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Abstract

X-linked Alport syndrome is a rare hereditary disorder caused
by variants of the COL4A5 gene. We describe a case of a 28 year
old Caucasian male with a family history of end-stage renal disease
presenting with episodic gross hematuria and nephrotic range pro-
teinuria. Renal biopsy demonstrated focal segmental glomeruloscle-
rosis with non-diagnostic ultrastructural findings. Next Generation
Sequencing revealed a COL4A5 missense likely pathogenic variant,
a substitution of adenine for guanine at nucleotide 901(c.901G>A) of
the coding DNA predicting a glycine to serine substitution at amino
acid 301 (p.Glyc301Ser). This variant has not been reported in liter-
ature or human genomic databases.
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Background

Alport Syndrome (AS) is a rare hereditary disorder caused by
variants of the COL4A3-5 genes, with 85% X-linked (Xq22) on CO-
L4AS [1]. The syndrome is characterized by progressive nephritis
with ultrastructural changes of the glomerular basement membrane,
frequently associated sensorineural hearing loss, and occasional oph-
thalmologic disease, lenticonus or retinal flecks [1]. Renal histolo-
gy presents on a spectrum from archetypal ultrastructural lamellat-
ed basement membranes (~62%) to minimal ultrastructural findings
(~12%) often with Focal Segmental Glomerulosclerosis (FSGS) on
light microscopy [2,3] (Figure 1). The latter category represented a
diagnostic challenge prior to the clinical application of Next Gener-
ation Sequencing (NGS). Remarkably, COL4A3-5 variants represent
a common etiology of familial FSGS (38%) with over half of these
mutations in COL4AS5 [3]. Here we describe a case of familial FSGS
diagnosed with a novel COL4AS variant.

Figure 1: Alport missense mutation.

Case Report

A 28 year-old caucasian male with a family history of End-Stage
Renal Disease (ESRD) presented with episodic gross hematuria and
nephrotic range proteinuria. He reported four lifetime episodes of
gross hematuria beginning five years ago. He also described frothy
urine and one remote episode of lower extremity swelling. He devel-
oped sustained hypertension six months prior to presentation. He had
been regularly prescribed NSAIDs for the last eight years. He denied
any supplement, anabolic steroid, or illicit drug use. He had no history
of hearing loss, confirmed on formal serial annual evaluations, and
a recent unremarkable ophthalmology exam. His only other medica-
tions were prescribed for seasonal allergies.

Past medical history was notable for compartment syndrome re-
quiring bilateral lower extremity compartment release six years ago.
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He is an active duty service member and completed two prior deploy-
ments. His mother progressed to ESRD due to an unknown etiology at
age 35, which prompted a formal pedigree evaluation (Figure 2). His
maternal grandfather died at 50, and three maternal great uncles had
known kidney disease. No one in the family was previously biopsied.
Blood pressure was 146/92 mmHg. Physical examination was unre-
markable with no lower extremity edema.
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Figure 2: Pedigree structure. Proband is arrowed. Squares represent males, circles
represent females. Family history is relevant for ESRD and nephritic syndrome in
his mother and three maternal great-uncles. His Maternal grandfather had a history
of kidney disease, without ESRD, and passed away at the age of 50 years from an
unknown etiology. The proband has a 4-year-old daughter his history of febrile sei-
zures, allergies and asthma. Her carrier status for COL4A5 ¢.901G>A (p.Gly301Ser)
is unknown. She has no history of hematuria.

His first Urinalysis (UA) five years prior to presentation and all
subsequent UAs demonstrated 3+ blood and 2-3+ proteinuria. Urine
sediment analysis on presentation was remarkable for 60-100 dys-
morphic RBCs. His serum creatinine ranged from 1-1.3 mg/dl for all
available data points over the last 5 years, with cystatin-C level of 0.63
mg/L on presentation (CKD-EPI Creatinine-Cystatin C eGFR 102ml/
min/1.73m?). Serum albumin was 4.1g/dL and he had 7.7gm/24 hour
of urine protein. Serum complement was negative and HIV screening
negative. A renal ultrasound was unremarkable.

Because of nephrotic-range proteinuria and strong family histo-
ry of renal disease, renal biopsy and genetic testing were performed.
Renal biopsy demonstrated FSGS with non-diagnostic ultrastructural
findings (Figure 3). NGS and Sanger Sequencing revealed a COL4AS
missense variant, a substitution of adenine for guanine at nucleotide
901(c.901G>A) of the coding DNA predicting a glycine to serine
substitution at amino acid 301 (p.Glyc301Ser). The clinical genetic
testing was performed at Prevention Genetics, LLC (Marshfield, WI).
This variant has not been reported in the literature or in databases
cataloguing natural human genetic variation including dbSNP and the
1000 Genomes project.

Discussion

The pathogenicity for the missense variant identified is strongly
suspected based on its location in a conserved GLY-Xaa-Yaa triple
helical domain in the COL4AS gene. Knebelmann et al., first reported

a similar missense variant substituting arginine for glycine at position
325 in large kindred of X-linked Alport syndrome [4]. The GLY-Xaa-
Yaa repeat is characteristic of the collagenous domain, and is normal-
ly interrupted 22 times by non-collagenous sequences [4]. A missense
variant would be expected to add an additional interruption of the
triple helix conformation, which relies on the presence of glycine,
the smallest amino acid, to form the center of the helix [4]. In our
case, the serine for glycine substitution creates an additional collagen
domain interruption at position 301 in the alpha 5 chain of type IV
collagen.

Figure 3: Electron Microscopy: Shows foot process effacement, mild rarefaction and
thick basement membranes (measurements included). Light microscopy (not pic-
tured) demonstrated 3 of 13 glomeruli with segmental scarring and 15-20% interstitial
fibrosis and tubular atrophy. Immunofluorescence (not pictured) was only positive for
non-specific arteriolar and mesangial C3.

The variant genotype has significant implications for individual
prognosis. A study of 175 X-linked AS families demonstrated that
rate of progression of renal and extra-renal manifestations was as-
sociated with the type of mutation, where those with Gly-Xaa-Yaa
variants reached ESRD at a median of 33 years compared with 25
years for truncating mutations [5]. In contrast to non-Gly-Xaa-Yaa
variants, there was no relationship between mutation position and age
of ESRD in those with Gly-Xaa-Yaa variants [5]. This variant also
has implications for COL4A3-5 expression (~25% of AS patients) [2]
and we expect expression marks a lower risk for post renal transplant
anti-glomerular basement membrane disease.

In conclusion, genetic testing is essential for appropriate manage-
ment of familial FSGS. We report a case of X-linked AS due to a
novel COL4AS variant detected by NGS. Correct diagnosis allowed
for appropriate genetic counseling and treatment, including ACE in-
hibitor therapy and the avoidance of immunosuppression. Diagnosis
also facilitated appropriate disposition to a medical evaluation board
given his expected progression to ESRD and high risk for later hear-
ing loss [6].
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