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Background: Dent disease is a group of inherited X-linked recessive renal tubular disorders. This group of disorders is characterized by low molecular weight proteinuria (LMWP), nephrocalcinosis, hypercalciuria and renal failure.



Case presentation: Here we report one 11-year-old Chinese boy (proband) and one 13-year-old Chinese boy who was proband's cousin, both presented with massive proteinuria. Further laboratory examinations revealed a lack of nephrocalcinosis, nor any other signs of tubular dysfunction, but only LMWP and hypercalciuria. There was no abnormality in growth, renal function or mineral density of the bones. A novel deletion (c.1448delG) in the CLCN5 gene was identified, resulting in a frame shift mutation (p.Gly483fs). The proband's and his cousin's mothers were found to be the carrier of this mutation.



Conclusions: In this study, we have found a novel frameshift mutation (c. 1448delG) at exon 11 of the CLCN5 gene which leads to Dent disease 1, expanding the spectrum of CLCN5 mutations.
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Introduction

Dent disease is a X-linked recessive inherited renal tubule disorders (1). Two genetic subtypes have been identified: CLCN5-mutated Dent disease type 1 and OCRL-mutated Dent disease type 2 (2). There wasn’t a clear causative gene found in about 25% Dent patients (3, 4). The chloride channel (ClC) 5, a transmembrane protein, which was encoded by CLCN5, is responsible for the reabsorption of proteins, calcium, minerals, and vitamins in tubules (5). Hence, Dent 1 disease is mainly characterized by low molecular weight proteinuria and hypercalciuria. In Dent disease, the phenotype heterogeneity often makes the accurate diagnosis difficult. Immunosuppressive medications or renal biopsy are usually prescribed for patients.

In this study, we described a Chinese pedigree with dent disease, in which patients presented asymptomatically with massive proteinuria and hypercalciuria without other diagnostic criteria. Genetic testing was conducted and a novel CLCN5 delete mutation, which had not been reported previously, was identified in exon 11. This finding expanded the knowledge on the biological role of CLCN5. The main clinical features of this disease were also analyzed.



Cases report

Proband, male, 11 years old, was referred to our department for investigation of proteinuria. He was born after a full-term uneventful pregnancy with a birth weight of 4500 g to nonconsanguineous Chinese parents. His mother's uncle (the proband's grandmother's younger brother) was diagnosed with stage 5 chronic kidney disease at the age of 50 years of unknown cause and undergoing dialysis. At the age of 7 years, he had proteinuria (protein in urine dipstick: 2+), but no gross hematuria, no edema and oliguria, no rash and no special treatment was given. After admission, the vital signs, blood pressure, and physical examination all appeared normal. When admitted, the patient was in the 75th and 90th percentiles for weight and height. The serum albumin and cholesterol were normal, while the 24-h urine protein quantification was 2.11 g (55 mg/kg). A high component of LMWP and elevated β-2 microglobulin values up to 54.2 mg/L (normal < 0.2) were revealed by further analysis. These suggested defects in tubules. The 24-h urine calcium excretion was also increased (10 mg/Kg/day) and calcium-to-creatinine ratio was up to 0.48 (normal < 0.21). Serum calcium, potassium, phosphate, complement C3/C4, liver and renal function were normal (serum creatinine 40 umol/L). Autoimmune related antibodies including antinuclear and anti-DNA antibodies were negative. Renal ultrasonography showed increased echogenicity in both renal parenchyma without nephrocalcinosis. Due to the massive proteinuria, kidney biopsy was performed which revealed focal global glomerulosclerosis. Representative findings were displayed in Figure 1. Among the 22 obtained glomeruli from the renal biopsy, two were found to be sclerosed globally. The tubular damage including tubular atrophy and focal interstitial fibrosis were also identified. In addition, there was a mild to moderate proliferation of mesangial cells and segmental accumulation of matrix. By immunofluorescence microscopy, no significant reactivity was detected for immunoglobulin G (IgG), IgM, IgA, or C3 (data not shown). In the mesangial region and the basement membrane, no electron-dense deposits were observed (data not shown).


[image: Figure 1]
FIGURE 1
Light microscopy images of kidney tissue. (A) Globally sclerostic glomeruli. Silver ×400. (B) Globally sclerotic glomeruli (arrow). Masson Trichrome ×400. (C) Tubular atrophy (arrow) and renal interstitial fibrosis (star). Hematoxylin-eosin ×200. (D) Proliferation of mesangial cells and segmental accumulation of matrix. Hematoxylin-eosin ×400.


The Proband's cousin, male, 13 years old, was referred to our department also for proteinuria for half one year. He was the second child of nonconsanguineous Chinese parents. In addition, his older brother was hospitalized in an adult hospital for massive proteinuria and his renal biopsy revealed renal tubulopathy. The clinical manifestations of the child were similar to those of the proband. The detail clinical and laboratory information was demonstrated in Table 1. Based on a survey of both affected brothers, we created a pedigree. The pedigree presented in Figure 2 was suggestive of an X-linked mode of inheritance.


[image: Figure 2]
FIGURE 2
Pedigree analysis of this family. We identified 2 brothers, the proband (III-4) and the affected brother (III-6) who were admitted to our hospital, with proteinuria. The proband was diagnosed with FSGS based on kidney biopsy. The closed boxes represent the patients with proteinuria in this family. The pedigree suggested an X-linked pattern of inheritance. Blood was collected from the proband and 5 additional family members indicated by asterisks.



TABLE 1 Laboratory information of the proband and his cousin.
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Diagnostic assessment

Due to family history of renal diseases, persistent LMWP and hypercalciuria, we decided to proceed to genetic testing. Whole exome sequencing was conducted in 6 individuals: the proband, the proband's cousin and their parents. The proband's, his cousin's and their parents' blood were obtained and whole exome sequencing was performed after the informed consent was obtained from each family member. One hemizygous mutation in the DNA sequence of CLCN5 gene was identified in the mother, c.1448delG in exon 11 (NM_001127899.4) as shown in Figure 3, which resulted in an amino acid mutation: p.Gly483fs. No other pathogenic mutation was detected in either CLCN5 or OCRL gene. This novel mutation was not found in the proband's father, while their mothers were the carrier of this mutation, experienced no clinical evidence of Dent's disease and excreted normal levels of β2-microglobulin in their urine. No previous report of this CLCN5 mutation has been found in HGMD (http://www.hgmd.org) and ClinVar (http://www.ncbi.nlm.nih.gov/clinvar) nor in the literature before.


[image: Figure 3]
FIGURE 3
The direct DNA sequencing of the proband and his mother. The red box identified the novel delete mutation (c.1448delG), leading to a single amino acid change at amino acid 483 and to a truncated ClC-5 protein.




Therapeutic intervention

Both the proband and his cousin are receiving citrate supplementation making urine alkalinization and losartan potassium (1 mg/kg) decreasing proteinuria which is an important factor in the progression of chronic kidney disease (6). At present, one and half years after initial presentation, the proband's renal function is still normal (serum creatinine 41 mmol/L), though accompanied by massive proteinuria (1.63 g, 35 mg/kg) which remains mainly LMWP (β2 microglobulin 126 mg/L, normal < 0.2). Growth is within normal ranges for him. However, his kidneys developed nephrocalcinosis and kidney stones formed, as well as the bone density decreased. The affected cousin has a similar condition as the proband while absence of nephrocalcinosis and low bone density.



Discussion and conclusions

Our report described Dent disease type 1 with a novel delete mutation of CLCN5 gene in a Chinese family, characterized by nephrotic range proteinuria, mostly LMWP, and hypercalciuria without any of the other criteria, such as nephrocalcinosis, impaired calcium and bone metabolism at the onset of the disease.

Up to date, it has been reported that there are more than 200 CLCN5 gene mutations and more than 140 OCRL gene mutations associated with Dent disease (7). Ye. et al. analyzed the gene mutation spectrum of Dent disease in 45 Chinese children and revealed 28 different mutations including 17 novel mutations (8). It was found that the mainly CLCN5 gene mutations were missense (34%) and frameshift (31%) mutations (8, 9). The CLCN5 gene encodes a voltage-gated chloride/hydrogen ion exchange protein ClC-5, which is expressed in the proximal tubule, the thick ascending limb, and the collecting duct (10). The carboxy terminus of ClC-5 contains two cystathionine B-synthase (CBS) domains which is highly conserved and plays an integral role in chloride/proton exchange and endosomal transport (11). In the present study, this frameshift variant results in premature termination of CLCN5 protein synthesis, lacking the CBS domains.

The accurate relationship between genotypes and clinical phenotypes has not been discovered. For example, within one family, the phenotype of the same mutation is not identical, with some presenting with severe kidney stones in infancy, while others may only present with mild LWMP or even normal laboratory findings (12, 13). In this case, both the proband and his cousin were absent of nephrocalcinosis at onset, while the proband, not his cousin, developed it during subsequent follow-up. LMWP was found in almost all patients with Dent disease (14). This case was mainly characterized by massive proteinuria with mainly LMWP and hypercalciuria. Additionally, there was no disturbance of calcium and phosphorus metabolism and abnormal renal function. In fact, in the early stage of Dent disease, the loss-of-function mutation of CLCN5 does not necessarily lead to the occurrence of hypercalciuria or nephrolithiasis, while LMWP is the early and basic manifestation of CLC-5 channel dysfunction (14, 15). Hence, some scholars suggested that if the patient presents with nephrotic level proteinuria and LMWP without edema and hypoalbuminemia, genetic testing should be actively performed to confirm the diagnosis (8, 16). The mechanism whereby these CLCN5 mutations result in the diverse phenotypes of Dent's disease remains to be elucidated.

The renal biopsy character of type 1 Dent disease is nonspecific, mainly focal segmental glomerulosclerosis (FSGS) or focal global glomerulosclerosis, followed by minimal change disease (MCD) (17). One multicenter analysis of renal biopsy from 30 Dent patients showed that 83% patients had focal global glomerulosclerosis (affecting 16% ± 19% glomeruli) and 70% had renal tubular damage (18). In this case, the presence of focal global glomerulosclerosis (affecting 9.1% glomeruli), was lower than the previous reported data, possibly attributed to the better renal function at biopsy (18).

Clinical management of Dent disease patients is centered on symptoms, rather than on any specific treatment, like most other genetic disorders (19). Hydrochlorothiazide and high citrate diet were used to reduce hypercalciuria in the hope of delaying the progression of chronic kidney disease (20, 21). However, it is necessary to pay attention to the side effects caused by thiazide diuretics, such as severe hypokalemia and dehydration (6). Immunosuppressive agents such as glucocorticoids have no obvious effect. The proband was treated with prednisone and cyclophosphamide at the request of the family before the genetic results were available. The proteinuria was not relieved after the treatment, which was consistent with previous reports (21). It has been reported that angiotensin converting enzyme inhibitors (ACEI) drugs could reduce the urinary protein excretion in patients with type 1 Dent disease (6, 22). On the other hand, Vaisbich et al. did not find benefit from ACEI therapy in patients with type 1 Dent disease (20). In this study, ACEI used by the proband also failed to effectively reduce the urinary protein.

The most serious outcome of Dent disease is renal failure. It was reported that 30% to 80% of male patients can progress to renal insufficiency at the age of 25 to 50 years (23). In this study, neither of the two children showed renal insufficiency. However, long-term follow-up is still needed.

In conclusion, we documented a novel CLCN5 mutation resulting a frameshift in protein coding sequence, which expanded the spectrum of CLCN5 mutations. Our understanding of Dent disease heterogeneity is strengthened by this case, which indicates that genetic testing should be done early in cases with high clinical suspicion, despite the absence of all diagnostic criteria. More consideration should be given to the therapeutic options to avoid the undesirable side effects.
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Normal range

Ages of disease onset 7 12
Serum pH 736 735 735-7.45
Serum BE (mmol/L) -19 10 —4+4

Serum Calcium (mmol/L) 224 228 21962556

Serum Creatinine (umol/L) 40 4 3793
Urine f,-microglobulin (mg/L) 542 632 <02
Urine al-microglobin (mg/L) 130 120 0-12
Proteinuria (mg/24 h) 2119 2851

Urine Calcium (mg/24 h) 398 2976

Urine Calcium/Creatinine 048 028 <021
Urine glucose N N
Red blood cell 5-10 4-8 <3/HP
Nephrocalcinosis N N
Nephrolithiasis N N
Osteomalacia N N
Kidney biopsy FSGS -

BE, base excess: N, negative: -, no data: HP, high power lens.
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