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Background: Alport syndrome (AS) and Wilson's disease (WD) are genetic diseases that could lead to kidney damage. Herein, we report the clinical features and gene variants in a patient with WD and X-linked AS.



Case presentation: The proband was a 12-year-old boy diagnosed with AS coexisting with WD at the age of 11 years. The patient underwent a medical check-up when he was 4 years and 8 months. Laboratory tests revealed elevated liver enzymes, decreased serum ceruloplasmin, increased 24-h urinary copper excretion, and one variant in the ATP7B gene. Then, the patient was diagnosed with WD. After 2 months of treatment with D-penicillamine and zinc salt, his liver function had recovered to normal levels, but he presented with microscopic hematuria. The hematuria did not resolve after switching to dimercaptosuccinic acid from D-penicillamine. In addition, he presented with proteinuria 3 years later. A renal biopsy was performed more than 6 years after the patient was diagnosed with WD, and electron microscopy showed that the basement membrane thickness was uneven, layered, and focal torn. Copper staining was negative. A genetic analysis identified a hemizygous variant (c.1718G > A, p. Gly573Asp) in COL4A5 and a homozygous variant (c.2975C > T, p. Pro992leu) in ATP7B. The patient’s urine protein–creatinine ratio was less than 1.0 mg/mg after a 1 year of follow-up, after enalapril was administered for treating AS.



Conclusion: This case highlights a lack of improvement in renal function after conventional treatment provides a possible indication for performing renal biopsy or genetic testing to determine the etiology in order to facilitate subsequent clinical management. Clinicians should prevent the occurrence of diagnostic inaccuracies caused by diagnostic anchoring because an accurate diagnosis is essential for achieving precise treatment and improved prognosis.
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Introduction

Alport syndrome (AS) and Wilson's disease (WD) are both causes of painless hematuria and proteinuria. AS is among the most prevalent inherited kidney diseases and is even more frequent than autosomal dominant polycystic kidney disease (1, 2). AS is characterized by hematuria, proteinuria, and progressive renal failure. In addition, AS is associated with extrarenal manifestations such as ocular abnormalities and sensorineural deafness (1–5). It is related to COL4A3, COL4A4, and COL4A5 gene mutations, which encode for the α3, α4, and α5 chains of type IV collagen, respectively. Type IV collagen is the principal constituent of basement membranes of the glomerular basement membrane (GBM), retina, cornea, lens capsule, and cochlea (1, 6). WD, also referred to as hepatolenticular degeneration, is a sporadic autosomal recessive hereditary disorder disease. ATP7B gene mutation reduces the function of copper-transporting P-type ATPase, leading to impaired serum ceruloplasmin synthesis, biliary copper excretion, and systemic copper overload and deposition in multiple organs, including the liver, brain, cornea, kidney, bone, and joint (7–9). Hepatic, neurologic, and psychiatric disorders and Kayser–Fleischer (K–F) rings at the corneal limbus are the most common clinical manifestations of WD. Hemolytic anemia, renal damage, and rheumatological manifestations can also occur in WD, but renal involvement is relatively rare (8, 9). The reported possible causes of abnormal urine analysis in WD patients include the deposition of copper and/or immune complex, adverse drug-related events, hypercalcinuria, and abnormal blood coagulation secondary to hepatic dysfunction. (7, 10, 11). Instances of AS and WD occurring simultaneously or successively in the same patient are rare (12). Herein, we report the case of a Chinese boy who presented with liver function damage, hematuria, and proteinuria successively. His kidney biopsy showed the characteristic GBM lesion of Alport 6 years after being diagnosed with WD and a hemizygous c.1718G > A (p. Gly573Asp) variant in COL4A5 and a homozygous c.2975C > T (p. Pro992leu) variant in the ATP7B gene were found.



Case presentation

The proband (II-2 in Figure 1) was a 12-year-old boy diagnosed with AS coexisting with WD at the age of 11 years. The patient was the second child of a non-consanguineous couple of Chinese Han ethnicity. The visual and auditory functions, hepatic and renal functions, and urinalysis of the patient's parents (I-1, I-2 in Figure 1) and younger brother (II-3 in Figure 1) were normal. However, the patient's elder sister experienced severe ascites and liver dysfunction with a clinical suspicion of WD and died at the age of 7 years. The patient underwent a medical checkup following the death of his elder sister when he was 4 years and 8 months. Laboratory tests revealed elevated liver enzymes (alanine aminotransferase >100 IU/L), decreased serum ceruloplasmin (122 mg/L), and elevated 24-h urinary copper excretion (93.3 µg/24 h), but the K–F ring was not observed on a slit lamp examination. In addition, a variant in the ATP7B gene was found, but specific information related to the mutations was unavailable. The patient was diagnosed with WD and treated with D-penicillamine (DPA) and vitamin B6 combined with zinc salt at local hospitals. At 4 years and 10 months of age, his liver function recovered to normal levels, but he presented with microscopic hematuria. Because his doctor believed that hematuria was caused by DPA, DPA was replaced with dimercaptosuccinic acid (DMSA). However, the patient's hematuria persisted and he presented with severe proteinuria at the age of 8 years, despite discontinuing DPA. The symptoms of hematuria and proteinuria persisted and there was no improvement in his condition. Liver enzyme levels were maintained about twice the upper limit of normal under DMSA and zinc salt treatment in the following years.
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FIGURE 1
Pedigree of the family affected. The arrow identifies the proband. The crossed symbol indicates the deceased individual.


At the age of 11 years, the patient was admitted to our hospital for further evaluation. On admission, his physical examination showed a body temperature of 36.3°C, pulse rate of 120 /min, respiration rate of 28 cycles/min, blood pressure at 85/50 mmHg, and weight of 38 kg. Percussion pain was noted in the left kidney area, with no other abnormalities on examination of the abdomen. The patient did not have edema or a yellow-tinged skin, and the results of cardiac, pulmonary, and neurological examinations were normal. Laboratory tests after admission showed an abnormal liver function and blood lipid level: albumin (29.5 g/L, normal range: 40.0–55.0 g/L), alanine aminotransferase (111.6 U/L, normal range: 9–50 U/L), aspartate aminotransferase (47.3 U/L, normal range: 15–40 U/L), cholesterol level (6.41 mmol/L, normal range: 2.9–5.2 mmol/L), and triglyceride levels (4.25 mmol/L, normal range: 0.0–1.71 mmol/L). Further workup due to chronic abnormal liver enzymes showed a serum ceruloplasmin level of 40 mg/L, and 24-h urinary copper excretion was 251 µg/24 h. In addition, routine urine tests showed proteinuria (3+) and red blood cells (2+), and 24-h uric protein quantity was 3,823.3 mg/day. Renal function was normal. Other laboratory examinations showed a slight decline in IgG (6.06 g/L, normal range: 8.60–17.40 g/L) and a mildly elevated complement C3 (1.61 g/L, normal range: 0.70–1.40). His serum electrolytes, C-reactive protein, serum complement C4, antistreptolysin O, immunoglobulin levels (IgA, IgE, and IgM), coagulation function, antinuclear antibody, anti-double-stranded DNA antibody, antineutrophil cytoplasmic antibody, anti-GBM antibody, interferon-gamma release assay, and serologic hepatitis B virus and hepatitis C virus testing were all normal. No obvious abnormalities were noted upon ophthalmologic and hearing screening. In addition, the results of routine chest radiograph, electrocardiogram, color echocardiogram, double kidney color ultrasound, and cranial magnetic resonance imaging were normal. Color ultrasound of the liver, gallbladder, spleen, and pancreas indicated intrahepatic fat deposition and gallbladder stones. Renal biopsy was performed to identify whether there was kidney disease. An analysis of renal biopsy specimens using light microscopy showed the formation of annular cellular and fibrous crescents in three glomeruli (3/16 glomerulus) (Figure 2A), hypertrophy of other glomeruli, increased number of intrinsic cells, lobulation of glomeruli with mesangial hypercellularity, segmental thickening of the mesangial matrix and a small amount of redophilic deposits in the mesangial area, vacuolated renal tubular epithelial cells and the presence of casts in the tubular lumen, interstitial focal inflammatory cell infiltration, interstitial fibrosis, and mild edema (Figure 2B). Immunofluorescence staining of kidney tissue revealed granular deposition of IgM (++) within the mesangium (Figure 2C) and showed negativity for IgG, IgA, C3, C4, C1q, and Fibri. Detection of the α5 collagen chain of the basement membrane was not performed. Copper staining was negative. Electron microscopy showed a mild to moderate proliferation of the mesangial matrix, occasionally seen as electron-dense deposits in the glomerular mesangial area. Electron microscopy also revealed an abnormal glomerular capillary basement membrane thickness, which was uneven (ranging from 350 to 900 nm) or layered, focal torn, and endothelial cell insertion; and multiple lysosomes in the podocyte cytoplasm, with widely fused foot processes (Figure 2D). The prominent renal pathological changes observed suggested that a diagnosis of AS needs to be considered.
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FIGURE 2
Histopathologic lesions. (A) H&E stain (×200) showing glomeruli mesangial hypercellularity, a thickened mesangial matrix, and a ring-like mixed crescent form (↑); (B) the renal tubules depicting interstitial inflammatory cell infiltration and interstitial fibrosis (↑) by a light microscopy study (H&E stain, ×200); (C) immunofluorescence staining showing granular deposition of IgM (++) within the mesangium; and (D) electron micrograph showing abnormal glomerular capillary basement membrane thickness, uneven thickness, (ranging from 350 to 900 nm), layered (↑), focal torn, and endothelial cell insertion.


At this point, peripheral blood samples collected from the proband were sent to the MyGenostics Medical Laboratory (Beijing, China) for whole-exome sequencing and for further confirmation of the results by Sanger sequencing. A hemizygous c.1718G > A (NM_000495) coding variant (p. Gly573Asp) in exon 24 of the COL4A5 gene located on the X-chromosome and a homozygous variant c.2975C > T (p. Pro992Leu) in exon 13 of the ATP7B (NM_000053) gene located on chromosome 13 were identified. Familial verification was performed by using Sanger sequencing. The results showed that the same heterozygous COL4A5 variant was detected in his mother (Figure 3A). The same heterozygous missense mutation of ATP7B was detected in his parents and younger brother (Figure 3B). This p. Gly573Asp variant in the COL4A5 gene has been reported previously (13). It is listed in the Human Gene Mutation Database (HGMD) and is believed to cause AS (accession number CM983307). The p. Pro992Leu variant in ATP7B is located in the hot spot region (14) and is one of the common ATP7B mutations in Chinese patients with WD (autosomal recessive) (15). These two variants showed an extremely low frequency in the general population cohort, and the Rare Exome Variant Ensemble Learner (REVEL) was used to predict possible damage to protein function. Thus, the c.1718G > A (NM_000495) and c.2975C > T (NM_000053) variants were classified as “likely pathogenic (PS4 + PM2 + PP3)” and “pathogenic (PM1 + PM2 + PM3_Strong + PM5 + PP3),” respectively, according to ACMG/AMP guidelines (16) and the Sequence Variant Interpretation Working Group general recommendations for using ACMG/AMP criteria (https://clinicalgenome.org/working-groups/sequence-variant-interpretation/).
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FIGURE 3
(A) Partial DNA sequences in the COL4A5 gene of the family. The proband (II-2) inherited hemizygous variation (c.1718G > A). The proband's mother (I-2) carried the c.1718G > A heterozygous variant, but this gene was normal in the proband's father (I-1) and younger brother (II-3); (B) Partial DNA sequences in the ATP7B gene of the family. The proband carried the homozygous mutation (c.2975C > T). The proband's father, mother, and younger brother carried the c.2975C > T heterozygous variants.


Based on the clinical manifestations, renal pathological characteristics, and gene sequencing results, the patient was diagnosed with AS and WD. The patient was treated with DPA (125 mg orally twice a day), zinc gluconate (210 mg orally twice a day), and enalapril (10 mg orally once a day). Follow-up urinalysis showed proteinuria between 1 + and 2 +, urinary erythrocyte between 1 + and 2 + , and urine protein–creatinine ratio between 0.2 and 1.0 mg/mg during the 1-year follow-up period after genetic diagnosis. Biochemical analyses showed that liver enzymes were between one and two times the upper normal limit, and renal function was normal. The treatment was well tolerated, with good compliance. No adverse events were observed. The patient was able to maintain a good quality of life. A timeline of the clinical course, diagnostics, and treatment regimen of the patient are summarized in Figure 4.
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FIGURE 4
Timeline of clinical course, diagnostics, and treatment regimen of the patient. WES, whole-exome sequencing; AS, Alport syndrome; and WD, Wilson's disease.




Discussion

Although AS can be diagnosed with high accuracy because of an improved understanding of the disease and the availability of molecular diagnostic testing, misdiagnosis or missed diagnosis of AS is not rare, especially when it coexists with other diseases with renal manifestations, such as WD. In this report, we report a Chinese boy with WD presenting with microscopic hematuria and proteinuria. He received a kidney biopsy, which showed the characteristic GBM lesion of Alport 6 years after being diagnosed with WD. Whole-exome sequencing was performed and a hemizygous variant c.1718G > A (p. Gly573Asp) in COL4A5 and a homozygous variant c.2975C > T (p. Pro992leu) in ATP7B were found. Therefore, reports of such unique cases may improve awareness of the disease.

WD is an autosomal recessive disease characterized by the ATP7B gene mutation, resulting in an abnormal biliary excretion of copper and excessive copper accumulation in multiple tissues, thus causing cellular damage and corresponding clinical symptoms of the involved system. Clinical signs and symptoms of the disease are diverse, including hepatic disorders, neurologic and psychiatric disorders, renal manifestation, ophthalmic signs (Kayser-Fleischer rings), bone-muscular alterations, episodes of hemolysis, cardiovascular involvement, altered skin pigmentation and a bluish color at the base of the nails (17). To date, more than 700 mutations have been identified in the ATP7B gene, ATP7B hotspot mutations vary greatly among regions, and p.Arg778Leu, p.Pro992Leu, and p.Thr935Met are common ATP7B mutations in Chinese patients with WD (15). ATP7B is also expressed in the kidneys (10). A wide variety of renal abnormalities have been described in WD (18), including nephrotic syndrome, glomerulonephritis, IgA nephropathy (9, 19, 20), IgM nephropathy (21), tubular dysfunction, and renal calculis (22). In a retrospective study, Zhuang et al. analyzed 25 patients with WD-related renal impairment who were not treated with DPA. Among these 25 patients, five had elevated urine N-acetyl-β-D-glucosaminidase, six had increased urine β2-microglobulin, and five had both proteinuria and hematuria (23). Although the mechanism of renal damage of WD is unknown, copper has mainly been recognized to deposit in the epithelium of the proximal and distal convoluted tubules, leading to a thickening of the basement membrane and interfering with the reabsorption function of the renal tubules (10). However, copper staining has not been used to diagnose renal pathology in many people. In a case report (20), a renal assessment demonstrated IgA nephropathy with no tubular damage or copper deposition. This observation may be attributed to the liver's inability to clear the immunoglobulin and immune complexes, resulting in their increased levels in the systemic circulation and accumulation in the kidneys and leading to nephropathy. The cause of non-glomerular hematuria may be hypercalcinuria or coagulopathy (23). In addition, the adverse drug reactions caused by DPA should be taken into consideration. Patients who are on treatment with DPA may develop proteinuria, hematuria, Goodpasture syndrome, severe fatal glomerulonephritis associated with intraalveolar hemorrhage, and renal vasculitis (11, 23). The deposition of copper, the adverse effects of drugs, and hepatic dysfunction are the causative factors of renal impairment in WD.

The timing of renal biopsy is very important for making a definite diagnosis, providing treatment guidance, and estimating prognosis. The clinical manifestations, abnormal copper metabolism, and homozygous mutations in the ATP7B gene of our proband were consistent with the diagnosis of WD. The patient presented to our nephrology department with abnormal urine test results of over 6 years since his diagnosis of WD, with such results always believed to have been attributed to WD. AS was suspected after electron microscopy revealed that the GBM in the renal tissue was of uneven thickness, layered, and focal torn. Although we did not use immunohistochemistry or immunofluorescence to assess the expression of the type IV collagen α5 chain protein in the GBM, subsequent gene analyses of the COL4A5 mutation of the patient supported the diagnosis of AS. In our study, we comprehensively examined the history of a two-generation family. We performed whole-exome sequencing for the proband and used Sanger sequencing to verify the pedigree. The proband was found to have a hemizygous c.1718G > A coding variant (p. Gly573Asp) in exon 24 of the COL4A5 gene located on the X-chromosome and genetic analysis identified the same X-linked mutation in his mother. However, his mother’s urine test result or kidney function was not abnormal. X-linked inheritance of COL4A5 mutations accounts for 85% of AS cases (24). Hematuria has been reported to be highly penetrant with pathogenic variants of COL4A5. Hematuria occurs in almost all men and 95% of women with the variant and is consistently absent in the remaining 5% of women (25). According to the 2020 clinical practice recommendations for AS (4), girls and women with COL4A5 variants are labeled to have AS rather than “carriers” and are at risk for progressive kidney disease. The diagnosis of AS in the proband and his mother was established according to the clinical practice recommendations (4). IgM deposits in the mesangial area were also observed in our patient, but IgM nephropathy has been described in WD (21) and AS (26, 27). Our patient's clinical laboratory data and gene mutations were consistent with AS and WD.

X-linked and autosomal recessive AS are associated with the greatest risk of kidney failure (2). About 90% of men with a pathogenic variant of the COL4A5 gene develop kidney failure by 40 years of age (2). Early diagnosis is important because of the potentially substantial benefit associated with early diagnosis of AS. The risk of progression to kidney failure in AS patients can be modified with early intervention. Higher GFRs at treatment initiation are associated with greater delays in the progression to kidney failure (5). The most effective therapy for AS is initiating an angiotensin-converting enzyme inhibitor (ACEi) before kidney function starts to decline. It delays the need for kidney replacement therapy for several years and even decades. Clinical practice recommends initiating treatment at the time of diagnosis in males with X-linked AS and at the onset of microalbuminuria in females with X-linked AS (4). In our current case, the patient received ACEi for AS and a therapeutic regimen for WD after the final diagnosis was determined. The patient was observed with decreased urinary protein, normal renal function, and no adverse events after treatment. The patient's family members were satisfied with the clear diagnosis made but expected better treatment effects, such as negative proteinuria. We explained in detail to the patient's family that the goal of treatment is to delay the onset of kidney failure. In addition, the patient's family was informed that if his urine protein–creatinine ratio remains greater than 1.0 despite maximum ACEi dosing, an angiotensin receptor blocker or an aldosterone antagonist will be added to his treatment (4).

When WD patients present with abnormal urine test results, a repeat 24-h urine copper test is advised to check the adequacy of treatment and also consider the adverse effects secondary to DPA administration. Even after maintaining urinary copper excretion between 200 and 500 µg/24 h (15) and after discontinuing DPA treatment, the urinalysis does not shown normal results, a kidney biopsy and the possibility of other kidney diseases should be considered. Anchoring bias is a common cognitive bias in medicine and is associated with therapeutic or management inaccuracies (28). In our patient, hematuria occurred after 2 months of DPA treatment, which was believed to be a fallout of this treatment. But hematuria had not remitted and proteinuria occurred approximately 3 years later after DPA was replaced with DMSA to control WD, and the clinicians attributed the renal damage to a WD-associated one. The last physician in the group avoided diagnostic anchoring and made an accurate diagnosis.



Conclusion

In summary, this case report highlights that prompt kidney biopsy should be performed in patients with WD and renal impairment who do not respond well to conventional treatment. In addition, genetic testing may be required to be performed on the basis of biopsy results. Clinicians have to be alert to errors caused by diagnostic anchoring.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Medical Ethics Committee of the Second Xiangya Hospital of Central South University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from a legally authorized representative(s) for anonymized patient information to be published in this article.



Author contributions

YW collected information and prepared the manuscript. QH contributed to the design of the study. XD analyzed gene test results. XW edited and reviewed the manuscript. XL oversaw the work. All authors contributed to the article and approved the submitted version.



Acknowledgments

We are grateful to the volunteers who participated in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Wang D, Shan C, Jing X, Zhang Q, Chang H, Lin Y. Clinical features and familial mutations in an autosomal-inherited Alport syndrome patient with the presentation of nephrotic syndrome. Front Pediatr. (2021) 9:678633. doi: 10.3389/fped.2021.678633

2. Savige J, Lipska-Zietkiewicz BS, Watson E, Hertz JM, Deltas C, Mari F, et al. Guidelines for genetic testing and management of Alport syndrome. Clin J Am Soc Nephrol. (2022) 17(1):143–54. doi: 10.2215/CJN.04230321

3. Tang X, Ding Q, Xu D, Yang S, Xiao Y, Liu J. An overlap of Alport syndrome and rheumatoid arthritis in a patient and literature review. BMC Nephrol. (2019) 20(1):277. doi: 10.1186/s12882-019-1462-3

4. Kashtan CE, Gross O. Clinical practice recommendations for the diagnosis and management of Alport syndrome in children, adolescents, and young adults-an update for 2020. Pediatr Nephrol. (2021) 36(3):711–9. doi: 10.1007/s00467-020-04819-6

5. Kashtan CE. Alport syndrome: achieving early diagnosis and treatment. Am J Kidney Dis. (2021) 77(2):272–9. doi: 10.1053/j.ajkd.2020.03.026

6. Funk SD, Lin MH, Miner JH. Alport syndrome and Pierson syndrome: diseases of the glomerular basement membrane. Matrix Biol. (2018) 71–72:250–61. doi: 10.1016/j.matbio.2018.04.008

7. Mao H, Qin J, Kang T, Ou S. Wilson disease and IgA nephropathy: accidental or related? Int Urol Nephrol. (2022) 54(9):2441–3. doi: 10.1007/s11255-022-03159-8

8. Shribman S, Marjot T, Sharif A, Vimalesvaran S, Ala A, Alexander G, et al. Investigation and management of Wilson’s disease: a practical guide from the British Association for the Study of the Liver. Lancet Gastroenterol Hepatol. (2022) 7(6):560–75. doi: 10.1016/s2468-1253(22)00004-8

9. Zhang YZ, Jian G, He P, Yu R, Tian M, Wu Y, et al. Immunoglobulin a nephropathy as the first clinical presentation of Wilson disease: a case report and literature review. BMC Gastroenterol. (2021) 21(1):384. doi: 10.1186/s12876-021-01954-8

10. Wang H, Zhou Z, Hu J, Han Y, Wang X, Cheng N, et al. Renal impairment in different phenotypes of Wilson disease. Neurol Sci. (2015) 36(11):2111–5. doi: 10.1007/s10072-015-2322-y

11. Antos AJ, Litwin T, Przybyłkowski A, Skowrońska M, Kurkowska-Jastrzębska I, Członkowska A. D-penicillamine-induced lupus erythematosus as an adverse reaction of treatment of Wilson’s disease. Neurol Neurochir Pol. (2021) 55(6):595–7. doi: 10.5603/PJNNS.a2021.0080

12. Khan S, Schilsky M, Silber G, Morgenstern B, Miloh T. The challenges of diagnosing and following Wilson disease in the presence of proteinuria. Pediatr Gastroenterol Hepatol Nutr. (2016) 19(2):139–42. doi: 10.5223/pghn.2016.19.2.139

13. Martin P, Heiskari N, Zhou J, Leinonen A, Tumelius T, Hertz JM, et al. High mutation detection rate in the Col4a5 collagen gene in suspected Alport syndrome using PCR and direct DNA sequencing. J Am Soc Nephrol. (1998) 9(12):2291–301. doi: 10.1681/ASN.V9122291

14. Kumar S, Thapa BR, Kaur G, Prasad R. Identification and molecular characterization of 18 novel mutations in the Atp7b gene from Indian Wilson disease patients: genotype. Clin Genet. (2005) 67(5):443–5. doi: 10.1111/j.1399-0004.2005.00440.x

15. Yuan XZ, Yang RM, Wang XP. Management perspective of Wilson’s disease: early diagnosis and individualized therapy. Curr Neuropharmacol. (2021) 19(4):465–85. doi: 10.2174/1570159X18666200429233517

16. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med. (2015) 17(5):405–24. doi: 10.1038/gim.2015.30

17. Kasztelan-Szczerbinska B, Cichoz-Lach H. Wilson’s disease: an update on the diagnostic workup and management. J Clin Med. (2021) 10(21):5097. doi: 10.3390/jcm10215097

18. Wiebers DO, Wilson DM, McLeod RA, Goldstein NP. Renal stones in Wilson’s disease. Am J Med. (1979) 67(2):249–54. doi: 10.1016/0002-9343(79)90399-1

19. Bhandari G, Tiwari V, Gupta A, Gupta P, Bhargava V, Malik M, et al. IgA nephropathy with Wilson’s disease: a case report and literature review. Indian J Nephrol. (2021) 31(5):474–7. doi: 10.4103/ijn.IJN_227_20

20. Shimamura Y, Maeda T, Gocho Y, Ogawa Y, Tsuji K, Takizawa H. Immunoglobulin a nephropathy secondary to Wilson’s disease: a case report and literature review. CEN Case Rep. (2018) 8(1):61–6. doi: 10.1007/s13730-018-0365-7

21. Abideen ZU, Sajjad Z, Haroon Khan A, Mamoon N, Bilal M, Mujtaba Quadri KH. Immunoglobulin M nephropathy in a patient with Wilson’s disease. Cureus. (2016) 8(12):e929. doi: 10.7759/cureus.929

22. Dziezyc-Jaworska K, Litwin T, Czlonkowska A. Clinical manifestations of Wilson disease in organs other than the liver and brain. Ann Transl Med. (2019) 7(Suppl 2):S62. doi: 10.21037/atm.2019.03.30

23. Zhuang XH, Mo Y, Jiang XY, Chen SM. Analysis of renal impairment in children with Wilson’s disease. World J Pediatr. (2008) 4(2):102–5. doi: 10.1007/s12519-008-0019-5

24. Savige J. Alport syndrome: deducing the mode of inheritance from the presence of haematuria in family members. Pediatr Nephrol. (2020) 35(1):59–66. doi: 10.1007/s00467-018-4121-1

25. Jais JP, Knebelmann B, Giatras I, De Marchi M, Rizzoni G, Renieri A, et al. X-linked Alport syndrome: natural history and genotype–phenotype correlations in girls and women belonging to 195 families: a “European Community Alport Syndrome Concerted Action” study. J Am Soc Nephrol. (2003) 14(10):2603–10. doi: 10.1097/01.asn.0000090034.71205.74

26. He X, Liu GL, Xia ZK, Ren XG, Gao YF, Fan ZM, et al. Clinical and pathological study of 47 cases with Alport syndrome. Chin J Pediatr. (2008) 46(12):914–8. doi: 10.3760/cma.j.issn.0578-1310.2008.12.108

27. Zhu CH, Huang SM, Wu HM, Bao HY, Chen Y, Han Y, et al. Clinical and pathological features of Alport syndrome in children. Chin J Contemp Pediatr. (2010) 12(3):188–91. CNKI: SUN: DDKZ. 0.2010-03-013

28. Saposnik G, Redelmeier D, Ruff CC, Tobler PN. Cognitive biases associated with medical decisions: a systematic review. BMC Med Inform Decis Mak. (2016) 16(1):138. doi: 10.1186/s12911-016-0377-1



OPS/images/fped-11-1107280-g001.jpg
@ COL445-p.G573D
@ ATP7B-p.P992L

® +/-
@ +/-

@ +
® +/+
%)

o

%!

23
Seseson!
3

XK

2

RS
RXS
%%

1%6%
R
[la%a

@ =
@ +/-






OPS/images/fped-11-1107280-g002.jpg





OPS/images/fped-11-1107280-g003.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical features and familial mutations in the coexistence of Wilson's disease and Alport syndrome: A case report

		Introduction



		Case presentation



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Clinical features and familial
mutations in the coexistence of
Wilson’s disease and Alport
syndrome: A case report









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fped-11-1107280-g004.jpg
electron microscopy of kidney tissues:

liver enzymes moss thas wics the ‘glomerular capillary basement membrae

upper limit of the normal, {hckiness was uneve, lnyered, focal tom,  iver enzymes peaked between one
decreased serum ceruloplasmin, WES show and two times the upper limit of
high 24-hour urinary copper excretion, elevation of liver enzymes,  a homozygous variant in ATP7E nomnal,

one variant in ATP7B. elevation of i . i ia, o it i oo e microscopic hematuria,

dingaosed with WD. hematu teinuria between 2+ and 3+ _dingnosed with AS co-existence with WD Proteiauria between L+ and 2+

penicillamine, Iast follow-up

vitamin B6, vitamin B6, remained constant zine gluconate, treatment regimen
nalapril

zinc salts zine salts remained constant





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





