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A family case of X-linked Alport syndrome patients with a novel
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Abstract: Alport syndrome is a genetic disorder characterized by kidney disease, hearing loss, and eye
abnormalities. Most affected individuals experience progressive loss of kidney function, usually resulting in an
end-stage chronic kidney disease. In 80% of the cases Alport syndrome is inherited in an X-linked manner and
is caused by mutations in the COL4A5 gene. This gene is responsible for encoding type IV collagen.We
observed three generations of a family with hematuria onset in childhood. The proband is a 29-year-old female
with a history for microscopic hematuria and mild proteinuria since age 5. Family history is relevant for ESRD
and microscopic hematuria in her sister, her father and her aunt. Genetic analysis was performed in 10
members of the family. A nucleotide change ¢.1147G>C (p.Gly383Arg) was identified, causing an amino acid
substitution of Gly to Arg at position 383 in heterozygous carriers in exon 19 of COL4AS5 in 8 of the patients.
The amino acid substitution affected a very important structure of collagen’s— Gly-X-Y repeats, which resulted
in the production of a pathogenic molecule.
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. Introduction

In 1927 Dr. Arthur Cecil Alport described three generations of a family with combinations of
haematuria and deafness where the males were affected more severely than the females and some of the family
members went on to develop renal failure. He suggested that this combination of symptoms represented a
specific clinical syndrome but it was not until 1961 that the syndrome was named after him.

Alport syndrome is a genetic disorder characterized by kidney disease, hearing loss, and eye
abnormalities.Most affected individuals experience progressive loss of kidney function, usually resulting in end-
stage chronic kidney disease.[1].1t occurs in approximately 1 in 50,000 newborns[2].

In 80% of the cases Alport syndrome is inherited in an X-linked manner and is caused by mutations in
the COL4A5 gene. Autosomal recessive and dominant forms also exist due to mutations in COL4A3 or
COLA4AA4 that present in 15% and 5% of cases, respectively [3].Alport syndrome is a genetically heterogeneous
disease; however, the pathogenesis of X-linked Alport syndrome is attributed to mutations in one of the three
genes encoding type IV collagen a-chain isoforms (a3, 04, and a5). These genes are necessary for proper GBM
development, which plays a crucial role in plasma filtration [4].

X-linked Alport syndrome is one of the most severe forms of inherited glomerulopathy and is
characterized by the alternating thinning and thickening of the GBM, as well as splitting and lamellation of the
lamina densa. At a young age, affected hemizygous males and heterozygous female carriers may present
initially with a uniform thinning of the GBM, which progresses rapidly in affected males to a more severe
thickened and lamellated structure. This is typically accompanied by the onset of proteinuria, hypertension, and
renal failure, subsequently leading to ESRD sometime between adolescence and 30 years of age. In addition,
sensorineural hearing loss and ocular abnormalities are present in approximately 82% and 44% of Alport
syndrome patients, respectively [5].

Clinical presentation of Alport syndrome includes hematuria which is usually microscopic. Affected
males have persistent microhematuria. Episodes of gross hematuria may also be observed. More than 90% of
females with X-linked Alport syndrome have persistent or intermittent microhematuria. [6].Hematuria appears
to be persistent in both males and females with ARAS. About 50% of carriers of COL4A3 or COL4A4
mutations have hematuria[7,8].

Proteinuria is usually absent early in life, but increases progressively with age and may result in
nephrotic syndrome.With progression of the disease the blood pressure rises and the renal function starts to
decline slowly. End-stage renal disease develops in all affected males with XLAS, at a rate determined primarily
by the nature of the underlying COL4A5 mutation.(5)Risk factors for chronic kidney disease (CKD) in affected
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females are gross hematuria in childhood, nephrotic syndrome, and the finding of diffuse GBM thickening by
electron microscopy[9].

Another symptom is high-frequency sensorineural hearing loss. Deafness occurs in about 80% of males
and 25% to 30% of females with AS.[5,10].Hearing loss in Alport syndrome is never congenital. The patients
with autosomal recessive Alport syndrome typically have childhood hearing loss, whereas the patients with
autosomal dominant Alport syndrome develop it at a later age. It is estimated that about 80% of males with X-
linked Alport syndrome develop hearing loss at some point in their lives, often by the time they are teenagers. In
females with X-linked Alport syndrome hearing loss is less frequent and occurs later in life[11].

Ocular abnormalities occur in 30% to 40% of XLAS males and in aboutl5% of XLAS
females.[5,10].Anterior lenticonusoccurs in about 15% of X-linked Alport syndrome males and isalmost entirely
restricted to AS families with progression to ESRDbefore 30 years of age and deafness[5]. It is absent athirth,
usually appearing during the second to third decade of life,and is bilateral in 75% of patients. Other common
ocular manifestations of Alport syndrome are maculopathy, posterior polymorphous dystrophy and recurrent
corneal erosion.

The association of AS with leiomyomatosis of the esophagus andtracheobronchial tree[12], bilateral
posterior subcapsular cataracts and aneurysmal dilation of the thoracic and abdominal aorta[13]have also been
reported.

In this study, we have describeda novel mutation in the COL4A5 gene and characteristics of the disease
in a Bulgarian family with X-linked Alport syndrome. Clinical examinations revealed that all affected family
members have hematuria, 3 of them - renal dysfunction resulting in ESRD, one of the patients has hearing
abnormalities and 4 of them have ocular abnormalities — astigmatism.We identified a novel pathogenic mutation
determining the amino acid substitution of glycine to arginine at position 383 in heterozygous carriers in exon
19 of the COL4AS5 gene, which may be clinically significant.

Il.  Materials and Methods
Study subjects

The Bulgarian family with Alport syndrome is from Varna, Bulgaria. Clinical diagnosis was made by a
physical exam,ocular examination and standard audiometry tests.Renal biopsy was performed in 3 other
members of the family. Chronic glomerulonephritis was diagnosed in 2 of them, and one member has been
diagnosed with chronic tubulointerstitial nephritis. Genetic analysis was performed in 10 members of the family.

We observed three generations of a family with hematuria onset in childhood. The proband is a 29-
year-old female with a history for microscopic hematuria and mild proteinuria since the age of 5 years.Afamily
history is relevant for ESRD and microscopic hematuria in her sister, her father and her aunt. The father had
hearing loss. Her paternal grandmother had a history of kidney disease, without ESRD, and passed away at the
age of 52 from an unknown etiology. The two proband’s daughters were with hematuria, mild proteinuria and
diffuse parenchymal changes in both kidneys shown on renal ultrasonography.

The proband was observed and diagnosed at the Nephrology Department in the University Hospital
“St.Marina” Varna, Bulgaria in 2014. Urine analysis showed signs of proteinuria (0.15 g/day) and microscopic
hematuria, ACR 2,76 g/mol, PCR — 13,64 g/mol. Clinical laboratory analysis revealed the following:
hemoglobin (Hg) concentration 124 g/L, WBC6,7 x 10°/L; RBC4 x 10™/L, PLT 196 x 109/L, creatinine (75
mmol/L), glomerular filtration rate (92 mL/min), Total Protein —79,8 g/l, Albumin —49 g/l, Cholesterol —
5,4mmol/l, Triglycerides -0,54mmol/l, CRP — 0,08 mg/l. Immunology tests (antinuclear antibodies (ANA), anti-
ds DNA antibodies, anti- sm- antibodies, anti-RNP-antibodies, anti- SS-A antibodies, anti-SS-B-antibodies,
anti-Scl-70 antibodies, anti-Jo-1 antibodies,and anti-neutrophilic cytoplasmic antibody (ANCA)) are negative.
The concentration of 1gA in the sera was 1,53g/l. Diffuse parenchymal changes in both kidneys were shown on
renal ultrasonography. Symptoms such as edema or hypertension were not observed (blood pressure 85/55
mmHg). Arenal biopsy was performed and chronic glomerulonephritis was diagnosed.An audiogram confirmed
normal hearing.

The other observed family members have no history of hearing loss, confirmed on formal serial
evaluations, 4 of them have astigmatism. Renal biopsy was performed in 3 other members of the family because
of the hematuria and proteinuria. Chronic glomerulonephritis was diagnosed in 2 of them, and one member has
been diagnosed with chronic tubulointerstitial nephritis. One patient was with proteinuria in the nephrotic range.

The family’s pedigree is shown in Fig 1.
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Fig.1

Pedigree of a Bulgarian Family with X-Linked Alport Syndrome.

The proband is marked by an arrow. Affected individuals with kidney disease are shown with blackened squares
(males) and circles (females). Normal individuals are shown with empty squares (males) and circles (females).
Crossed squares or circles denote deceased individuals.

I1l.  Results
Diagnosis is based on family history, clinical signs, kidney biopsy and genetic testing. We have
identified the disease and inheritance pattern as X-linked Alport syndrome resulting from mutations in
COLA4AS5. A genetic analysis was performed in 10 members of the family. We identified a nucleotide change
€.1147G>C (p.Gly383Arg), causing an amino acid substitution of Gly to Arg at position 383 in heterozygous
carriers in exon 19 of COL4AS5 in 8 of the patients. The amino acid substitution affected a very important
structure of collagen’s — Gly-X-Y repeats, which resulted in the production of a pathogenic molecule.

IV.  Discussion

In this study, we investigated a Bulgarian family with Alport syndrome. Through genetic analysis we
identified a novel mutation - a nucleotide change ¢.1147G>C (p.Gly383Arg), causing an amino acid substitution
of Gly to Arg at position 383 in heterozygous carriers in exon 19 of COL4A5. The amino acid substitution
affected a very important structure of collagen’s— Gly-X-Y repeats, which resulted in the production of a
pathogenic molecule.

Most reported COL4A5 mutations are missense mutations located primarily in the collagenous portion
of the a5-collagen chains that incorporate conserved glycine residues important for the steric arrangement of the
collagen chain [14]. Wang et al. previously studied the effect of glycine substitutions (G1015V and G1030S) on
the collagen a5(IV) chain structure and structure-phenotype correlations in Alport syndrome. They concluded
that the changes in the secondary protein structure might explain the phenotypic diversities of X-linked Alport
syndrome [15]. In addition, glycine substitutions in the collagenous domain of the a5 (IV)-chain will result in an
adult form of Alport syndrome with a mean ESRD onset age of 35.8 years [15,16]. Barshagul T. Baikara et al.
identified a nucleotide change 1922 G>A, causing amino acid substitutions of glycine to glutamic acid at
position 641, in exon 25 of the COL4AS5 gene in members of a Kazakh family.However, the proband of their
study and her brother exhibited renal impairment during childhood. [17]

Two forms of X-linked Alport syndrome are usually recognized based on the age of onset of ESRD and
the rate of clinical progression: the classical, well-recognized "juvenile” type and the "adult" type [18]. In the
former, ESRD ensues rapidly in men in their twenties, whereas ESRD presents in a delayed fashion in the latter
[19].

In conclusion, a novel mutation has been identified in the COL4A5 gene in patients with Alport
syndrome. The phenotypic presentation has an important role to predict the prognosis of the disease and to
provide better genetic counseling for affected families.
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