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Abstract
Introduction: Alport syndrome (AS) is a hereditary, progressive kidney disease characterized
by structural abnormalities and dysfunction of the glomerular basement membrane (GBM).
AS is classified as X-linked, autosomal, and digenic. The number of cases of digenic AS has
increased, but the genotype-phenotype correlation of patient with digenic AS is still unclear.
Here, we present a case of digenic AS with novel digenic missense variants in COL4A4
(c.827G>C, p.Gly276Ala) and COL4A5 (c.4369G>C, p.Gly1457Arg). Case Presentation: The
patient was a 29-year-old Japanese man suffering from persistent microscopic hematuria
and proteinuria without kidney function impairment. Kidney biopsy showed focal interstitial
foam cell infiltration, global and segmental glomerulosclerosis. Immunofluorescence
staining for collagen IV α5 was almost negative in the GBM and Bowman’s capsule.
Electron microscopy revealed irregular thickening with lamellation and segmental
thinning of the GBM. Clinical and pathological findings were consistent with AS.
Comprehensive next-generation sequencing revealed a heterozygous missense variant in
COL4A4 (c.827G>C, p.Gly276Ala) in exon 1 and a hemizygous missense variant in COL4A5
(c.4369G>C, p.Gly1457Arg) in exon 49 on the patient’s paternal and maternal alleles,
respectively. The same digenic variants were detected in his sister, and she also showed a
similar phenotype. After treatment with angiotensin-converting enzyme inhibitors,
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proteinuria decreased from 2.3 to 1.1 g/g creatinine, but occult blood persisted. During
follow-up, kidney function has been preserved. Conclusion: The novel genotype of our case
provides more information on the genotype-phenotype correlation of digenic XLAS,
although long-term follow-up is required. The findings in the present case also indicate
the importance of genetic tests for family members of a patient diagnosed with digenic AS.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Alport syndrome (AS) is a hereditary kidney disease with manifestations that include
hematuria, proteinuria, progressive kidney failure, sensorineural hearing loss, and ocular
lesions [1]. The pathological mechanism of AS is glomerular basement membrane (GBM)
abnormalities due to pathogenic variants in genes encoding the α3, α4, and α5 chains of
type IV collagen [2]. X-linked dominant hereditary type AS (XLAS) is most common and is
caused by variants in COL4A5, located on chromosome Xq2. Autosomal recessive AS and
autosomal dominant AS are caused by variants in COL4A3 and COL4A4, which are located at
2q36.3 [3].

In patients with XLAS, proteinuria becomes evident in early childhood. The median
kidney survival period (age at onset of kidney failure) is 35 years, but the age at onset of
kidney failure differs significantly among patients, based on genotype differences [4]. To
date, >1,000 variants have been identified in XLAS [5]. However, there have been few reports
of cases of male digenic AS caused by variants in COL4A5 and another. Here, we present a
case of AS with novel digenic missense variants in COL4A4 (c.827G>C, p.Gly276Ala) and
COL4A5 (c.4369G>C, p.Gly1457Arg) without kidney function impairment. The CARE
Checklist has been completed by the authors for this case report, attached as online
supplementary material (for all online suppl. material, see https://doi.org/10.1159/
000535493).

Case Presentation

The patient was a 29-year-old Japanese man who was referred to our hospital because of
persistent microscopic hematuria and proteinuria. He had a significant familial history of
abnormal urinalysis. His maternal and paternal grandmothers had proteinuria and hematuria,
his mother had both hematuria and proteinuria since she was a teenager, and his sister also
presented with microscopic hematuria. However, none of the family members had kidney
impairment. The pedigree of the patient’s family is shown in Figure 1.

Upon admission, body temperature was 36.8°C and blood pressure was 125/83 mm Hg.
Optometry and otolaryngologic examinations revealed no abnormalities, although the patient
subsequently developed sensorineural hearing loss. Physical examination findings were
unremarkable for the heart, lungs, abdomen, and nervous system. Laboratory and urinary
data at the time of admission are shown in Table 1. Urinalysis indicated proteinuria (3+) and
occult blood (2+), and a spot urine protein/creatine ratio of 2.30 g/gCr. Serum creatinine was
0.90 mg/dL, estimated glomerular filtration rate was 87.45 mL/min/1.73 m2, blood urea
nitrogen was 14 mg/dL, and albumin was 4.0 g/dL. Serum C3 and C4 were 111 and 20.5 mg/
dL, respectively.
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Due to these findings, a kidney biopsy was performed. Light microscopy revealed 21
glomeruli, of which 4 exhibited global glomerulosclerosis and 4 exhibited segmental sclerosis
of the collapsed type. All other glomeruli showed no significant alterations. Interstitial fibrosis
and foam cells were apparent on periodic acid-Schiff staining (Fig. 2a). Immunofluorescence
staining for IgG, IgA, IgM, C1q, C3, and fibrinogen was not significant. Double immunoflu-
orescence staining for α1 (red) and α5 (green) showed that the GBM and Bowman’s capsule
were negative for α5 (Fig. 2b). Electron microscopy revealed irregular thickening with la-
mellation and segmental thinning of the GBM (Fig. 2c, d).

Based on his family history and findings suggestive of AS, a genetic evaluation was
performed using comprehensive sequence analysis of multiple podocyte related genes, in-
cluding COL4A3, COL4A4, and COL4A5, in the patient. Variants were validated using Sanger
sequencing in the pedigree analysis, with sequencing of 193 genes. The target bases were
covered at a depth of more than 100 folds, with 100% coverage. The mean base-read-depth
was 460-fold in COL4A3, 447-fold in COL4A4, and 241-fold in COL4A5. This study was
approved by the Institutional Review Board of Kobe University of Medicine, and written
informed consent was obtained. Mutational analyses of COL4A3, COL4A4, and COL4A5 were
performed using polymerase chain reaction and direct sequencing of genomic DNA for family
members. The results showed that the patient had a compound heterozygous missense
variant (c.827G>C; p.Gly276Ala) in exon 1 of COL4A4 and a hemizygous missense variant
(c.4369G>C; p.Gly1457Arg) in exon 49 of COL4A5. Variants were also found in exon 1 of
COL4A4 in his father, in exon 47 of COL4A5 in his mother, and in exons 1 and 47 of COL4A4 and
COL4A5, respectively, in his sister (Fig. 3). According to the ACMG classification, the het-
erozygousmissense variant c.827G>Cwas classified as pathogenic (PS1+PM1+PM2+PP2+PP3),
and the hemizygous missense variant c.4351G>C was classified as likely pathogenic
(PM1+PM2+PM5+PP2+PP3).

Fig. 1. Pedigree of the family. Black circles: hematuria, affected individual. Black squares: hematuria,
proteinuria, proband. Circle within a square: carrier, asymptomatic individual.
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Discussion

Genetic analysis in our patient revealed a heterozygous missense variant c.827G>C in
COL4A4, resulting in a glycine to alanine substitution at position 276 in exon 1, and a
hemizygous missense variant c.4351G>C in COL4A5, resulting in a glycine to arginine sub-
stitution at position 1,457 in exon 49. Based on his family history and the results of genetic
testing, our patient was diagnosed with digenic AS due to novel missense variants in COL4A4
and COL4A5.

AS is a hereditary disease caused by a genetic variant resulting in type IV collagen
dysplasia [6]. Type IV collagen constitutes the basement membrane of systemic tissues
and consists of three α chains in a triple helical structure. The combination of the three α
chains is organ-specific, with α3-α4-α5 present in the GBM and α5-α5-α6 in the Bowman’s
capsule membrane [7]. COL4A5 encodes collagen α5 chain and is the causative gene
for XLAS.

α5 chain consists of an N-terminal domain, C-terminal domain, and collagenous domain,
and includes a triple helix and a non-helical region [8, 9]. The collagen triple helix confor-
mation requires a (Gly-X-Y)n repeat amino acid sequence, in which the glycine contributes to
the stability of the triple helix [8, 10]. Therefore, missense variant in the collagenous domain

Table 1. Laboratory findings on admission

Parameter Value (reference
range)

Parameter Value (reference
range)

White blood cells, ×104/μL 7,500 (4,300–8,000) Hemoglobin A1c
(NGSP), %

5.5 (4.6–6.2)

Red blood cells, ×104/μL 467 (450–510) CH50, U/mL 60.0≤ (31.6–57.6)

Hemoglobin, g/dL 14.2 (12.4–17.2) C3, mg/dL 111 (65.0–135)

Hematocrit, % 41.4 (38.0–54.0) C4, mg/dL 20.5 (13.0–35.0)

Platelet count, ×104/μL 26.2 (18.0–34.0) C-reactive protein,
mg/dL

2.04 (<5)

Total protein, g/dL 6.3 (6.6–8.1) IgG, mg/dL 892 (870–1,700)

Albumin, g/dL 4.0 (3.5–5.0) IgA, mg/dL 200 (93–393)

Blood urea nitrogen, mg/dL 15 (8–20) HBsAg Negative

Creatinine, mg/dL 0.90 (0.50–1.10) HBsAb Negative

Estimated glomerular filtration rate,
mL/min/1.73 m2

87.45 (90-) HBeAb Negative

Sodium, mEq/L 142 (138–145) HCVAb Negative

Potassium, mEq/L 4.2 (3.6–4.8) Urinalysis

Chloride, mEq/L 105 (101–108) Protein 3+

Total bilirubin, mg/L 1.3 (0.2–1.2) Occult blood 2+

AST, IU/L 16 (13–30) Glucose Negative

ALT, IU/L 17 (8–42) Red blood cells (/HPF) 50–99

Total cholesterol, mg/dL 214 (130–220) White blood cells (/HPF) Negative

Triglyceride, mg/dL 183 (50–150) Protein excretion, g/gCr 2.30

HDL cholesterol, mg/dL 37 (30–80) Protein excretion, g/day 1.74

LDL cholesterol, mg/dL 146 (70–139) Selectivity Index 0.15
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of COL4A3, COL4A4, COL4A5 disrupt structural motifs in collagen comprising the (Gly-X-Y)n
repeat amino acid sequence. There are significant clinical differences between patients with
missense variants in COL4A5 and other genotypes [11]. Similar missense variant of glycine in
exons 1–20 to that in the present case have been associated with onset of kidney failure at a
median age of 30.1 years [12], and variants closer to the 5′ side were associated with a milder
phenotype. Furthermore, patients with missense variants were recently reported to have a
longer median kidney survival period of 40 years (35–45 years), compared to those with
other truncating variants (nonsense variants, small insertion, or deletion) [4]. A case of a male
patient with mild XLAS with a missense variant and presenting only with hematuria at age 38
has also been reported [13].

Most individuals with heterozygous variants in COL4A3 or COL4A4 result in thin
basement membrane nephropathy without kidney dysfunction [14]. Autosomal recessive AS
is caused by homozygous or compound heterozygous variants in the COL4A3 and COL4A4

a b

c d

Fig. 2. a Light microscopy revealed global glomerulosclerosis and segmental sclerosis. b Double im-
munofluorescence staining for α1 (red) and α5 (green) showed that the glomerular basement
membrane (GBM) and Bowman’s capsule were completely negative for α5. c, d Electron microscopy
revealed focal thickening with lamellation and segmental thinning of the GBM.
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genes, whereas autosomal dominant AS occurs due to heterozygous variants. Thus, the
phenotypes of heterozygous variants vary from no urinary abnormality to kidney failure.
Hirabayashi et al. [15] reported awomanwith the same c.827G>C variant in COL4A4 as that in
our case, who did not exhibit kidney impairment or proteinuria. Conversely, Imafuku et al.
[16] described a man with the same variant who progressed to kidney failure at age 62.
Additionally, Deltas et al. [17] found that 35% of patients with heterozygous COL4A3/A4
variants develop kidney failure.

It is difficult to determine if the effect of heterozygous variants in COL4A3 or COL4A4 in
XLAS results in more severe disease because there are few reports of cases with digenic
variants. A review of digenic AS in COL4A5 and another variant identified two cases with
hypomorphic COL4A5 variants that caused severe disease [18–20]. However, digenic XLAS
with COL4A5 variants in males was not associated with increased proteinuria or kidney
function impairment [21]. These reports suggest that digenic XLAS with mild variants in
COL4A5 and additional variants in COL4A3 or COL4A4 may not be associated with more
severe disease in males. Our patient had mild digenic variants without kidney function
impairment, hearing loss, or ocular abnormalities. We believe that digenic AS with missense
variants is likely to be less severe; however, there are no reported cases of long-term renal
survival with XLAS, andwe are planning careful follow-upwith attention to possible increased
proteinuria and kidney function impairment.

There is currently no specific treatment for AS. Angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers (ARBs) significantly reduce urine protein
and delay progression to kidney failure in AS [22, 23]. Bardoxolone methyl activates
nuclear factor erythroid-2-related factor 2 (Nrf2) and suppresses nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-κB). A phase 3, multicenter, double-blind,
placebo-controlled, randomized trial showed that bardoxolone methyl improved the
decline in estimated glomerular filtration rate but did not improve the time to onset of
kidney failure in AS [24]. Moreover, exon-skipping therapy is under development for
severe XLAS with severe variants, such as nonsense variants in males, using an antisense
oligonucleotide to replace these variants with milder variants [25]. In our patient,
treatment with an ARB resulted in a significant decrease in proteinuria from 2.3 to 1.1 g/
gCr after kidney biopsy.

a b

Fig. 3. a Sequences of the heterozygous c.827G>C variant. b Sequences of the hemizygous c.4351G>C
variant.
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In conclusion, we have presented a case of digenic AS with novel missense variants. The
novel genotype in this case provides more information on the genotype-phenotype corre-
lation of digenic AS, but long-term follow-up is required. Further accumulation of cases is
needed for understanding of digenic AS with missense variants.
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