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Introduction

Alport syndrome is an inherited disease caused by patho-
genic variants in the COL4A3/A4/A5 genes that encode col-
lagen IV components.1 It is characterized by structural 
abnormalities and dysfunction of the glomerular basement 
membrane (GBM) and the basement membrane of other tis-
sues as well. There are wide variations in Alport syndrome 
presentation, ranging from isolated hematuria with non-pro-
gressive renal disease to progressive renal disease with 
extrarenal abnormalities, such as hearing loss and ocular 
changes.2 Given these variations in the presentation, genetic 
testing has become particularly useful for the diagnosis and 
management of Alport syndrome, particularly within fami-
lies with a history of kidney disease. Here, we report our 
findings of a variant of uncertain significance (VUS) in the 
COL4A5 gene in four family members.

Case presentation

Patient 0 is a 16-year-old female with no medical history, 
referred to pediatric nephrology for evaluation of micro-
scopic hematuria. The patient had a marginally elevated 
urine protein to creatinine ratio. Upon further evaluation, 
she had an unremarkable physical exam with blood pres-
sure and serum creatinine levels within normal ranges. 
However, family history revealed a history of microscopic 
hematuria in the patient’s mother and maternal aunt. The 

patient’s mother reported that maternal grandfather had 
lifelong kidney disease, for which he received a kidney 
transplant at the age of 50. The patient’s fraternal twin has 
no renal presentation at this time. All four patients under-
went genetic testing with a next-generation sequencing-
based panel consisting of 385 genes associated with kidney 
disease (the Renasight™ test; Natera, Inc., Austin, TX, 
USA). Variants were interpreted based on the ACMG/AMP 
guidelines for the interpretation of DNA variants.3 No posi-
tive genetic findings were reported in the patients. However, 
a suspicious VUS in COL4A5 (NM_000495.5:c.276+2dup) 
was identified in all four members. This variant is predicted 
to disrupt the canonical splice site of exon 4; it has not been 
observed in the population databases (gnomAD v4),4 and 
functional studies would be required to determine the effect 
of this variant on RNA processing. Given these findings, a 
more complete family history was gathered to better under-
stand the extent of kidney disease throughout the extended 
family. This revealed four other members of the family 
with kidney disease, included in Figure 1 below. Genetic 
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testing of spouses was not performed. The family reports no 
consanguinity of the marriages.

Patient 0 has been monitored closely for progression of 
symptoms, such as proteinuria or hearing loss. After 2 years 
of follow-up, patient’s urine protein to creatinine ratio 
increased, along with an ambulatory blood pressure monitor-
ing that revealed hypertension. Patient was started on lisino-
pril for disease progression. She has remained clinically 
asymptomatic without any episodes of gross hematuria or 
swelling and continues to be followed by Pediatric 
Nephrology.

Discussion

Alport syndrome is one of the most common inherited kid-
ney disease5 and is classified by mode of inheritance: 
X-linked Alport syndrome (XLAS) is caused by mutations in 
the COL4A5 gene, while autosomal recessive Alport syn-
drome and autosomal dominant Alport syndrome are caused 
by abnormalities in either COL4A3 or COL4A4 genes. The 
COL4A3, COL4A4, and COL4A5 genes encode for 3, 4, 
and 5 polypeptide chains of type IV collagen, respectively, 
which assembles into heterotrimers of type IV collagen in 
the GBM.2 XLAS often includes a family history of hematu-
ria or renal failure, although approximately 15% of cases are 
de novo variants with no family history.6 Microscopic 

hematuria is observed in all male cases and approximately 
98% of female cases.7 It is reported that 90% of male patients 
develop end-stage renal disease (ESRD) by age 40, while in 
females, 12% of cases have developed ESRD by age 40.8,9

Genetic testing is an emerging tool for patient manage-
ment in the field of nephrology. The identification of mono-
genic causes of chronic kidney disease (CKD) is important 
as it can inform clinical decision-making as well as progno-
sis.10 Patients diagnosed with Alport syndrome benefit from 
effective and inexpensive treatment with renin-angiotensin-
aldosterone system blockade, which has been shown to delay 
the development and progression of kidney failure in these 
patients.11 Numerous studies highlight the benefits of using 
broad, unbiased genetic panels and their advantages over 
smaller, target panels due to the often complex and variable 
presentation of many renal disorders.12,13 One such study is 
the Renasight Clincial Application, Review, and Evaluation 
(RenaCARE) study, which demonstrated that genetic testing 
with a 385 gene panel for CKD improved diagnostic accu-
racy, thereby changing clinical management of patients with 
both positive and negative findings.14 Several genes, includ-
ing COL4A5, have been identified as key players in the 
development of early-onset kidney disease. According to 
Domingo-Gallego et al.,15 understanding the genetic diver-
sity of early-onset kidney disease highlights the clinical util-
ity of genetic testing for diagnosing and managing such 

Figure 1.  Pedigree of Patient 0 family, depicting relevant family medical and genetic history.
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conditions. COL4A5 is implicated in Alport syndrome and 
underscores the genetic heterogeneity observed in kidney 
diseases presenting in childhood. Understanding the genetic 
landscape, particularly of COL4A5, guides clinicians in 
early detection and personalized treatment strategies, thereby 
enhancing our ability to intervene effectively in the progres-
sion of kidney diseases.

Alport syndrome is an example of one such disease that 
can benefit from the introduction of genetic testing as its 
clinical presentation varies widely from case to case. 
Additionally, Alport syndrome can manifest as other dis-
eases such as focal segmental glomerular sclerosis, for which 
genetic testing is necessary for reclassification of the clinical 
diagnosis.1 Guidelines for genetic testing and management 
of Alport syndrome, released by the American Society of 
Nephrology, recommend genetic testing in patients with per-
sistent dysmorphic hematuria for greater than 6 months with-
out an identifiable cause.16 Studies indicate that nearly 100% 
of men and 95% of women with a pathogenic COL4A5 vari-
ant will have hematuria.17 Another issue discussed in the 
American Society of Nephrology guidelines for Alport syn-
drome is the increased identification of “hypomorphic vari-
ants” in the COL4A5 gene. These variants are usually 
associated with milder disease, including hematuria alone or 
late-onset kidney failure, but should be acted upon by clini-
cians, as they may eventually cause kidney failure.18

In the family presented here, genetic testing provided an 
intimation of a possible cause and inheritance pattern for kid-
ney disease and hematuria. Genetic testing for patient 0 gave 
rise to cascade testing in three additional family members to 
date, with the potential for testing of other affected family 
members. The VUS identified is predicted to affect the highly 
conserved splice donor site for exon 4. Functional studies are 
necessary to determine the impact of this variant and to invoke 
stronger evidence for reclassification. To our knowledge, this 
variant has not been reported to be associated with Alport 
Syndrome (AS) and is absent from population databases. 
However, based on the clinical presentation of these patients 
and the lack of other positive genetic findings, this VUS is 
suspicious and warrants further investigation, which may help 
to guide management and treatment recommendations for 
members of this family, along with other patients testing posi-
tive for the c.276+2dup VUS in the COL4A5 gene.

Conclusions

Case studies, such as the one presented here, demonstrate the 
cascade effect of genetic testing within families, offering cru-
cial insights into disease inheritance and management. Despite 
challenges posed by VUSs, ongoing research and functional 
studies are essential for refining diagnostic criteria and enhanc-
ing treatment recommendations. As genetic testing continues 
to evolve, it has the potential to improve patient outcomes for 
patients with Alport syndrome and other genetic kidney dis-
eases through early intervention and personalized care.
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