
2843

□ CASE REPORT □

A Novel Mutation in a Japanese Family
with X-linked Alport Syndrome
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Abstract

We herein report a novel mutation in a Japanese family with an X-linked Alport syndrome (AS) mutation

in COL4A5. Patient 1 was a 2-year-old Japanese girl. She and her mother (patient 2) had a history of protein-

uria and hematuria without renal dysfunction, deafness, or ocular abnormalities. Pathological findings were

consistent with AS, and a genetic analysis revealed that both patients had a heterozygous mutation (c.2767G>

C) in exon 32. In summary, the identification of mutations and characteristic pathological findings was useful

in making a diagnosis of AS. For a close long-term follow-up, the early detection and treatment of women

with X-linked AS are important.
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Introduction

Alport syndrome (AS) is a hereditary nephropathy charac-

terized by a family history of hematuria, progressive renal

failure, sensorineural hearing loss, and ocular abnormali-

ties (1). Progression to renal failure is predictable in men,

whereas the course of renal involvement is much more vari-

able in women, remaining mild in the majority of patients.

Approximately 80% of AS is inherited in an X-linked man-

ner and is caused by mutations in the COL4A5 gene. Nearly

all male patients will develop end-stage renal disease

(ESRD), whereas heterozygous females exhibit a wide vari-

ability in disease severity (2, 3). To date, more than 700 dif-

ferent COL4A5 mutations have been identified (4, 5). We

herein report a novel mutation in a Japanese family with an

X-linked AS mutation in COL4A5.

Case Report

The patient (patient 1) was a 2-year-old Japanese girl who

was the first child of healthy non-consanguineous parents.

Her younger brother had no proteinuria or hematuria. Her

maternal aunt had an episode of nephritis, and a renal bi-

opsy was performed during childhood, but the findings were

uncertain. At 14 months of age, patient 1 was referred to

our hospital because of microscopic hematuria that had per-

sisted from the neonatal period. She had no clinically detect-

able hearing loss or ocular abnormalities. A urine culture re-

vealed no infection. At 15 months of age, enalapril malate

was initiated for proteinuria, with a urinary protein/cre-

atinine ratio (P/Cr) of 1.3-3.6 g/gCr. At 21 months of age,

she was admitted to our hospital for a renal biopsy. On ad-

mission, a urinalysis showed 2+ proteinuria (P/Cr, 1.3 g/

gCr) and 3+ hematuria, with the urine sediment containing

>100 red cells per high-power field. Her blood urea nitrogen

(BUN) level was 17.7 mg/dL, serum creatinine level was
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Figure　1.　(a) Pedigree and findings of COL4A5 mutation in 
two patients. The arrow indicates the proband. Unaffected in-
dividuals with kidney diseases are denoted by empty squares 
(men) and circles (women). Affected individuals with X-linked 
Alport syndrome are denoted by blackened circles (patients 1 
and 2). Affected individuals with biopsy-unproven kidney dis-
ease are denoted by striped circles. Genetic analyses revealed 
that both patients had a heterozygous mutation (c. 2,767G>C) 
in exon 32. (b) X chromosome inactivation assays for our pa-
tients. In methylation-sensitive enzymes, a methylated allele is 
inactivated and cannot be digested by HpaII. Patient 1 and 2 
both showed a random pattern with ratios of 77: 23 and 31: 69, 
respectively. It was impossible to distinguish whether the mu-
tated allele was possessed by an activated or inactivated X 
chromosome because both had the same number of CAG re-
peats.
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0.22 mg/dL, serum total protein level was 5.9 g/dL, and al-

bumin level was 3.7 g/dL. Serum C3 and C4 levels were

118.2 mg/dL and 24.8 mg/dL, respectively. Antinuclear anti-

bodies were negative. Renal ultrasonography was unremark-

able.

Her mother (patient 2) also had a history of proteinuria

and hematuria without renal dysfunction, deafness, or ocular

abnormalities. The pedigree of her family is shown in

Fig. 1a. At 34 years of age, she was admitted to our hospital

along with her daughter (patient 1) for a renal biopsy. A uri-

nalysis showed 3+ proteinuria (P/Cr, 1.7 g/gCr) and 2+ he-

maturia, with the sediment containing 10-19 red cells per

high-power field. Her BUN level was 20.0 mg/dL, serum

creatinine level was 0.59 mg/dL, serum total protein level

was 6.8 g/dL, and albumin level was 4.0 g/dL. Serum C3

and C4 levels were 134.4 mg/dL and 34.2 mg/dL, respec-

tively. Antinuclear antibodies were negative. Renal ultra-

sonography showed a cystic lesion in the right kidney.

The renal biopsy findings of the two patients are shown

in Fig. 2. In patient 1, 29 glomeruli were observed on light

microscopy; the glomerulus, tubules, and interstitium

showed no significant alterations. Immunofluorescence (IF)

staining for alpha 5 chains of type IV collagen showed seg-

mental and mosaic patterns in the glomerular basement

membrane (GBM). Electron microscopy (EM) demonstrated

diffusely thinned-out GBMs (139-143 nm) with focal lamel-

lation and splitting. In patient 2, 40 glomeruli were observed

on light microscopy, two of which were globally sclerotic.

IF staining for alpha 5 chains of type IV collagen showed

segmental and mosaic patterns in the GBM, Bowman’s cap-

sule, and distal tubular basement membrane (TBM). EM

demonstrated diffusely thinned-out GBMs (149-166 nm)

with dense granules and splitting. In both patients, the

merged IF staining images for alpha 2 and 5 chains of type

IV collagen clarified the findings of segmental and mosaic

patterns in the GBM.

A sequence analysis of COL4A5 in the index patient and

her mother was performed. The study was approved by the

Institutional Review Board of Kobe University School of

Medicine, and written informed consent was obtained.

Genomic DNA was isolated from each patient’s peripheral

blood leukocytes using the Quick Gene Mini 80 System

(Kurabo Industries, Tokyo, Japan), according to the manu-

facturer’s instructions. Mutational analyses of COL4A5 were

performed using polymerase chain reaction (PCR) and direct

sequencing of genomic DNA of all exons and exon-intron

boundaries. All 51 specific exons of COL4A5 were ampli-

fied by PCR. The PCR-amplified products were then puri-

fied and subjected to direct sequencing using a Dye Termi-

nator Cycle Sequencing Kit (Amersham Biosciences, Pis-

cataway, USA) with an automatic DNA sequencer (ABI

Prism 3130; Perkin Elmer Applied Biosystems, Foster City,

USA). The analysis revealed that both patients had a het-

erozygous mutation (c.2767G>C) in exon 32 (Fig. 1a). To

investigate X chromosome inactivation, the human androgen

receptor (HUMARA) assay was performed in both patients.

Genomic DNA was digested by a methylation-sensitive en-

zyme, HpaII, at 37°C for 18 hours followed by PCR using

DNA with HUMARA primers, as described previously (6).

A DNA fragment analysis was performed on a 310 Genetic

Analyzer (Thermo Fisher Scientific, Waltham, USA). Frag-

ment data analyses were performed using the Gene Mapper

Software program (Thermo Fisher Scientific). The

HUMARA assay for patients 1 and 2 revealed that the X

chromosome inactivation pattern was 77:23 and 31:69, re-

spectively (Fig. 1b).
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Figure　2.　Renal biopsy findings in X-linked Alport syndrome with a novel mutation. Patient 1 
shows (a) a normal pattern of the alpha 2 chain of type IV collagen in the GBM and (b) segmental and 
mosaic patterns of the alpha 5 chain of type IV collagen in the GBM and the absence of staining in 
Bowman’s capsule and the TBM. (c) The merged findings of the alpha 2 and 5 chains of type IV col-
lagen are shown. (d) Electron microscopy reveals a split lamina densa (arrows) and thin GBM. Pa-
tient 2 shows (e) a normal pattern of the alpha 2 chain of type IV collagen in the GBM and (f) a mo-
saic pattern of the alpha 5 chain of type IV collagen in the GBM and TBM. (g) The merged findings 
of the alpha 2 and 5 chains of type IV collagen are shown. (h) Electron microscopy reveals a split 
lamina densa (arrow). GBM: glomerular basement membrane, TBM: tubular basement membrane
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Discussion

The index case was a 2-year-old girl with X-linked AS

who had inherited a COL4A5 novel mutation (c.2767G>C)

in exon 32 from her mother. Both patients had histories of

hematuria and proteinuria without sensorineural hearing loss

or ocular abnormalities. Renal biopsy findings indicated he-
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reditary glomerulonephritis, and genetic analyses were use-

ful in making a final diagnosis.

More than 700 disease-causing mutations have already

been reported in COL4A5 (2, 5). In men with X-linked

AS, clinical features can be predicted from the location of

COL4A5 mutations (3). Hematuria was noted earlier in pa-

tient 1. Pathologically, patient 1 had less signals in Bow-

man’s capsule and the TBM compared with patient 2. These

findings imply that patient 1 had more severe disease than

patient 2. It reported that the genotype-phenotype correla-

tions are not observed in women, even among family mem-

bers (2, 7). Although heterozygous female patients with X-

linked AS have a normal COL4A5 allele, differences in X

chromosome inactivation may influence the disease sever-

ity (2, 8). However, the HUMARA assay in our cases did

not confirm non-random X chromosome inactivation, so-

called skewed X, since it is usually considered that the non-

random inactivation pattern is >80:20 or <20:80 (9). Guo et

al. reported that 90% of X chromosomes with a normal

COL4A5 allele were inactivated in the kidney of a woman

with a severe AS phenotype (10). The different patterns of

X chromosome inactivation in the GBM may cause the vari-

able phenotypes in women with X-linked AS. Therefore, the

inactivation of a high proportion of normal X chromosomes

in critical tissues could be clinically severe (11). In this

study, skewed X was not detected in the peripheral blood

cells of both patients 1 and 2. However, it remains possible

that skewed X operates in specific tissue, namely the GBM,

more strongly in patient 1 than in patient 2.

The mutation identified in our patient’s family was

c.2767G>C, resulting in a glycine to arginine substitution at

position 923 in exon 32. Glycine substitutions are likely to

alter the folding of the triple helix of collagen; however,

solid evidence is absent regarding type IV collagen (12, 13).

Gross et al. proposed the following classification to link the

phenotype and genotype (14):

i. Severe AS. Genotype alterations in COL4A5 include

large rearrangement, premature stop codons, frameshift and

donor splice site mutations, and mutations involving the NC

1 domain. The phenotype is associated with the early onset

of end-stage renal failure (ESRF) at -20 years of age, with

80% presenting with hearing loss and 40% presenting with

ocular lesions.

ii. Moderate-severe AS. The genotype is characterized by

non-glycine-X-Y missense, glycine-X-Y substitutions involv-

ing exons 21-47, and in-frame and acceptor splice site muta-

tions. The phenotype is associated with ESRF at -26 years

of age, with 65% presenting with hearing loss and 30% pre-

senting with ocular lesions.

iii. Moderate AS. The genotype is characterized by

glycine-XY substitutions involving exons 1-20. The pheno-

type is associated with ESRF at -30 years of age, with 70%

presenting with hearing loss, and 30% presenting with ocu-

lar lesions.

According to this classification, our patients were classi-

fied as having moderate-severe AS. Taken together with no

detection of skewed X, this may explain why our patients

had no extrarenal symptoms. However, it would be clinically

difficult to predict the prognosis of kidney function in

women with AS due to the lack of genotype-phenotype cor-

relations and the intra-familial heterogeneity of the pheno-

type (2). Therefore, our patients should be longitudinally

followed while paying careful attention to a progressive in-

crease in proteinuria, as previously suggested (2).

There is no specific treatment available for AS; however,

early intervention with angiotensin-converting enzyme in-

hibitors (ACEI) significantly delayed ESRD progression and

improved life expectancy in X-linked AS (15, 16). In

women with X-linked AS, treatment with either ACEI or an-

giotensin II receptor blockers (ARBs) inhibits progression to

ESRD (15). Therefore, it is recommended that patients with

X-linked AS are annually followed by a nephrologist, and

treatment with ACEIs/ARBs should be initiated for patients

with microalbuminuria, proteinuria, or hypertension (15, 17).

In our patients, ACEI (enalapril malate) was administered to

patient 1 but not to patient 2, in whom a renal biopsy was

performed 3 months after the delivery of her second child.

We had to consider the potential high risk of fetal and new-

born morbidity and mortality, which may be associated with

ACEI/ARB fetopathy in pregnant women (18, 19).

In conclusion, the identification of mutations and charac-

teristic pathological findings were useful in making the diag-

nosis of AS. For a close long-term follow-up, the early de-

tection and treatment of women with X-linked AS are im-

portant.
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