (range 0.2–7.3) years, and 18 patients (58%) were 
asymptomatic; they were found accidentally for other rea-
sons at the median age of 3.4 (range 0.3–12.3) years old.

3.2 | Renal features

A description of the renal manifestations before treatment 
is given in Table  3. LMW proteinuria and albuminuria 
were detected in all cases. The median percentage of uri-
nary albumin detected by urine protein electrophoresis was 
36% (range 24.2%–47.6%). Nephrotic-range proteinuria 
and severe albuminuria were identified in 52% (16/31) and 
62% (18/29) of patients, respectively. In patients younger 
than 7  years old, the percentages of nephrotic-range pro-
teinuria and severe albuminuria were 65% (13/20) and 
83% (15/18), respectively. Notably, nephrotic-range pro-
teinuria and severe albuminuria were detected in 83% 
(5/6) and 100% (5/5) of patients younger than 3 years old, 
respectively (Figure  2). Microscopic hematuria was de-
tected in 32% (10/31) of patients. Before the age of 7 years,  
6 patients had hematuria and nephrotic-range proteinuria, 
7 patients had hematuria and moderate to severe albuminu-
ria. Hypercalciuria was detected in 87% (27/31) of patients 
and occurred at all ages, whereas only 33% (9/27) pre-
sented with hematuria. Twenty-seven patients underwent 

T A B L E  1  Type of mutations in Dent disease cohort

Types of 
mutations

Number of 
patients

Number of 
novel mutations

Dent-1 
disease 
(CLCN5)

Missense 5 (20.8%) 2

Nonsense 8 (33.3%) 1

Frame shift 9 (37.5%) 8

Deletion 1 (4.2%) 1

Splice 1 (4.2%) 1

Total, n % 24 13

Dent-2 
disease 
(OCRL)

Missense 4 (57.1%) 2

Nonsense 1 (14.3%) 1

Frame shift 1 (14.3%) 0

Deletion 1 (14.3%) 0

Total, n % 7 3
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renal ultrasound, no nephrolithiasis was identified, whereas 
nephrocalcinosis was detected in 30% (8/27) of patients. 
There were only 15 patients who underwent urinary amino 
acid analysis, and all of them had aminoaciduria. Only four 
of 27 (15%) patients manifested abnormal GFRs. Among 
them, one patient (patient 13) presented with nephrotic-
level proteinuria (3.6 g/24 hr), bilateral renal cysts, and renal 
dysfunction (Ccr was 70 ml/min) at the age of 12.9 years. 
A half years later, he still manifested with nephrotic-level 

proteinuria (3.02 g/24 hr) while his renal dysfunction pro-
gressed (Ccr was 48 ml/min). Bilateral renal cysts may lead 
to the patient's renal dysfunction. There were no significant 
differences in renal features between patients with Dent-1 
disease and Dent-2 disease (Table 4).

3.3 | Extrarenal manifestations

As shown in Table 4, height was affected in 30% (9/30) of 
patients. Of these patients, 7 patients received steroid ther-
apy, and 5 patients were treated with steroids for more than 
6 months. Short stature was more common in patients with 
Dent-2 disease. In addition to Dent-2 patients, Dent-1 pa-
tients also presented with congenital cataract which was di-
agnosed by ophthalmologist (1/9) and developmental delay 
(2/7). The patient with Dent-1 disease and congenital cata-
ract had a history of two-week treatment with dexamethasone 
10 years ago. He did not receive any corticosteroids before 
the diagnosis of congenital cataract was made. Rickets was 
detected in four patients; however, the level of serum 25-hy-
droxyvitamin D in two of three patients who underwent this 
examination was deficient, so vitamin D deficiency associ-
ated rickets could not be excluded.

3.4 | Renal pathology

Seventeen of 31 patients (55%) underwent a renal biopsy be-
cause of moderate to severe albuminuria or nephrotic-range 
proteinuria, and 3 patients received a repeated renal biopsy. The 
histopathological findings are summarized in Table 5. The me-
dian interval between the age at disease onset and age at renal 
biopsy was 1.55 (range 0–11.5) years. Glomerular changes, 
including mild glomerular lesions, mesangial proliferative 
glomerulonephritis (MsPGN) and focal segmental glomerular 
sclerosis (FSGS), were found. Nine patients (53%) had mild 

F I G U R E  2  Proteinuria features observed at different ages. Probands are categorized by age undergoing relevant examinations before 
treatment. (a) Distribution of nephrotic range proteinuria (blue) and nonnephrotic range proteinuria (orange) at different ages. (b) Distribution of 
severe albuminuria (blue) and moderate proteinuria (orange) at different ages

T A B L E  4  Renal and extrarenal features of patients with Dent 
type 1 and type 2

Total 
(n = 31)

Dent- 1 
(n = 24)

Dent- 2 
(n = 7)

Onset age (median, 
years)

3.7 3.4 3.9

Nephrotic-range 
proteinuria

16/31 13/24 3/7

LMW proteinuria 30/30 23/23 7/7

Macroalbuminuria 18/29 13/22 5/7

Hypercalciuria 27/31 20/24 7/7

Nephrocalcinosis 8/27 7/22 1/5

Hematuria 10/31 7/24 3/7

Hypophosphatemia 5/31 4/24 1/7

Aminoaciduria 9/9 6/6 3/3

Glycosuria 3/29 3/24 0/7

Acidosis 0/31 0/24 0/7

Abnormal GFR 4/27 2/20 2/7

Short stature 9/30 4/23 5/7

Congenital cataract 3/12 1/9 2/3

DD 2/8 2/7 0/1

Rickets 4/27 4/20 0/7

Note: GFR, Glomerular filtration rate; DD, Developmental delay.
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glomerular lesions, and the median age at biopsy was 5.5 (3.7–
15.4) years old, whereas the mean percentage of urinary albu-
min examined at the time closest to the renal biopsy was 36.9% 
(n = 5). Among them, patient 14 received a repeated renal bi-
opsy 3.8 years later, and global sclerosis was observed in 7/21 
glomeruli, which may be related to chronic tubulointerstitial 
nephropathy and ischemic renal damage. Patient 18 underwent 
a repeated renal biopsy 1.5 years later, and tubular injury with 
mild glomerular lesions was observed. Six patients (35%) had 
MsPGN, and the median age at biopsy was 6.6 (range 3.1–11) 
years old, whereas the mean percentage of urinary albumin ana-
lyzed at the time closest to the renal biopsy was 39.3% (n = 3). 
The remaining 2 patients (12%), who underwent a renal biopsy 
at the age of 13.1 and 5.8 years, respectively, had FSGS, and 
the percentage of urinary albumin detected at the time closest to 
the renal biopsy was 30.2% and 37%, respectively. In addition 
to FSGS, chronic tubulointerstitial damage was observed in pa-
tient 13’s repeated renal biopsy specimen (biopsy performed 
2 years later).

3.5 | Safety and the effects of ACE 
inhibitors and ARBs on albuminuria

Thirteen of 31 patients had follow-up data and received ACE 
inhibitor (mainly refers to benazepril, mean dose 0.30 mg/
kg/d) and/or ARB (losartan, mean dose 0.79 mg/kg/d) treat-
ment for more than 3 months (Table 5 and Figure 3). The 
median age at onset of treatment was 5.4 (range 1.6–15.4) 
years, and the median urinary ACR before treatment was 
468.42 (range 185.5–13,302) mg/g. After a median of 1.7 
(range 0.3–8.5) years of treatment, a reduction in urinary 
ACR was observed in 54% (7/13) of children, a slight in-
crease (less than 25%) in urinary ACR was observed in 23% 
(3/13), whereas a significant increase (more than 25%) was 

observed in the remainder. Three children (patient 10, 27 and 
30) performed urinary protein electrophoresis after treatment. 
The proportion of urinary albumin before and after treatment 
were 37.8% versus 35.7%, 36% versus 39.4% and 31% versus 
32.9% in these patients, respectively.

The therapy with ACE inhibitors and/or ARBs was well 
tolerated and did not affect renal function in 12/13 cases. 
However, one child stopped ARB treatment due to a decline 
in eGFR. One patient developed hypotension after 6 months 
of ACE inhibitor therapy, which resolved after taking the 
medication in the morning.

4 |  DISCUSSION

Male patients with a prominent manifestation of LMW pro-
teinuria should be considered for the possibility of Dent dis-
ease, which can be diagnosed by genetic testing. However, 
in clinical practice, an important issue is how to think of this 
disease. Two clinical characteristics in this cohort are note-
worthy. First, hematuria with nephrotic-range proteinuria or 
moderate to severe albuminuria was common; however, it 
was not always associated with hypercalciuria. In the absence 
of a urinary erythrocyte morphology examination and urinary 
protein component analysis, such patients are usually rec-
ommended for renal biopsy (Nammalwar, Vijayakumar, & 
Prahlad, 2006); unfortunately, it is impossible to obtain a de-
finitive diagnosis, and the patients may receive inappropriate 
therapy. Therefore, patients with hematuria and nephrotic-
range proteinuria or moderate to severe albuminuria should 
undergo an examination of urinary erythrocyte morphology 
and urinary protein components.

Second, patients with Dent-1 disease may also present 
with congenital cataract and developmental delay. The inci-
dence rates of cataract and intellectual impairment in Dent-2 
disease were 7% and 27%, respectively (De Matteis, Staiano, 
Emma, & Devuyst,  2017), whereas there was no report of 
these two extrarenal abnormalities in patients with Dent-1 
disease. However, in our study, patients with congenital cat-
aract or developmental delay had been observed in Dent-1 
disease. A study showed CLC proteins (including CLC-5 
encoded by the CLCN5 gene) could regulate electrical excit-
ability of neurons (Mufson et al., 2018), thus, the relationship 
between developmental delay and CLCN5 mutations may 
exist. Of course, these abnormalities may also coexist with 
Dent-1 disease, whereas they need to be differentiated from 
Lowe syndrome and Dent-2 disease. Thus, patients with sus-
pected Dent disease should undergo ophthalmological exam-
ination and intelligence assessment.

Another interesting aspect of the present study is the op-
portunity to evaluate the percentage of urinary albumin and 
the effects of ACE inhibitor and/or ARB therapy on albumin-
uria. The percentage of urinary albumin in the total protein 

F I G U R E  3  Changes in urinary ACR before and after treatment 
with ACE inhibitors and/or ARBs in 13 cases with Dent disease
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ranged from 24.2% to 47.6%; it was usually smaller than that 
of LMW proteinuria. The use of ACE inhibitors and/or ARBs 
effectively decreased the albuminuria in half of the children 
with glomerular pathology, including FSGS, mild glomeru-
lar lesions and MsPGN, and this therapy was well tolerated. 
A similar promising reduction in urine total protein was ob-
served in two boys with less than 1 year of treatment, and 
the histologic findings were FSGS and extensive mesangial 
deposition of C1q (Copelovitch, Nash, & Kaplan, 2007; Lim, 
Yun, Moon, & Cheong, 2007). However, it has also been re-
ported that the level of urine total protein in some patients 
failed to respond to ACE inhibitor and/or ARB therapy 
after a maximum of 5 years (Blanchard et al., 2016; Cramer 
et  al.,  2014; Frishberg et  al.,  2009; Vaisbich et  al.,  2012); 
unfortunately, data on the efficacy of these drugs on albu-
minuria were not available. Our results showed that, in half 
of the children, albuminuria could be controlled with ACE 
inhibitor and/or ARB treatment. Genotypes, glomerular le-
sions, the age at the initiation of treatment and the duration of 
treatment could not explain the difference in antialbuminuric 
response to ACE inhibitor and/or ARB therapy. In the future, 
it is worth observing whether patients with Dent disease ben-
efit from long-term albuminuria control.

There are several limitations to this study. First, this 
was a retrospective study with incomplete medical exam-
inations; for example, not all patients underwent urinary 
amino acid screening, intelligence assessment and ophthal-
mological examination. Baseline data of some patients were 
missing. The second limitation is the absence of urinary 
protein electrophoresis in most patients during follow-up, 
and the proportion of urinary albumin after treatment was 
unknown. The third limitation is the low precision of es-
timating GFR using 24-hr Ccr and the Schwartz formula 
(Wang et al., 2010). A further limitation was the short fol-
low-up time, and the long-term effects of ACE inhibitor/
ARB therapy are not clear.

In conclusion, hematuria with nephrotic-range proteinuria 
or moderate to severe albuminuria was common in Dent dis-
ease patients. Extrarenal manifestations could be observed in 
a small number of Dent-1 patients, which extends the pheno-
typic spectrum of the disease. In addition, ACE inhibitors/
ARBs are well tolerated, and they are partially efficient in 
controlling albuminuria in Dent disease.
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