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Abstract
BACKGROUND
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Alport syndrome (ATS) is a rare hereditary disease caused by mutations in genes such as COL4A3, COL4A4, and COL4A5. ATS involves a spectrum of phenotypes ranging from isolated hematuria that is nonprogressive to progressive renal disease with extrarenal abnormalities. Although ATS can be combined with other diseases or syndromes, ATS combined with lupus nephritis has not been reported before.

CASE SUMMARY
A Chinese family with ATS was recruited for the current study. Clinical characteristics (including findings from renal biopsy) of ATS patients were collected from medical records, and potential causative genes were explored by whole-exome sequencing. A heterozygous substitution in intron 22 of COL4A3 (NM_000091 c.2657-1G>A) was found in the patients, which was further confirmed by quantitative polymerase chain reaction.

CONCLUSION
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Heterozygous substitution of a COL4A3 gene splice site was identified by whole-exome sequencing, revealing the molecular pathogenic basis of this disorder. In general, identification of pathogenic genes can help to fully understand the molecular mechanism of disease and facilitate precise treatment.
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[bookmark: OLE_LINK11]Core Tip: Alport syndrome is a hereditary nephropathy that can be combined with other diseases or syndromes. We present the case of a 33-year-old man who was initially diagnosed with lupus nephritis but further diagnosed with Alport syndrome after genetic testing. He achieved complete remission after treatment with hormones and immunosuppressive agents. A variant of the splice site of intron 22 in the COL4A3 gene that cosegregated with the phenotype in the pedigree was identified by whole-exome sequencing.


INTRODUCTION
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Alport syndrome (ATS) is a hereditary nephropathy with a spectrum of phenotypes ranging from isolated hematuria with a nonprogressive or very slowly progressive course to progressive renal disease with extrarenal abnormalities, including hearing loss, ocular lesions, and leiomyomatosis. Approximately two-thirds of ATS cases are X-linked dominant, and 15% are autosomal recessive; approximately 20% are autosomal dominant (AD)[1-4]. ATS is a genetically heterogeneous disorder, and the pathogenesis of ATS is related to defects in the genes COL4A3, COL4A4, and COL4A5.
In the absence of treatment, renal disease progresses from microscopic hematuria to proteinuria, progressive renal insufficiency, and end-stage renal disease. The clinical diagnosis of ATS is largely based on clinical manifestations and renal histopathology. Due to its complex clinical manifestations, ATS can be misdiagnosed when the clinical manifestations are atypical. Therefore, accurate diagnosis of ATS can be established when a pathogenic variant is identified by molecular genetic testing, including polymerase chain reaction-based screening and whole-exome sequencing (WES). Indeed, with the progress in next-generation sequencing, WES has been extensively utilized in clinical practice, even for sporadic cases[5]. For example, de novo mutations in COL4A5 were identified by WES in two girls with ATS in Korea, suggesting that WES is an effective approach to obtain genetic information[6].
ATS can be combined with other diseases or syndromes. One case report described a 9-mo-old boy who was diagnosed with concomitant ATS and Klinefelter syndrome, with a homozygous single-nucleotide substitution found in the splice site of intron 41 of the COL4A5 gene by genomic DNA analysis[7]. In addition, IgA nephropathy can accompany ATS[8]. A study in 2017 involved two boys with IgA nephropathy, whose pathogenic COL4A5 mutations were identified by polymerase chain reaction-based screening[9]. Similarly, Li et al[10] detected a COL4A4 missense mutation in a Chinese child with familial hematuria with biopsy‑proven focal segmental glomerular sclerosis. However, the combination of ATS and lupus nephritis (LN) has not been reported to date. Here, we report a Chinese family with ATS combined with LN, and the pathogenic mutation in COL4A3 was identified by WES.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]A 33-year-old Chinese man was admitted to our department for sustainable foamy urine for more than one year. He also complained of intermittent hair loss and recurrence of oral ulcers.

History of present illness
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Approximately one year prior, the patient was hospitalized at a local hospital for the same reason, and routine urine tests indicated microscopic hematuria and proteinuria. He did not pay much attention, and there was no further diagnosis or treatment because of a lack of conscious symptoms. One month prior, his blood pressure rose to 145/91 mmHg for unknown reasons; microscopic hematuria and heavy proteinuria were again detected.

History of past illness
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]The patient had no comorbidities.

Personal and family history
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The patient's father had asymptomatic microscopic hematuria and proteinuria, as detected in a routine physical examination approximately 2 years prior. The patient had a daughter and a son; the daughter (7 years old) had asymptomatic microscopic hematuria, and the son had microscopic hematuria and proteinuria. His son had ever been diagnosed with chronic nephritis at a local hospital.

Physical examination
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]The patient's appearance was normal, without edema. His systolic and diastolic blood pressures were 141 mmHg and 90 mmHg, respectively; his pulse rate was 81 beats per minute, and his respiratory rate was 19 breaths per minute. No obvious abnormality, including growth retardation, was detected during physical examination, and no specific nervous system symptoms were recognized. The patient was also subjected to audiologic assessments, but no hearing impairments were detected, even at high frequency. Furthermore, no symptoms were found in either eye by comprehensive ophthalmic examinations.

Laboratory examinations
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Microscopic hematuria and proteinuria were confirmed by urine tests. The results of other tests, including routine blood tests and serum immunology, are listed in Table 1.

Imaging examinations
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]No obvious abnormality was detected by abdominal ultrasound examination, X-ray diagnosis, or electrocardiographic examination. However, heart echocardiography showed a small amount of pericardial effusion.

Histopathologic examination
To further analyze the renal presentation, a histopathology study of renal biopsy was performed. By light microscopy, a total of 13 glomeruli were observed, with one glomerulus being enlarged and lobulated. Para-aminosailcylic acid staining and Masson staining were positive, showing mild mesangial matrix proliferation. The basement membrane was thickened. Three glomerular fibroblastic crescents and pericystic fibrosis of glomeruli were observed (Figure 1A). In addition, deposition of erythrotropin under the endothelium of the capillary loop was detected (Figure 1B). Electron microscopy revealed obvious basement membrane lesions including variable thickness and reticulation of the glomerular basement membrane, as well as irregular subepithelial protrusion of the lamina densa. Fine particles and electron-dense bodies were detected in the stratified basement membrane (Figure 1C). Immunological staining for IgG, IgA, IgM, C3, C4 C1q, К, and λ was positive in four glomeruli, with the signals being deposited in the vascular lumen and mesangial area in a granular or linear form (Figure 1).

Further diagnostic work-up
A considerable investigation of family history was performed. The patient’s father had asymptomatic microscopic hematuria and proteinuria, as detected in a routine physical examination approximately 2 years previously. As mentioned above, the patient had a daughter and a son: The former had asymptomatic microscopic hematuria, and the latter had microscopic hematuria and proteinuria; his son had been diagnosed with chronic nephritis at a local hospital. Thus, three relatives had microscopic hematuria. Therefore, a diagnosis of ATS was highly suspected (Figure 2A). For a precise conclusive diagnosis, the patient and his children were recommended to undergo genetic testing, and WES was performed. Genomic DNA was extracted from blood samples; WES was performed as previously described. After sequencing, the coverage of the target sequence was over 99.12%, and the mean sequencing depth was approximately 147. The sequencing analysis revealed a heterozygous substitution, NM_000091 c.2657-1G>A (p. V294fs) in intron 22 of the COL4A3 gene, which was confirmed by Sanger sequencing (Figure 2B). The mutation was excluded from the single nucleotide polymorphism database but was included in the ClinVar database. As this mutation is located at an evolutionarily conserved splice site, this splicing mutation is thought to lead to the skipping of exon 23. In addition, this variant is classified as “likely pathogenic” according to the American College of Medical Genetics and Genomics standards and guidelines[11] (Figure 2).

FINAL DIAGNOSIS
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Considering the patient’s renal and heart presentations, as well as the immunological staining, he was diagnosed with ATS combined with LN, as based on the genetic test.

TREATMENT
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]The patient received hormone treatment, hydroxychloroquine sulfate, and mycophenolate mofetil to delay the progression of kidney disease. He also took benazepril to control blood pressure and other traditional Chinese medicines to protect renal function.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]After one week, the patient’s 24-h urinary protein excretory decreased to 1.0 g/24 h, and his hematopoietic function was greatly improved. After 3 mo, he still had sufficient renal function without obvious urine protein.

DISCUSSION
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Here, we report a case of ATS combined with LN. To our knowledge, this is the first report regarding ATS combined with LN. By using WES technology, the pathogenic mutation in the COL4A3 gene was identified and confirmed by Sanger sequencing.
ATS is a rare genetic disorder that causes progressive nephritis, and its phenotypes vary from isolated hematuria with nonprogressive to progressive renal disease with extrarenal abnormalities such as sensorineural deafness and ocular abnormalities. Most cases of ATS will deteriorate to end-stage renal disease within the first three decades of life[12]. Only a small proportion of ATS cases are inherited from AD, which is caused by mutations in the COL4A3 gene. For these ATS cases, microhematuria is frequently observed, though some individuals are asymptomatic. A substantial proportion of affected individuals eventually develop proteinuria. Unlike other modes of inheritance, such as autosomal recessive or X-linked dominant inheritance, ATS cases with AD inheritance are slowly progressive, and renal insufficiency and sensorineural hearing loss may not develop until relatively late in life. In the present family, affected individuals were found in all three generations, showing AD inheritance, and a heterozygous mutation in the COL4A3 gene was detected in each affected individual. However, no hearing impairments or symptoms in eyes were found in the proband. Older than 55 years old, the proband’s father only had asymptomatic microscopic hematuria and proteinuria, which was consistent with other reports[13].
To date, more than 500 variants of the COL4A3 gene have been deposited in the ClinVar database. Among these variants, 32 are pathogenic or likely pathogenic. All of these variants, including deletion, duplication, and substitution mutations, are located at evolutionarily conserved splice sites (GT-AG rule). In the ClinVar database, this variant is classified as uncertain significance. Based on its cosegregation with the phenotype in this family and its potential influence on the protein, this variant was ultimately classified as likely pathogenic in this study.
ATS can be accompanied by other diseases or syndromes. However, ATS cases combined with LN have not yet been reported. LN is the leading cause of secondary glomerulonephritis[14-16]. LN is thought to be induced by immune system abnormalities, including a variety of cells, cytokines, and related pathways[17]. A primary event of LN is the type III hypersensitivity reaction and subsequent immune complexes, which can deposit in the mesangium and subendothelial or subepithelial space near the glomerular basement membrane of the kidney. For example, an anti-double stranded DNA (anti-dsDNA) antibody binds to DNA and forms an anti-dsDNA immune complex[18]. The current case was positive for autoantibodies such as anti-dsDNA and anti-Sm antibodies. In addition, immunological staining with an antibody against immunoglobulins and complements revealed the deposition of immune complexes (Figure 1C), and these immune complexes can lead to an inflammatory response.
Previous studies have shown that LN is a complicated disease associated with genetic and environmental factors[19]. During past decades, susceptibility genes or loci have been identified by linkage analysis, association analysis, and genome-wide association studies. These genetic factors include HLA-II, complements C2 and C4, TNF and fatigue crack growth rate genes. As a complicated disease, the contribution of genetic factors needs further study. In our case, we did not find any mutation of known genes or loci associated with LN, suggesting that environmental factors are important.

CONCLUSION
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In summary, we present the case of a Chinese patient with ATS combined with LN, and the pathogenic variant in COL4A3 was identified by WES. Identification of pathogenic variants helps for understanding the relationship between the phenotypes and genotypes of ATS.
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Figure Legends
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[bookmark: OLE_LINK50]Figure 1 Histopathologic lesions. A: Para-aminosailcylic acid staining; B: Electron microscopic image; C: Immunological staining.
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[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Figure 2 Genetic analysis of the Chinese family. A: Pedigree of the Chinese family. Affected family members are denoted in black. The arrow indicates the proband; B: Direct Sanger sequencing confirmed the heterozygous mutation in the COL4A3 gene.

Table 1 Laboratory data at presentation
	Parameter
	Proband
	Daughter
	Son
	Reference range

	Height (cm)
	177
	145
	140
	—

	Weight (kg)
	75
	38
	35
	—

	Blood routine tests
	
	
	
	

	WBC, 109/L
	3.0↓
	
	
	3.5-9.5

	HGB, g/L
	91↓
	
	
	115-150

	Platelet count, 109/L
	60↓
	
	
	125-350

	RBC, 1012/L
	3.3↓
	
	
	3.8-5.1

	Urine routine tests
	
	
	
	

	Specific gravity
	1.018
	1.020
	1.015
	1.015-1.030

	Urine protein
	2+↑
	2+↑
	3+↑1
	5.5-7.5

	Urinary occult blood
	3+↑
	3+↑
	3+↑1
	Negative

	24-h UPE, g/d
	2.45↑
	
	
	0-0.12

	Immunology
	
	
	
	

	Complement C3, g/L
	0.21↓
	
	
	0.9-2.1

	Anti-ANA antibody
	1:320
	
	
	Negative

	Anti-Sm antibody
	Positive↑
	
	
	Negative

	Anti-dsDNA antibody
	Positive↑
	
	
	Negative

	Serum chemistry
	
	
	
	Negative

	Albumin, g/L
	31.5↓
	
	
	40-55

	Serum creatinine, μmol/L
	121↑
	
	
	45-105

	Cystatin-C, mg/L
	1.45↑
	
	
	0-1.16


[bookmark: _GoBack]1Indicates the abnormal value detected out of the reference range. WBC: White blood cells; HGB: Hemoglobin; RBC: Red blood cells; UPE: Urinary protein excretory.
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