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In a recent issue of the Korean Journal of Pediatrics, Han et al.1) reported “de novo mutations 
in COL4A5 identified by whole exome sequencing in 2 girls with Alport syndrome.” Alport 
syndrome (AS), a prototype of hereditary glomerulonephritis, is clinically characterized by 
progressive renal failure with typical ultrastructural changes in the glomerular basement 
membrane (GBM), sensorineural hearing loss, and variable ocular abnormalities.2,3) AS 
is genetically heterogeneous and is caused by mutations in 1 of the 3 genes (COL4A3–
COL4A5) encoding the type IV collagen novel α chains, i.e., α3–α5 chains (α3[IV]–α5[IV]).4) 
Approximately 85% of cases with AS have X-linked dominant inheritance (XL-AS) with 
COL4A5 mutations, and the remaining 15% of cases have autosomal recessive (AR-AS) or 
rarely autosomal dominant (AD-AS) inheritance with mutations in either of the COL4A3 or 
COL4A4 genes.4) 

Like all other X-linked genetic disorders, the renal and extrarenal phenotypes of male 
patients with XL-AS are more severe than those of female patients. In contrast, the phenotypes 
of AR-AS are equally very severe in both male and female patients. Thus, the clinical diagnosis 
of AS may be difficult in some female patients or young boys with XL-AS who have isolated 
hematuria without hearing loss or ocular abnormalities. Furthermore, those patients may only 
have GBM thinning without any characteristic GBM changes.5) Although most female patients 
with XL-AS have a good renal outcome, approximately 15% develop end-stage renal disease 
by the age of 60 years. Therefore, regular follow-up of female patients is required.

The clinical diagnosis of AS is highly likely under following conditions: (1) glomerular 
hematuria and a family history of AS with no other cause of hematuria, (2) typical extrarenal 
manifestations, such as bilateral high-tone sensorineural hearing loss, lenticonus, or fleck 
retinopathy, or (3) lack of α3(IV)–α5(IV) expression in the GBM by immunohistochemical 
analysis.3) The diagnosis of AS is confirmed by the demonstration of lamellated GBM or a 
COL4A5 or biallelic COL4A3 or COL4A4 mutations.3) The sensitivity and specificity of each 
of these diagnostic features for XL-AS are variable. Family history has high sensitivity and 
specificity; however, it may be absent in cases of patients with de novo mutations or patients 
with small family members. Approximately 15% of patients with XL-AS have de novo 
COL4A5 mutations.6) Bilateral sensorineural hearing loss also occurs with aging, middle 
ear infections, and other inherited renal diseases. Although the incidences of lenticonus 
(30%) and central fleck retinopathy (50%) are not high, both are pathognomonic findings 
for AS.7) Lamellation of the GBM, a highly sensitive and specific finding, may be absent or 
focal in young boys and women but is progressive with time.5) Lack of α3(IV)–α5(IV) in the 
GBM is detected in 80% of male patients and 60% of female patients with mosaic pattern.3,8) 
The demonstration of a pathogenic COL4A5 variant confirms the diagnosis of XL-AS. The 
mutation detection rate in XL-AS is at least 90% with a combinatorial approach of traditional 
Sanger sequencing, followed by multiplex ligation-dependent probe amplification to detect 
large deletions, insertions, or duplications.9) Thus, whole exome sequencing is not routinely 
recommended for the genetic diagnosis of AS. In addition, it may be difficult to distinguish 
between pathogenic and nonpathogenic variants detected by whole exome sequencing.
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The genetic tests in AS allow accurate diagnosis as well as identi
fication of the mode of inheritance, which is essential for genetic 
counseling for the family members. In addition, relative disease se
verity and prognosis can be predicted to some extent by genotype-
phenotype correlation. It is known that large deletions and re
arrangements, nonsense mutations, and carboxy terminal missense 
mutations in COL4A5 typically result in early-onset renal failure, 
hearing loss, and ocular abnormalities, whereas amino terminal 
missense mutations in the gene are often associated with late-onset 
renal failure without the extrarenal features.10) Genetic diagnosis is 
also useful in donor selection from family members. A relatively 
asymptomatic carrier woman who has donated one of her kidneys 
has an increased risk of hypertension, proteinuria, and renal failure 
in later life compared with other donors. Therefore, female carriers 
should only be kidney donors of last the resort.

In conclusion, clinical diagnosis is rather easy for male patients 
with XL-AS with typical renal and extrarenal manifestations as 
well as positive family history, and the diagnosis can be confirmed 
by detecting typical GBM changes in kidney biopsy specimens. 
However, in atypical cases, especially for women and young boys, 
clinical diagnosis may be difficult and genetic diagnosis is required. 
In addition, genetic diagnosis is essential for genetic counseling, 
donor selection, and so on. Because the mutation detection rate in 
XL-AS with traditional sequencing is very high, whole exome se
quencing is not routinely recommended. However, whole exome 
sequencing is advantageous in detecting large deletions, insertions, 
or duplications in female patients, which are normally not detected 
by traditional Sanger sequencing due to the presence of intact con
tralateral alleles.
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