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Case Report

A pedigree with COL4A5 mutation
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Abstract: Alport syndrome (AS) is a heterogeneous hereditary nephropathy which can be caused by the COL4A3/
COL4A4/COL4A5 gene. Patients with AS present with many phenotypes associated with kidney defects, and com-
monly develop secondary focal segmental glomerulosclerosis (FSGS) late in the course of AS. Evidence supports
the pathogenic role of COL4A3/COL4A4/COL4A5 mutations in FSGS. We report a familial hematuria pedigree with
two members that have AS and FSGS, respectively. The proband presented with microhematuria, proteinuria, renal
dysfunction and sensorineural hearing loss. Pathological examination of his renal biopsy samples revealed FSGS le-
sions and massive foam cells by light microscopy, irregular GBM, and focal podocyte foot process effacement under
electron microscopy, as well as negative a5 (IV) staining by immunofluorescence detection so he was diagnosed as
AS. The proband’s younger brother had only renal manifestations without obvious extrarenal lesions. Light micros-
copy examination of renal biopsy samples showed only FSGS lesion without foam cells. Electron microscopy and o5
(IV) staining were not performed and he was diagnosed with FSGS. Using whole-exome sequencing, we identified
a novel COL4A5 mutation (c.4456G>A:p.G1486S) in this pedigree, which affected two males (the proband and his
brother) and three female family members. The three female family members were heterozygous or the COL4A5
mutation and only presented with microhematuria. Our findings suggest importance of electron microscopy analysis
and COL4A3/COL4A4/COL4A5 mutation screening in patients with FSGS lesions under light microscopy.
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Introduction

The glomerular basement membrane (GBM)
is an important component of the filtration
barrier. The type IV collagen «3, a4, and ab5
chains are major structural components of
human GBM, encoded by COL4A3, COL4A4
and COL4A5 genes. Different from COL4A3
and COL4A4, which located in chromosome 2,
COL4A5 gene is on the X chromosome [1].
Alport syndrome (AS), a hereditary nephropathy
characterized by unevenly thickened GBM with
typical splitting, lamellation, and basket weave-
like appearance, usually presents with X-linked

dominant inheritance pattern and is caused
by COL4A5 mutations [2]. Patients with AS pre-
sent with many phenotypes associated with
kidney defects, including hematuria, protein-
uria, progressive renal failure, sensorineural
hearing loss and ocular abnormalities [3].
Males are more severely and earlier affected
than females, since males have only one X chro-
mosome and females have two. Females are
carriers with no symptoms or mild phenotypes.
In addition, AS also has autosomal dominant/
recessive inheritance due to pathogenic vari-
ants in COL4A3 and COL4A4 [4]. In structure,
the type IV collagen a3, a4, and a5 chains form
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involvement of genetic chan-
ge in COL4A5 gene in AS and
FSGS lesions.
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Figure 1. Pedigree structure of the family. There were 13 individuals in a Chi-
nese three generation pedigree with no close relatives married. In this pedi-
gree, 5 members had hematuria, and 2 of them were diagnosed with AS and
FSGS, respectively. Circles indicate females, squares indicate males, arrow
indicates proband, filled shapes indicates affected status, unfilled shaped

indicate an unaffected individual.

a triple helix in GBM; therefore, mutation in any
gene of COL4A3/COL4A4,/COL4AS5 would affect
GBM assembly and cause GBM lesions in AS.

In recent years, besides AS, evidence indicated
a pathogenic role of COL4A3/COL4A4/COL4A5
mutations in focal segmental glomerulosclero-
sis (FSGS). FSGS is a clinicopathologic diagno-
sis. It results from podocyte injury and is char-
acterized by focal and segmental glomerular
sclerosis, and foot process fusion or disappear-
ance caused by podocyte degeneration [5].
Patients with FSGS typically present with pro-
teinuria, frequently associated with nephrotic
syndrome. It is known that the GBM, glomerular
endothelial cells, and podocytes together con-
stitute the glomerular filtration barrier. Podo-
cytes as basic cells to maintain glomerular fil-
tration barrier, can be injured by a variety of fac-
tors. For example, GBM deficiency may lead to
secondary pathologic changes in podocytes,
and then evolve into the FSGS lesions in the
advanced stage of AS [5]. Based on this, Ma-
lone et al. screened diagnostic genetic variants
in familial FSGS patients, and first reported
rare variants in COL4A3 and COL4A4 in 10% of
familial FSGS patients [5]. After that, multiple
studies reported pathogenic variants of COL-
4A5 in both familial and sporadic FSGS patients
[5-7]. The latest guideline extended the indica-
tions for screening for pathogenic variants in
the COL4A5, COL4A3 and COL4A4 genes to
patients with FSGS [8].

Here we report a familial hematuria pedigree
with COL4A5 mutation. Our data reinforce the

5747

e
00U QMO

Case presentation

The proband (lI-5, Figure 1)
was a 31 year old man, who
was admitted to our hospital
because urinalysis showed
protein 3+ and occult blood
2+. Laboratory tests revealed
proteinuria of 5.44 g/d, albu-
min (ALB) of 32.7 g/L, se-
rum creatinine (Scr) of 162.0
umol/L, estimate glomerular
filtration rate (eGFR) of 48.0
ml/min/1.73 m?. The eGFR
was calculated by the chronic
kidney disease epidemiology collaboration cre-
atinine equation [9]. The levels of blood immu-
noglobulin, complement, and anti-phospholi-
pase A2 receptor antibody were normal. Ul-
trasound showed bilateral renal hyperecho-
genicity. Acoustic immittance and pure tone
audiometry showed mild conductive hearing
impairment. Ocular abnormalities were not
detected. Renal biopsy was performed for the
proband. Immunofluorescence showed all neg-
ative for immunoglobulins (Igs), C3, Clq, and
fibrinogen-related antigen (FRA). Focal segmen-
tal glomerulosclerosis together with massive
foam cells in the interstitium could be found by
light microscopy (Figure 2A-C). Electron micros-
copy showed irregularity and multilayering of
the GBM, and focal podocyte foot process
effacement (Figure 2D). Indirect immunofluo-
rescence detection of the renal basement
membrane revealed negative a5 (IV) staining in
the GBM, Bowman’s capsule, and tubular base-
ment membrane. This case was finally diag-
nosed as AS. The patient received oral valsar-
tan capsules 80 mg/d. A week later, his protein-
uria was reduced to 2.53 g/d, and Scr was
reduced to 148.4 umol/L.

11-3

The proband’s 28 years old brother (lI-7) pre-
sented with hematuria and proteinuria for more
than three years, and hypertension and renal
dysfunction for more than three months.
Laboratory tests revealed protein of 3+, red
blood cells of 20~30/HP, proteinuria of 0.96
g/d, ALB of 40.1 g/L, and Scr of 156.0 umol/L.
Ultrasound showed the right kidney was small-
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Figure 2. Renal pathologic features of the proband. A-C. PASM (40X, 100X, 200X) stained light micrograph showed
focal segmental glomerulosclerosis together with massive foam cells in interstitium; D. Electron microscopy showed
irregularity and multilayering of the GBM, and focal podocyte foot process effacement. The focal segmental glo-
merulosclerosis lesion, foam cells, and abnormal GBM are shown by a green arrowhead, red arrowhead, and black

arrowhead, respectively.

er. Renal biopsy was performed. Immunofluore-
scence microscopy was negative for IgA, 1gG,
C3, C1q and FRA. Only IgM (+) was deposited
in mesangial areas. Light microscopy showed
segmental sclerosis in one glomerulus, and no
foam cells could be found. Unfortunately, elec-
tron microscope and a5 (IV) staining was not
performed. This patient was diagnosed with
FSGS. After maximally tolerated dose of renin-
angiotensin system (RAS) inhibition therapy for
over 3 months, he still had proteinuria >1.00

g/d.

In addition, the proband’s mother (I-2) and two
daughters (llI-1 and 1lI-2) were found to have
microscopic hematuria. Renal manifestations
were not found in other family members of this
pedigree (Figure 1; Table 1).
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Genetic analysis

For molecular genetic diagnosis of this pedi-
gree, whole exome sequencing (WES) was at
first performed in 7 individuals (I-1, I-2, 1I-2, 1I-3,
lI-4, 11-5, 1I-7) across the pedigree using hybrid-
ization-based enrichments and next-generation
sequencing. For the identification of diagnostic
variants, 625 nephropathy-associated genes
were selected according to a previous publica-
tion [10]. Subsequently, all variants in the 625
nephropathy-associated genes were evaluated
following the American College of Medical Ge-
netics and Genomics guidelines [11]. “Patho-
genic” and “likely pathogenic” variants were
stringently filtered and took into consideration
for the patients’ nephropathy. In total, six
“pathogenic” or “likely pathogenic” variants (in
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Table 1. Clinical characteristics of the family members in the pedigree

Individual ID  Sex (yéi?s) Hematuria Proteinuria dys?jrr:stlion HTC?::g Iig:ﬂig paFEsglil gy m(j; T;n
-1 M 65 No No No No No None G
-2 F 62 Yes No No No No None AG
II-1 F 43 NA NA NA No No None NA
1I-2 F 39 No No No No No None GG
1I-3 M 35 No No No No No None G
II-4 F 33 No No No No No None GG
1I-5 M 31 Yes Yes Yes Yes Yes AS A
11-6 F 27 No No No No No None GG
11-7 M 29 Yes Yes Yes No No FSGS A
11-8 F 27 NA NA NA No No None NA
II-1 F 6 Yes No No No No None AG
1I-2 F 3 Yes No No No No None AG
-3 M 1 NA NA NA No No None NA

Abbreviation: M, male; F, female; AS, Alport syndrome; FSGS, Focal segmental glomerulosclerosis; NA, not applicable. Gene
mutation: the genotype in the mutation site of COL4A5 (c.4456G>A).

Table 2. Candidate pathogenic variants identified in this pedigree

was identified as the diag-

Variants nostic variant for this pedi-

Position Gene  Function change
Chr10: 99361747 HOGA1 synonymous
Chr10: 99361748 HOGA1 Splicing
Chr14: 76543036 IFT43 Splicing
Chr15: 89816607 FANC1 Splicing
Chrl7: 61574674 ACE missense
ChrX: 107930870 COL4A5 missense

exon2:c.G345T:p.A115A
exon2:¢.345+1G>T
exon4:¢.310+2T7>C
exon11:¢c.883-1G>A
exon25:¢.C3868T:p.R1290W
exon47:c.G4456A:p.G1486S

gree. The other 5 variants
were did not explain the
glomerular disease pheno-
types in this pedigree.

Next, polymerase chain re-
action (Table 3) and San-

genes FANCI, IFT43, HOGA1, COL4A5, ACE) in
this pedigree were detected (Table 2). Among
these variants, only a novel variant in COL4A5
(c.4456G>A) co-segregated with the nephro-
pathy phenotype in the pedigree. This variant
was located at exon 47 of COL4A5 gene, and
resulted in glycine at position 1486 being sub-
stituted by serine.

Two in silico functional evaluation tools, Poly-
phen2 and Combined Annotation Dependent
Depletion (CADD), were used to predict the
functional significance of novel variants. Po-
lyphen2 is a tool that predicts possible impact
of an amino acid substitution on the structure
and function of a human protein based on the
HumanVar database for monogenic genetic
diseases. CADD is a tool for scoring the dele-
teriousness of single nucleotide variants and
insertion/deletions variants. According to Poly-
phen2 and CADD, COL4A5:c.4456G>A was
consistently predicted as the damaged variant
to induced impaired protein function. Hence, it
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ger sequencing was app-
lied to all family members
with available DNA samples for the identifica-
tion or verification of the diagnostic variant in
COL4A5 (Figure 3). Among the detected ten
familial members, five individuals, including I-2,
1I-5, II-7, I1I-1 and 1112 had this variant (Figure 3).
I-2 was the proband’s mother with hematuria
phenotype; she was a heterozygote for COL4-
A5:¢.4456G>A; 1I-5 and II-7 were hemizygous,
and diagnosed with AS and FSGS, respectively;
IlI-1 and llI-2 were the proband’s daughters. At
present, both have a hematuria phenotype with
normal renal function and renal biopsy was not
done. The other 5 family members (I-1, lI-2, 1I-3,
II-4 and 1I-6) did not carry COL4A5:¢c.4456G>A,
and none of them had an abnormal urine test.

Diagnostic criteria and prognosis of AS

The diagnosis of AS can be difficult and should
rely on integration of the family history, clinical
manifestations, skin and/or renal biopsy, tissue
immunofluorescence and electron microscopy.
The proband was diagnosed with AS according
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Table 3. Primers and annealing temperatures for sequencing of identified mutation in COL4A5 gene

Amplified targets Primers’ sequence (5-3")

Annealing temperature

COL4A5 Forward: CAAATGAGGTCATAATGTTTTGTCA 55°C
c.4456G>A:p.G1486S Reverse: GGCCAAGGCTACTCTAGAACC
A Missense mutation B Wild type
CTATGRARGCTITICICTICCT CTATGAAIGIGCTTTITCTICTICCT
2O v '
CTATGARRGCTITITICICTICCT CTATGRANGGCTTTITICICTICCT
O MR 129 W
CTATGARAIGCTTTITICTICTICCT CTATGAHYG|IGCTTTTICTCTCC
FTA MW P WVWW
CTATGARREBGCTITICICTICCT CTATGRAAGIGCTTITICICICCT
II-1 (AG) A /\[\iﬂiﬂ W /W\ -4 (GG) A “‘Aw\ﬂ I
CTATG AR|JRAIGCTTTTICTICTICCT CTATGAAGIGCTTITITCICTCCT
[1I-2 (AG) HJWM&W’,M\ M II-6 (GG) |, ., Mb M\i

Figure 3. Verification of the identified COL4A5 mutation (c.4456G>A:p.G1486S) by Sanger sequencing. A. The pro-
band (1I-5), his brother (lI-7) and his two daughters (lll-1 and IlI-2) inherited ¢.4456G>A:p.G1486S mutation from
his mother (I-2). B. The proband’s father (I-1) and other relatives (lI-2, 1I-3, lI-4, I-6) were normal phenotype and did
not carry the ¢c.4456G>A:p.G1486S mutation. Red box points to the missense mutation. Black box points to the

wild type.

to the following diagnostic criteria, while the
other male patient was diagnosed with FSGS
based on the lesions under light microscopy.
Five diagnostic criteria for AS were used in the
present study with at least three required to
establish the diagnosis [12, 13]: 1) Complete or
partial expression of type IV collagen «3, a4,
and a5 chains observed in renal and/or skin
biopsy; 2) Electron microscopy of GBM showed
extensive abnormities, especially thickening,
thinning and stratification; 3) A family member
as proband whose diagnosis was based on evi-
dence of electron microscopy and/or type IV
collagen in renal/skin biopsy, or on a detailed
family history of autosomal recessive/X-linked
dominant inheritance (defined as hematuria
both parents or consanguineous parents; 4)
Evidence of binaural high-tone deafness, with
or without clinical deafness; 5) Evidence of
lens abnormalities (anterior or posterior lenti-
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conus) and/or flecks in the peripheral or mid-
peripheral retinal area.

The goal of treatment in AS is to delay progres-
sion to end-stage renal disease as long as pos-
sible. Treatment regimen is based on reduction
of proteinuria and renal fibrosis through the
use of angiotensin-converting enzyme inhibi-
tors [14]. The two male patients were impaired
in renal function and in the renal functional
decompensatory period. Their renal function
improved slightly after intervention by RAS
inhibition.

Discussion

Pathogenic variants in COL4 genes (COL4A3,
COL4A4 and COL4A5) are reported to be asso-
ciated with several kidney diseases, including

AS and FSGS. In this study, using WES, we re-
ported a novel COL4A5 mutation, c.4456G>A,

Am J Transl Res 2022;14(8):5746-5753
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as the pathogenic factor for a three-generation
pedigree with familial hematuria.

COL4A5 gene encodes type IV collagen aob
chain, which combines with type IV collagen a3
and a4 chains to form triple helix structure in
GBM. Type IV collagen a5 chain is composed of
an intermediate collagenous domain and two
terminal non-collagenous domains [15]. The
COL4A5 mutation we identified in this pedi-
gree, was located in exon 47 in the C-terminal
non-collagenous domain. This mutation caused
the glycine at position 1486 substituted by ser-
ine and disrupted the Gly-X-Y triplets in type IV
collagen a5 chain. Glycine, with low molecular
weight, is the only amino acid that has no side
chain substituents and can be bent to fill the
triple helix structure, which is involved in the
formation of disulfide bonds between the «
chains. It is crucial for the formation of the
triple helical structure. Glycine substitutions,
especially in the collagenous domain, are gen-
erally considered as pathogenic, which could
lead to weaker GBM and increased fragility of
podocyte cytoskeleton [16]. Accordingly, gly-
cine substitution within the Gly-X-Y repeat se-
quence is one of the most common types of
pathogenic variants found in AS [17]. Among
the more than 1000 mutations in COL4A5 gene
included in Human Gene Mutation Database,
nearly 50% of them are glycine substitutions.
Furthermore, at the same codon site of our
identified mutation, mutations resulting in dif-
ferent amino acid changes had previously been
identified as pathogenic in families with AS. The
studies showed that glycine at position 1486
was substituted by alanine or aspartic acid,
resulting in the Gly-X-Y repeat sequence inter-
ruptions, and patients with those mutations
presented with hearing loss, or end-stage re-
nal disease and other features [11, 18]. Hen-
ce, we inferred that the COL4A5 mutation
(c.4456G>A:p.G1486S) we identified in this
pedigree was pathogenic.

In view of the fact that the COL4A5 gene encod-
ed the type IV collagen o5 chain, the pathogen-
ic COL4A5 mutation (c.4456G>A:p.G1486S)
altered the structure of type IV collagen, which
in turn might lead to weakened GBM and in-
creased fragility of podocyte cytoskeleton. Al-
tered permselectivity of the GBM and defective
expression or trafficking of GBM matrix com-
ponents (eg. GBM with thickness unevenness,
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typical splitting, lamellation, and basket weave-
like appearance) and abnormal matrix-podo-
cyte interactions could induce the pathologic
diagnosis of AS and might lead to secondary
pathologic changes of podocytes, then cause
proteinuria and evolve into the secondary FSGS
lesion in the advanced stage of AS [5]. This may
also explain why both male patients had pro-
teinuria and presented with focal segmental
glomerulosclerosis under light microscopy.

Five family members in the pedigree had this
mutation, but their phenotypes were highly vari-
able. Since COL4A5 gene is located in Xq22,
female family members were heterozygotes,
while the male individuals were hemizygotes
[19]. All three female mutation carriers in this
pedigree only presented with mild hematuria,
but both male family members with this muta-
tion got more severe kidney phenotypes (hema-
turia, proteinuria and mild impairment of renal
function) which required renal biopsy for further
diagnosis. However, although the two male sib-
lings had the same COL4A5 mutation, their
pathologic diagnoses were not the same. Both
male patients presented with focal segmen-
tal glomerulosclerosis under light microscopy.
Electron microscopy analysis was only perfor-
med in the proband, in which significant GBM
lesions were found, including the uneven and
layered GBM. The identification of GBM lesions
under electron microscopy induced the patho-
logic diagnosis of AS, while the other male
patient was diagnosed with FSGS based on
the lesions under light microscopy. In previous
study, Yao et al. reported that FSGS was the
most frequent misdiagnosis in female X-linked
AS (fXLAS) patients [20]. This evidence sug-
gested that electron microscopy analysis and
genetic screening for COL4A3/COL4A4,/COL4-
A5 mutations were important tools to provide
supportive information for patients with prima-
ry FSGS.

In summary, we report a familial hematuria
pedigree with glycine substitution mutation
in COL4A5 gene. Two male siblings had the
same mutation and diagnosed as AS and
FSGS, respectively. Our findings suggest im-
portance of electron microscopy analysis and
COL4A3/COL4A4/COL4A5 mutation screening
in patients with FSGS lesion under light micro-
scopy.
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