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Introduction

Alport syndrome (AS) is a hereditary disorder in which 
chronic kidney disease (CKD) progresses to end-stage 
renal disease (ESRD), sensorineural hearing loss, and 
ocular abnormalities.1 Alport syndrome has 3 modes of 
inheritance: X-linked Alport syndrome (XLAS), autoso-
mal recessive Alport syndrome (ARAS), and autosomal 
dominant Alport syndrome (ADAS).The more severe 
XLAS affects about one in 2000,2 because of a mutation 
in the COL4A5 gene, which encodes the type 4 collagen 
a5 chain.3

In this study, we provide the clinical information, 
pathological data, and gene sequencing results of 32 
cases with childhood XLAS.

Materials and Methods

Diagnostic criteria for XLAS. All cases were diagnosed in 
accordance with the following guideline3–5:

Alport syndrome is suspected when there is persistent 
glomerular hematuria. The likelihood is higher if the 
patient has a family history of Alport syndrome or renal 
failure with no other obvious cause and if any one of the 
characteristic clinical features (hearing loss, lenticonus, or 
retinopathy) is present or the glomerular basement mem-
brane (GBM) lacks the collagen IV a3, a4, and a5 chains. 
The diagnosis can be confirmed if there is a lamellated 
GBM or a pathogenic mutation in the COL4A5 gene.
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Patients. The inclusion criteria for our study participants 
are as follows: (1) clinical manifestations such as hema-
turia; (2) confirmation of XLAS diagnosis through path-
ological or genetic testing. Exclusion criteria encompass: 
(1) other hereditary kidney diseases not indicative of 
XLAS diagnosis; (2) non-cooperative children and their 
families.

We retrospectively reviewed data on all pediatric 
patients with XLAS identified from January 2011 to 
December 2022. When we found records for 2 or more 
patients from the same family, only the first child pre-
sented to the pediatric nephrology department was 
included in the study as a proband.

Genetic analyses
1. Specimen collection: The EDTA-treated speci-

mens were collected with informed consent of 
the patients tested.

2. DNA extraction: The peripheral blood genomic 
DNA was extracted using the Blood Genome 
Column Medium Extraction Kit (Kangweishiji, 
China) according to the kit instructions. The 
extracted DNA samples were subjected to qual-
ity controlling using Qubit 2.0 fluorimeter and 
electrophoresis with 0.8% agarose gel for further 
protocol.

3. Whole exome library construction: Liquid 
hybridization of the genomic DNA was per-
formed using Roche Nimble Gen Seq EZ Exome 
Enrichment Kit V2.0 and Seq EZ Exome 
Enrichment Kit V2.0 capture probes (Roche, 
USA), and the target DNA fragments were 
enriched to construct exome library covering 
19 119 genes with whole exons and partial 
introns. Each enriched region shared 40 hypoka-
lemiaMb of targeted sequences.

4. Sequencing: High-throughput sequencing was 
performed by Illumina NovaSeq 6000 series 
sequencer (PE150), and not less than 99% of tar-
get sequence were sequenced. The sequencing 
process was performed by the Zhiyin Oriental 
Translational Medicine Research Center.

5. bioinformatics analysis:
a. Quality control: Raw data were cleaned after 

adapters removing, low-quality reads filter-
ing and other quality control protocol.

b. Variants calling: The clean data were aligned 
to the NCBI human reference genome (hg18) 
using BWA and variants were called using 
GATK. Samtools and Pindel were used to call 
SNPs (Single Nucleotide Polymorphisms) 
and indels, respectively. The clean data were 
than filtered, according to the quality of the 
sequencing, for further protocol.

c. Variants annotation and prediction: Nonsy-
nonymous substitutions and SNPs with MAF 
(Minor Allele Frequency) lower than 5% were 
filtered using SIFT. The function of mutated 
genes and their pathogenicity were then ana-
lyzed referencing to dbSNP, 1000 Genomes 
Project, ExAC, ESP, OMIM, Swiss-var, 
HGMD, ClinVar, and other disease databases.

d. The variants with unknown pathogenicity of 
single bases were screened by Provean, SIFT, 
Polyphen2-HVAR, Polyphen2-HDIV, Muta-
tiontster and other protein structure predic-
tion software. MaxEntScan were used to 
screen potential splice sites.

Statistical analyses. Continuous Results were expressed 
asmeanand SD, and results compared using independent 
t test. Categorical results were expressed as frequents 
and percent and tested by x2 test or Fisher’s exact test 
(DNA Stata). A P value of less than .05 was considered 
significant, and a P values less than 0.10, a trend.

Results

Clinical features. A total of 32 children were included in 
the study, 24 boys and 8 girls. The age of onset ranged 
from 3 months to 12 years. Of the included children, 
37.2%, saw disease onset when they were 3 years old or 
younger. A total of 24 patients had a family history of 
kidney disease. The parents of 2 children (lost to follow-
up) declined to provide a family history. Six patients had 
no family history of kidney disease, 12 patients had 
microscopic hematuria, and 20 patients had hematuria 
and proteinuria. Only 1 patient (the patient No.22), a 
5years and 9 months old boy, had an eGFR of less than 
90 ml/min per 1.73 m2, and the eGFR of the other 
patients was normal. Of the 32 children, 14 children (12 
boys and 2 girls) were able to cooperate for the examina-
tion of ocular lesions, which was performed by an oph-
thalmologist, and underwent pure tone audiometry tests, 
while the remaining 18 children were too young for 
examination. None of these 14 children had ocular 
lesions, but 6 of the 12 boys had hearing impairment.

Pathological findings. Renal biopsy was performed on 29 
patients. Samples were examined using light micros-
copy, and 21 biopsies showed mesangial proliferation, 5 
showed minor glomerular abnormalities, and 3 showed 
focal segmental glomerulosclerosis (FSGS). Due to the 
lack of testing reagents, we were able to perform immu-
nohistochemical staining for collagen-a1/a5 on only 26 
renal samples. The glomerular distribution of the colla-
gen-a1 chains served as an internal control. Glomerular 
distribution of collagen chains was defined as diffuse, 
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segmental, or absent. Normal glomerular distribution of 
the collagen-a1 chains was observed in all cases. A total 
of 73.1% of samples tested using immunohistochemical 
staining were negative for collagen-a5 (19/26, 16 boys 
vs 3 girls). Lamellated GBM (the gold standard for diag-
nosing AS using EM) was detected in 19 patients 
(65.5%, 17 boys vs 2 girls), and the other 10 patients (5 
boys vs 5 girls) showed isolated areas of thinning glo-
merular basement membrane. Boys were more typical in 
pathological performance than girls.

Mutation detection. NGS detected 27 pathogenic gene 
mutations in 26 patients: 20 patients inherited the gene 
from their mothers, 2 patients inherited it from their 
fathers, and 4 patients (15.4%) carried de novo muta-
tions. The Table 1 shows the clinical phenotypes and 
detected mutations.

These patients include a 9-year-old boy (the patient 
No.20). He presented with edema, gross hematuria, and 
nephrotic range proteinuria combined with hypocom-
plementemia. His family history showed his mother had 
microscopic hematuria with normal renal function. He 
underwent a kidney puncture and NGS test. The final 
diagnosis was X-linked Alport syndrome combined with 
C3 glomerulonephritis. The relevant articles have been 
published in Pediatric Nephrology.6,7

We divided the patients into 2 groups according to 
the type of gene mutation. Group A had 16 patients (mis-
sense mutations). Group B had 12 patients, all of whose 
genes had severe mutations (large deletions, nonsense 
changes, mutations at the donor or acceptor site, frame-
shift mutations).

Group B patients were more likely to have proteinuria 
and hearing impairment, and they were more likely to have 
no detectable collagen-a5 in their glomerular basement 
membrane. The differences between the 2 groups were sta-
tistically significant (The data are shown in Table 2).

Discussion

AS is a form of familial nephritis caused by defects in 
type IV collagen, which is composed of a heterotrimer 
of α chains 3, 4, and 5. Type IV collagen makes up most 
of the network of basement membranes in the glomeru-
lar basement membrane, cochlea, cornea, lens capsule, 
and retina, which explains much of the phenotype.8–10

AS may present clinical symptoms in infancy. In our 
data, children under 3 years old were often misdiagnosed 
with urinary tract infections. Doctors in primary hospi-
tals did not screen patients by family history, which sug-
gests that the primary doctors in China lack knowledge 
of AS, consistent with Ding Jie’s report.11 We only diag-
nosed 4 cases of XLAS before 2016. With the 

development of renal biopsy and genetic testing, the 
number of XLAS diagnosis is increasing annually.

None of our ophthalmic examinations had any posi-
tive results. The specific ocular manifestations include 
anterior lenticonus, posterior subcapsular cataract, pos-
terior polymorphous dystrophy, and retinal flecks.12,13 
These abnormalities occur in up to 70% of all patients 
with AS.13 Due to the progressive nature of the disease, 
the ocular findings of AS are more prevalent in adult 
patients.14 However, ophthalmologists’ inadequate skill 
may have kept the detection rate of ocular lesions artifi-
cially low.15 Seda Karaca Adıyeke found that the optical 
coherence tomography (OCT) examination provides 
valuable information suitable for identifying the struc-
tural changes associated with AS and evaluating rele-
vant ocular findings.16 We should pay attention to the 
OCT examination during follow-up. We found the rate 
at which immunohistochemical staining did not detect 
collagen-a5 and the lamellated GBM to be relevant. 
However, the earliest change in AS is diffuse thinning of 
the GBM. Women and children with XLAS may show 
thinning of the GBM as their only symptom.17 In our 
data, 3 girls showed undetectable levels of a5 (COLIV) 
chain (3/7, 42.86%), and only 2 girls (2/7, 28.57%) had 
typical changes in GBM. Attempting to diagnose AS 
using pathological manifestations alone may lead to 
missed diagnosis, particularly in girls. If AS is suspected 
in female children, especially when the renal pathology 
is atypical, genetic testing should be performed for fur-
ther confirmation. Here, 15.4% of patients were found to 
carry de novo mutations, which indicates that the renal 
pathology combined with NSG is an important means of 
diagnosing AS.

The kidney function of patient No. 22 has declined. 
His mother had microscopic hematuria, and his uncle 
passed away at the age of 20 due to end-stage renal dis-
ease. This patient’s genetic variation site is 
c.2215(exon28) C>G, a mutation previously reported. 
According to ACMG guidelines,4 this mutation is classi-
fied as a probable pathogenic variant. Notably, Patients 
No. 10 and No. 11 share the same genetic variation, indi-
cating genetic heterogeneity in this cohort.

Some scholars have reported that kidney prognosis is 
significantly closely related to mutation type.18–20 We 
found that patients still in childhood who had severe 
genetic mutations were more likely to have proteinuria 
and hearing impairment than children with missense 
mutations. The rate at which collagen-a5 was not 
detected in kidney tissues under immunofluorescence 
staining was higher than in children with missense 
mutations.

Bekheirnia also found deduced premature termina-
tion of the collagen-5(IV) chain to be associated with 
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large and small deletions, and truncation and splice 
mutations cause the most severe clinical phenotype. 
Missense mutations result in a less severe phenotype.21 
Our data showed only one child with decreased renal 
function at the time of the study, but patients with 
severe genetic mutations were more likely to have pro-
teinuria, and proteinuria is a high-risk factor for dete-
rioration of renal function,22,23 so long-term follow-up 
is needed.

Jais found the risk of developing hearing loss before 
30 years of age was approximately 60% in patients 
with missense mutations, as opposed to 90% for the 
other types of mutations. The probability of developing 
hearing loss before the age of 30 years in male patients 
was affected by the type of COL4A5 mutation.18 Xiao 
Zhang reported that hearing loss in China usually 
started at school age and gradually increased over time. 
Xiao Zhang also found missense mutations less likely 
to lead to hearing loss than other mutations (rearrange-
ment, deletion, insertion, and point mutations).24 These 
conclusions are consistent with our observations.

Our study has some limitations. It is a single-center 
retrospective study with a small number of cases. Sample 
size calculation was not conducted.There were no signifi-
cant differences in the mode of onset mode between 
Group A and Group B, which may be related to the num-
ber of cases. Additionally, we did not perform follow-up.

Conclusions

In summary, our findings indicate that during childhood, 
boys with XLAS exhibited more typical pathological 
features compared to girls. Additionally, patients with 
severe mutations were more prone to developing pro-
teinuria and hearing impairment. Combining renal 
pathology with NSG proves to be a crucial diagnostic 
approach for AS.
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Table 2. Clinical and Pathological Manifestations in Groups A and B.

Group

PClinical Manifestation A (N = 16) B (N = 10)

Age of onset (months), mean ± SD 57.44 (32.27) 68.70 (42.72) .4519
Sex .1241
 Male 10 (62.50) 9 (90.00)  
 Female 6 (37.50) 1 (10.00)  
Mode of onset .0697
 Hematuria 7 (43.75) 1 (10.00)  
 Hematuria + proteinuria 9 (56.25) 9 (90.00)  
Family history .3451
 Negative 4 (25.00) 1 (10.00)  
 Positive 12 (75.00) 9 (90.00)  
Pure tone audiometry test .0381
 NA 10 (62.50) 6 (60.00)  
 Abnormal 0 (0.00) 3 (30.00)  
 Normal 6 (37.50) 1 (10.00)  
UALB, median (IQR) 49.05 (24.45–113.0) 411.50 (140–1280) .0468
a5(COLIV) in GBM .0074
 Diffuse 7 (58.33) 0 (0.00)  
 Absent 5 (41.67) 8 (100.00)  
GBM changes by EM .0992
 Isolated thinner GBM 8 (57.14) 2 (22.22)  
 Lamellated GBM 6 (42.86) 7 (77.78)  
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